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XXII.—MILLING

MACHINERY

HE MILLING MACHINE. - The advantages of the milllng
machine lie first in its capacity to produce work as true and
uniform as the wear of cutting edges will permit (which is of
especial value in work having other than one continuous plane
surface); second, in the number of cutting edges its tools will
utilize in one tool or cutter;

and third, in its adaptability to a very

wide range of work, and in the fact that when the work and the
cutters are once set the operator may turn out the best quality of
work without requiring to be a skilled machinist.
The extended use of the milling machine, which is an especial
feature of modern machine shop practice, is due, in a very large
degree, to the solid emery wheel, which provides a simple method
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speed of as high as fifty feet per minute.
|atquicka cutting
speeds, however, lighter feeds are employed.
As
of milling cutters are in cutting action

With the
the teeth

throughout but a small

portion of a revolution, they have ample time to cool, and may be

freely supplied with oil, which enables them to be used ata higher

rate of cutting speed than would otherwise be the case.
Yet
another element of importance in this connection is that when the
cut is once started on a plain cutter, the cutting edges do not meet
the surface skin of the metal, this skin always being hard and
destructive to the cutting edges.
The simplest form in which the milling machine appears is
termed the hand milling machine, and an example of this is

of sharpening the cutters without requiring them to be annealed
and rehardened, it being found that annealing and rehardening
reduces the cutting qualifications of the steel, and also impairs
the truth of the cutting edges by reason of the warping or distortion that accompanies the hardening process.
Rotary cutters
are somewhat costly to make, but this is more than compensated
for in the uniformity of their action, since in the case of the cutter

:

im.Ed f

Widnes

Tene

the expense is merely that involved in forming the cutting edges
with exactitude to shape; once shaped the cutter will produce a
great quantity of work uniform in shape, whereas in the absence
of such cutters each piece of work would require, to bring it to

precise,form, as much precision and skill as is required in shaping
the cutter.
If a piece of work is shaped in a planing machine, the different
steps, Curves, or members must be cut or acted upon by the tool
separately, and the dimensions must be measured individually,
giving increased liability to error of measurement, and requirng
a fine adjustment of the cutting tool for each step or member.
Furthermore, neither a planing machine or any other machine
cool can have in simultaneous cutting operation so great a length
of cutting edge as is possible with a rotary cutter.
Again, in the planing machine each cut requires to be set individually, and cannot be so accurately gauged for its depth,
whereas with a rotary cutter an error in this respect is impossible,
Decause the diameters of the various steps on the cutter determine the depth of the respective cuts or steps in the work.
In a milling machine the cut is carried continuously from its
commencement to its end, whereas in a shaping or planing
machine the tool does not usually cut during the back or return
stroke.
In either of these machines, therefore, the operator’s
skill is required as much in measuring the work, setting the tools
feeds, &c., as in shaping the tools, whereas in the milling machine
all the skill required lies in the chucking and adjustment of the
work to the cutter, rather than in operating the machine, which
may therefore be operated by comparatively unskilled labor.
The multiplicity of cutting edges on a rotary cutter so increases
its durability, and the intervals at which it must be sharpened are
so prolonged, that, with the aid of the present improved cutter
grinding machines, one tool maker can make and keep in order
the cutters for many machines.
The speed at which milling cutters are run varies very widely in
the practice in different workshops. Thus upon cast iron. cutting
speeds of 15 circumferential feet per minute will be employed
upon the same class of work that in another shop would be done
VOL.
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Fig. 1878.

shown in Fig. 1878. This machine consists of a head carrying a
live spindle which drives the cutting tools, which latter are called
cutters or mills. The front of the head is provided with a vertical
slideway for the knee or bracket that carries an upper compound
slide upon which the work-holding devices or chucks are held.
The work is fed to the revolving cutter by the two levers shown,
the end one of which is for the vertical and the other for the horizontal motion, which is in a direction at a right angle to the live
spindle axis.
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The automatic feed is obtained as follows: ‘he large gear on
the right of the main driving cone operates a pinion driving a

A No. 12 plain milling machine, 26 inches by § inch by 74 inches,
constructed by the Brown & Sharpe Mfg. Co., is shown in Fig. 1879.
This machine, by reason of its rigidity and the ease with which
the table can be moved by hand, makes it well adapted for the
rapid and economical production of many parts of machine tools,
bicycles, electrical instruments, guns, etc.
The spindle runs in bronze boxes provided with means of compensation for wear.
It is driven from cone by gear and pinion,
and has a vertical adjustment by means of nuts placed on a vertical screw, and a transverse adjustment of § inch. The front end
has a No. 10 taper hole. The cone has three steps, the largest 124
inches in diameter, for 2}-inch belt. The overhanging arm has
an adjustable centre support and brace. Distance from centre

small four-step cone connected by belt to the cone below, which,

spindle to centre in arm, with arm brace in position, 7% inches;

through the medium of a pair of spur gears, drives the feed rod,
on which is seen along worm engaging a worm-wheel which
drives the feed screw. A suitable stop motion is provided.
What is termed a universal milling machine is one possessing
the capacity to cut spiral grooves on either taper or parallel work,
and is capable of cutting the teeth of spur and bevel gears or
similar work other than that which can be held in an ordinary
vise. These features may be given to a machine by devices forming virtually an integral part of the machine, or by providing the
machine with separate devices which are attachable to the work
table.
A No. 1 universal milling machine, 17 inches by 6 inches by 18

without arm brace, 93 inches.

inches, designed and constructed by Brown & Sharpe, is illustrated

of spindle

to arm,

3;

inches;

greatest

distance

from

end

of

The table, including oil pans and channels, 1s 37 inches long

in Figs. 1881 to 1887.
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Fig. 1879.

and Io inches wide; has a working surface 29 inches by 6 inches,
and a T-slot § inch wide. Greatest distance from centre of spindle
to top of table, 74 inches; least, 24 inches.
The feed of table, of 26 inches, is automatic and can be automatically released at any point.
There are three changes of
feed, varying from .o14 inch to .055 inch to one revolution of
spindle.
In addition to the oil pans and channels surrounding the table,
an oil tank is attached to each machine providing for the use of a
pump.
Fig. 1880 represents Pratt & Whitney’s ower milling machine.
The cone and live spindle are here carried in boxes carried in
vertical slideways in the headstock, so as to be adjustable in height
from the work table, and are provided with a footstock for supporting the outer end of the live spindle, which is necessary in all
heavy milling.
The carriage is adjustable along the bed, being
operated by a screw whose operating hand wheel is shown at the
left-hand end of the bed.

The size and capacity of the No. 1 universal milling machine
adapt it for use in the ordinary shop.
It is preeminently a tool-making machine, as is indicated by
the fact that in the jig-making and fixture shop Messrs. Brown &
Sharpe have nearly as many No.1 universal milling machines as
engine lathes, operating in all about forty of these machines.
The spindle has a hole # inch in diameter its entire length, and
at the front end a No. Io taper hole. The spindle is ground and
lapped and runs in bronze boxes that can be adjusted. The front
box can be tightened by a nut, which brings the shoulder of
the spindle against washers in front of the frame of the machine.
The rear box is adjusted by tightening a nut; the front end of
spindle is threaded, and is provided with a guard nut, which

protects the thread when not in use.
The cone has four steps, the largest 10} inches in diameter,
for 3-inch belt.

The

overhanging arm has an adjustable centre, and can be

easily reversed to receive an attachment, turned out of the way,
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Fig. 1883.

FEED TABLE FOR No.1! UNIVERSAL MILLING MACHINE.

;
a
Fords
—t
Lit)
re
—r

=

ar

et

‘

"ow

_———

I

|a

IVA
I

2

ATER

——

/——f—
— Foe

S<C<CWCWCéCéC7u53£“ziéizl
SL

CONE ON

GLEYFEAL
™

UU
FEED PER
REV. OF
SPINDLE.

032

048

SPINDLE
SPEEDS

|ok

Fig. 1884.

MODERN

MACHINE

SHOP PRACTICE.

:

073

a

I.—A.

MILLING

MACHINERY

or removed.
The distance from the centre of the spindle to the
arm is 54 inches ; greatest distance from end of spindle to centre
in arm, 1o$ inches.

The table, including oil channels and pans, is 31 inches long
and 6} inches wide; has a working surface 28 inches by 5+ inches,
and a TJ-slot 4 inch wide. By means of the shaft c, it can be
moved transversely 6 inches. One revolution of the shaft moves
the table .2 inch.
The saddle, which carries the table, pivots in the clamp bed,
and is rigidly clamped to it by three bolts, which slide in circular
slots and allow the table to be set at any angle to 45 degrees
either way from zero. The saddle and knee are clamped by nuts
with fixed handles, thus dispensing with wrenches.
The knee can be moved so that the top of the table at its lowest
point will be 18 inches from the centre of the spindle. One revolution of crank moves the knee .1 inch.
The

stop rod has sliding collars, J J, Fig. 1881, which can be

set at any desired point when it is desired to limit the movement
of the knee,
The feed of table, of 17 inches is automatic in either direction,
and as it is central, can be changed by a simple movement of
the lever on front of table.
It can be used running in either direction, with the table at any angle to 45 degrees. The feed is driven
from the feed cone through the universal joints and telescopic
shafts on

the side of the machine, the

worm

A, Fig.
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cutting sixty-eight spirals.
The tables call for the “gear on
worm,” the “first gear on stud,” which means the first gear
placed on stud, the ‘second gear on stud,” or second gear
placed on stud, and the “gear on screw.” The spiral head and
footstock centres swing 8 inches in diameter and take 14 inches
in length.
The chuck sent with the machine is provided with a plate which
fits the spiral head spindle. A second chuck plate is also sent
which fits the front of main spindle.
In oiling the machine it is important not to overlook the oil
holes LLL, Fig. 1883. These holes are reached from the front of
the table, when the table is placed in the three positions by matching lines on the table with a zero line on the front of the saddle.
Spirals not given in the table may be cut by using special gears
or by determining by calculation many combinations of the regular
gears not given in the table.
The three index plates sent with the machine have 15, 16, 17,
18, 19, 20; 21, 23, 27, 29, 31, 33, and 37, 39, 41, 42, 47, 49 holes,

respectively.
By means of the raising block the spiral head may be set at any
angle on the bed.
The vice swivels and has a graduated base, and may be set at

1883, and

worm wheel B, through the bevel gears and the shaft D, the bevel
gear at the upper end of which shaft drives the loose bevel
gears EE. Motion is imparted to the table by the lever F and the
clutch G.
An automatic stop is provided to release the feed at any point
when running in either direction. The auxiliary lever o, Fig.
1882, allows the feed to be released by hand.

A handle is provided at each end of the table for convenient
operation by hand.
There are eight changes of feed obtained by transposing the
feed cone pulleys, held in place by knurled nuts, givinga variation
of feeds from .004 inch to .073 inch to one revolution of spindle.

The lower cone pulleys are on an adjustable bracket, which allows
the feed belt to be easily tightened.
Adjustable dials graduated to read to thousandths of an inch
indicate the longitudinal, transverse, and vertical movements of

table, and a series of graduations show in degrees the angle to
the axis of the spindle at which the table is set. The dials may
be adjusted without the aid of wrench or screw-driver.
The indexing headstock, or the spiral head, is to divide the
periphery of a piece of work into a number ofequal parts. Besides

this, it is so made that while the table is being moved by the feed
screw a positive rotary movement may be given to the work.
The velocity ratios of these movements are regulated by change
gears, and any spiral provided for may be cut without interfering
with the divisions of the work obtainable from the index plate.
The spiral spindle, or spiral shell, is revolved by the index crank
through a worm and worm wheel. The worm wheel has forty

Fig. 1885.

teeth, and, consequently, one turn of the index crank or worm shaft

makes one-fortieth of a revolution of the spiral spindle, and by
the use of an index plate, a turn of the worm shaft may be
divided into various definite parts, and the fortieth of the revolution of the spiral spindle correspondingly subdivided.
In connection with the index plate, there is a sector which is
used to obviate the necessity of counting the number of holes in
the plate when dividing the work. The index crankpin in the
crank may be used in any circle of holes in the index plate by
adjusting the crank.
The index plate can be kept from turning
by the stop pin.
The steel bushings afford not only an extended bearing for the
worm shaft, but also serve as a pivot for the spindle box. The
front end of the spindle can thus be raised and the spindle set to
any angle from five degrees below the horizontal to a perpendicular. The angle is shown by the graduations on one side of
the spiral head. The spindle receives the same arbors as the
main spindle, and is threaded for a chuck. When the chuck is
not in use the thread is protected by a guard nut.
Tables are sent with each machine, giving the change gears for

any angle on the bed.

The jaws are

5% inches wide, 14 inches

deep, and will open 23 inches. The jaws are made ofsteel
soft unless otherwise ordered. Being held by screws, they
taken off and others designed for special work put in their
The overhead works, Figs. 1886 and 1887, include a
rod, stops and studs for attaching

and left
may be
places.
shipper

the lever, also hangers

with

adjustable self-oiling boxes.
The countershaft

has two

14-inch friction pulleys for 3}-inch

belts, and is usually run at about IIo revolutions a minute.
A No. 3 universal milling machine, 25 inches by 74 inches by 1843
inches, designed and constructed by Brown & Sharpe, is illustrated

in Figs. 1888 to 1890a.
The machine is similar in design to the No. 2 universal milling
machines, aad has the additional feature that it can be furnished,

when desired, with power transverse and vertical feeds.
The spindle has a hole 4 inch in diameter its entire length and
runs in bronze boxes provided with means of compensation for
wear.
It is ground and lapped. The front end is threaded and
has a No, 11 taper hole.
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The cone has three steps, the largest 11 inches in diameter, for
The head can be set and rigidly clamped, at any angle between
34-inch belt, and is back geared, giving six changes of speed. | to degrees below the horizontal and 10 degrees beyond the perThe gears are covered.
pendicular. The side of the spiral head is graduated in degrees
The overhanging arm has a bearing for outer end of arbor, etc., to show the angle of the elevation of the spindle. The spiral head
as well as an adjustable centre. It can be easily reversed to receive and footstock centres swing 12 inches in diameter, and take 21
an attachment, turned out of the way, or removed. The distance inches in length.
from the centre of the spindle to the arm is 6} inches; greatest
The footstock spindle may be raised vertically, and set at an
angle in a vertical plane.
By this arrangement the spiral head
distance from end of spindle to centre in arm, 18 inches.
The table, including oil pans and channels, is 44% inches long, and footstock spindles may, in ordinary use, be kept in line when
9 inches wide, has a working surface 4o inches by 8 inches,
the front of the spiral head spindle has been elevated or depressed.
two T-slots § inch wide, a transverse

movement of 74 inches, and

can be lowered 184 inches from centre of spindle.
The details of the power transverse feed mechanism, furnished
with this machine when desired, are shown in Figs. 1889 and
1890. The clutch gear A, Fig, 1889, revolves constantly and is
driven by the gear G, Fig. 1890a. The transverse or cross feed is
operated by turning knob B, Figs. 1889 and 1890; this operating
the lever C throws the clutch D into mesh with the clutch gear 4,
Fig. 1889. The movable stop Ecan be set to release the feed
automatically at any desired point.
The saddle which carries the table pivots in the clamp bed,
and is rigidly clamped to it by three bolts which slide in circular
slots and allow the table to be set at any angle to 45 degrees,
each way from zero. The saddle and knee are clamped by fixed
handles, thus dispensing with wrenches.

The frame

side of the clutch H ; to throw the feed in the knobIis drawn out,

which engages the clutch H with the continuously running spur
gears, thus driving the bevel gears KK, which drive the screw L.

The feed can be released
lever M, which is actuated
key N. The stops 0O can
to the lug P, to determine
release this feed.

instantly by the handle J, or the trip
by the dogs at the end of the sliding
be set at any desired point, relatively
the position at which it is desired to

The feed of table, 25 inches, is automatic in either direction,
and can be changed by a simple movement of a lever on the front
of the saddle, and as it is driven from the centre it can

be used

with table clamped at any angle, to 45 degrees, to the axis of the
spindle. There are sixteen changes of feed obtained by transposing the feed-cone pulleys, held in place by knurled nuts, varying
from .003 inch to .302 inch to one revolution of the spindle. The
table may be moved by hand from either end, as at each end a
handle is provided for this purpose.
Adjustable dials, graduated to read to thousandths of an inch,
indicate the longitudinal, transverse, and vertical movements of
table, and a series of graduations show in degrees the angle to
the axis of the spindle at which the table is set. The dials may
be adjusted without the aid of wrench or screw-driver.
The spiral head has indexing mechanism, by which the periphery

of a piece of work may be divided into equal parts, and the velocity of the rotary motion of its spindle, or of the work, relative to

the speed of the feed screw, is regulated by change gears at the
end of the table. Any spiral, of the sixty-eight provided for, may
be cut without interfering with the divisions obtainable from the
index plates sent with the machine. A plate for rapid indexing of
work into twenty-four or less divisions is placed directly on the
spindle, and the worm which turns the spindle may be thrown
quickly out of gear by a knurled knob on the back of the spiral
head to allow for this direct or plain indexing.
The spindle of
the spiral head may be moved continuously, or through any required portion of a revolution. The spiral head may be set at any
angle on the table by use of the raising block. The front end of
the spindle has a No. 11 taper hole and is threaded.

fitted as acloset to hold the small

are 6; inches wide, 1,4; inches deep, and will open 3§ inches.

The countershaft has friction pulleys 16 inches in diameter for
4-inch belts, and should run about 175 revolutions per minute.
A No, 2 universal milling machine, 204 inches by 6} inches by
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The knee can be lowered 183 inches from centre of spindle, and

has a stop rod with sliding collars, which may be quickly set at
any desired point. The details of the power vertical feed, furnished on this machine when desired, are shown in Fig. 18go0a.
The vertical feed is driven from the feed cone pulleys through the
shaft A, and bevel gears BB. The direction of the feed is determined by clutch C, which can be changed by loosening a knurled
nut on the side of the box protecting the gears and clutch, and
moving the clutch up or down and again tightening the nut. The
driving shaft D transfers the power through the bevel gears EE to
shaft F, carrying the spur gear G, meshing into the gear at the

is hollow, and

parts that accompany the machine. On the left side of the frame
there is a pan for holding small tools, etc., and on the front of
this there is a rack for wrenches.
On the other side of the frame
is a shelf for holding the spiral head and vice when they are not
in use. The vice swivels and has a graduated base. The jaws
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Fig. 18914.

1734 inches, designed and constructed by Brown & Sharpe, is illustrated in Figs. 1891 to 1891.
This machine is well adapted for tool-room and tool-making
purposes, where a more rigid, but not necessarily larger, machine
is required than the No. I universal milling machine, or when
saws and cutters of a comparatively large diameter are to be used.
The machine is the smallest of the universal milling machines
constructed with back gears, and in the main is similar to the
No. 1. The principal differences, aside from the necessary
changes in design by the application of back gears, are the details
of the automatic feed, spiral head, and footstock. A perspective
view of the machine is shown in Fig. 1891, and a cross section
view in Fig, 1891a.
The spindle has a hole $4 inch in diameter its entire length, and
at the front end a No. Iotaper hole. The spindle is ground and
lapped and runs in bronze boxes that are adjustable. The front
box can be tightened by the nut A, Fig. 1891a, which brings the
shoulder of the collar against washers on front of the frame. The
rear box is adjusted by the nut Cc; the front end of spindle is
threaded, and is provided with a guard nut D, which protects the
thread when not in use. The cone has three steps, the largest 10
inches in diameter, for 3-inch belt, and is back geared, giving six
changes of speed. The gears are covered.
The overhanging arm has an adjustable centre, and can be
easily reversed to receive an attachment, turned out of the way
orremoved.
The distance from the centre of the spindle to the
arm is 54 inches; greatest distance from end of spindle to centre
in arm, 14 inches.

The table, including oil pans and channels, is 35} inches long,
8 inches wide, has a working surface 32 inches by 8 inches, and
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two T-slots § inch wide. By means of the shaft c, Fig. 18914, it
can be moved transversely 64inches. One revolution of the shaft
moves the table .2 inch.
The saddle, which carries the table, pivots in the clamp bed,
and is rigidly clamped to it by three bolts which slide in circular
slots and allow the table to be set at any angle to 45 degrees, each
way from zero.
The saddle and knee are clamped by fixed
handles, thus dispensing with wrenches.
The knee can be moved so that the top of the table will be
17} inches from the centre of spindle at its lowest point. One revolution of the crank moves the table .1 inch. The knee rests on
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TOOLS.
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worm,” the ‘first gear on stud,” which means the first gear
placed on stud, ‘the second gear on stud,” or second gear placed
on stud, and the “ gear on screw.”
When it is desired to rotate the spindle independently of the
worm and worm wheel, the worm

A, Fig. 18914, is arranged

so

that it may be thrown out of gear with the worm wheel B, when
the spindle may be turned by hand and locked by the index plate
Cand pinbD. An additional clamp is provided to hold the spindle,
so that the strain will not come on the index pin and plate.
To throw the worm out of gear, turn the knob E (by means of |
the pin wrench) about a quarter of a revolution in the reverse
direction to that indicated by the arrow stamped on knob E;; this
ball bearings, as shown at J, Fig. 18914, which allow it to be easily
will loosen nut G, which holds eccentric bushing H; then turn
moved. Thestop rod hassliding collars J J, Fig. 1891@, which can
at the same time both knobs E and F, and the eccentric bushing H
be readily set when it is desired to limit movement of the knee.
will be revolved and the worm disengaged from the worm-wheel.
The feed of table, 20} inches, is automatic in either direction,
To replace the worm, turn the knobs E and F in the direction
and can be changed by a simple movement of a lever on the front
marked by the arrow, and tighten the knob E with the pin wrench.
of the saddle, and as it is driven from the centre it can be used
To indicate the amount of rotation of 1, Fig. 1892, without
with table clamped at any angle, to 45 degrees, to the axis of the
spindle. The feed is driven from the feed cones through bevel counting the number of holes, a sector N N’ (Figs. 1891d and
gears by the shaft a, Fig. 18914, through the bevel gear B to shaft 1891¢) is employed, it having two arms which may be opened
carrying bevel gear P, then through bevel gear E on lower end apart or closed together, so as to embrace any given number of
of vertical shaft. The clutch G is operated by lever F. An auto- holes on the required circle. The sector arms N and N’ are held
matic stop is provided to release the feed at any point when run- to the face of the index plate by the friction of a spring. The
ning in either direction. The auxiliary lever O allows the feed to surface of the index plate is provided with rings of holes marked
respectively 20, I9, 18, etc., the holes in each ring or
t
[>
}
circle being equidistantly spaced, as sHown in Figs.
Y
jules
189id@ and 189!e.
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As shown in the cuts, the arms embrace
of the circle of 20, there being five divisions
holes S and #4. The screw W secures them
justment apart. Suppose that a pin is in S, and arm

aa
| SS
WRAY
CBO b aa

:

ni "A

w
=

hd

one quarter
between the
in their adN’ is moved

up against it, the arm N leaves the fifth hole from s, marked ¢,

UP,

open, and indicates that ¢# is the next hole for the insertion of the

tu

pin, which is withdrawn from S, and placed in ¢, and the arms are

y

then moved into the position shown in Fig. 189!¢, indicating that
hole # is the next one for the pin. This obviates the necessity of
counting the holes, and prevents liability to error in the counting.
Much care must, however, be exercised in spacing the arms NN’,
because any error made in spacing the arms will be repeated
on the work each time the sector is used, and thereby the work

oo

made entirely useless for any purpose whatever. Three of these
index plates are provided, each having different numbers of holes

foi
YY
“SS,

in the circles, and in the following tables are given those specially

sath

prepared for use in cutting the teeth of gear wheels.

Fig. 1891.

be released by hand, and asit can only be moved in one direction
there is never any doubt as to how to proceed in releasing feed,
when table is being fed in either direction.
The table may be
moved by hand from either end, as a handle is provided at each
end for this purpose. Twelve changes of feed may be obtained
by transposing the feed cone pulleys F, G, H, Fig. 1891a, held in

place by knurled nuts, giving a variation of feeds from .005 inch
to .12 inch to one revolution of spindle.
Adjustable dials, graduated to read to thousandths of an inch,
indicate the longitudinal, transverse, and vertical movements

of

table, and a series of graduations show in degrees the angle to
the axis of the spindle at which the table is set.
The dials may
be adjusted without the aid of wrench or screw-driver.

The spiral head furnished with the Nos. 2, 3, and 4 designs of
1893 universal milling machines, presents special features in that
the form admits of the body’s being clamped as solidly in one
position as in another by two bolts which are placed in a convenient position on the side, and also that when the spindle is at an
angle of go degrees with the bed the end of the spindle is comparatively low, thus making it very rigid in this position.
In
doing many -kinds of work, as in cutting the flutes in reamers,
end mills, etc., the use of the worm

and worm wheel can be dis-

pensed with, and indexing done by revolving the spindle by hand.
The motion is transmitted from the feed screw through change
gears to two spiral gears. By this arrangement the spindle can
be automatically rotated at whatever angle it may be set.
Tables are sent with each machine, giving the change gears for
The tables call for the “gear on
cutting sixty-eight spirals.
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crease the speed of the cutter spindle above that of the machine
spindle for very light work. A similar device is shown in Fig. 2,
Plate II.-D., for Nos. 4 and § plain, and No. 4, design 1893, uni-

versal milling machines, the horizontal shaft being inserted in the
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cone spindle of the machine.

A circular milling attachment for
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The footstock, Fig. 1892, has an adjustable centre ; two taper
Fig. 1891d.
pins, one of which is shown at Z, are used to accurately locate
this centre in line with the headstock centre.
When it is desirable to set at an angle out of parallel with the base, as in cutting Brown & Sharpe’s No. 2 vertical spindle milling machine is
shown in Fig. 3, PlateII.-D. This attachment is of service in milltaper reamers, drills, etc., the centre can be elevated or depressed
by means
of a rack and pinion actuated by the nut U. The cen- ing circles, segments of circles, circular slots, etc., on either plain
or irregular shaped pieces.
It is bolted securely to the table of
tre is firmly held in any position by the nuts w, x, and yY.
the
machine
and
can
be
adjusted
to any desired position. A highThe advantage of this is easily appreciated from the fact that by
speed milling attachment for Nos. 1 and 2 universal, and Nos. |
the use of centres that can not be adjusted work is apt to become
cramped at certain positions during its revolution, and as a result and 2 plain milling machines is illustrated in Figs. 4 and 5, Plate
If.-D. It is used for light or finishing cuts within mills. The
even spacing cannot always be obtained.
To quickly adjust the footstock centre in line with the spiral driving fixture shown in Fig. 4 consists of a cast-iron arm that can
head centre, a gauge, consisting of a bushing and a blade, can be be placed in a milling machine in the place of the overhanging
used. The bushing fits on a milling arbor, and the lower edge of arm, and can be applied without additional overhead works.
There is a shaft running in the upper end that has a pulley on
the blade is the same distance above the centre as the top of the
footstock centre. The headstock centre is set at the desired angle each end of it. The pulley on the back is to be belted to the front
and the footstock centre is set so as to be parallel with and touch- step of the cone of the machine. The front pulley is to be belted
ing the edge of the blade.
When it is correctly set the work re- to the fixture that is to be placed in the taper hole of the spindle.
volves as freely as though both head and footstock centres were ‘The advantage of this method of belting is that the steps of the
parallel with the table. If it is desirable to obtain angles greater cone pulley are free to be run in the usual manner, and thus difthan those allowed by the footstock, parallels can be used under ferent speeds can be obtained for the end mill.
the footstock.
On the No. I universal and No. 1 plain milling machines there
The frame is hollow and fitted as a closet to hold the small
are four changes of speed, from 342 to 1,537 revolutions per mihparts that accompany the machine. On the left side of the frame
ute, and on the No. 2 universal and No. 2 plain milling machines
there is a pan for holding small tools, etc., and on the front of there are three changes of speed, from 603 to 1,584 revolutions
per minute.
this there is a rack for wrenches. On the other side of the frame
When it is desired to plane a form with a fly tool, and a quick
is a shelf for holding the spiral head and vice when they are not
in use,
| feed is required for the table, the fixture is reversed so that the
The vice swivels and has a graduated base.
The jaws are 5t | larger pulley can be belted to the feed pulley of the machine, and
inches wide, 14 inches deep, and will open 2% inches.
the fixture driven directly from the countershaft. This method
The countershaft has two friction pulleys 14 inches in diameter
of application gives the necessary motion to the table without
running the spindle of the machine which holds the fly tool.
for 34-inch belts, and should run about 180 revolutions per minute.
ATTACHMENTS FOR MILLING MACHINES.—(For Nos. 1, 2, 3, .
Taper Milling Attachment for Nos. 4 and 2 Universal
and 4 universal, and Nos. 1, 2, and 3 plain milling machines.) | Milling Machines.—This attachment, Fig. 6, Plate II.—-D., is deFig. 1, Plate I1.-D., represents an attachment for converting the
signed to facilitate the milling of taper work.
By reason of its
plane of cutter revolution from vertical to horizontal, while at the easy and quick adjustment to the desired taper it is especially desame time giving a less obstructed view to the cutter, which is on > sirable when a large variety of such work is to be done.
It cona short vertical spindle driven from the main spindle of the masists of a table that is suspended on a ring, which in turn is placed
chine through spiral gears. The short vertical cutter spindle can be on an arbor to fit the taper hole in the spiral head. The head can
set-at any required angle from a vertical to a horizontal position, — be set to any desired angle to 10 degrees, and the table will take
the base of the spindle head being graduated for that purpose.
the same position, keeping the centres always in line)
When
It is obvious that the ratios of the spiral gears may be made to in- placed at the required angle it is held in position by a clamp screw
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that slides in a knee clamped to the table of the machine.
By
reason of the location of the clamps and the solidity of the table,
work is held as firmly between the centres of this attachment
as it
is between centres fastened directly to the table.
The footstock of the attachment slides in a T-slot § inch wide,
- and can be placed to take in work to 4} inches in diameter and
17 inches in length.
Hand Milling Attachment.—The No. o plain milling machine
with rack feed can be quickly changed by means of the attachment,

Fig. 7, Plate

II.-D., into

a hand

milling

machine

with

or without an automatic longitudinal feed.
An apron, placed on the outside end of the knee, carries a lever
attached to a segment of a gear which runs in a pinion placed
over the end of the shaft that moves the table longitudinally, and
this lever, when

moved, turns

were in position.

the shaft as the crank would if it

The attachment, with a knee having a working

surface of 6 inches by 5% inches, is clamped

on the table, and on

AND
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The straight hole at end of taper is

end and has a taper hole.
17, inches in diameter.

7

The worm wheel is 64 inches in diameter,

It
and one revolution is made by 40 revolutions of index crank.
has 24 holes, and when the worm is disengaged direct indexing
can be done and the wheel held by means of an index pin. The
index plates are the same that are used on the No. I universal
milling machine. The headstock can be clamped at any angle
on table. The tongue and bolts furnished fit a T-slot § inch wide.
The tongues are inserted. Combined length of head and footstocks, 132 .nches.
Work-holding

Vices.—In

the plain vice, Fig. 12, Plate II.-E.,

the jaws are of steel and left soft unless otherwise specified. The
flanged vice, Fig. 13, Plate II.-E., is provided with flanges for

clamping them to the table of milling or planing machines.
In
this vice the jaws are also left soft unless otherwise specified.
Toolmakers’ Universal Vice.—This vice, Fig. 14, Plate II.-E.,
was designed

to meet

the requirements of toolmakers, apd

ma-

this the fixtures for holding the work can be fastened as on a
hand milling machine.
When brought to position the lever can

chine shops where a great variety of work is encountered. It will
be found of advantage in producing irregular or angular pieces

be held by the catch in the holder, shown

and forms, as dies for sheet metal, stamping and bending forms,

at the left of the cut,

The spindle has a No. totaper hole. The index plate is 20 inches
in diameter, has 4,294 holes, and will divide all numbers to 75 and
all even numbers to 150. An adjustable rest, placed on the headstock, is provided as a support to the gear while being cut. The
attachment can be fitted for use on Brown & Sharpe's universal

drop forgings, etc.; also in determining and forming the angles
for model parts of bicycles and work of a similar class. Often the
vice will take the place of an expensive “jig” or fixture. It can
be set at any angle and the work placed in position or removed
without disturbing the setting of the vice. It can also be easily
moved from one machine to another and several operations performed without removing the piece.
The base is double.
The
lower part is provided with a tongue, and is fastened to the table
by two bolts, which fit into the table T-slots. It has two sets of
holes to allow for moving the vice back when set in a vertical
plane. The upper partis a hinged knee, which swivels on the
lower part of the base. The lower part of the knee is graduated
and can be set at any angle in a horizontal plane.
The upper
part of the knee is hinged to the lower part in such a manner that
it can be set at any angle to go degrees, in a vertical plane, and
clamped rigidly in position by the nut on end of bolt forming the
hinge, and the bracing levers shown at left of cut. The upper
surface is graduated for setting the vice proper. The bolt forming the hinge is provided with a hardened steel dial graduated to
go degrees. The bracing levers are held in position by the bolt

milling machines Nos. I, 2, 3, and 4.

shown in centre, and the bolts at the ends of the levers.

Single Dial Index Centres.—These index centres, Fig. 9,
Plate II.-E., are convenient for use on milling or other machines
where rapid indexing is to be done, as in cutting teeth in sprocket
wheels or mills, or in milling nuts, etc., and swing, respectively,
8 inches and 64 inches in diameter.
The spindles are threaded
on the ends, and are provided with No. 11 taper holes. The footstocks are provided with a bearing instead of a centre, which
gives the arbor a firm support. Footstocks can be furnished with
adjustable centres when desired. The index plate is a dial provided with hardened steel bushings, and is covered, thus protecting the holes from dirt. The plate is locked by a hardened
steel taper pin, which is forced into the bushing by a spring, and
can be released by a lever and the work rotated by a hand wheel,
thus making the indexing very rapid. While the plates can be

proper swivels on the upper part of the hinged knee, and can be
set at any angle to the axis of the bolt forming the hinge.
Plates II-F, G and H present examples of the Browne & Sharpe
milling machines doing various kinds of work.
_
THE VAN NORMAN DUPLEX MILLING MACHINE.—In Figs. 1
to 6, Plates II.-I. and II.-J., is shown the Van Norman duplex
No.o milling machine. The distinctive features of the machine are

which can be released by a latch on tne back of the lever, so that
at the same time that the knee is returned to position the catch is
released without an extra movement.
While the lever is held
down, the feed can be thrown in and milling done as ona plain
milling machine.
The top of the knee at its lowest position is 6 inches from the
top of the table and can be raised 2 inches.
With this attachment in position the milling machine table has
a transverse feed of 2} inches. The longitudinal feed of the table,
by means of the lever and gear segment, is 4 inches, but with
these removed the machine will feed 16 inches automatically.
Gear-cutting Attachment.—This attachment, Fig. 8, Plate
II.-D., is for use in cutting gears on wheels larger and heavier than
can be cut with the usual fixtures belonging to a milling machine.
The centres swing, without raising blocks, 14 inches in diameter.

used, usually, for other than the number of teeth for which they
are made, it is desirable to have them contain holes for the number of teeth to be cut, as mistakes can thus be avoided.

Index

Head

and

Centres

with

tres, Fig. 10, Plate II.-E., swing

Rest.—These

cen-

123 inches in diameter.

Centre

The

head can be set at any angle from 1o degrees below the horizonta] to 10 degrees beyond the perpendicular. The spindle is provided with a face plate and adjustable dog carrier. The front end
has a taper hole. The straight hole at end of taper is 1} inches
in diameter.

The worm-wheel

is 6 inches in diameter, and one

revolution is rfiade by 60 revolutions of index crank.

The index

plates divide all numbers to 100, all even numbers to 134, and all

numbers divisible by 4 to 200. The table is provided with flanges,
ts 32 inches long, 8 inches wide, and has three T-slots % inch

wide.

Combined length of head and footstocks, 18 inches.

Centre

rest will take work to 3+ inches in diameter.
Ten-inch

Index

Centres.—The

Swing 10} inches in diameter.

centres,

Fig. 11, Plate II.-E.,

The spindle is threaded on front

The vice

that the cutter head, with its spindle, is constructed so that it may

be set to work in any position between that of the vertical and
horizontal, and is as ngidly carried as though the machine had
merely a fixed vertical or a horizontal spindle.
Work may be clamped on the table or held in a vice, and the
cutter or cutters may be brought to bear in any position between
vertical and horizontal—without releasing the clamps on the work.
Bevel cuts can be taken with right-angle cutters. Holes may be
drilled

in absolute

alignment

in vertical,

horizontal, or angular

positions, etc.
The main head frame, to which the swivel cutter head is attached,
has a movement in and out over the column of 7 inches.

The swivel cutter head is attached to a vertical wall on the

main head, in a plane at right angles to the longitudinal movement

of the work-holding

table, and ali angle cuts can therefore

be made the full length of the movement of the table.
Positive stops determine the vertical and horizontal positions
of the swivel head, and the head has a finely graduated index for
setting at angles.
The No. 2 machine, Fig. 7, Plate II.-J., has all the movements
of the No. o, and in addition has an overhanging arm to support
the cutter arbor, an interior sliding spindle which gives feed in
line with the cutter spindle at any angle, and a profiling device
which converts the machine into a profiling machine.
A four-spindle heavy milling machine, designed and constructed

8
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by Beaman & Smith, of Providence, Rhode Island, is illustrated in

Fig. 1, Plate II.-K.
This machine is intended for face milling two surfaces of two
pieces at one time, using one vertical and one horizontal spindle
on each piece. The centres of the vertical spindles are placed
4 inches ahead of the horizontal spindles, which allows the cutters
to cut across the corner of work and yet clear each other. The
end adjustment of horizontal spindles is from 194 inches to 254
inches from end to end, or 3 inches for each. The vertical adjustment of horizontal spindle heads is from top of platen up to cross
head. The vertical spindles have 3 inches independent vertical
adjustment, and the cross head can be adjusted so that the end of
each spindle will reach platen or 18 inches above it. The end
movement of all the spindle quills is by means of worm, worm
wheel, and pinion and rack, with provisions for fastening at any
point.
All spindles are driven through positive gearing from cone
shaft. Automatic feed is taken from back end of cone shaft
through change gears, allowing positive feed of platen from 1 inch
to 12 inches per minute, through worm and worm wheel to revolving nut on the stationary platen feed screw.
The nut is provided with anti-friction collars made of hardened balls running
on hardened and ground collars. A trip dog detaches the worm
from the wheel for automatic stop.
A vertical two-spindle open-side milling machine is illustrated
in Fig. 2, Plate II.-K.
This machine consists of a box bed g feet long, with an extension on back supporting the upright, which carries the overhanging arm, to which is fitted the two saddles carrying the
spindles,
The spindles,

as illustrated, are made

with

14-inch diameter

conical bearing at the lower end, and 1}-inch straight bearing
at the upper end, each provided with bronze bushings. Thespindle ends extend 2 inches below the spindle head. The cross adjustment of the spindle centres

is from

24 inches to 14 inches.

Each spindle is provided with 3 inch independent vertical adjustment. —

The vertical adjustment of the crosshead on the upright is
by means of a screw, and is provided with a dial to read to
thousandths of an inch.
The spindles can be raised from the
platen to 174 inches above.
The belt which drives the spindles also drives the feed
mechanism, and is so arranged that the tension of the driving
belt is not altered by the vertical movement of the crosshead or
upright.
An open-side vertical single-spindle milling machine for heavy
surface milling, using face or end cutters, is shown in Fig. 3, Plate
Il.—-K.
The table is gibbed upon flat ways, and the cutter spindle
mounted in a head sliding upon an open-ended cross slide or rail
carried on a vertical slide adjustable for height along the work
table and with self-acting feed motion.
A duplex milling machine for heavy work, designed and constructed by Beaman & Smith, of Providence, Rhode Island, is
shown in Fig. 4, Plate II.-K.
The cutter spindles are powerfully geared for heavy cuts and
are carried in heads adjustable for height from the work table,
which has a hand and an automatic feed motion.
A special milling machine, with two horizontal and one vertical
cutter spindles, is shown in Fig. 5, Plate II.-K.
The horizontal spindles, being intended for surfacing in a vertical plane, are fixed for height above the work table.
A vertical milling machine by the Hilles & Jones Co., of Wilmington, Delaware, is shown

in the figure in Plate II.-L.

It is

very largely used by locomotive builders for dressing up connecting rods, guide bars, straps, yokes, etc., and besides this, is very

suitable for general engineering work.

It is fitted with circular,

SHOP
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The forged steel spindle, 4 inches in diameter, is carried in
straight brass bearings Io inches long; the bottom bearing is
contained in the vertical slide, the top one being bolted up to the
main frame. A feather on the spindle works through the large
bevel driving wheel, the hub of which works in the top bearing.
The upward wear is taken up by a heavy brass collar and setting
up screws. The spindle is driven by a three-speed cone pulley,
and single and double gearing, and together with the slide is
counterbalanced by a weight suspended from wire ropes, and
working up and down on the inside of main frame. The top support for rope pulleys is made use of for supporting a swing jib
crane, which is found very useful for holding up the ends of long
rods.
|
The circular table is 42 inches in diameter, turned all over,
and has machined T-slots

for bolting up the work ; the annular

trough is kept low down, so that the bolts can easily be got in.
The transverse slides are 48 inches long. All motions are selfacting and easily manipulated, the self-feed being arranged with
a multiple jaw clutch and lever for throwing it in or out, and not
the usual screw.
The machine is of good design, very rigid,
and well adapted for this class of milling work.
Plate II._M represents an exeeptionally powerful verticalspindle milling machine. The work is carried upon a horizontal
table having a circular feed motion mounted upon cross slides
having motions at right angles one to the other; and as al] these
feed motions may be operated independently or simultaneously,
there is no limit to the shape of the work which may be operated
upon by the machine.
Plate III. represents Kempsmith’s new Universal Milling
Machine.
The general design of the machine conforms to the usual practice, but in the details some departures have been made which
are interesting from a mechanical standpoint. The cone pulley
has its smallest end nearest the main

bearing, in order to allow of

the frame of the machine being brought up close to the bearing,
to give it the greatest possible strength there, and the overhanging
arm is fitted to a socket, which is bored in an arch extending from
one upright to the other, and cast solid with the frame, two clamp

bolts securing the arm firmly in place, and at the same time permitting it to be readily removed when desired, and a stiff and solid
machine is had, whether using the arm or not. Six changes of
feed are provided for with each different speed of the spindle, the
slowest speed of the latter being suitable for a cutter } inch in
diameter, back gears, proportioned 4 to 1, being used for the
larger sizes.
The index or spiral head is so arranged that its spindle may be
elevated, or depressed below the line of centres, has a full line of
index plates, and is geared to cut spirals from one turn in 14 inch
to one turn in 133} inches, the gearing being arranged either simple or compound, as may be required, the simple gearing being
sufficient for all the ordinarily used spirals, this gearing being
arranged the same as the change gears on a lathe, and put in
place with equal facility. The foot stock is fitted with what is
called the side centre, this being so arranged that it offers the
greatest possible facility for getting at the work with cutters,
either at the top or at the side.
The three squared handle stems seen in front of the knee are for
the usual vertical and horizontal movements, there being two rates of
vertical movement of the knee provided for, one slow and the other

rapid, the latter for use when the knee is to be moved a consider-

able distance.

The table can be swung clear around, and clamped

at any desired angle, and has automatic

feed at any angle, or in

either direction, the feed being automatically tripped at any desired
point in either direction. The table is fed by a splined screw,
which derives its motion from bevel gears, the table swinging upon
acentral trunnion A, Fig. 3, Plate IV., and being clamped at

any angle by the split ring B, which is made of steel.

The trun-

longitudinal, and transverse motions, and has special feeds for drill-

nion is firmly screwed and dowelled into the swivel block Cc, and is

ing and boring.

bored to receive the hollow vertical shaft D, through which shaft
passes the feed trip rod E. The feed is tripped by dropping,‘
worm out-of gear, and trips as easily when under the heaviest cuts
as when running light. An end view of the worm, worm-wheel,

The main frame is of a box section and cast in

ene with the transverse slide bed; the distance from the centre

of the spindle to the bed is 20 inches, and the nose of the spindle
is so arranged that it can be brought down flush with the table,
and has an upward movement of 18 inches.

and case, partly in section, is shown at Fig. 1.

The direction
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the feed is reversed by turning a knob to the right or left, this
knob being shown at the left of the lever G, Fig. 2, and in section
in Fig. 3. The reversal is accomplished by means of a double
ended clutch, which engages with bevel gears running in Opposite

directions.

The feed worm

is of hardened steel, runs in oil, and

its shaft in phosphor bronze bushings.
The feed is thrown in by
lever G, and out by latch H, when operated by hand, and by a trip
pin, when used automatically.
The feed gearing is completely
enclosed, to protect it from dust or chips, and the opening in
the top of the knee

is at all times

covered

by sliding plates of

steel.
With the head and foot stocks removed, the top of the table is
entirely unobstructed, so that work of any length may be fastened
to it.

The spindle, which is of steel, is hollow, and the end threaded ;
arbors or chucks which fit this spindle fitting also the spindle
of the index head. The movements of the table by the screws are
indicated in thousandths of an inch by micrometer graduations,
the index marks on the movable collar being the same as those on
the graduated circle, so that

they match

exactly, and

there is no

projection nor obstruction of the graduations.
Fig. 1, Plate V., represents a milling machine by the Pratt
and Whitney Company, the construction. being clearly shown in
the cut, in which

it will be seen

that the frame is of the box form

and very rigid, and an outer bearing is provided for the end of
the cutter spindle.
Both heads are adjustable for height from the
work table and may be rigidly bolted in their adjusted positions.
Fig. 2 represents another machine by the Pratt and Whitney
Company of new design.
The work is bolted on to the face plate shown in the cut, or an
outboard bearing corresponding to the tailstock of a lathe may be
provided and the work supported at that end also.
The cutters
are driven from the head, having the cone pulley with three
changes of speed.
The rate of revolution of the work is that necessary for the feed.
As an example of the great usefulness of this machine, suppose
a blank for a gear wheel to be chucked on the face plate, and then
a set of milling cutters may be employed to face up the blank and
dress both the edges at the same time.
This machine really supplants the lathe for a large class of
work, requiring less attention and being more accurate.
Fig. 1, Plate VI., represents a duplex milling machine by Beaman & Smith, and Fig. 2, a section of the driving mechanism.
The driving pulley is 16 inches diameter for 5-inch belt, and can
be run direct to spindle or back geared in the ratio of 4 to I.
The feed pulley shown in same figure is located directly under
the spindle, and is geared up 3 to I to get the desired belt speed.
The greatest distance from end to end of spindles is 2 feet 6
inches ; least distance, 5 inches.

Fig. 3 is a longitudinal section of table, and cross-section of
The
carriage, and also shows the feed mechanism of the table.
carriage is moved on the bed by a screw to the desired position,
The table has no vertical adjustment, the
and then fastened.
article to be operated on being held in a suitable fixture. The top
of the table has three T-slots, is 40 inches long, !2 inches wide,
and has an automatic screw feed of 24 inches ; the length and feed
can be increased if desired.
The feed shaft shown on front of perspective view of the
machine carries a worm (A, Fig. 2) which is of steel, and runs in
a bronze worm wheel, from which motion is carried through two
spur gears to the 3-pitch screw which has.a bronze nut fastened
to the under side of the table.
The feed is stopped automatically by a stop on the side of the
table tripping the starting lever and dropping the worm out of the
wheel ; the quick return is by means of the upper shaft with handwheel shown in perspective view and connected to the screw
through mitre gears; the shield shown beyond the end of the
screw is to prevent chips and dirt from getting into thread of

The distance from
screw while it is beyond the end of table.
There are two
centre of spindles to top of table is 10 inches.
countershafts, each having a three-section cone, giving six propThe first shaft has tight and
erly arranged speeds to the spindles.
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loose pulleys 16 inches diameter for a 5-inch beit, and should run
about 120 turns a minute.
Plate VII.

represents

what

is termed

a traversing machine,

designed by Professor John E. Sweet and now made by thePratt
and Whitney Co.
The machine very much resembles a planing machine, but

differs as regards the vertical spindle ; in the fact that the platen
or table is fed back and forth at adjustable speeds, by power, or

rapidly by hand, and in the fact that the cross-head is fed up and
down by power or rapidly by hand.
_ As regards details of construction, the machine differs from the
ordinary planing machine in every particular. The bed is a complete box, having solid top and bottom, as well as sides, which has
been proven by experiment to be 50 per cent. stiffer in a vertical
direction, twenty times

stiffer sideways, and

thirteen

rigid against torsional strains than the ordinary

times

more

side plate and

cross-girt system.

The table, 3 feet by 12 feet, is also of the hollow box construction—8 inches deep—full width between the housings, and

carried on flat ways 34 inches wide.

The housings are hollow

boxes, as is the counter-weighted cross-head, the balance weights
running in the housings.
To resist the side strain of the cutting
action, which is more severe than in a planing machine, the crossbeam between the housings or posts at the top is very wide, and
the cross-head

itself has a F-slide cast with

vertical guide, and this, in connection with

it, which

serves asa

the vertical

power

feed, makes the machine an efficient boring machine, and a handy

substitute for a radial drilling machine, having a capacity for this
work of drilling a 3%; inch hole up to boring one from 12 inches to
16 inches diameter, and anywhere in a structure 3 feet wide, 12
feet long, and any depth that can be placed under the boring
tool or drill.
A fair idea can be formed of the arrangement of the mechanism

from the cut. On the rear of the machine a belt from a cone overhead drives a cone shaft at the base of the machine. This shaft
extends through and carries a leather-faced disc, shown in the engraving. Bevel gearing and a telescopic shaft convey motion to a
spline shaft seen in the cross-head, and this, through the agency of
either worm or spur gearing, gives motion to the vertical spindle
at eight different speeds, varying from one to twenty-six, or from 5
to 130 per minute.
The leather-faced disc before mentioned (as seen at the lower
right-hand side of the cut) gives motion to all the various feeds,

through the agency of a novel device.

The iron drum running

across the face of the disc is set about ¢ inch away from it, and an
endless leather belt, surrounding the drum loosely, is pinched between the drum and the disc, so that as the disc rotates the friction
between the three—that is, the disc, belt, and the drum—causes the
latter to rotate also ; and by shifting this belt (which is done by the

enclosing box shown) nearer to or further from the centre of the disc,
the drum is caused to revolve slow or fast, as required, or by shifting
the belt to the opposite side of the disc, the drum is rotated at varying speeds in the opposite direction.
In addition to the usual appliances to machines of this character,
this machine is supplied with graduated scales, not shown in cut,
for moving the work cr cutter any given distance; this applies to
the table, cross-feed, or vertical adjustment of cutter.
Each slide
is provided with a locking device, so that when the bed or slides
are brought to the required point they can be permanently locked
in position.
A taper socket in the spindle, with bushes or collets and mandrels, adapts the machine to the use of all drills, reamers, and milling cutters, and a quick pitch thread on the outside of spindle fits

it for the use of large traversing cutters and boring tools.
Among the classes of work this machine is specially suited for
is that of facing steam chests and valve facczs, and at the same setting dressing out the ports and drilling the stud-bolt holes. With the
three-centre system for holding work, such jobs as facing both sides
and boring both holes in connecting rods is done accurately and
quickly. While all kinds, or nearly all kinds of planing, milling,
boring, and drilling are done, there is no change required in the machine—neither attachments nor fixtures, but simply a change of tools.

MODERN

ite)

From

MACHINE

the fact that either of the four above-mentioned opera-

tions can be performed with equal facility, and from the fact that

it more neariy’ resembles a profiling machine than any other, and
yet does not possess the profiling element, a new name has been
adopted, and for want of a better one it is called a traversing
machine.
Fig. 1, Plate VIII., represents an open-side milling machine
The
by Beaman & Smith, and designed for surface milling.
feed may be operated by hand or by power, and has four changes
calculated to give the proper cutting speeds to milling cutters from
4 inches to 12 inches in diameter.

MILLING MACHINE

WITH VERTICAL SPINDLE.—This

class of

machine is finding favor for many kinds of work, because, among
other reasons, the work can be more readily seen and inspected,
and the eye can therefore more readily follow the contour of the
cutter in passing along or over the work.

A vertical spindle milling machine, designed and constructed by
Brown & Sharpe, is illustrated in Fig, 2, Plate VIII.
This machine, for many kinds of work, is preferable to a machine with
horizontal spindles. The operator can more easily see the work
and more readily follow any irregularity in the outline of the
surface to be milled. The spindle is hollow and runs in bronze
boxes. The lower end of the spindle is threaded to receive face
mills, fixtures, etc.

The cone has three steps for 3-inch belt, and can be set
parallel with, or at right angles to, the bed.
The vertical adjustment of 13} inches is obtained by raising or lowering the column.
A hand wheel at the back of the machine is provided for this purpose. The feeds of the table are positive and automatic in either
direction, and both can be automatically released at any point.
There are sixteen changes of feed, obtained by means of change
gears, varying with back-gears in position from .006 inch to 60
inches, without back gears in position from .oo1 inch to .o1 inch,
to one revolution of wheel on the side of the head.
Figs. from 1893 to 1899 represent a universal milling machine.
This machine is so constructed that all the features essential to a
universal milling machine are obtained by means of attachments
(each complete in itself) which may be removed, leaving the work
table clear, and serviceable for large work, or work which may
be more conveniently held without the use of attachments.
Thus for the cutting of spirals, a fixture capable of originating

any spiral right or left hand, from 2 inches to 6 feet pitch, is provided. Two bolts secure it to the machine table, and when the
job is finished it is removed. Similarly for the cutting of cams, an
attachment fastened to the work table by three bolts is used,
which cuts either cylinder or face cams of considerable size, and
as conveniently as a machine built solely for cam cutting.
<A
gear-cutting device is also applied in the same manner, as well as

plain or universal work-holding centres.
The essential features of the machine are a standard A, Fig.
1894, with spreading base, carrying upon its top a driving cone B,
which is fully back-geared like an engine lathe. The driving cone
operates also the feed mechanism.
Above the driving cone is an
arch C, in which is inserted an arm D for supporting the outer end
of the mill arbor when used for heavy work.
Upon the face or
front of the standard slides a knee E, which in its turn supports a
carriage F, which traverses crosswise upon it and carries above it
the work table, which is provided

with

an

automatic

feed at right

angles with the movement of the carriage. These three movements, vertical, cross, and longitudinal, cover all that is usually
required in a universal milling machine.
Coming to details we start with the spindle or arbor, the front end
of which runs in bearings of bronze. These are made in two parts,
tapering upon the outside

and

straight

upon

the inside, a corre-

sponding taper hole to receive the spindle bearings being bored in
the solid iron of the standard.
A check nut upon each end of the
bushing or bearing abuts against the end faces of the standard
bearing, and by drawing the bushing or bearing through the taper
hole in the standard, produces the exact required closeness of fit
between the spindle journal and its bearing bore, and thus com-

pensates for the wear of cither the spindle journal or its bearing
.or bushing bore, the front check nut also providing a dust cap.
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The back journal of the spindle runs in a bushing of considerable length.
Upon the back end of the spindle is secured a
train of feed gears G, the lower of which is upon a shaft that
on its other end carries the first feed cone H. The corresponding feed cone I is fixed to the longer shaft J, carrying a worm (or
tangent screw) K, which engages with the worm gear L connected

directly with the feed screw, for the longitudinal motion of the
work table.
This whole feed work is shown fully in outline in Fig. 1894.
The arm M that supports the two lower feed gears pivots upon the
outboard end of the back bushing, hence its centre coincides with
that of the spindle. At its lower end a projection inwards forms
a hub upon which a second lug or arm N is pivoted. The lower
end of this arm is bored out to receive the threaded end of a lug O
with the bearing of the second feed cone I. This threaded end
carries a milled or hand nut P, so that to tighten or loosen the feed
belt a turn of the nut is sufficient, the effect being to increase or
diminish the distance between the feed cones H and I. The front
end of the feed rod is supported in a drop box Q, and is splined to
allow the worm K to travel upon it. It will be seen, therefore,
that the feed mechanism is undisturbed either-by the vertical
movement of the knee, or the cross motion of the carriage, or the

longitudinal feed of the table. The feed gears are covered with a
shield R, a part of which is shown broken away.
The knee with
its appendages is actuated vertically by means of a crank connected with bevel gearing at S, which moves a perpendicular screw
Tt under the centre of the knee.
Rotating with this crank shaft is
a finger U held by friction. This finger is in close proximity toa
dial v graduated to thousandths of an inch, and as one revolution
of the finger indicates } of an inch of elevation to the knee E, the
ordinary subdivisions of an inch are obtained either with or with-

out an inner circle of graduations on the dial. A similar dial upon
the cross-feed motion (not shown in the engraving) is also put on,
which likewise reads to thousandths of an inch.
The feed of the work table is accomplished by means of a screw
whose thread is in shape a half Y and does not bear upon the
bottom of the thread in the feed nut, which is in halves, with
provision for closing up to compensate for wear, while check nuts
on one end of the feed screw take up all end play.
The automatic feed is self-stopping (so as to enable one attendant to operate several machines) by means of the following construction
:—
In the general view, Fig. 1893, there is seen a stop that is
secured in the required position in the {- groove shown at xX in
the outline view, Fig. 1894, and when this stop meets the bell
crank Y it unlatches it from a lug which is on the drop box Q,

Fig. 1893, hence this box falls and with it that end of the worm
shaft J, throwing it out of gear with the worm wheel L, and therefore stopping the feed. The attachments giving to this machine
its universal qualifications are as follows :—
The rotary vice is shown on the work table in the general view,
Fig. 1893, and requires but little description.
Upon the under-

side of the base is a circular projection having beneath it a projection fitting into the T-slots in the work table. Two segmental
slots in the base admit of a rotary movement of the vice within a
range of go°, and it is held to the table by two bolts. The crank
or handle of the vice is made more convenient by means of two
square holes that fit the end of the screw that actuates the movable
jaw. Using the central hole allows the handle to clear the work
table, but when the vice jaws need to be closed with considerable
force the handle is shifted to the end or outer hole, thus doubling
the leverage.
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HEAD

AND

BACK

CENTRE.—This

tool

is

used for making milling cutters either straight or angular, cutting
small gears, either spur or bevel, fluting taps or reamers, finishing
nuts or bolt-heads, and a multitude of other jobs too numerous
to particularize. The head consists, as seen in Fig. 1895, of a
swinging block mounted centrally between the two upright sides

or jaws of a base, and is clamped in any position
on either side. The face of one side or jaw is laid
and a finger or pointer on the block indicates its
tion. On the front end of the spindle is secured

by a set-screw
out in degrees,
angle of elevaa worm wheel
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divided longitudinally, each half being used as a corrector (in the
making) for the other half till all errors are eliminated. A dial is
fixed upon the bushing through which passes the shaft that
actuates the worm,

the spindle.

MILLING
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the latter be parallel or taper, so as to suit the elevation or
depression of the head, and enable the centre to fill the countersink of work held on centres, keeping it central and avoiding
wear to one side. It consists of a block held between two uprights
or jaws, and clamped thereto by two screw bolts. The block is
slotted entirely through from side to side, the front slot being only
wide enough to receive the bolt and making a changeable centre
The rear slot is wider and
for the block to partially rotate upon.
is a segment of a circle. The screw bolts being slackened the

and consequently revolves the worm-gear and

A pointer arm carrying a handle with a pointer and

Under it are the
appendages is secured to the end of this shaft.
usual spaces for laying off or indicating the proper number of
index holes for the required fraction of a circle the spindle is to be
moved through.
The spindle is hollow and has a screw on the

Fig. 1895.

outer end for taking a chuck or face plate. It has a taper hole
for receiving the proper centre, which carries a lug for holding the
dog used when the work to be finished is held between centres.
Three index dials, which are made interchangeable, provide for
most divisions except a few prime numbers to 360.
To prevent or take up lost motion between the worm and the
worm-gear the entire bracket carrying the worm and indexing
mechanism is made adjustable as follows :—
Through the base of the bracket thread two sleeves whose ends

back centre is raised, lowered, or tilted to any required position to
bring the centre in line with the work axis, and is then clamped in
place. One bolt holds this part of the machine to the work table.

The centre is adjusted to place in the end of the work in the ordinary way, with a hand nut, &c.

For gear cutting, the universal head is enlarged and somewhat
modified in design, as is shown in Fig. 1896, the worm and worm-

wheel being much larger in diameter and exceedingly accurate
by the following method having been adopted to test them: Twe
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abut against the top of the block, and therefore determine the

cast-iron

Through these
sleeves pass the bolts which thread into the block and lock the
bracket in its adjusted position. A simple screw bolts the back
end of the bracket.
The degree of fit between the worm and the
wheel may be very sensitively made by revolving the worm spindle

held

engagement

of the worm

with

the worm-wheel.

by hand.

The block carrying the back centre has some peculiar features,
which enable it to be set in line with the axis of the work, whether

disks were placed side by side on an arbor or mandrel

between

the

centres,

and

lines

of division

were

marked

across the edges of both of them (the index plate, of course, being
used for the division). The disks were then separated and one of
them moved and the lines of division again compared with a
microscope, and no sensible errors were apparent.

The provisions for taking up the wear of the worm and its
bearings, and of the worm and its wheel, are as follows: The
worm-shaft runs in compensating bearings of phosphor bronze,
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and the bracket carrying the worm-shaft is adjustable towards | gear, which obviously drives the bevel-gear shown on the end of
the worm-wheel by the means already described for the ordinary
universal head, and this head is said to be capable of making
divisions as fine as one minute of an arc, or dividing the circle
into 21,600 parts.
_ The employment of a worm and a worm-wheel necessitates that
the index pointer arm be given a certain number of revolutions, in
order to move

| the head. The back face of this latter gear is provided with index
| holes, and the usual index arm and pin are provided.
The change gears provided for this device are sufficient to cut
twelve different pitches, ranging from one turn in 2 inches to one
| turn in 6 feet. Obviously right or left-hand spirals are produced
| according to the direction of revolution of the hand wheel.

the spindle the requisite amount for all divisions

In the general view, Fig. 1898, the device is placed upon a box

except those equal in number to the number of teeth contained in | bolted to the work table, and obtains its automatic feed through
the worm-wheel, and to avoid any mistake in counting thenumber | the medium of the worm for the table feed.
of revolutions of this index pointer arm the following device is emThe cam-cutting attachment, Fig. 1899, consists of a base
ployed: On the worm shaft is a pin, and to the right of the index | bolted to the machine table and adjustable to any required posi-

plate is a dial plate which is clearly shown in the engraving.

The ! tion thereon.
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This base has a slideway in which a gibbed slide
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circumference of the latter is cut with ratchet teeth, and the length
of the pin on the worm-shaft is such that at each revolution it
moves one tooth of the dial plate. In front of the dial plate is a
fixed pointer, and as the face of the ratchet wheel is graduated
and marked 1, 2, 3, &c., it is obvious that the pointer shows how
many revolutions the dial plate, and therefore the worm shaft, has
made. After the requisite number has been made and the:index
pin has been set in the index wheel, the small lever, shown on the
right of the dial plate, is moved and a spring brings the dial plate
back so that its zero number comes back to the pointer ready to

| carrying a head is free to travel longitudinally. The pattern or
| former cam and the work are carried on the live spindle of the
| head, and the former cam is supported by circumferential contact
| with a roll carried on the vertical bracket shown on the right of
| the engraving. As shown, the device is arranged for cutting face
| cams, the cam-holding spindle being placed in line with the
| machine spindle. All that is necessary for cutting cy/imder cams
| is to set the device with its spindle at a right angle to the machine
| spindle and move the supporting bracket so that its roller will
| meet the perimeter of the former cam.
In either case the slide

count the number of revolutions when the worm-shaft is revolved | carrying the head is pulled forward by weights suspended over

for the next division or movement of the worm and wheel.

For | the wheel shown on the end of the base, and the feed is put on
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Fig. 1899.

this head there are three index plates drilled with 2 3 circles of | by revolving the spindle by means of the worm and worm-wheel
holes, making, in combination with the worm and wheel, all , shown in the engraving, the ordinary crank handle of the machine
divisions up to 90, all even divisions up to 180, with most of the | fitting the worm shaft.
other divisions between go and 180, or 135 divisions and multiples
A hand feed for cam cutters is preferable to the automatic feed,

of these divisions up to 16,200. The index plates areinterchange- | because in turning corners or curves the rate of the feed requires
able, and additional ones for other divisions may obviously be _ to be reduced in order to obtain smooth work.

added.
The device for cutting spiralsas arranged for hand feeding is
shown in Fig. 1897, while in Fig. 1898 it is shown arranged for
automatic feeding, and is shown in position on the machine.
Referring to Fig. 1897 the hand wheel operates a worm engaging
with a worm-wheel on the shaft of the largest gear shown in the

Fig. 1900 represents a universal milling machine.

The live

| spindle head is fitted to a horizontal slide on the top of the main
| frame, and may therefore be moved on that slideway to adjust the
cutters to the work, the motion being effected by a pinion operat| ing a rack on the underside of the head, as shown in Fig. 1901,
; which is a sectional view of the machine.

engraving.
From this gear motion is conveyed through interAt the handle end of the pinion shaft there is provided a dial
mediate wheels to the pinion on the same shaft as the first bevel- ' (which is seen in the general view of the machine) having an outer
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work table a distance of 2 inches, thus providing for the rapid
motion of the table to expedite putting in and taking out the work.
The knee is operated vertically by a pair of bevel-gears, the
shaft for operating which is shown on the left-hand side of the
knee. On this shaft is a pointer for an indexed dial, which has
two graduated circles, the outer of which is divided so that each
division corresponds to a knee motion of gj of an inch, while the
inner one denotes a knee motion of zg inch.
Automatic feed motion for the work table is provided as follows: The cone shaft projects through the live head and carries

circle graduated to sixty-fourths of an inch, and an inner one
graduated to fortieths of an inch. The driving shaft is at a right
angle to the live spindle, and drives it by means of a hardened
steel worm operating a bronze worm-wheel fast on the live spindle,
and which runs in a trough of oil to provide ample lubrication.
The spindle is hollow and has tapered journals. The arm for

supporting the outer end of the cutter arbor is cylindrical, and fits
to a bore provided in the top of the frame of the head, which is

split and has two binding screws.

MILLING

When these screws are loosened

the arm may be readily adjusted for position, while when they are
screwed up they lock the arm in its adjusted position. By this
means the arm only projects out as far as the particular work in
hand requires.
The knee for carrying the work table and chucking devices
terminates at its top in a circular box cast open ontop.
This box
is covered with a circular cap, in the upper face of which are the
slideways or guides for the work table. The cap is recessed into

a leather-covered friction disk which drives a vertical shaft carried

by a bracket hinged to the head.
shaft, and held at any point by
against the leather-covered face of
the nearer to the centre of the disk
latter will be revolved,

and

A small pulley splined on this
a spring-pressed catch, bears
the disk, and it is obvious that
the pulley is set the slower the

therefore

the finer the feed will be,

while the direction of revolution of the small pulley will be reversed
if it be set on the upper half or above the centre of the disk, thus

the box so as to be kept central, and is fastened therein by an
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Fig. 1901.

expanding ring operated by a single stud which projects through
providing for reversing the direction of feed. By this arrangethe walls of the box. This ring has a V-shaped groove on its
ment both the rate and direction of the feed can be set without
stopping the machine.
periphery, which in expanding closes over corresponding bevelled
This vertical feed shaft carries a splined worm driving a wormledges on the inside of both the cap and the box. The edge of |
| gear splined on a horizontal shaft which is carried by the knee,
the cap is graduated for cutting spirals.
By this arrangement the table can be set to move at any required ' which has a projecting arm or bracket for carrying the back end
of the shaft, so that the latter rises or falls with the knee.
A
angle with the live spindle and quickly clamped in position, while
the ring being of larger diameter and bearing evenly around the
worm on this horizontal shaft engages a large worm-wheel within
entire circle, the cap is rigidly held. In this box, securely prothe box and fast upon the short upright shaft, whose pinion
tected from the cuttings or dirt, is a large worm-gear secured toa
engages the table rack and thus completes the feed motion.
short vertical shaft, on the upper end of which is a pinion projectIt will be seen in the sectional view that the worm-wheel for
ing through the cap and engaging with a rack upon the underthe automatic feed is in one piece, with a smaller bevel-wheel
neath side or face of the work table. This shaft also carries a
engaging with a bevel-pinion for the hand feed.
bevel-pinion which meshes with a pinion on the end of the short
A clutch joint near the centre of the horizontal shaft affords
shaft seen projecting through the front of the box and provided
the means for putting the automatic feed either into or out of
with a hand crank, the hand lever shown behind this crank being | action.
for securing or releasing the cap to orfrom the box. The gearing
The table can be fed its full length in either direction, and
is so arranged that one revolution of the hand crank traverses the
when placed so that one end will pass the main frame or column

Tq
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may be swung around parallel to the spindle, thus enabling the
machine to be used as a boring mill for short holes, or by turning
the table a half revolution work may be done on both sides of a
piece at one chucking, thus insuring perfect parallelism.
The construction of the index head of this machine is as follows:
Fig. 1902 represents it on a plate with a back centre and a centre
rest, and Fig. 1903 represents the head elevated. The head is a
hollow box, the outline of which is about two-thirds of a circle.

The opening, in front or chord side, is surrounded by a flange,
and bored out as large as permissible.
This forms the front
bearing of the spindle and face plate, which is cast in one piece.
A rear and smaller bearing is provided on the circular part of the

SHOP PRACTICE.
the line of centres may be set at any angle with the sliding table.
A sufficient number of index plates are provided to divide all
numbers up to 100 and all even numbers to 200.
Fig. 1904 represents a machine in which the base column and
the head are constructed upon the same design as that in Fig.
1900, but the circular top and cap are replaced with a larger and
heavier knee of rectangular form, and the table is longer. A
cross sectional view of the head is shown in Fig. 1905. The
bearings for the live spindle are solid bushes slightly tapered,
and are driven into the head from each end up to and against the
flanges.
The spindle is of tool steel 33 inches in diameter at the front
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Fig. 1902.

case.

The end of the spindle projects through the case, and is

held from coming out by a recessed nut and washer. The spindle
also carries*an accurately-divided steel gear of sixty teeth. This
wear 1s made as large as will go through the opening in front, or
about 6 inches in diameter. Directly under this gear the box is
pierced from the side. In this opening is inserted a long bush,
through which a steel worm engages with the gear. An index
plate secured to the outer end of the bush, and an adjustable arm
and index pin attached to the projecting end of the worm, complete the dividing mechanism.
Substantial but delicate adjustments are provided for eliminating lost motion.

On the periphery of the case is turned a dovetail shoulder,

bearing, tapering uniformly $ inch per foot to the back end. This
simple construction allows the spindle to be perfectly ground,
and accurately fitted to the boxes by scraping. After this is done
the spindle is withdrawn

about the ,4,5 part of an inch, and a

flat babbitt metal washer fitted to exactly the space between the
shoulder on the spindle and the front box. A check nut and
sliding collar on the back end holds the spindle in place. A
perfectly uniform space for oil is thus formed between the spindle
and bearings.
The worm-gear is forced tightly on the taper

spindle with a nut, and keyed to prevent turning.
The spindle has a hole 1,% inches through its centre, tapering in
front to receive the arbor to 1f inches, The taper is made 4 inch

Fig. 1903.

which slides around in a corresponding groove in the quadrantsvaped base.
The case is graduated on its edge, and may be
clamped at any angle of elevation from 15 degrees below a hori-

zontal line to a vertical position, being equally stable in all positions. The face plate is no farther from the bed in one position
than another, and being seated to the case, and adapted to hold
work directly on its face, forms a stiff and substantial device for
cutting bevel-gears and other work requiring angular motion.
‘The tail centre is also of a strong and substantial design.
An adjustable centre rest of novel design also accompanies the
outfit. and an extra bed or table, with straps for securing it to
the table of the machine.

With the centres arranged on this bed

per foot, and for ordinary work is sufficient to prevent the arbor
turning, but for driving gangs or large mills an arbor is used
having a hexagon enlargement just outside the spindle. A cap
to screw over the end of the spindle, having a hexagon opening in
it to fit the arbor, completes a positive driver that has none of the
objections to cutting a mortise or keyway in the spindle or otherwise disfiguring it. This cap protects the thread on the spindle,
and may be readily removed for a face plate or large facing mills.
The cone shaft and its bearings are made independent of the
head. A long sleeve, which is provided with a large flange, pro-

jects through cored openings in the side of the head The bosses
around these openings are faced off square and parallel, and a
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large flat ring threaded on the end of the sleeve draws the flange | allow the worm to drop into mesh with the gear.
7
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Fig. 1905.

bored to receive the worm, and is cut away on the under side to | direction against the shoulder in the sleeve, and in the opposite
VOL. I1.—8
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direction (tne machine can be driven either right or left-handed)
against the end of a bush, which is serewed in the sleeve and
forma one bearing for the cone shaft. Friction washers are placed
to form the step, and all wear or lost motion can be removed by
screwing in the bearing, which, when adjusted, is prevented from
turning by a small set-screw. The cone-shatt bearings are babbitt lined, but the spindle bearings are mad > of cast iron, in which
steel scrap has been melted. The worm-gear has go teeth, and
the worm is triple (hreaded, (hus making a back gear equivalent

bet)
as
sth wind ¥

we

“

SHOP PRACTICE.
shield, as shown in cut. The arrangement for belting to feed
works is also shown too plainly to need description. The head
upon which the spindle carrier is mounted travels in ways upon

the bed, and is adjusted crosswise on it by means

of a screw

connected with a hand wheel, partially shown at the left of
engraving.
For convenience and ease in fine adjustment: this
wheel, and also the wheel at top of machine, connected with the

elevating screw, are worked by a hand lever, the wheels having
sockets in their periphery for this purpose.
The carrier, upon which is mounted the driving spindle, is gibbed
to the head, and has a vertical range sufficient to allow work 18
inches high to pass under centres.
from this carrier projects a
large arm for outside centre support of mill spindle, intended for
use on work where a back stand is not admissible. There is,
however, as may be seen, a back stand or taillstock ofa very solid

character. The arm is readily removable, when desired, or the
tailstock can be slid off its seat if required. In most cases, how-

~<a)
»

ever, the arm need not be removed, the yoke on it being swung

up out of the way, leaving the centre of mill arbor free to enyaye
with that on the back stand.
This combinauion provides for
operating on a wide range of work.
As shown in the engraving, the space between head and tailstock is about ay inches, but if required the tailstuck can be made
to travel in line with the head, and its support be extended to any
distance desired.
The method of driving the spindle is simple and strony, and
allows of free ret of the spindle without disarrangement of
the driving and feed belts.
The cone, which is made for 34 inch belt, is mounted ina stirrup
which is pivoted to the bed, and the pinion which engages with
the driving gear on the spindle is held at correct: distance by a
connecting yoke, and is driven by a feather.
The machine has longitudinal teed only, but where tCis destred
an automatic feed motion can be applied to the elevating screw in
the head, giving feed in a vertical direction,
The table is arranged to be run back rapidly by pewer, bv a

vie device

which is not seen in the engraving.

une ton, the reliefto
All the eperations
from the front side,
operater, The feed
by means
Big. tao,

to youd, OF Gd COL As the sleeve does not tit the openings in the
head, the worm and gear may be readily adjusted to each other
atall times, and held firmly and squarely in place by drawing the
Nange tight awainst the side of the head.
Set-serews through
the head prevent aceidental displacement of the sleeve after Being
adjusted,
Big. 1900 represents a double spindle milling machine, The
eccond spindle is for daving the tnishing cutters, se that as the

As the Cable weighs

the operator by this improvement ts obvious.
of the machine are tatended to be conducted
without any change in the position af Me
can be thrown out by hand at any moment

of a rod which connects with the latch shown

in the

front of the cut, and the power quick-return applied sat the table
can be run back by hand, and the teed thrown in by a toot lever.
which lifts the drop box shown in front of cut. Adjustable dos
automatically drop the feed motion at any point.
The machine is massive in all its: parts, and is intended tor
heavy milling of any description, but more particularly ter shatting, railroad, or engineering shops, being specially adapted for

two spindles: are capable of independent adjustment, the work
may be Nushed atone teed Craverse, Uhus avoiding the necessity
of remeving the werk or making special adjustments,
he. ler represents a milling machine for globe valves and

other stumlar work. Ulere there are two cuttendriving spindles,
one on cach end ot the bed. and the work is held vertically, It
is poovidedd with an tudex wheel tor milling squares, hexagons, or
oetaxens, and the pen for the index wheel is operated by treadle.
Vhe work us fad across the Bed. the chucking devices being
earriad en a shde test.
la the figure a lobe valve is shown
chucked beoween Owe plugs or arbors fitting its Bere, but it is
ebvrous that centres or other work-holding appliances may be
used to sure ae Kind of work,
bh. TAS represents an enhtysineh oulling machine, the table
of whieh has longitudimal motion: aud provision for vertical and
CHUSSWise Movements are made in the head which carnes the
driving mechanism,
Vhe machine table sets Low on a bed supported by four box
ews, and is actuated Ov a steel serew driven by a worm and
Wormegear connected wich a parrof spurmygears.
The eearing is
outside the Ded. and therefore acvessible, and is protected by a

Rig. toe,,

keysseating long and heavy shatting. finishing guide bars, connecting rods, Ke.
Its weight is 7s00 pounds. The werk table ts 7 feet long by
2 inches wide; Tength af longitudinal feed, Sy inches ¢ distance
between uprights, 2g inches.
The cast-steel spindle is 4 inches
Arm for
2s inches diameter,
arbor
mill
the
and
in diameter,
part.
smallest
its
at
diameter
inches
s
outer centre support
AMRLEING CUrreRs OB Mires - The simplest tanm of miulng
eutter is that

shown

in Fig. too. the teeth

Berne equidisiandy

arranged upon the circumference only. Its sige ts usually desig>
Thus a cutter
nated by its length, which is termed the face.
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having its teeth parallel to its axis and an inch long would be
said to have 1 inch face. Cutters of more than about half an

inch face usually, however, have
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tions. But if the teeth are cut spiral the cut begins at one end
of the tooth and proceeds gradually along it, thus avoiding violent

their teeth cut spirally, as in

Fig 1910; the degree of spiral is one turn in a length of 3 inches
for cutters between 21 and 4 inches in diameter.
For cutters of
ess than 2} the degree in the spiral is increased; thus for an inch

Fig. 1911.

shock, and after the cut is fairly started across the work the
length of cutting edge in action is maintained uniform, producing

>

cutter, the degree is one turn in 15 inches, while for 6 inches one
turn in about 60 inches is used.
In the following table is given the sizes of cutters as made by
one company, the bores being 1 inch.

inch,

' inch.

inch.

inch.;
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to
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Fig. 1912.

smoother work, especially in the case of wide surfaces and deep
cuts.

When the cutter is required to cut on the sides of the work as

4

' 3

re

|

The keyways are semicircular, the key being composed of a
piece of No. 25 Stubbs steel wire.
The following is a table of the sizes of milling cutters made by
another company.
!

Width of Diameter]
face.
' of cutter.
inch

inch

inch

4.

2i4

I

5

|

Size of
hole.

2}

16

2

vs

3
ee
5
| ae

| Width of |Diameter
face.
of cutter.
inch

I

23

|)

|

inch

2

I

2

I

I

I
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I

14
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I
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Fig. 1913.

well as on its upper face it 1s termed a face cutter. and its side
faces are provided with teeth, as shown in Fig. 1914: and when
these cutters are arranged in pairs as in Fig. 1915, so as to cut in

}

Cutters of 1 inch face and over have teeth of a spiral form.

The object of providing spiral teeth is to maintain a uniformity
of cutting duty at each instant of time.

Suppose, for example, that the teeth are parallel to the cutter
axis, when the cutter first meets the work the tooth will take its
cut along its full length at the same instant. causing in wide cuts
a jump to the work because of the spring of the various parts
of the work-holding

devices, and

Vey Vis gegunpgy ss

eA

eal

bit

of the cutter driving spindle;

furthermore as the cutter revolves the number of teeth in action
upon the work varies.
Thus in Fig. ig12 it is seen that one tooth
only is in action, but when the cutter has revolved a little more
there will be two teeth in action, as shown in Fig. 1913. This
variation causes a corresponding variation of spring or give to
the machine, producing a surface very slightly marked by undula-

Fig. 1914.

the side faces only of the work D, they are termed twin or straddle
mills, both being of the same diameter.
In mills or cutters used in this way the cutting duty 1s excessive
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on the outer corners ut the teeth, which, therefore, rapidly dull;
hence it is usual to provide teeth on both sides of the cutter, as in
Fig. 1916, so that after having been used in the position shown in
the engraving until the teeth are dull. the positions of cutters may
be changed, bringing the unused cutting edges into use.
Twin or heading cutters are right and left hand, a right-hand
one being that in which the teeth at the top of the wheel revolves

|
F | |i
|

|

“a

SS

,

|

|

|Hi

be
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the milling machine.

For if the machine has a right-hand thread

then the cutter must revolve in the direction

of G, and

the work

feed must be in that of C ; whereas if the machine spindle drives its

chucks, arbors, &c., by a left-hand thread, then the direction of
cutter revolution must

be as at F, and that of work feed as at D.

But if the cutters are upon an arbor that is driven by a conical
seat in the machine spindle, or by any other means enabling the
. arbor to revolve in either direction without becoming released
_from that spindle, then the cutter may be simply turned around
and the feed direction reversed, as already explained. The reason

I!

im”i)| | i'l

J

Fig. 1915.

towards

the right, while a left-hand one revolves (at the top)

towards the left. |
If the machine

is belted

so that it can be revolved in either

direction, both sides of the cutter may be utilised by taking the

Fig. 1918.

for reversing the direction of feed when the direction of cutter
revolution is reversed is as follows :—
+—_o-m
.

In Fig. 1918 A and B represent two pieces of work of which B

is to be fed in the direction of arrow C, so that the pressure of the
cut tends to force the work back from under the cutter, whereas .

in the case of the work A, feeding in the direction of D, the teeth
act

to pull the work

beneath

the

cutter, which

causes

tooth

| breakage.
Suppose, for example, that in Fig. 1919 P is a piece of work
Fig. 1916.

cutters off the arbor, turning them around and then replacing
them in their original positions on the same.
Thus in Fig. 1917
we have at Aa left-hand cutter that if reversed upon its arbor
would be a right-hand one as at B, and it is obvious that the
direction of revolution must be in each case as denoted bv the
LEFT

| fastened to the table T, feeding in the direction of A, the cutter
-W revolving in the direction of arrow B,N representing the
_ feed nut operated by the feed screw S. Now while the table is
: being pulled in the direction of A, the sides C of the feed screw

thread will bear against the sides of the thread in the nut, and
whatever amount of looseness there may be between the threads
of the screw and nut will in this case be on the sides D of the

RIGHT HAND.

HAND.

ig. I917.

arrows F G, which are in opposite directions.
In this case the
direction of work feed must be reversed, the work for A feeding in
the direction of Cc, and that for
Bin the direction of D. It is to
be observed, however, that the cutter could not be reversed if it

threads.
So soon, therefore, as the wheel meets the work P, it
will suddenly pull the work forward to the amount of the play or
looseness on the sides D of the threads, and this in addition to
the feed given by the rotating screw S, would cause the wheel to

was driven by an arbor tha? Screwed upon the driving spindle o*

lock upon the work surface.

MILLING

MACHINERY

In all milling operations, therefore, the work is fed against the
cutter as at B, in Fig. 1918, unless, in the case of twin mills, it is
fed (as at E and F in the same figure) in the middle of the cutters,
in which case it is preferable to present it as at F, so that the
pressure of the cut will tend to hold the work down to the table,

and the table down

upon its guideways.
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spindle has a left-hand thread; hence the airection of cutter
revolution is reversed, as denoted by the arrows in the two
figures.
Fig. 1923 represents a round edge cutter; and it is obvious that
the curvature or roundness of the cutting edges may be made to

This position of the

Fig. 1923.
Fig. 1922.
Fig. 1919.

work presents some advantages for small work which will be
explained hereafter.
Fig. 1920 represents angular cutters, the teeth being at an angle
to the cutter axis. These cutters are made right and left as at A
and B in Fig. 1921, the teeth of A being cut in the opposite direcition to those at B, so as to be able to cut equal angles on the

suit the nature of the work, whether the same be of regular or
irregular form. In cutters of this description it would be a difficult matter to resharpen the teeth by grinding their backs, hence
they are ground on the front faces; and to maintain the form or

profile of the cutting edges, notwithstanding the grinding, we have

i's,

1th

Fig. 1920.

work when these angles lie in opposite directions, as C and D in
the figure. Furthermore these cutters are sometimes screwed to
their arbors, and can therefore be revolved in one direction only,
which prevents their being turned around end for end, even
though the machine be so belted as to be capable of revolving its
spindle in either direction.
The angular cutters shown in Fig. 1921 have their teeth

Fig. 1921.

arranged for a Brainard milling machine, in which the live
spindle has a right-hand thread for driving the chucks, arbors, &c. ;
hence the direction of cutter revolution, and the arrangement of
the teeth are as in the figure.
In Fig. 1922 are segments of two wheels, A and B (correspondAand RB in Fig. 1921), but with their teeth arranged for a
ing to
Brown and Sharpe milling machine, in which the machine

Fig. 1924.

a patent form of cutter, an example of which is shown in the gear

tooth cutter in Fig. 1924. The backs of the teeth are of the same
form throughout their entire length, so that grinding away the
front face to sharpen the cutting edge does not alter the contour
or shape of the cutting edge. This is of especial advantage in

Fig. 1925.

cutters for gear teeth, and those for irregular forms, Figs. 1925,
1926, and 1927 forming prominent examples.
End mills or shank cutters are formed as in Fig. 1928, the
shank sometimes being made parallel with a flat place at a, to
receive the set-screw pressure, and at others taper, the degree of
taper being 4 inch per foot. The hole at the end facilitates both
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the cutting of the tooth in the making and also the grinding.
Shank cutters may be used to cut their way into the work, with
the teeth on the end face, and then carry it along, bringing the
circumferential teeth into operation ; or the end teeth may be used
to carry the cut after the manner of a face cutter.
Shank cutters are rarely made above an inch in diameter, and

Fig. 1926.
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necessary to start the cut from the other end of the slot as in Fig.
1930, the arrow C denoting the direction of feed.
Similarly when a groove has been roughed out from the solid,
and it is determined to take a finishing cut, the direction of the
feed for the latter is of importance.
Suppose, for example, a Tgroove is to be cut, and that a slot is first cut with a shank cutter
as in Fig. 1931, leaving a light finishing cut of, say, 3 inch to
finish the neck to the dotted lines A B, and entering to within
zs inch of the full depth as denoted by line c. The enlarged

Fig. 1927.

are largely used for cutting grooves or recesses, and sometimes to
dress out slots or grooves
the case of the steam and
In work of this kind the
tance and must be varied

that have been cast in the work, as in
exhaust ports of steam engine cylinders.
direction of the feed is of great imporaccording to the depth of cut taken on

Fig. 1931.

part of the groove may then be cut out, leaving about #; inch at
the top and bottom, D and E, the cutter having a plain shank (as
in Fig. 1933), whose diameter should just clear the narrow part of

the groove already roughed out. The work will then be ready
for the finishing cutter, formed as in Fig. 1932, whose teeth (on
both the shank and the enlarged end) should have a diameter of
#z less than that of the finished slot. In taking the finishing cut
this cutter must be set first to cut the sides B E to finished size,

Fig. 1928.
the respective sides of the cutter.
Suppose, for example, that
the conditions are such as illustrated in Fig. 1929, the cut being
deepest on the side A of the slot, and the cutter must be entered
at the end of the slot and fed in the direction of D, so that the
pressure. of the cut may tend to push the cutter back, it being

obvious that on the side B the cutter has a tendency to walk or

Fig. 1932.

the direction of the feed being such that the pressure of the cut
acts to push the cutter back as already explained, and when the
cut is finished on this side the finishing cut may be put on the

Fig. 1929.

side A D, without traversing the cutter back, or in other words the
feed must be carried in the opposite direction, so that the cutter
will run under the cut and be pushed back by it, so as to prevent
it from running forward as explained with reference to figure.
For ordinary work not requiring great truth, however, the first

move forward too rapidly to its cut, and if the cut was heaviest on
that side it would do, this increasing the cut rapidly and causing
tooth breakage.
This tendency, however, is resisted by the pressure on the side
A of the slot, which acts, as already stated, to push the cutter

Fig. 1933.*

cutter, Fig. 1931, may be made of the finished diameter, and be
followed by a cutter such as in Fig. 1933, also of the finished
diameter.

When a shank cutter is required to enter solid metal endways,
Fig, 1930.

back.

In starting the cutter therefore, it is necessary to do so

at that end of the slot that will cause the deepest cut to act in
the direction to retard the feed. Suppose, for example, that the

heaviest or deepest cut, instead of being on the side A of the slot,
as in Fig. 1929, was on the side B, and in that case it would be

as in the case of cutting grooves around the circumferential
surface of a cylinder, it is necessary to drill a hole to admit the
cutter, leaving a light finishing cut for the diameter of the cutter,
and sufficient in the depth to let the end face of the cutter remove
or square up the cone seat left by the drill. Shank cutters may
* Figs. 1928, 1931, 1932, 1933, are from an article by John J. Grant,
in Zhe American Machinist.
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which can be used in

The front faces of the teeth are radial as in other cutters, the
angle of the back of the tooth being 4o° for the smaller, 50° for

situations where other-cutters could not, as for example on the
arms or spokes of wheels.

the medium, and 60° for an inch cutter.
Fly cutters are single-toothed cutters, or rather tools, that are

obviously be made taper, ur to any other required angle or curva-

1935 being examples

ture, Figs. 1934 and

Fig.

1936,

frorh

Zhe

American

Aflachinist,

represents

an

example of the employment of shank cutters, the work being a

handle for a lathe cross-feed screw, and it is obvious that the

largely used by watchmakers for cutting their fine pitches of gear
wheels.
Fig. 1938 represents a fly cutter in place in its holder or arbor,
its front face D being in line with the axis C of the arbor.

Fig. 1934.*

double cornering cutter may be used upon both edges, and the
cut being carried around the hub by the parallel part of the
cutter; the whole of the work on the handle including the boring,
if the hole is cast in, may be done by the shank cutter, the handle
end being finished and the boring done first, the hub being
finished on afi arbor.
Shank mills may obviously be made of various shapes ; thus in

)

NS

4 tes

Fig. 1937.

Let it be required to make a fly cutter for a very fine pitch of
gear

tooth, such

as used

for watches,

and

a template,

shown

greatly magnified at T in Fig. 1939, is made to fill a space and

one half of each of the neighboring

teeth.

From this template

a cutting tool is made, being carefully brought to shape with an
oil-stone slip and a magnifying glass. This tool is used for the

A\)

MT aw
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SS

gt

Fig. 1935.

Fig. 1937 is shown two applications of an end or shank mill, one
for cutting a dovetailed groove and the other an angularone.
In
the case of the dovetail groove the cutter will work equally well,

whether it be used on straight or spiral grooves; but this is not
the case with angular grooves for reasons which are explained
with reference to angular cutters and spiral groove cutting.

Fig. 1938.

production of fly cutters, and may be employed by either of the
following methods :—
The piece of steel to form the cutter is fastened in an arbor
back from the centre, as at D in Fig. 1940, and is then cut to
shape by the tool before referred to. It is then set for use in
the milling machine, or in such other machine as it may be
used in, in the position shown in Fig. 1938, its front face D being
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Fig. 1936.

Shank cutters are provided with finer teeth than ordinary
cutters, the following being the numbers of teeth commonly
employed for the respective diameters :—
Diameter of cutter 4 or 3% inch, number of teeth 6
9?

9

99

99

9)

7

99

9

9?

99

99

8

99

99

99

99

99

8

9?

9)

99

93

99

14

I

* Figs. 1934. 1935, 1936, are from articles by John J. Grant, in The
dsmericar Machinist.
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Fig. 1939.

in line with the axis C of the arbor. The change of position has
the effect of giving the tool clearance, thus enabling it to cut
while being of the same shape throughout its whole thickness;
face D may be ground to resharpen the cutter without altering
the shape it will produce.
It is this capacity to preserve its
shape that makes the fly cutter so useful as a milling machine
tool, since it obviates the necessity of making the more expensive
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milling cutters, which, unless made on the principle of the Brown

irregular shapes may be readily produced and preserved by fly

and Sharpe cutters, do not preserve their shapes.
It is to be observed, however, that a fly cutter made as above
does not produce work to exactly correspond to the template it

cutters.

It is obvious, however, that when the tool made to the original

template is worn out, another must be made, and to avoid this

was made from, because moving it from the position it was made

Fig. 1940.

in (Fig. 1938) to the position it is used in (Fig. 1940) causes it to
cut slightly shallower, but does not affect its width.
Another method of cutting up a fly cutter by the tool made to
the template is shown in Fig. 1941. The blank cutter is placed
at an angle to an arbor axis, and is cut to shape by the tool.

trouble and preserve the original shape beyond possible error, we
have recourse to the following additional method :—

With the tool made from the template we may cut up a wheel,
such as in Fig. 1945, and this wheel we may use as a turning
tool to cut up fly cutters, the principle of the wheel cutter having
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For use it is placed in line with the arbor axis as in Fig. 1942,
the change of position here again giving clearance as shown by
the dotted arcs, the inside ones showing the arc the cutter

revolved on when it was in the arbor in Fig. 1938. Here again,
however, the change of position causes the fly cutter to produce a

Fig. 1945.

been shown in connection with lathe tools.

It may here be

pointed out, however, that if a wheel or circular cutter, as it is
termed, is to be used, we may make the template, and the master
tool we make from it, for one side of a tooth only, and use the

xilEl oll
Fig. 1942.

shape slightly different from the template to which the first tool
was made, hence the best method is as follows :—

The blank is let into an arbor of small diameter, as in Fig.
1943, its face D being in line with the arbor axis. It is then cut
up with the tool made from the template. For use it is set ina
larger arbor, as in Fig. 1944, the difference in its path of revolution giving it the necessary clearance. Thus, in the figure the

mY
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Fig. 1946.

master tool to cut up one side only of the corner of the circular
cutter, as shown in Fig. 1945.
The method of using the circular cutter is illustrated in Fig.
1946, in which H is a holder, whose end face P is level with the
axis of the cutter, which is held to the holder by a screw. The
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Fig. 1943.

inner dotted arcs show the path
of revolution of the cutter when
it was in the small arbor, and the outer arc of the path in the
large arbor. The front face can be ground without altering the
shapes ; the cutter will produce this front face, being kept in line
with the arbor axis by grinding the body of the steel as much
as the front face is ground when it is resharpened. Curves or

Fig. 1947.

side face of the holder is out of the vertical so as to give the
cutter side clearance. A second holder has its side face inclined
in the opposite direction, thus enabling the one edge of the
circular cutter to be used as a right or as a left-hand tool and
insuring uniformity, because the same edge of the circular cutter
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is used in both cases, so that if used for say a tool for a gear
tooth, both sides of the tool will be cut from the same side of the
circular cutter.
It is obvious that instead of having one continuous cutter, the
necessary breadth of cutter face may be obtained by means of
two or more cutters placed side by side. Thus to mill a piece of
work two inches wide we may use two cutters of an inch face
each (both of course being of equal diameter), or we may use one

cutter of 1 inch and another of # inch face.
however, to use two cutters of an inch
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advantage that as the teeth are not in line the cutting action is
more continuous and less intermittent, the arrangement having
in a modified degree the same advantage as the spiral cutter.
In both methods some latitude is given to adjust the total
width of face by placing paper washers between the cutters.
If
the plan on the right is employed the projections may occupy
one-fourth of the circumference, there being two projections and
two depressions on one end of the cutter.
When cutters of

It is preferable,

face each, and to set one

beam left-hand and the other nght-hand spiral teeth, because
spiral teeth have considerable tendency to draw the machine
spindle endways in its bearings, because the teeth correspond
to a certain extent to a screw, and the work toa nut. A cutter
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different diameters and shapes are put together side by side on
the same arbor the operation is termed gang milling.
Thus, in Fig. 1949 is shown a sectional view of a gang of three
mills or cutters, A, B, and C, of which A and C are recessed to

admit of the ends of B passing within them.
The heavy black
line representing a paper washer inserted to adjust the distance
apart of A and C, it being obvious that this gives a means of
letting them together after their side teeth at D and E have been
ground. As shown in the figure, A has teeth on one only of its

Fig. 1948.

with a left-hand spiral exerts end pressure tending to draw the
driving spindle out from its bearings, while a right-hand one
tends to push it within them ; hence by making the two cutters of
equal length and of the same degree of spiral, the effect of one
cutter offsets that of the other.
Furthermore, it is found that the
tendency to chatter which increases with an increase in the width
of the work, is diminished by using mght and left spiral cutters
side by side.
In order that the cutting edges of cutters placed side by side
in this way may be practically continuous so as not to leave a
line on the finished work, the teeth may be made

to overlap in

ia
"I

sides, while C has them on both sides as well as in its circumference, while all three are of different widths of face.
This would

Capacitate A only for the inside cutter, as in the figure, while B
would be serviceable only when there was a cutter on each side
of it; or if used singly, only when its face overlapped the width of
the work on each side. But C, being cut on each side, could be
used singly for grooving or recessing, or for plain milling, or in
the position of B or A in the figure ; hence it is preferable in gang
milling for general purposes to provide teeth on both sides as
well as on the circumference of the mill or cutter. But ifa gang
of mills are to be made for some special purpose, and used for no

other, the teeth may be provided on the sides or not, as the
circumstances may require.
Suppose, for example, that steps,
were required to be cut in a piece
work requiring to be very true, a
finishing cutters be used, then the

such as shown in Fig. 1950,
of brass work, and that, the
set of roughing and one of
latter may be put together as
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two ways as in Fig. 1948, both representing magnified portions
of cutters.
In the method shown on the left of the figure the
usefulness of either cutter to be used singly is not impaired, all
that is necessary to insure the overlapping being to cut the
keyways in different positions with relation to the teeth ; whereas
on the left of the figure neither cutter would be efficient if used
singly, except upon work as narrow as the narrowest part of the
cutter.

On the other hand, however, it affords excellent facilities

for grinding, since the two cutters may be ground together, thus
ensuring that they be of equal diameters except in so far as may
be influenced by the wear of the emery wheel, which is, however,
almost inappreciable even in cutters of considerable width of

face.
t

In the method

shown

on the left there is the further
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Fig. 1951.

in Fig. 1951, there being eight separate cutters, and their ends
being slightly recessed but without teeth. Such cutters would
wear a long time and may be readily sharpened, and there being
no side teeth, the widths of the cutters, individually and collectively, would not be altered by the grinding; hence no readjustment with washers
however, be kept
blunt, the sides of
and extra power
work.

would be necessary.
The tooth corners must,
sharp, for in proportion as they get dull or
the cutter wedge in the work, causing friction
to drive them as well as producing inferior
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Hig. 1952, wich is from an article by John J. Grant, represents
a gang of cutters arranged to mill out the jaws and the top faces of

ease of insertion and of removal being of secondary consideration,
as such teeth should be ground in their places in the head, and are

a head for a lathe; and it is obvious that a number of such heads

therefore rarely removed. The manner in which
ments are attained in the Brainard heads are, as
1953. A disk of wrought iron of suitable thickness
is turned and squared, then a circle of index holes

may be set in line and all milled exactly alike.
THE NUMBER OF TEETH IN MILLS OR CUTTERS.—The teeth
of cutters must obviously be spaced wide enough apart to admit
of the emery wheel grinding one tooth without touching the next
one, and the front faces of the teeth are always made in the
plane of a line radiating from the axis of the cutter.

these requireshown in Fig.
and diameter
corresponding

to the number of teeth required is drilled in its face;

this circle

of holes is used to insure the accurate spacing of the dovetail
seats for the teeth, and to attain accuracy in grinding the teeth.

| |

In cutters up to 3 inches in diameter, it is good practice to
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provide 8 teeth per inch of diameter, while in cutters above that
diameter the spacing may be coarser, as follows :—
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WITH

INSERTED

99

50

TEETH.==When

In order to obtain a larger number of teeth in

a given size of head than could be got into the face, only one-half

of the teeth are dovetailed into the periphery of the head and the
other half into its face, but yet all the teeth are effective for face
cutting, the construction being as follows :—

Diameter of cutter 6 inches, number of teeth in cutter 40
99
99
45
99

interchangeable.

it is

required to use milling cutters of a greater diameter than about

Between each pair of face teeth is a slit sleeve, which meets them

and has a taper base, through which passes a taper bolt having
a nut on the back face of the head.
Tightening this nut expands
the sleeve, thus locking the pair of teeth in their dovetail grooves.

The circumferential teeth are each counter-based

Fig. 1953.
8 inches, it is preferable to insert the teeth in a disk or head, so

as to avoid the expense of making solid cutters and the difficulty
cf hardening them, not merely because of the risk of breakage in
hardening them, but also on account of the difficulty in obtaining
the uniform degree of hardness or temper.
The requirements for
the heads

for inserted

teeth are, that the teeth shall be locked

firmly in position without lost motion, and be easily set to gauge,

to receive a

screw tapped in the head, and are firmly locked thereby. This
affords a simple and reliable means of inserting and adjusting
other teeth with the certainty that they will be true with those
already in use.
The large size of some of these heads makes it convenient
and desirable to grind them in their places on the machine, and
for this purpose a special grinder is made by the same company.
This grinder sets upon the machine table and has a point or pin
for the index holes or the cutter head ; by this means the grinding
may be made as accurate as in small milling cutters.
The head shown in figure represents one that has been in use
ten years, its cutters having been renewed but once; it is 28 inches
in diameter, contains 84 teeth, and weighs 400 lbs.
Arbors for milling cutters may be driven in two ways. In the
first the shank is made taper to fit the taper bore of the live
spindle. The standard taper is 4 inch per foot of length. The
keyway is semicircular, as shown at G in Fig. 1954, the key consisting of a piece of No. 25 Stubbs steel wire, which being of
uniform diameter enables a number of keys of different lengths to
be easily obtained or made, and the nut is usually cylindrical,
having two flat sides, A.

Fig. 1955 (from Zhe American Machinist) represents an arbor,
having a cone at A, so that the cutter bore being coned to correspond, the cutter will run true, notwithstanding that it may not fit
the stem B.
It is obvious, however, that the nut and washer must
be made quite true or the cutter will be thrown out of line with the
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mills, a common hexagon nut forming an example.
Thus, in
Fig. 1958, we have a nut being operated upon by a plain mill ; in

arbor axis and therefore out of true, and also that such an arbor
is not suitable for cutters of a less width of face than the length
of the cone A.

Fig. 1959 by an end mill, and in Fig. 1960 by a pair of twin face
mills.
In the case of the plain mill, it is obvious that only one side of

Shank cutters that have parallel shanks as in Fig. 1928 should
have their sockets eased away on the upper half of the bore as
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Fig. 1954.
denoted by the dotted arc D in Fig. 1956, which will enable the
cutter shanks to be made the full size of the socket bore proper,
and thus run true while enabling their easy insertion and extraction from the socket. Or the same thing may be accomplished
by leaving the socket bore a true circle fitting the cutter shanks .

the nut is operated upon at a time, and as the whole of the pressure of the cut falls on one side of the work it acts to spring or
bend the mandrel or arbor used to hold the nut, and this spring is

| sufficient,
| make the

if several nuts are milled at once on the same arbor, to

arbor bend and cause the nuts in the middle to be
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Fig. 1955.

in tight, and then easing away that half of the circumference that
is above the centre line C in the figure. It is preferable, however,
to ease away the bore of the socket, which entails less work than
easing away the shanks of all the cutters that fit to the one
socket. When the cutter is held in a socket of this kind it allows

thicker than
forged nuts
nuts or some
an increased

those at the ends of the arbor. In the case of handin which there may be more metal to take off some
sides of nuts than off others, the extra spring due to
depth of cut will make a sensible difference to the

Fig. 1958.

Fig. 1956.
it to be set further in or out, to suit the convenience of the work in

hand, which cannot be done when the cutter has a taper shank
fitting into the coned bore of the machine spindles.
It is obvious that when the cutter requires to pass within the
work, or cut its way, as in the case

of milling out grooves, a nut

size the work is milled to.

Inthe case of the end mill the pres-

sure of the cut falls in line with the arbor

axis

and downwards;

hence the arbor spring is less and does not affect the depth of
the cut.
In the case of the face mills the pressure

of the cut falls on

Fig. 1959.

both sides of the work, and the spring is mainly endways of the

Fig. 1957.

cannot

be used;

usual, but secured

hence,

inch cutters

are driven

by akey

as

by a screw, as in Fig. 1957, which is from the

pen of John J. Grant, in Zhe American Machinist.
In many cases it becomes a question whether it is better to do
a piece of work with plain mills, with an end mill, or with face

nut arbor; hence, it does not affect the depth of the cut nor the
truth of the work. Furthermore, in both the end and the face mills,

the work will be true notwithstanding that the cutter may not be
quite true, because each point of the work surface is passed over
by every tooth in the cutter, so that the work will be true whether
the cutter runs true or not; whereas in the plain mill or cutter
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each tooth does its individual and independent proportion of
finishing. This is shown in Figs. 1961 and 1962. In Fig. 1961 we
have the plain mill, and it is obvious that the tooth does the
finishing on the vertical line B, that being the lowest point in its
revolution.
After a tooth has passed that point the work in
feeding moves forward a certain distance before the next tooth
comes into action; hence to whatever amount a tooth is too high
it leaves its mark on the work in the form of a depression, or vice
versa, a low tooth will leave a projection.
In Fig. 1962 we have a piece of work being operated on by a
face mill, and it is obvious that while the teeth perform cutting

ii

duty throughout the distance A, yet after the work has fed past
the line A it is met by the cutter teeth during the whole time that
the work is feeding a distance equal toA on the other side; hence
the prolonged action of the teeth insures truth in the work. On
the other hand, however, it is clear that the work requires to feed
this extra distance before it 1s finished.
Suppose, however, that the cutter being dead true the cutting
action ceases on the centre line, and therefore exists through the
distance A only, and if we take a plain cutter of the same diameter as in Fig. 1963 we see that its period of feed only extends

SHOP
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We may in very short work overcome this objection by feeding
the work, as at K in Fig. 1964, the face L to be milled requiring
to feed the length of the teeth instead of the distance H in the
figure. In the end mill the amount of feed also is greater fora
given length of finished surface than it is in the plain cutter, as

Fig. 1962.

will be readily understood from what has already been said with
reference to face mills.
Face milling possesses the following points of advantage and
disadvantage, in addition to those already enumerated: If the
work is sprung by the pressure of the holding devices it is in

pom TT
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Fig. 1963.

a line with the plane of motion of the teeth, hence the truth
of the work is not impaired.
On the other hand, the teeth meet
the scale or skin of the work at each cut, whereas in a cylindrical
cutter this only occurs when the cutter first meets the work
surface.
The strain of the cut has more tendency to lift the work table
than in the case of a cylindrical cutter. The work must be held

Fig. 1961.

through the length B, and it becomes apparent that to perform an
equal amount of work the face cutter is longer under feed, and
therefore does less work in a given time than the plain cutter, the
difference equalling twice that between A and B in the two
figures, because it occurs at the beginning and at the end of the

cut.
There is, however, another question to be considered, inasmuch

as that the face cutter must necessarily be of larger diameter
than the plain one, because the work must necessarily pass
beneath the washer (C, Fig. 1915), that is between the two cutters;
hence the cutter is more expensive to make.

Fig. 1964.

by end pressure; hence the chuck or holding jaws must be
narrower than the work, rendering necessary more work-holding
devices. Since, however, both sides of the work are simultaneously operated on, there is no liability of error in parallelism
from errors in the second chucking, as is the case with plain
cutters.
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in diameter, which contain eight teeth per inch of diameter.
The angle of the teeth on Bis 12° to the side face A of the cutter,
and the angle of the teeth at C is 40° to the face D.
The effect produced by making face B at an angle instead of
leaving it straight, or in other words, instead of cutting the teeth
on the face A, may be shown as follows :—
Suppose that in Fig. 1968 we have a sectional view taken
through the middle of the thickness of a cutter for a rectangular
groove, the circumferential surface being at a right angle to the

To cut Y-shaped grooves in cylindrical work, when it is required
that one face or side of the groove shall be a radial line from the
centre

MILLING

First we

may form the cutter, asin Fig. 1965, the side B of the cutter being
straight and the point of the cutter being set over the centre of the
work.
The objection to this is that the finished groove will have

a projection or burr on the radial side of the groove, as shown at
D in the figure, entailing the extra labor of tiling or grinding,

side faces, and it is evident that the teeth, at every point in their

length across the cutter, except at the extreme corner that meets
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Fig. 1965.

to remove it; furthermore, that face will have fine scored marks
upon it, as denoted

by the arcs at C, these scores

showing very

plainly if the cutter has any high teeth upon it, and more especially in the case of cutting spirals, as will appear presently. The
reason of this is that the side B of the cutter being straight or flat
the whole of the teeth that are within the groove have contact
with the side C of the groove, that is to say, all the teeth included

in the angle E in the figure, because the teeth on the side A tend,
the side faces as C, will have contact with the seat of the groove

while passing through the angle F only (which is only one half of
the angle E in Fig. 1965); or in other words, each tooth will have
contact with the seat of the groove as soon as it passes the line
G, which passes through the axis of the cutter ; whereas, when the
teeth are paralle] with the side of the cutter, as was shown in Fig.
1965, the teeth continue to have contact with the side walls of the

groove after passing the line G.
By forming the cutter as in Fig. 1967, therefore, we confine the
action to the angle F, Fig. 1968, the teeth having contact with the
walls of the groove as soon as they pass the line G.
In cutting spiral grooves this is of increased importance, for the
following reasons: In Fig. 1969 we have a cutter shown in section, and lying in a spiral groove.
Now suppose a tooth to be in
action at the bottom of the groove, and therefore on the line GG,
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Fig. 1966.
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Fig. 1967.

from the pressure of the cut to force the cutter over towards the
side C of the groove.
The second method referred to, which is
that commonly adopted for cutting the flutes of tapes, reamers,
milling cutters, &c., is to form the cutter on the general principle

illustrated in Fig. 1966, and set it to one side of the centre of
the work so that one of its faces forms a radial line, as shown in

the figure, the distance to which it is set to one side depending
upon the angle of its cutting edge to the face of the cutter.
Fig. 1967 represents a common form of cutter of this class that
is used for cutting spiral grooves on milling cutters up to 3 inches

, and during the time that it moves from that line until it has moved

above the level of the top of the groove, the work will have performed some part of a revolution in the direction of the arrow, and
has therefore moved over towards

that side of the cutter;

hence,

if that side of the cutter had teeth lying parallel, as shown at B
in Fig. 1965, the walls of the groove would be scored as at C in
that figure, whereas by placing the teeth at an angle to the side
face, they recede from the walls after passing line G, and therefore produce smoother work.
A cutter of this kind must, for cutting the teeth of cutters,
be accurately

set to the work,

and

the

depth

of cut

must

be
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accurate in order to cut the grooves so that one face shall stand on
a radial line, and the top of the teeth shall not be cut to a feather
edge. If the teeth were brought up to a sharp edge the width of
the groove at the top would be obtained with sufficient accuracy
by dividing the circumference of the work by the number of flutes
or teeth the work is to contain, but it is usual to enter the cutter

sufficiently deep into the work to bring the teeth tops up to not
quite a sharp edge. The method of setting the cutter is to mark
on the end of the work a central line R, Fig. 1970, and make the

SHOP PRACTICE.
The number of grooves or flutes producible by an angular
cutter depends upon the depth of the groove and the width of
land or tooth between the grooves.
Thus Fig. 1973 represents a
cutter producing in one case four and in the other eight flutes
with the same form of cutter, the left being for taps, and the right
for reamers.
For cutting the teeth of cutters or mills above 3 inches in

Fig. 1972.
Fig. 1970.

distance E in same figure equal to about one tenth the diameter of
the work.
Obviously the cutter is set on opposite sides of the work centre,
according to which side of the groove is to have the radial face.
Thus for example, in Fig. 1970, the cutter is set to the left of line
R, the radial face of the groove being on the left, while in Fig.
1971 the cutter is set on the right of line R, because the radial
face is on the right hand side of it, the work consisting (in these
examples) in cutting up a right and a left-hand mill or cutter.
The acting cutter J may in both cases be used to cut either a

diameter, the angles of the acting or producing cutter are changed
from the 12° and 40° shown in Fig. 1967, to 12° as before on
one side, and a greater number on the other; thus in the practice
of one company it is changed to 12° and 48°, the 12° giving the
radial face as before, and the 48° giving a stronger and less deep

lip, 1973.

tooth, the deep tooth

in the small cutters being necessary to

facilitate the grinding of the teeth to sharpen them.
In cutting angular grooves in which the angle is greater on one
side than on the other of the groove, the direction of cutter
revolution and the end of the work at which the groove is started;
or in other words, the direction of the feed, is of importance, and it

can be shown that the feed should preferably be so arranged that

Fig. 1971.

cight or a left-hand flute, according to the direction in which the
work W is revolved, asit is fed beneath the cutter J.

;

Fig. 1974.

In Fig. 1972 we have an example of cutting straight grooves
or teeth, withan angular cutter having one side straight, and it 1s

scen that we may use the operating or producing cutter in two
ways:

first, so that the feed is horizontal, as at A, or vertical, as at

B; the first produces a right-hand, and the second a left-hand
cutter, as 1s clearly seen in the plan, or top view. The feeds
must,

however,

be as

denoted

by the

respective

arrows

being

carried upwards for B, so that the cutter may run under the cut
and avoid cutter breakage.

the side of the groove having the least angle to the side of the
cutter should be the one to move away from the cutter after
passing the lowest point of cutter revolution.
In Fig. 1974, for example, we have at R a cylinder with a

right-hand groove in it, whose side C, representing the face of a
tooth, is supposed to be a radial line from the cylinder axis, the
side B representing the back of a cutter tooth, being at an angle
of 40°.
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if the work revolves in the direction of arrow A, and the

cut be started at end G (as it must to cut a nght-hand groove
with the work revolving as at A), then the side C of the groove
will move over towards and upon the side of the
reasons explained with reference to Fig. 1969, and
this side being at the least angle to the side of the
clear the cut so well, the teeth doing some cutting

cutter for the
the teeth on
cutter, do not
after passing

their lowest point of revolution—or in other words, after passing
the line G in Fig. 1968.
The effect of this is to cause the cutter
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left-hand (supposing, of course, that the cutter starts from end E of
the work).
Obviously, also, the greater the degree of spiral the more important this is, because the work revolves faster in proportion to the
rate of feed, and therefore moves over towards the outer faster.

In cutting spirals it is necessary first to put on such change
gears as are required to revolve the work at the required speed for
the given spiral, and to then set the work at such an angle that

to drag, as it is termed, producing a less smooth surface on that

side (C) of the groove or tooth.
We may, however, for a night-hand groove revolve cylinder R, as
denoted by arrow E, and start the cut at end D. The result of

this is that the side C of the groove, as the roller revolves, moves
away from the side of the cutter, whose teeth therefore do no
cutting after passing their lowest point of revolution (G, Fig. 1968),
and the dragging action is therefore avoided, and the cut smoother
on this which is the most important side of the tooth, since it is
the one possessing the cutting edge. When ‘“‘ dragging ’’ takes

Fig. 1977.

Fig. 1975.

the cutter will be parallel to the groove it cuts, for if this latter is
not the case the groove will not be of the same shape as the cutter
that produces it.
In Fig. 1977 we have a spiral so set, the centre of the cutter and
of the groove being in the line 0 0, and the work axis (which is
also the line in which the work feeds beneath the cutter) being on
the line c c. The degrees of angle between the centre of the

place the burr that was shown in Fig. 1965 at D, is formed, and
cutter, or line 0 o, and the axis of the work, or line CC, are the
must, as stated with reference to that figure, be removed either
number of degrees it is necessary to set the work over to bring the
by filing or grinding.
cutter and the groove parallel, this number being shown to be 20
Obviously if the direction of cutter revolution and of feed is
in the example.
arranged to cause side C to move away from the side of the
To find this angle for any given case we have two elements :
cutter, then side B will move over towards the other side of the
first, the pttch of the spiral, or in other words, the length or discutter; but on account of the cutter teeth on this side being ata | tance in which it makes one complete turn or revolution ; and
greater angle to the side of the cutter, they clear better, as was
second, the circumference of the work; for in a spiral of a given
explained with reference to Fig. 1968, and the dragging effect |; pitch the angle is greater in proportion as the diameter is incaused by the revolving of the work is therefore reduced.
creased as may be seen in Fig. 1978, in which the pitch of the
We have now to examine the case of a left-hand groove, and in
spirals is that in Fig. 1977, while the angle is obviously different.
Fig. 1975 we have such a groove in a cylinder L. Let it be supTo find the required angle for any given case we may adopt
posed that the direction of its revolution is as denoted by arrow
either of two plans, of which the first is to divide the circumference
of the work in inches by the number of inches which the spiral
takes to make one turn. This gives us the tangent of angle of
the spiral.
The second method of setting the work to cut a given spiral is
to chuck the work and put on the necessary change gears. The
cutter is then set to just touch the work and the machine is started,
letting the work traverse beneath the cutter just as though the
work was set at the required angle to the cutter.
When the cutter has arrived at the end of the work it will have
marked on it a line, as in Fig. 1979, this line representing the
Fig. 1976.

F, and if the cutter is started at H (as it must be to cut a lefthand groove if the work revolves as at F), then the side C moves
over towards the cutter, and the dragging or crowding action
occurs on that side ; whereas if the direction of revolution is as at
K, and the cutter starts at N and feeds to H, then side B of the

groove moves towards the cutter; hence face C of the groove is
cut the smoothest.
Obviously then the direction of cutter and
work revolution and of feed, in cutting angular grooves in which
one angle of the cutter is at a greater degree of angle than the
other to the side of the cutter, should be so arranged that the work
revolves towards that side of the cutter on which its teeth have
the greater angle, whether the spiral be a nght-hand or-a lefthand one. In cutting grooves not truly circular the same principle should be observed.
In Fig. 1976, for example, it is better if the side B is the one
that moves towards the cutter, the direction of revolution being as
denoted by the arrow, whether the groove be a right-hand or
VOL.
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Fig. 1978.

spiral it will cut with those change gears, and all that remains to
do is to swing the work over so that this line is parallel with the
face of the cutter, as shown in Fig. 1980.

If the diameter of the

cutter is small we may obviously secure greater accuracy by
placing a straight-edge upon the side of the cutter so as to have
a greater length to sight by the eye in bringing the line fair with
the cutter. This being done it remains to merely set the cutter
in its required position with reference to the work diameter.
If an error be made in setting the angle of the work to the
cutter the form of groove cut will not correspond to that of the
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In Figs. 1982 and 1983 we have a piece of work in which the

cutter. This is shown in Fig. 1981, in which the cutter being at an
angle to the groove the latter is wider than the cutter thickness,
and it is obvious that by this means different shapes of grooves

axes of the centres and of the work are not in line, and it is clear
that the horn d@ of the dog D will, in passing from the highest to

the lowest point in its revolution, move nearer to the axis of the
work. Suppose, then, that the driver E is moved a certain

portion of a revolution with tail @ at its highest point, and is
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Fig. 1979.

Fig. 1983.

may be produced by the same cutter. In proportion, however, as
the cutter is placed out of true the cutting duty falls on the cutting

then moved through the same portion of a revolution with @ at
its lowest point in its path of revolution, and being at a greater
distance or leverage when at the top than when at the bottom it
will revolve the work less. Or if the tail d of the dog is taper in
thickness, then in moving endways in the driver E (asit does when
the work is revolved) it will revolve the work upon the centres.

edges on one side only of the cutter, which is the leading side c

in the figure, while the duty on the other side, B, is correspondingly

|

Fig. 1984.

diminished.

The simplest method of holding work to be operated upon in the
milling machine is either between the centres or in the vice that is

Suppose, then, that the piece of work in the figures required to
be milled square in cross-section, and the sides would not be
milled to a right angle one to another. This is avoided by the
construction of the Brainard back centre, shown in Fig. 1984,
in which T represents the surface of the work table and H the

&
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Fig. 1981.

provided with the machine. The principles involved in holding
work in the vise so as to keep it true and avoid springing it for
milling machine work, are the same as those already described with
reference to shaping machine vises.

Fig. 1985.

back centre.
In milling tapers the work, if held in centres, should be so held
that its axial line is in line with the axes of both centres, for the

following reasons :—

The block B is fitted within head H, and has two

slots A A, through which the bolts SS pass, these bolts securing
B in its adjusted position in H. The centre slide C operates in B;
hence B, and therefore C, may be set in line with the work axis.
For heads in which the hack centre cannot

thus be set in line,

the form of dog shown in Fig. 1985 (which is from Zhe American
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Machinist) may be employed to accommodate the movement of
the tail or horn through the driver. Its horn or tail B is made
parallel so as to lie flat against the face of the slot in the driver.
The other end of tail B is pivoted into a stud whose other end is
cylindrical, and passes into a hub provided in one jaw of the dog,
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Fig. 1986.
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Grant, in Zhe American Machinist. The work-iiolding plate has
T-grooves to chuck the work on and is pivoted at one end, while
at the other is a segment and bolt to secure it in its adjusted
angle. Two applications of the chuck are shown in the figure.
Fig. 1988 represents a top, and Fig. 1989 an end view of a
chuck to hold rectangular bars that are to be cut into pieces by a
gang of mills. A, A, A, are grooves through the chuck jaws through
which the cutters pass, severing the bar through the dotted lines.
Each piece of the bar is held bya single screw on one side and by
two screws on the other, which is necessary in order to obtain
equal pressure on all the screws and prevent the pieces from
moving when cut through, and by moving, gripping the cutters
and causing them to break.
In chucking the bar the two end screws D D must be the first to
be set up to just meet the bar : next the screws BC on the othe
side must be set up, holding the bar firmly. The two screws
between DD are then set up to just bind the bar, and then the
middle four on the other side are screwed up firmly. By this
method all the screws will hold firmly and the pieces cannot move.

the set-screw A being loosened to permit this sliding motion.
This locks the horn in the clamp and_ permits the dog to adjust
itself to accommodate the motion endwise that occurs when it is

—Fig. 1990 represents Warner & Swazey’s die sinking machize.
The cutter driving spindle is here driven by belt direct, impartin;:.

revolved.

a smooth motion.

The amount of this motion obviously depends upon the

VERTICAL MILLING,

DIE

SINKING, OR

ROUTING MACHINE.

The knee is adjustable for height on the

Fig. 1987.

degree of taper, it being obvious (referring to Fig. 1982) that horn
@ would pass through the chuck, as denoted by the dotted lines,
when at the bottom of its path of revolution.
It is obvious that when the head or universal head of the
machine is elevated so that it stands vertical, it may have a chuck
screwed on and thus possess the capacity of the swiveled vise.

vertical slideway on the face of the column, which is provided
with a stop adjustable to determine how high the knee and workholding devices can be raised, and, therefore, the depth to which

the cutter can enter the work, and a former pin is placed 6 inches
behind the cutter to act as a stop against which a pattern may be
moved when work is to be copied from a former or pattern piece.
The work-holding device consists of a compound rest and a vise
capable of being swiveled to any angle or of being revolved to

Fig. 1989.

feed the work to the cutter, hence the work may be moved in any
required direction, in either a straight line, in a circle, or in any

Fig. 1988.

irregular manner to suit the shape of the work.
PROFILING MACHINE.—The profiling machine is employed
mainly to cut the edges of work, and to sink recesses or grooves in
the upper surface of the same to correspond to a pattern. A
provisional template of the form of the work is fastened on the bed
of the machine, and from this is cut in the machine a thicker one

termed the “ former,” which is then used to copy the work from.
not
will
Fig. 1991 represents Pratt & Whitney’s profiling machine. On
which
Machinist),
American
Ze
(from
1986
Fig.
in
as
more
be
therefore
the
cross slide aie two separate sliding heads, each of which carries
will
and
bed,
machine
the
from
up
high
so
‘stand
a live spindle for the cutting tool, and beside it a spindle to receive 4
solid and suitable for heavy work.
pin, which by being kept against the pattern or former causes the
Another very handy form of chuck for general work is the angle
chuck shown in Fig. 1987, which is from an article by John J. ' work to be cut to the same shape as the former.
It is preferable, however, to have a separate swiveled chuck, such
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The work is fastened to the table, which is operated

upon the raised Ys shown by the handle on the left,
which operates a pinion geared to a rack on the underneath side of the table. The handle on the right operates
the heads along the cross slide also by a rack and pinion

motion.

&
4! .

The gearing and racks in both cases are double,

so that by two independent adjusting screws the wear of
the teeth may be taken up and lost motion prevented.
By means of these two handles the work may be moved
about the cutter with a motion governed by the form or

shape of the Jormer, of which the work is thus made a
perfect pattern both in size and shape. The tool used is
a shank or end mill, such as was shown in Fig. 1928. In
some profiling machines the spindle carrying the guide or
former pin is stationary, in which case the provisional
template is put beneath it and the forv mer is cut by the live
spindle, and for use must be moved from the position in
which it was cut and reset beneath the former spindle.
This machine, however, is provided with Parkhurst’s improvement, in which the former spindle is provided with
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a gear-wheel, by which it may be revolved from the live
spindle, hence the provisional template may be set beneath
the live spindle in which the guide pin is then placed.
The cutter is then placed in the furmer spindle, and the
former cut to shape from the provisional template while
in the actual position it will occupy when used.
Fig. 1992 represents Brainard’s machine for grinding
milling

cutters.

It consists

of a threaded

column

A

to whichis fitted the knee B, which as it fits the top of
the threads on the column may be swung or revolved
about the column without being altered in its height upon
the same except by means of the threaded ring -c. At D
is a lever for clamping the knee B to the column after
adjustment ; W represents the emery wheel mounted on
Fig. 1990.

the end of the horizontal spindle having journal
bearing at the top of the column. The face of the
knee B has a slideway @
for the fixtures,
&c., which
hold the cutters to be ground, and at E is a lug
pierced to receive an arbor whereon to place cutters
to be ground, the lug being split and having a
binding screw to lock the arbor firmly in place. Fis
a slide for receiving the grinding attachments, one
of which is shown at K carrying a milling cutter
in position to be ground on the face.
Fig. 1993 shows the fixture employed to grind
a » \ Stree
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S representing a stand upon slide

F (which corresponds to slide F in the general view
of the machine in Fig. 1992) in which is fixed the
arbor H.
The cutter C is slid by hand along
arbor H and beneath the emery wheel, the method
of guiding the cutter to the wheel being shown

in

Fig. 1994, which represents a front view of the
machine.
At E is the lug (shown also at E in
the general view) which has a hole to receive a
rod P, and is split through at $s, so that operating
binding screw L locks rod Pin E. At R is a rod
secured to the rod P, and G 1s a gauge capable
of swivelling in the end of R and of being secured
in its adjusted position
The end of this gauge is
adjusted to touch the front face of the tooth to be
ground

on the cutter C, which

must be held close

against the end of the gauge in order to grind
the cutting edge toa straight line parallel to its
axis.
A not uncommon error is to place the gauge G
against the tooth in front of that which is being

ground, as in Fig. 1995, the gauge being against
tooth c while tooth B is the one being ground. In

this case the truth of the grinding depends upon
the accuracy of the tooth spacing.
Suppose, for
example, that teeth B and C are too widely spaced,

GRINDING

MILLING

tooth C being too far ahead, and this error of spacing would cause

tooth B to be too near the centre of the emery wheel and its cutting
edge to be ground too low.

:

The object of feeding the cutter by hand along the arbor H is
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shown in Fig. 1997, which is from 7he American Machinist, is
employed to hold them. It is provided with a collar, is threaded
at T for the nut N to hold the cutter against collar C, and is
bored to fit the cutter arbor H, which corresponds to H in Fig. 1993.

twofold : first, the amount of cut must be very light and the feed
very delicate, for if the grinding proceeds too fast the cutting edge
will be what is termed burned, that is to say, enough heat will be

generated to soften the extreme cutting edge, which may be discovered by holding the front face of the tooth to the light, when a
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Fig. 1994.

This device also affords an excellent means of holding two or
more thin cutters requiring to be ground of exactly equal dia-
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It follows from what has been said that taper tools, such as
taper reamers, must be held with their upper face parallel to the
line of their motion in being fed to the wheel, as in Fig. 1998, in
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fine blue tint will be found along the cutting edge, showing that
it has been softened in the grinding, and this will cause it to dull
very rapidly.
The second object is to insure parallelism in the cutter. Suppose, for example, that the cutter C was fast upon arbor H and
was fed to the wheel by moving slide F, and if the arbor H stood

Fig. 1995.

at an angle, as in Fig. 1996, to the slide upon which F moved, the
cutter would be ground taper, whereas if the cutter is fed along
the arbor it will be ground parallel whether the arbor is true or

reamer, and line O the line on which the fixture that holds the

which line M represents this line of motion, line N the axis of the
reamer must move, O being parallel to M.
Fig. 1999 represents Slate’s fixture for this class of work. Aisa
stand that bolts upon the slideway din Fig. 1992. Upon A is fixed
a rectangular bar B, upon which
(a sliding fit) isthe shoec. Upon

not with the slideway of F, the only essential being that the arbor
H be parallel and straight, which is much easier to test and to
maintain than it is in the slideway (D, Fig. 1992). Here it may
be noted that oil should not be applied either to arbor H or to the
cutter bore or slideway D, as lubrication only increases the wear of
the parts, causing the fine emery particles that inevitably fall
upon them to cut more freely.
As thin cutters would not have sufficient length of bore to steady
them upon the arbor and insure parallelism, the cutter sleeve

C fits the piece D, which is pivoted to shoe C by the pin at E.

At

the other end of D is a lug, against which abuts the end of screw
G, which is threaded through the end of C,so that by operating
the screw G, D may be set to any required angle upon C, and at |
is a set-screw threaded through D and abutting against C, so as t
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lock D in its adjusted pusition. At Pisa pointer for the graduations on C, which are marked to correspond with the graduations
upon the taper turning attachment of a lathe.
The work is held between centres, the head H fitting to a slideway on the top of D, and being secured in its adjusted position by

LI
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for holding cutters to have their face teeth ground, the device
shown in Fig. 2000 is employed, Upon the slide F is fixed knee
K (the corresponding parts to which are seen in the general view,

Fig. 1992), whose disk face at R is graduated as shown. Piece s
is pivoted by a pin passing through the hub of K and having a
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Fig. 1997.

the screwI. The work should obviously be set so that its upper
face lies horizontal, and is fed to the wheel by moving shoe c by
hand along bar B, the long bearing keeping c steady, and the

nut T to secure it in its adjusted position
S is bored to receive
the cutter arbor H, and is split through so that by means of
the screw at V the arbor may be gripped and locked in Ss. The
stud Ww for holding the gauge G passes into a bore in the
bracket X, and is secured therein by the screw

Fig 1998.

lightness of the moving parts making the feeding more sensitiv2
than it would be were it required to move bar B.
The tooth being ground is held by hand against the gauge G in

at y, the

lugs

through which Y passes being split through into the bore for
w.
As shown in the figure, the arbor H is set for grinding
the side teeth of the cutter, but it is obvious that S being pivoted
to K may be swung out of the vertical and to any required angle,
so as to bring the face of the tooth that is to be ground horizontally beneath the emery wheel, as shown in Fig. 2001, which
represents an angular cutter in position.
We have now to
consider the adjustment of the cutter to the emery wheel, necessary in order that the cutting edges may be given the necessary
clearance.
First, then, suppose in Fig. 2002 that the line A A represents
the line of centres of the emery-wheel spindle and the cutter
arbor, and if the front face B of the tooth be set coincident with

this line, as in the figure, then the top of the tooth partaking of

—————
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Fig. 1999.

Fig. 1994, as was described with reference to that figure, and the
reamer, therefore, in the case of having spiral grooves, revolves
upon its centre while being fed to the emery wheel.
For tapers that are beyond the capacity of this device, and also

the curvature ofthe wheel that grinds it would have its heelC the
highest ; hence the edge at B could not cut.
If, however, the line A A in Fig. 2003, still representing the line
of centres, we so set the gauge (G, Fig. 1994) that the heel C of
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the tooth comes up to line A A, then the curvature of the emery | that during this motion the heel of the tooth will have approached
wheel would give clearance to the heel C, and therefore a cutting | the axis of the emery wheel and that more clearance will there-

edge to face B of the tooth.

fore have been given to the cutting edge Cc.

The amount of clearance that may be given in this way is
The actual curve of the top face, as C, Fig. 2007, of the tooth T
limited by the spacing of the teeth and the diameterof the emery | will remain the same in either case, but its position with relation
wheel, as is seen from Fig. 2004, it being obvious that when tooth | to the front face will be altered.
As this curve is greater in proA is being ground the emery wheel must clear the rear tooth B or | portion as the diameter of the emery wheel is diminished, and as
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Fig. 2000.

it will grind its edge off, and it is obvious that the smaller the | the curvature weakens the cutting edge of the tooth, it is obviously
emery-wheel diameter the more the tooth to be ground may be set | desirable to employ a wheel of as large a diameter as possible.

in advance of the line of centres of the wheel and spindle.

It may
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To eliminate this curvature it would appear that the position of
the emery wheel might be reversed, as in Fig. 2008, but as the emery
wheel would wear ouly where in contact with the tooth, it would
A

Fig. 2001.

be pointed out, however, that there are two methods of adjusting
the cutter to the wheel.
In Fig. 2005, for example, let A A represent the line of centres
of the cutter and the wheel, and line B the plane of the front
face of the tooth being ground; and in Fig. 2006 let line A represent a vertical line from the axis of the wheel, and B a vertical
Fig. 2002.
line passing through the axis of the cutter, the tooth edge C
occupying the same position in both figures. Now suppose we | gradually assume the shape in Fig. 2009, there being a shoulder
employ cutting

edge C as a centre and swing the cutter until its | at S that would destroy the cutting edge of the tooth.

axis or centre moves along the arc Dto the dot E, and it is evident

This may

to a great extent

be remedied

by presenting the
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cutter diagonally to the wheel, as in Fig. 2010, employing a , and out of sight it is apt to touch at C unless a thin emery wheel
wheel so thin that the whole of its face will cross the tooth top | be used.
during a revolution. Or if the side faces of the wheel be recessed,
In a left-hand spiral, Fig. 2012, it is the corner D that is apt to

Fig. 2003.

Fig. 2006.

leaving onlya narrow annular grinding ring at the circumference, | touch the next tooth, the liability obviously being greatest in
the wheel might be mounted as in Fig. 2011, thus making the top | cutters of large diameter.
of the tooth quite flat. It may be observed, however, that the
The emery wheel should be of a grade of not less than 60 or

!

Fig. 2007.

Fig. 2008.
more than 70.
Fig. 2004.

If it is too coarse it leaves a rough edge, which

may, however, be smoothed with an oilstone slip.

_If the wheel is

too fine it is apt to durz the cutter, or in other words, to soften

usual plan is to revolve the wheel at a right angle to the work
axis, as was shown in Fig. 1994.
In grinding cutters having their teeth a right-hand spiral, care

1,
Fig. 2009.

:
Fig. 2010.

the cutting edge, which may be known by a fine blue burr that
may be seen on the front face of the tooth, the metal along this

line being softened.

Fig. 2005.

must be taken that in grinding one tooth the emery wheel does not
Fig. 2011.
touch the cutting edge of the next tooth.
Thus in Fig. 2013 it is seen that the corner C of the emery
The diameter of the wheel may be larger for small cutters than
wheel is closer than corner D, and being at the back of the wheel ! for large ones, since the teeth of small cutters clear the wheel
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better.
The larger the wheel the less the curvature on the top of | to burn the cutter, and the same thing will occur if the cutter ‘y
the tooth.
fed too fast to the wheel, or if too deep a cut is taken.
The

For general work a diameter of 23 inches will serve well, the | finishing cut should obviously be very small in amount, especially

Fig. 2012.

Fig. 2013.

thickness being about ;& inch or 3 inch. The speed of a wheel of
this diameter varies in practice from 3,000 to 4,500 revolutions per
minute, but either too fast or too slow a speed will cause the wheel

in cutters of large diameter, for otherwise the wear in the dia-
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meter of the wheel will sensibly affect the teeth height, those last
ground being the highest.
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MERY WHEELS AND GRINDING.—Emery grinding operations may be divided into four classes as follow :—
1st. Tool or cutter grinding, in which the emery wheel is used to
sharpen tools which, from their shape, were formerly softened and

sharpened by the file, already largely treated in the preceding
chapter.

2nd. Cylindrical grinding, in which both the work and the emery
wheel are revolved, as has been explained with reference to grinding-lathes.
3rd. Flat surface grinding, in which the emery wheel takes the
place of the ordinary steel cutting tool ; and
4th. Surface grinding, in which the object is to remove metal or
to smoothen surfaces.
The distinctive feature of the various makes of solid emery
wheels lies in the material used to cement the emery together, and
much thought and experiment are now directed to the end of discovering some cementing substance which will completely meet all
the requisite qualifications. Such a material must bind the emery
together with sufficient strength to withstand the centrifugal force
due to the high speeds at which these wheels must be run to work
economically ; and it must neither soften by heat nor become brittle
by cold. It must not be so hard as to project above the surface of
the wheel ; or in other words, it should wear away about as fast as
does the emery. It must be capable of being mixed uniformly
throughout the emery, so that the wheel may be uniform in
strength, texture, and density. It must be of a nature that will not
spread over the surface of the emery, or combine with the cuttings
and form a glaze on the wheel, which will prevent it from cutting.
This glazing is, in fact, one of the most serious difficulties to be
encountered in the use of emery wheels for grinding purposes,
while it is a requisite for polishing uses, as will be explained farther
on. Many of the experiments to prevent glazing have been in the
direction of discovering a cement which would wear away under
about the same amount of duty as is necessary to wear away the
cutting angles of the grains of emery, thus allowing the emery to
become detached from the wheel, rather than to remain upon it in
a glazed condition.
With the same grade of emery the wheel will cut more freely
and glaze less in proportion as the cementing material leaves the
wheel softer, but the softer the wheel the more rapidly it will wear
away ; indeed it is the dislodgement of the emery points as soon as
they have become dulled that produces freedom from glazing. It
may be remarked, however, that the nature of the material operated
upon has a good deal to do with the glazing ; thus wrought iron will
glaze a wheel more quickly than hardened steel, and brass more
quickly than wrought iron, while on the other hand soft cast iron
has less tendency than either of them to glaze. Glazing occurs
more readily in all cases upon fine than upon coarse wheels.
Glazing is more apt to occur as the work is pressed more firmly
to the wheel, and with broad and flat surfaces rather than with
cylindrical ones.
An excellent material for removing the glaze

from an emery wheel is a piece of ordinary pumice stone.

The principal cements used in the manufacture of emery wheels

are as follows,each
wheel :—
1. Hard

representing

the cement

for one make

of

rubber.
2. Chemical charcoal (leather cut down by
acid and used to prevent shrinkage), and glue. 3. Oxychloride of
zinc. 4. Shellac. 5. Linseed oil and litharge. 6. Silicate of soda
and chloride of calcium.
7. Celluloid. 8. Oxychloride of magnesium. 9. Infusoria.
ro. Ordinary glue.
The vitrified emery wheel is made with a cement which contracts slightly while cooling, leaving small pores or cells through
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‘ which water, introduced at the centre, is thrown (by centrifugal
force) to the surface. This causes, when the wheel is rotating, a
constant flow of water from the centre to the surface, carrying off
the cuttings and the detached emery.
In order that an emery wheel shall run true with its bore it must
fit the driving spindle, and in order that it may do this closely the
wheel bore is sometimes filled with lead, the latter being bored out

to fit the spindle. If the bore of the emery wheel itself were made
a tight fit to the spindle it would abrade the spindle in being put
on, and the pressure of the fit if any would tend to split the wheel.
A common method of securing emery wheels to their spindles is to
fill the bore of the wheel with lead, and bore it out to fit the spindle
of the emery grinding machine. The flanges between which the
wheel is held are recessed so as to grip the wheel at and near their

perimeters only. Between the flange and the wheel a thin disk of
sheet-rubber is sometimes used to afford a good bedding for the
flange.

The forms of the perimeters of emery wheels are conformed to
suit the form of the work to be ground, and it is found that from
the great strength of the emery wheel it can be used to a degree of
thinness that cannot be approached in any kind of grinding stone.
For instance, vulcanite emery wheels 18 inches in diameter and

having 53, inch thickness, or face as it is commonly termed, are
not unfrequently used at a speed of some 5,000 feet of circumferential feet per minute, whereas it would be altogether impracticable to
use a grindstone of such size and shape, because the side pressure
would break it, no matter at what speed it were run. Indeed, in
the superior strength of the emery wheels of the smaller sizes lies
their main advantage, because they can be made to suit narrow
curvatures, sweeps, recesses, &c., and run at any requisite speed
under 5,000 feet per minute, and with considerable pressure upon
either their circumferential or radial faces.
GRADES OF COARSENESS OR FINENESS OF EMERY WHEELS.—
Emery is found in the form of rock, and-is crushed into the various
grades of fineness.
The crushing is done either between rollers or
by means of stamps, the latter, however, leaves the corners of the
grains the sharpest, and hence the best for cutting, though not for
polishing purposes.

The grades of emery are determined by passrock through sieves or wire cloths having from

ing the crushed

—~—

eight to ninety wires to the inch ; thus, emery that will pass through
a sieve of sixty wires to the inch is called No. 60 grade.

The finest grade obtained from the manufactory is that which

floats in the atmosphere of the stamping room, and is deposited on
the beams and
Washed emery

shelves, from where it is occasionally collected.
is used by plate-glass workers, opticians, and

others that require a greater degree of fineness than can be
obtained by the sieve.
The numbers representing the grades of emery run from 8 to
120, and the degree of smoothness of surface they leave may be

compared to that left by files as follows :
8 and ro represent the cut of a wood rasp.
16

,,

20,

-

24

5, 30

7

46 ,,

36

»

60

40

70

55

80

go ., 100

120,

F & FF

coarse rough file

se

9

99

i

9

a

’

ordinary rough file
bastard

5

second cut

99

smooth

“s

dead smooth

r

superfine

”

we
99

»

_,,

The F and FF emery is flour emery which has been washed to
purify it.

The following are the kinds of wheel suitable for the respective
purposes named :—

EMERY

WHEELS AND GRINDING

Kind of work.

Kind of wheel.

bur rough grinding, such as on the edges of iron or |
Coarse grain and
steel plates, for removing the protuberances on castings
Pp
:
&
P
8
hard texture.
or on narrow surfaces where
rough
grinding is sufficient.
For narrow surfaces, ‘such as moulding knives, lathe

tools, saw gumming, &c.
For free cutting without gumming on broad surfaces
on iron, steel, or brass.
For grinding fine tools, such as milling machine
cutters, or for work in which the duty is not great while
the wheel requires to keep its shape and keep true.
For smooth
grinding on soft metals, as cast iron
and brass.

)Medium grain and

hard texture.
)Medium grain and
soft texture.
) _.
:
|Fine grain and
) soft texture.
) Fine grain and
hard texture.

When the work is presented to the wheel unguided, the wheel
wears out of true, because the work can follow the wheel, hence it

becomes necessary to true the wheel occasionally.
This can be
done by a tool such as in Fig. 2014, which is applied by hand on
the hand rest, and corresponds to the tool shown in Fig. 2061 for

grindstones, or by the use of a diamond set in a tool to be held
by hand or in a slide rest. The diamond produces the most true
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cone pulley, and perhaps one, or at most two, changes of pulley
upon the counter-shaft.
It is sometimes practicable to use wheels
of a certain diameter upon machines speeded to suit that diameter,

and to transfer them to faster speeded machines as they diminish
in diameter.
Even by this plan, however, only an approximation
to a uniform speed can in most cases be obtained, because as a
rule

certain

machines

are

adapted

to

certain

work,

and

the

breadth of face and form of the edge of the emery wheel are very
often

made

to suit

that particular

work.

Furthermore,

a new

wheel is generally purchased of such a size, form, and grade of
emery .as are demanded by the work it is intended at first to
perform.
Neither is it, as a rule, practicable to transfer the work
with the diametrically reduced wheel to the lighter and fasterspeeded grinding machine.
So that, while it is desirable to run
all emery wheels as fast as their composition will with safety
admit, yet there are practical objections to running small wheels
at arate of speed sufficient to make their circumferential velocities
equal to those of large wheels. The speeds recommended for the
various kinds of wheels now in use vary from about 2,700 to
5,600 circumferential feet per minute;

workshops

average between

but the speeds obtaining in

2,000 and 4,000 feet for wheels 3

inches and less in diameter, and from about 3,000 to 5,600 feet for

wheels above 12 inches in diameter.
Wheels above 15 inches in
diameter, and of ample breadth of face, are not unfrequently run
at much greater velocities.
On account of the high velocity at which emery wheels operate,
it is necessary that they be very accurately balanced, otherwise
the unequal centrifugal motion causes them to vibrate very
rapidly, every vibration leaving its mark upon the work.
The method of balancing adopted by one firm is as follows:
The arbors are of cast iron, and are cast standing vertical so
as to induce equal density in the metal, it having been found that

if the arbors were cast horizontally the lower part of the metal
would from the weight of the molten metal be more dense than
that at the top of the casting. In casting the arbors upright, the
difference in the density of metal simply causes one end of the
arbor to be more dense than the other, and the difference being
at a right angle to the plane of revolution has no tendency to
cause vibration. The driving pulleys are cast horizontal to obtain
equal density, and after being turned are carefully balanced.
The driving pulleys are held to the’ arbors by being bored a

Fig. 2014.

driving fit, and are driven on so as to avoid the use of keys, which

and smooth work, but the cut of the wheel is at first impaired by
the action of the diamond, which is not the case with the tool

in Fig. 2014.
;
Corundum is a mineral similar to emery, and corundum wheels
are made and used in the same manner as emery wheels.
Their
cutting qualifications are, however, superior to those of the emery
wheel, both cutting more freely and being more durable with less
hiability to glaze.
SPEEDS FOR EMERY WHEELS.—The speed at which an emery
wheel may be run without danger of bursting varies according to

would throw the wheels out of balance.
The centrepiece and flange to hold the wheel to the arbor are
turned and balanced.
The nut to hold.the wheel is a round
one, which is easier to balance than a hexagon nut. After the
centrepiece is put on the arbor, the whole is tried for balance, and
corrected if necessary.
The pulley is then put on and the whole

CS

the thickness or breadth of face of the wheel, as well as accord-

ing to the quality of the cementing material and excellence of
manufacture.
Hence, although a majority of manufacturers
recommend a speed of about 5,000 circumferential feet per
minute, that speed may be largely exceeded in some cases, while
it would be positively dangerous in others. It is, in fact, impracticable in the operations of the workshop to maintain a stated
circumferential speed, because that would entail a constant increase of revolutions to compensate for the wear in the diameter
of the wheel.
Suppose, for example, that a wheel when new is a
foot in diameter: a speed of about 1,600 revolutions per minute
would

equal

about

5,000

circumferential

feet;

whereas,

when

worn down to 2 inches in diameter, the revolutions would require,
to maintain the same circumferential speed, to be about 9,500 per
minute, entailing so many changes of pulleys and counter-shafting as to be impracticable.
In practice, therefore, a uniform
circumferential speed does not exist, the usual plan adopted being
to run the large-sized wheels, when new, at about the speed

recommended by the manufacturer of the kind of wheel used, and
to make such changes in the speed of the wheel during wear as
can be accomplished by changing the belt upon a three-stepped

Fig. 2015.

Fig. 20106.

is again balanced, and so on, the arbor being balanced after each
piece is added, so that while each piece is balanced of itself the
whole is balanced after the addition of each separate piece.
The emery or corundum wheel is then put on the arbor and tried
for being in balance.
The method of correcting the balance of
the wheel is as follows: The arbor with the wheel on is placed in
the lathe, the wheel turned true with a diamond tool (the wheel
revolving at a comparatively slow speed). The arbor is then
revolved at its proper speed (5,000 circumferential feet per minute),
and a point applied to just meet the circumference will touch the
wheel where it is heaviest, leaving a line as shown in Fig. 2015 at
A. The centre of the ardor is then moved over towards this line
as shown

in Fig. 2016, in which

Ww is the wheel,

the location

of the line A (marked as above) being as denoted by the arc A,
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head having the arm Cc’, which provides at B a pivot for the
wheel-carrying arm A. F is a stud fast in C and carrying E, which

and C represents the arbor whose centre is moved over towards

the arc A.

When therefore the arbor is again put in the lathe,
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Fig. 2017.

it will run out of true by reason of the centre at one end having | forms the nut for the feed screw.
been altered.

A cut is taken down that radial face of the wheel

Outside this nut is the spiral

| spring S, whose force steadies the upper end of A.

which faces the end of the arbor that has had its centre moved so
that the wheel is turned thinner where the mark (A, Fig. 2016) is.
The amount of cut to be taken off is a matter of judgment and
trial, since it must be just sufficient to compensate for the greater
density of the wheel on that side. This greater density, be it
noted, occurs from the difficulty in mixing the corundum or other
abrasive grains with the cementing material with entire uniformity

)

throughout the mass.

By this method of balancing, the wheel will remain in true
balance notwithstanding its wear, because the balancing proceeds equally from the perimeter towards the centre of the
wheel.
EMERY GRINDING MACHINES.
(For grinding-lathes and roll
grinding, see article on Lathes.)—Fig. 2017 represents Brown
& Sharpe’s grinding machine.
The bed, the table, and the
cross-feed motion of this machine closely resemble those of the
planing machine, but its work is far more smoothly and accurately done than can be performed in a planing machine.
The
table traverses

to and fro, accurately guided in ways, and the

revolving emery wheel takes the place of the ordinary cutting tool,
being carried in a sliding head upon a cross slide or cross barThe drum for driving the emery wheel is at the back of the
machine, as shown in the cut.

The vertical feed motion for adjusting the depth of cut of the
emery wheel is capable of very minute adjustment, thus avoiding
a difficulty commonly experienced in iron planing machines on
account of the coarseness of feed-screw pitch, which coarseness
is necessary to insure their durability. The means by which this
capability of minute adjustment is effected is shown in Fig. 2018,

in which D is the cross head of the machine and C the sliding

Fig. 2018.

Now suppose the feed wheel G be operated a full roration, and
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the motion of that end of A will be that due to the pitch of the

| enable the raising and lowering of the cross slide, and maintain

feed screw, but the motion at the centre H of the emery wheel

| a uniform tension on the belt driving the emery wheel without

will be the pitch of the screw divided by the difference between | employing an idler wheel or belt tightener.
Fig. 2019 represents Wm. Sellers & Co.’s drill-grinding machine, in which the drill is held in a chuck operated by the hand
wheel A. The jaws of the chuck grip the drill at the outer
corners of the cutting edge as shown in Fig. 2020, and so as to,
grind the point of the drill central to those corners.
In order to
| give to the cutting edges a suitable degree of clearance in their
lengths, and to allow for the difference in thickness at their
points between large and small drills, the following construction
is employed.
Fig. 2020 represents the jaws J J holding on the left a small, and
on the right a large drill. The line of motion of the nght-hand
jaw in opening and closing to grip the drill is along the line 7,
while that of the left-hand is along the lineZ Z, the centre upon
which the chuck is revolved to grind the drill being denoted by the
small circle at S. x’ represents the centre line of the large drill
when held in the chuck, and it is seen that the action of the jaws
in Closing upon small drills is to lift the drill point closer to the
centre S upon which the chuck revolves (the cutting edge being
ground to be on the line y' y’). The reason for this peculiar
and simple but exceedingly ingenious construction is, as before
remarked, to maintain the cutting edge in its proper relation to
the thickness of the drill point (which thickness varies in different
diameters of drills), and to maintain a proper degree of clearance
at every point along the length of the cutting edge. In other
drill grinding machines the drill when rotated to grind the clearance is moved on the axis A A in Fig. 2022 as a centre of motion,
and as this line is parallel to the face of the emery wheel it

f
)
a
}

ilitt
———
——
————

follows that if the drill were given a full revolution its circumference would be ground to a cylinder as shown in Fig. 2021 by
the dotted lines.
In this machine

the length from the centre of H to the centre of the feed screw,
and that from the centre of H to the centre of B.

But even

this

the drill is rocked

on the line B, Fig. 2023,

| as a centre of motion, this line corresponding to the axis of the
_ shaft of lever F in Fig. 2019 upon which the chuck swings, and

Fig. 2020.

diminished motion at H is still further reduced, so far as the depth

to the line B in Fig. 2024.

of cut put on is concerned, because the motion of H is not directly
vertical, but an arc P, of which B is the centre.

form of a cone as denoted by the dotted
results of the two systems are shown
which represent the conical holes made
In Fig. 2025 a cylinder R is shown

The standards carrying the cross slide are segments of a circle
struck from the centre of the driving drum, which 1s necessary to

As a result the surface is ground to the
lines in Fig. 2024. The
in Figs. 2025 and 2026,
by a drill.
lying in a conical recess,
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again cousider the line of contact of the cone on the recess to

and end views of the cylinder are shown at Vv and w.
Now
suppose the line of contact of the roll or cylinder upon the recess

represent the cutting edge and the circumferential surface of the
cone as the end surface of the drill, we observe in the end views

represents the cutting edge of the drill, and that we consider the
clearance at the outer end, and at that part that in revolving
would describe the circle Q, and on referring to circle Vv and the

V and wW that the clearance is equal for the two positions, or by

outer circle of the recess, and also to circles W and Q, it is seen
that there is more clearance for V than there is for W, and that

<=

maoweweoemecre—
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4

Fig. 2023.
72

varying the degree of taper of the cone we may regulate the

Fig. 2021.

amount

of clearance

at will.

It is found preferable, however, to

the clearance of the latter would be still less if Q were of smaller
diameter, and it follows that the clearance is less in proportion

give more clearance as the point of the drill is approached so as

as the point of the drill is approached.

corner of the drill has the least clearance, which greatly increases
its endurance for the reasons already mentioned, and which were
further pointed out in the remarks upon drilling in the lathe.

amount

of clearance,

therefore,

we

are

In determining
compelled

to make

the
it

sufficient for the point of the drill, and this under this system of
grinding is excessive for the outer diameter of the drill, causing

to increase

the cutting capacity;

hence, in this case, the outer

There remains, however, an additional advantage in this method

of grinding which may be pointed out, inasmuch as that the clear-

Fig. 2022.

it to dull quickly, it being borne in mind that as the outer corner
of the cutting edge of a drill describes the largest circle of any
point of the cutting edge it obviously performs the most cutting
duty in removing metal, and furthermore revolves at the highest
rate of cutting speed, both of which cause it to dull the most
rapidly.
In Fig. 2026 we have a cone R lying in the coned
recess, an end view of the cone being shown at V and W, and if we

Fig. 2024.

ance produced by the method shown in Fig. 201g, while capable of
being governed from end to end of the cutting edge, yet increasés
as the heel of the /azd is approached, making the central cutting

edge(C, Fig. 2028) more curved in its length so that it approaches

EMERY

WHEELS

AND

the form of cutting edge of the fiddle drill and this enhances its
cutting capability.
Referring again to the general view of the machine in Fig.
2019, the chuck is supported or carried by the shaft having the
ball lever F, which is clearly seen in the rear view, Fig. 2027, and
the rod carrying the sleeve B (which holds the centre for supporting the shank end of the drill) is secured to the back of the chuck,
as seen in the same figure.
When, therefore, lever F is moved

GRINDING
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Open the jaws of the chuck by means of the hand wheel 4,
insert the dnill from the back of the chuck towards the face of the
stone, letting the end of the drill rest on the lower jaw, with the
cutting edge just touching the end stop; close the jaws temporarily, while the back centre B is run up and clamped; then
release the jaws, hold the drill back against the back centre B
with the left hand, at the same time rotating hard against the
two side stops on the jaws; then tightly closing the jaws, clamp
the drill by means

of the hand wheel A, using the right hand tor

this purpose.
Throw ball-handle F part way back, and by means
of hand wheel E feed up the stone until it just touches the drill.
Bring ball-handle F forward and give additional feed; pass the

stone over the face of the dnll, back and forth, by lever D, moving
ball-handle F back a little between each two cuts. This slices
off the stock to be removed ; then when entirely over the face of
the lip being ground, hold lever D stationary, and rotate the dmill
against the stone by means of ball-handle F. By this means a
heavy slicing cut can be taken and a final smooth finish obtained
without any risk of drawing the temper of the drill.
When one lip has been thus formed, slack up the jaws of the
chuck, turn the drill half around, pressing its lips as before
against the side stops on jaws, and at the same time be sure to
hold the dmill firmly back against the back centre B (pay no
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attention to the end stop, which is only used in jocating the drill
endways in the first setting), tighten chuck, and grind the second
lip without any readjustment of the stone. The lips will then be
of equal length.
During all these manipulations the stop that is
arranged in connection with hand wheel E can be slack, and may
rest against the pin in the bed made to receive it.
Fig. 2027 represents a rear view of the machine, at which there
is an attachment for thinning the point of the drill, which is
advantageous for the following reasons.
In Fig. 2028 we have a
side and an end view of a twist drill, and it can be shown that

aca

Section.

Fig. 2025.

over, the drill is moved through an arc of a circle of which the
axis of the shaft of F is the centre, and this it is that gives clearance to the cutting edge of the drill.
The drill being chucked, the emery wheel is brought up to it
by means of the hand wheel E, which moves the frame C laterally,
‘he grinding being done by the side face of the emery wheel. On
-he same shaft as E is a lever which may be used in connection
with the stop or pin (against which it is shown lying) to enable
an adjustment of the depth of cut taken by the wheel separately
when grinding each lip, and yet to permit both cutting edges of
the drill to be gauged to the same length.
Suppose, for example, that the point of a drill has been broken
30 that 1t requires several cuts or traverses of the emery wheel to
bring it up to a point again; then when this has been done on
one cutting edge the lever may be set to the stop, so that when
the grinding of the second cutting edge has proceeded until the
lever meets the stop both edges will be known to be ground of
the same length, and will, therefore, perform equal cutting duty
when at work.
The depth of cut being adjusted, the leverD is operated to pass
the side face of the emery wheel back and forth along the cutting
edge of the drill, this lever rocking the frame C on which the
emery wheel is mounted back and forth in a line parallel to the
cutting edge of the drill.
Different angles of one cutting edge
of the drill to the other are obtained by swivelling the frame
carrying the shaft of lever F. The emery wheel is cased in except
at a small opening where it operates upon the drill, and may,
therefore, be liberally supplied with water without the latter
splashing over.
Water is continuously supplied to the emery
wheel by an endless belt pump, which also delivers water on the
end of the drill, enabling heavy grinding cuts to be taken without
danger of softening the drill at the cutting edge, which is otherwise

aptto occur.

The following is the method of operating the machine:

af
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Section.
Fig. 2026.

the angular piece of cutting edge c that connects the two edges
A and B cannot be given sufficient angle to make it efficient as a
cutting edge without giving clearance and angle excessive to the
edges A and B.

In Fig. 2029 we may consider the angle of the cutting edge at
the corner H and at the points
FandG._ First, then, it is obvious
that the front face for the point H is represented by the line H &,
that for F by line F 7, and that for G by G g, and it appears that

a4.
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on account of the spiral of the flute the front face has less angle

to the drill axis as the point of the drill is approached.
Considering the end of the drill, therefore, as a cutting wedge,

SHOP PRACTICE.
with the drill diameter is that the pressure of the cut acts to
unwind the spiral of the drill, and if the drill were sufticiencly

and considering the cutting edge at the two points C and BE, in
Fig. 2030, the end face being at the same angle, we see that the
point C has the angle A and point E the angle B; at the drill point

there will be still less cutting angle, and it has, therefore, the least

Fig. 2029.

weak at its axis this unwinding would occur, sensibly enlarging
the diameter of hole drilled, more especially when the drill
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cutting capacity. To remedy this the attachment shown in the
figure is employed, consisting of a frame or head carrying a thin
emery wheel, and capable of adjustment to any angle to suit the
degree of spiral of the drill flute.
By means of this emery wheel a groove is cut in the flute at
the point of the drill, as shown

in Fig. 2031, at A and B, thus

reducing the length of C, and therefore increasing the cutting

‘

ae

4

Fig. 2030.

became partly dulled and the resistance of the cut increased.

Fig. 2028.

capacity and correspondingly facilitating the feed of the drill.
is found, indeed,
cent. more duty.
It is obvious,
point increases
improvement is

arills.

It

that by this means the drill will perform 15 per
however,

that as the thickness of drills at the

in proportion to the diameter of the drill, this
of greater advantage with large than with small
The reason for augmenting the thickness at the centre

Fig. 2031.

By means of the small grooves A and B, however, the point is
thinned while the strength of the drill is left unimpaired.
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No. 2.—This machine, de-

signed and constructed by the Brown & Sharpe Mfg. Co., is
shown in Fig. 2032.
It is well adapted for use by manufac-

GRINDING

MACHINERY.

tion has been given, in its design, to insure rigidity and prevent
vibration.
Plain bearings are scraped to surface plates, and
cylindrical bearings are ground to standards, thus insuriny correct
alignments, Adequate provision is made for protecting the wearing parts from emery grit and dirt.
The spindle head slide P’,
Fig. 2033, carries the spindle and is adjusted by means of the
hand wheel B.
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The

spindle

is of steel,

hardened, ground, and

lapped, and runs in bronze boxes provided with means of compensation for wear.
It is driven by a cone pulley, having two steps
for t-inch belt.
Provision is made for longitudinal adjustment
of the spindle ; the cone can be quickly released, the spindle adjusted, and the cone again clamped in position.

{
.
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by

The

main

bar A, and the }inch

cutter bar K, Fig. 2033, are

Fig. 2034.

of steel, hardened and ground. The countershaft has tight and
loose pulleys 6 inches in diameter for 2-inch belt, and should run
375 revolutions per minute.
The countershaft should be placed
directly over the spindle when the spindle head is central in its
traverse,

‘Fig. 2032.

turers of tools and by machine makers generally. It is suitable
for grinding cutters of all kinds, and, although especially
adapted to a wide range of work, it is economical even where

The machine should be driven with a 1-inch belt put on quite
loosely. This will be ample to drive the spindle and allow traverse of spindle head without unnecessary friction being brought
upon the spindle bearings.
In operating the machine the work is moved on and off the
wheel, there being no lateral movement of the wheel, except
adjustment for position.
Any machine using emery requires more care and attention
than most others. Although dust guards and caps are provided

Fig. 2033.
comparatively few cutters are to be ground. The machine grinds

for the wearing parts, it is well to frequently wipe and oil the

cutters to 6 inches in length and 6 inches in diameter, and thin
milling cutters or saws to 24 inches in diameter.
Careful atten-

machine.
Fig. 2033 shows the method of arranging the machine
to grind straight milling cutters to 6 inches long and 6 inches
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in diameter, with holes% inch or more in diameter, and with teeth

either straight or spiral. The work is carried on asleeve which
slides upon the bar K.
One of the teeth is brought against the tooth rest z, as in Fig.2034,
while the mill is moved axially until the whole length of the tooth
is presented to the grinding wheel, and the tooth passes off the
tooth rest. Another tooth is then brought against the tooth rest
and the foregoing operation is repeated until all the teeth are

ground. Milling cutters to 6 inches long and 6 inches in diameter,
and thin cutters or saws to 24 inches in diameter, can be ground
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Fig. 2035.
in this way.
same

Mills and cutters with spiral teeth are ground the

as shown

in Fig. 2033, except that the tooth rest should

be set at the same angle as the spiral of the cutter or mill
to be ground. This may be obtained by setting the rest so that
the top edge will touch the face of the cutter teeth evenly at both
ends, for if one end of the rest is lower than the other the cutter

tooth will drop in sliding on or off, and leave a high place on that

Fig. 2036.
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away from the tooth rest and the wheel scores the cutter. If the
teeth of cutters are too thick there is more liability of drawing the
temper. It is a good plan to first make a few movements of the
cutter, as if grinding, before starting the emery wheel. The safest
the wheel, so that the cutter will pass off the wheel before
the tooth passes off the tooth rest. It will readily be seen that if way is to run the wheel off of the cutting edge, as shown in Fig.
_ the top of the rest was uneven or narrower than the wheel, the 2034, as by running in this direction there is no danger of the
teeth might not be correctly ground, as, during a portion of the work being drawn away from the tooth rest by the action of
But a keener cutting edge can be secured by runtime, the teeth would not be supported while the wheel was acting the wheel.
upon them. A coarse grade of wheel, just hard enough so that ning the wheel on to the cutting edge, as shown in Fig. 2035.
end of the cutter.

To insure the cutter or mill sliding perfectly

free the tooth rest should be slightly rounded on the corners. The
tooth rest should be perfectly flat on top and somewhat wider than
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‘Fig. 2038.

when in use the emery will rot fly, is found best suited for most
classes of work and leJs liable to draw the temper.
It is well to turn away a part of the face of the wheel, leaving
about 4 inch of the face to act upon the teeth of the cutter, This
reduces the risk of heating and taking temper out of the cutter
teeth. The wheel should be kept clean, asa glazed or dirty wheel
will instantly draw the temper of the work. To clean the side
of the wheel when it becoines glazed or dirty, sprinkle coarse
emery upon a common surface plate and rub the surfaceof the

Fig. 2039.

wheel lightly upon same; this will leave the sharp particles of
emery free to cut. The face, or periphery, of the wheel is cleaned
with a diamond in the usual way. While it may not require so
skilful a workman to operate this machine as it does to run a
lathe or planer, yet it could hardly be expected that any one
would become a successful operator until he had run the machine
for several days. One of the first troubles may be drawing the
temper out of the cutter teeth—this may be caused by attempting
to grind off too much at one time or by having the cutting part of
the wheel too wide. Another trouble may be that atooth slips

The
when
below
when

clearance of the teeth back of the cutting edge is obtained,
the teeth face downward, by having the centre of the work
the plane of the axis of the wheel, as in Fig. 2034 ; and,
the teeth face upward, by having the centre of the work

above the centre of the wheel, as in Fig. 2035.

The

dotted lines

indicate the relative positions of the centres of the wheel and work.
Formed cutters are ground as shown in Fig. 2036, the cutters
being kept square with the wheel hy the rest x. The faces of

Fig. 2040.

teeth of gear cutters and of formed cutters must be ground radial,
because if ground otherwise the shape of the work cut by them
will not be correct. By having a free cutting wheel and taking
light cuts across the teeth there will be no trouble from drawing
the temper.
The economy of keeping the cutters sharp cannot be too strongly

urged.
A workman seldom wastes a cutter by too frequent
grinding, but a cutter rapidly deteriorates if a workman uses it
when dull.
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CUTTER AND REAMER GRINDER, Fig. 2037.

—This machine is designed for manufacturers of tools and for
machine makers generally. Itis capable of grinding quickly and
accurately all kinds of cutters and reamers.
The spindle head slide P’, Fig. 2038, carries the spindle, and is

adjusted by means of the hand wheel B’, graduated to read to
thousandths of an inch.
The spindle is of steel, hardened and ground, and runs in.bronze
boxes provided with means of compensation for wear. It is driven

SHOP

PRACTICE.

the compound swivel head, and the peripheral or outer teeth,
Fig. 2041, can be ground on the centres as in Fig. 2045.
In operating the machine, the work is moved on and off the
wheel, there being no lateral movement of the wheel.
A machine using emery requires more care to keep it clean
than most machines.
Although provided with a dust guard it is
well to frequently wipe and oil the main guide bar. By having
this bar move easily the grinding can be made smoother,

Fig. 2041.

by a two-step cone pulley for 1-inch belt. Dust guards are placed
over both ends of the boxes, protecting the running parts.
The

main

ground.

guide bar A, Fig. 2038, is of steel, hardened

and

The bar is provided with a guard to protect it from

dust.

The §-irich and %-inch cutter bars are of steel, hardened and
ground.
°
The swivel head G carries different fixtures for holding angular

cutters, end mills, etc. It is graduated and is adjustable to any
angle. It has a vertical adjustment by means of the wheel H,

Fig. 2043.

Fig. 2038 illustrates how to arrange the machine to grind straight
milling cutters and straight shell reamers to 6 inches diameter
and 7 inches long, with holes % inch or more in diameter and with
teeth either straight or spiral. In this operation the head C does
not slide, but firmly holds the cutter rod or bar K upon which the
work slides,

One of the teeth is brought against the tooth rest Z,

as in Fig. 2047, while the mill is moved

axially until the whole

length of the tooth is presented to the grinding wheel and the

Fig. 2047.

Fig. 2042.
The sliding head Cc, Figs. 2038, 2039, etc., carries the swivel

head G. An adjustable hand lever that can be placed upon the
main guide bar provides for the easy movement of work held in
the swivel head G.
In. the following are given a few illustrations of some of the
various kinds of work that can be done upon the machine. The
cuts will also show how to arrange the machine for doing the
work. The cuts show but one way of doing each kind of work
illustrated, but often there are several ways of doing the same job.

Thus the radial teeth of side mills, Fig. 2040, can be ground in

Fig. 2044.

tooth passes off the tooth rest. Another tooth is then brought
against the tooth rest and the foregoing operation is repeated
until all the teeth are ground. Milling cutters and shell reamers
to 124 inches

long, either straight or taper, can

be ground on

arbors held between the centres, as shown in Figs. 2045 and 2046.
Mills and cutters with spiral teeth are ground the same as shown
in Figs. 2038 and 2041, except that the tooth should be set at the
same angle as the spiral of the cutter or mill to be ground. This

EMERY

WHEELS

AND

may be obtained by setting the rest so that the topedge will touch
the face of the cutter teeth evenly at both ends, for
if one end of the

rest is lower than the other the cutter tooth will drop in sliding on
or off and leave a high place on that end of the cutter. To insure
the cutter or mill sliding perfectly free the tooth rest should be

slightly rounded on the corners,

GRINDING
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The wheel should be kept clean; a glazed or dirty wheel will
instantly draw the temper of the work.
Fig. 2039 is for the same kind of work as Fig. 2038 when the
holes are less thanj inch in diameter.

While it may not require so skilful a workman to operate this
machine as it does to run a lathe ora planer, yet it could nardly
be expected that any one would become a successful operator until
he had run the machine for several days. One of the first troubles
may be taking temper out of the cutter teeth—this may be caused
by attempting to grind off too much at one time or by having the
cutting part of the wheel too wide.
Another trouble may be
that a tooth gets away from the tooth rest and the wheel scores
the cutter. Ifthe teeth of cutters or reamers are too thick there

Fig. 2047.

Fig. 2045.

The tooth rest should be perfectly flat on top and somewhat
wider than the wheel, so that the cutter. will pass off the wheel
before the tooth passes off the tooth rest.
It will readily be
seen that if the top of the rest was uneven or narrower than the
wheel, the teeth might not be correctly ground, as during a portion of the time the teeth would not be supported while the wheel
was acting upon them.

is more liability of drawing the temper.. At first it is a good
plan to make a few movements of the cutter as if grinding, before
starting up the emery wheel.
Fig. 2040 shows one arrafigment for grinding the radial teeth
or sides of straddle mills or face mills. The sliding head C is
clamped to the main sliding bar under B by means of the screw I,
the bar then moving with the sliding head c. On the swivel head,
at. the left of G, there is a boss in the casting for gauging the height
of the tooth rest Zz. The dotted portion of the figure on the right
shows the position of parts when grinding on the right-hand side.
This change is made when changing from one side of the cutter
or mill to the other side, the mill also being reversed upon the
arbor L. This kind of work can be done to better advantage by
the use of the compound swivel head.

Fig. 2408.

Fig. 2046.

A coarse grade of wheel, just hard enough so that when in use
the emery will not fly, will be found best suited for most classes
of work and less liable to draw the temper.
It is well to turn away a part of the face of the wheel, leaving
about 4 inch of the face to act upon the teeth of the cutter. This
reduces the risk of heating and taking temper out of the cutter
teeth.

The grinding of the peripheral or outer teeth of end mills is
illustrated by Fig. 2041. Work of this character can also be done
on the centres, as in Fig. 2045.
Fig. 2042 is for smaller mills of the same character as in Fig.
2041. A smaller emery wheel is used and the tooth rest z is attached
to the swivel head. The teeth, as they are ground, face upwards.
A mill being held by its shank, as shown in Figs. 2041 and 2042,
insures the teeth being ground true with the shank.
When the teeth are ground on centres, as in Fig. 2045, unless

the shank is true with the centres the teeth will not be true with
the shank.
;
Angular cutters can be ground as in Fig. 2043; the swivel head

G being set at the required angle.
When angular cutters are too thick to be held upon the arbor L,

50
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as in Fig. 2043, they can be placed upon the bar K, a8 in'Fig.
2044. This arrangement is also applicable to taper shell reamers.
When the holes are # inch or larger, the cutter
shell 0, Fig. 2038,

can be used.
slide upon the
In grinding
the centre bar

SHOP

PRACTICE.

Fig. 2047, as there is no liability of the work being drawn away
from the rest by the action of the wheel.
In grinding angular cutters and taper reamers having straight
teeth,it is necessary to have the axis of the work and the tooth

The sliding head c is moved and the work does not
a
-yest'in'a plane that is parallel to the line in which the work travels.
bar K.
:
solid reamers, the centres JJ, Fig. 2045, are used, |’
being held by the swivel head G.
|

In grinding solid taper reamers, Fig. 2046, the arrangement is
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Fig. 2049.

similar to Fig. 2045, the swivel head G being set at an angle for |

Fig, 2051.

the taper.
oe
Fig. 2047 is an end view of Fig. 2045, with the position
:éfithe. | The clearance of the teeth back of the cutting edges is obtained,
tooth rest Z changed and fastened to the bar of the centres which: when the teeth face downwards, by having the centre of the work
is held by the swivel head G. This is applicable to reamers And below the plane of the axis of the wheel, as in Fig. 2047, but when

the teeth face upwards, as in Fig. 2048, the centre of the work is
cutters where the teeth are cut straight and the plane of each tooth
passes through the axis, and is sometimes preferred because the above. the. centre of the wheel; the dotted centre lines in Figs.
|2047 and 2048 will illustrate this.
tooth rest moves with the work.

Fig. 2050.

| In the previous illustrations, the work has been done with the
wheel on the right, but Brown & Sharpe gear cutters and formed
cutters are sharpened with the left-hand wheel, as in Fig. 2049, the
securing a keener cut on the tooth.. In grinding the clearance on
cutters being kept square with the wheel by the rest X. The faces
the teeth of reamers it is best to grind them in a universal grinding
machine, leaving them about .0005 inch larger than the size re- of teeth of gear cutters and of formed cutters must be ground
radial, because if the teeth are not radial the shape of the work
quired, and in backing of the teeth for clearance leave a fine line,
cut by them will not be correct.
to be stoned out, along the cutting edge. By this method a keener
By having a free cutting wheel and taking light cuts across the
cutting edge is secured for the reamer than could be obtained
with the emery wheel, so that the safest way is to run as shown in teeth there will be no trouble from drawing the temper. The
When

practicable it is better to grind cutters with the emery

wheel running on to the cutting edge, as shown in Fig. 2048, thus
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The economy of keeping all kinds of

~cutters sharp cannot be too strongly urged. A workman seldom
wastes a cutter by too frequent grinding, but a cutter rapidly
wastes away if a workman tries to use it when dull. When a
workman tries to cut with a dull cutter, he is abusing the cutter
rather than using it.
The compound swivel head is useful for recutting and sharpening end and hollow mills, and for sharpening fine tooth mills,
angular and side milling cutters. Its adaptability for grinding
angular cutters arises from its angular adjustments in relation
to the main guide bar.
The compound swivel head, Figs. 2050 to 2058, has three swivel
adjustments, so that work can be moved in different directions
past the wheel. By means of the clampC’, Fig. 2050, the head is
held upon the main guide bar a, which forms one of the swivels.
By means of the swivel J, Fig. 2052, the slides is held to the clamp.

The swivel head is carried by the slides.

The taper shank,

mill bushings, and the side milling cutter arbor are held inthe

Fig.

awivel head G.

Other bushings and arbors for holding straddle

mills, face mills, etc., can be fitted to the head.

The tooth rest is

shown at Z, Fig. 2051. Adjustable slide stops are on the rod
under the slide. The slide is moved by the handle H. The
notched connecting rod N allows the handle H to be placed in any
convenient position.
Fig. 2053 shows the head adjusted to recut a left-hand end mill.

A movable arm is provided that can be used for a stopto the main
bar A, both in end movement and in keeping the head at the right
height. The head is set to bring the mill considerably above the
centre of the wheel; the depth of the cut can be varied by changing the height of the mill. The tooth rest Z, Fig. 2051, is adjusted
so that the tooth that rests against it will be parallel to the slide s;
then the slide s is adjusted, by means of the swivel, so that the
zero will coincide with the figure on the dial corresponding to the
number of teeth in the mill or cutter, which brings the tooth face
parallel to the side of the emery wheel. The top of the boss g,
Fig. 2053, is central with the hole in the swivel head and can be
used as a gauge to set the tooth rest.
The wheel cuts in the space/, Fig. 2053, as the slide is moved
VOL. IIl.—13.
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by the handle 4. The slide is shown in position for changing the
mill to recut the next tooth. To sharpen the teeth the head is
lowered so that the tooth which bears against the tooth rest will
be ground to give a clearance of abouttwo degrees.
It is well to
have the end teeth a little hollowing, letting them be .oo! inch or
.002 inch lower near the centre

than at the outside;

this can be

done by setting the swivel about one-quarter of a degree away
from go degrees.
In Fig. 2052 the emery wheel is put on with its flat side toward
the spindle, the head is swung in the opposite direction to that in
grinding a left-hand mill, and is moved nearer the machine in
order that the mill may move toward the wheel from the other
side.
In Figs, 2051 and 2052 it will be noticed that the wheel does
not sharpen the teeth by grinding square across their edges, but,
being slanting with the edge of the tooth that is being ground, it
passes somewhat between the teeth rather than over them.

This

feature of the compound swivel head gives it an adaptability for

2050.
sharpening finer toothed mills or cutters than ean be sharpened
with the wheel moving square across the edge of the teeth.
Figs. 2054 and 2055 show the compound swivel head adjusted

to grind a right-hand angular mill, and Fig. 2056 shows the head
in position to grind a left-hand angular mill. In grinding angular cutters, as shown in Figs. 2055 and 2056, care should be taken

in setting the tooth rest on boss g, shown in Fig. 2053, as any
variation above or below the centre line of the tooth will change
the angle of the cutter.
The face teeth of angular cutters are
ground in the same manner as the end teeth of shankor end mills
and the side teeth of side milling cutters.
The operation of setting up to grind the side teeth of side milling cutters, as shown

in Figs. 2057 and 2058, is the same as de-

scribed in connection with Figs. 2051 and 2052, except that in the
case of side mills of large diameter, where the space between the
teeth is sufficient, the head need not be set to the number of teeth,
but at any convenient angle that will allow the wheel to clear the
next tooth to the one being ground. Care should be taken, when
the teeth are close together, to avoid grinding two teeth at once,
as the clearance on one of them would be in the wrong direction.

$2
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To remove the work after grinding, loosen the clamp screw V,
Fig. 2050, that holds the main bar in place on the spindle head,
keeping tight the clamp screw C’, Fig. 2050. Then raise the compound swivel head to an upright position, and retighten clamp
screw V to hold it in place. After changing the work, loosen the
clamp, lower the head to first position, and proceed as before. To
facilitate raising the head to examine work, and insure its returning to the same position, care should be taken to keep the limiting
arm against the end of the main bar journal.
FORMED CUTTER GRINDING ATTACHMENT, Fig. 2059.—This
attachment is new in design and is so constructed that it can
be readily detached from the machine.
Itis held rigidly in place
by a clamp screw.
A bed is rigidly attached to the main bar and carries the sliding
table, as shown in cut. The sliding table is provided with a pair
of index centres, between which the work to be ground is held.
It is also provided with a dust guard, not shown in cut, to prevent

dust and emery grit from accumulating on the ways of the bed.

SHOP PRACTICE.
The reciprocating movement of the table is obtained by the operation of the hand wheel A, which moves a pinion meshing intoa
rack on the bottom of the table.
The side adjustment is controlled by the lever B, and the adjustment to various sizes of work and wheels is obtained by moving
the spindle head forward or back, as may be found necessary.
By the use of the clamp C the table can be locked in any position
while changing work.
The adjustable stop D prevents the emery wheel from injuring the index head when the table is being moved downward.
The centres will swing work to 4% inches diameter, and take
Io inches in length. By means of raising blocks, formed cutters
to 8 inches in diameter can be ground.
The grooves in taps and the faces of reamer teeth can be ground
by the use of this attachment, and by removing the index centres
and substituting a vice or other fixture, light surface grinding can
easily be done.
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CuarpTreR XXIV.—GEAR-CUTTING
HE Brainard automatic gear cutter, Figs. 2060, 2061, 2062, and
2063, is arranged to cut spur, bevel, and worm-wheels, and is

This

MACHINES.

arrangement

produces

a motion

analogous

to that of

worm gearing ; the revolution of the cone z! carrying the pinion
of that class where the manipulations required in gear cutting are
h*, causes the gear #5 to be moved in the opposite direction to
all performed by the machine itself, thus dispensing with the care | that of the cone z!, and at a speed of one tooth for each revolution
of the cone. The cone z! carries on its outer end a second clutch
of an attendant except to place the wheels in position and set the
machine for the proper depth and length of cut. The manner in
7}. The shaft 2! is made hollow, and two clutches are secured to
which these results are accomplished will be seen from the followa rod playing loosely on the hollow shaft, and arranged to be
ing description, reference being had to the engravings.
The
engaged alternately with the clutches 7 and 71. This engagewheel to be cut (a, Fig. 2061) is held upon a mandrel 6 fitted
ment is effected by means of a bell crank 2, operated by a shipper
to the spindle c, which is mounted in firm bearings upon a
rod £! on which adjustable dogs are placed, arranged to be
column or standard @. To the face of the standard is gibbeda
operated by the cutter slide 7
sliding knee e. Upon this knee is placed the cutter slide 7,
This arrangement of feed shipping motion is very positive in its
which is arranged to be inclined for bevel-gear cutting, and to be
action, and allows of a very quick return of the cutter slide. The
swung aside in cutting worm-wheels.
Rotary cutters are carried
parts are so proportioned that the slide returns thirty-three times
as fast as the forward motion, and yet on the very fastest speeds
there is no perceptible jar of the parts. The entire mechanism
can be disconnected from the feed screw, when desired, by disd
engaging the clutch 73 on the feed screw.
The means employed
for spacing the wheel blank are shown in Figs. 2061 and 2063.
At the rear end of the spindle c is secured a worm-wheel 2. This
worm-wheel is made in two parts screwed firmly together. By
this construction the wheel is made very accurately. The screw
holes in the ring 2! are slightly elliptic. After the wheel has been
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hobbed out the position of the ring is changed and the wheel
re-hobbed, and so on until the teeth will match
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Fig. 2062.

on arbors fitted to the cutting spindle (g, Fig. 2062). Power for
driving the cutter is applied to the pulley 2, mounted upon the
Cutter spindle.
The cutter slide 7 is operated through the medium of a screw
and bevel-gears from a shaft #!, which is arranged to revolve
alternately in opposite directions from a continuous motion of the
driving cone pulley 7, receiving motion from the feed pulley z,
through the means of a swinging arm, carrying a receiving pulley
and cone as is shown in Fig. 2060,
The method of obtaining these opposite motions of the shaft /!
will be seen in Fig. 2062. To the block 4? which supports the

shaft 4! is secured a gear #3, which engages with a pinion /*
mounted loosely on the cone pulley z!. Side by side with this gear
is placed a second gear /° also engaging with the pinion 2* and
having one tooth less than the gear 43. This gear is mounted
loosely on the shaft 2! and is sleeved through the block £?, and to
it is secured a ratchet clutch 7.

perfectly in any

position of the ring, when the ring is pinned and screwed on permanently. This wheel is driven by a worm mm in connection with
change gearing 771, m?, in such a way that one turn of the shaft
m® serves for all divisions. To the shaft 223 is secured a graduated plate 0, to which is secured a latch plate o! by means of a
T-slot and bolts. The latch plate o! is secured in this manner in
order that the plate o may be turned any desired amount of ‘‘ set
over ’’’ in bevel-gear cutting, without disturbing the change gearing or latch. This dividing mechanism is driven by an independent belt from the countershaft to the pulley P, which is secured
to a pinion P!, running loose on a stud. The pinion P! engages
with a gear P? mounted loosely on the shaft 2%. This gear is
made to drive the latch plate o! at the proper time by means of
friction plates, which are set to the required tension by check nuts.
The latch plate o! is held by a spring latch v, which is secured to
an arm v! mounted loosely on a stud. The arm v! is moved by a
disk v carrying a secondary latch vw. This secondary latch #
has on one side a roll which engages with a fixed cam 2, which
trips the latch 2 from its connection with the arm 2’, thus allowing
the spring on the latch v to return it to its seat in the latch
plate ol.
The disk v? is moved by a steel ribbon(s, Fig. 2061) which is
connected to a pair of plates, 7 71, held together by a T-slot and
bolts, and mounted loosely upon the carriage which carries the
cutter slide 7 The object of the double plates is to take up the
slack ribbon, in any required position of the carriage, on the knee
e. To the inside plate 7! is connected a shipper rod 722, which
carries a dog and is operated by the return motion of the cutter
slide 7. A spiral spring coiled on the stud supporting the disk
v? returns the disk to its original position on the forward motion
of the cutter slide 7, and reseats the secondary latch 2 in its
seatin the arm v!. This arrangement of dividing mechanism
requiring but one turn of the shaft 73 possesses some very decided
advantages over the ordinary way of simple gearing and multiplied turns. The latch v is tripped immediately after leaving its
seat in the plate o!, and is returned by its spring against the
periphery of the plate, and is surely seated by means of a lip on
the upper side of the plate. Should it, however, fail by reason of
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any accident no harm will be done as the gear will be correctly
spaced whenever the latch is seated, only one or more spaces will
have been missed. Another advantage is that the feed gear can
be disconnected and the latch withdrawn, thus allowing the gear
to be revolved for the purpose of examination without any necessity for remembering the exact number of turns. When the latch
is again seated the gear will be always properly spaced.
Fig. 2064 represents the same machine made half automatic,
or in other words

the feed is automatic,

but when

the

cut

is

through, the worm that actuates the feed is thrown out of gear bya
catch which lets the box or bearing at the left hand of the worm
shaft drop vertically, this catch being operated by a stop on the
side of the cutter slide.
The method of arranging the feed
mechanism so that it shall remain undisturbed, and require no
alteration or adjustment at whatever height the knee carrying the
cutter slide may be, is substantially the same as that already
described with reference to the universal milling machine in Fig.
1893, while the dividing mechanism and other general features are
the same

as

in the full automatic,

with

the

exception

of the

mechanism for operating the cutter during the return stroke, and

which

may be longer

than would

be practical

if it stood

upright.
Fig. 2066 represents a gear planing machine, shown with a
bevel-gear in place. The main spindle is horizontal upon a fixed
head, and has its dividing mechanism at the back of the machine.
A single pointed tool is used in a slide rest, operated (by crank
motion) upon the horizontal slideway shown, which may be set at
any required angle for bevel-wheels. The cut is carried from the
point to the flank of the tooth, and is put on by a rod and ratchet
motion, the rod striking against the stop seen beneath the cross
slide for the slide rest, and on the side of the horizontal slideway.
Figs. 2067, 2068, 2069, 2070, 2071, 2072, and

2073

represent

different views of a gear-cutting machine, which consists of a bed
plate A A, Figs. 2068, 2069, and 2070, having an extension at end
A?, to support the hollow cylindrical column A, which carries an
overhead

shaft a, at one end of which

is a four-step cone a3, for

driving the cutter feed motions. At the other end are the tight and
loose pulleys for driving this shaft, upon which is also a series of
grooved pulleys a°, arranged in the form of acone. The object

of this is to drive the cutter.
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Fig. 2063.

operating the dividing mechanism, both of which operations are
done by hand in the half-automatic machine.
Fig. 2065 represents a Whitworth machine in which the cutte
is carried in a vertical spindle carried in a sliding head. A is the
driving pulley, B a pair of bevel-gears, and C a pinion driving the

cutter spindle D, the cutter being at E.

The cutter spindle has

journal bearing at each end in arms upon the sliding head F,
which is operated along the slideway of H by the gear-wheel G,
receiving motion from the worm at C; at K is the index wheel, the

wheel to be cut being carried on its shaft at mM. The head N, carrying the index-wheel shaft, may be moved along the bed on which
it slides by the handle P, which operates a screw within the bed,
and engaging a nut on the under side of N. The worm for the
worm-wheel K is carried beneath the wheel by a bracket from N,
and being ona
splined shaft moves with N. I is the handle for
the divisions, the latter being obtained by means of change wheels
at J, which connect with the worm shaft. By employing change
gears the handle P makes a complete turn for any division, and
is locked in a recess, which

determines when an exact

turn

has

been made. The range of a machine of this design is very great,
because of the length of the bed on which the head N slides,

corresponding series of grooved pulleys, also arranged in the form
of a cone a®& A round belt is employed. The shaft on which
a® is placed extends across the column, and on its opposite end a
grooved pulley is also placed. This serves to drive a belt which,
passing over a series of idle pulleys, as will be seen by reference
to Figs. 2067 and 2068, drives the rotary cutter.
The wheel to be cut is carried as follows: Upon the bed-plate
of the machine is placed a head B, Fig. 2069, corresponding to
the headstock of a lathe, opposite which is a head B’, answering
to the tailstock of a lathe. Two bearings on B carry a mandrel
D, which carries a face-plate D’ against which the work is
chucked.

worm-wheel

At the end of D” is fixed, in the usual

for the dividing mechanism.

held in a head

manner,

the

The cutting arbor is

that is carried in a cross slide C?, Fig. 2068, this

cross slide being a carriage that may be fed along the side extension of the bed, which is broken off in the plan view of the
machine, Fig. 2069. Thetwo slides thus provided in this machine
form in effect a longitudinal and cross feed, answering to the
feeds of a lathe carriage and tool rest.
The cutter head M, Fig. 2068, is composed of two parts, C and
M. Thecutter head M carries the cutter arbor c’, Provision is

|

MACHINES.

GEAK-CUTTING

VOL. LT.

BEARS

AAV

—
. an

|
$3.
—_
bs]
=—
ed

ni
Ti

M})i}

LALA.
|

>'
|

b"

ty

»\

EIN
~~ SS
S=—— 4

lipl
}

l

<(Mans

il nS i

U

A777
\\)
:
——Sj=SS

ES

i

Hilf}
=It

i “

|

TT

tity

HH

TTT

————————————————————————————
So
———————e——eeeeeEeeee—

TT

HtHLT
WIN
Ills
ny

HT HT

TTT

MilHt AHHH

|

Fig. 2066,

ees,
MODERN

MACHINE

SHOP

PRACTICE

==

Bes

wv

GEAR-CUTTING

MACHINES.

55

made to swing the arbor in the two directions, noted by the plain | English planing machines. The clutch fis operated by a rod/’,
arrows.
Between the two the cutter arbor, it will
and drives the bevelled pinions @? @ by friction. The hub of the
be perceived, may be set at an angle in whatever direction the
clutch is coned to fit a coned recess in the hubs of the two pinions.
nature of the work may require. Referring to Figs. 2067 and 2068,
A pair of gears, @° d’, transmit the motion of @ to the shaft d!, on
it will be seen that the cutter-driver mechanism operates as
the end of which is the pinion e’, Motion is conveyed from this
follows: The tight pulley @!, driven in the direction noted by the
pinion to the feed-screw e, Fig. 2072, by the intermediate gears eé?,
arrow, turns the cone @° which drives the pulley 4. The belt from
e’, ef, and é*, and also by the helical pinions e° and é’, the latter
db passes over grooved idlers, 4, 42, 63, &c., to the grooved pulley
(e’) being also shown in Fig. 2072.
68, which is fast on its shaft and drives a train of gearing that
Referring to the dividing mechanism, E, Fig. 2068, is an index.
and feathered

operates the cutter arbor, the train being best shown
The train of gearing thus driven is composed of gears
the latter being on the cutter arbor. The object of
ment is to obtain a high belt velocity. It will be seen

in Fig. 2068.
c!, c? and &,
this arrangethat all these

wheel operated by a worm.
E! is an arm with a locking tongue.
Motion from E is conveyed to the shaftg through a swing-frame,
shown in dotted lines in Fig. 2068, and a train of gears ¢°, g°%,

&, 2, 2.

On shaft g, Fig. 2069, is a pair of angular-toothed
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gears have their teeth at an angle to their axes, a feature that has
been introduced to obtain smoothness of action. To maintain
equal tension of belt at whatever angle the cutter may be set, the
idle pulley 4? acts as a belt tightener, being carried by the rods ¢
and #1,
Referring now to the feed motions, the machine is provided with

beveled

pinions, 4’ 4’, and

on

shaft

7, Fig. 2071, is a pinion #,

driving a pinion #*, which in turn drives pinions zz", The latter
drive the worm H’ which operates the wheel H. The two shafts
carrying z7z' are supported by a piece F, the arm of which appears in section. This is fixed on the large toothed wheel G,
indicated by the dotted lines in the same figure. The piece F
a quick return for the cutter, the mechanism of whichis as follows :
above referred to is not fully shown in the engraving, portions
The cone pulley a‘, Fig. 2068, is mounted upon a driver shaft d, _ of it having been omitted in order to show the mechanism preFig. 2070. Upon this shaft are two loose bevelled pinions @? @, - viously mentioned.
The wheel H 1s mourted on shaft D’, and
is used to revolve the face plate D’, all as shown in Fig. 2069.
between which, and splined to the shaft, isaclutch*% For the feed
The wheels ¢? g? are change wheels, whose relative diameters
traverse the clutch /is moved to engage with the pinion b‘, while
for the quick return it engages with @?. This device corresponds , determine the number of turns the wheel E must make for a given
pitch. The arm E’, Fig. 2068, is provided with a spring to hold
to the old-style quick-return motion used in some of the heavy
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the index pin into the notch of the index wheel. From this
description it is obvious that when the number of the teeth of the
wheel to be cut is a multiple of that of the wheel H, the number of
turns to be given to the tangent screw H’, Fig. 2071, is exactly
determined by the ratio existing between these two numbers.
On
the other hand, where the number of teeth required is not a
multiple of the teeth in the wheel H, the number of turns to be
given to the screw will be equal to # plus a fraction. In the first
case, if all the intermediate gears between the dividing apparatus
and the tangent screw are arranged to transmit to the former a

SHOP

PRACTICE.

example, if it be supposed that a division corresponding to one
turn of the tangent screw is to be made, if only one turn of the
crank is made, the play unavoidable where easy movement is
secured will be repeated and multiplied in the same way that an
error is produced after a certain number of divisions. If, on the
contrary, the mechanism be arranged so that the number of turns
of the crank is multiplied in obtaining one turn of the tangent
screw, the error will be appreciably reduced.
It is therefore
recommended by the designer of this machine to arrange the train
of gears so as to give a certain number of full turns to the crank
in all cases.
If, after having cut the teeth in the blank, it is

number of definite turns, it will suffice to make the crank describe
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the number of turns indicated by the ratio the wheel E bears to
the worm-wheel.
In the second case, in order to give the-tangent
screw # turns plus a fraction by giving the crankz + turns, it 1s
necessary to employ several wheels, for which the ratio must be
calculated.
If the division so obtained is not an exact divisor of
the number of teeth of the wheel H, it is necessary that one of the
wheels forming the combination shall have a number of teeth
which 1s a multiple of the division mentioned.
Another consideration with reference to the number of turns to
be given to the crank of the dividing apparatus is mentioned in
the inventor’s description of this machine.
The smaller the
number the greater will be the chance of error in the result; for

F,

desirable to go over them again, it is simply necessary to turn the
screw j which engages with the gear-wheel J!.
The next feature to be described is the adjustment of the
cutter.
In some cases it is necessary to incline the cutter in such
a way that the axis of the shaft carrying it forms a certain angle
with the vertical.
This is the case in cutting angle teeth, as
shown in Fig. 2067. In order to produce the necessary angle for
such teeth, it is only necessary to turn the worm & that engages
with the worm-wheel £', Fig. 2068. This wheel is fast on to the
piece M, and the latter, when set to the desired inclination, is kept

in place by means of bolts 0, Figs. 2068 and 2072. In some
cases it 1S necessary to incline the cutter in such a way that the
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axis of the shaft that carries it does not cease to be in a vertical
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plane perpendicular to the shaft D, this being the case as illus-

not turn, nor does the second pinion #!, which slides on the former.
The screw H’ slightly turns the large whee! H, which, as previously

trated in Fig. 2073.

mentioned,

In order

to obtain

this obliquity the small

shaft #z is turned, and the movement so obtained is transmitted
by means of two small pinions 7? m3 to the shaft carrying at
its extremity the screw 7’. his screw gears with the segment #”,
The latter is fixed to a piece J, furnished with bearings for the
reception

of the shaft

that

drives the cutter

spindle,

which

is

adjusted endways by means of the nuts shown.
If it is desired

to produce a wheel with anyle teeth it is neces-

sary, after having arranged the cutter as shown in Fig. 2067, and

is mounted

on

the shaft

D, Fig. 2069.

special tooth operated upon is finished the movement

by operating the lever 2.

When

the

is reversed

The table and the wheel Rk, Fig. 2068,

then move in the opposite direction.
When the original position
is reached by the cutter, the reversing lever is thrown out of gear;
the handle E’ is then used so as to effect the proper division, and
the machine is again started.
As has been shown, only a small portion of the circumference
In this way it would be
of the wheel G is subjected to wear.
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while the forward motion of the carriage takes place, that the
wheel R shall

turn with a slow, regular movement

until the tooth

operated upon is finished.
After this the toc] retraces its path at
a somewhat higher speed. This automatic motion is obtained
from a shaft (Fig. 2067), on which are placed the pinions ¢* @’.
This shaft carries a third pinion Z’, which, by means of one or
more pairs of wheels mounted two by two on a swinging frame 9,
as shown by 2° #* 2°, turns the shaft 4’ (Fig. 2071), which carries
at one of its extremities the wheel Z° and at the other the screw #2’.
This screw, by proper intermediates, operates the toothed wheel G,
Fig 2071, which in its rotation carries along the piece F, with all
the parts supported by it. In this movement the pinion h* does
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possible to limit the operation of cutting the teeth to a certain
length of arc only.
In that case, however, considerable wear
would be produced 3 for this reason the constructor has preferred
to provide the whole circumference with teeth, in order to change
the working point from time to time, so as to distribute the wear.
In order to permit this displacement it is necessary to disengaye
the worm K (Fig. 2067), which is accomplished by turning the hand
wheel v, mounted on the shaft uv’, Fig. 2069. This shaft carries at
each extremity small pinions, v’,v*, gearing with other pimions
fixed at the extremity of each of the supports of the shaft J’
In order to make the operation of this machine better uncferstood, we will conclude our description by some practical exampies
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of the calculations required in making helical teeth.

SHOP

It will be

driving screw of the cutter head is 5 mm., using for convenience

observed that the two small movements necessary in cutting an
angle tooth in a given inclination are obtained first by the screw e,
Fig, 2068, feeding the cutter head, and second by the tangent

the French system of measurements.
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Let y Pe the ratio of the

four wheels that it is necessary to mount.

screw K, Fig. 2067, that governs the rotary motion of the wheel G,
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degrees of inclination of the teeth.

Let M designate the

Let P equal the pitch of the
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Fig. 2069.

and consequently of the shaft D, carrying the face plate and the : desired helix, and D the diameter of the wheel to be operated
blank to be cut. The second wheel H, mounted on this shaft, is
driven by the endless screw H’, Fig. 2071, the supports of which are
fixed on the wheelG
It will be observed at the same time that the
speed of the screw e acting upon the tool holder is the same as

upon.

We then have cotan. M= ae

D x 3°14

from

which

we

find

P = cotan. M x D x 3:14, and in order to make the cutter head

that of the shaft carrying the wheels é? e? and 2%, since the wheels
e* e e§ el have the same number of teeth. It is obvious, therefore,
that that ratio of speed which will exist between the tangent screw
K and the shaft of wheels e? e? and Z? will have to be the same as
that between the driving screw e of the cutter head and the tangent
screw K. Consequently, the combinations of wheels that connect
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Fig. 2070.

this tangent screw K to the shaft e? e& and #7 will produce the
same effect as if they were connected directly with the feed screw
e. This being established, the general formule determining the
gearing to be employed in order to produce helical teeth inclined
at a certain angle are obtained in the following manner: It should
here be observed that the teeth produced will be what in the
United States are called angle teeth, corresponding, however, so

nearly to the helix as to be considered helical.
Suppose that the
number of teeth in the wheel G is 300, and that the pitch of the

lig, 2071,

run over a distance corresponding to this pitch, the driving screw
e must make a number of turns equal to
cotan.

M x D xX 3°'I4I

5
But while the cutter head passes over a distance equal to the
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pitch, the wheel G makes one turn and the tangent screw 300
The spindle is driven by means of gearing, motion being transturns; consequently, the ratio to be established between the | mitted from the driving belt to the gears by means of the shaft
speed of the tangent screw and that of the screw driving the having telescopic slides and universal joints, this shaft and the
carriage will be represented by
joints being so proportioned and run at such a speed as to give
ample strength and power. No cone pulley is used, but the speed
x
I 500
can be varied when desired by changing one gear, this having
Jy ~
cotan.M
x D x 3°14!
been shown by experience to be a more satisfactory arrangement
Thus, wor

a wheel with

a diameter of 1°75 inches, the machine

ought to have an inclination of 15* to the primitive circumference,

for such a machine than a cone pulley, the speed, of course

but another one can be put in and the platen instantly arranged
Any desired arrangement of cutters may be made where more than one is used; as, for instance,

oe

; to move in the other direction.

7a
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‘eing

required to be changed much less frequently than in the case with
. other tools, such as the lathe or drill press.
The platen moves in either direction when in operation, wo that
it is not necessary to move it back at the completion of a rack,
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found to make the work much easier, and
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1500
15° x 1°75

between the

It should be remarked that, according as the angle should be
either to right or to left, one or two intermediate pieces are placed
on the swing-frame, the slide of which is nearly horizontal. The
speed of the driving shaft, supported by the column mentioned in
introductory remarks, is 120 revolutions; that of cutter equals
aan
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YY
:
¢Wh
“Ny

the friction wheel and the screw, so that

the single revolution of the former gives the proper amount of
motion to the latter, whether it be only a fraction ofa turn or Sev-

eral complete turns. The spacing may be changed from the diametral to the linear system by means of two change gears provided
for the purpose, these gears being always in place ready for use.
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pitch being cut.
The machine may be said to consist essentially of a heavy bed,
supported upon three pedestals, and having gibbed to its top a
platen to which the work, or a vice for holding the work, is secured
by means of T-slots.
This platen is moved by means of a large
screw, which passes from end to end of the bed, being driven by
the gears which compose the spacing mechanism seen at the left.
The spacing is done in much the same manner as on the gear cutting machines, viz., by a friction wheel, which a running pulley
always tends to revolve, but which is allowed to revolve only at
such times as the platen is to be moved for a space, a stop being
then automatically removed, which allows the friction wheel to
make just one revolution, when its motion is again arrested until a

gears are placed between
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actual or linear pitch, using one to twelve cutters, according to the
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to three inch

; then another move-
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Fig. 1, Plate XIV.-B, represents a rack cutting machine, by
Gould & Eberhardt.
The machine has capacity for cutting up a rack to ten inches

ment takes place, and so on to the completion of the job.

vibra-

i—=
WN

from 20 to 30 revolutions ; that of screw of cutter head, advance
from I to 42 revolutions, return from 7 to 66 revolutions.

cut has been made and the cutter withdrawn

free from

tie rod.
Fig. 2, Plate XIV.-B, represents Gould & Eberhardt’s automatic

1500
x 3°14
20°51778

face and to ten feet long at one setting, and up

more

tion. The engraving shows a heavy rack which has been cut
on the machine, finishing four teeth at each cut, as shown by the
uncompleted cut. A complete system is provided for removing
chips and oil, and there is a pump which returns the latter to the
cutter, washing out the chips. Means are provided by which the
machine is under the full control of the operator in whatever position he may find it most convenient to stand ; and the movement
of the upright to and from the platen is graduated in thousandths
of an inch for setting the cutter to depth, after which operation it
is firmly locked in position at the bottom, and at the top by the

TOI

and he would have, for the ratio to be established
tangent screw and the driving screw,

cutters, in which

case the machine is made to move two spaces for each cut, and, of
course, two teeth are finished at each cut. Or, one cutter may
be for roughing while the other finishes, in which case the platen
moves only one space. Or, supposing twelve cutters to be in use,
all of them may be finishing cutters, if the size of tooth and nature of the work permit it, so that twelve teeth are finished at one
cut, or any proportion of them may be for roughing.
When using a gang of cutters, the cutting points are so set as
to form a spiral line as shown in the engraving, which has been
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Fig. 2073.

gear cutter, which is driven by the stand shown on the right hand,
the changes of speed being made by altering the gear wheels on
the stand.
There is also provided a support for the outer end of the work
arbor, and where desired, a pump for returning oil to the cutter,
the oil as it flows from the cutter being conducted to a pan in the
base of the machine, from whence it is taken by the pump, which is
shown in the cut at the side of the machine near the floor. All
the movements of the machine are entirely automatic.
|

BROWN & SHARPE AUTOMATIC

No. 5.—A

general

view

SPUR GEAR CUTTING MACHINE

of this machine

is given in Fig. 2074.

It consists, as will be seen, of a substantial box-frame bed, upon

which slides the carriage carrying the cutter spindle, and a rigid
vertical column, upon which is mounted the carriage Carrying the
work spindle and index mechanism.
This machine is one of a series built by the above manufacturers,
and the following are the most important features that have been
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applied to all machines of :this series. The driving power and from the work arbor and with nut X force the bushing Y off the arbor.
ratio of gearing are amply proportioned to the capacity of the By reversing the nut X to loosen the spring collet in the spindle,
machines, and give a large number of changes of cutter feed comand taking hold of the hand wheel Z,the arbor can be drawn
bined with a wide range and great ease of adjustment.
back into the spindle. Insert bushingy into bore of the gear blank
The feed and working mechanisms are placed at the end of the and swing the blank into place. Push the work arbor forward and
machine, enclosed in a case, and are easy of access for changing. screw nut W into place, expanding the bushing Y solidly into bore
the feed or examining the parts.
of gear blank. Loosen nut X a little, and with the hand wheel z
The cutter spindle is driven by spiral gears, thus giving a smooth. draw the arbor and collet snugly into the taper hole in spindle.
cutting action, and also doing away with a belt tightener or other In setting the machine first set the reversing lever R, Figs. 2076
device for adjusting the belt. The outer end is supported by a: and 2077, central, and run the cutter slide forward by hand until
bearing fastened rigidly to the cutter slide, but easily removed for the cutter is under the blank. Second, loosen all the clamps on
changing cutters.
the work spindle slide and outer support, lower the blank by
The drive for returning the cutter slide and for indexing is in-. means of the hand wheel or crank at a’, Fig. 2076, until the cutter,
dependent of cutter drive and feed, so that the quick return of: which should be running, just touches its periphery, making
cutter slide and high speed of indexing mechanism are constant, proper allowance in case the blank is inaccurately turned.
whatever the speed or the feed of cutter.
When the cutter just touches the blank draw the cutter slide back
The indexing mechanism is so designed that the liability of. so that the cutter will clear the blank, and set the dial £’, Fig. 2076,
error or failure is reduced to a minimum,
_at zero, then lower the work spindle slide a little more than the
The Nos. 5.and 6 machines are provided with means for raising depth required and raise it so that the dial E’ will read to the
. proper depth. By this method the weight of the various parts will
and lowering the work spindle slide by power.
As the life and efficiency of machines depend largely upon the ‘rest upon the screw, and the slide will be less liable to change
amount of care bestowed upon them, it is important that they ‘position when clamping. After the work is properly set, clamp
In clamping, first
should be kept clean and well oiled and that all repairs should be ‘the work spindle slide and the outer support.
:clamp
the
dovetailed
slide,
next
the
plain
gib,
and
lastly, the outer
promptly attended to. All spiral gears and worms should be
kept flooded with oil. A heavy oil is recommended ; a light cyl- support. Bring the rim rest shown at R’, Fig. 2075, into position,
inder oil is preferable. When the oil shows signs of becoming setting it high enough to clear the cutter, and adjust so that it
dirty or thick, it should be removed and new oil substituted. ‘will just touch the rim of the blank. Care should be taken that
Suitable receptacles for holding the oil are shown at A,:Figs. 2075 ithe rim rest does not bind at any point, as it would affect the inTo try the adjustment of the rim rest, throw the worm
and 2079, B, Figs. 2075 and 2076, C and D, Figs. 2076 and 2078, dexing.
‘out of mesh with worm-wheel and turn the work spindle by hand.
and E, Figs, 2075 and 2078.
The guiding ways of the cutter slide should be kept clean and After trying adjustment, throw the worm back into mesh with the
of handle nH’, Fig. 2075.
well oiled.
Provision is made at F, Figs. 2075, 2076, and 2078, -worm-wheel and clamp securely by*means
Put on the proper change gears, as given in the table, for the
for oiling the feed screw and nut. These must be kept well suprequired number of divisions, and set the stop for the proper
plied with oil while the machine is running.
number
of turns of the locking disk by lifting the knob p’, Fig.
The index worm and worm-wheel should be kept clean and well
oiled, as the accumulation of dirty or thick oil will affect the in- 2075, and sliding the stop along to the recess numbered to cordexing. To-take up the end play of the cutter spindle, remove the respond with that given in the table sent with the machine. To
gear case cover M, Fig. 2079, adjust the nut N, and lock in position adjust the locking disk for the proper number of turns, lift the
with the screw 0. The feed screw is adjusted for end play by spring knob, shown in Fig. 2081, and slide the block along until
means of the nut Q, Fig. 2078. When correctly adjusted, lock the knob is opposite the number of turns required, as indicated in
index table, and drop the knob into the recess. Determine from
with the small screw shown at R.
The end play of the index worm is adjusted by means of the tables the proper feed change gears and place as at I’, Fig. 2076.
The transposing gears, which are back of the feed change gears
sleeve O, Fig. 2075. After adjusting the sleeve, it should be locked
with the check nut, If backlash occurs in the index worm and ‘and shown at J’, Fig. 2076, should not be disturbed except in
changing from the coarser to the finer feeds. In setting reversing
worm-wheel, loosen the stop screw P, Fig. 2075, and force the
dogs, move the cutter slide forward, leaving enough space between
worm into the wheel. Care should betaken not to force the worm
into the wheel too hard, as it will cause the parts to bind and im- the cutter and work for indexing, and clamp the reversing dog G”,
Start the machine
pair the accuracy of the indexing mechanism.
To operate the Fig. 2075, so it will rest against the stop x’.
work spindle slide by power, first be’ sure that all the clamps are and throw in the feed by means of the lever R, Figs. 2076 and
loosened and remove crank from shaft a’, Fig. 2076; then by rais2077, which should be thrown as far forward as possible. The
stop V should be dropped so as to allow the lever R to come all
ing or lowering the lever L’, Figs. 2076 and 2077, the slide can
be raised or lowered to the height required. To adjust the friction, ‘the way back when reversing. When the centre of the cutter has
which operates the reversing mechanism, remove.the top of the .nearly reached the forward edge of the work, clamp the dog G”,
feed case K, Fig. 2078, throw the lever R, Figs. 2076 and 2077, Fig. 2075, while it is resting against the stop x’. It may be necesback as far as possible in the direction shown by the arrow, Fig. sary to slightly adjust the dogs to avoid loss of time at the ends
2076, and loosen screw S§, Fig. 2078; with screw U, draw in wedge | of travel of the cutter slide.
T, and lock with screws,
Then bring the lever R, Fig. 2076, toa
To measure or gauge the teeth of gear while in the machine,
central position by means of the stop Vv and try the feed screw by lift the stop x’, Fig. 2075, to clear the dog G’ and run the cutter
hand to see that the friction works freely. To set the cutter central,
slide back out of the way. The adjustment of the dogs G’ and G”
loosen nut H, Fig. 2076, adjust the spindle by means of the worm
need not be disturbed, and the stop x’ will resume its position so
and rack, shown at G, and, when properly adjusted, clamp with
that when the cutter slide is run forward it will engage the dogs
nut H.
as before.
If the teeth gauge correctly the machine is ready to
In using the indicator, furnished with each machine and shown
proceed with the work.
in Fig. 2080, remove the dust guard from the front of the cutter
If it is desired to recut a gear or to cut out a bad place in the
slide and clamp the indicator to the bed by means of the screw I, blank, loosen the clamp screw S’, Fig. 2075, and adjust the blank
Fig. 2080, The position of the indicator should be such that the to the proper position by means of the knob Cc’ and clamp securely
point of the screw J shall come about to the pitch line of the cutter.
with the screw Ss’,
After the indicator has been properly set, indicate first one and
In cutting several teeth at one time, the advantage is in the inthen the other side of the cutter. To indicate opposite sides of the crease of production, but at a sacrifice of accuracy. The advancutter, remove the arm K from pin L, replace it with the opposite
tage claimed for omitting one or more teeth before cutting the
side up, and adjust the cutter spindle longitudinally until the zero
next is the more even distribution of heat throughout the blank.
on the arm is equidistant from the zero on the plate.
|
On the other hand, however, good results can be obtained by
Placing the work: Remove the nut w, Figs. 2075 and 2076,
arranging the feed and speed slow enough to avoid heating.
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No. 13.—This machine, which is illustrated in Fig. 2082, cuts both
spur and bevel gears up to 18 inches in diameter, 4 inches width

of face, and 6 diametral pitch.
horizontal slideway

It consists of a box bed.

is a carriage,

upon

which

Upon the

is mounted

the

cutter slide, which is pivoted at one end and has two segmental
tooth segments, by means of which the feed motion of the cutter
may be set to any angle (within
go degrees) that may be required
for cutting bevel gears, for which purpose the cutter can be set on
either side of the centre line of the work ; a vernier graduated to
read to thousandths of an inch indicating this adjustment.
The
vertical

head, which

carries

the work

spindle, the index wheel,

and the overhanging supporting arm;

is adjusted for height of
the work by means of the screw shown. A dial graduated to
read to thousandths of an inch indicates this adjustment. The
movements of the indexing mechanism and of the cutter are entirely automatic.
The spindle has eight changes of speed. The
cutter arbor is 4 inch in diameter.
The overhanging arm clears
gears to 74 inches in diameter.
Larger gears are supported by a
rest placed back of the rim of gear, opposite cutter.
The indexing mechanism consists of a worm and worm gear
driven by change gears. The change gears provide for the cutting of all numbers of teeth from 12 te §0, all even numbers to Ioo,

all numbers divisible by 3 to 150, by 4 to 200, and by § to 250.

Tables giving cutter speeds for different pitches, the changes for
gears to use for cutting the various numbers of teeth, and the
changes for feed gears to obtain the proper feed for the cutter
slide are provided with each machine.
The countershaft has
tight and loose pulleys 12 inches in diameter for 3-inch belt and
should run about 200 revolutions per minute.
BEVEL GEARS.—Bevel gears connect shafts whose axes meet
when sufficiently prolonged.
The teeth of bevel gears are formed
about the frustums of cones whose apexes are at the same point
where the shafts meet.
In Fig. 2083 we have the axes AO and BO
Meeting at O, and the apexes of the cones also at 0. These cones
are called the pitch cones, because they roll upon each other, and
because upon them the teeth are pitched. If, in any bevel gear,

the teeth were sufficiently prolonged toward the apex, they would
become infinitely small ; that is, the teeth would all end in a point,
or vanish at 0. Wecan also consider a bevel gear as beginning
at the apex and becoming larger and larger as we go away from
the apex. Hence, as the bevel gear teeth are tapering from end
to end, we may Say that a bevel gear has a number of pitches and
pitch circles, or diameters: in speaking of the pitch of a bevel
gear, we mean always the pitch at the largest pitch circle, or at
the largest pitch diameter, as at 4d, Fig. 2084.
Fig. 2084 is a section of three bevel gears, the gear oB g being
twice as large as the two others. The outer surface of a tooth, as
m m', is called the face of the tooth. The distance mm’ is usually
called the length of the face of the tooth, though the real length
is the distance that it occupies upon the line O # The outer part
of a tooth at m m is called its large end, and the inner part #' '
the small end.
The directions given in connection with Fig. 2084 apply to gears
with axes at right angles.
Having decided upon the pitch and the numbers of teeth :
1. Drawcentre lines of shafts, AO B and COD, at right angles.
2.

Parallel to

AOB, draw lines a 6 and ¢ d, each distant from

A OB equal to half the largest pitch diameter of one gear.

For

24 teeth, 4 pitch, this half largest pitch diameter is 3 inches.

3. Parallel to CO D, draw lines ef and g #, distant from
CO D
equal to half the largest pitch diameter of the other gear. Fora
gear 12 teeth, 4 pitch, this half largest pitch diameter is 14 inches.
4.

Atthe

intersection

of these four lines, draw

lines 0 z, 07,

oO, and oJZ. These lines give the size and shape of pitch cones,
and are called ‘cone pitch lines.”
5. Perpendicular to the cone pitch lines and through the inter' section of lines ad, cd, ef, and gh, draw linesmn,of, gr.

We

have drawn also #v to show that another gear can be drawn from
the same diagram. Four gears, two of each size, can be drawn
from this diagram.
6. Upon the lines m7, 0, gr, the addenda and depth of the
teeth are laid off, these lines passing through the largest pitch
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circle of the gears. Lay off the addendum, it being in these gears
1 inch. This gives distance mn, 0, 77, and « v equal to the
working depth of teeth, which in these gears is inch.
The
addendum, of course, is measured perpendicularly from the cone
pitch lines as at &r.
7,

Draw lines Om, On, Of,00,0g,O07.

These lines give the

height of teeth above the cone pitch lines as they approach 0,
and would vanish entirely at 0. It is quite as well never to have
the length ofteeth, or face, # m' longer than one-third the apex distance #0, nor more than two and one-half times the circular pitch.
8. Having decided upon the length of face, draw limiting lines
m' n' perpendicular to z 0, g' 7” perpendicular to £0, and so on.
The distance between the cone pitch lines at the inner ends of
the teeth 72’ 2’ and g'7’ is called the inner or smaller pitch diameter, and the circle at these points is called the smallest pitch
circle. We now have theoutline of a section of the gears through
their axes. The distance mr, is the whole diameter of the pinion.
The distance go is the whole diameter of the gear. In practice
these diameters can be obtained by measuring the drawing.
The diameter of pinion is 3.45 inches, and of the gear 6.22 inches.
We can find the angles also by measuring the drawing with a
protractor. In the absence of a protractor, templets can be cut
to the drawing. The angle formed by line mm’ with a 4 is the
angle of face of pinion, in this pinion 59 degrees II minutes, or
nearly 594 degrees. The lines gg’ and gf give us angle of face
of gear, for this gear 22 degrees 19 minutes, or nearly 224 degrees.
The angle formed by m2 with a@é is called the angle of edge of
pinion, in our sketch 26 degrees 34 minutes, or about 264 degrees.
The angle of edge of gear line g7 with
g 4 is 63 degrees 26 minutes,
or about 63} degrees. In turning blanks to these angles we place
one arm of the protractor or templet against the end of the hub,
when trying angles of a blank. Some designers give the angles
from the axes of gears, but it is not convenient to try blanks in
this way. The method that we have given comes right also for

angles as figure in compound rests.
When axes are at right angles, the sum of angles of edge in the
two gears equals go degrees, and the sums of angle of edge and
face in each gear are alike.
The angles of the axes remaining the same, all pairs of bevel
gears of the same ratio have the same angle of edge ; all pairs of
same ratio and of same numbers of teeth have the same angles of
both edges and faces independent of the pitch. Thus, in all pairs
of bevel gears having one gear twice as large as the other, with
axes at right angles, the angle of edge of large gear is 63 degrees
26 minutes, and the angle of edge nf small gear is 26 degrees
34 minutes.

In all pairs of bevel gears with axes at right angles, one gear
having 24 teeth and the other gear having 12 teeth, the angle of
face of smallegear is 5g degrees II minutes.
The following method of obtaining the whole diameter of bevel
gears is sometimes preferred : ©
From & lay off, upon the cone pitch line, a distance K w, equal
to ten times the working depth of the teeth = 10 D”. Now add
iy) of the shortest distance of w fromthe line g%, which is the perpendicular dotted line wx, to the outside pitch diameter of gear,
and the sum will be the whole diameter of gear. In the same
manner ;, of wy, added to the outside pitch diameter of pinion,
gives the whole diameter of pinion. The part added to the pitch
diameter is called the diameter increment.
A somewhat similar construction will do for bevel gears whose
axes are not at right angles.
In Fig. 2085 the axes are shown at OB and OD, the angle
BOD
being less than a right angle.
1. Parallel to O B, and at a distance from it equal to the radius
of the gear, we draw the lines a 4 and ¢d.
.
2.

Parallel to OD, and at a distance from it equal tothe radius

of the pinion, we draw the lines ef and g &.
3. Now, through the point7 at the intersection of ¢ d and g h,
we draw a line perpendicular toOB.
This line & 7, limited by
a4 and cd, represents the largest pitch diameter of the gear.
Through7 we draw a line perpendicular too D. This line7 Z,
limited by ef and g %, represents the largest pitch diameter of the
pinion.
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4. Througn the point & at the intersection of a 4 with £7, we
draw.a line to O, a line from 7 to O, and another from /, at the

intersection 7/andeftooO.
These lines 0 4,07, and 0 J, represent the cone pitch lines as in Fig. 2084.
5. Perpendicular to the cone pitch lines we draw the lines
4% vu,0,and gr. Upon these lines we lay off the addenda and
working depth as in the previous figure, and then draw lines to
the point o as before.
By a similar construction, Figs. 2086 and 2087 can be drawn.
Forms and Sizes of Teeth » Cutting Teeth.—To obtain the
form of the teeth in a bevel gear we do not lay them out upon
a pitch circle, as we do in a spur gear, because the rolling
pitch surface of a bevel gear, at any point, is of a longer
radius of curvature than the actual radius of a pitch circle that
passes through that point. Thus, in Fig. 2088, let fg ¢ be a cone
about the axis O A, the diameter of the cone being fc, and its
radius ¢¢. Now the radius of curvature of the surface, at c, is
evidently longer than gc, as can be seen in the other view at C;
the full line shows

the curvature
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of the teeth at the large pitch circle, and that even this is too long
when it is more than a third of the apex distance oc. Tocuta
bevel gear with a rotary cutter, as in Fig. 2091, is at best buta
compromise, because the teeth change pitch from end to end, so
that the cutter, being of the right form for the large ends of the
teeth, cannot be right for the small ends, and the variation is too
| great when the length of face is greater than a third of the apex
distance Oc, Fig. 2090. In the example, one-third of the apex distance is ,& inch, but F E is drawn only a half inch, which even,
though rather short, has changed the pitch from 8 at the outside
to finer than 11 at the inside. Frequently the teeth have to be
rounded over at the small ends by filing ; the longer the teeth the
more we have to file. If there is any doubt about the strength of
the teeth, it is better to lengthen at the large end, and make the
| pitch coarser rather than to lengthen at the small end.
These data are needed before beginning to cut:
— 1. The pitch and the numbers of the teeth the same as for spur
gears.

of the surface, and the dotted |

2.

The data for the cutter, as to its form : sometimes two cut-

line shows the curvature of a circle of the radius gc¢. It is ex- ters are needed for a pair of bevel gears.
3. The whole depth of the tooth spaces, both at the outside and
tremely difficult to represent the exact form of bevel gear teeth
upon a flat surface, because a bevel gear is essentially spherical - inside ends ; D’ +/ at the outside, and D’”’ + / at the inside.
in its nature ; for practical purposes we draw a line ¢ A perpen4. The thickness of the teeth at the outside and at the inside;
dicular to O¢, letting ¢A reach the centre line O A, and take c A fand ?.
as the radius of a circle upon which to lay out the teeth. This is
5. The-height of the teeth above the pitch lines at the outside
and inside ; s and s’,
shown at cm m, Fig. 2089. For convenience the line ¢ A is sometimes called the back cone radius.
6. The cutting angles, or the angles that the path of the cutter
Let us take, for an example, a bevel gear and a pinion 24 and
makes with the axes of the gears. In Fig. 2090 the cutting angle
18 teeth, 5 pitch, shafts at right angles. To obtain the forms of for the gear ¢D is AO4Z, and the cutting angle for the pinion is
the teeth and the data for cutting, we

need

to draw a section of

only a half of each gear, as in Fig. 2089.
1.

Draw

the centre

lines A O and BO, then

|
the lines g 2 and

¢ da, and the gear blank lines. Extend the lines o’ #’ and o # until
they meet the centre lines at A’ B and AB.
2.

With the radius Ac draw

the arc cm m, which

we

take as

the geometrical pitch circle upon which to lay out the teeth at the

large end. The distance A’ ¢’ is taken as the radius of the geometrical pitch circle at the small end; to avoid confusion an arc
of this circle is drawn at c’ #' m' about A.
3. For the pinion we have the radius Bc for the geometrical
pitch circle at the large end and B'¢’ for the small end; the distance B’ <’ is transferred to Be’”.
4. Upon the arc ¢2 m lay off spaces equal to the tooth thickness at the large pitch circle, which in this example is .314 inch.
Then draw the outlines of the teeth: for single curve teeth we
draw a semi-circle upon the radius A ¢. For all bevel gears
that are to be cut with a rotary disk cutter, or a common gear cutter, single curve teeth are chosen; and no attempt should be
made to cut double curve teeth. We now have the form of the
teeth at the large end of the gear. Repeat this operation with
the radius BC about B, and we have the form of the teeth at the
large end of the pinion.
5. The tooth parts at the small end are designated by the same
letters as at the large, with the addition of an accent mark to each
letter, as in the right hand column, Fig. 2089. The clearance, /,
however, is usually the same at the small end as at the large, for
convenience in cutting the teeth.
The sizes of the tooth parts at the small end are in the same
proportion to those at the large end as the line Oc istoOc¢. In
our example O ¢’ is 2 inches, and O¢ is 3 inches; dividing 0c’ by
Oc we have ?, or .666, as the ratio of the sizes at the small end to

those at the large : / is .209 inch or 3 of .314 inch,and soon.
If
the distance 7 m is equal to the outer tooth thickness, ¢, upon the
arc ¢ 2m, the lines 2 A and #7 A will be a distance apart equal to
the inner tooth
dum, s’, and the
6. Upon the
teeth of the gear
As an example

thickness “7 upon the arc c’n'm'’,. The addenworking depth, D’’, are ato’ ¢’ and o’ 7’.
arcs c’ 2’ m' and c’” we draw the forms of the
and pinion at the inside.
of the cutting of bevel gears with rotary disk

cutters, or common

gear cutters, let us take a pair of © pitch, 12

and 24 teeth, shown in Fig. 2090.

In making the drawing it is well to remember

that nothing is

gained by having the face F E longer than five times the thickness

BOO.

The form of the teeth in one of these gears differs so much from
that in the other gear that two cutters are required. In determining these cutters we do not have to develop the forms of the
gear teeth as in Fig. 2089; we need merely measure lines Ac and
B ¢, Fig. 2090, and calculate the cutter forms as if these distances
were the radii of the pitch circles of the gears to be cut. Twice
the length A ¢, in inches, multiplied by the diametral pitch, equals
the number of teeth for which to select a cutter for the twentyfour-tooth gear: this number is about 54, which calls for a No.
3 bevel gear cutter. Twice Bc, multiplied by 8, equals about 13,
which indicates a No. 8 bevel gear cutter for the pinion. This
method of selecting cutters is based upon the idea of shaping the
teeth as nearly right as practicable at the large end, and then
filing the small ends where the cutter has not rounded them over
enough.
In Fig. 2092 the tooth L has been cut to thickness at both the
outer and inner pitch lines, but it must still be rounded at the inner
end. The teeth MM have been filed. Inthus rounding the teeth
they should not be filed thinner at the pitch lines.
There are several things that affect the shape of the teeth, so
that the choice of cutters is not always so simple a matter as the
taking of the lines Ac and Bé as radii.
In cutting a bevel gear, in the ordinary gear-cutting machines,
the fimished spaces are not always of the same form as the cutter
might be expected to make, because of the changes in the positions of the cutter and of the gear blank in order to cut the teeth
of the right thickness at bothends, The cutter must, of course, be
thin enough to pass through the small end of the spaces, so that
the large end has to be cut to the right width by adjusting either
the cutter or the blank sidewise ; then rotating the blank, and
cutting twice around.
Thus, in Fig. 2091, a gear and a cutter are set to have a space
widened at the large end ¢’, and the last chip to be cut off by the
right side of the cutter, the cutter having been moved to the left,
and the blank rotated in the direction of the arrow; in a universal

milling machine the same result would be attained by moving the
blank to the right and rotating it in the direction of the arrow.
It may be well to remember that in setting to finish the side of a
tooth, the tooth and the cutter are first separated sidewise, and
the blank is then rotated by indexing the spindle to bring the large
end of the tooth up against the cutter. This tends not only to cut
the spaces wider at the large pitch circle, but also to cut off still
more at the face of the tooth; that is, the teeth may be cut rather
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GEAR-CUTTING
thin at the face and left rather thick at the root. This tendency is
greater as a cutting angle B Og, Fig. 2090, is smaller, or as a bevel
gear approaches a spur gear, because when the cutting angle is
small the blank must be rotated through a greater arc in order to
set to cut the right thickness at the outer pitch circle.
This can
be understood by Figs. 2093 and 2094.
Fig. 2093 is a radialtoothed clutch, which for our present purpose can be regarded as
one extreme of a bevel gear in which the teeth are cut square with
the axis: the dotted lines indicate the different positions of the
cutter, the side of a tooth being finished by the side of the cutter
that is on the centre line.
In setting to cut these teeth there is
the same side adjustment and rotation of the spindle as in a bevel
gear, but there is no tendency to make a tooth thinner at the face
than at the root.
On the other hand, if we apply these same
measurements to a spur gear and

cutter, Fig. 2094, we

shall cut

the face F much thinner without materially changing the thickness
of the root R.
Almost all bevel gears are between the two extremes of Figs.
2093 and 2094, so that when the cutting angle BOo, Fig. 2090, is
smaller than about 30 degrees, this change in the form of the
spaces, caused by the rotation of the blank, may be so great as to

MACHINES.
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conveniently determined by the solid tooth gauge, Fig. 2096.
The gear tooth vernier caliper, Fig. 2098, will measure the thickness of teeth up to two diametral pitch. In the absence of the
vernier caliper we can file a gauge similar to Fig. 2097 to the
thickness of the teeth at the small end.
The index having been set to divide to the right number, we
cut two spaces central with the blank, leaving a tooth between
that is a little too thick, as in the upper part of Fig. 2092. If the
gear is of cast iron and the pitch is not coarser than about five
diametral, this is as far as we go with the central cuts, and we
proceed to set the cutter and the blank to finish first one side of
the teeth and then the other, going around only twice. The tooth
has to be cut away more in proportion from the large than from
the small end, which is the reason for setting the cutter out of
centre, as in Fig. 2093.
It is important to remember that the part of the cutter that is
finishing one side of a tooth at the pitch line should be central
with the gear blank, in order to know at once in which direction
to set the cutter out of centre. We cannot readily tell how much
out of centre to set the cutter until we have cut and tried, because

Fig. 2091, than is called for by the way of figuring that we have
just given: thus we might cut the pinion with a No. 6 cutter,

the same part of a cutter does not cut to the pitch line at both
ends of atooth. As a trial distance out of centre we can take
about one-tenth to one-eighth of the thickness of the teeth at the
large end. The actual distance out of centre for the 12-tooth

instead

pinion is .o21 inch; for the 24-tooth gear, .030 inch.

necessitate the substitution

of a No.

8.

of a cutter

that is narrower

at ee’,

The No. 6, being for 17 to 20 teeth, cuts the

tooth sides with a longer radius of curvature than the No. 8,
which may necessitate considerable filing at the small ends of
the teeth in order to round them over enough. Fig. 2095 shows
the same gear as Fig. 2092, but in this case the teeth have all been
filed similar to M M, Fig. 2092.
Different workmen prefer different ways to compromise in the
cutting of a bevel gear. When a blank is rotated in adjusting to
finish the large end of the teeth there need not be much filing of
the small end, if the cutter is right, for a pitch circle of the radius
Bc, Fig. 2090, which

for our example

is a No. 8 cuiter, but the

tooth faces may be rather thin at the large ends.
This compromise is preferred by nearly all workmen, because it does not require much filing of the teeth.
The sizes of an 8-pitch tooth

part, Fig. 2090, at the large end,

are copied from the table of spur gear teeth. The Oc’ is seventenths of the afex distance Oc, so that the sizes of the tooth
parts at the small end, except/, are seven-tenths the large. The
order for cutting these gears goes to the workmen in this form :
LARGE

GEAR.

= 8
N =

24

D’ + f = .270"

D!” +f = .195”

f= .196"

S = 125"

f=

.137"

s’ = .087”
Cutting Angle = 59° Io’

SMALL GEAR.
N =

12

Cutting Angle = 22° 18’

After a little practice a workman ean set his blank the trial
distance out of centre, and take his-first cuts, without any central
cuts at all; but it is safer to take central cuts like the upper ones
in Fig. 2092. The depth of cut is partly controlled by the index
spindle raising dial

shaft H,

Fig.

2100,

which

determines

the

height of the index spindle, and partly by the position of the cutter
spindle. We now set the cutter out of centre the trial distance
by means of the cutter spindle dial shaft 1, Fig. 2100. The trial
distance can be about one-tenth the thickness of the tooth at the
large end in a 12-tooth pinion, and from that to one-eighth the
thickness in a 24-tooth gear and larger. The principle of trimming the teeth more at the large end than at the small is illustrated
in Fig. 2091, which is to move the cutter away from the tooth to
be trimmed, and then to bring the tooth up against the cutter
by rotating the blank in the direction of the arrow.
The rotative adjustment of the index spindle is accomplished
by loosening the connection between the index worm and the index drive, and turning the worm ; the connection is then fastened
again. The cutter is now set the same distance out of centre in the
other direction, and the index spindle is adjusted to trim the other
side of the tooth until one end is down nearly to the right thickness. If now the thickness of the small end is in the same proportion to the large end as Oc’ is to Oc, Fig. 2090, we can at once
adjust to trim the tooth to the right thickness. But if we find
that the large end is still going to be too thick when the small end
is right, the out of centre must be increased.
It is well to remember this : too much out of centre leaves the
small end proportionally too thick, and too little out of centre
leaves the small end too thin.
After the proper distance out of centre has been learned, the
teeth can be finish-cut by going around out of centre first on one
side and then on the other without cutting any central spaces at

Fig. 2099 is a side view of a gear-cutting machine.
A bevel
gear blank A is held by the index spindle B. The cutter C is all. The cutter spindle stops, JJ, can now be set to control the
carried by the cutter slide D. The cutter slide carriage E can "out of centre of the cutter, without having to adjust by the dial G.
be set to the cutting angle, the degrees being indicated on the If, however, a cast-iron gear is 5 pitch or coarserit is usually well
to cut central spaces first and then take the two out-of-centre
quadrant F.
Fig. 2100 is a plan of the machine. In this view the cutter slide cuts, going around three times in all. Steel gears should be cut
carriage, in order to show the details a little plainer, is not set to three times around.
Blanks are not always turned nearly enough alike to be cut withan angle.
out a different setting for different blanks; If the hubs vary in length
Before beginning to cut, the cutter is set central with the index
In thus varyspindle and the dial G is set to zero, so that we can adjust the the position of the cutter spindle has to be varied.
ing, the same depth of cut or the exact D’” -+ f may not always be
cutter to any required distance out of centre, in either direction,
Set the cutter slide carriage E, Fig. 2099, to the cutting angle of reached. A slight difference in the depth is not so objectionable
as the incorrect tooth thickness that it may cause.
Hence, it is
the gear, which for 24 teeth is 59 degrees 1o minutes ; the quadrant
being divided to half degrees, we estimate the Io minutes or $ de- well, after cutting once around and finishing one side of the teeth,
to give careful attention to the rotative adjustment of the index
gree more than $9 degrees. Mark the depth ofthe cut at the outside,
as in Fig. 2097. It is also well enough to mark the depth at the spindle so as to cut the right thickness.
After a gear is cut, and before the teeth are filed, it is not always
inside as a check. The thickness of the teeth at the large end is
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a very satisfactory looking piece of work. In Fig. 2092 the tooth
Lis as the cutter left it, and is ready to be filed to the shape of the
_teeth MM, which have been filed. Fig. 21o1 is the pair of gears
that we have been cutting; the teeth of the 12-tooth pinion have
been filed.
A second approximation in cutting with a rotary cutter is to
widen the spaces at the large end by swinging either the index
spindle or the cutter slide carriage, so as to pass the cutter
through on an angle with the blank sideways, called the szde angle,
and not rotate the blank at all to widen the spaces.
This side
angle method is employed in the No, 2 automatic mitre gear-cutting machine: it is available in the manufacture of mitre gears in
large quantities, because, with the proper relative thickness of
cutter, the tooth thickness comes right by merely adjusting for
the side angle ; but for cutting a few gears it is not much liked by
workmen, because, in adjusting for the side angle, the central
setting of the cutter is usually lost, and has to be found by guiding into the central slot already cut. If the side angle mechanism
pivots about a line that passes very near the small end of the tooth
to be cut, the central setting of the cutter may not be lost. With
this method a gear must be cut at least twice around ; in widening the spaces at the large end, the teeth are narrowed practically
the same amount at the root as at the face, so that this side angle
method requires a wider cutter at ¢¢’, Fig. 2091, than the first, or
rotative, method.
The amount of filing required to correct the
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WORM GEARS.—A worm is a screw made to mesh with the
teeth of a wheel called a worm-wheel.
<A section of a worm
through

its axis is, in outline, the same as a rack of correspond-

ing pitch. This outline can be made either to mesh with single or
double curve gear teeth ; but worms are usually made for single
curve, because, the sides of involute rack teeth being straight, the

tool for cutting worm thread is more easily made. The thread tool
is not usually rounded for giving fillets at bottom of worm thread.
The rules for circular pitch apply in the size of tooth parts and
diameter of pitch circle of worm-wheel.
The pitch of a worm or screw is usually given in a way different
from the pitch of a gear, viz.: in number of threads to one inch of
the length of the worm or screw. Thus, if we say a worm is two
pitch we mean two threads to the inch, or the worm makes two
turns to advance the thread one inch. But a worm may be
double threaded, triple threaded, and so on.
To avoid misunderstanding, it is better always to call the advance of the worm

thread

the /ead.

Thus, a worm thread that

advances one inch in one turn we call one-inch /ead in one turn.
A single thread worm 4 to I inch is }-inch lead. We apply the
term ‘‘pitch” to the actual distance between the threads
or teeth.
In single thread worms the lead and the pitch are alike. If we
have to make a worm and wheel so many threads to one inch,
we first divide one inch by the number of threads to one inch,
and the quotient geves us the circular pitch. Hence, the wheel in
form of the teeth at the small end is about the same as in the first | Fig. 2103 is 4inchcircular pitch. The term /znear fitch expresses
exactly what is meant by circular pitch. Linear pitch has the admethod.
A third approximate method consists in cutting the teeth right vantage of being an exact use of language when applied to worms
and racks.
The number of threads to one inch linear, is the
at the large end by going around at least twice, and then to trim
reciprocal of the linear pitch.
the teeth at the small end and toward tue large with another
Multiply 3.1416 by the number of threads to one inch, and the
cutter, going around at least four times im all. This method reThus,
quires skill and is necessarily a little slow, but it contains possi- product will be the diametral pitch of the worm-wheel.
we
would
say
of
a
double
thread
worm
advancing
1
inch
in 14
bilities for considerable accuracy.
A fourth method is to havea cutter fully as thick as the spaces at turns that:
Lead
= inch or .75 inch.
Linear pitch or P’=@ inch or .375
the small end, cut rather deeper than the regular depth at the large
inch.
end, and go only once around. This is a quick method, but more
Diametral pitch or P=8.377.
inaccurate than_the three preceding: it is available in the manuTo make drawing of worm and wheel we obtain data as in
facture of large numbers of gears when the tooth face is short
circular pitch.
compared with the apex distance. It is little liked, and seldom
1. Draw centre line AO and upon it space off the distance @
employed in cutting a few gears: it may require some experimenting to determine the form of cutter. Sometimes the teeth equal to the diameter of pitch circle.
2. On each side of these two points lay off the distance s, or the
are not cut to the regular depth at the small end in order to have
usual addendum=+ inch, as 8c and dd.
them thick enough, which may necessitate reducing the adden3. From c lay off the distance ¢ 0 equal to the radius of the
dum of the teeth, s’, at the small end by turning the blank down.
worm.
The diameter of a worm is generally four or five times
This method is extensively employed by chuck manufacturers.
the circular pitch.
A machine that cuts bevel gears with a reciprocating motion,
4. Lay off the distances ¢ g and de each equal to /, or the usual
and using a tool similar to a planer tool, 1s called a gear planer,
clearance at bottom of tooth space.
and the gears so cut are said to be Dlaned.
5. Through ¢ and e draw circles about 0. These represent
One form of gear planer is that in which the principle embodied
the whole diameter of worm and the diameter at bottom of worm
is theoretically correct ; this machine originates the tooth curves
without a former. Another form of the same class of machines is thread.
6. Draw #0 and zO at an angle of from 30 degrees to 45 dethat in which the tool is guided by a former.
AO. These lines give width of face of worm-wheel.
Usually the time consumed in planing a bevel gear is greater grees with
7. Through g and d draw arcs about O, ending in #0 and Zo.
than the time necessary to cut the same gear witharotary cutter,
This operation repeated at a@ completes the outline of wormthus proportionately increasing the cost.
Pitches coarser

than 4 are

more

correct

and sometimes

less

wheel.

For 32 teeth and more, the addendum

diameter, or D,

should be taken at the throat or smallest diameter of wheel, as in
expensive when planed; it is hardly practicable, and certainly
not economical, to cut a bevel gear as coarse as 3 P. with a rotary Fig. 2103.
The foregoing instructions and sketch are for cases where the
cutter: In gears as fine as 16P. planing affords no practical gain
‘| teeth of the wheels are finished with a Zod.
in quality.
A hob is shown in Fig. 2104, being a steel piece threaded with
While planing is theoretically correct, yet the wearing of the
tool may cause more variation in the thickness of the teeth than the same tool that threads the worm, then grooved to make teeth
for cutting, and hardened.
the wearing of a rotary cutter, and even a planed gear is someThe whole diameter of hob should be at least 2 7, or twice the
times improved by filing. If gears are not correctly mounted in
clearance larger than the worm.
In relieved hobs the diameter
the place where they are to run, they might as well not be planed.
should be made still larger in order to give the proper clearance.
In fact, after taking pains in the cutting of any gear, when we

come to the mounting ofit we should keep right on taking pains.
The method of obtaining the sizes and angles pertaining to
bevel gears by measuring a drawing is quite convenient, and
with care is fairly accurate. Its accuracy depends, of course,
upon the careful measuring of a good drawing. We may Say, in
general, that in measuring a diagram, while we can hardly obtain
data mathematically exact, we are not likely to make wild mistakes.

The outer corners of hob thread can be rounded down as far as
the clearance distance. The width at top of the hob thread before
rounding should be .31 of the linear, or circular pitch=.31 P’. The
whole depth of thread should be the ordinary working depth plus
the clearance=pD"+/.
The diameter at bottom of hob thread
should be 2 / larger than the diameter at bottom of worm thread.
The thickness of cutter for grooving small hobs, say, less than two
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GEAR-CUTTING
inches in diameter, can be about 4 the width of thread at top plus
gi RGRE'
4 hI,

The width of lands

at the bottom

can be about

the depth of thread plus $”= D”+2/+4". The grooves are usually
cut with a round-edge cutter, the parallel part of cutter just reaching the bottom ofthread, making the half-round bottom ofgrooves
below the bottom of thread. In small hobs, the teeth are often not
relieved between the grooves. In large hobs, or those more than
three inches in diameter, the teeth may be cut with radial faces,
cutting the space wider at the outer part so as to leave the faces
and backs of teeth about parallel, and the teeth should be relieved.
This can be done in the universal milling machine.
A common
way in hobs two to three inches in diameter, is to relieve witha file.
The teeth of the wheel are first cut as nearly to the finished
form as practicable ; the hob and worm-wheel are mounted upon |
shafts and hob placed in mesh as in Fig. 2102.
The hob is now
made to rotate, and is dropped deeper into the wheel at each revolution of the wheel until teeth are finished. The hob generally
drives the worm-wheel during this operation. The universal milling machine is very convenient for doing this work, and with it
the distance between axes of worm and wheel can be readily
noted. There are machines for hobbing wheels, in which the work
spindle is driven by gearing so that the hob does not have to do
the work of driving the wheel. The object of hobbing a wheel is
to get more bearing surface of the teeth upon worm thread. The
worm-wheels,

Figs. 2102 and 2110, were hobbed.

By hobbing we

produce outline of teeth something like the thread ofa nut,
If we make the diameter of a worm-wheel blank—that is, to have

less than 30 teeth, by the common
finish the teeth

with a hob, we

rules for sizing blanks—and

shall find the flanks of teeth near

the bottom to be wuzdercut or hollowing. This is caused by the
interference, already referred to. Thirty teeth was then given as
a limit, which will be right when teeth are made to circle arcs.

|
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the outermost parts of teeth, as at AB, is considerably less than
the largest diameter of wheel before it was hobbed.
In general it is well to size all blanks, as by Figs. 3103 and
2105, when the wheels are to be hobbed.
Of course, if the wheel

is to be hobbed, the cutter should be thin enough to leave stock

for finishing.

The spaces can be cut the full depth, the cutter

being dropped in.
To get angle of worm thread, it is best to apply protractor
directly to the thread, as computing the angle affords but little
help. Set gear-cutter head as near the angle as can be seen
from trial with protractor upon thread ; cut a few teeth; try in
worm. Generally the cutter head has to be changed before the

worm will take the right position.
When worm-wheels are not hobbed it is better to turn blanks
like a spur wheel. Little is gained by having wheels curved to fit
worm unless teeth are finished with a hob. The teeth can be cut
in a straight path diagonally across face of blank, to fit angle of
worm thread, as in Figs. 2108 and 21104.
For dividing wheels to gear-cutting engines the blanks are
turned like a spur wheel and a cutter about ¢, inch larger diameter than the worm, is dropped in, as in Figs. 2109 and 21104,
and the worm thread is slightly rounded at the outer corners.
The radius for rounding thread can be 3 the width of thread at
the top.
With an accurate cutting engine we have found wheels like

Figs. 2109 and 21100, not hobbed, every way satisfactory.

Divid-

ing wheels of 2 feet diameter and less are generally made without
arms, the part between hub and rim being a solid web. As to the
different wheels, Figs. 2110, 2110@, and 21106, when

worm

is in

right position at the start, the lifetime of Fig. 2110, under heavy
and continuous work, will be the longest.

With pressure angle 754 degrees, and rack teeth with usual adden-

Fig. 2110a@ can be run in mesh with a gear or a rack as well as
with a worm when made within the angular limits commonly re-

dum, this interference of rack teeth with flanks of gear teeth com-

quired.

Strictly, neither two gears made in this way, nor a gear

and a rack would be mathematically exact, as they might bear on
the whole flank in wheel of 12 teeth.
the sides of the gear or at the ends of the teeth only and not in the
In Fig. 2105 the blank for worm-wheel of 12 teeth was sized by middle.
At the start the contact of teeth in this wheel upon
the same rule as given for Fig. 2103. The wheel and worm are worm thread is in points only ; yet such wheels have been many
sectioned to show shape of teeth at the midplane of wheel. The
years successfully used in elevators.
flanks of teeth are undercut by the hob. The worm thread does
Fig. 21100 is a neat looking wheel. In gear-cutting engines,
not have a good bearing on flanks inside of A, the bearing being . where the workman has occasion to turn the work spindle by
that of a corner against a surface.
hand, itis not so rough to take hold of as Figs. 2110 and 2110a.
In Fig. 2106 the blank for wheel was sized so that pitch circle
Some designers prefer to take off the outermost part of teeth in
comes midway between outermost part of teeth and innermost
wheels (Figs. 2102 and 2119), as shown in these two figures, and
not leave them sharp, as in Fig. 2108.
point obtained by worm thread.
This rule for sizing worm-wheel blanks has been in use to some
SPIRAL GEARS—CALCULATIONS
FOR PITCH OF SPIRALS.—
extent. The hob has cut away flanks of teeth still more than in When the teeth of a gear are cut, not in a straight path, like a
Fig. 2105. The pitch circle in Fig. 2106 is the same diameter as spur gear, but in a helical or screw-like path, the gear is called,
the pitch circle in Fig. 2105. The same hob was used for both
technically, a twisted or screw gear, but more generally, among
wheels. The flanks in this wheel are so much undercut as to mechanics, a spiral gear. A distinction is sometimes made bematerially lessen the bearing surface of teeth and worm thread.
tween a screw gear and a twisted gear. In twisted gears the
In the previous remarks the interference of teeth in high-numpitch surfaces roll upon each other, exactly like spur gears, the
bered gears and racks with flanks of 12 teeth was remedied by axes being parallel. Inscrew gears there is an end movement,
rounding off the addenda.
Although it would be more systematic
or slipping of the pitch surfaces upon each other, the axes not
to round off the threads of a worm, making them, like rack teeth,
being parallel. In screw gearing the action is analogous to a
to mesh with interchangeable gears, yet this has not generally
screw and nut, one gear driving another by the end movement of
been done, because it is easier to make a worm-thread tool with
its tooth path. This is readily seen in the case of a worm and
worm-wheel, when the axes are at right angles, as the movement
straight sides.
.
Instead of cutting away the addenda of worm thread, we can
of wheel is then wholly due to the end movement of worm thread.
avoid the interference with flanks of wheels having less than 30 But as we make the axes of gears more nearly parallel, they
teeth by making wheel blanks larger.
may still be screw gears, but the distinction is not so readily seen.
The flanks of wheel in Fig. 2107 are not undercut, because the
We can have two gears that are alike run together, with their
axes at right angles, as at A B, Fig. 2112.
diameter of wheel is so large that there is hardly any tooth inside
the pitch circle. The pitch circle in Fig. 2107 is the same size as
The same gear may be used in a train of screw gears or in a
pitch circles in Figs. 2105 and 2106. This wheel was sized by the train of twisted gears. Thus, B, as it relates to A, may be called
following rule: Multiply the pztch diameter of the wheel by .937,
a screw gear ; but in connection with C, the same gear, B, may be
and add to the product four times the addendum (45) ; the sum
called a twisted gear. These distinctions are not usually made,
will be the diameter for the blank at the throat or small part.
and we Call all helical or screw-like gears made on the universal
To get the whole diameter, make a sketch with diameter of throat milling machine sfiral gears.
When two external spiral gears run together, with their axes
to the foregoing rule and measure the sketch.
It is impracticable to hob.a wheel of 12 to about 16 or 18 teeth
parallel, the teeth of the gears must have opposite hand spirals.
when blank is sized by this rule, unless the. wheel is driven by in- _ Thus, in Fig. 2112, the gear B has right-hand spiral teeth, and
dependent mechanism and not by the hob. The diameter across the gear C has left-hand spiral teeth. When the axes of two
mences at 31 teeth (3174 geometrically), and interferes with nearly
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spiral gears are at right angles, both gears must have the same
hand spiral teeth. A andB, Fig. 2112, have right-hand spiral teeth.
If both gears a and B had left-hand spiral teeth, the relative direction in which they turn would be reversed.
The spiral or pitch of spiral is the distance the spiral advances
in one turn. Strictly, this is the /ead of the spiral. A cylinder or
gear cut with spiral grooves is merely a screw of coarse pitch or
long lead; that is, a spiral is a coarse-pitch screw, and a screw
is a fine- pitch spiral.
In screws the pitch is often given as so many threads to one
inch; thus, a screw of 3-inch lead is said to be two threads to

the inch. The reciprocal expression is not much used with spirals.

For example, it would not be convenient to speak of a spiral of
6 inches lead as } thread to one inch.
The salculations for spirals are made from the functions of a
right-angle triangle.
Cut from paper a right-angle triangle, one side of the right
angle 6 inches long, and the other side of the right angle 2 inches.
Make a cylinder 6 inches in circumference. It will be remembered that the circumference of a cylinder, multiplied by .3183,
equals the diameter—6 inches x .3183=1.9098 inches.
Wrap

the paper triangle around the cylinder, letting the 2-inch side be
parallel to the axis, and the 6-inch side perpendicular to the axis
and reaching around the cylinder. The hypothenuse now forms
a helix or screw-like line, called a spiral. Fasten the paper triangle thus wrapped around, (See Fig. 2113).
If we now turn this cylinder
ABCD in the direction of the
arrow, the spiral will advance from Oto E. This advance is the
pitch of the spiral.
The angle EOF, which the spiral makes with the axis E 0, is

the angle of the spiral.

The circumference of the cylinder cor-

responds to the side offosite the angle.

The pitch of the spiral

corresponds to the side adjacent the angle. Hence the ue for
getting angle of spiral:
Divide the circumference of the cylinder or spiral by the
number of inches of spiral to one turn, and the quotient will be
the tangent of angleof spiral.
When the angle of spiral and circumference are given, to find
the pitch:
Divide the circumference by the tangentof angle, and the
guotient will be the pitch of the spiral.
When the angle of spiral and the lead or pitch of spiral are
given, to find the circumference:
Multiply the tangent of angle by the pitch, and the product
will be the circumference.
When applying calculations to spiral gears the angle is reckoned
at the pitch circumference and not at the outer or addendum circle.
It will be seen that when two spirals of different diameters have
the same pitch the spiral of less diameter will have the smaller

angle.

Thus, in Fig. 2113, if the paper triangle had been 4 inches

long instead of 6 inches, the diameter of the cylinder would have
been 1.27 inches and the angle of the spiral would have been only
234 degrees.
When two spiral gears are in mesh the angle of spiral should
be the same in one gear as in the other, in order to have the shafts
parallel and the teeth work properly together. When two gears
both have right-hand spiral teeth, or both have left-hand spiral
teeth, the angle of their shafts will be equal to the sus of the
angles of their spirals. But when two gears have different hand
spirals the angle of their shafts will be equal to the difference of
their angles of spirals. Thus, in Fig. 2112, the gears A and B both
have right-hand spirals. The angle of both spirals is 45 degrees,
their sum is go degrees, or their axes are at right angles. But C
has a left-hand spiral of 45 degrees.

Hence, as the difference be-

tween angles of spirals of B and C is o, their axes are parallel.
When the two gears have the same number of teeth the pitch
of the spiral will be alike in both gears. But when one gear has
more teeth than the other the pitch of spiral in the larger gear
should be longer in the same ratio. Thus, if one gear has 50 teeth
and the other gear has 25 teeth, the pitch of spiral in the 50-tooth
wheel should be twice as long as that of the 25-tooth wheel. Of
course, the diameter of pitch circle should be twice as large in the
so-tooth as in the 25-tooth wheel.

In spirals where the angle is 45 degrees the circumference is
the same as the spiral pitch, because the tangent of 45 degrees
is I,
Sometimes the circumference is varied to suit a pitch that can
be cut on the machine and retain the angle required.
This
would apply to cutting rolls for making diamond-shaped impressions where the diameter of the roll is not a matter of importance.
When two gears are to run together in a given velocity ratio, it
is well to first select spirals that the machine will cut of the same
ratio, and calculate the numbers of teeth and angle to correspond. This will often save considerable time in figuring.
The calculations for spiral gears present no special difficulties,
but sometimes a little ingenuity is required to make work conform to the machine and to cutters. It is a good plan to make a
trial piece for each gear, and to cut a fewteeth in each trial piece
to test the setting of the machine. These trial pieces are called
“dummies.” If the gears are likely to be duplicated, each dummy
can be marked and kept for future setting of the machine. Stamp
all the data on the dummies ; it is better to spend a little time in

marking dummies than a good deal of time hunting up, or trying
to remember, old data.

Let it be required to make two spiral gears to run with a ratio
of 4 tol, the

distance

between

centres

to

be

3.125 inches

(34 inches).
The diameters of pitch circles will be § inches and 1} inches. Let
us take a spiral of 48 inches pitch for the large gear, anda spiral of
12 inches pitch for the small gear. The circumference of the 5-inch
pitch circle is 15.70796 inches.
Dividing the circumference by
the pitch of the spiral, we have 15-19795— 32724 inch

of angle of spiral.

for tangent

In the table the nearest angle to tangent,

.32724 inch, is 18 degrees 10 minutes.

As before stated, the angle

of the teeth in the small gear will be the same as the angle of
teeth or spiral in the large gear. Now, this rule gives the angle
at the pitch surface only. Upon looking at a small screw of
coarse pitch, it will be seen that the angle at bottom of thread
is not so great as the angle at top of thread; that is, the thread
at bottom is nearer parallel to the centre line than at the top.
This will be seen in Fig. 2114, where

A O is the centre line;

5 f shows direction of bottom of thread, and @ g shows direction of top of thread. The angle A/ 4 is less than the angle a g d.
This difference of angle -is due to the warped nature of a screw
thread, and sometimes makes it necessary to change the angle for
setting work from the figured angle, when a rotary disk cutter is
used, to prevent the cutter from marring the groove as the teeth
of cutter enter and leave. How much to change the angle can be
seen by inspection when cutting the dummies.
The change of
angle will be more in a small gear ofa given pitch than in a large
gear of the same pitch.
A rotary disk cutter is generally preferable, because it cuts
faster and holds its shape better.
Yet it is hardly practical to
cut low-numbered pinions with rotary disk cutters, because for
some distance below the pitch line the spaces are so nearly
parallel. <A part of the difficulty can be removed by making the
cutter as small as is consistent with strength.
Still more of the
trouble can be done away with by making a cutter on a shank,

the centre of the work and the centre of shank cutter then being
in the same plane. When using a shank cutter the centre of the
work is perpendicular to the centre of the cutter, no adjustment
for angle being made.
Strictly, a shank mill does not reproduce
its own shape in cutting a spiral groove. In using a shank cutter,
more care is necessary to see that the work does notslip. It may
be well to rough out with a disk cutter and finish with a shank
cutter. There is generally not much difficulty in involute or singlecurve spiral gears with disk cutters.
A cylinder 2 inches in diameter is to have spiral grooves 20 degrees with the centre line of cylinder ; what will be the pitch of
spiral? The circumference is 6.2832 inches. The tangent of 20
degrees is .36397. Dividing the circumference by the tangent of
angle, we obtain 52§$}=17.26 inches + for pitch of spiral.

Before cutting into a blank it is well to make a slight trace of
the spiral, with the cutter, after the machine is geared up, to see
if the gears are properly arranged. Attention to this may avoid
spoiling a blank.
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GEAR-CUTTING
The cutting of spiral gears develops some curious facts to one
who may not have studied warped surfaces.
In the universal milling machine we can cut a class of warped
surfaces that will fit a straight edge in two directions. Thus, in
Fig. 2114, if it were possible to reduce the diameter of screw and
then cut the thread clear down to the centre line A O, the bottom

of the thread would be a straight line running through the centre,
or the line AO itself. The sides would still be straight as in the
figure. If we should cut a spiral groove with a plain rotary disk
cutter,

having

parallel

sides,

the shape of the

grooves

would

have but little resemblance to that of the cutter. Taking advantage of this principle, we learned the fact that spiral gears can
be planed with a rack tool.
The gears, Fig. 2112, were planed. The tool was of the same
shape as the spaces in the rack DD, Fig. 2111.
All spiral gears
of the same pitch could be planed with one tool.
The nature of this can be seen when we consider that straight
rack teeth can mesh with spiral gears, as in Fig. 2111.
GOULD & EBERHARDT’S
“ VICTORIA" ENTIRELY
AUTOMATIC GEAR-CUTTING MACHINE.—Figs. 2115 and 2116 represent the latest type of the above-named machine, which is
intended for heavy and rapid work. It is driven throughout by
a spiral or helical gearing and is so constructed that each function
of the machine must be automatically completed before the next
one can begin. But one belt is used in driving the whole machine ;
the pulley or driving shaft is geared direct to the driving mechanism, and all derive their respective and separate movements

positively, and thus are not affected by the slip that accompanies
mechanism driven by belts.
The worm-wheel is made in two sections, and by the simple
movement of a lever the worm can be engaged for working and

disengaged for resting.

A micrometer adjustment allows for the

turning of the worm-wheel by hand to permit any recutting of
teeth if desired. The worm and worm-wheel are entirely encased
to keep out all dust, etc., but a tight-fitting slide on the encase-

ment can be opened to allow for inspection of the movement when
the worm and worm-wheel are brought together. In connecting
and disconnecting the worm and worm-wheel, the driving gears
to the worm are constantly kept in mesh, thus making but one
movement.
The machine will divide and cut all numbers of teeth
from 4 to 100 and all from 100 to 450 except the prime members
and their multiples.

A spiral rack is used for driving the cutter slide, which ailows
for the return of the cutter at avery rapid rate; the rack terminating directly in back of the cutter in the centre of the slide gives
it a direct central thrust. The spiral driving gears to the cutter
mandrel are thoroughly deluged in oil by running in oil-tight casings. All gears in the driving mechanism are encased and are
lubricated by means of oil tubes which terminate and are fed from
without. It is only necessary to change two gears to obtain any
feed desirable.
An index fastened to the feed box indicates the
gears to be used for various speeds.
When desirable, the cutter can be fed through or returned by
hand. A novel style of handle is employed to perform this, and
whenever it is not being used it disengages automatically from the
feed and remains stationary.
A support which rests central on the sliding surface holds long
taandrels firm and rigid, and it is not necessary to disturb the ad-

justment in the changing of work.
All gears, with the exception of the pair connecting with the
worm

direct, are on fixed centres, and gears

used for the various

movements are of different pitches, so that they cannot be used
for the wrong work. An automatic ail pump, easily detached,
conveys lubricant to the cutter.
Fig. 2117 represents what is termed by its makers Eberhardt’s
patent new-type automatic gear cutter, which is made in sizes to
cut gears up to 103 inches in diameter by 20-inch face, and weighs
about 16,000 pounds.
It will cut up to 6-inch circular pitch.
The general features of this machine correspond to those of this
well-known type of gear cutter. It possesses, however, a pan
cast around

the base

of the machine

for holding

a lubricant,

which is automatically pumped to the cutter to keep it and
the work cool, thus eliminating the errors that are induced
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in the cutter and in the work when either of them increase in
temperature as the cutting proceeds, which is more especially
liable to occur under heavy cuts and rapid feed. Furthermore, keeping the cutter quite cool very greatly preserves the
cutter edges. Changes in the rate of feed by change gearing,
an index of the range being affixed to the machine.
The quick
return of the cutter slide is uniform and independent of the rate
of feed. The cuttings are removed from beneath the cutter automatically.
THE FELLOWS GEAR-SHAPING MACHINE.—This machine belongs to that class in which the mechanism of the machine generates the shape or form of the work it is to produce positively and
automatically. The centre idea in the design of the machine is to
use, aS a cutting tool, a pinion by means of which all the wheels
in a train of gearing from a pinion to a rack can be cut with one
cutter, which is in the form of a gear used asa tool, and cutting on
the ends of the teeth, while receiving a reciprocating motion.
As soon as the cutter has been fed into the work the proper
distance to cut a tooth of correct depth in the work, both the work
and the cutter are given a slow rotary motion precisely as if they
were two gears rolling together, the cutter in the meantime continuing its reciprocating motion.
The cutter thus generates a
gear tooth on the blank, which tooth has a perfect rolling contact

with the cutter. As all sizes of gears cut with this cutter mesh
with it, it is evident that they will mesh together ; consequently,
one cutter produces an interchangeable set of gears from 12 teeth
to a rack.

|

The principle of the machine for grinding the cutter will be
understood from Fig. 10, Plate XXI.-L. If a gear is rolled over a
rack, each part of the working face of the gear tooth comes in
contact with the corresponding face of its mating rack tooth. As
the theoretical involute rack tooth has a straight face, we can
substitute for one side of one tooth an emery wheel, inclined to
the proper angle.
Controlling the movement of this gear, by
means of steel tapes, it can be given a rolling motion over the face
of the emery

wheel,

which

motion

will correspond to that of the

imaginary gear with its rack, and as a result, the emery wheel
generates an involute curve, which is as near to absolute perfection as is possible to produce mechanically. This process is continued step by step until both sides of all of the teeth are ground.
The face of the emery wheel is kept true and in position by a
mechanically controlled diamond tool.
Operating the Machine.
(Plates XXI.-G to XXI.-L.)—The
operations of the machine may be divided into three parts : one giving a reciprocating motion to the cutter ; one feeding or rotating the
cutter and the blank at their proper relative speeds, and one withdrawing the work from contact with the cutter on the return stroke.
The ram carrying the cutter operates vertically, similar to a slotting machine.

Figs. 1,2, and

3showthecutter driving mechanism.

Power is taken from the driving cone, and transmitted through
the internal or annular gear to the crank, giving a reciprocating
motion to the rack bar. This motion is carried to the cutter by
means of the rack shaft, which drives a helical pinion, engaging
a rack on the cutter slide, Fig. 4.

The length of the stroke is ad-

justed at the driving crank, which is graduated. The saddle in
which the ram slides is adjustable on the bed for different diameters of work. This is accomplished by means of a crank wrench
operating the nut which engages the long screw seen at the front
of the machine in Fig. I.
The cutting may take place either during the upward or downward stroke, but the upward or drawing stroke is preferable for
most work.
For the drawing cut a support, held in the saddle,
is placed at the top of the work, directly over the cut. This takes
all the thrust, and confines the cutting strains to the saddle
The feed of the machine consists of two parts: The first, or
radial feed, draws the cutterinto the blank the proper depth ; the
second, or rotary feed, gives the cutter and the blank their proper
relative rotary speeds, which is the same as two gears meshing
together. The screw by which the saddle is held in position has
a lengthwise motion, which motion is controlled by the nut, Fig. 1.
This nut is an extension of the pilot wheel. The rim of the pilot
wheel is graduated, the proper position of each pitch being indicated, In setting up the machine forthe operation of cutting, the

MODERN

68

MACHINE

pilot wheel is turned until the pointer indicates the required pitch,
which operation moves the cutter away from the work an amount
equal to the depth of the tooth to be cut. The saddle is now
brought up to the work by means of the crank wrench until the
cutter comes in contact with a flat gauge held between it and the
work. Allowance for the thickness of this gauge is made in graduating the dial.
The dial or pilot wheel is now given an intermittent motion by means of a pawl and ratchet, operated by the
eccentric at the back of the driving crank, Fig. 2. This draws
the cutter into the work until the proper depth is reached, when
a locking pin is released, which automatically engages the rotary
feed. This feed continues until the lower index and the work have
made a trifle over a complete revolution, at which point the
feed is tripped, ringing a bell.
In order to accurately control the cutter and the work, each is

provided with an index wheel, the worms of which are connected
by the horizontal and the vertical shafts shown in Fig. 1. Power
is transmitted from the small cone above the driving shaft to the
cone on the horizontal feed rod, producing the rotary feed.
It now remains to describe the mechanism for relieving the cutter
from contact with the work on the return stroke. This is shown
by Figs. 5 tog. Fig. 5 is a plan of the cabinet, or base of the machine, the upper part with the cutter operating mechanism being
removed. Figs. 6 tog show the method of controlling the work spindle during the operation of cutting, at the same time allowing it to
be withdrawn from contact with the cutter during the return stroke.
The

quill, in which the work

spindle

rotates, is forced

into the

apron, or swinging arm. A portion of the casting around the top
and bottom of the quill is cut away, allowing the quill to bear in
a corresponding seat in a lug on the main casting or cabinet.
The apron is pivoted to the short end of a lever, Fig. 5, the long
end of which receives an intermittent motion, timed to take place

at each end of the stroke of the cutter. Figs. 8 and 9g show the
relative position of the plungers and roller operating this lever,
Fig. 8 being their position in the middle of the upward or cutting
stroke, and Fig. 9 of the downward or return stroke.

The quill,

carrying the work spindle, is thus rigidly held in contact with its
seat in the cabinet, while the cutter is operating, and withdrawn
on its return.
The method of holding the work is another distinctive feature
of this machine. A number of blanks may be chucked together, as
shown in Plate XXI.-G, in which

four blanks are shown.

The

arbor has an inverted taper, and is drawn into its seat by a face
plate threaded to it, Fig. 6. The work is now clamped to the
face plate, the whole making the most rigid combination possible.
The face plate is not a necessity, but where the quantity of work
will warrant the expenditure it is advisable. When not used, its
place is taken by a loose washer.
The back gear, shown in Fig. 4, consists of two gears, an outer
and internal gear, between which are the driving pinion and an
intermediate gear. When the driving pinion is in mesh with the
internal gear a slow feed results. <A partial turn of the eccentric
quill, carrying the bearing of the driving spindle, brings the intermediate gear to mesh with the smaller external gear, doubling
the speed.
These gears are all cut on this machine with the
regular cutter.
The claims for the machine
heads as follows :
Accuracy.

may be summed

up under three

1. It cuts a theoretically correct tooth.
z. An error in spacing is an impossibility.
3. Cannot produce an incorrect tooth by setting ine cutter
‘off the centre.”
4. A variation in the diameter of the blank does not produce
noisily running gears,
5. Gear teeth bear to the extreme point.
Simplicity.
1, Only one cutter of each pitch is necessary. Five cutters
cover the ordinary range of work.
2. No depth gauge is required ; the machine attends to that
automatically.
3. The quality of the work does not depend upon the operator.
The ‘‘ personal equation” is entirely eliminated. Given a cer-
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tain cutting speed and feed, the quality of the work is always the
same.
Output.
1. It will cut more gears than any other machine.
2. It will cut internal gears.
3. It will plane close to a shoulder or into a recess.
4. The work is held by the “face plate” system, by which the
work spindle, the arbor, and the work are drawn together as rigidly
as if they were one piece.
5.

The cutter travels the exact face of the blank, whereas the

rotary cutter must travel from Io to 40 per cent. more.

In the Figs. from 2118 to 2133 is illustrated the Colburn keywaycutting machine constructed by Baker Brothers, of Toledo, Ohio.
The main features of the machine are that the cutter bar is
operated vertically from below in a rigid and accurately guided
slide operated by rack and pinion motion, a reciprocating motion
being obtained by a friction clutch between two driving pulleys
(one for the upward and

the other for the downward

motion), the

friction clutch being operated by a tappet motion.
The cutter bar is given rigidity and accurately guided at its
upper end by a guide spindle screwed on to its upper end and
passing through a horizontal guide arm carried by a vertical post
secured

to, but adjustable

upon, the work table.

The work table or platen is capable of being set at an angle so
as to cut keyways taper in their depth, and is provided witha
graduated segment of circle and an index pointer for that purpose.
The cutters or cutting tools are made to the correct width of
the keyways and are ground to resharpen them on the end face
only, so that the grinding does not alter their shape or size.
Figs. 2118 and 2119 are illustrations of two different sized machines known as Nos, I and 3, the principles of construction
being the same and consisting of a framework carrying a cutter
bar operating vertically and cutting on the downward stroke.
The upper end of the bar screws upon the lower one just above
the tool and is guided by an arm supported by a rigid post. This
arm is adjustable for height upon the post to suit different depths
of work and is readily clamped in its adjusted position. The post
may be for large work set back upon a seat and so adjusted in
position as not to be inthe way when it happens that the required
key seat is to be dead in line with the arm of:a pulley or wheel,
as illustrated in Fig. 2120.
Fig. 2121 is a view of the lower guide bar, showing the manner
of clamping, adjusting, and centring cutter bar in same.
This
guide bar is of such construction that the wear on the sides is
taken up without altering the truth of its position in the frame.
The back is cast with an open space leading down and opening
in front. Any loose chips falling backward will fall into this
opening and come out in front, clear of all running parts of the
machine.
This is a very important feature, and effectually prevents all chips from lodging in the rack or against the sides of the
bearings.
Fig. 2122 is a rear view of the cutter bar, showing a lateral slot
cut into its side.

A feather in the back of the bearing, Fig. 2124,

fits this slot, thus always bringing the cutter into a central position.
Fig. 2123 is a sectional view of the bushings in the upper arm
through which the upper guide bar travels. It is chambered out
in the centre for oil, which is fed into it through the upright
groove.
Fig. 2124 is a view of the bushing used for a smaller size bar.
This fits the lower guide the same as the large cutter bar, and
has a feather inside its bore, which centres the bar. Being split
on one side, it can be clamped tightly against it.
Fig. 2125 is an enlarged view of the upper end of cutter bar
and lower part of upper guide bar, showing clearly the manner
of fastening them together. The upper end of cutter bar is made
to fit snugly into the socket of the guide bar, and they are
securely held together by the threaded portion as shown. When
these parts are together, the whole bar is quite rigid.
Fig. 2126 is a view showing the bars vertically separated.
The cutting tool, Fig. 2127, is made to fit closely into the slot
in the bar, and is held in position by the hardened steel set screws.
The cutters are all accurately milled to size, both on their shanks

and cutting faces.

The shanks are all made to standard gauges.
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GEAR-CUTTING
Fig. 2128 1s a view of a cutter for rack-cutting attachment.
The cutters are made to cut racks of any length or pitch, and up
to 6 inches wide.
They are accurately made and will keep their
correct shape until ground clear down.
Fig. 2129 shows the chuck for centring work that is turned on

the outside and faced up. The chuck is adjusted for position on
the work table and bolted there, and when once set, any number
of pieces can be key seated with the assurance that all will be
equally true, while the micrometer will assure that all the keyways are exactly alike for depth.
Fig. 2130 shows the machine with a gear wheel in place to be
key seated, and Fig. 2131 with a rack in position for cutting its
teeth.
Figs. 2132 and 2133 show different views of the centring attachment; by means of which pieces of work are instantly and accurately centred by the bore, and located on the table always at
the same distance from end of the micrometer screw.
The centring flange being stationary, this distance

must

always

be the

same; consequently, the micrometer being set for the proper
depth of keyway, all will be cut alike. The micrometer is graduated to thousandths of an inch, giving it a very fine adjustment.
Turning the screw, ¢, regulates the depth of the cut at each stroke
of cutter, until the micrometer screw ¢ comes in contact witha
stop under table, when

it can be fed in no

way is at its proper depth.
bored only and left rough
longer and

fits the bore

farther, and the key-

Where the piece to be key seated is
on the outside, the bushing is made
closely, thus chucking

the same

accu-

rately without facing the hub. In this manner considerable time
is saved, and the keyway cut perfectly true. This device adapts
the machine for a great variety of work, especially among the
manufacturers of pulleys, agricultural and mill machinery, windmills, etc.

For work

that is faced on the hub, one

flange will

centre a great variety of sizes in the manner shown by Fig. 2133.
A more complete description of the machine is given in the
patent as follows:
Referring to Plates XXI.-P and XXI.-Q, Fig. 1 is a side eleva-

tion of the entire machine.
chine.

Fig. 2 is a front elevation of the ma-

Fig. 3 is a vertical section of the machine on line A, Fig. 1,

viewed in the direction of the arrow B. Fig. 4 is a cross section on
line C, Fig. 1, showing the manner of gearing this machine. Fig.
5 is an enlarged section of the driving and friction pulleys, and
a portion of the mechanism for operating the same. Fig. 6 is a
plan. Fig. 7 (in two parts) represents side views of portions of
the reversing mechanism.
Fig. 8 is an enlarged view of the top
of the table, showing the feed mechanism.
Fig. 9 is an enlarged
view of the front of the table. Fig. 10 is an enlarged view of the
front of the table, showing the mechanism underneath in section
on line D, Fig. 11. Fig. 11 is an enlarged side view of the table,
showing the mechanism for tilting the same.
Fig. 12 is an enlarged top view of the centring or radially locating device.
Fig. 13 1s a rear elevation of a portion of the machine, showing
the arm moved to the position illustrated in Fig. 2120. Fig. 14
is an enlarged view of the dog and part of the disk shown ‘n
Fig. 1. Fig. 15 is a section of the lower guide bar on line P,

Fig. 4.

Similar letters and figures refer to similar parts through-

out the several views.
The

arm

J, column

K, and standard

L, constitute

the frame-

work of the machine.
The lower guide bar Q has a vertical
movement in a bearing, preferably Y-shaped, in the front of the
standard L, as shown in Fig. 4. The bearing being V-shaped,
the wear is readily taken up by tightening the screws on the cap
R. The lower guide bar is actuated by a train of gearing, as
shown in Fig. 4.
The shaft Ss, journaled in the bearings M and M', carries on its
outer left-hand end a set of friction pulleys
TT'T”. By means
of an

open

and a crossed

belt, and

mechanism

hereinafter

de-

scribea, a rotary motion is given to the shaft $ in either direction.
On the shaft S is keyed a pinion U, the teeth of which engage
with the large gear v, keyed to the shaft w, journaled in the bearings N and N’. To the outer left-hand end of the shaft w is
keyed another pinion x, which engages with the large gear Y,
keyed to the shaft Z, journaled in the bearings O and oO’.

To this

shaft Z is keyed another pinion a, the teeth of which engage with
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the teeth in the rack of the lower guide bar Q.

‘Tnus, it is obvi-

ous that a large amount of power may be readily transmitted to
the aforesaid guide bar Qg. On the front end of the arm J is an
adjustable bearing, into which the upper guide bar @ is fitted. At
the upper extremity of the said upper guide bar is a hand wheel
c.
At its lower extremity this bar is bored and threaded as
shown at d, Fig. 3. A bar e, carrying a suitable cutter/,having
at its upper extremity a thread, is adapted to fit into the opening
d. The lower end of the bar is fitted to the upper end of the
lower guide bar Q, thus bringing shaft 6, cutter bar ¢, and lower

guide bar Q into line with each other.
The two upper outwardly projecting sides K’ and K”, Figs. 1, 2,
and 3, of the standard L are aceurately bored as a bearing for the
rockers 1 and I’. These rockers are segments of a circle whose
vertical centre lies in the plane of the top of the table £ and in
line with the vertical centre of the cutter bare.
These rockers
are attached by suitable means to the slide /, Fig. 11. To this
slide 7 is attached the table £, which is adapted to slide in a direction corresponding to either of the arrows m or m’, Fig. 1.
The
mechanism for accomplishing this purpose and for regulating
the amount of movement to be given the table is as follows:
To the under side of the table & is fastened the rack m, Fig. 8.
To a projection Z’ of the slide / is fastened

a stud o, Fig. 10, hav-

ing at its upper end and securely fastened to it a pinion 7’, engaging with the teeth of the rack a. At the lower extremity of
the stud o is a polygonal head o'. A wrench J, adapted to fit the
head o’, having a rather long handle, is passed over the head of
the stud 0, and the lower cap or flange o” secured to the head o’,

thus preventing the wrench # from falling off when allowed to
rest in the position shown in Fig. 11. Having drawn the wrench
into the position shown in Fig. 8, by raising it to the position
shown in Fig. 1o, and thrusting it back in the direction of the
arrow g to the position shown by the dotted lines, Fig. 8, and
dropping it on the head o’ again, it is now ready to be again
drawn forward to its former position.
It is obvious that the stud, moving in a rigid bearing in a projection of the slide 7, having firmly secured to it a pinion whose
teeth engage with the rack #, and having motion given to it by
means of the wrench 4, as aforesaid, will, through the mechanism
hereinbefore described, convert motion to the table to which the

material is secured.
The material to be operated upon being fastened to the table &
by suitable means, the machine is putin motion. By moving the
handle of the wrench # toward the front of the machine the work
is brought in contact with the cutter fin the vertically moving
bar e. On the projection 7’ of the slide / are two lugs 7 and 7’.
On

the front of the table are two

ears, s and s’, either a part of

said table or fastened thereto. A screw #/is threaded into ears
in line with the lug 7. The depth of the cut to be taken at each
stroke is gauged by turning the screw ¢ outwardly away from the
lug 7, the distance from the lug 7 to the end of the screw at 7”’ being the depth of each cut. Another screw #' is threaded into the
ear s’ and projects through to the lug 7’ on the projection /' of the
slide 7. Firmly fastened to the ear s’ is a graduated plate s’.
Into a recess of the plate s’ is fitted a sleeve 7’, held in position
by a flange at its innerend.
The sleeve 7’ is fastened to
the screw ¢ by means of a key which fits loosely in the shaft
and tightly in the sleeve.
To the part of the sleeve f extending outside of the plate s” is fitted a pointer or index
finger v, adapted to be clamped in position on sleeve f by
means of a screw a’. To regulate the depth of the slot to be cut
in the work, the screw 7#' is first screwed

in until its end contacts

with the lug 7’, the work on the table having first been brought in
contact with the cutter fin the cutter bar ¢. The index finger
v is then turned around on the sleeve #’ to the zero mark on the
graduated plate s’’ and clamped in position by means of the
screw uv’. The screw #' is then turned outwardly the requisite
number of turns, each turn corresponding to a fraction of an inch
and being indicated by the index finger on the graduated plate.
The screw is then allowed to remain in its position, the work
being fed in at each stroke by the other screw ¢ until the end of
the screw /' again contacts with the lug 7’, when the slot has been
cut its required depth.
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To the under part of the slide 7, at both sides, are fastened the j of them. On the outer end of the shait 21 is a collar 31, Figs. §
and 7, having a deep groove in its periphery. Another shaft 31’,
quadrants w and w’. Two ears, x and x’, fastened to the standard
is secured in bearings and rests at right angles to shaft 21, to one
L, overlap flanges on the rockers1 and 1’, thus holding them firmly
end
of which is fastened a forked projection 33, the arms or finto their bearings in the standard. By means of this mechanism
gers
of which are adapted to fit loosely in the groove of the collar
the table can be tilted in either direction. The amount of slant
or the degree of the taper to be cut can be determined by the 31. At the other end of the shaft is a projection or dog 34. To
the outer right-hand end of the shaft Z, Figs. 1 and 4, is fastened a
pointer secured to the rocker 1'and moving over the graduated
arc on X’.. The desired angle being obtained, the table is held in circular plate or disk 35, having a circular T-slot on its outer face,
position by clamping the quadrants to the standard by means of near its circumference, as shown in Fig. 14, to which is secured
the screws zand 2’. On the quadrant w’ is an ear or lug I. two tappets 36 36, having outward projections and held in position
by means of the nuts 37 37 and bolts 38 38. By loosening the
While the table is in a horizontal position, a taper hole is bored
through this lug 1 into the standard L and fitted with a pin 2. hand nuts 37 37 the tappets can be adjusted in any position desired on the disk 35, thus gauging the length of the movement of
When it is desired to quickly bring the table from a tilted toa
horizontal position, the screws 2 and 2’ are loosened and the table the lower guide bar. The machine being set in motion and havallowed to move in its bearings K’ and kK" until the pin 2 can be ing, say, an upward stroke, the disk revolves, carrying the tappets
inserted into its original bearing. For radially locating the slot 36 36 with it until one of them comes into contact with the dog
34 on the shaft 31’, Fig. 4. This throws the dog 34 downward,
in the bore of the work a device, illustrated in Fig. 12, is used.
The plate 3 has on its lower face a tongue, which fits into the carrying the forked projection 33 with it in the direction of the
arrow 39, Fig. 4. This fork 33, by means of the collar 31 and
lateral T-slot of the table and is held in position by the bolts. To
the perpendicular surface of this plate, at right angles to the shaft 21, carries with it the pulley T’, drawing it from its contact
with pulley T into contact with pulley T’, Fig. 5. Pulley T’ is runtongue at 7,is fitted by a tongue and groove the plate 4. This
ning in an opposite direction from that of T. Thus the mechanism
plate has two sides, 8 and 9, forming any desired angle, which
is reversed, the cutter bar ¢, Fig. 1,now having a downward
sides form the same angle to a line Io, passing through the centre
of the cutter fto the point of intersection of the sides 8 and 9; motion until the other tappet 36 comes into contact with the dog
that is, the angle 8 Io must equal the angle 9 10. To bring 33, when the pulley T”, Fig. 5, is thrust back again against T”.
The machine can also be used for getting out keys, an applithe plate 4 into the position illustrated, an adjustment is made by
the bolts 11 12. The article can then be placed so that the surcation for this purpose being shown in Fig. 2134, where a
key is shown chucked in an attachment ready to be operated
faces 8 andg will come in contact with its external diameter, thus
radially locating the slot when cut in the bore of the same. This
upon.
device, when clamped to the table, also tends to keep the work
In another form of the machine a round table similar to that of
from being moved away from the cutter when in motion.
a slotting machine and having a circular feed motion is employed,
The column K is fastened to the standard L by means of the bolt as shown in Figs. 2135 and 2136. In this example the work table
14, Fig. 1, passing through its entire length into the T-slot in is set at an angle to produce taper keyways by being pivoted at
standard L and tightened at the top by a nut.
one end, the lugs w being arcs of circles secured in their adjusted
The arm J has two bearings, 15 and 16, adapted to fit the outside
position by the nut Z, the adjustment being made by the screw J’
of the column K, and adapted to be vertically adjusted thereon for and the graduations at M’.
different lengths of work and varying lengths of movements, the
In the smallest sizes of these machines the cutter bar may be
latter conforming with the movements of the lower guide bar, as operated by a crank motion. Ordinarily, however, a tappet motion
hereinafter described. The key 17, Fig. 6, serves the purpose of is used, as already stated, to operate the clutch motion which is
keeping the bearing J’ in line with the cutter bar e and the lower clearly shown in Fig. 2135. R R'is a bar held in guides ¢ 2.
The tappets U U’ are adjustable for distance apart and are secured
guide bar Q.
The column, in addition to the bolt 14, is firmly held in position in circular I grooves. T is a bell crank whose arm ¢ moves the
by the taper pins 18 18, which operate, in conjunction with key
17 in the slot 19 of the column, to bring the bearing J’ into line
with the cutter bar e.
The mechanism for reversing the cutter bar motion is as follows :
On the outer left-hand end of the shaft Ss, Fig. 5, are two pulleys,
T and T’, loosely fitting the shaft, one driven by an open, the other
by a crossed, belt.

Between

them is fitted a sleeve 20, which

keeps them the proper distance apart and prevents them from
coming together. Fitted on the outside surface of this sleeve is
loosely fitted another pulley T”’, whose outside rim is crowned or
tapered both sides from the centre. The taper rim of one side
fits the inside taper of the rim of pulley T’. Theshaft s is bored
hollow, and another shaft, 21, is fitted so as to move freely inside

of it.

The shaft S and sleeve 20 are slotted at 22.

The hub of

friction clutch into and out of gear. Sis a lever pivoted at S’ and
carrying the weight w. Now suppose the motion of the tappet
plate to be in the direction denoted by the arrow, and tappet U'’
will strike the vertical end of R and the weight v’ will be moved
out of the vertical, causing it to fall over to the right, and through

the medium of T ¢ operate the friction clutch, causing the direction of motion of the tappet plate to be seen in a direction the
reverse of that denoted by the arrow, and the tappet pin U to
eventually strike the vertical arm of R again, shifting the friction
clutch of the driving pulley and the direction of motion of the
cutter bar. Obviously, then, it is the distance apart of the tappet
pins U’ U that regulates the length of the cutter bar motion.
Fig. 2137 represents a portable key-seating machine, constructed

by F. C. Burton & Co., of Erie, Pa.; the range

of the

pulley T’ and the shaft 21 are drilled, and a pin 24 fitted into
them and held in position in the hub by two pins passing through

standard machine being from 2% to 12-inch bores, all widths desired from + up to 2} inches, and any length up to 24 inches.

projéctions provided on the hub.

There are two arbors and cutter bars.

The pin 24 fits snugly into the

internal shaft 21, and is free to move in the slot 22 of the shaft s
and sleeve 20.
By moving the shaft 21 in either direction (shown

by the double-headed

arrow 28) the pulley T’ is carried along

with it until it contacts with one

of the pulleys T or T’, which are

running in opposite directions. Motion is thus converted in either
direction to the pulley T’, the thrust against the pulleys T and T’
being taken up by the collar 29 on one end of the shaft s and the
bearing M.
A key running the whcle length of and passing through the
sleeve 20, Fig. 5, locks the pulley T’’ and shaft S together and
keeps the pulley T” from rotating without turning shaft s with it,
but does not interfere with its longitudinal motion on the sleeve.
The

sleeve

20 keeps the pulleys T and

T’ from

being drawn

together when the pulley T” is drawn or thrust away from either

The smallest is 2,4 inches

in diameter, and is supplied with eccentric taper bushes to accommodate it to all bores up to 4), inches. Thearbor is hollow, and
has within it a bar called the guide bar, which is movable up and
down by means of a screw at each end. It is planed out through
its entire length the necessary size and shape to carry within it a
tool bar, which carries two

tools of the width desired for the key

seat. It is connected to the driving carriage by means of a removable pin, and is driven back and forth through the guide bar, cutting in both directions, being fed down to the desired depths and

taper by the screws at each end.
The second arbor is 4,’ inches in diameter, and is constructed
the same as the other, but in place of using the taper bushes to
bring it in position in the bore, the arbor head or flange is made
a three-jawed chuck, and indexed to suit different bores, so the
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GEAR-CUTTING MACHINES.
jaws can be adjusted as desired.
For the other end of the hub a
movable chuck is supplied, and indexed in a similar way.
Both the arbors are supplied with a clamping device, which
clamps the work firmly and quickly in place. On each side of the
arbor are cut a series of ratchet teeth. A collar with loose ratchet
pieces is slipped on the arbor, the pieces dropping into the teeth.
By pushing the collar against the hub and turning a nut, the work
is held firmly in position. It will be seen by the foregoing description that the bore is the guide by which the machine Is set ;
therefore, no facing of hub is required.
The driving apparatus consists of two parallel screws 24 inches
in diameter, 14-inch pitch, triple threaded. They are set 6 inches
from centre to centre and run in opposite directions; between
them is an open-sided nut, which slides from one to the other
within a carriage. The nut engages in one screw and travels the
desired distance, when it comes in contact with a cam which
throws it out of gear, and it is pushed in gear by a spring with the
other screw. The nut has two ribs on its top, one of which, by
passing behind a guide, holds the nut in gear ; the other serves to

receive the pressure of the spring. By shifting the cams, springs,
and guide, any desired length of stroke can be made.
The travelling of the nut carries with it the carriage to which the cutting bar
is attached. The screws are driven by cut gears running smoothly,
and giving a very strong motion to the cutter bar. The machine
can be used in several ways: as a portable, being carried to the
work by crane or overhead tramway ; or set on a truck constructed to raise or lower it; or set ona bench

or

feet, and the

work lifted to it by hand or by small crane and chain hoist. By
the use of a third arbor, seats can be cut in bores as small as
1,3, inches by one passage of the cutter.
THE MORTON KEYWAY-CUTTING MACHINE.—A key-seating
machine, constructed

by the

Morton

Mfg.

Co.,

of

Muskegon

Heights, Michigan, isillustrated as follows: Fig. 2138 is the perspective view of the machine, which consists of a vertical cutter
bar reciprocated by a pulley and pinion motion, the cutting tool
being near the top of the bar, as shown in sectional view in Fig.

2139, and cutting on the downward stroke. The guide upon which
the crosshead

reciprocates is so constructed that it oscillates
from its centre, having bearings at its extremities, and is bored of
sufficient diameter at its centre to allow it to form a bearing on
the outside of the sleeve in which the main shaft revolves. This
practically makes the main shaft and driving pinion centrally
located with the guide. Power is supplied to the crosshead by the
steel rack and gear on the main shaft. As this guide is adjustable
to and fro it will come to a central point where it will be at right
angles or square with the table. By moving it back from the said
point, the recline of the bar would be such that a keyway finished
at this point would have the taper deepest at the bottom side. By
inclining or moving the bar from the said point a keyway finished
at this point would cut the taper deepest at the top side. From
- the mechanical principle involved the cutter bar at all times is
parallel with the guide, and no matter what the position of the
guide is, itis in perfect alignment with the cutter bar, and must
necessarily cut a keyway parallel with it.
By referring to Fig. 2139, on the front of the table will be seen
an index with scale and pointer with graduations marked 0 ¢ }.
O represents vertical point and 4 3, inch taper to the foot.
The feed is applied by means of a rack and pinion movement
operated by lever G, Fig. 2140. A represents the hand wheel for
adjusting the depth of cut, and F represents the stop gauge, which
limits the movement of the lever, and is adjusted to regulate the
depth of the keyway.
The machine is provided with an adjustable self-centring top
plate or chuck C, Fig. 2140, which is provided with T-slots for the
purpose of bolting it firmly to the’machine, and is held in position
and has perfect alignment with the table by means of tongues on
its lower side. This top plate is also provided with adjustable
Slides suitable for the different widths of the cutter bars, and forms

a bearing on each side of the bar. This adjustable slide carries
projections which come up beside the cutter bar, and as the cutter
is centrally located in the bar the projections are an equal distance
each side of the cutter. In this way the work is centred by the
bore of the wheel or the pinion being cut, Fig. 2140. In connec-
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tion with this is a micrometer adjustment for setting the machine
for the depth of keyways, the workings of which can be understood by referring to L, Fig. 2140. With this device the machine
may be set to cut a keyway of a given width, depth, and taper,
without the use of a rule, and will cut the keyway tapering deepest at either the top or bottom side, work remaining the same
side down on the table, and accurate work will be accomplished,

and as all work is centred from the bore of the wheel or pinion,
duplicate work is insured.
By referring to Fig. 2139 it will be seen that the cutter is
inserted near the upper extremity of the bar and held in place by
means ofa set screw in the end of the bar. Underneath and
adjacent to the cutter will be seen a receptacle which permits the
shavings to roll up and accumulate while the cutter is performing
its work. Immediately after the cutter passes down through the
work the chips drop out. It is not necessary for the cutter to
extend out beyond the rib in the bar—only enough to permit it to

take its cut, thus making the cutter self-contained within the bar.
The guide is supplied at its upper extremity with a hook bolt
and spring which passes through the back side of the machine kK,
Fig. 2140, and draws the guide back as soon as the pressure is
relieved by the feed lever. This allows the cutter to be relieved
on the up stroke, and preserves the cutting edge and gives freedom
for chips to pass out of the way.
The patent, key-making attachment is easily placed on the
machine, an application of which can be seen by referring to Fig.
2141. This consists of an angular vice provided with a tongue
on the bottom side, which is fitted to a slot in the top plate of the
machine.
The vice oscillates upon the said plate for the purpose
of aligning the key-making attachment with the cutter, which is

so formed that it gives a shearing cut. When in line with the
cutter, this plate is securely fastened to the vice by means of
bolts, and allows the vice to be moved to and from the cutter with-

out changing the alignment with the cutter itself. This vice is
provided with adjustable backings of different widths and a scale
corresponding with the different measurements on adjustable
scale of key-seating machine.
This attachment is also used for
removing the stock and planing off small strips and a great variety of work which will naturally appear when the machine is
operated in the shop.
The binding attachment consists of a base, with a tongue on its
lower side which

is fitted to a T-slot in the machine.

The end

of the said base being turned, to this is fitted an angular arm, on
the extremity of which is a swivel nut. This nut forms a bearing
for the hand wheel, screw, and fork, and is provided with gripping
devices to hold the attachment firmly in position. It is also provided with a notched fork, which is placed on

the top of work or

wheel.

The attachment is set so that as the swivel on the end of

the fork

comes

in contact with

the notches, the

binding

screw,

which has a slight incline, gives a forward pressure, thus centring the work with the projection H H, Fig. 2140. This attachment almost entirely dispenses with binders and bolts.
The No. I, or 6-inch stroke machine, Fig. 2142, is somewhat dif-

ferent in construction, the taper being obtained by oscillating the
guide, which is furnished with graduations for taper adjustment
and appliances for securing the guide at any desired taper. The
top plate is gibbed and fitted to the top of the column, and is furnished with feed adjustment.
r
Projections are fitted to the adjustable plate, which form a
bearing on each side of the bar, to which the work may be centred by the bore ofthe wheel or pinion being cut. It has micrometer adjustment for setting for depth and stop gauge for limiting
the depth of keyway. Sliding tables are only used on small-sized
machines, as, if used for heavy work, they are very difficult to feed.
COTTER AND KEY SEAT DRILLING MACHINE.—Fig. 2143 illustrates a machine for cutting slots or key seats by the employment
of a form of drill. The work is held in chucks upon a knee adjustable for height upon a vertical slide. The cutter drill is carried
in a vertical spindle in a carriage traversing while being revolved
for a horizontal slide.
Tappets above this slide regulate the
amount of the horizontal motion, and, therefore, the length of key

seat cut.
traverse.

The feed is put on automatically at the end ofeach slide

CHAPTER

XXV.—VICE

Nore work may be said to include all those operations performed by the machinist that are not included in the work
done by machine tools. In England vice work is divided into two

distinct classes, viz., fitting and erecting.

WORK.

pletely fill the eye, while at the same time the widening out of the
eye, as shown in top and bottom views, completely locks the eye
to the handle.

The fitter fits the

The ball pene hammer is used for what is termed pening, which

E>

OS

Fig. 2143¢.

work together after it has been operated upon by the lathe, planer,
the fitter and erects it in place upon the engine or machine.

consists of stretching the outside skin of the work so as to alter the
shape of the work.
Fig. 2144 represents a strap requiring to be closed across A, the

Fitting requires more skill than turning, and erecting still more
than fitting, but it is at the same time to be observed that the

pening being at C or D. But as pening at D would bend the
crown and unpair the bed of the brasses, it is preferable to pene

and other machine tools, and the erector receives the work from

SECTIONAL

EDGE

VIEW.

SECTIONAL

SIDE

VIEW.

BOTTOM

VIEW.

TOP

VIEW.

TOP

VIEW

HANDLED.

Fig. 21434.

operations of the erector include a great many of those of the

at Cc.

fitter.
The machinist’s hammeris made in any of the three forms shown
in Fig. 2143@, that on the left hand being the cross pane or pene ;

lines.

In either case the jaws will close as denoted by the dotted

Fig. 2145 represents another common form of connecting rod
strap, and in this case the pening may be most quickly and
effectively done at the crown as denoted by the dots ; and as this

that in the centre the ball pene, and that on the right the straight

WE

all

pene hammer. The proper shape for the eye of the hammer is
shown in Fig. 21434, A representing the top of the hammer; and it
is seen that the eye is in the sectional edge view widened out at A
and B, and this widening extends all around the eye, as shown in

the bottom view, whereas at the top it is widened out at the sides

only, so that when itis handled and wedged the handle will com-

il ll)

would alter the inside curve, the brass or box fitting into it must
be refitted.
In case the pening should be overdone it is better to
modify it by filing away some of the pened surface.
Cast iron is more rapidly affected by pening than either wrought
iron or steel. One of the most useful applications of pening is in
the case of moulding patterns, which in time may become warped

VICE
from the rapping of the pattern in the mould, and this warping
may be corrected by judicious pening, or suppose that a number
of plates, such as represented in Fig. 2146, having been cast, It 1s
found that the ends of the tongues A B curl up when cooling in
the mould, then the tongues

may be pened as at C D, throwing

73

WORK.
of the hammer

should

not

be directly vertical, but

somewhat

lateral in a direction from the centre towards the circumference.
If the countersink is a deep one, it is desirable to leave the crankpin sufficiently too long, so that after the riveting has proceeded
some time the surface of the metal which has become condensed
and crystallized from the direct impact of the hammer blows, may
be chipped away, leaving a surface that is swollen by the riveting
without being so much condensed.
This enables a much greater
spreading of the metal without splitting it.
If in this class of work the riveted piece (as the crank-pin) is

not driven in very tight before riveting, the riveting blows will be

Fig. 2148.
Fig. 2145.

them down to the requisite amount, and thus moulding the pattern
to accommodate the curling in cooling.
The riveting usually performed by the machinist is generally
upon cold metal. The blows in this case should fall dead and
the riveting be performed with a view to stretching the metal
uniformly and evenly over the surface to be riveted.
An excellent example of cold riveting is given in the crank

apt to jar the pin back.
drive the pin home.

Hence, it is necessary to occasionally

The riveting should proceed equally all

over, as if one side be riveted in advance

of the other it tends

to throw the pin out of true. When, however, the riveting begins
to bed the pin, four equidistant places may be riveted home in
advance so as to bring the pin home and hold it firmly.
THE CHISEL.—The machinist’s cold chisel is made from the
two forms of steel shown in Figs. 2149, 2150, and 2151, and of
these the former is preferable because it has two broad flats diametrally opposite and these form a guide to the eye in holding the
chisel on the grindstone, and aid in grinding the facets that form

Fig. 2149.
AN”

pin P in Figs. 2147 and 2148. C is the crank (both being shown
in section). The end of the pin should be recessed as shown at
A, so that it may be the more readily riveted outward to fill
the countersink shown in the crank at B,B.
The crank-pin is
rested upon a piece of copper D interposed between it and the

rniil5if
Fig. 2149.

Fig. 2150.

Fig. 2151.

the cutting edge true. Furthermore, as the cutting edge is in
the same plane as these flats they serve as a guide to denote
Fig. 2147.
when the chisel edge lies parallel to the work surface, which is
| necessary to produce true and smooth chipping.
iron block E to prevent damage to the finished face of the crankThe width of the chisel may be made greater, as in Figs. 2152
and 2153, for brass or cast-iron work than for wrought iron or
pin.
The riveting blows should be given with a ball-faced hammer,
steel for the following reasons.
On account of the toughness and
ana delivered with a view to stretch the whole end face of the
hardness of wrought iron and steel the full force of a 13 Ib. hamcrank-pin evenly. Otherwise the riveted surface will be apt to
mer, having a handle 13 inches long, may be used on a chisel
split as shown.
This usually occurs from not riveting the area at
about { inch wide without danger of causing the metal to break
out below the chipping line, but if such a chisel be used with full
and near the circumference sufficiently, although it may occur
force blows upon cast iron or brass the metal is apt to break out
from nveting that part of the area too much, The line of travel
VOL, II.—20.
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in front of the chisel, the line of fracture often passing below the

may be about 30° or 35°, the chisel end being kept thin so that it

level it is intended to chip down to. Hence if a narrow chisel is
used lighter blows must be delivered. But by using a broader
chisel the force of the blow is distributed over a longer length of
cutting edge, and full force blows may be used without danger of
breaking out the metal.
The cutting end of the chisel should be kept thin, as in that
case it cuts both easier and smoother.
The total length of a
chisel should not when new exceed 8 inches, for if made longer it
1s not suitable for heavy or smooth chipping, as it will bend and

may not become wedged

between

the work and the chipping,

which will bend but little, and is, therefore, apt to grip the wedge

end of the chisel. The cutting edge should be slightly rounded
in its length, which will strengthen it and also enable a fine

al
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Fig. 2155.

finishing clip to be taken off, as in Fig. 2156, the width

of the

chip not extending fully across the chisel width so that the corners
are not under duty and are not, therefore, liable to break, or dig

in and prevent smooth chipping. In some practice the edge is
made straight in its length, as shown in Fig. 2149, which is

Fig. 2152.

spring under heavy blows, and cannot be held steadily. The
forged part should not exceed about 24 or 3 inches in length, as a
long taper greatly conduces to springiness, whereas solidity is of
great importance both to rapid and smooth work. The facets
forming the cutting edge should be straight in their widths, as at
B in Fig. 2154, and not rounded as at A, so that the face next to
the work may form a guide in holding the chisel at the proper
angle to maintain the depth of the cut.
This angle depends
upon

the nature of the material to be cut; the facets forming an

Fig. 2156.

permissible in heavy chipping when a cape chisel has been used,
but in any event an edge rounded in its length is preferable.
If
the edge is hollow in its length, as shown in Fig. 2157, and magnified in Fig. 2158, the chip acts as a wedge to force the corners
outwards as denoted by the arrows, causing them to break under

angle one to the other of about 65° for cast steel and about 50° for

Fig. 2158.

Fig. 2154.

gun metal or brass. The more acute these angles the nearer the
body of the chisel lies parallel with the work and the more effective the hammer blows. Thus in Fig. 2155 chisel C is the position
of the chisel for wrought

iron, and position D is for steel.

The

angles should always be made, therefore, as acute as the hardness of the material will permit. If they are too acute the cutting
edge will be apt to bend in its length, while if not sufficiently
acute they will not cut keen enough ; hence the object is to make
them as acute as possible without causing the cutting edge to
bend in its length.
For copper and other soft metals the angle

Vi
al
iibilt'
oe
2157.

a heavy cut, and, furthermore, a smooth cut cannot be taken
when the corners of the chisel meet the work surface.
If the facets are ground under on one side, those on the other,

as in Fig. 2159, the edge will not be parallel with the flats of the
chisel, so that in holding it the flats will not form a guide to determine when the edge lies parallel to the work surface as it should
do. The edge should also be at a right angle to the length of

VICE

WORK.
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H nearly to the point G, but should be bevelled at and near G, so
that the chisel head may be raised or lowered to govern the depth

chisel, as denoted by the lines, as in Fig. 2160, for if not at a
right angle the chisel will be apt to move sideways after each
blow, and cannot be held steadily.
The chisel should be held as close to its head as possible, so
that the hand will steady the head as much as possible, and
should be pushed forward firmly and steadily to its cut, which will
greatly facilitate rapid and smooth chipping, and for wrought iron

A
Fig. 2163.
Fig. 2159.

Fig. 2160.

of the cut.

Fig. 2164.

Its round nose should also be wider than the metal

and copper it is found better to occasionally moisten the chisel
with oil or water, the former being preferable.

Messrs Tangye, of Birmingham, have introduced the employment of chisel holders, such as shown in Fig. 2161, the object
being to fit to each holder a number of short pieces of steel
for chisels so that a number can be ground or forged at one time;
obviously chisels of different shapes require different forms of
handle.
When a heavy cut is to be taken the cape (Fig. 2162) chisel is

|'

‘Ue

\ Fig. 2165.

Fig. 2166.

higher up, 89 that the chisel head may be moved

Fig 2:61.

sideways to

Fig. 2162.

used, first to carry through grooves or channels, such as shown in
Fig. 2176 at A, B, and C, the distance apart of these grooves being
slightly less than the width of the flat chisel, whose cut is shown
partly carried across at Din the figure. The width of a cape chisel
should gradually decrease from A to B in Fig. 2163, so that its side
will be free in the groove it cuts, and the chisel head will be free to
he. moved sideways, and the direction of the groove may be
governed thereby. Ifthe chisel end be made parallel, as at C in
Fig. 2164, it will have no play in the groove and the head cannot
be moved ; hence if the groove is started out of line, as it is apt

to be, it will continue so.
The round-nosed chisel, Figs. 2165 and 2166, may be straight from

J
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Fig. 2167.

Fig. 2168.

govern the direction of the cut as in the cape chisel.

The cow

mouth chisel, Figs. 2167 and 2168, should be bevelled from G to
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the point to enable the governing of the depth of the cut, and
chisel, Fig. 2175, for cutting out the sides of keyways or slots,
should be of greater curvature than the corner it is to cut out, so - should be bevelled from Ww to the cutting edge for the reasons
already given, and straight from W to V, the line Vv W projecting
that its corners cannot wedge in the work.
slightly above or beyond the body U. An application of the cow
The oil groove chisel, Figs. 2169 and 2170, should be wider at
mouth chisel is shown at L, and one of the side chisel is shown at

Zin Fig. 2176. All these chisels are tempered to a blue color.
| The chisel that is driven by hammer blows may be said to be

oa

Fig. 2169.

Fig. 2170.

the cutting edge than at A for reasons already stated, and of less
curvature than the bore of the brass or bearing it is to cut the oil
groove in.
The diamond

point chisel, Figs. 2171 and 2172, may be made

in two ways. First, as in Figs. 2173 and 2174, for shallow holes,
and as in Figs. 2171 and 2172 for deep ones. In shallow holes
the chisel can be leaned over, as in Fig. 2176 at y, whereas in

Fig. 2173.

Fig. 2174.

Fip. 2175.

to some extent a connecting link between the hammer and the
cutting tool, the main difference being that the chisel moves to
the work, while the work generally moves to the cutting tool. In
many stone-dressing tools the chisel and hammer are combined,
inasmuch as that the end of the hammer is chisel shaped; an
example of this kind of tool being given in the pick that flour
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Fig. 2171.

Fig. 2172.

deep ones it must be held straight so that the chisel body may not
meet the other side of the hole, slot, or keyway. The form shown
in Fig, 2172 is the strongest, because its point is brought into line
with the body of the steel, as shown by the line Q. The side

millers use to dress their grinding stones. On the other hand we
may show the connection between the chisel and the cutting tool
by the fact that the wood-worker uses the chisel by driving it
with a mallet, and also by using it for a cutting tool for work
driven in the lathe. Indeed, we may take one of these carpenter’s
chisels and fasten it to the revolving shaft of a wood-planing

VICE
machine, and 1 vecomes a planing knife ; or we may put it into
a carpenter’s hand plane, and by pushing it to the work it
In each case it is simply a wedge whose
becomes a plane blade.
end is made more or less acute so as to make it as sharp as possible, while still retaining strength enough to sever the material
it is to operate upon.
In whatever form we may apply this wedge, there are certain
well-defined mechanical principles that govern its use.
Thus
when we employ it as a hand tool its direction of motion, under
hammer blows, is governed by the inclination of the face which
meets the strongest side of the work, while it is the weakest
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fore obtain the strongest cutting edge in a hand-moved tool by
causing the bottom angle to lie flat upon the work surface.
But in tools driven by power, and therefore accurately guided
in their line of motion, it is preferable to let the bottom face clear
the work surface, save at the extreme cutting edge. The front
face of the wedge or tool is that which mainly determines its keenness, as may be seen from Fig. 2180, in which we have the wedge
or tool differently placed with relation to the work, that in position

side of the material that moves the most to admit the wedge and
therefore becomes the chip, cutting, or shaving.
In Fig. 2177,
for example, we have the carpenter’s chisel operating at A and B
to cut out a recess or mortise, and it is seen

that so long as the

Fig. 2179.

A obviously being the keenest and less liable to break from the
strain of the cutting process.
.
If we now turn our attention to that class of chisel or wedge-

‘

shaped tools in which the cutting edge is not a straight line, but
may be stepped or curved—as, for example, the carpenter’s plane
blade—we shall find that so long as the blade stands at a right
angle to the surface it is operating upon, as in Fig. 2183 at B, the
shape of surface it cuts will exactly correspond to the shape of its

“2

|i

Fig. 2177.

face of the chisel that is next to the work is placed level with the
straight surface of the work the depth of cut will be equal; or in
other words, the line of motion of the chisel is that of the chisel

face that lies against the work.
At C and D isa chisel with, in
the one instance, the straight, and in the other the bevelled face
toward the work surface. In both cases the cut would gradually
deepen because the lower surface of the chisel is not parallel to
the face of the work.
If now we consider the extreme cutting edge of chisel or wedgeshaped tools it will readily occur that but for the metal behind
this fine edge the shaving or cutting would come off in a straight
ribbon, and that the bend or curl that the cutting assumes increases
with the angle of the face of the wedge that meets the cutting,
shaving, or chip.
I may, for example, take a piece of lead, and with a penknife
held as at A, Fig. 2178, cut off a curl bent to a large curve, but if

Fig. 2180.

cutting edge; but so soon as the tool is inclined to its line of
motion its cutting edge will, if curved, produce a different degree
of curvature on the work.
Suppose, for instance, that we have in the figure a piece of
moulding M and a plane blade B, and the length of the cutting edge is denoted by A, Fig. 2182; now suppose that the
blade is inclined to its line of motion (as in the case of carpenters’
planes) and stands at C, Fig. 2183: we then find that the cuiting
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Fig. 2178.
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| hold the same knife as at B it will cause the shaving to curl up
more.
Now it has taken some power to effect this extra bending
or curling, and it is therefore desirable to avoid it as far as possible.
For the purpose of distinction we may call that face of the chisel
which meets the shaving the top face, and that which lies next to
the main body of the work the bottom face. Now at whatever

angle either face of the chisel may be to the other, and in whatever way we present the chisel to the work, the strength of
the cutting edge depends upon the angle of the bottom face to the
line of motion of the chisel, and this is a principle that applies to
all tools embodying the wedge principle, whether they are moved
by a machine or by hand.
Thus, in Fig. 2179 we have placed the bottom face at an angle
of 80° to the line of tool motion, which is denoted by the arrow,
and we at once perceive its weakness.
If the angle of the top
face to the line of tool motion is determined upon, we may there-

|

Fig. 2181

edge must extend to the length or depth D, and it is plain that
the depth of thé curve on the moulding is less than the depth of
the cutting edge that produces it; the radius E being less than of
D, so that if we place the cutter Cc upright on the moulding it will
appear as shown in Fig. 2181.
If, therefore, we are required to
make a blade that will produce a given depth of moulding wher
moved in a straight line and presented at a given angle to th:
work, we

must

find out what

shape the blade

must

be to pro-

duce the given shape of moulding, which we may do as follows .
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[In Fig. 2184 let A be a section of the moulding, and if the blade
or knife is to stand perpendicular, as shown at B, Fig. 2183, and
if it is moved in a straight line in the direction of the length of
the work, then its shape would necessarily be that shown at B,
Fig. 2184, or merely the reverse of A. In the position mentioned
it could be used only as a sweep applicable to some few uses, but
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moulding which it cuts, and to produce a given style of moulding
the shape of the cutter must be decided by its inclination, or the
angle at which it is used.
The method of projecting a given section of moulding in order
to exhibit the form that the curve of the opening should assume on
the face of the knife, is shown in Fig. 2187. Upon a horizontal
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Fig. 2183.

Fig. 2182.

not adapted to cutting. To become a cutting tool it must be
inclined and stand at some angle of less than go° to its line of
motion.
Thus in Fig. 2185 D B E represents the bottom of the moulding
and line of motion of the cutter, and A B the cutter perpendicular
to it, the highest point of the cutting edge, as ¢ of Fig. 2184,
oa

line

ABC D drawa

shown at AEB.

section of the required style of moulding, as
To the right of this draw a line, as F C, to meet

the base line
ABCD, and as FC represents the cutter, it must
stand at the same angle that the proposed cutter is to have—in
this particular example 30° from the perpendicular.
From the
highest point of the section A E B draw a horizontal line E G,
meeting F C in G. From points G and C draw lines, as C J and

YA

ai

a

ih

|

cl
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Fig. 2184.

G H, of any convenient length, at right angles to
Fc. At any
distance from G H draw KL parallel to G H, and upon K L trace
the section of moulding
AE B,as K M L. Drawlines from the
extreme edges K and Lof K M L, as KN, L J, perpendicular to
K L, cutting G H and meeting C J at Nand J. EG being parallel
to ABCD, Gwill be the point on the cutter where the top E of
the moulding will come on the highest point of the cutting edge,
and C Gwill be the entire length of cutting edge or height of

being at ¢, Fig. 2185. The height or thickness of the moulding
cut would be the space between the lines E B D andec /, but the
cutter assuming the position B C at an angle of 30° from A B, the
point ¢ is brought to @; consequently the highest line of the
moulding would now be g d &, and its thickness less. This is
further exhibited in Fig. 2186, where @ represents the original

Fig. 2187.
E----

B
Fig, 2185.

depth section of Fig. 2184 that would be formed by knife B of Fig.
2184 when standing perpendicular; and G shows the depth with
the same knife when placed as BC, Fig. 2185, or at 30° inclination,
and H shows the depth that would be cut with the same knife or
cutter at 45°. It is now evident that every change in the inclination of the same

cutter would

effect a change in the shape of

opening measured on the face of the cutter F C. C Jj being drawu
from the lowest point C of the cutter and G H being drawn from
G, the highest cutting point, both lines at right angles to G C,
then their distance from each other, as P O, must obviously represent the extreme height of opening in the cutter in its new position
or front view, and K L, representing the width of moulding transferred to N J by the parallel lines K N and L J, will show the width
of opening in the cutter. Having now the height and width, it
only remains to project an indefinite number of points and trace
the curve through them.
Divide A B into a number of parts, and

VICE
to avoid confusion mark the points of division thus obtained upon

A B—I, 2, 3,4, &c.

Divide K L in an exactly similar manner

and into the same number of parts, and mark the divisions I., II.,
111., Iv., &c.
Erect perpendiculars from points 1, 2, 3, 4, &c.,
meeting the curve A E B, and from the points thus found on A E B
draw horizontal lines to F C; from the termini of these horizontals
on F C draw the remaining lines parallel to and between G H and

CJ. From the divisions I., I1., 11I., Iv., &c., on K L, let drop the
perpendiculars, cutting the other series of lines at right angles.
A point of the curve will then be at the intersection of the line
from 1 on AB, with line I. on K L; another at the intersection of

the line originating at 2 with that from II., and so on, and the
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the perpendicular line A B on the side of the plane. For convenience call A B D the vertical angle. The lower or cutting edge
E B of the blade also crosses the bottom of the plane at an angle
E B C—30° in this instance—to a line B C, crossing the bottom at
right angles. Now, it is evident that this latter angle E B C
will influence the form of the cutter, if, instead of being a flat
plane, as represented for clearness in Fig. 2189, it had a cutting
edge of curved outline for cutting mouldings or similar work.
But in either case the angle that D B or one side of the blade
makes to E B, or the cutting edge—-that is, the angle D B E—must
be found in order to cut off the blank for the cutter or knife at the
right ‘‘ slant.”’
The method given in Figs. 2187 and 2188 of determining the
form of cutter to produce a moulding of given profile now undergoes a modification where there are two angles to be taken into
consideration instead of one. As an example, suppose a cutter
is required that is to be fixed in such a position in its carrier or
block that the handle A B D, or ‘‘ vertical angle,’’ of Fig. 2189 1s,
say, 45°, and the angle E B C, or “‘ horizontal angle,”’ of Fig. 2189
shall be 30°. Required the angle at which the bottom of the
blank for the cutter must be cut off; or the angle that the
side D B and lower edge B E of Fig. 2189 would make to each
other, measured on the face of the cutter, and required the outline of cutting edge to be traced on the face of -cutter to cut the
section of moulding A E B, Fig. 2190:

A BC

draw a horizontal

D, and erect a perpendicular, as C R.

line, as

From C drawC F,

Fig. 2188.

proper curve is found by tracing from N through the intersections
to P, and from Pto J. Then K N being one side of the cutter and
L J the other, N P J is the curve that the opening or cutting
edges must

have to cut the profile A E B, with the cutter set at

F C, or 30.
The same method is shown in Fig. 2188, except that in this
case, instead of dividing A B and K L, the divisions are made
directly on the peripheries A 6 Band K VI. L by stepping round
with the dividers. The cutter F C is shown in this case at an
angle of 45°, in order that the change in form which the curve
assumes with the cutter at different angles may be clearly seen by
comparing the curve N P J of Fig. 2187 with the same in Fig. 2188.
The two figures are similar in other respects, and as the lettering
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Fig. 2190.

making an angle to C R equal to the ‘‘ vertical angle,’’ or angle
A BD,

Fig. 2189, which

is 45° in this case.

Draw

a profile

of the required moulding, as A E B, with its back A B coincident
to the horizontal line
ABCD.
Draw a horizontal line from the
highest point of the profile,as E, to meet
FC inG. Draw parallel
lines C J and G H, from C and G respectively, of any convenient
length and making right angles toFC.
At nght angles toGH
and C J, and parallel to F Cc, draw K H J to represent one side or

edge of the cutter, but the angle of the lowerend or angle D B E of
Fig. 2189 must now be determined ; to do this, draw an indefinite

Fig. 2189.

is the same on each, the description of Fig. 2187 will apply
equally to Fig. 2188.
There remains one more case of cutters moving in right lines,
and that is where, besides having an inclination backward, as at
F C, Fig. 2187, making a vertical angle to the line of motion, they
are placed at an angle across the guiding piece also, or ‘‘ skewing,’’ thus making an angle to the line of motion on a horizontal
plane as well as ona
vertical one.
Thus, suppose an ordinary
Carpenter’s plane to have the cutter or ‘‘iron’’ turned partly
round and placed so that the cutting edge, instead of lying at
a right angle across the body, crosses it at some other angle.
Fig. 2189 represents an ordinary carpenter’s plane with the blade
so placed.

Here

the edge,

or rather

side,

D B, of the blade

‘nclines back at an angle, as A B D, which is 45° in this case, to

horizontal line, A BC, Fig. 2191, and from any point, as B, dropa
perpendicular B D; now, from B set off on A B C the distance
C 6 of Fig. 2190, obtaining point E, and from E extend a perpendicular above and below
ABC,asFEH.
From Eon E F set off
distance G 6 of Fig. 2190, obtaining J on E F. From Bdrawa
line, making the same angle to B Dthat the angle E B C is in
Fig. 2189, or 30° in this case, and cutting E H in K.
Set off
distance E K from E on AC, obtaining L; draw L J. Now, on
Fig. 2190, with centre at H, and radius L J of Fig. 2191, describe
arc w x, and from J as centre, on Fig. 2190, and B K of Fig. 2191
as radius, describe arc yz. Through the intersection wv of arcs
yzand wx, JL M must be drawn, making the proper angle to
the side J H K of the cutter; this angle is 69° in this case, as
found by construction.
From H draw H N parallel to J L, and
from H draw H Oat the same angle to H N that B K is to R D.
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Place a duplicate ofA E B,

H O and corner A at H,as

H PR.

From R draw R N at right angles to H R and cutting H N at N;
through N draw S N L parallel to K H J. Then while K H J represents one edge of the cutter, S N L will be the other, and J L the

cutting edge before the opening is cut out.

Divide the curves

SHOP

PRACTICE.

cutting edge that must be given it in order that when, fixed
for use at the angles named, it will form the required moulding
AE

B.

If the chisel, knife, or cutter revolves in a circle, instead of in a

right or straight line, the problem is again different, and the
shape of cutting edge necessary to produce a given shape of
moulding is again altered. Let Fig. 2192, for example, represent
the bar or head of a wood moulding machine, the bar or head
revolving in the direction of the arrow, and the moulding being
moved beneath it in a straight line endways as denoted by the
arrow at N.

In order that the nut that holds the cutter to the head may
clear the top of the moulding the highest cutting point of the
cutter must not come nearer to the corner of the head than

} inch. This is shown in the end view of a 23 inch cutter head in
Fig. 2193, the circle B representing the path of revolution of the
nut. In larger heads the nut will clear better.
Now we may consider that the cutter simply revolves about a
circle whose diameter is the largest that can be described on the
end of the square bar that drives it.
If, for instance, we look at the end of the bar as it is presented

in Fig. 2195, we see that the circle just fills the square, and that
if we cut off all four corners, leaving the bar round, as denoted

Fig. 2191.

E B and PR

similarly, obtaining points 1, 2, 3, &c., and I., Il.,

11., &c., respectively. From points 1, 2, 3, &c., lines are to be
drawn parallel to E G, meeting GC, continued from G C parallel
to
GH, and meeting H J, and from H J parallel to H N, meeting
NL.
From points L., Il., 111., &c., lines are to be drawn perpen-

by the circle, the chisel will revolve in the same path as before.
Now suppose we place beneath the revolving chisel a piece of
square timber, and raise this timber while holding it horizontally,
as would be done by raising the work table. It will cut the work
to the shape shown in the two views in the figure, enabling us to
observe the important point that the only part of the work that
the chisel has cut to its finished shape is that which lies on the
line A A. This line passes through the axis on which the bar and
cutter revolve, and represents the line of motion of the work in
feeding upward to the chisel.
If now we were to move the work endways upon the table, we
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Fig. 2192.

dicular to H R, meeting H N and continued from H N, parallel to
H J, to J L, thus intersecting the first series. J.ines from points
1, 2, 3, &c., then determine the height of different points of the
curve, and those from I., II., I11., &c., their location laterally;
hence, by tracing through the intersections of 1 with I., 2 with IT.,
&c., the curve H T L is obtained.
The two outside lines K H J
and S N L may now represent the edges of a piece of steel of
which the cutter is to be made, and H TL will be the contour of

should
passes
to the
words,

simply cause the moulding to be finished to shape as it
the line A; because all the cutting is done before and up
time that the chisel edge reaches this line; or in other
each part of the chisel edge begins to cut as soon as it

meets the
line. We
positions,
line A and

moulding, and ceases to cut as soon as it reaches this
may now draw this circle and put on it a chisel in two
one at the time its lowest cutting point is crossing the
the other at the time the highest point on its cutting

VICE
eage is passing
the line, these positions being marked 1 and 2 in
Fig. 2196; the depth of moulding to be cut being shown at Ss.

Now, since the chisel revolves on the centre of the circle, the path

WORK.
will be that of the circle D, while the depth of moulding it will cut
is the distance between
C and E, measured
along the line A A,
this depth corresponding
to depth shown at Ss.

ETL
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Fig. 2193.
of motion on its highest cutting point C will be as shown by the

Clearly
when the chisel has arrived at position2, the moulding
will be finished
to shape, and it is therefore plain that it takesa
length of cutter-edge
from C to F to cut a moulding
whose depth
is S, or what 1s the same thing, C E.
But to solve the question in this way, we require for every
different depth of mouldig to make such a sketch, and the
square bar that drives the chisel is made in various
sizes, each
different size again altering the length or depth of chisel edge
necessary for a given depth of moulding.
But we maycarry
the solution forward to the greatest simplicity
for each size of square bar, and for any depth of moulding that cap
be dressed on that size of bar, by the following means :—In Fig

2197 we have the circle and the line A as before; the depth from
C to E being the greatest depth of moulding to which the square
bar is intended to drive the chisels ; while point C is the nearest
point to the square bar at which the top of the moulding must be

cee
ee
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placed.

Line a represents a chisel cutting at its highest point ;

line 5 a chisel cutting the moulding to final shape at } inch
below C, on the line a; line c a chisel cutting the moulding to
final shape at a distance of 4 inch below point C and measured
on the line 4;

lines d, e, 7,g, #, and z represent

similar chisel

positions, the last meeting the point E, which 1s the lowest point
at which the chisel will cut. Suppose, now, we set a pair of compasses one point at the centre A of the circle, and stnke the arc

Fig. 2194.
circle B, and that of the lowest point or end E of its cutting edge
Vor.

JJ.—2I.

7; this arc will represent the path of motion of that part of the
area
A
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chisel edge that would finish the moulding to shape at C; similarly
arc & represents the path of motion of that part of the chisel edge
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that cuts tue moulding to final shape on the line a, and at a
distance of } inch below C, and so on until we come to arc »,

which represents the path of motion of the end of the chisel.

All

these arcs are carried to meet the first chisel position C a, and
from these points of intersection with this line C @ we mark lines

representing those on a common measuring rule. The first of
these from C we mark 1}, the next 4, the next #, and so on to 2,
these denoting the measurement or depth of chisel necessary to
cut the corresponding depth of moulding.
If, for example, we
are asked to set a pair of compasses to the depth of cutting edge
necessary to cut a moulding that is an inch deep, all we do Is to
set one leg of the compasses at C, and the other at line 1 on the
line C a; or if the moulding is to be 2 inches deep, we set the
compasses from C to2onlinec a. We have here, in fact, con-

at the time when its point is crossing the line A. Thus, line z is
more nearly parallel to A than line @ is, and our scale has taken
this into account, for it has no two lines equally spaced; thus,

while that marked } is ;5 inch distant from C, that marked } is
less than ;4, inch distant from that marked 3, and this continues
so that the line marked 2 is but very little more than } inch from
that marked 13. Having constructed such a scale we may rub
out the circle, the arcs, the line A, and all the lines except the
line from C to @ and its graduations, and we have a permanent
scale for any kind of moulding that can be brought to us.
If, for example, the moulding has the four steps or membe's
$,2,u,v,in

the figure, each } inch deep, then we get the dep:h

of cutter edge for the first member s on our scale, by measuring
from ¢ to the line 4 on line C a. Now the next member ¢ extends

thus e 4
Fig. 2197.

structed a graduated scale that is destined to be found among
the tools of every workman who forms moulding cutters, and if
we examine it we shall find that the line that is marked } inch

from 3 to 1 on the moulding, and we get length of cutter edge
necessary to produce it from } to 1 on the scale. Member ~ on

from C is not } inch but about is inch ; its distance from C being

point is 1 inch and its lowest 14 inch from the top of the moulding, and we get the length for this member on a scale from the 1
to the 13; and so on for any number of members.
After the depth of cutting edge for each member has thus

the depth of chisel edge necessary to cut a moulding that is
1 inch deep.

Again, the line marked 1 measures 1,%, inch from C, because it

requires a chisel edge 1,5, deep to cuta moulding that is one inch
deep.

But if we measure from

c¢ to the line marked

2 we find

that it is 2} inches from C, and since it represents a chisel that
will cut a moulding two inches deep, we observe that the deeper
the moulding is the nearer the depth of cutting edge is to the
depth of moulding it will produce.
This occurs because the
longer the chisel the more

nearly it stands parallel to the line A,

the moulding extends from

1 to 1}; that is to say, its highest

been found, it remains to find the exact curve of cutting edge for
each step, and, in doing this, the same scale may be used, saving
much labor in this part also of the process, especially where
a new piece of moulding must be inserted to repair part of an old

piece that needs renewal in places only, as is often the case in
railroad cars.
In Fig. 2197A we have a scale or rule constructed upon the fore-
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going principles, but marked to sixteenths, and it may now be
shown that the same scale may be used in finding the actual
curve as well as the depth of cutter edge necessary to produce
the moulding of any member of it. Let the lower curves s, ¢, for
example, represent the moulding to be produced, and the upper

A
2

B

See
}
1°
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| scale, and with these compasses mark from line m line B, show| ing the depth of member s. In order to find the exact curve for
| each member, we have first to find a number of points in the curve
| and then mark in the curve by hand, and it is for the purpose of
| finding these points that the lines EE, FF, GG, HH, II, J J, have

Be
ee —
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Fig. 2198.
outline represent the blank piece of steel of which the cutter isto

| Been drawn.

These lines, it may be remembered, need not be

be made, the edges C, D being placed in line one with the other. / equally spaced, but they must be parallel, and as many of them
We may then draw across both the moulding and the steel, lines | may be used as convenient, because the greater their number the
such as EE,

FF,GG, HH,II, J J, all these lines being parallel! | more correctly the curve can be drawn.

to the edges C, D. To get the total depth of cutter edge for
The upper edge or base line, 7% m, both of the steel and of the
the moulding we measure with a common measuring rule the | drawing, is that from which all measurements are to be taken in

Fig. 2197A,

total height of the moulding, and supposing it to measure an
finding the points in the curve, which is done as follows: With
inch, we set a pair of compasses to an inch on our cutter scale, | an ordinary measuring rule we measure on the moulding and
and with them mark from the base mm of the steel, the line P
‘from line 7 m of the moulding as a base the length of the line

giving total depth of cutter edge. We next measure with a
F F below m m, to the curve, which in this case measures say
common rule the depth of members of the moulding, and as it |
inch; we then set a pair of compasses or compass calipers to
Measures 4 inch we set the compasses. to the 4 on the cutter | the 7; on the cutter scale, and from base mm on the cutter
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In using the instrument but three very simple operations are

point in the curve.
Similarly we measure on the moulding, or drawing of the mould-

necessary.

ing, the length of line G G from line 7 m to the moulding curve,

moulding machine the cutter is to be used upon; thus in Fig.
2199 they. are shown set to numeral 2, as they would be for a

and find that it measures, say j¢ inch, hence we mark from base
line #2 m of the steel, on line GG, arc V, distant ;4 according to

the cutter scale. Similar measurements are taken at each vertical
line of the drawing which represents the moulding, and by means
of the corresponding divisions of the cutter scale, arcs are marked
on the vertical lines on the cutter steel, and where the arcs cut the
vertical lines are points in the curve, and through these points
the curve may be drawn by hand. We may make a cutter
scale from an ordinary parallei rule, marking one end to correct
inches and the other end for a cutter scale.
Measuréments
from the moulding may then be made on one-end of the rule;
measurements for the cutter may be taken from the other end
of the rule, and the rule may be used at the same time to draw

First, the two slides W and

on the bar, which

correspond

Pare set to the numerals

to the size of the head on the

2-inch cutter head. The instrument is next opened, its two bars
occupying
.the position shown in Fig. 2199, and the two compass
points are set-to-the height of the moulding or to any desired
member of it, as the case maybe.

The bars are then opened out

into the position shown in Fig. 2200, and the compass points at
-

B
MUETHT

Fig. 2201.

once give the depth of cutter edge necessary to produce the
required depth of moulding.
It will be noted that the pivot A represents the centre upon
which the cutter revolves, and that while the face of the bar H
corresponds to the line of moulding formation answering to line
A Ain

Fig. 2196, the face of bar G corresponds to the face C F of

the cutter in Fig. 2196; hence the instrument simply represents
a skeleton head and cutter, having motions corresponding to
those of an actual cutter head and cutter.
ea
THE FILE.—The file is a piece of hardened steel having teeth
produced upon its surface by means of rows of chisel cuts which
run more or less diagonally across its width at an angle that
is varied to suit the nature of the material the file is to be used
upon. The vertical inclination of the tooth depends upon the
inclination of the face of the chisel with which it is cut, the two

ae)
\~Guiesetbenteetete

Fig. 2200.

the parallel lines EE, &c.
Or, as each size of cutter head
requires a different cutter scale, we may make a rule out of a
piece of box or other close-grained wood, say ? inch square,
using one side for each size of cutter head.
One end of each
face of this rule may be marked in correct inches and parts of an
inch (the divisions being thirty-seconds of an inch), and the other
end may be marked as a cutter scale, the divisions being found
as described with reference to Fig. 2197.
An instrument, patented by R. Drummond, for finding the
depth of cutting edge and also for finding the curves, is shown in
Figs. 2198 and 2199. It consists essentially of a bar G bent at
a right angle, thus making two arms. Upon one arm is a slide W
(best seen in Fig. 2199) secured by a set-screw B, and having atAa
pivot to carry a second bar H, which is slotted throughout its length
to permit bar G to slide freely through it. Upon the other arm of
Gis a slide P secured by a set-screw C, and carrying a compass
point E. The bar H carries an adjustable slide Z secured by
a set-screw D and carrying the compass point F.

Fig. 2202.

being equal, as is shown in Fig. 2201, which is an enlarged view
of a chisel and some file teeth.
In order that the tops of the
teeth shall be sharp, and not rounded or curved, as in Fig. 2202,
it is necessary that the edge of the chisel be kept sharp, an end
that is greatly aided by the improved form of chisel shown in
Fig. 2203. When a file possesses curved points, or caps, as they
are technically termed, a few strokes upon a narrow surface will
cause them to break off, reducing the depth of the teeth and
causing the cuttings to clog in.them.

If, however, the file is used

upon a broad surface these caps will remain, obviously impairing

the cutting qualifications of the file, even when new, and as they
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soon get dulled the file loses its grip upon the work and becomes
comparatively valueless.
Files were, until the past few years, cut entirely by hand—file
cutting by machinery having previously been a wide field of
mechanical experiment and failure. Among the most prominent
causes of failure was that the teeth produced by the earlier
machines were cut too regular, both as to their spacing and their
height; hence the points of the rear teeth fell into the same

SHOP PRACTICE.
length, which is always measured exclusively of their tangs.

2.

Their cut, which relates not only to the character, but also to the
relative degree of coarseness of the teeth.
3. Their kind or
I

|
|

name, which has reference to the shape or style.

In yeneral, the

length of files bears no fixed proportion to either their width
or thickness, even though of the same kind.
The tang is the
spiked-shaped portion of the file prepared for the reception of
a handle, and in size and shape should always be proportioned to
the size of the file and to the work to be performed.

The heel is

that part of the file to which the tang is affixed.
Of the cut of files we may say that it consists of three distinct
forms; viz. : ‘‘ single cut,’’ ‘‘ double cut ’’ and ‘“ rasp,” which have

different degrees of coarseness, designated by terms as follows

V1Z. s—

Single-cut.

Rough
Coarse
Bastard
Second-cut
Smooth

Double-cut.

Coarse
Bastard
Second-cut
Smooth
Dead-smooth

Rasp.

Coarse
Bastard
Second-cut
Smooth

The terms ‘‘rough,’’ “coarse,’’ ‘‘bastard,’’ ‘‘ second-cut,”’
‘smooth’’ and ‘‘ dead-smooth,’’ have reference only to the
coarseness of the teeth, while the terms

“ single-cut,’’ ‘‘ double-

cut ’’’ and ‘‘rasp’’ have special reference to the character of the
teeth.
The single-cut files (the coarser grades of which are
sometimes called ‘‘floats’’) are those in which the teeth are
unbroken, the blanks having had a single course of chisel-cuts

channels as those in advance of them, thus giving the tooth points
too little opportunity to grip the work. This also gives too broad
a length of cutting edge and causes the file to vibrate on the ' across their surface, arranged parallel to each other, but with a
horizontal obliquity to the central line, varying from 5° to 20° in
forward or cutting stroke, an action that 1s technically known as
different files, according to requirements.
Its several gradations
chattering, and that obviously impairs its cutting capacity. The
of coarseness are designated by the terms ‘‘rough,’’ ‘‘ coarse,’’
greatest amount of duty is obtained from a file when the rear
‘‘bastard,’’ ‘‘second-cut’’ and “smooth.’’
The rough and
tooth cuts off the projection left by the preceding one, because in
coarse are adapted to files used upon soft metals, as lead, pewter,
that case the duty of the tooth is confined to cutting off a projec&c., and, to some extent, upon wood. The bastard and secondtion that is already weakened and partly separated from the main
cut are applied principally upon files used to sharpen the thin
body by having the metal cut away around its base. Workmen
edges of saw teeth, which from their nature are very destructive to
always practically recognise this fact, and cause the file marks to
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Fig. 2204.

cross each other after every few strokes. In the machine-cut . the delicate points of double-cut files. The smooth is seldom
files made by The Nicholson File Co., the teeth are arranged | applied upon other than the round files and the backs of the
half-rounds.
Fig. 2204 represents the cut of single-cut rough
to attain this object by the following means :—1.
The rows
files, their lengths ranging from 16 inches down to 4 inches.
of teeth are spaced progressively wider apart from the point
Fig. 2205 shows the cut of the coarse, bastard, and second-cut,
towards the middle of the file length by regular increments
whose lengths also range from 16 to 4 inches, and whose cut is
of .spacing, and progressively narrower from the middle toalso finer as the length decreases.
The float is used to some
ward the heel. 2. This general law of the spacing is modified
extent upon bone, hom, and ivory, but principally by plumbers and
by introducing as the teeth are cut an element of controlworkers in lead, pewter, and similar soft metals.
It will be seen
lable irregularity in the spacing, which irregularity 1s confined
that the teeth are nearly straight across the file and are very
within certain limits, so that neither the increment nor decrement of spacing is entirely regular. 3. In arranging the teeth
open, both of these features being essential requirements for fles
so that the successive rows shall not be exactly parallel one to
to be used on the above-named metals.
the other, the angle of inclination being reversed as necessity
Double-cut files are those having two courses of chisel cuts
requires.
Jhe irregularity of spacing, while sufficient to accomcrossing each other.
The first course is called the over cut, and
plish the intended object, is not enough to practically vary the
has a horizontal obliquity with the central line of the file, ranging
cut of the file, or, in other words, it is insufficient to vary its _ from 35° to 55°.°.
The second course, which crosses the first, and
degree of coarseness or fineness to any observable extent.
But — in most double cuts is finer, is called the up-cut, and has a
it enables the file to gnp the work with as little pressure as
horizontal obliquity varying from 5° to 15°. These two courses fill
the surface of the file with teeth inclined toward its point, the
possible, and enables the teeth to cut easily without producing
points of which resemble somewhat, when magnified, those of the
deep file marks or furrows.
Files and rasps have three distinguishing features:
1. Their i diamond-shaped cutting tools in general use.
This form of cut

VICE
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called from their being made by M. Groubet, of Switzerland.
These files are double-cut, and their degree of coarseness is
denoted by number; thus, the coarsest is a bastard and the

is made in several gradations of coarseness, which are designated
by the terms ‘‘coarse,’’ ‘‘ bastard,’’ ‘‘ second-cut,’’ ‘‘ smooth ”’

and ‘‘dead-smooth.’’

87

Fig. 2206 represents the cut of double-cut
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Second cut.
Fig. 2205.

bastard files, from the 16 inch down to the 4 inch, and Fig. 2207 | finest number 8. The prominent characteristics of these files are
the cut of the coarse, second-cut, and smooth.
For very fine | their exceedingly even curvature and straightness, and, in the
finishing a still finer cut, called the dead-smooth, is made, being | finer grades, the unusual fineness of the cut, which feels soft and
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»

velvety to the touch. They are made in sizes ranging from 2 to
10 inches, and are always double-cut.
Rasps differ from the single or double-cut files in that the

It is a superior file for
like the smooth, but considerably finer.
finishing work in the lathe, or for draw-filing machine work that
15 to be highly finished. The double-cut is applied to most of
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Second-cut.

Smooth.

Fig. 2207.

the files used by the machinist, and, in fact, to must of the
larger number in general use. For unusually fine work, toolmakers and watch-makers use the Swiss or Groubet files—so

t

t

teeth are disconnected from each other, each tooth being made by
a single-pointed tool, denominated by file-makers a punch, the
essential requirement being that the teeth thus formed shall be so
>
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irregularly intermingled as to produce, when put in use, the
smoothest possible work consistent with the number of teeth contained in the’surface ofthe rasp.

degrees of coarseness,
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Fig. 2211 and that just described is the degree of fineness of. the
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up-cut, which is nearly straight across the tool.
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work of a similar nature.
It is also, to some extent, used upon
wood.
The essential difference between the bastard file shown in

Rasps, like files, have different

designated as ‘‘ coarse,’’
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‘‘ second-cut ’? and

‘‘ smooth.’’

The

character

and general

coarseness of these cuts, as found in the different sizes, are shown

in Figs. 2208 and 2209.

Generally speaking, the coarse teeth are

teeth, which may be applied to any of the finer cuts, and upon
any of the shapes usually made double-cut, is especially adapted
to finishing brass, bronze, copper and similar soft metals, and is
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Fig. 2209.

applied to rasps used by horseshoers, the bastard to those used
by carriage

makers

and

wheelwrights,

the second-cut

to shoe-

rasps, and the smooth to the rasps used by cabinet-makers.

pt UN yd 4
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not so well adapted to the rougher work upon these metals as the
coarse brass file previously described.
Fig. 2212 is a finishing
file.

The first or over-cut in this case is very fine, and, contrary

to the general rule, has the least obliquity, while the up-cut has
an unusual obliquity, and is the coarser of the two cuts. The
advantages in this arrangement of the teeth are that the file will
finish finer, and by freeing itself from the filings is less liable to
clog or pin than files cut for general use. This form of cut is
especially useful when a considerable quantity of finishing of a
light nature is required upon steel or iron. Itis not recommended

Fig. 2210.

Figs. 2211, 2212 and 2213 are respectively coarse, bastard, and
finishing second-cut files, the first two being for brass.
Fig. 2210 represents a file open in both its over and up-cut,

Fig. 2212.
for brass or the softer metals, nor should

it be made of a coarser

grade than the second-cut.
The names of files are sometimes derived from the purpose for
which they are to be used.
Be, .
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which

is not, therefore,

expected

Thus, we have saw files, slitting files,

warding files, and cotter files. The term ‘‘ warding’’ implies
that the file is suitable for use on the wards of keys, while
‘‘cotter’’ implies that it is suitable for filing the slots for that

q-

to file fine, but fast, and 1s

adapted for very rough work on the softer metals, as in filing off
sprues from brass and bronze castings, filing the ends of rods, and

class of key which the machinist terms a cotter.
In other cases
files are named from their sections, as in the case of ‘‘ square,”’
‘‘round,”’ ‘‘ half-round,’’ and ‘‘triangular,’’ or ‘‘ three-square ’’
files, as they are often termed.
The term ‘‘flat’’ may be considered strictly as meaning any

VICE
file of rectangular section whose
H -nce, ‘‘ mill files,’’ ‘‘ hand

width exceeds

files,’’ and

the thickness.

‘‘ pillar files’”’ all come

under the head of flat files, although each has its own distinguishing features. The general form of the fiat file is shown in Fig.

WORK.
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it, which allows the file to be used 1m
more than one of the work surfaces.
to be very sharp it is preferable to take
its edge and grind the teeth off, so as

a corner without cutting
When the corner requires
a file that has teeth upon
to bring the corner of the

Fig. 2213.

2213, while the cross-sections of various quadrangular files are - file up sharp, which it will not be from the cutting, because the
teeth do not come fully up to a sharp corner.
shown in Figs. from 2214 to 2218. From these views it will be
Hand-files are tapered in thickness from their middle towards
seen that the thicknesses gradually increase from the mill to the
square file. Mill files are slightly tapered from the middle to the ' both the point and the tang, and are, therefore, well curved or

Fig. 2214.

point both in their width and thickness. They are single-cut,
and are usually either bastard or second-cut, although they are

bellied on each side. This fits them for the most accurate of
work, on which account they are generally preferred by expert
workmen.
They are nearly parallel in width and have one safe
edge and one edge cut single, while the face is cut double.
Hand-files
are also made equaling, tbe term equaling meaning
that, although apparently blunt or of even thickness throughout
the length, yet, in fact, there is a slight curvature, due to the file

being thickest in the middle of its length. An equaling hand-file
is especially suitable for such purposes as filing out long keyways,
in which a great part of the file lengzh is in action, and it can,
therefore, be easily pushed in a straight line.
The flat file, Fig. 2213, when 10 inches and under in length, is

made taper on both its sides and edges, from the middle to the
front of the file, and when longer than 1o inches they should be
made full. taper—that is to say, the taper should extend from the
middle toward the heel, as well as toward the point. Fiat files

Fig. 2215.

sometimes double-cut. Mill files of both cuts are principally used
forsharpening mill saws, mowing-machine knives and ploughs, and

are usually dauble-cut; the coarse-cut being used upon leather,
wood, and the soft metals:
The flat bastard is that most coms
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Fig. 2216

in some machine shops for rough lathe work, and, to some extent,
in finishing composition brasswork.

Mill sections are occasion-

ally made blunt—that is to say, their sectional shape is alike
from end to end—in which case they are mostly double-cut, and

monly used, the flat second-cut, smooth, and dead-smooth being
used by machinists for finishing purposes, the latter preceding
the polishing processes.
‘ Pillar files.are tapered in thickness from the middle to each
“

Fig. 2217.

seldom less than 8 inches in length. They are suitable for filing
out keyways, mortises, &c., and for these purposes should have
at least one safe edge. A safe edge is one having no teeth upon
VOL, IL—22.

end ; the width is nearly parallel, and one of the edges is left
safe. They are double-cut, and, although not if general use, are
especially adapted to narrow work, such as m making rifl. s.

90
locks, &c.
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The square file ranges from 3 to 16 inches in length,

and is made for general purposes with considerable taper. It is
usually double-cut, the bastard being the principal cut, the
second-cut and smooth being mainly used by the machinist.

Square blunt files range from 10 to 20 inches in length, of the
same sectional sizes as the square taper, and are cut double,

SHOP PRACTICE.
files.

For some classes of work—as, for instance, the circular

edges of deep keyways—round, blunt files are used, their sizes
running up to 18 and 20 inches, their principal cut being bastard
and double.
The gulleting file is a round, blunt saw

file, and, like most

other files for this purpose, is single-cut (except for a small space

at the point, which is left uncut).

Its principal use is for extend-

ing the gullet of what are known as gullet-tooth and briar-toothed
saws.

|

Half-round files are of the cross-section shown in Fig. 2220, and

although their name implies a semicircle, yet, as generally made,
Fig. 2218.

usually bastard. For machinists’ use, however, they are used in
the second-cut also, and are provided with sometimes one and
sometimes two safe sides. Square equalling files are in every
respect like the square blunt, except in the care taken to prepare
a slight curve or belly in the length of the file, which greatly
enhances their value in filing out the edges of keyways, splines,

Fig. 2222.

their curvature does not exceed the third part ofa circle. They
are made taper; the bastard is usually double cut on both its
or mortises. The fault of the square blunt, when used for fine or
true work, is that the heel, having no belly, is apt to come into
too prominent action.

Warding files, Fig. 2218, are made parallel in thickness, but
are considerably tapered on their edges. They range in size from
3 to 8 inches in length, progressing by half-inches in the sizes

below 6 inches.

They are cut double, and usually on both edges,

sides ; the second-cut and smooth is double-cut on their flat sides,

and single-cut on the curve side, except occasionally in the larger
sizes, when it is double-cut or hopped. Half-round files for wood
usually range in size from 10 to 14 inches, and are of the same
shape and taper as the regular half-rounds. They are cut coarse

|

|
)
Fig. 2223.

Fig. 2220.

and are mainly used by locksmiths and jewellers, and to but a
limited extent by machinists.
Some of the warding files are
provided with teeth upon their edges only, which are made quite
rounding, the cut usually being second-cut, single.
Files deriving their sections from the circle are shown from

Figs. 2219 to 2222. ‘‘ Round files”’ are circular in section, as
shown in Fig. 2219, their lengths ranging from 2 to 16 inches,

and double, and are used by wood-workers generally. Half-round
rasps are also like the regular half-round in shape, the sizes
usually called for being 10, 12, and 14-inch.
They are used
principally by wheelwrights and carriage builders, but are to some
extent used by plumbers and marble workers.
Cabinet files are of the section shown in Fig. 2222, being both
wider and thinner than

the half-rounds, the sectional

curvature

being somewhat less than the fifth part ofa circle. They are made
taper from near the middle to the point, while both the files and
the rasps are made from 6 to 14 inches in length;

8, 10, and

12

Fig. 2221.

and are usually of considerable taper. The small bastards are
mostly single-cut and the larger sizes double-cut. The secondcuts and smooths are rarely double-cut, except in some of the
very large sizes.

In imitation

of double-cut, however, they are

sometimes made with the first, or overcut, very open, called
‘‘hopped,’’ which adds, however, but very little to the cutting
capacity of the file. The very small sizes—as, say, those of onequarter inch and less in diameter—are often called ‘‘ rat-tailed ”’

inches are the sizes in most common use. As usually known, the
cabinet file is a bastard double-cut.
The cabinet rasp is punched
smooth, and both the cabinet rasp and file are rarely made of any
other degree of coarseness. They are used by cabinet, saddletree, pattern, and shoe-last makers, and also by gunstockers and
wood-workers generally.
Three-square files are made with equilateral triangular sections,
as in Fig, 2223. They are tapered to a small point with consider-
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able curve, and are double-cut.

The larger sizes—say, from

10

to 14 inches—are usually bastard, and are used to a considerable
extent in rolling mills. The smaller sizes are not unfrequently
smooth or dead-smooth, and are used in machine shops quite
generally for filing interval angles more acute than the rectangle,
clearing out square

corners,

sharpening

cutters,

&c.

Three-

square blued files of sizes from 3 to 6 inches are sometimes made.
[hey are mostly second-cut, or smooth and double-cut, and are
principally used in machine shops for filing up cutters for working

ey

the ends are rounded and cut single ; the edges are safe or uncut,

or

if cut

(4 rasp and

are

usually

# file, while

made

half-file

sometimes

and

made,

half-rasp
are

reversed

the exception).

The file quarters are bastard double-cut, and the rasp quarters
second-cut. This form of shoe rasp is the one in general use at
this time, having almost entirely superseded the flat and swaged
rasps formerly in use.
Reaper files (B, Fig. 2229), so called from their use in sharpening

metals.

Cant files, whose cross-sections are shown in Fig. 2224, are
usually made blunt and double-cut, mostly bastard, on all three

Fig. 2227.
Fig. 2224.

sides.

These sizes are usually 6, 8, and ro inches.

Lightning

the knives of reaping and mowing machines, are of the crosssection shown. They range in length from 7 to Io inches, are
slightly tapered, and are cut single and on their sides only.

Tumbler files, whose cross-section is shown at A, Fig. 2229,
were formerly much used to file the tumblers of gun locks, but are
| now rarely called for. They are taper and cut double. It will be
seen, however, that unless for some special purpose, the pitsaw
teeth. The obtuse angle of this file is five-canted, while the
regular cant is hexagon or six-canted, and it is found to be too
round or half-round file will be found to answer the same purpose
obtuse for the purposes required of the saw file. They are made
as the tumbler file.
It is obvious that in the use of files the coarser cuts are for use

files are of the cross-section shown in Fig. 2225, the term lightning
being known principally by those using the saws of this name,
and to some extent by those using other cross-cut, M-shaped saw

when it is required to remove

a maximum

quantity of material,

Fig. 2225.

blunt, and range in length from 4 to 12 inches, and are cut (except
for a short space near the point) single on their three sides.
Knife files are of the section shown in Fig. 2226, and rarely
exceed

10 inches in length, the principal sizes being 4, 5, and 6-

inch. They are tapered, resembling somewhat the blade of a
knife, and are cut double. The very acute angle of the sides of
this file makes it especially useful in filing the inner angles of the
rear and main springs of a rifle lock and work of similar shape.

Fig. 2228.

and the finer to produce a more smooth and true surface, and also
that the form of file selected is that which will best conform to
the shape of the work, or can be best admitted upon or into the
work.
In selecting the length of the file, the size of the work and the
delicacy of the same are the determining considerations ; thus, a
14-inch file would be a clumsy tool upon a small piece of work, as,
say, one having an area of } inch square. In selecting the shape
of the file there are, however, other considerations than the shape
ofthe work. Among these considerations may be enumerated that,
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Fig. 2226.

These files are also made blunt.

Cross files (sometimes called

double half-round or crossing files) are of the section shown in
Fig. 2227. They are mostly made to order, either blunt or tapered,
and usually double-cut.
‘‘ Feather-edge "’ files (Fig. 2227) are but
little used by the mechanics of this day. They were formerly
used in filing feather springs (as the rear spring of a gun lock is
sometimes called), and also the niches in currycombs, which led
them to be called by some currycomb files. The few files of this
kind which are now made are usually blunt and double-cut.
Halfround ‘‘ shoe rasps’’ as generally made are of the cross-section
shown in Fig. 2228, their sizes ranging from 6 to 12 inches, while

8, 9, and 10-inch are the most common.
They are made parallel
in width, but with their sides slightly tapered from the middle;

Fig. 2229.

in proportion as the number of teeth on any given file, performing
cutting duty simultaneously, is increased, the less metal will be
taken off, because the pressure on each tooth is reduced, and the
file does not bite or take hold of the work so well; hence it cuts

smoother.
To fit the handles to small files, as 6-inch or less, it is simply
necessary to bore suitable-sized holes in the handles, and force in
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the tang of the tile. In doing this care should be taken to bore
the hole axially true with the handle, so that the latter may stand
true with the file, which greatly assists the production of true and
rapid filing.
For larger files the handle should have a small hole bored up
it as before, the file tang should be made red hot (a piece of wet
rag or cotton waste being wrapped around the heel of the file, so
that it shall not get hot and be softened), and forced into the
handle by hand, the file and handle being rotated during the

Fig. 2230.

operation, and sighted to insure that the handle iskept true with
the centre line of the file.

So soon as the tang of the file has

entered three-quarters or thereabouts of its length it should .be
removed and gradually cooled by dipping in water.
When the surface of the work is so. large that the file handle
would meet the work before the point had reached fully across it,
the raised handle shown in Fig. 2230 is employed. The square
end of the handle has a dovetail groove into which the tang of the
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hand, on very small round work, or work

so small

as to require

but one hand to hold the file, the work may be so high as to require
the operator to stoop but very little, in which case the fatigue will
be less, while the work will be more

in sight, and can be better

scrutinized.
When the file is pushed endways it is termed cross-filing, and
the teeth cut on the forward or pushing stroke only, and in this
case the file should be held as in Fig. 2232, the end of the file
handle abutting against the palm of the right hand.
But when
the file is held in one hand only, the forefinger may be placed
uppermost, and either on the file handle or on the file itself, as
may be found most convenient.
In cross-filing the file should be
relieved of cutting duty on the return or back stroke, but should
not be removed from the work surface.
For heavy cross-filing on iron or brass, a 15-inch file is
sufficiently large for any of the ordinary duty required by the
machinist, and will require all the pressure one man can put
- on it to enable it to cut freely, and move at a suitable speed.
The workman should for heavy cross-filing stand well off or
away from the work so as to require to bend the body well for- ward. Huis feet should in this case be spread apart so that when
_ the pressure of the hands 1s placed upon the file it will relieve the
forward foot of a great part of the weight of the workman’s body,
which: will be thrown upon the file. The rear foot operates

during the forward stroke as a fulcrum, wherefrom to push the
file.
At each forward stroke the workman’s body should move
somewhat in unison with the file; his arms being less extended
than would otherwise be the case, and the file being under more
pressure and better control.

During the backward stroke the forward foot should again take
the workman’s weight, while he recovers the upright position.
For less heavy filing and for smooth filing, the workman should

- stand more nearly upright and nearer to the work.
The heavier the pressure (either in cross-filing or draw-filing),

' the coarser the file cuts, and the more liable it is to pin and
‘ scratch.
In the case, however,of slim files, the pressure is apt to bend
i the file, causing it to cut at the edges or ends only of the work, as
This may be avoided by holding the
' shown at A, in Fig. 2233.
- file as in the figure, the pressure of the fingers in the direction of
the arrows causing the file to bend, and produce more straight
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work.
_ From the nature of the processes employed to cut the teeth of
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Fig. 2231.

file is fitted.

In the figure the file is shown applied to a connecting

rod end, and in such broad surfaces it is especially necessary to

vary the line of motion of the file after every few strokes, so as to
cause the file marks to cross and recross, as shown in Fig. 2231.
The height at which work should be held to file it to the best

files, they are unequal in height, and as the file in addition to this
varies in its straightness or warps in the process of hardening, it
becomes necessary in many cases to choose for certain work files
whose shape is best suited for it.
Suppose, however, that files
were produced whose teeth or tops or points were equal in height
from end to end of the file, and it would be necessary for the
workman to move the file in a true straight line in order to file a
This the most expert filers cannot accomplish.
straight surface.
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Fig. 2232.

advantage depends entirely upon its size, the amount of metal to
be filed off, and the precision to which the filing requires to be
executed.
Under ordinary conditions the work should stand about level
with the operator’s elbow when he stands in position to file the
work. Thisis desirable so that the joint of the arm from the elbow
to the wrist may be in the same plane as the line of motion of the
file, which will give the workman the least fatigue. But whenthe
work surface is very broad it should be lower down, so that the
operator may reach over all parts of its surface. On the other

It is for this reason that hand files are made as in Fig. 2234, being
thickest in the middle M, and of a curved taper both towards the
point P and the heel H, so that when applied to the work the file
will bear on the work at A, Fig. 2235, and be clear of it at B and C,
which allows the file motion to deviate from a straight line without
cutting away the work too much at B and c. The file curvature
also enables any part of the file length to be brought into contact,
with the work or with any required part of the surface of the same,
so as to locate or limit its action to any desired part.

If a bellied file (as this shape of file is sometimes termed) be
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moved in a straight line it will file flat so long as it is movedto | its high spots is to chalk a piece of bo rd, press the file fi: mly to it
have contact clear across the work, but if the file is concave in its | and take several strokes and the chalk will be transferred to the
length it can only cut at that part which is in contact with the edge
highest parts of the file, showing very distinctly every hill and

of the work, and the latter must be filed convex.

|

hollow in the teeth, even on the finest of Groubet files, and it will
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It becomes obvious then that for flat work a bellied file must be | be found from this test that but very few of the best-made files are
used, and that the belly should preferably be of even sweep from | true, and that very great care is necessary in selecting a file for
end to end.
flat and true work.

But files, whatever their shape, and however evenly formed when

The curvature or belly on a file not only enables but few teeth to

Fig. 2234.

soft, warp (as: already remarked) in the hardening process, sometimes having crooks or bends in them, such as at E and D, in Fig.
2236.
In sucha file the teeth at E would perform no duty unless
upon work narrower than the length of the concavity at E, while on

| be brought into action at any one turn, and thus cause it to cut
| more freely; but it also enables all parts of the file length to be
, used and worn equally. Thus in Fig. 2238 are shown two positions
' of a file, one cutting at A and the other at B, these different loca-

Fig. 2235.

the other side D, the extra convexity would give the file great value | tions being due to different levels of the file which may be given by
for work, in which particular spots only required to be filed, because | elevating or depressing it at the handle end.
the teeth at D could be brought to bear on the required spot without
If ‘a fileis hollow in one side of its width, and rounding on the
fear of cutting elsewhere.
other, as in Fig. 2239, the hollow side is unfit for any but the

Fig. 2236.

If, however, we have a taper flat file, such as in Fig. 2234, the _ roughest of work, since it will not file any kind of work true ; but
thickness being equal from H to M, and a curved taper from M to | the rounded side is very effective for flat surfaces, since the number
P only, then it would be impossible to file flat unless only that part
of teeth in action is more limited and their grip is therefore greater,
from }* to P be used, because the heel H would meet the work at
while by canting the file any part of its width may be brought into

Fig. 2237.

the same time as M, and it could not be known where the file | action. The rounded side is especially advantageous for arawwould cut, more than that the most prominent teeth would cut the | filing (a process to be hereafter explained).
most.

In all cross-filing,

An excellent method of testing the truth of a file, and of finding | remove a maximum

whether

performed

to clean

up a surface,

of metal, or prepare the work for draw-filing,
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or for reducing the work to shape, the file should be given a slight
lateral as well as a forward motion, and it will be found that this
lateral motion is more effective if made from right to left, leaving
the file marks in the direction of marks B, in Fig. 2240, because the
workman has more control over the file (especially if a large one)
than when the lateral motion is from left to right; but this latter
motion must be given occasionally to prevent the file from cutting
deep scratches, and to keep the file surface true.
A new file should be used at first on broad surfaces so that the
teeth may not grip or bite the work so firmly that the strain will

SHOP PRACTICE.
In draw-filing the file should be pressed to the cut on the pushing
stroke only, and not on the return or pulling stroke.
Draw-filing produces with a given cut of file a smoother surface
than cross-filing, but it will not remove so much metal in a given
time.
In draw-filing short strokes will produce better work than long
ones, because with the latter the file cuttings are apt to become
locked in the teeth of the file, and cut scratches in the work. This
is called Dzmning, and the pins cutting deeper than the file teeth
produce the scratches.
To avoid this pinning the file surface may be well chalked, which
will at the same time cause the file to cut smoother although not
quite so freely. It is necessary, however, to clean the file after every

Fig. 2238.

cause their fine sharp edges to break off, which is apt to occur
unless their edges are slightly worn off.

Asa

file becomes worn it |

may be used on narrower work, because the narrower the surface
the more readily the file will bite. When a file is much worn, or
when it is desired to remove a quantity of metal as quickly as
possible, the file may be used at different angles upon the work, as
shown in Fig. 2241, which by reducing the number of teeth in
action facilitates the cutting, but if this be done with a new file it
will break off the points of the teeth.
Cast iron, brass, and copper require a sharper file than do either

steel or wrought iron, hence for the first named metals (especially
brass and copper) new files are used, and these should not be used
upon wrought iron or steel until worn out for the above metals.

Fig. 2241.

ten or twelve draw-filing strokes so as to remove the filings. This
removes the chalk also, hence it requires occasional renewal. For
this purpose lumps of chalk are employed, but great care is
necessary in its selection, because it sometimes contains small
pieces of flint or other stones, and these score and greatly damage
the file teeth.
To dislodge the chalk and filings the file surface may be rubbed
two or three strokes with the hand, and the file lightly tapped on
the vice back. But it will also be found necessary to occasionally

Fig. 2239.

In the case of unusually hard cast iron or tempered steel a secondcut file will cut more freely than a coarser grade.
Work to be draw-filed should first be cross-filed with smooth or
at the coarsest with second-cut files, so as to remove the scratches

of the bastard or rough file before the draw-filing, which should not
be done with a rough or bastard file.
Draw-filing consists in moving the file in a line at a right angle
to its length, the file being grasped at each end independently of its
handle, which may be removed from the file if it be in the way, as
in the case of files used on broad surfaces.
Draw-filing is employed for two purposes: first and most important, to fit work more accurately than can be done by cross-filing,
and secondly to finish surfaces more smoothly, and lay the grain of
the finish lengthwise of the work. The greater accuracy of drawfiling occurs because the high parts of the file can be selected and

Fig. 2242.

clean the file with a file-brush or file-card. The file-card is brushed
across the width of the file so that the wire may reach the bottoms
of the rows of teeth and clean them out.
If the pins have lodged too firmly in the teeth to be removed,
the scorer shown in Fig. 2243 is employed.
This scorer is a
piece of copper or brass wire flattened out thin at the end E, which
end is pressed firmly to the file teeth and pushed across the width
of the file. By this means the thin edge becomes serrated, and the
points of the teeth forming the serrations pass down the bottoms
of the rows of file teeth and force out the pins. Here it may be

Fig. 2243.

remarked that pinning takes place in cross-filing as well as in
draw-filing, and is at all times destructive to either good or quick
fig. 2240

the file so balanced that this high part covers the place on the work
requiring to be filed, while the strokes may be made to suit the
length of the spot to be filed.
In draw-filing the file can be moved more steadily than in crossfiling, and will, therefore, rock so much less that even the novice
can with care produce very true work.
Suppose, for example, that a piece of work requires filing in the
middle of its length and half way along its width and half along its
length, and a well bellied file may be balanced upon C, Fig. 2242,
and grasped at its two ends A and B, and used with strokes of a
sufficient length to file half the work length as required.

work.
Oil is sometimes used to prevent pinning and produce a dead

finish, which will hide scratches, but it is much more dirty than
chalk and no more effective. Neither of these substances, however,
is employed upon cast iron, brass, copper, or other than the
fibrous metals.
In removing the cross-file marks it will be found that the file will
cut more freely if it be slightly canted so that it cuts most at and
near the edge, as shown in Fig. 2244, the edge A B meeting
the work, the file stroke having progressed from C as shown. .This

is especially advantageous if the metal be somewhat hard or have a
hard skin upon it, or in case of a hard spot, because it will enable
the file to bite when, if pressed flat upon the work, it would slip
over it.
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be given sufficient end motion, so as to cause the file marks to cross
When araw-filing is resorted to, to obtain a very fine surface, to
as shown.
be finished with emery paper and crocus cloth, it is best to reverse
A round file should always be a little smaller at its greatest
the direction of the file strokes so as to cause the file marks to
diameter than the hole in the work. Before inserting it in the hole
cross and recross as shown in Fig. 2244, where the marks C cross
those previously made, which will not only produce smoother | it should be rotated in the fingers, and the eye cast along it, to select
work, but it will partly prevent the file from pinning. It will also be | the part having the most belly, which may then be brought to bear
on the required spot in the work, without filing any other place, and
found that the draw-filing will be smoother and pinning less liable
without filing away the edges at the ends of the hole. For very acto occur when the Gile strokes cross the fibres or grain of the metal
curate work it is sometimes desirable to grind on a round file, a flat
than when they are parallel to that grain ; hence when the finishing
marks are to be left in a line with the grain and a very smooth | place forming a safe edge. So likewise a safe edge flat file requires
grinding on its safe edge, because in cutting the teeth a burr is
surface is required, the draw-filing marks should, just before the
final finishing, be acruss the grain, the final finishing being with the
grain simply to reverse the direction of the marks.
Half-round files should be well curved in their lengths on the halfround side, so that when applied to the work any part of the file’s
1

|
4

length may be brought to bear upon the required spot on the work,
as was explained for the flat file, and shown in Fig. 2238. If the
flat side is straight or hollow in its length it is of little consequence,

Fig. 2246.

thrown over on the safe edge, rendering it capable of scoring the
work when filing close up to a shoulder. |
The work should be held as near down to the surface of the jaws
of the vice as will allow the required amount of metal to be filed off
without danger of the file teeth coming into contact with those jaws,
and should be placed so that the filing operation when finished shall
be as near as possible parallel with the top of the vice jaws. These
jaws then serve somewhat as a guide to the filing operation, showing
where the metal requires filing away.
For cutting steel that contains hard spots or places, a second-cut
file is more effective than a rough or bastard file.
Rough files are more suitable for soft metals, the bastard cut being
usually employed upon wrought iron, cast iron, and steel by the
machinist. But in any case the edge of the file is employed to
remove small spots that are excessively hard. The file should be
clean and dry to cut hard places or spots, and used with short
strokes under a heavy pressure, with a slow movement.
When a file has been used until its cutting edges have become
too dull for use, it may be to some extent resharpened by immersion
in acid solutions ; but the degree of resharpening thus obtained has
not proved sufficient to bring this process into general or ordinary
application ; hence, the files are either considered useless, or the
teeth are ground off and new ones formed by recutting them.
A recut file is of course thinned by the process, but if properly done

ee,
tee
.
AEE.

Fig. 2244.

because it can be used upon convex or upon narrow surfaces. The
sweep or curve of the file should in its cross-section always be less
than the curve of the work it is to operate upon, and the teeth should
be brought up sharp on the edges, and over the whole area of the
half-round side, which is in inferior files not always the case, because
the rows of chisel cuts are too far apart in the width of the file;
hence, there is along the length of the file between the rows of full
teeth, rows that are not brought fully up, which impair the cutting
qualifications of the file.
In using a half-round file to cross file it should at each stroke be
swept first from nght to left, and after a few strokes from left to
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Fig. 2245.

right, so that the file marks appear first as in Fig. 2245, running
somewhat diagonal from nght to left, and then, when the side sweep
of the file is reversed in direction, the file marks will cross after the
manner shown exaggerated in Fig. 2247. Unless this is done, the
curve will be apt to have a waver in it as in Fig. 2246, or in large
curves there may be several waves, and the same thing may
occur if the direction of side sweep is not reversed sufficiently
often. The file should also be partly swept around the curve, so

is nearly, if not quite, as serviceable as a new one, providing that in
grinding out the old teeth the file be ground properly true to curve;
but, unfortunately, this is rarely found to be the case.

that if at the beginning of a stroke it meets the work at the upper
position in Fig. 2247, then at the end of the stroke it should be as
at the lower one, which will also prevent the formation of waves.
The larger the curve the less the amount of this sweep can be, the
operator giving as much as convenient for the size of curve being
filed.
In draw-filing the file should be slightly rotated, so that if at the
beginning of a stroke it stands as at A, Fig. 2247. at the end of that
stroke it should stand as at position R,and it should at the sime time

the bite of new files (which is an especial advantage for brass work),
is by the means of the sand blast. The process consists of injecting
fine sand against the backs of the teeth by means of a steam jet,
and is applicable to all files, from the rasp to the finest of Groubet
files. The action of the sand is to cut away the backs of the file
teeth, thus forming a straight bevel on the teeth back, and giving a
, New cutting edge, and the process occupies from three to five
/ minutes.

Fig. 2247.

An excellent method of resharpening files, and also of increasing
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Fig. 2248 represents a machine constructed for this purpose.
Steam is conveyed by the piping to the nozzles a,a, which connect

by rubber hose H,H to sand pipe K,-so that: the steam jets passing

side of a new Io-inch bastard file, the iron was again weizhed, and
the loss noted. The other side of this file was then subjected to the
sand blast for five seconds, and 1200 strokes were made with this

through A,A carry with them the mixture of quartz, sand, -and water
in the sand box. By means of the overhead guide frame at D,E the

sand-blasted side on the same piece of iron, great care being taken
to give strokes of equal length and pressure in both cases. The
file clamp C is caused to travel when moved by hand in a straight
iron was then weighed, and the loss found to be double as much as
line between the nozzles A, A in the steam box, from which the | in the first case.
expended sand and water flow down back to the sand box. This
“These operations were repeated many times, counting the strokes
both sides of the file are sharpened simultaneously, and from the
and weighing the metal each time, and the quantity cut was found
to gradually become

less for both sides as these became

worn.

-‘When the weight of metal cut away by 1200 strokes of the sandblasted side was found to be no greater than had been cut by the

first 1200 strokes. of the ordinary side when quite new, a second sand
-blasting was applied to it for 10 seconds, and in the next 1200
Strokes its rate of cutting rose to nearly its first figure. When the
cut made by the ordinary side of the file fell to about four-tenths of
dts cit when new, it was considered by the workman as worn out,
Ets pubecitePm

-and.a new file of the same size and maker was used to continue the
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comparison with the one sand-blasted side ; 83 sets of 1200 strokes
each and 13 sand-blastings were made on the same side of this file,
and in that timé.it cut as much metal as six ordinary sides. In

99,600 strokes it cut away 14 ozs. avoirdupois of wrought iron, and
16°4 ozs. of steel.
“ With an equal number of strokes its average rate of cutting was,
on wrought iron, 50 per cent. greater than the average of the ordinary

sides, and on steel 20 per cent. greater. As the teeth became more
worn, the tiine of the application of the sand blast was lengthened
up to one minute. After the thirteenth re-sharpening its rate of
cutting was nine-tenths that of the ordinary side when quite new.

“When the teeth become so much worn that the sand blast ceases
to sharpen them effectively, the file can be recut in the usual way,

and each set of teeth can be made to do six times as much work as
an ordinary file, and to do it with less time and labor, because it
is done with edges constantly kept sharp. The time required to
sharpen a worn-out 14-inch bastard file is about four minutes, or
ce

proportionately less if sharpened

lam

before being entirely worn

Smooth files require much less time.

~~

out.

About 4 horse power of 60 lb.

steam used during four minutes, and one pint per minute of sand

(passed through a No. 120 sieve), and the time of a boy are the

a.

fixed angles of the nozzles and true horizontal motion of the tue the

angles of all the teeth are equal and uniform.
To distribute the sharpening effects of the sand equally across the
width of the file, the carriage has lateral or side motion, as well as
endwise, and on the apparatus represented adjustable rollers regulate

this side movement.
Having the two motions, any part
can be presented to the blast.
The following is from Lxgineering :—“A comparative
cutting power of the sharpened files was lately made
following results : A piece of soft wrought iron was filed
weighed ; 1200 strokes were made by a skilled workman

of the file

trial of the
with the
clean and
with one

elements of cost of the operation.”
-RED MARKING OR MARKING.—This is a paint used by machinists to try the fit of one piece to another, or to try the work bya
test piece or surface plate. It should be composed of dry Venetian
red, mixed with lubricating oil of any kind.
Instead of Venetian red, red lead is sometimes used for marking,
but it is too heavy and separates from the oil, and furthermore will
not spread gither evenly or sufficiently thin, and is therefore much
inferior to ‘Venetian red.
It is applied to the surface of the test piece or piece of work, and
the latter is brought to bear on the surface to be tested, so that it
leaves paint marks disclosing where the surfaces had contact, and
therefore what parts of the surface require removing in order to
make the surfaces have the desired degree of contact.
When éither the test piece or the work can be put in motion
while testing, one piece is rubbed upon the other or passed along
the same in order that the bearing marks may receive the marking
imore readily and show the bearing spots more plainly, the operation coming under the head of fitting. When neither piece can be
given motion, one is made to mark the other by being struck with
a mallet or hammer, or to avoid damage to the work from the
hammer blows, a piece of wood or copper is interposed. This
operation is termed “ bedding.”
The thickness of the coating of marking varies with the kind of
work, the finer fit the work requires to be, the thinner the coat of
marking. Thus in chipping a thick coat is applied, for rough
filing a thinner, for smooth filing a still thinner coat, and so on,
until for the finest of work the coat is so thin as to be barely perceptible to the naked eye.
When either the work or the testing
piece can be given motion and the surfaces rubbed together, a
thinner coat of marking may be used. Marking is usually applied
with a piece of rag doubled over and over, and bound round with
a piece of twine so as to form a kind of paint-brush. This will give
the surface a lighter and more evenly spread coat than would be
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possible with a brush of any kind. For very fine work red marking may be spread the lightest and the most even with the palm of
the hand, which will readily detect any grit, dirt, or other foreign
substance which the marking may contain from being left exposed.
THE HACK-SAW.—The hack-saw is employed by the machinist
for severing purposes, and also for sawing slots in the heads of
screws. The blade should be tightly strained in the frame, which

will prevent saw breakage.

The ordinary method of doing this is

to provide the end of the saw frame with a sliding stud threaded at
its end to receive
athumbnut.
The studsat each end of the blade
should be squared where they pass through the frame, as at A, Bin

Fig. 2249, so that the blade shall not be permitted to twist. An
improved form is shown in Fig. 2250, in which the end E has a
saw slot to receive the blade F. At the handle end of the blade it
is held by a stud sliding through the frame, being squared at B; at

C is a nut let into and screwed in the handle, and into or through
the nut is threaded the end of the stud, so that by rotating the
handle the blade is strained.
The curve in the back at A givesa
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should not exceed about 6 inches in length, exclusive of the handle,
for if longer it will not cut well or smoothly, and its end face should

be slightly rounded as in Fig. 2254.
Its facets should be ground
square or straight and carefully oil-stoned after the grinding, the
oil-stoning process being repeated for two or three resharpenings,
after which it must be reground upon the grindstone.
The scraper should be grasped very firmly in the hands, and
held as in Fig. 2255.
It requires to be pressed hard to the work
during the cutting and lightly during the backward stroke.
The strokes should not exceed for the roughing courses, say, half
an inch in length, the first course leaving the work as represented
in Fig. 2257.
The second course should be at a right angle to the first, leaving
the work

as in Fig. 2258, and after these two courses the work
should be tested by surface plate, or with the part to which it is to
fit, as the case may be. Previous to the testing, howeven the woik
must be carefully wiped clean with old rag, as new rag or waste is

apt to leave ravelings behind.
The surface plate should be given
a light coat of red marking, and then moved backward, forward, and

Fig. 2249.

little elasticity to it, and therefore a better strain to the blade. A
hack-saw should always be used with oil, which preserves the
cutting edge of the teeth.
In sharpening a hack-saw it is best to rest the smooth edge of
the blade on a piece of hard wood or a piece of lead, and spread the
tops of the teeth by light hammer blows, which serves a two-fold
purpose, first it thickens them and enables them to cut a groove
wide enough to let the blade pass freely through, and secondly it
enables the teeth to be filed up to a sharp cutting edge with less
filing.
The screw-driver to be used in saw slots should have its end
shaped as at A in Fig. 2251, which will tend to prevent it from
slipping out of the saw slot, as it will be apt to do if wedge-shaped
as at B, because in that case the action of the torsional pressure or
twist is to lift the screw-driver out of the slot.
SCRAPERS AND SCRAPING.—The process of scraping is used by
the machinist to true work, and to increase the bearing area of
surfaces, while the brass finisher employs it to prepare surfaces for
polishing, applying it mainly to hollow corners and sweeps.

|

|

:

Fig. 2250.

For scraping work to fit it together the flat scraper is used,
ordinary forms being shown in Figs. 2252 and 2256.
That shown in Fig. 2252 may be made of a flat smooth file, of
about an inch wide, and 34-inch thick, which is large enough for
any kind of work.
Two opposite faces, one of which is shown at

A, are ground beveled so as to leave the end face B about y-inch
thick. This end face is then ground square as denoted by the dotted
lines, producing two cutting edges of equal angles, and therefore
equally keen.

If it were

attempted to grind face B at an angle as

denoted by the dotted lines G, in Fig. 2253, the lower edge H would

cut too keenly, causing the scraper to chatter and cut roughly, while
the upper one I would not cut sufficiently easily.
For very smooth work the scraper may be formed as in Fig.
2256, the front face E being ground slightly out of square as shown,
and the bottom face F being given considerable angle to the body
of the scraper.
For very rapid cutting, however, the front face E
may be at an angle of less than go” to the top of the scraper.
The only objection to this form is that the eye lends no assistance in bringing the edge fair with the work surface. The scraper

Fig. 2251.

sideways over the work, or, if the work is small, it may be taken
from the vice and rubbed upon the surface plate, and the high spots
upon the work will be shown very plainly by the marks left by the
plate. The harder the plate bears upon the work the darker
the marks will appear, so that the darkest parts should be scraped
the heaviest.
After applying the plate, the scraper may again be applied, the
marks being at an angle to the previous operation, the testing and
marking by the plate and scraping process being continued until
the job is complete, appearing as shown in Fig. 2259.
It will be noted that the scraper marks are much smaller and
finer at and during the last few scrapings; and it may be here
remarked that the scrapings are very light during the last few
finishing processes.
The strokes of the scraper being made of a length about equal to
the acting width of its edge cuts, makes the scraper mark approximately square, on which aceount it is sometimes termed “ block”
scraping.
It gives an excellent finish, while not sacrificing the
truth of the work to obtain the finish.
The scraper will not remove a quantity of metal so quickly as a
file, and on this account it is always preferable to surface the work
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with a file before using the scraper, even though the work be well
and smoothly planed.
Not until the file has almost entirely
removed the planer marks, and the surface plate shows the surface
to be level and true, should the scraper be brought into requisition,
the first courses being applied vigorously to break down the
surface.
It would appear that scraping might be more quickly done by

taking long scraper strokes promiscuously over the work, but in this

Now suppose that a hole to be reamed has a hollow or spongy
seam along it, and if the reamer be regularly spaced, there will at

this point occur a lateral movement of the reamer that will impair
the roundness of the hole, and this lateral movement the irregular
spacing tends to prevent.
If a solid reamer is made to standard gauge diameter when new,
and the bolts or pins turned to standard diameter, then by reason

of the wear of the reamer the work will become gradually a tighter

Fip. 2261.

case the bearing marks are not well defined and do not show plainly,
which leads to confusion and causes indecision as to where the
most or heaviest scraping requires to be done, whereas in the block
scraping the marks are clearly defined and the high patches or
spots on the work show very plainly, and the workman is able to
proceed intelligently and with precision.
Fig. 2260 represents a three-cornered or “ three-square ”’ scraper,

fit and finally will not go together, hence the reamer must be
restored to standard diameter, which may be done by upsetting the
teeth with a set chisel. Furthermore the workman’s measuring
gauges are themselves subject to wear, those for measuring the ping
wearing larger and those for the holes wearing smaller, and this
again is in a direction to prevent the work from fitting together. It
is preferable, therefore, to employ adjustable reamers.
Thus Fig. 2265 represents an adjustable reamer in which the teeth
fit tightly into dovetail grooves, that are deeper at the entering than
at the shank end of the reamer, so that by forcing the teeth up the
grooves towards the shank the diameter is increased.
Both castings and forgings are found to alter somewhat in
shape in proportion as their surfaces are removed by the machine
tools, so that the shape of the work undergoes continuous alteration.

Fig. 2262.

which is used principally upon hollow or very small flat surfaces.
The half-round scraper is employed upon holes, bores, or large
concave surfaces, such as brasses. Both these tools are for vice
work, used in the same manner as described for flat scrapers,

while all scrapers cut smoother

when the edge is kept wetted

Suppose, for example, that a piece of metal two inches square and
_ four inches long, has a hole cast in it of an inch in diameter, and
_ when finished it is to be 1# inches square, 34 inches long, and have
a hole 14 diameter. Let it be chucked in a lathe or shaping

machine and have its surfaces cut down to the required dimensions.
Removing the metal to true the first surface will reduce the strain
on that side of the casting and alter the shape of the whole body,
but this alteration of form will not occur to its full extent until the
piece is removed from the pressure of the chuck jaws, or other

i)
|
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with water, as is essential when used upon wrought iron, copper,
and steel.
HAND REAMERS OR RYMERS.—The hand reamer is employed
for two purposes, first, to make holes of standard diameter and

clamping device holding it in the machine, because this pressure
holds it; as a result the surface will not be so true after leaving the

machine as it was before.

On surfacing the second side of the

smooth their walls, and second, to bring holes in line one with the
other.

Fig. 2261 represents an ordinary solid hand reamer for parallel
holes. The teeth are ground so that their tops form a true circle,
this grinding being done after the reamer has been hardened and
tempered, because in these processes the reamer is apt to get both
out of round and out of straight.
In some practice the reamers are formed as shown in Fig. 2262,
and are made in sets of three for each size ; the first is slightly taper |
from end to end, the second is slightly tapered at the entering end
for a length about or nearly equal to the diameter, and the third is
parallel and rounded on the end like the second, and in many cases
only three teeth are employed.
Fig. 2263 represents a reamer in which the distance between the cutting edges A B, Fig. 2264, is greater than between BC, and
Fig 2264.
so on, the spacing decreasing from tooth A to tooth a. The spacing of a, 4, &c. to f on the other side is also irregular, so that if the
reamer be given half a revolution no two teeth will have arrived at
piece, the internal strain is still further reduced, and a second
similar positions except A and a, the former arriving at the position
alteration of form ensues, and so on at the surfacing of every side
EE

occupied by the latter-

of the piece.

Now let the piece be chucked true to have the hole
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bored out, and the removal of the metal in the hole will again
reduce the internal strain and the form of the body will again
alter.
.
Suppose, however, that the piece after having its surfaces thus

reaming the bores of brass coeks, &c., and some of them prefer
that one edge only be sharpened to cut, the other three being oilstoned off so as not to cut, but simply serve as guides. The square
reamer is very easily sharpened whether by grinding or oil-stoning ;

.emoved, and its hole bored as true as may be, were

again trued

the flat sides are operated on, taking care to keep them straight and

over each surface, and in its bore there will still be at each surfac-

the thickness even on the two diameters, so that, the sides being

ing and at the boring an alteration of form, although it may be to

i. 2268.

Fig. 2266.

straight and the reamer square, it will cut taper holes whose sides
will be straight. If the reamer is not ground square, two only of

a very minute degree, and from these causes-the use of the reamer
for work requiring to be very true becomes indispensable.
Fig. 2266 represents a taper hand reamer with straight flutes. It
is preferable,

however,

to give the

flutes

a left-hand

Spiral, as was explained with reference to reamers for
lathe work.
The frames of large machines are frequently composed
of parts that are bolted together after having the holes
for shafts, &c. bored, and to insure the alignment of these
holes after the frames are put together a hand reaming
bar, such as in Fig. 2267, is employed, A and B being two
shell reamers fastened to the bar by a pin.
Reamers are sometimes employed to enlarge holes or
bring them fair one with another, without reference to
their being precise to a designated diameter; thus Fig.
2268 represents a half-round reamer of the form used by
boiler makers to bring rivet holes fair, and sometimes by
machinists to ream the holes for taper securing pins.
The flat face is cut down to below the centre line, so that
the back requires no clearance ground upon it.
The square reamer shown in Fig. 2269 is used for rough
work
generally, although with careful grinding and use it
Fig. 2267.
will produce excellent results upon work of small diameter,
Brass finishers generally prefer a square reamer to all others for |

Fig. 2269.

the edges will be liable to have contact with the work bore, causing
the reamer to wabble, and rendering it liable to break.

———
ee

Fig. 2270.

Another and very good form of reamer for the rapid removal of
metal is shown in Fig. 2270, having three teeth and a good deal of
clearance, which enables it to work steadily and cut freely

CuarteR
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N most of the operations of the machine-shop, the work of the
chisel is followed by that of the file ; hence, as an example in
the use of the chisel independent of that of the file, the cutting of
the teeth upon files may be given as follows :-—
The largest and smallest chisels commonly used in cutting files
are represented in two views and half size in Figs. 2271 and 2272.
The first is a chisel for large rough files; the length is about 3

inches, the width 2$ inches, and the angle of the edge about 50°;
the edge is perfectly straight, but the one bevel is a little more
inclined than the other ; this chisel requires a hammer cf about 7 or
8 pounds weight. Fig. 2272 is the chisel used for small superfine
files ; its length is 2 inches, the width 4 inch; it is very thin, and

WORK—( Continued).
if intended to be single-cut, would be then ready for hardening, and
when greatly enlarged its section would be somewhat as in Fig.
2274.
The teeth of some single-cut files are much less inclined than
58 ; those of floats are in general square across the instrument.
Most files, however, are double-cut, and for these the surface of the
file is now smoothed by passing a smooth file once or twice along
the face of the teeth, to remove only so much of the roughness as

—————

would obstruct the chisel from sliding along the face in receiving its

sharpened at about the angle of 35°; it is used with a hammer
weighing only 1 or 2 ounces; as it will be seen, the weight of the

Fig. 2273.

Fig. 2271.

blow mainly determines the distance between the teeth.
chisels are made of intermediate proportions,
edge always exceeds that of the file to becut.
at the point of the file; the chisel is held
horizontal angle of about 55° with the central

Other

but the width of the
The first cut is made
in the left hand, at a
line of the file, as at

@ a, 2273, and with a vertical inclination of about 12° to 4° from the

perpendicular, as represented in Fig. 2274, supposing the tang of
the file to be on the left-hand side. The following are nearly the
usual angles for the vertical inclination of the chisels, namely: For

rough rasps, 15° beyond the perpendicular; rough files, 12°; bastard

successive positions, and the file is again greased. The second
course of teeth is now cut, the chisel being inclined vertically as
before, or at about 12°, but horizontally about 5° to 10° from the
rectangle, as at 5 4, Fig. 2273. The blows are now given a little less
strongly, so as barely to penetrate to the bottom of the first cuts,
and consequently the second course of cuts is somewhat finer than
the first. The two series of courses fill the surface of the file with
teeth which are inclined toward the point of the file. If the file is
flat and to be cut on two faces, it is now turned over ; but to protect
the teeth from the hard face of the anvil a thin plate of pewter is
interposed. Triangular and other files require blocks of lead having
grooves of the appropriate sections to support the blanks, so that
the surface to be cut may be placed horizontally. Taper files require
the teeth to be somewhat finer toward the point, to avoid the nsk

Fig. 2272.

files, 10°; second-cut files 5°, and dead-smooth-cut

files 4°°

The

blow of the hammer upon the chisel causes the latter to indent and
slightly to drive forward the steel, thereby throwing up a trifling
Fig. 2274.

ridge or burr ; the chisel is immediately replaced on the blank, and

slid from the operator until it encounters the ridge previously thrown
up, which arrests the chisel or prevents it from slipping farther
back, and thereby determines the succeeding position of the chisel.
The chisel having been placed in its second position, is again struck
with the hammer, which is made to give the blows as nearly as

minute, until the entire length of the file has been cut with inclined

blank being weakened or broken in the act of its being cut,
might occur if as much force were used in cutting the teeth
point of the file as in those at its central and stronger part.
courses of cuts are required to complete a double-cut rectangular file that is cut on all faces, but eight, ten, or even more
courses are required in cutting only the one rounded face of a halfround file. There are various objections to employing chisels with

parallel and equidistant ridges, which are collectively denominated
the “first course.” So far as this one face is concerned, the file,

the ordinary straight chisel is used and applied as a tangent to the

possible of uniform strength, and the process is repeated with considerable rapidity and regularity, 60 to 80 cuts being made in one

of the
which
at the
Eight

concave edges, and therefore, in cutting round and half-round files,
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method, and the process is the same for buth, one only need be
curve. It will be found that m a smooth, half-round file 1 inchin
width, about twenty courses are required for the convex side, and | described.
In Fig. 2276 let S represent a shaft and F a feather, required by
two courses alone serve for the flat side. In some of the double-cut,
the drawing to be permanently fixed therein. The drawing will not,
gullet-tooth saw-files, as many as twenty-three courses are sometimes
in ordinary shop practice, give any instructions as to how the
used for the convex face, and but two for the flat. The same
feather is to be fastened ; hence the mechanic usually exercises his
difficulty occurs in a round file, and the surfaces of curvilinear files
own judgment about the matter, or is governed by the practice of

Fig. 2279.

the shop. If left to his own judgment he maydetermine
to so fix
it that it may be locked on all four sides, as in Fig. 2277,or he may
simply set it in as in the similar views shown in Fig. 2278.
The method
shown in Fig. 2277 is the most secure and best job;
Fig. 2275.

do not therefore present, under ordinary circumstances, the same
uniformity as those of flat files.
The teeth of rasps are cut with a punch,
which 1s represented in
is about ©
two views, Fig. 2275. The punch for a fine cabinet rasp
34 inches long and § inch square at its widest part Viewed in

but, on the other hand, it 1s the most difficult and costly. The
difficulty consists in filing the parallel part above the surface of the
shaft to a line that shali be quite even with the surface of the shaft.

front, the two sides of the point meet at an angle of about 60° ;

F

——

This difficulty
may be overcome
by leaving the sides parallel, and
making the length 4 equal to the length of the acting part of the
key, and the bottom B as much longer as may be required to get the
required amount of dovetail on the feather ends.
The first thing to do is to mark off the keyway by scribing lines
on the surface of the shaft, indicating the location for the feather

Fig 2276.

viewed edgewise, or on profile, the edge forms an angie of about 50°,
the one face being only a little inclined to the body of the tool In
cutting rasps, the punch is sloped rather more from the operator
than the chisel] in cutting files, but the distance between the teeth
of the rasp cannot be determined, as m the file, by placing the
punch in contact with the burr of the tooth previously
made. By

Fg. 2281.

seat ; and for this purpose nothing is better than the key seat rule
shown in Fig.-2279, in which wW is the key seat rule, and S the shaft.
After
the lines are drawn they should be defined by centre-punch
dots,as in Fig. 2280, and then the metal should be cut out on the
sides first, using a cape chisel, and cutting close to the side hnes, as
in Fig. 2281,
in which A is a cape chisel cut taken along one side,
D a second cape chisel cut, being carried along the other side, C the

dint of habit the workman moves—or, technically, hops—the punch
the required distance; to facilitate this movement, he places a piece
of woollen cloth under his left hand, which prevents his hand from
Coming immediately in contact with and adhering to the anvil
As an example in the use of the chisel for chipping purposes, let
it be required to fasten a feather on a shaft.
“- - -A----+

There are four methods of inserting feathers: First,
a shaft may
have a parallel recess sunk into it and a paralle] feather
may be
driven
im; second,
the feather may be made slightly taper and driven
in ; third, the feather may be dovetailed on the sides and ends both, |
or on the ends only,
and as one or the other of these is the proper

cape chisel, C the cut taken by the chisel, and B a ptece of metal to
be cut out after the cape chisel] has done its work.

Suppose, now,

the mass of the metal] is removed, then the dovetailing is performed
as follows: Next the setaimg or upsetting 1s proceeded with as shown

| in Fig. 2282, which is a side sectional view. S is a set chisel driven
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by hammer blows against the walls of the feather seat (as against
the end ¢), causing it to bulge up, as shown at f. This setting will
enlarge the feather seat or recess, so that the wide part of the dovetail on the feather will just pass in (the dotted lines shown in Fig.
2281 having, of course, been marked to the size of the feather, where
it will, when fixed, meet the surface of the shaft). The feather is
then placed in its seat and bedded properly by red marking applied

to its bottom surface to show the high spots on the seat of the recess,

WIM:
Fig. 2283.

and when properly bedded it is fastened, as in Fig. 2283, in which

SHOP

PRACTICE.

In order to illustrate the filing clearly, it will be necessary to show
more metal to be filed off than would be the case in practice, unless
the eye were very small, in which case it would not pay to chip.
Put the eyes together with the pin in and let the two lowest places
on the edges coincide. Then file a flat place clear across them, as

NN A

Fip. 2286.

| shown in Fig. 2288 at F, making it parallel to the pin, and, say, down
to within +45 of the finished depth. To test the parallelism of the
flat place, take out the pin and apply to the flat place a square,
rested against the radial face of the double eye, or measure its

Sis a set chisel, which, by being struck with hammer blows, closes

the bulged metal back again on the dovetail of the feather, and

firmly locks it in the shaft. And all that remains is to file the shaft
surface around the feather level with the surrounding surface, there
being usually a little surplus metal from the upsetting.
As an example of chipping and filing let it be required to chip and
file to shape and to fit a knuckle joint (or a double and single eye,

Fig. 2287.

distance from the hole of the eye on each side of
is at each end of the hole.
When it is true and down to the required
together and let their relative positions be such
do not coincide, and that on the double eye will

Bx\\\Y

the double eye, that
size, put the eyes
that the flat places
serve as a guide to

X\\
\\

yy

SAAN

Fig. 2284.

as it may more properly be termed), such as in Fig. 2284. Theeye
Fig. 2288.
being marked out by lines, the first operation will be to remove the
surplus metal around the edges by chipping, which should be done
carry the filing around the single eye, while that on the single eye
(with the pin in place, so that it may support the eye) before the
will serve as a guide to carry the filing around the double eye, as will
joint faces are filed at all, and should be carried in a direction
be seen on reference to Fig. 2289, in which the flat piaces A,B on the
around the eye, as shown in Fig. 2285, in which 7 is the vice jaw,
,
double eye serve asa guide to file C down to, while the flat place on
E a lead clamp, C the cut, and D the chisel. By chipping in this
the
single eye at Dis a guide to file the metal at E,F down to, and it
direction two ends are served: first, the force of the chipping blows

Fig. 2285,

is less likely to bend the eye if it is a light one, and, secondly,
the chipping will not break out the metal at the edge of the eye,
which it would be apt to do if the chipping was carried across.
This is shown in Fig. 2286, where a chisel cut is supposed to have
been carried across from A to B and a piece has broken out at B.
(f the width of the eye is too broad for one chisel cut, a cape chisel
should be run around it, as in Fig. 2287, A D showing the cutting,
the flat chisel cuts B,C being taken separately afterwards.

Fig. 2289.

is obvious that by moving the eyes to different positions the eye may
on that side be filed true and to circle.
When the filing has thus been carried around as far as the movement of the eyes permits on that side, turn the single eye over in
the double eye, and they will appear as shown in the end view,

VICE
Fig. 2290, A being the filed side of the single and E D that of the
double eye ; hence the metal at C,B must be filed down level with a,
and that at F down level with E,D.

We have assumed that the edges only required finishing irrespective of the joint faces ; but let it be assumed that the whole of
the eye has been dressed up by machine tools, and that it requires
fitting and finishing by the file both on its joint faces and on its
edges.
If the eye has been bored and faced in the lathe the faces will be
about true with the hole, but if it has had its faces trued in a
machine, as a planer or slotter, and the hole bored subsequently in
a slotting machine, the hole may not be true to the faces. This may
occur from want of truth in the chucking devices, from these devices
having been held toa table or carriage moving on slides, and having

lost motion or play, in which case from the leverage of the pressure
of the boring tool-reamer or bit, this table may have lifted to the

extent of such play, in which case the hole will not be at a right
angle to the face or faces.
First, then, these faces must be tested for truth and smoothed by
filing. The best testing device is a pin and washer, the pin neatly

fitting the hole in the eye and the washer neatly fitting the pin.
The radial face of the pin head and of the washer should then be
given a light coat of marking, and be inserted in the eye, as shown
in Fig. 2291, in which a is the pin head and B the washer. If each
be then rotated under pressure against the eye, they will mark the
high spots, which may be filed and draw-filed until an even contact
all around is shown.
The single eye should be similarly faced and fitted, a somewhat
tight fit, into the double eye. Ina job of this kind, where accuracy
of fit is essential, it is usual to bore the hole about 4, inch smaller
than its finished diameter, and after fitting the two eves, to ream out
the eyes while bolted together.
For the reaming the two eyes should be clamped together. The
single eye is left somewhat too tight a fit to the double eye to permit
of the finishing being done after the holes are reamed, because the
reaming may slightly alter the axial line of the hole. The two bolts
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all future operations. The eyes should be put together with a light
coat of marking on both faces of the single eye, and, with the pin in
place, one eye should be moved back and forth, when they may be
taken apart again and filed on the high spots. When by repetition
of this process they fit properly the outside edges may be filed up,
as already described.
It is obvious, however, that the pin and washer shown in the
figure may be hardened and used to file the edges up before the
reaming, in which case, their diameters being equal, and equal to
that of the required finished diameter of the eye, it is easy to file
the eye edges true and to size; but even in this case the eyes
should be finished by reversing and moving as before described.
There is, however, the objection to filing the edges—first, that the
joint will show plainer, because in filing the side faces to fit the
single into the double eye, that part of each face near the edge
is apt to be filed away slightly too much, causing the joint to
show ; but if the circumferential edges of the eye be filed last, the
part so filed away is removed and the joint may be made almost
invisible.
The best plan of all is to first fit the eyes, then ream them out
and then provide a hardened pin and washer to fit the reamed hole,
then file down the circumferential edges nearly level with the pin
and washer and finish by reversing and moving the eyes as before
described.
|
In the absence of any pin and washer, such as shown in Fig.
2291, the inside faces of the jaws of the double eye must be filed
parallel to the outside radial faces of the single eye, the outside
surfaces being trued when the hole is bored. If none of the surfaces have been trued with the hole, the outer ones should first be

trued, using a J-square (if there is no pin) to test the truth of the
face with the hole, and the inside jaw faces must be trued with the

Fig. 2292.

outside, measuring each jaw with outside calipers, and the width
between the jaws with inside calipers.
Let us now suppose that it were attempted to first fit the single
to the double éye a tight fit, then to ream the hole and then to
make the joint an easy working fit. In this case the finished hole
in one eye may become out of true with that in the other, that is,

it may not be parallel with that in the other, and for the following reasons :—The holes of the two eyes will rarely come quite
true with each other, even though the radial faces of the eyes be
Fig. 2291.

holding the clamping plates should be brought just home on the
plates, and then tightened up gradually and alternately, so that the
eyes may be gripped fair, and not liable to move during the reaming.
The bores of the eyes should be set as true as possible one with the
other before the plates are tightened upon the eyes, for if it is
attempted to set the eyes true by hammer blows afterwards, the
pressure of the plates would cause the arm or hub of the double eye
which received the hammer blow to move more than the other, or,

in other words, to spring out of its normal position, and the eye will
be distorted. But when released from the pressure of the clamping
plate the double eye will resume its normal shape, and the holes
will not be axially true in the two eyes.
After the holes are reamed the temporary pin and washer used for
the facing will be too loose, and the proper pin should be used for
VOL. t1.—24.

turned in the lathe or faced in a machine when the holes are bored,

and it is the duty of the reamer to true as well as smooth them in
whatever direction they may be out of true or face one with the
other until they are put together. Now, if they be put together a
tight fit, the outside jaws are sprung open to some extent. Again,
they may be sprung slightly atwist, and if the holebe reamed true
and this twist taken out afterwards the hole will come atwist or
out of fair in proportion as the jaws lose their twist from being
fitted.
Again, reaming the hole slightly alters its axial line, and the
radial faces, if at a right angle to the hole before reaming, will not
be so after reaming, and it is not practicable to discover in just
what direction and to what degree reaming the hole will alter its
axial direction ; hence, the single eye must be fitted as near as
may be before the holes are reamed, and finished afterwards as
described.
Let it be required to reduce by filing, the diameter of a round pin
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or to file it to fit a taper hole, and the diameter of the pin being
small it may be held by one end in the vice jaws or by means of
the clamps, shown in Fig. 2091 or those in Fig. 2092. But the
filing can be more truly and easily finished as in Fig. 2292, in
which there is shown fastened in the vice a filing block having

SHOP PRACTICE.
this form gives a very neat appearance, but it presents difficulties
in the filing up, as we shall see presently.
Suppose that one flat (which we will call flat A) of a nut, is
nearest to the bore, then to make the nut of equal thickness all
around, the other flats must be so filed down as to approach the

V-grooves (of varying width to suit varying diameters of work), in

which the pin to be filed may be rested.
The pin is held by the hand vice shown, and is rotated towards
the operator during the forward file stroke (one hand holding the
hand vice and the other the file), and in the opposite direction
during the back stroke. After every few file strokes the hand vice

Fig. 2296.

Fig. 2293.

is partly rotated in the hand so that the whole of the pin surface
may be subjected to the file. The hand vice enables the pin to be
forced into its hole and rotated, to show by the contact or bearing
marks where it requires filing to adjust the fit.
_ Fig. 2293 represents an excellent form of hand vice for holding
pins, &c., the jaws being pivoted to a cross piece and opened by a
cone, the handle threading to the stem of the cross piece, and being
hollow so that the work may pass through it. The work is thus
very firmly gripped and not liable to move in the jaws as it is when

bore as nearly as A does, and it is assumed that there is metal
enough to permit this. The flat A will then be the first one to be
filed up, taking off just sufficient to make it true when tested by the

the hand vice is fastened upon the work by a thumb nut.

Very thin pieces of metal cannot be well held in the vice jaws,
Fig. 2297.

nut gauge, applied as in Fig. 2296, in which N is the nut, and G the
gauge. The flat must also be filed true when tested by the gauge,
as in Figs. 2297 and 2298, the gauge G being tried rested on A and

Fig. 2294.

and as an example of this kind of work holding, let it be required
to file up a caliper leg, which being curved cannot well be held in
any of the vice fixtures heretofore shown.
|
In Fig. 2294 there is a block of wood having an extension at A

that may be gripped in the vice jaws.

Upon the surface of the

block the caliper leg is held by brads or nails driven around its
edge, as shown, or it is obvious screws may be used.
An excellent example of filing is to file up a hexagon nut or a
bolt head. This is apparently a simple piece of work, but it is in

Fig. 2298.

applied to B, and then rested on A and applied toc. A should be
filed so that, if possible, it will be at the proper angle to both B and
C, but if, from errors in the angles of B and C, this is impossible,

Fig. 2295.

fact a job that requires a good deal of care and precision to properly
accomplish. The requirements are that the nut shall measure alike
across the flats, that each flat shall be parallel to the axial line of
the bolt, and at a proper and equal angle to both of its neighbors,
and that the nut shall be of equal thickness all round. The method
of accomplishing this result is as follows: Let Fig. 2295 represent
a bolt head, after it has been turned in the lathe. It will be observed
that the end face of the bolt head is rounded.
Now a bolt head of

Fig. 2299.

the error should be divided between the two, as shown, for example,
in Figs. 2299 and 2300, where the gauge is shown in the two positions necessary to test each respective flat, B and C ; the amount of
error being equal at H and L

VICE
The next flat to file will be E, Fig. 2299. Now, in a small nut,
the chamfer of the nut edge will be sufficient guide to the eye in
filing Eto an equal thickness (that is, equal for distance from the
bore to A)
|
In order that the finished nut shall be so true that the nut gauge
shall show that the flats or angles are true one with the other all
around the nut, it is necessary that the flat E shall stand parallel to
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waste or twine, this process may be repeated, the original,
| adding
or first-filed faces serving as guides down to which to file all the

A; hence it should be made so by measurement with calipers,
irrespective of its angle to either D or F. After E is filed it will
serve as a base from which D and F may be filed to angle, while a
will serve as a base from which the flats D and C may be filed to
angle ; but, while testing the angle with the gauge, C and D should

others, which will insure equal thickness of all the flats. After
roughing out all the flats in this manner, reverse the nuts on the
screw, so that the two chamfered faces come together, as in Fig.
2302, and any want of truth in the parallelism of the flats one with
the other, or with the axial line of the screw, will become at once
apparent, and will be corrected in the finishing, providing that an
equal amount be filed off the respective sides that are in the same
plane as are A and B in the figure. Of course nuts filed in this way
require the application of the calipers and gauges, the same as
described for a single nut; but uniformity will be assured and
the filing truer, because the filing in small nuts, as an inch or
less, will be more true on account of there being a larger area for
the file to rest and steady upon.
It is obvious that a plain cylindrical piece, instead of a piece of screw, may be used, in which
case the waste or twine will be unnecessary ; but in this case the
plug, or cylindrical piece, should be shorter than the length of the
two nuts, and should not be so tight a fit to the bores as to damage

Fiz. 2300.

be tried for parallelism, and F and B for parallelism, while the
diameters across these flats should be equal on all sides.
If it were attempted to go all around the nut, filing to the gauge,
as, for example, filing C, Fig. 2300, from A, F from C, E from F, D
from E, and B from D, all the error in the angle of the gauge, or
errors of workmanship, will (supposing the latter to be always in
the same direction) be multiplied upon, or rather added to B when
tested with A, and these two will not be of correct angle. Again,
any error made upon one flat will be copied upon the one filed to
gauge angle from it ; whereas, filing E parallel to A insures the
correctness

the threads.
In small nuts it will not pay to chip off the surplus metal, because
they cannot be held sufficiently firmly in the vice without suffering
damage from the vice jaws, or even from copper clamps, while lead
ones are too soft to hold them.
The finishing marks, if any, should be in a line with the bore of
the nut, which gives the neatest appearance. The process is the

of these two, and testing the parallelism of the others,

as B, F, serves to discover and correct any error of angle that may
exist. It is obvious that in filing each flat the gauge must be
applied as in Fig. 2296, as well as in Fig. 2298.
In filing the opposite flats to diameter to fit the wrench or gauge,
if one be used, it is best to leave them a tight fit until all are nearly
finished, so that any error that may be discovered may be corrected
while finishing them.
In small nuts, if two are to be filed, a better plan may be followed.
The two nuts may be put upon a short piece of screw, as shown in

A
Fig. 2303.

Fig. 2301.

Fig. 2302.

Fig. 2301, and screwed firmly together.
In doing this, however, it
may be found that the nuts will not tighten against each other, with '
the flats fair one with the other. This, however, may be accomplished by winding around the piece of screw, and between the |
nuts, a piece of waste, twine, or rag, and then screwing them
together until they bind sufficiently and the sides come fair; the
nuts may then be put in the vice, the jaws of the latter meeting the
end A of the screw and the face B of the nut in the figure. Select
the thinnest flat on either of the two nuts, and file it and the one
coincident to it, but on the other nut, at the same time taking care
that both are filed equidistant from the screw.
To test this, apply
the gauge as shown in Fig. 2296. File these faces down a little
above size, and then loose the nuts and put in an addition of waste
or twine, so that the same faces shall not coincide, and the two filed
faces will serve as guides, down to which their new contiguous
faces may be filed, the hexagon gauge being applied as before. By _

same for a bolt head, such as shown in Fig. 2295, as for a single
nut, with the exception that the gauge must be applied as in Fig
2303, when testing the truth of the flats with the axial line of the
bolt, this being necessary because of the roundness of the end face
A, in Fig. 2303. The distances D and C will be equal when the
flat is true in that direction.
A pair of outside calipers form an excellent example in vice
work.
The material should be good cast steel of an even thick-

ness, and therefore (unless for very large ones) saw blade will
answer the purpose.
It should be well softened by being made to
a low red heat and buried in fine cinder ashes or lime, and allowed

to cool there ; the proper width of this piece of steel being suffciently greater than the size of the caliper washer, to allow room for
a chisel cut and leave a little to file off in truing up the joint. The
length should be somewhat more than that required to make the
legs, because a piece will be required to be cut off the narrow end
to give substance enough for the points.
The size of the washer
should be drawn at each end of the steel, the centre of the washer
should be centrepunch-marked, and a line should then be drawn
to set off the two legs.
The steel is then severed along this
line, thus getting out the two rough legs. When shears are not at
hand, or when it is not designed to use them for this purpose,
three methods of dividing may be pursued:
First. we may
drill small holes along the line, and cut between the holes with a
chisel.
The objection to this is that the blade is sometimes very
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hard to drill.
Secondly, we may make centrepunch marks along
the line, and then cut along the line with a chisel ; and thirdly, we
may drill a few holes at each end, and cut the middle with the
centrepunch and chisel.
The entire drilling is the safest, and the
centrepunching the most hazardous, but it can be accomplished if
the centrepunching is done lightly and gone over several times, with
the chisel applied between the centrepunch marks, which will be
much the quickest plan of the three.
The hole is next drilled for the rivet, care being taken to make it
about zs inch smaller than the proper size, because the drill will
not make a sufficiently true and parallel hole, and the latter must
be reamed or trued out; and again because the legs have to go
into the fire to be bent, and hence the holes may become damaged.
There is another consideration, however, in determining the size to
drill this hole, which is that the two legs require to be riveted
together to bend them, and it is as well to drill the hole to suit the
piece of metal intended to be used for this temporary rivet, which
should be of brass or copper, so as to drive out easily after the
bending is done. During the bending process the points should be
thickened, care being taken not to twist them in the process.
If
the vice hand does the bending, the following instructions are
pertinent:
Heat the steel slowly and turn it over and over in the
fire so that the points may not get burned before the wider parts
are sufficiently heated. Let the fire be a clean one, that is, with no
gaseous or blazing coal about it, or the coal will stick to the sides of
the calipers, and they will get cool while being cleaned of adhering
coal after being taken from the fire. Begin the bending from the
thick end, carrying it forward by degrees.
Strike light but rapidly
succeeding blows, placing the steel upon the round point of the
anvil.
The bending completed, and the points being thickened, the
edges of the legs are trimmed upon an emery wheel or with a file,
using the latter lengthwise of the edges if a new one, or crosswise if

an old one. A full 4; inch may be left to trim off after the calipers
are put together. The temporary rivet may next be driven out,
first, however, gripping the legs firmly and near to the rivet end
with a hand vice, putting a piece of sheet brass between each jaw
of the hand vice and the steel ; otherwise the teeth of the latter will

mark the steel, entailing a great deal of extra labor to file the
marks out. The rivet hole is then reamed out to the required size,
the two legs being held together by the hand vice to render the
reaming more steady and true by making the hole longer when the
two are together.
The next operation is to turn the rivet and washers.
It is a very
common practice to turn two separate washers and a rivet. On
account, however, of the small amount of bearing in the washer
holes, such washers are apt to rivet up out of fair one with the
other, making an unsightly joint and causing them to be out of
round when the edges of the joint are filed up. A better plan is to
turn a pin and washer, taking care to make the diameters of the
two exactly equal and the flat faces of each quite level.
The pin
should be turned about g4 inch taper, the small end being made a
neat fit to the holes in the caliper legs, and should be made of cast
steel properly annealed. When finished, the head of the pin should
be gripped by a pair of lead clamps in the vice, the end being left
protruding so that the legs can be put upon it and revolved back
and forth with a good supply of oil and under hard pressure, so
that the pin will be forced a good and rather tight fit into the holes.
This process will also smooth out the holes and condense the metal
around both the holes and the pin. It is well to leave the pin to fit
about one half as tight as the finished joint requires to be.
The
washer should be countersunk about three-quarters of the way
through the hole, the latter being left a close working fit to the
pin.
The legs should be rough filed, second-cut filed, and smooth
filed before being draw-filed, care being used to keep the files clean,
so as to avoid scratches.
During this filing, however, the pin
should be tried in the hole to see if the head comes fair down upon
the face ; thus the pin forms a guide and test in facing up the joint
of the leg, and this is one of its advantages over the two-washer
plan. After carefully draw-filing and polishing the sides of the legs
the fitting of the joint is finished as follows: Place the two legs
upon the pin in their proper position, and then put the washer into
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its place.
Then behind the washer place another temporary one
that will protrude beyond the end of the pin; then grip the whole
tightly between a pair of lead clamps or pieces of thick leather in
the vice ; this will bring all parts of the joint home.
Take hold of
one leg in each hand and move them backward and forward as far
as the vice will let them go, repeating the operation about a dozen
times ormore.
This will mark the high spots upon the legs, which
may then be taken apart again and have the bright parts removed
by a scraper.
It is also well to place the flat face of the washer
upon a smooth file and rub it backward and forward under finger
pressure, which will tend to correct any defect in its flatness. When
the faces of the joint bear all over, it may be put together with oil
and placed in the vice as before.
Work it well back and forth,
take it apart again and cut off the rivet to the required length,
taking care very slightly to recess the end to assist the riveting.
The whole joint should then be wiped quite clean, freely oiled, and
put together ready to rivet. The head of the pin should be rested
upon a block of lead, so that it will not get damaged.
‘The riveting
should be done with a small light ball-pened hammer, the blows
being delivered very lightly and evenly all round the edge. As the
riveting continues it is necessary to move the legs occasionally to
see how the tightening proceeds, and when the legs are sufficiently

tight, one of them may be gripped between pieces of leather in the
vice, while the other is well worked and lubricated with oil. Then
the riveted end should be filed off to very nearly its proper height
and shape, and the joint well worked back and forth and round and

round in the hand until it gets quite warm, when it may be cooled
in water and tried for tightness. If too tight, it may be either
worked until easy, or the riveted end of the pin may be tapped with
a hammer to loosen it slightly.
The riveting being completed,
and the end filed smooth, the rounded part of the washer and the
pin head should be draw-filed with a very fine file moved in
varying directions, and then the polishing may be done with emery
paper.

FITTING

Krys.—Keys

that have been planed or milled will

still require fitting with the file to insure that they bed properly.

If the key to be fitted is taper and intended to fit top and bottom,
the sides should first be filed true to a surface plate, and fitted into
the keyway in the shaft, so that it can be slid up and down a good
working fit. While fitting it, however, it is well to try it once or
twice in the keyway in the wheel, as well as in the shaft, so as to
see by the marks whether the keyways in the shaft and wheel
require any fitting at all, either to make them quite square with the
outside face, supposing it to be turned off, or to give them a good
even bearing surface. The key being fitted sideways we must give
the two keyseats a coating of red marking just sufficient to show
that the surface is of a red tint, and then put the wheel in its place
on the shaft. Then we bevel off the edges of the key at each end,
leaving a chamfer of ;, inch, and after facing off the top of the key
with a bastard file, we place it in the keyway and tap it very lightly
to a gentle bearing.
After driving the key lightly home and taking
It out again, we may file it on the top and bed it on the bottom,
according to the indication of the marking, and re-insert it, tapping
it up until it is home, top and bottom, without being a’ driven fit at
all; on taking it out we file it according to the marks again, and
if we continue this process until the key is a good fit, it will not
spring the wheel the least out of true, no matter how tight, reason-

ably, it is finally driven.

The key must never be driven in or out

dry, for it will, in that case, inevitably cut during the first part of
the operation ; the marking put on the keyway is sufficient lubrication, but after two or three insertions the key also should be itselt
given a light coat, which will serve as lubrication, as well as denote
the fit.

The bearing or contact marks
lightly may show at one end or on
was driven farther in those marks
key appear to fit much better than

upon a key driven home very
one side only, while if the key
may show all over, making the

it actually does.

This occurs

from the elasticity and compression of the metal of the keyway and
key, the metal giving most where the contact is hardest ; from this

it is apparent that a wheel truly bored and a good fit ma_ be set
out of true by the key.
In Fig. 2304, for example, is a wheel hub w, assumed to be a
good fit to the shaft s, while the key K fits at the end A only.
If
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the key be driven tightly home, the wheel will spring over, so that {| lightly tapped m with a hand hammer de sends upon how closelyit
instead of the plane of its diameter standing at a right angle to the ' fits to its seat, and upon the elasticityof ihe metal, as well as upon
the force with which it is driven. The workman usually, while
axial line of the shaft as at D in Fig. 2305, it will stand at an angle
fitting the key, drives it well home occasionally, to see how much of
as at E, throwing the wheel out of true in that direction. This
would occur not only on account of the elasticity
and compression . its length to allow for the final driving, and while doing so, it the
|
of the metal of the keyway, but also because the surface of the bore | key is a small one, a hand set chisel or a piece of copper should be
interposed between the key head and the hammer(a biacksmith’s
of the wheel and of the shaft 1s not, even under th- best of tumset chisel is used for large keys)to prevent
the hammer from
ing, smooth enough to come into close contact
all over, but are
;
i

covered with slight projections or protuberances, which may occur
im spirals because of the turning tool marks, or in localities because

of differences
in the texture of the metal In driving
the key home

damaging
the key.

In fitting keys
to old keyways
the key is made too long,
and at
off after bemg driven home. A long key is apt to bend in the
| driving, hence it is not unusual to support it by holding a second
hammer beneath and against it to support it while being driven.

|

In driving a key out, especially if it is fast home, a quick heavy
blow is best, as it is less likely to burr, swell, or bulge the end of the
key. But after the key has started lighter blows will answer.
To make a key for an old sunk keyway, it is as well to fit a piece
of wood thereto as a guide in forging and fitting the key. If a fast
running grindstone or emery wheel is at hand, many will forge the
key a trifle large and then grind it as near as possible, and finish by
filmg. This, however, does not produce good work ; it ts better to
plane the key all over, leaving a little m sie for fitting. In preparing
the piece of wood referred to, it should not im the fitting be driven
or even forced in and out to try the fit, for the wood will compress

these protuberances give way, and they do so most where the
contact pressure is greatest, which would be at G m Fig. 2305,
causing the wheel to cant over. If the wheel is not a good fit to
the shaft it will not in this case touch the shaft at C, Fig. 2305.
Now suppose the key to bear at a and 4, Fig. 2306, only, then the
wheel would be thrown out of true in a direction at a nght angle to
the length of the key as denoted by the lmnne E, which should stand
as at D.

A properly bedded key binds the opposite half of the carcumference
of the wheel bore to the corresponding half arcumference

of the shaft ; but if the key binds at one end only,
as m Fig. 2304,

iG
Fig. 2306.

and the marks mislead as to the actual fit. The proper
way is
to chalk the ptece of wood and push it up the keyway just tightly
home, then withdraw and fit it again.
In cases where the key ts forged to very nearly the finished size,
and is fintshed by the file, as sometimes occurs when away from the
shop, it is best to forge the key with a gib head, as in Fig. 462, to
assist in extracting it, especially when it is difficult to drive the key
out from the back end, or when the keyway does not pass entirely
through The key should be finished with a smooth file and with
the file marks lengthways

; it 1s, fact, better to use a small smooth

file and draw-file it, taking care to ease the high spots the most ; and
before driving it home both it and the keyway should be oiled.
If a keyway is to be cut by hand through a bore, as in a pulley or
gear-wheel bore, its width should be marked with a T-square. If

its width does not exceed } inch a cape chisel a little less (say J,
| mch less) than the finished width of keyway should be used, which
the contact
will be at the end H only ; hence the surfaces
will soon | will leave a little metal for the sides to be filed true. If the keyway
compress,
on account of all the strain
of the key falling
on a small | be an inch wide 11 is better to take a cape chisel about } inch wide
area, and the kev will get loose.
and cut a groove along each side of the kevway (keeping close to the
It is obvious
then that
if a wheel has not been bored to run true | marked Ime), and then
cat out the middle with a flat chisel. The
the error may be to some extent corrected m fitting
the key, but im
sides and bottom of the keyway should be surfaced true with thy
this case the key must be driven well home, and the wheel rm tried | file.
for running true during the fitting process, the key being so bedded
If a keyway is to be cut in a shaft the cape chisel should be used
as to true the wheel as far as the elasticity and compression will ) in the same manner
as above. But in both cases it is best, wher
filing,to occasionally
ease out the comers with the edge of a halfpermit ; but a kev thus bedded will not hold so firmly.
The distance
a kev of a certain length, breadth, and thickness, ;i round file, for reasons which will be explained presently.
In chippmg a keyway m a bore the cat must not be carried
and of a given taper, will drive after bemg pushed home by hand or |
|

}

i)

{
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entirely through from one side, or the metal at the end of the cut
will break out, and even in wrought iron this is apt to occur, so that
it is necessary to cut the keyway from each end, or, at least, nick it
in at one and cut it from the other end.
In long keyways it is
handiest to cut them half-way from each side, using, in the absence
of anything better, a piece of planed wood and red marking or chalk
to try the keyway with.
In cutting out through keyways by hand the location of the keyway is marked off by lines on both sides of the stub end of the rod,
and then the mass of the metal is removed by drilling through as
many holes as can be got in the size of keyway required, as shown
in Fig. 2307, in which Ww is the work, B C D E the location of the
keyway, and I, 2, 3,4 are the holes, taking care to have the drill
rather smaller than the width of requisite keyway. The holes are
drilled half-way through from each side, which is done to keep the
keyway true ; for if the drills were to run a little to one side, as they
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on the sides to get proper smoothness and bearing for the keys ; and
here it may be remarked that, in filing the corners of the keyway, a
safe-edge file must be used, so that the two faces forming the corner
will not be operated upon simultaneously, because that would require
that the file be used in a straight line laterally as well as horizontally,
and this is impracticable even in the hands of the most skilful.
Even the square file should have a safe edge upon it, and such an
edge is usually produced by grinding the teeth off one face of the
file. In selecting the face to have the teeth ground off, choose a
face that is hollow in its length, or, if none of the faces is hollow,
then select a face that is at a right angle to a good face of the file.

It will be noted that with one safe edge only the square file will
require turning over in order to operate upon both corners and
maintain in each case a safe edge of the file against the flat sides of
the keyway.
For this reason many workmen select the two best
parallel faces of the file and grind off the two other faces, giving to
the file two safe edges, one opposite to the other. In this case
either of the cutting faces of the file may be used upon the whole
end face of the keyway operating close up to the corner, or if the
file is much narrower than the keyway it may be used with a side
sweep that will prevent the file from pinning, and produce much
truer filing.

cS
ra
eS,
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a

It is useless to attempt to cut out a square corner with a square
file unless one edge of the latter is ground safe, because the teeth of
Fig. 2307.

are apt to do from a variety of causes, a great deal of work would

—

be required to correct the error.
If the keyway is of sufficient dimensions to admit of the use of a
chisel, the pieces left between the drilled holes are chipped out, and

for this purpose a side chisel is found very useful, not only to nick
the sides of the pieces left by the drilling, but also to take the
finishing chipping cuts on the sides of the keyway. To cut out

the square corners of the keyway, the diamond-point chisel shown
in Fig. 2171 is employed.
If, however, the keyway is a very deep one, requiring long and
slight chisels, the chipping process may be greatly reduced, or in
fact entirely dispensed with, by plugging up the holes first drilled in .
the stub end by driving pieces of round iron tightly into them, and
then drilling new holes, having their centres midway between the
pieces so driven in, as at Ain Fig. 2308. After the latter drilling,
the remaining pieces of plugs are driven out, leaving the centre of
the keyway cut clear through and the sides with a series of flutes in
them, as shown at B, Fig. 2308 (in which 1 2 are the plugs and A is
a centre for the new hole at that end), which should be filed away
with a file as thick or strong as the clear space will allow. These
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the file itself do not form a square corner, and it is therefore only

—
Fig. 2308.

plugs must be of the same metal as that in which the keyway is cut,
otherwise the drill will be apt to run to one side.
To insure truth in the surfaces, a surface plate to test with is an
absolute necessity, while to test the parallelism, a small sheet iron
gauge is used, which gauge may afterwards be employed as a guide
whereby to plane the thickness of the gib and key.
In cases where a slotting machine is at hand, it is sometimes the
practice to cut out one end of the keyway to a sufficient length to
admit a slotting tool, and then to slot out the remainder.
This
plan is often resorted to in getting out keyways of unusually large
dimensions.
A much more usual method, however, is to employ slotting or
keyway drills.
It is obvious that the ends of the keyways cut by drills are half
round ; hence, if square corners are required, they must be cut out

square with the chisel shown in Fig. 2176, and afterwards filed out
true.

As a general rule, keyways cut with these drills require filing

by grinding the teeth off one side that the points of the file teeth can
be brought full up to a sharp angle. Here, however, it may be
noted that even if the filing is performed with the best of safe-edye
files, and as carefully as possible, it will still be necessary to square
out the fine corners with the edge of a fine smooth half-round file.
If the edges of the keyways are rounding, as they are sometimes
made where strength is required in the strap, it is better to take a
file nearly or about 4 inch larger in diameter than the width of the
keyway, and grind two safe edges on it, otherwise the round file 1s
very apt to go astray and cut the sides as well as the edge of th:
keyway.
An equaling file is much better for keyways than one actually
parallel.
Another way employed to finish small keyways is by the aid of
the tools shown in Figs. 2309 and 2310, which are termed drifts,
because they are driven through with ahand hammer. That shown
in Fig. 2309 is intended for holes having but little depth and not
requiring to be very true, such, for instance, as those cut in the ends
of keyways or bolts to receive cotters ; the thickness at AA is made
greater than at BC to give the cutting edge clearance.
The form shown in Fig. 2309 is for use by hand, the teeth being
cut diagonally instead of across, as at A A, to preserve the strength.

VICE
This end may also be attained by making the serrations round at
the bottom, as shown in the figure.
The slant of the teeth on one side of the drift should cross the
slant of the teeth on the diametrally opposite side, because if the
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be cut out in quantities all of the same dimensions, it has no
equal.
Hand drifts are sometimes used to cut keyways in small bores, as
in small hubs, the method being shown in Fig. 2312, in which A
represents a pulley with a keyway to be cut in the hub 4; cisa
plug, and d@ slips of iron placed between ¢ and the drift e to press
the latter to its cut. It is obvious that in this case the keyway in
the pulley will be cut parallel, and the taper must be provided for
in the key seat in the shaft. Keyways cut in this way are more
| true than those filed . out. It is also obvious that the sides of the

teeth on opposite sides were parallel one to the other the drift
would have a tendency to move over to one side, and crowd there
during the process of drifting.
|
In using these drifts the keyway should first be filed out to very
nearly the finished size, leaving very little duty for the drift to
perform, although the drift may be driven a short distance into the
keyway occasionally during the filing, so as to show where filing is
requisite. The work must lie flat and level upon a metal block,
lead being preferable, and oil freely supplied to the drift. “Ifthe hole is a deep one, and the cuttings clog in the teeth, or if the cut ©
becomes too great (which may be detected by the drift making but
little progress, or by the blows sounding solid) the drift must be
driven out again, the cuttings removed, and the surplus metal, if
any, removed by filing. The drift must again be freely oiled, and
driven in as before, and the operation continued until the drift is
driven throughthe keyway. After the drift has passed once through
it should be reversed (or, if a square one, turned a quarter revolution)
and again driven through, so that each side of the drift will have

Fig. 2311.

Fig. 2310.

cut on each side of the hole, which is done to correct any variation
in the size of the drift” (“ Complete Practical Machinist ”).
The great desideratum in using these drifts is to drive them true,
and to strike fair blows, otherwise they will break. While the drift
is first used, it should be examined for straightness at almost every

keyway, as well as its depth, may be finished by a drift, and this is
very desirable (on account of insuring parallelism) when the key is
to act as a feather that is to have contact on the sides and not bind
top and bottom.
~—
The most improved form and method of using this class of tool,
however, is as follows :—If a keyway is to be cut out of solid metal,
holes are drilled as closely together as the length of the keyway
will admit, their diameter nearly equaling the required width of
keyway, after these holes are drilled through the metal remaining
between them.
TEMPLATES.—Templates for vice work are used for two purposes : first:to’ serve as guides in filing work to shape and size, and

blow ; and if it requires drawing to one side, it should be done by

altering the direction in which the hammer travels, and not by
tilting the hammer face.
In Fig. 2311, suppose A to be a piece of wood ard B and C
drifts which have entered the keyways out of plumb, as shown by
the dotted lines D and E. If, to right the drift C, it was struck by
the hammer F in the position shown, and travelling in the direction
denoted by G, the drift C would be almost sure to break ; but if the
drift B was struck by the hammer H, as shown, and travelling in
the direction denoted by I, it would draw the drift B upright without
breaking ; or, in other words, the hammer face should always strike
the head of the drift level and true with it, the drawing of the drift,
if any is required, being done by the direction in which the hammer
travels. When it is desired to cut a very smooth hole, two or
more drifts should be used, each successive one being a trifle
larger in diameter than its predecessor.
Drifts slight in crosssection or slight in proportion to their lengths would be tempered
evenly all over to a blue, while those of stout proportions would be
tempered to a deep brown, bordering upon a bright purple.
For cutting out long narrow keyways, that are too narrow to
admit of a machine cutting tool, and for very true holes, not to
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Fig. 2312.

secondly to test the finished work. When used as guides to file
the work they are mainly used to work of irregular, curved, or
angular form, to which the square and other ordinary vice tools
cannot be applied.

Fig. 2313 represents:a template for filing outa square hole. The
edges A,B are at a right angle to each other, the wire simply serving as a handle.
There are two methods of applying this template ; the first is to
file out two opposite surfaces of the hole to the required diameter,
making them true and parallel one to the other, and to then
employ the template while filing out the remaining two sides ; the
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other is to file out one side and apply the template from that as a
base for the other sides. The first is preferable because the
liability to error is a minimum.
When work is to be from a template, the latter obviously becomes
the original standard, and in many cases the best method of forming it so as to insure correctness and enable its proper application
to the work is a matter of great consideration. The shape of the

AQ)
template must, of course, be marked by lines which should be as
fine and as deep as possible. But it does not matter how closely
the template may be filed to these lines, it will still have some
error, and this can in many cases be discovered and corrected
during its application to the work. In the following examples there
are principles which will be found of general application :—
Let it be required to make or test a piece of work such as in Fig.
2314, the teeth to be equally spaced, of the same angle, and of equal

il
ft
4

Fig. 2314.

SHOP PRACTICE.
apply a square S’ to the other edge of B, but
venient unless the tops of the teeth are level.
Assuming, therefore, that the template A is
we proceed to test its accuracy, bearing in
purpose the same method is to be employed

this is not so conthe one to be made,
mind that for this
whatever shape the

RS
Fig. 2317.

template may be. Consequently, we make from the male template
A, Fig. 2318, a female template K, beginning at one end of K and
filing it to fit A until the edges of A and XK are in line when tested
by a straight-edge S. We then move the template A one tooth to

AL
r
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height. A template must be made of one of the two forms shown
in Fig. 2315. To begin with, take a piece of sheet metal equal in
width to at least two teeth, and, assuming that the template is to
have two teeth, file its sides P Q, in Fig. 2316, parallel, and make

the width equal to twice the pitch of the teeth.

We next divide its

width into four equal parts by lines, and mark the height, as shown
in Fig. 2316. If we desire to make the template such as at A, we
cut out the shaded portion; or for the template at B, the shaded
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Fig. 2318.

the right, and file another tooth in K, and proceed in this way
until a number of teeth have been made, applying a square as at S,
Fig. 2319, to see that the template A is kept upright upon K.

Fig. 2315.

portion. It will be observed, however, that in template A there are
two corners C and D to be filed out, while at B there is but one E,
the latter being the easier to make, since the corners are the most
difficult to file and keep true. The best method of producing such
a corner is to grind the teeth off the convex side and at the edge of
a half-round file, producing a sharper corner than the teeth possess,
while giving at the same time a safe edge on the rounded side that

When

K has been thus provided with several teeth that would fit A in any
position in which the latter may be placed, we must turn template

Ald
Fig. 2316.
Fig. 2319.

will not cut one angle while the other is being filed.

But when we

come to apply these templates to the work, we shall find that A is
the better of the two, because we can apply the square Ss, Fig. 2317,
to the outside of the template, and also to the edge F of the work,
which cannot be done to the edges G of the work and H of the

A around upon K to test the equality of theangles. Thus, suppose at
the first filing the edges a, 4,c,d, upon A accurately fit the template
K, and the straight-edge shows the edges fair; then if we simply

template, because the template edge overhangs.

right, will now be on the left, as is shown at the right of Fig. 2318.

We can, however,

turn the template A around, its angles, which were before on the

VICE
Thus in one position a fits to é, in the other it fits to 4, or 3 fits to
f, and when turned around it fits to g, and so on. Supposing that
when thus turned around the angles do not coincide, then half the
error will be in the teeth of A and one-half in those of K, and the
best plan will be to correct them on A to the necessary amount as

WORK.

Il

so that the latter, after being fitted to the template, may be turned
upside down and fit upon the piece of work.
In Fig. 2323 is an example in which the forms of both sides of a
piece require to be exactly alike, and the easiest method of accomplishing this is as follows :—-The face A should first be made true,

near as judgment will dictate, and then to apply K as before, continuing this process until A will fit anywhere in K, and may be
turned around without showing any error.
But at each correction
the straight-edge must be applied, and finally should be tried to
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Fig. 2320.

prove if the teeth tops are level. We thus have two interchangeable templates, of which A may be used on the work and K kept to
correct A when the latter becomes worn. It may be as well to add,
however, that in first applying A to K it is best to press the straightedge S against the edge of K, and hold it there, and then to place a
against S, and slide it down into K.
Fig. 2320 represents an example in which, the form being a
curve, it would be best to have the template touch more than two
teeth, as shown in the cut. By letting the side A, Fig. 2321, of the
iG
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and face B made parallel to A. A centre line C may then be drawn,
and from it the lines E,E may be marked. The lines D are then
drawn parallel to A A, lines E being made square to D and to A.
The sides E may be calipered to width and parallelism, and all that
will then remain is to file the angles F,F and the ends G,é to their
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Fig. 2324.

required lengths. For F,F all that is necessary is a template formed
as in Fig. 2324. The object of dressing the ends G,G last is that if
they were finished before, their faces E would have to be made at
exactly correct distances from them, which would render the job
considerably more difficult.
Fig. 2325 represents a sketch for a piece of work whose two sides

:
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Fig. 2321.

template T terminate at the centre line of the two curves, and the
end B terminate at the top of a curve, turning the template around
would cause end A to envelop side C of the middle curve, thus
increasing the scope of the template.
Suppose, however, that the
base curve D required to be true with the teeth, then a second
template T must be used, its ends at E and F measuring an equal
length or height, so that when they are placed even with the ends
of the work, the distances G H being equal, the corrugations will be
H
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Fig. 2325.

are to be shaped exactly alike, requiring a template of the form of
the work, as shown. From this a second template, Fig. 2326, is
made, and to this latter the work may be filed. To make the
template in Fig. 2325, which represents the work, the edge x x
must be made straight, and the edge D parallel to it at the proper
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Fig. 2322.

true to the curve DD.
Now let it be supposed that, instead of
making a template to test a piece of work such as in Fig. 2321, it
is required to make a template for use in making another piece of

i
i
Fig. 2 ne

work that is to fit to piece w, then template T in Fig. 2321 will not
answer, because it is a female template, whereas a male one is
required, so that the edge of the template may coincide with that
of the work.
But we may convert T, Fig. 2321, into a male
template by simply cutting off the edge a as far as the line J, and
Causing its right-hand edge to coincide with the edge of the work
VOL. I1.—25.

height. A centre line s is then marked, and the edges at E may be
filed equidistant from Ss and square to D; hence they will be
parallel to each other. The side sections F should then be filed
equidistant from S and parallel to each other.

They should be the
proper width apart and square to D, being tested in each of these
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respects. The line joining E and F should be left full, as denoted
by the dotted line at A on the right. The edges at C,c should then
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Fig. 2327.

be filed, calipering them from the edge x x. Edges G,G are
obviously equidistant from Ss and parallel to S, or, what is the same

SHOP

PRACTICE.

thing, at a right angle to x x, from which they may therefore be
tested with a square, and, finally, the edges B are made parallel to
x x, and the ends H made square to x and equidistant from Ss. We
have now to file the angular groove at A, and to get this true after
marking its depth from the lines at A, we file it first to the lines as
near as may be by the eye and very nearly to the full depth. We
then make a small supplemental male template T, Fig. 2327, equal
in width to the distance & F, or, in other words, to the width of the
step at A, and having its edges quite parallel. Its end is then filed
to fit the groove at A, when its edge meets and coincides with edge
E, as in Fig. 2327, T representing the supplemental template. It is

clear that when the V-groove A is so filed that T will fit it with
either of its edges against E, the angles of the groove will be alike,
and we may then make a male gauge, as in Fig. 2326, that may be
used to mark or line out the wo k and to use as a template to file it
to, its edge H being kept parallel to face D, Fig. 2325, of the work.

CuapteR

XXVII.—VICE

HERE are two principal kinds of connecting rods, first those
in which the brasses fit in spaces provided in the solid
rod, and which are known as solid-ended’ connecting rods, and
second those in which the brasses fit in a strap secured by bolts
or keys to the end of the rod. In Fig. 23281s shown the simplest
form of solid-end connecting rod. It consists of a rod enlarged
at its end to receive a brass held up to the journal by a set-screw

as shown, one-half the bore being provided in the rod and one-half
in the brass. The objection to this kind of rod is that as the bore

wears the rod gets shorter and no means is provided to restore its
length, and that during the pulling stroke of the rod the whole of
the strain is concentrated on the end area of the set-screw, and
this causes it to imbed in the brass, giving play to the brass

WORK—( Continued).
key is cut on the brass, marking the latter and fitting it become
more difficult, as it must be put in and out of its place to fit and
bed the taper for the key edge, whereas, in the other case, it can
be squared with a square while planing and fitung. As the bore
of connecting-rod brasses wears, and the lost motion incident
thereto is taken up (by driving in the key) the location of the
brasses in the rod end is altered, making the rod longer or shorter
according to the location of the key. But when this wear has
been sufficient to let the key pass through the rod, slips
of iron
termed liners are inserted between the backs or bedding faces
of the brasses and the end of the rod or crown
of thestrap,as

CoE
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B

Fig. 2331.

Fig. 2328.

Fig. 2329.

28
A

Fig. 2332.

the case
may be. In putting in these liners the location
of the
brasses
in the rod end may be adjusted so as to bring the brass
back to its original position and restore the rod to its proper
length, and in doing so the back brass, as distinguished from the

unless frequent adjustment is made.

It is, therefore, difficult to

readily maintain a very accurate adjustment of fit with a simple
set-screw of this kind. This may be to some extent remedied by
the construction shown in Fig. 2329 in which the half brassA
threads upon the stem of the rod, so that when it wears shorter.
to the amount of half the pitch of the thread upon the rod end,
the brass may be unscrewed half a tum, and the original length
will be restored. The cap is held on by two screws, which may
have slotted heads as shown, or screws with check-nuts to prevent
the screws from slackening back, as all screws are apt to do that
receive alternating strains in reverse directions.

key brass, is the one to be lined first.
In the rod ends shown in Figs. 2333 and 2334 the joint faces
(that is the faces where the brasses meet) must be filed away to
take up the wear, hence the rods get shorter. In Fig. 2333 the
liner may be placed behind either brass, A or B, or behind both,
the thickness of that behind A adjusting the length of the rod
(which is always measured from centre to centre of the respective
brass bores), while the thickness of that placed behind B would
simply act to prevent the key from passing so far through the
keyway. To prevent as far as possible the wear from altering the
length
of the rod, the key at one end of the rod is placed outside

Yet another simple form of solid-end connecting rod is shown
in Fig. 2330, there being two brasses with a key on one side and
a set-screw on the other.

In this case, as soon as either brass is

moved
by the key it can fit the rod at the top and at the bottom
only ; hence there is but little to hold the brasses sideways in the
rod, and furthermore the brasses are damaged
from the key and
the set-screw acting directly upon them, as will be explained with
referenceto strap-ended rods.
In Fig. 2333 is shown a very
Fig. 2333-

substantial form of solid-ended rod, a sectional view being shown
in Fig. 2331.
The bottom or back brass A has a flange, as
shown in Figs. 2331 and 2332 at A, which secures it to the rod
end at the back. The top or key brass B has the keyway partly
sunk in it, and the key binds against one side as well as on
the bottom of the keyway, and this draws that brass close down
to the face of the rod, as shown in Fig. 2331.
In this as in all other connecting rods in which one edge of
the key beds against the back

of the brass, the taper for the key

should be cut in the rod so that the edge which meets the brass
will stand square across the opening for the brass ; in this way
the back of the brass will also stand square across, which is
easier to mark off and cut, plane, and fit. If the taper for the

Fig. 2334-

the crank pin or at the outer end of the rod, as in Fig. 2333, while
at the other end it is placed between the brasses
and the stem of
the rod, as in Fig. 2334. In this latter case the thickness of liner
placed behind the key brass B {as the brass against which the
key bears, or the brass next to the key, is always termed’ would
adjust the length of the rod, while the thickness of liner placed
behind the back brass (as the other brass is termed) would be
the one to adjust the distance the key would pass through the
keyway.
In this form of rod end, as in many other solid-ended rods, the

flange or collar of the crank pin, if solid
requires to pass through the opening in
which receives the brasses.
This may
plished by making that opening large or
to pass over the crank-pin collar (which

with the pin,
the rod end
be accomwide enough
will increase

:

Fi

the width of the brasses, and hence that of the rod © © 7335-

end}; or else the crank-pin collar may have two flat places filed
on it, as in the end view shown in Fig. 2335. The objection to
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this plan is that the rod can only be taken on and off in one

back brass condenses the metal at the back of the brass opening,

position of the engine ; that is, when the two flat places A and B,

acting to pene it and throw the points of the rod end open, which
it always does, the jaws of the gib imbedding in the jaws of the
rod. This opening of the rod jaws makes the brasses loose in
their places; hence this is a weak and undesirable form of rod
end, though very convenient to take on and off. In Figs. 2338,
2339, 2340, and 2341 is shown a form of solid-ended rod of more
modern construction. In this case a wedge A is used instead of

Fig. 2335, stand parallel with the length of the rod.
It will be noticed in Fig. 2331 that the brass B does not fill the
space in the rod. This is because that brass has to pass in over
crank-pin collar and push up into the journal after it is in the

a key, being adjusted by screws passing through the rod
at the

tep and bottom, it being obvious that the set-screws may have

Fig. 2336.

rod.

To make this space as small as possible, and to enable

giving the crank pin as large a collar as possible, the key
brass is sometimes heveled off, as shown in Fig. 2336 at ARB.
Another form of this red end is shown in Fig. 2336, in which there
are two keys to the brasses, the object being to adjust the keys
to maintain the rod of its proper length. In order
to facilitate
making
this adjustment, there should always be upon the face of

check-nuts added. B is the back brass, and C the key brass.
In this case the flange of the brass goes next to the crank pin,
and a plate D is provided to serve as a flange on the front face of
the brass. In Fig. 2338 this plate is removed to show the wedge
A; but it is shown in the plan view, 2339, and the end view, 2340,
and by itself in Fig. 2341. A groove is cut on each side of the
two brasses and the plate spans the brasses, passing up the
groove being held in position by a screw at E. The opening for

Fig. 2340.

Fig. 2337.

the red end centrepunch marks, as shown in Fig. 2338 at F and G,
or else two deep marks, as shown at C D in Fig. 2337. Then, in
lining up the brasses to set the key back, the rod may be restored
to its anginal length by putting behind the back brass a piece of
metal of such thickness as will bring the centre of the bore of the
back brass B even with the centrepunch or other marks. This
being the case, it does not matter about the exact thickness of

Fig. 2341.

the brass (in the rod end) is here shown wide enough for the rod
end to pass over the collar of the crank pin, but in many cases,
with this as well as with other forms of solid-ended rods, the
crank pin may be made plain—that is, without a flange—and have
' a washer secured by a screw, so that by removing the washer the
red may be put on with the brasses already in place, and made
no thicker (at the joint face) than is necessary for strength. In

Fig. 2342 is shown what may be termed a clip-end connecting
rod, the screw closing the rod end (to take up the wear) against

we,

Fig. 2342.

Fig. 2338

- the spring of the metal. It is obvious that in this case the hole
may receive a brass bush split as is the rod end and secured from
turning by a pin. Fig. 2343 presents another form of solid-end
rod, which admits of the use of a brass having a flange on both
sides of the strap. and will take on and off by removing the cap

the piece of metal put behind the other brass, since a variation in
B. Ifthe crank-pin collar is solid, the brasses must be placed ona
that will only act to let the key come more or less through the
the crank pin. and the rod. with the wedge in place, hfted or
rod end without affecting the length of the red. In Fig. 2337 is
lowered to the brasses; but if the crank pin has a washer and
shown a form of rod end sometimes used. The end being open, | bolt,the rod may be put together and slipped on its place.
the brasses pass through it. In this case the whole strain of the
A compromise between the solid and the strap-rod end is shown
pull of the rod falls upon the edge of the cib at top and bottom of
in Fig. 2344, which represents a design used upon the fast engines
the strap. causing the gib to wear out very fast ; furthermore, the
of the Pennsylvania Railway. The piece A takes out to enabie

VICE
putting on the rod or taking it off, A being secured in position by
This forms a solid and durable rod that
the bolt and nuts shown.
than strap-ended rods.
make
to
costly
less
is much

The simplest form of strap-ended connecting rod is that shown in

Fig. 2345 ; S is the strap, secured to the rod end by the key D and

Y
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back of the top brass, or key brass, as it is sometimes termed, which
is objectionable, inasmuch as that it is apt to indent the brass, as
shown in Fig. 2348 at B. This causes the bore to close at A, and
causes the journal to heat, while it makes the brass fit loosely
between the jaws of the strap, because it stretches the metal at the
back of the brass, which has the same effect as pening it with the
hammer.
In Fig. 2349 is shown an end of a connecting rod, such as is

N

Fig. 2343.

gibc. A is the top, and B the bottom, or crown brass, and E the
set-screw for securing the key in its place. [When the rod
ends are forged in separate pieces, to be afterwards welded to
the stem of the rod after the strap brasses are fitted up (which
is done for convenience in handling them while fitting them
up), they are termed stub ends.] This form of rod affords great

tt
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employed on American locomotives, the use ofa gib being dispensed
with, and the strap being held by two bolts. To prevent the edge
of the key from imbedding in the brass, a piece of hardened steel is
sometimes placed between the key and the brass, as shown in the
figure.
In some designs this method is reversed, the gib being prolonged
in a screw-thread,as shown in Fig. 2350, and the key head is carried

Fig. 2344.

facility for connection with the journals as the strap is easily
removed. As the strap, however, is only secured to the rod by the
gib and key, and as these have a small amount of area on the sides,
it is not unusual to employ two gibs and one key, as in Fig. 2346,
which holds the strap more securely, and more effectually prevents
its movement sideways upon the rod end. In rods in which gibs

Fig. 2347.

over as shown. Two wing nuts are provided for adjusting the key,
which enables its adjustment without the employment of a wrench
or hammer.

To prevent the end of the set-screw from raising a burr on the
key, which would prevent its easy motion through the keyway, a

Fig. 2345.

and keys alone are used to hold the strap to the rod, the strap moves
along the rod as the key passes farther through the strap, and the
fit of the strap to the rod must be easy enough to permit of this
motion ; hence it cannot be locked to the rod. This, however, may
be done by the employment of a bolt as well as a gib and key, as is
Shown in Fig. 2347. The edge of the gib here abuts against the

Fig. 2349.

shallow groove is sometimes cut along the key, as in Fig. 2351 at
A, the end of the set-screw binding on the bottom of that groove.
In other forms of rod a gib and key are used as well as two bolts.
This not only holds the strap very firmly, but it prevents toa certain
extent the pening of the back of the brass, explained with reference
to Fig. 2348. It is obvious that in the absence of a gib the key
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moving under friction against the brass stretches the
than a gib that presses against the brass, but has no
ways.
In Fig. 2352 the strap is held by bolts having nuts
instead of a solid head at one end and nuts at the
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metal more | is great, as in locomotive work, it is much better to make them
motion end- | taper; indeed, they are in any event better taper, because in that
case the brasses can be made a tighter fit. The reason for making
at each end, | them parallel is because they can be more readily planed so than
other. The | taper; but a parallel strap is more difficult to fit, and cannot be
made so good a fit as a taper one, even when new, while it is very
much more difficult and expensive to repair.
When the faces of the stub end (or, more properly speaking, of

sl)

<a
i | 5 ee
Fig. 2354.

Fig. 2350.

Fig. 2351.

single nuts at the top serve to draw the bolts out when the rod is to
be taken apart, thus saving the use of the hammer for that purpose.
In Fig. 2353 is shown a form of rod in which the strap is held by
two dies A B, and a bolt which passes through the strap, the dies,
and the rod end.
In Fig. 2354 is a form of rod end in which the strap ends are
keyed against abutments on the rod by means of the key A. The

the block) are parallel one to the other, and the inside faces of the
strap are also parallel, the strap must be made a very easy fit to the

block, in order to be an equal fit from end to end; for if the strap
fits as tightly as it should to be a good job, it will, when put on the
rod, spring open, fitting across A, Fig. 2356, only ; this because the
strap springs open from contact at A. The fit, then, can only be
such as will not have force enough to spring the strap open, and

Fig. 2355.
Fig. 2352.

this is very small indeed even in a very strong strap. It is within
the mark to state that in a strap measuring 4 inches between jaws,

abutments and strap ends being bevelled, keying up the strap with
A closes it down upon the rod.
In Fig. 2355 is a form of rod end largely used upon marine engine

aon Fig. 2356, it can be forced ny ene On ne
aceey
tight to spring them open ,kth of an inch at B,B. When the brasses
are fitted into the strap a second difficulty arises, inasmuch as they

work ; A is the end of the rod, B,B the brasses, and D,D bolts
aassne through the brasses He re we have no means of correcting

seg eee Seer mu oricise.they will spnne the strapiopen
so that it will neither fit at A nor at B, whereas it is desirable that

the alteration of length due to the wear, unless a line is marked on

a--—
-—

Fig. 2356.

Fig. 2353.

the rod end, as at C, and the distance that line should stand from
the centre of the brass bore is marked beside it, as is denoted by
the figure in the cut, indicating that the line should stand 9 inches
from the cuts of the brass bore.
In general practice the inside jaw faces of connecting rod straps
and the faces of the rod are made parallel, which serves very well
when the duty and wear is not great ; but when the wearand tear

the bottom brass drive home, and the top brass, or one nearest the
rod, just push home by hand.
When the rod requires repairing a more serious difficulty arises.
| Suppose, for example, that the strap requires refitting to the rod,
| then it must evidently be closed between the jaws, especially if the
Now the jaws being
rod end requires filing up, as it usually does.
to the blacksmith
taken
being
without
closed
be
cannot
| parallel
| shop and closed across the crown, as at A in Fig. 2357; for if the
| jaws are closed (as they might be) by pening the corners B,C the

VICE
jaws would close as denoted by the dotted lines.

The brasses will

have to be made larger than the diameter at D, in order to fill the
space at A, and will be an easier fit as they pass from D to A,
whereas the opposite should be the case.
The strap must therefore
be closed across

A in the blacksmith’s

fire;

this will scale the

crown end and render it necessary to file down the whole of the
surface on each of the side faces of the strap and rod in order to

make them parallel, as they must be to have the flanges of the
brasses fit when home in the strap.
The blacksmithing will in most cases render it necessary to file
out the keyways, and this again entails the making of a new giband
key. All this extra work may be avoided by making the block and
strap a little taper. But before proving this it may be noted that
when the rod is made parallel the strap may be made to fit tightly
by making the jaws taper, as shown by dotted lines in Fig. 2357 ;

Fig. 2357.

so that when the strap is on the rod, and the jaws spring open by
reason of the close fit, the fitting surfaces will be parallel. Sucha
construction would be faulty however, for the brasses would fit too
tight when entering the strap, and get easier as they passed to their
places, whereas, as already stated, the exact opposite should be the
case.
Let us now observe the advantages of a strap, whose inside faces
are made as in Fig. 2358 ; smaller at A than at B, and also at C than
at D, while the thickness from A to B is greater than that from
C to D, while the widths C D are less than the corresponding width
of the rod.
First, as to fitting the strap to the rod. It may be made so tight
to the rod that it will only just pass on when pushed by the hand.
Second, this will render possible a tighter fit than would be
possible with a parallel strap and rod.
Third, the width B A being taper, the brasses may be easier

Fig. 2358.

made a good fit, because there will be some metal to fit on after
they enter at B.
Fourth, the brasses may be made a tighter fit, the bottom brass
being tight enough to spring the strap a trifle, easing but not
destroying its fit on the rod.
Fifth, the top brass may be made a handsliding fit to the strap
without springing the strap open, which being already under a
tension because of the spring due to the bottom brass, will be more
rigid and permit of a tighter degree of top brass fit, without springing open and away from the rod.
Sixth, this will leave the bottom brass a tight driving fit, and the
top a hand sliding fit, which is desirable, because the top brass has
to be taken out to get the rod off while the bottom brass remains in
its place.
Seventh, what is of more consequence than all, the strap can be
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more easily and cheaply refitted to repair it. Thus, in Fig. 2359,
suppose the strap to have been closed by pening at D; then
whether the end D will be narrowed will depend on the amount the
strap was closed, and the amount of taper it had before closing.
Let us take, however, the most unfavorable

conditions, and

sup-

pose that the amount of taper was so small, and the amount of
closing by pening so great, that the jaws were made taper and
smallest at D. Then the amount to be filed off to bring the width
of jaw correct, and a fit to the strap, will be less than if the strap
jaws were formed as in Fig. 2357, as will be seen by comparing
Fig. 2357 with Fig. 2359, the amount

to be filed away

being that

between the dotted and the full lines in both figures ; the amount
of closure being the same in the two figures.

But there is another great advantage, inasmuch as in pening,
the strap may be pened and tried on the rod, the strap being
pened and tried alternately until the required fit is obtained,
which is not practicable with upsetting in the blacksmith’s shop.
Again, the keyways in the strap will not be set out of true with
those in the rod, as they are apt to be when upsetting is resorted
to, nor will the strap be scaled ; hence the side faces will require
but little filing.
Furthermore the step may be located so as to come against the
rod end when the wear has let the key down, and this will prevent
‘the strap from passing too far upon the rod, and, therefore, tend to
prevent the rod length from being improperly altered from errors in
the thickness of the liners placed behind the brasses to take up the
wear.
FITTING UP CONNECTING RODS.—The method of fitting up a
connecting rod depends entirely upon its size. Very small rods to
be made in numbers are usually got out by means of special devices

Fig. 2359.

which leave the fitter but little to do ; indeed, sometimes the machine
work is so accurately and finely fitted and finished as to finish the
rod without the aid of the vice hand, save to put it into its place
upon the engine or machine. As, however, the dimensions of the
rod increase, this method of manipulation is in practice departed
from, and the filing, fitting, and adjusting operations increase.
In
any event, however, the principles to be observed in the manipulation are the same, because the points to be observed in the fitting
by hand work must be accomplished by the machine if the rods are
to be finished by machine work.
Let Fig. 2360 represent a connecting rod; A representing the
centre line in the side, and F the centre line in the edge view, and it
is obvious that the axial lines, B and C, of the brass bores must
stand at a right angle to line F, and be parallel to each other, because
the journals on which they fit will do so. Furthermore, the faces
of the brasses, as E, must stand their proper distance from the
centre line F, this distance being at each end respectively half the
whole width D, and the faces E must be in the same plane whatever
their widths may be. The centre lines A and F are imaginary lines
not worked to (except it be in marking or lining the rod out for the
planing operations) ; but the method employed to fit up the rod
must be such as will make all parts true to those lines if they were
tested by them.
The process of fitting up a connecting rod may be tersely stated
as follows: 1st, the rod is planed; 2nd, the straps are planed ;
3rd, the straps are fitted to the rods; 4th, the straps are drilled
and bolted to the rod ; 5th, the keyways are cut, and the keys and
gibs fitted; 6th, the side faces of the rod ends are again planed
with the straps on ; 7th, the brasses are fitted and the rods marked
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off for length and the brasses bored; and, 8th, the file finishing

and polishing done.
In the case of very large rods the two ends are made and fitted
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elevated as shown.
The elevated end is then lowered, the motion
serving to keep the end fairly bedded against face H. The distance,
I J, Fig. 2363, is then measured.
The straight-edge is then used

Fig. 2360.

up as separate pieces, and are afterwards welded to the body or stem
of the rod, and the setting of the ends true one to the other after the
welding affords such an excellent insight into the alignment of rods

in the same manner on the other side of the rod as at S in the
figure, and the distance K L is measured, the setting in this direction
being correct when distances I J and J K are equal. The straight-

that it may be well to describe it. First, then, the rod being laid on
its side, two straight-edges, or rather winding strips, S and s, Fig.

edge is then applied to the edge faces of end H of the rod, as in
Fig. 2364, at M and at N, the distances 0,P,are made equal. During
S

2
Fig. 2362.

2361, are placed on the side faces, and the rod will be set in this
direction when their ends A,B,C,D,appear parallel when sighted by

these operations a straight-edge is applied along the body of the
rod ’to see where to set it to effect any required adjustment, and if
L

Fig. 2363.

the eye, If the winding strips are adjusted to stand straight across
the rod, and, therefore, parallel one to the other, any twist or wind
in the two rod faces will be very plainly discernible by the sighting

2

M

that body is straight the adjustment is made near the end at which
the straight-edge is pressed to the rod.
The setting of the small end I is effected in the same manner,

se

6)

Fig. 2364.

process. The rod is then stood on edge, as in Fig. 2362, to test
the alignment of the side faces. A straight-edge S is pressed firmly
against one of the faces, as H in the figure, with the other end
eee

ie
eel

but the straight-edge will in this case fall over the face at the
larger end, as is shown in Fig. 2365 ; hence, instead of measuring,
lines as G and T are marked coincident with the edge of the

VICE
straight-edge and the distances

TU, 1G, are made equal.

Wind-

iny strips are applied to the edge faces as well as to the side faces,

and as making one adjustment or alignment
the whole

process must

be repeated

may alter another,

until the whole of the tests

prove the setting to be true.
Now suppose the rod to have been forged solid and all these
faces to have been made true in the planing, and the first operation is to fit the straps tothe rod ends.
The strap should be put
in place on the rod and moved laterally, when the centre of its
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. the strap to the rod, a process that requires very skilful treatment,
| because if the tightening of the bolts moves the strap on the rod,

or if the strap be moved on the rod after the clamp is tightened,
the keyways will not come fair when the clamp is taken off.
In
Fig. 2369 the strap is shown held to the rod by plates c and bolts
B, the rod being shown in position ready to file out the keyway.
It is better, however, to let the side face of the rod stand vertical

as the strap will stand steadier that way.
The strap should
be set fair with the outside faces, which will bring the keyway

r—_--oo

Fig. 2365.
motion where it moves the least will be the place where it binds
and therefore requires filing.
If its side faces come atwist with
the side faces of the rod end, as shown in section in Fig. 2366,
either the faces of the rod end or the inside faces of the jaw are
out of square as denoted by the dotted lines.
In any event the
face E, Fig. 2367, of the rod end should be surfaced true and

fair if it is properly located.

made at a nght angle to the side face, and if to be made parallel

clamp is removed.
Should the keyways not come fair when the strap sets fair on
the rod the strap may be set to accommodate the keyways, and
thus save filing, but this must be done before clamping it to the

to M, also

at a nght angle to K, a square and a surface plate

gradually, first one a
four once or twice before
is not fair when they are
strap is adjusted, or the

The bolt nuts should be tightened

little and then another, going over all
they are fully tightened, and if the strap
all tight, all must be loosened before the
clamp pressure will cause the strap jaws

to spring out of true, and the keyways will not come fair when the

rod end.

Care must,

however,

be taken

to see if cutting the

strap out to suit the keyway may not leave too little metal on one
side of the keyway when the strap is subsequently planed.
The sides of the keyway should be filed true to a surface plate,
using a well-bellied file and as stout a one as possible, so that it

Fig. 2367.

Fig. 2366.
are used to test them.

mene

If the diameter J is to be smaller than

that at H, then the angle of both face E, and its opposite,
should be equal with reference to K. These faces should be
finished

by draw-filing,

with the

file marks

lengthwise

may not bend under the pressure, and file away the edges of the
keyway.
The keyway should be made parallel to the side face of the
strap, so that it may be fair with the centre line F in Fig. 2360.
It should be made of equal width throughout, a piece of iron being
used as a gauge in place of the key, and this same piece of sheet
iron will serve as a gauge to plane the keys to thickness.
The corners of the keyway, if to be made square, should be

of the

rod.
To fit the strap, proceed as follows: To find where it
requires filing, place it on the rod (having previously put red
marking on the rod end), and move it endwise and sideways,
observing where the least motion takes place when the strap is

filed out with the corner of a smooth half-round file, because the

corners even of safe-edge files do not come up sharp enough.
For filing out the end faces of rectangular keyways, a square

file with both edges safe must be used, the safe edges being on

moved sideways by pressing its crown end, for this point of
least motion is always where it fits the tightest. To test the jaw
faces for being square apply a straight-edge S, and a square
P, Fig. 2368, pressing S against the strap, and P firmly
against S.

When the strap shows to bed well on the rod and its motion is
an ambling one (and not a pivoted one), it fits properly, and if
both rod and strap have been filed square, their side faces will
come fair or even.
The keyways being drilled, may then if
necessary be filed out, for which purpose it is necessary to bolt
VOL. 11.—26.

opposite sides of the file. For roughing out, a taper square, but
for finishing, a parallel, or equalizing nle is preferable.
The next operation is to fit the keys and gibs. The key should
first be fitted and should be filed true to a surface plate, for in no
other way can a really good reliable gib be obtained, no matter
how well the keys may have been planed or milled. It should be
filei a ught fit to the keyway so that it may be used (with a light
coat of red marking) to show tight places in the keyway, driving
the key in for that purpose from first one and then the other end
of the keyway.
If, however, it is driven too forcibly, it may seize
or cut, and it will be difficult to get it out, besides damaging both
it and the keyway.
When the keys are reduced so that they will
drive lightly into the keyway, they should be tried in the rod and
in the strap separately, moving the key laterally or edgeways, so
that it may mark any high places in the keyway of either of
them.
The finished key and gib should be left tight enough, that they
will hold themselves in any position in the keyway of the strap or
of the rod when standing vertical.
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The head
of the gib should
be chamfered as in Fig. 2370, so
that it may be driven in and out to fit without raising burrs which
would prevent it from passing into the keyway, and the key should
be similarly chamfered and rounded in its width.
The width of the key and gib should be such as to just fill the
keyways, leaving no draw when the key is down in the keyway
so that its head is level with the head of the gib,
as in Fig. 2371,
A equaling the keyway width; and their edges should bed fairly
one against the other, and ayainst the edges of the keyway.
The strap must then be keyed upon the rod, and the side faces of
the rod and strap planed to thickness, placing a bolt and nut in
the rod end in place of the brasses, so that the key may lock the
strap and bind it in position. The rod end should
be planed to
thickness for the brasses and of equal thickness on each side

of the keyway.

SHOP PRACTICE.
block of wood to strike on, otherwise the skin of the bore may
become pened, and when the brasses are bored they will close in at
the sides and become loose in the strap.
As a guide when fitting the bottom brass in the strap, place the
strap on the rod as ic Fig. 2373, and take the measure of the strapat
A A, the strap overlapping the rod to admit the calipers
or gauge.
Each time the brass is driven in the strap to trv the fit, the calipers
so set should be tried in the strap (the brass being in the strap), as
in the figure, and when the calipers very nearly
touch the strap
jaws,
the strap with the back brass sull in should
be tied on the
rod end, or in the case of a very heavy strap the caliper measurement

The brasses should be planed after the rod end

Fig. 2373.

Fig. 2370.
ts planed
to thickness.

The width
for the brasses

should be

measured
while the strap is on the rod end, because the width
between the jaws of the strap is greater when the strap is in place
on the rod end than when it is off, because in order to make the
strap jaws a tght fit to the rod end it is made narrower between
the jaws than the widthof the rod end, so that the jaws spring
open when the strap is pushed oa the rod end. The sizes
for the
brasses
to be planed to will then be the width of the strap across
its edge face, and the width of the strap between the jaws when
sf es on the rod ; and for these sires a wire gauge should be made;
or an adjustable gauge may of course be set.
The method to be pursued im planing the brasses is an important consideration . It is most convenient to plane both the
brasses together, by which means much time is saved. To obtain
this end the brasses are sometimes cast together, as in Fig.
2372, and after planing and before boring are cut in two at the
narrow section A. In this case the brasses are cast safficiently

minutely taken may be relied on to show that the brass does not
spring the strap jaws too wide open.
It is better, however, to
leave the brasses a little too tight in the strap as they close slightly
in the boring, becoming easier in the strap.
After the brass has been tned in the strap, and before it is filed
again, it should be tried with a square, using a straight-edge also if
the square back is too short to cross both faces of the brass. The
method of testing is shown in Fig. 2374, in which B represents
the
brass, S the square, and T the straight-edge. The inside face of
the flange should also be tried as in Fig. 2375, in which P represents the surface plate, S the square, and B the brass. This will

wide from crown to crown as denoted by B, to allow for the length

Fig. 2374.

Fig. 2375-

msure that the brass face joint ts square as it should be, and is
farther necessary because the bearing marks on the brass are not
to be altogether
rehed upon
In Fig. 2376, for example, the brass is shown in section in the
Strap, and the side A of the brass has a bearing against the Jaw B
of the strap, and hence would show marks of contact.
The
sacceeding blows m dnving the brass, however, may cause the
brass to have contact on the sade C with the
jaw D; hence the beanng marks would show
the brass to fit well when sach was not the case.
This may be detected by stnking the brass on
its jomt face, and then measunng from E and
Fig. 2371.
from F to the end of the strap, and then stmking
cut away in separating
them. In other practice
the jomt faces
the joint face at F and again measunng
both
of the brasses
are faced first and then soldered together
for the
distances, when any canting of the brass will
planiog ; but very iarge brasses are planed separately. In either | readily
be detected. It is better, however, to
case the joint face af the brass should be made at a nght angle
also apply the square, as shown in Figs. 2374
to the faces of the brass that fit the strap.
| and 2375, because bv this means the point faces
The brasses should be titted separately to the strap, and hence
E F bemg parallel to the crown Roe G of the
should, if pouned, be separated, being cut in two in a shaper, if of | brass, the brass will be fitted so that when G
Fig. 2376.
the form shown in Fig. 2372, and split by driving a keen chisel | meets the crown face H of the strap, the two
between the cormers of the jomt faoes, ff the latter have been | will be parallel to each other and require bat little filing to fit or
soldered. The back or crown brass, and not the key brass, should | bed together.
be ttted first. The comers of the ways, in the brass, for the strap
The crown of the brass should be bedded very finely to the strap,
shoakd be eased just Clear with the edge of a smooth half-round tle,
or it will spring the strap jaws away from the rod when the kev ss
driven home.
because otherwise they will rab down the sharp edves of the strap,
and make the strap jaws appear to be a bad at when on the rod.
Suppose, for exampk, that the crown of the brass dx not bed
The brass should be dnven in and out of the strap to fit, using a
well at A im Fig. 2377, then keving up the strap would spring its
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jaws away from the rod end, as shown
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key brass may be made of such thickness as .o butt against the
end of the rod and meet the mark G.
For the large end, the thickness of the key brass, or, in other
words, the distance D in Fig. 2378, must be taken after the face of
the crown brass has been squared up, as described with reference
to Figs. 2374 and 2375, the connecting rod strap being placed in
such position that the key will be up in its proper place.
When the joint faces of brasses do not meet, but are left open to
take up the wear, it is a difficult matter to properly adjust the brass
bore to the journal. If the flanges of the brasses do not quite fit
the length of the journal, as is very commonly the case, it is
customary to tighten the key until the rod end can just be moved
by hand so as to force the brass flanges against first one and then
the other end of the journal. This is an approximate adjustment ;
and if the journal heats at all, the key is slacked back a trifle;
whereas if it pounds, the key is set up a little. As a matter of fact,
then, nothing is actually known of the precise fit of the brass to the
journal ; and while looseness may be detected by the pounding, the
brass may be tight enough to cause undue wear without very sensibly
heating the journal, especially if the latter is freely lubricated.
If,

at BC, the least error in

the bedding having this effect notwithstanding
jaws.
The second brass must be made to just fit
back brass is in its place, and is small enough
set as shown in Fig. 2373, and tried as shown

I2]T

the fit of the gib
the strap when the
when the calipers,
in Fig. 2376, just

however, the brasses fit the length of the journal, and do not butt,

it is usual to drive the key in till the brasses bind the journal, and
to then slack the key back to the necessary amount.
What that
amount should be cannot be stated, because it varies with the taper
of the key and the force with which it is driven home. As a result,
then, the operation is left to the judgment, or, in other words, to
guess-work, of men, many of whom are not well experienced in the
operation; while under any circumstances the actual fit is not
positively known. A plan not infrequently adopted is to insert a
| piece of lead wire of small diameter between the brasses, the key
is first driven tightly home, and then slacked back until the lead
wire is just freed. It is estimated that the adjustment will then
be correct ; there is no actual certainty of the fit, however, even in
this case.
|
Another objection is that the oil is apt to flow out of the opening,
|

Fig. 2377.

fit the strap. This will insure that both brasses fit the strap when
and the brass having communication with the oil cup is better
| lubricated than the other brass.
it is in its place on the rod.
When both pairs of brasses have been fitted to their straps, the || In cases where the brasses are difficult to get out of the strap,
latter should (if held by bolts) be bolted to their places on the rod, | because of the location or of the size and weight of the parts, a
piece of sheet brass is sometimes placed between the joint faces,
and the centre of the respective spaces for the brasses will be the
locaticn for the marks G,G, Fig. 2360. A pair of trammels should,
and this piece is filed thinner to let the brasses together, the neces!

Fig. 2378.

however, be set to the proper length of the rod and these marks
tested. If the strap is held by gibs and keys, as in the small end
in Fig. 2360, the strap should be put on its place with the gibs in,
and drawn up the rod by slowly forcing the key in until the mark G
at that end stands in its proper distance from G at the other end,
at which time the key should come through its proper distance.
The thickness of the brasses must be measured from these marks
G,G to the crowns of the straps and the ends of the rod respectively.
If the rod is of its proper length and the straps are in their proper
positions, these marks will come in the centre of the space for the
brasses.

If, however, there is any error, as there is apt sometimes
to be in very large rods, the course to be pursued depends upon the
kind of rod end. If both straps are bolted to the rod end, the
error may be divided equally at each end. If one end has a key
and gib or gibs, but no bolt, as at the small end in Fig. 2360, the

sary thickness for the piece being ascertained by the lead wire
process described.
If the strap is held to the rod end by a gib and
key only, and the joint faces are left open, there is nothing to lock
the strap to the rod end save the jaws of the gib, whereas when
the brasses butt, the key binds the brasses

to the end face of the

rod and the strap to the brasses, which if there is any wear sideways (as in locomotives), prevents the keys from wearing the sides
of the keyways and the brass flanges from wearing the straps.
A method of overcoming this defect is shown in Fig. 2379, where
the joint faces are left open, and four set-screws S,S, two on each
side of the rod, pass through the flange of one brass and abut
against the face of the other, serving to adjust the fit of the brasses
to the journal, and lock them in their adjusted position, locking at
the same time the brasses to the strap and the strap to the rod end.
When the rods are finished so far as the fitting of its various
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parts are concerned, ‘he brasses should be marked so that the bore,
when bored out, will leave an equal thickness of metal between the
brass and the strap on each side of the bore, while the rod will be
of proper length. To accomplish this, mark on the outside face of

SHOP
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FITTING UP SOLID-ENDED CONNECTING Rops.—In fitting up
solid-ended rods the side faces require to be filed up first and the
jaws to receive the brasses next, taking care to file them out either
square with the faces, or if slightly taper, as they should be, then
each inside face should be an equal degree of taper to the side
faces. This is necessary so that if the brasses are bored true to
their own faces, the bore of the brasses at one end of the rod shall
stand parallel to the bore of those at the other end.
The fitting of the keys and brasses is performed as described
for strap-ended rods.
The reason that the jaws or box that receives the brasses is but
a trifle taper is that in that case they are easier made a good fit, as

they can be tried in their places while being fitted and before being
reduced to the finished size, and furthermore because they can be
put in and taken out easier.
FITTING UP A FORK-END CONNECTING RoD.—A fork-end connecting rod affords as good an example of vice work as can be

Fig. 2379.

the top brass two lines level with the faces which fit against the inside jaws of the strap,as shown in Fig. 2380, A,B being the lines
referred to. We then key up the brasses in their places in the rod
and fasten a centre piece in the brasses at each end of the rod. Upon
these centré pieces we first mark a line parallel with and central

Fig. 2382.

found, because any faulty workmanship, either in the individual
truth of the parts, or their relative truth one part to another, will
make itself very plainly apparent.
Fig. 2381 represents a side and plan view of an ordinary form ot
fork-end

Fig. 2380.

between the lines A,B, and then a line across the joint of the brasses
if the joint faces meet, and in the centre of the space between them
if they do not meet.

Before applying the trammels to-test the rod length, thelatter
should be stood or placed in the position in which it works when

rod, and the requirements

are that the centre

line A of

the brass bores at the fork end shall be parallel with the centre line
B of the bore at the butt end; that the side faces of all the brasses
shall be parallel one to the other; that the side faces at the fork
end shall be equidistant, or at the required distance, from the side
faces at the butt end as denoted by C,D; that the bores of the
brasses shall be at the proper distance apart to make the length of
the rod come right ; that the brasses at the fork end shall be the
right distance apart, and that they shall stand parallel to each
other, as well as to the bore at the butt end, as denoted by the line
E in Fig. 2382.
If the rod were of a size that it could be conveniently handled
and planed, if forged solid, the fitting up would be much simplified,

Fig. 2381.

on the engine; for all rods deflect by their weight, the amount of
such deflection depending upon the position in which the rod is
suspended. The trammels also deflect, it is true, but their deflection is allowed for in setting them, whereas the deflection of the rod
will not be accounted for unless it is trammelled when standing or
lying in the position in which it works.

because the setting of the rod for the machine operation would, to
a great,extent, insure truth in the relative alignment of the parts.
Thus all the side faces of the rod ends could be planed at one
chucking, in which case they would necessarily be parallel, and
their proper relative distances apart, if the rod was properly marked
out by lines and planed to the lines. The jaws or ways to receive

VICE
the brasses would be slotted out together, and necessarily true, if
the rod was chucked true on the machine table. But even in this
case the rod has to be marked out by lines denoting where the
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providing that, with the square applied, resting against the side and

the face of the ways on the narrow jaw, the ways of the other jaw
are equidistant from the square blade, as would be the case ; for

Fig. 2383.

metal is to be cut off to, and the principles involved in the lining
are just the same as those involved in the fitting up.
If the rod be large, the ends may be, and usually are, forged and
fitted up separately, and subsequently welded to the body of the

example, if the width of the ways of the jaw J extended to the
dotted lines at K, L, because the line P would still form the centre
line of both jaws, standing at a right angle to the side faces of
the fork end, and parallel to the bore of the brasses at the butt

Fig. 2384.

rod, which has been forged separately. In this case, the alignment
of the parts is a part of the process in welding the rod, and setting
it after welding.
ll the principles involved in making the rod
ends separate, and afterwards welding them, or in marking out a
small and complete forged rod, are, however, involved in the process of refitting an old rod in the jaws, and putting in new brasses ;
hence a description of that process will cover the whole ground.
The first thing to do is to file up the side faces, as F,G, Fig. 2381,
and, in doing this, all that is necessary is to file F up true, when
tested by a straight-edge applied as in Fig. 2383, in which R is the
fork and s a straight-edge, whose edge should measure the same
distance at H as it does at 1 from the side face F, while the face C

end. Before filing up the side faces at the butt end, the strap
should be fitted on and keyed up, so that its side faces may be filed

Me
2
A E—
Fig. 2385

measures the same distance from face A of the other fork end,
or from the imaginary centre line x, Fig. 2381. Then turning
the rod on its side, a straight-edge should be placed across the face
KF. and one across the face G, as in Fig. 2384,at S and S° ; and
the edges of the two straight-edges should stand parallel, when

Fig. 2387.

up with those on the rod. To test the truth of the side faces at the
butt end, a straight-edge should be applied, as at S and Ss”, Fig.
2386, being pressed firmly to the side faces at the butt B, the fork

Fig. 2386.

sighted in such a position that the edges are very nearly in line
with the eye, as shown in the figure.
The inside faces of the fork jaws may be filed to measurement
from the outside ones.
The ways for the brasses should be filed square with the outside
faces, as shown in Fig. 2385, in which S is a T-square ; but if one
jaw is wider than the other, as sometimes occurs, it will not matter,

faces being measured from the edge of the straight-edge at that
end, and also with straight-edges, as in Fig. 2384. The brasses,
after being fitted into the ways of the jaws, should have their joint
faces squared, as in Fig. 2387, the top of each jaw being shown
broken away, so as to fully expose the brasses. S is a square held
firmly against the side face of a jaw, the brasses having their joint
faces true with the square, blade, and true also when tested with a
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square, applied as in Fig. 2388, in which B is the brass and S the
square. The brasses at the other end should be filed true to the
side faces of the strap in a similar manner, and, the fitting being
completed, it simply remains to mark off the brasses for boring.
The joint faces of the brasses should form the centre of their
respective bores ; hence, all that is necessary, is to insure that the
brasses be of equal thickness, top and bottom,
=~ and this may be accomplished as follows: Mark
ay, | across each face a line even with the ways of the
brass, as shown in Fig. 2389, at A,C, and carry

SHOP PRACTICE.
The rod ends should then be filed
come fair with the rod ends.
up and the straps fitted on.
Next comes putting in the new key and gib, or refitting the old
gib. If the jaw of the gib has cut into the strap, as it will do in
some Cases (especially in marine and locomotive rods), this may

these lines around the side face, as shown in the

figure at B,D.
Place the brasses in the strap,
put in a piece of wood whereon the compasses
may be rested, as shown in Fig. 2390, which represents one
jaw, and mark on this piece of wood a line even with the joint
faces of the brasses, and on this line a centre-punch dot equidistant
between the lines B D. From this dot, as a centre, strike the circle
Fig. 2388.

be repaired as follows: Cut out the recess shown in Fig. 2392 at A,
making it dovetail-shaped as shown, and with a set chisel set up
its sides as shown

in Fig. 2393, which is a sectional

tion through the line of B.

side eleva-

Cut out a piece of wrought iron and

Fig. 2393.

Fig. 2389.

shown, and define it by centre-punch dots, and if the lathe-hand
chucks the brasses true to the ways that fit the rod jaws, and to
the dotted circle, the bores will stand true in every respect.
REPAIRING CONNECTING
Rops.—In repairing connecting
rods the following is the work usually required to be done, and in

Fig. 2390.

the order named: Refitting straps, refitting gibs, and perhaps
new gibs and keys, filing up the side faces of rod ends and
straps, lining up brasses to make them fit the strap, lining up the
rod to length and fitting the brasses together so as to fit their

* journals.
If the strap is taper and can be closed by pening, the outside of

bevel its edges as shown in Fig. 2394, filing it to fit into the
recess cut at A, Fig. 2392, and letting the bevelled edge be
uppermost.
Then take a set chisel and close down again upon
the bevelled edge of the piece the metal that was
set up, as shown in Fig. 2393, and the piece will be
riveted, and it and the gib jaw may be refitted to D pea |
touch the piece thus let in.

The jaws of the gib are sometimes made slightly

Fig. 2394-

taper at A, Fig. 2395.
To refit the brasses to the jaws of the strap, the flanges which
do not as arule wear much are usually tinned with a soldering
iron, and given a lining of babbett metal. This must be done all
around the flanges (of both pairs of brasses) that
come on the same side of the rod, so as to keep the
faces of the brasses leading fair.
The fit between the jaws is restored by ‘riveting
pieces of sheet brass to that side of the brasses that
has worn the most (usually the top which carries the
weight of the rod). Fig. 2396 shows this cperation
A
carried out, A being the pieces of sheet brass which
are sometimes soldered as well as held by rivets.
These rivets are screwed into the brass, being composed of softened brass wire riveted after being
screwed in.
If these pieces, which are called liners, are placed
on the top of the brasses at one end, they should also
be placed at the top of the brasses at the other end Fig. 2395.
of the rod. They should not be less than about the
3 inch thick, the body of the brass being cut off to admit them
if necessary.
In filing the joint faces of the brasses to let them together so as
to take up the lost motion due to the wear of the brass bore and

of the crank pin, the following considerations are met.
If the brass faces are to come

“‘ brass and brass,’’ that is, butt

lel
Fig. 2391.

Fig. 2396.
Fig. 2397.

the back should be pened; but if the strap requires closing in
the blacksmith’s shop, then it should be tested by winding strips
as shown in Fig. 2391, to insure that the faces are true, and thus
save filing at the keyways and on the side faces to make them

together, when their bore is of the diameter of the journal, file
those faces away until the bore appears just perceptibly too large
for the journal, when measured with calipers, as in Fig. 2397, the

VICE
bore measuring parallel all the way through.
But, in doing this,
it is necessary to be careful to file each brass so that it shall
embrace one-half the journal

diameter,

which

will be the

pair of inside calipers, and B a brass resting on Pp. When filing
the joint faces, test them with a square as in Fig. 2399, in which
s is a square and B a

its bottom or lowest position, as shown in tne cut, to the highest
position.
In strap-ended rods in which the strap is not bolted to the rod,

case

when the two brasses. measure correctly as above, and alike,
when tested, as in Fig. 2398, in which P is a planed surface,
Ca

brass, and als) in Fig. 2400, in which $ is a
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but moves farther upon the rod as the key passes farther through
the keyway, it is the brass next to the rod end, as B, in Fig.
2403, by which to adjust the length of the rod, and its liner L is,
therefore, the one to be fitted first; the space E is, in this case,
the one to be fitted with a liner of sufficient thickness to lift the

key up. It will now be noted that the thickness of L in both
figures requires to be exact, so that the rod may be of correct
length, which is necessary, so that there may be the same amount
of clearance or space between the piston head and the cylinder
cover when the piston is at the respective ends of the stroke.

Cacia
eeSe

square and B the brass shown in section, thus making the faces
quite square.
The necessity of having their faces quite square when the
brasses come brass and brass may be shown as follows :—
Suppose the joint to be at an angle as at A,A, Fig. 2401, instead
of square

across,

as denoted

Dp

by the dotted lines B, B, then the

respective brasses will be forced by the key-pressure in the direction of the respective

arrows, and

there

will be a tendency

to

But the liners to fill the respective spaces E need not necessarily
be of the exact thickness (although it is better that they should
be), because if too thin the only effect will be that the key will
twist the brasses in the strap.
Or suppose the joint faces to be
pass
farther through the keyway than otherwise. In considering
out of square as at C,C, instead of square as at D, then there will
in
any
form of rod which is the liner to be put in first to bring the
be a tendency to twist the respective brasses in the direction of
|
rod
to
length,
we have the general rule that the brass that moves
E,F, and therefore to cause these to move in the direction of €,
|
in
the
strap
or
rod end when the key is moved farther through the
H, and as a result the brasses will spring the strap away from the
keyway is the one to be lined last. The method of obtaining the
rod, as shown at I,J.
proper thickness of the liners L, Figs. 2402 and 2403, are as
To line up the brasses for length we proceed as follows: One
follows: If the rods have been correctly made at first, the centre
of the liners adjusts the length of the rod and the other simply
of
the brass bores will be midway in the spaces for the brasses
serves to set the key back to its proper height, so that it shall not
(denoted by F in the two figures). If the oil-holes in the strap or
rod end (as the case may bc) have been dniled in the centre of
this space F as they should ‘e, then the line g will represent the
Fig. 2399.

Fig. 2400.

>
ESAS

Fig. 2401.

Pass too far through thé keyway,
as the wear of the brasses lets
itdown.
Which of the liners will be the one by which to alter or
adjust the length of the rod depends upon the design of the rod
itself; but, in the case of all solid-ended rods, or those in which

the position of the strap is fixed by means of bolts, it is the liner
behind the end brass, as D, in Fig. 2402, as stated in the open-

ing of this discussion, and it is the first one, therefore, to be
fitted. The space at E is where the second liner requires to be
placed, its thickness being that necessary to lift up the key fron.

centre of F and the centre of the oil-holes, and all thac will be
necessary will be to place behind D and B respectively a liner of
sufficient thickness to bring the joint face of these brasses (D and
B) even with the hme g. To ascertain the thickness of liner
necessary for this purpose, suppose the case of a rod end of the
design shown 1n Fig. 2402, then, with the strap off the rod, dnve

the brass D down until its crown face beds fairly against the
strap C, and with a scriber mark on the inside face of the jaw of
the strap a line coincident with the joint face of the brass, then
set the brass up the strap until its jomt face comes fair with the
centre of the oil-hole or the central line g, and then mark a second
line so that on taking the brass out of the strap there will appear
two lines. and the distance between these two lines is the necessary thickness of liner. In the case of the form of rod end shown
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in Fig. 2403, the process would be as follows: Let the strap have
placed in it the brass B only, place it upon the rod, and set it so
that it binds the gib and key, when the key is lifted up to its
required position, then, with the brass B bedding fairly against
the rod end, mark on the strap a line coincident with the joint
face of the brass as before.
Then move the brass in the strap

SHOP PRACTICE.

| are made to come brass and brass, that is to say, butt close
| together from the key pressure, when the brass bores properly fit
| the journal. Suppose, however, that the joint of the brass is left
| open as in Fig. 2407, and in that case a strip of metal F, whose
| diameter equals that of the journal, may be inserted between the
| brasses as shown, and at its centre should be provided a small

until its face comes fair with the centre of the oil-hole or line g, | centre-punch mark, denoting the centre of the bore. A piece of
this kind should be inserted in the brasses at each end of the rod
and placed in the middle of the length of the bore, the centrepunch marks being to apply the trammels to. Or if the rod was
made of correct length when new, and the bore of the brasses,

therefore, requires to stand central in space F, Fig. 2403, then

and mark another line, and the thickness between these lines is

SSS
a

the thickness of liner required at L.

If the brass is to be lined sufficiently to merely bring the key up
without respect to the length of the rod we may drive the key

ee

Fig. 2408

home as in Fig. 2404, and mark on it a line coincident with the
=
.
edge A of the strap. We then lift the key up to its proper height | the pieces F, Fig. 2407, may be dispensed with by marking a line
and mark a second line, so that when removed from the keyway | 3, Fig. 2408, central to space F, Fig. 2403- Then put the strap
the key will have on it the two lines shown in Fig. 2405, A being | °0 the rod (with the brasses, gib, and key in place), and pull the
strap back to hold the key up to its proper height.
The two brasses should then be placed as far apart as possible in
the strap, each bedding fairly against its back or crown. Then,
using the joint face of the back brass as a straight-edge or guide, a

line should be marked on the side face of the strap, this line

Fig. 2409.

representing the position of that face when the brass is bedded
fairly home, and being shown in Fig. 2408 at A. This brass should

Fig. 2405.

then be moved forward until the bore of the pair of brasses at D,
the first and B the second line; and the difference between the | Fig. 2408, measures equal to the diameter of the journal (of the

width of the key at A and its width at B will be the thickness of
the liner necessary to be placed behind the brass nearest to the
key. To ascertain the precise amount of this difference (because
a very small error as to this amount causes a great deal of extra
labor),

we

set a pair of outside

calipers to the width at

| crank pin or of the cross-head pin as the case may be) and a second
| line B, also coincident with the joint face of the brass, should be
| marked upon the strap, and the strap will then have marked on it
{ the two lines shown in Fig. 2409, in which it is shown removed from

A; and | the rod; the distance apart of these two

lines will be the thickness

then passing the caliper points down to B, we keep one of the | of the two liners combined, hence half this thickness will be the
points even with the line B, and insert a wedge until it just fills | thickness necessary for each liner. Suppose, however, that it is not
falbhé
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Fig. 2407.

the space between the other point and the side of the key, as

; known whether the rod has been correctly made, and therefore it

shown in Fig. 2406. C being the wedge, which shou'd be chalked | be unknown whether, in order to have the rod of the correct length,

along its surface so that, when inserted until it touches against | the brass bore should stand in the centre of the space or not.
the caliper point, the latter will leave a mark on the wedge,
This is often the case in repairs, and sometimes on new rods, in
denoting exactly how far the wedge entered, and hence the exact | which slight inaccuracies of workmanship are apt tooccur.
In this
required thickness of liner.
case it is best to mark a line, as G,in Fig. 2410, representing at each
It has thus far been supposed that the joint faces of the brasses | end of the rod the centre of the space F in that figure. Then seta

VICE

wingsB This ts a troublesome
form of limer to fm as weil as to
make. Ifm2 be made of wrought won, the wings 8 must be exther
forged or filed to them reduced thickness.
In the form at 2 in the figure we have the same defect, while m
addition
the lmer will not adjust itself so readily ™ posmon
to its
bed.
This Latter ts an easter form to make m the moulding pattern, and

pair of trammels to the correct lengtn of the rod, and with one point
of the trammei resting on the point at the intersection of lime C with
Ime D (the latter being the bne G transferred
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to the centre
of the

bore) at the small end of the rod, we mark a ime ai the other end.
the tramIf the lines D are too far apart, making the rod 100 long,
mets will mark a hme R, and the distance between lines R and D at

the large end will be the amount the rod 1s too jong, while half this
to mould, and somewhat
easier to fit, but 1 is not so firm as
distance will be the thickness of lmer ito go behind each bottom _ easier
brass if the error of length ts to be equally divided between the two _ the first. To cause this form of brass to bed easily to its proper
position it ts sometimes given a Ing on the bottom, as at 3 im the
ends of the rod, in which case a lime T, midway between D and R,
lime
the
and
T,
figure,
the lug extending part of the width across only, because if it
on
rested
being
then
tammei
the
marked,
mast be
|

|

|

iil
Fig. 2410.
S marked.

These two limes,
5 and T, are then the centre hmes for

the bores of the brasses.
If it is determined that one pair of brasses shall be central
im its
space F,all the error being thrown
on the other parr, this may te
done by lining one pair up so that its bore is true to ime D, and
putting behind the back brass at the other end a imer whose thick-

ness is equal to the distance between
D and Rat the large
end of
the rod. It is obvious that the measurement for rod length must
be taken on the le c.
Having thus determined what thickness of liner is necessary to

bring the rod to its proper length, it remains to find the thickness of

extended fully across, the mer would require to be m two pieces,
causing trouble both m fitung them and m gettmg them into their
places.

When the lug extends partly across, the liner must have

a slot to pass over and admit the Ing, and this causes trouble m
bending the lmer to the required curve.
In the form shown at 4 m the figure all these difhaulties are
avoided, while, if the lower corners are made square mstead of
rounding, a sample piece of sheet metal will serve as a mer requiring
but little fittmg and bedding if it be of the proper thickness.

To fit up a mk motion, assuming the machine work to be done,
the first thing to do is to face up the side faces of the links, making
them parallel, and true to a surface plate. The slot is then filed
out square to the side faces, its curve being filed to a template T,
Fig. 2412, which is provided with a piece of wire for a kandle. It
is supplied with red marking,
and is rubbed
upon the slot to mark
| the high spots.

The same template may be used to prepare the

lmk bleck or die; but as soon as the block
can be moved in the

slot with slight hammer blows (using a mallet or a block of wood)
it should be used mstead of the template, the bearing marks serving
to correct
and finish the block as well as the slot. In filing
up the
block care should be taken to make it of even thickness on each

“~

Fig. 2411.

Fig. 2412.

liner necessary for the other half brass, to bring the kev up toits |
proper posiuon, the process for which has already been explained.
side of its hole and with its sides parallel to the hole, the latter
After, however, the various liner thicknesses have been found. and
bemg of great importance. Wher the biock is a sufficiently easv fit
the sheet metal selected to cut them from,it is well to try if the
in the slot to permit it, a round stick of wood may be put through
thickness is correct by cutting off
a small piece of the metal, putting
it and used to move it up and down the lnk slot for the marking
it in place behind thebrass,
and then, after kevingup the brasses,
process.
the rod length mav Je trammelled.
The next operation is to fit the eccentric rod eyes to the link, and
As the liners placed behind connecting-rod brasses require to be
to then ream out the holes m both the link and the eves while they
very finely bedded, the facility with which their forms permit them
are put together. The block may then be placed m the link,
and
to be fitted is an important consideration.
the rocker pin passed through the block and into the rocker arm, so
In Fig. 2411 is shown the forms commonly given, the requisite
that the working fit of these parts when put together may be tested
form of liner being shown beneath each. Form 1 will bed very
and adjusted if necessary. The link hanger may then be fitted to
firmly to its seat, but it will be observed that its liner is a difhault
the saddle
pin, when the whole will be ready for the file finishing
one to make,
the bottom section
A being thicker than the sidesor and polishing, after which it may be case-hardened.
VOL.

Il.—27.
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CASE- HARDENING.—Case-hardening consists in the conversion
of the surface of wrought iron into steel, or in converting the grade
of a low steel into a sufficiently high grade to render it capable of
hardening. The depth to which this conversion occurs depends
upon the material used to produce it, and the length of time the
process is continued, varying from y{ inch under the prussiate of

potash process to 7 or 4 inch in the case of long-continued box
case-hardening.
Work that is thoroughly case-hardened has a dull white, frostedlooking surface.
If the surface of the work is mottled, or has
patches of fancy water-mark colors, it may be hard, but it is not so
to the highest attainable degree.
To thoroughly test this, take a new dead-smooth file and apply
its corner edge under heavy pressure to the work on an edge where
the fancy colours are, and then on an edge where the surface is
white, and the latter will be found to be the hardest as well as
hardened the deepest.
The simplest method of case-hardening is by the prussiate of
potash process, for which it is essential that the prussiate of potash
be finely powdered, and contain no small lumps. The piece being
heated may then, if small, be dipped in the prussiate of potash, or
if large have the same spread upon it. In either case, however, the
work must be hot enough to cause the potash to fuse and run over
the work surface, and this action may be assisted by using a piece
of iron wire, spoon-shaped at the end, wherewith to apply potash
to the work and rub it upon the work surface.
After the potash has thoroughly fused and run over the entire
surface of the work it will usually have become somewhat cooled,
and will require reheating before quenching in the water.
If this reheating be done in the blacksmith’s fire, it is not well to
put the blast on ; it is better to let the blast on gently while applying the potash to the work, so as to have a live clear fire to put the
work in, and reheat it with the blast turned off.

While the work is in the fire it should be constantly rotated, not
only to heat it evenly, but to let the adhering potash run over the
entire surface, and as soon as the required heat is attained the work

should be removed from the fire quickly and quenched in water.
It may be added, however, that if after the potash has been
applied and fused more potash be added, so that it will adhere to
the work and not fuse until the work is put into the fire a second
time, then, after the work is quenched and taken from the water,
there will be found on it a thick white and closely adhering fur of
melted potash, and the work will be a dead white, with no fancy
colors on it, and as hard as it is possible to make it.
The prussiate of potash process is, of course, from its expensiveness, both in material and labor, too costly for work to be done in
quantities, and box-hardening is therefore resorted to.
In box case-hardening the work is case-hardened all over.
It
consists in packing the work in an iron box containing the hardening material, and subjecting the whole to a cherry-red heat for
some hours.
A very common process 1s to fill a sheet-iron box with the work
closely packed about with bone-dust, the pieces of the work having
at least a thickness of ths of an inch of bone-dust around them.
The seams of the box are well luted with clay to prevent the gases
from the consumed bone-dust from escaping, and to exclude air.
Various ingredients are used to effect case-hardening.
One
process is as follows: 20 lbs. of scrap leather and 15 lbs. of hoofs
(cutinto pieces of about an inch square), 4 lbs. of salt, and one
gallon of urine are prepared, and a wrought iron box with a lid
capable of being fastened onis obtained. The fastenings must be
capable of ready unfastening when hot. A layer of leather and
pieces of hoofs about 14 inches thick is first laid in the box, then
alayer of salt, and then a layer of work. Leather and hoof are
then packed closely around the work and above it for a thickness
of about an inch, and a second layer of work added, and so on,
the last layer being of leather, &c., completely filling the box;
the urine is then added, and the box well sealed with clay.
The box is placed in a furnace and kept at a red heat for about
fourteen hours, and is then taken to a deep tank, and the work
quickly immersed, so as not to be exposed to the air after the box
is opened.
If the pieces are of solid proportions, so as not to be liable te
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bend or warp in the cooling, the contents of the box are simply
dumped into the tank, the water being allowed to flow freely in the
tank to keep up a circulation and cool the work quickly; some
work, however, requires careful dipping to prevent it from warping.
Thus a link or a double-eye would be dipped endwise, a plate
edgewise ; but all pieces should be immersed as quickly as possible
after the box is opened.
Sheehan’s patent process for box case-hardening, which is
considered a very good one, is thus described by the inventor :
DIRECTIONS

TO

MAKE

AND

FOR

USE

SHEEHAN’S

STEELIFYING

PATENT

PROCESS

IRON.

No. I is common salt.
No. 2 1s sal soda.
No. 3 is charcoal pulverized.
No. 4 1s black oxide of manganese.
No. 5 is common black rosin.
No. 6 is raw limestone (not burned).
Take of No. 1, 45 lbs., and of No. 2, 12 lbs. Pulverize finely and
dissolve in as much water as will dissolve it and no more—say 14

gallons of water in atight barrel ; and let it be well dissolved before
using it.

|

Then take three bushels of No. 3, hardwood charcoal broken
small and sifted through a No. 4 sieve.
Put the charcoal in a
wooden or iron box of suitable size made water-tight.
Next take of No. 4, 5 lbs., and of No. 5, 5 lbs., the rosin pulverized
very fine. Mix thoroughly No. 4 and No. § with the charcoal in
your box.
Then take of the liquid made by dissolving No. 1 and No. 2ina
barrel as stated, and thoroughly wet the charcoal with the whole of
said liquid, and mix well.
The charcoal compound is now ready for use.

A suitable box of wrought or cast iron (wrought iron is preferable)
should next be provided, large enough for the work intended to be
steelified.
Now take No. 6, raw limestone broken small (about the size of
peas), and put a layer of the broken limestone, about 14 inches
thick, in the bottom of the box. <A plate of sheet iron, one-tenth of
an inch in thickness, is perforated with 4-inch holes one inch apart.
Let this plate drop loose on the limestone inside the box. Placea
layer of the charcoal compound, two inches thick, on the top of
said perforated plate. Then put a layer of the work intended to be
steelified on the layer of charcoal compound, and alternate layers of
iron and of the compound until the box is full, taking care to finish
with a thick layer of compound on the top of the box. Care should
also be taken not to let the work in the box come in contact with
the sides or ends of the box. Place a suitable cover on the box and
lute it with fire-clay or yellow mud. The cover should have a
quarter-inch hole in it to permit the steam to escape while heating.
The box should now be put in an open fire or furnace (furnace
preferred), and subjected to a strong heat for five to ten hours,
according to the size of the box, and the bulk of iron to be steelified. Remove the pieces from the box one by one and clean with
a broom, taking care not to waste the residue, after which, chill
in a sufficient

body

of clear,

cold

water,

and

there

will be a

uniform coat of actual steel on the entire surface of the work to
the depth of » or 3 of an inch, according to the time it is left in
the fre.
The longer it is left in the fire the deeper will be the
coat of steel.
Then remove the residue that remains in the box, and cool
with the liquid of No. 1 and No. 2, made for the purpose with 20
gallons of water, instead of 14 gallons, as first used with the
charcoal compound.
The residue must be cooled off while it is hot, on a piece of
sheet iron or an iron box made forthe purpose.
Turn the residue
into the supply box, and it will be ready for use again. The
more it is used, the better and stronger it will be for future work.
There is nothing to be renewed for each batch of work but
the limestone,

and

that,

after each

job, will

be god

burned

lime.
A process used at the Elevated R.R. shops in New York city 1s
as follows:

The materials

used are:

leather, 1 part;

bone

dust.

VICE
5 parts; salt, 1 part.

Heat for 48 hours to a red heat in a box

sealed with fire clay, and quench

in a solution of 3 pounds

of

potash to 30 gallons of water.
The wrought iron thus treated is impervious to a new smooth

file at a depth of ;, of an inch.
The potash water is said to prevent both warping and the
formation of blister marks on the work.
The durability of work case-hardened is greatly enhanced, but
it is an expensive process; not so much by reason of the cost of
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forms not easily ground out in a machine, as, for example, a die
in a link of a link motion.
To prevent surfaces or forms of this class from altering their
shape or dimensions during the hardening process, slips of iron
are sometimes fitted to them before they are placed in the hardening box. Thus Fig. 2414 represents a double eye, and Fig. 2413
a link having thin pieces fitted in as shown at A in both figures.

Fig. 2416.

Fig. 2413.

it, but because it involves resetting and a refitting of the parts.
The resetting is necessary because the work warps under or
during the process. This warping can be prevented to some
extent by placing the heaviest pieces in the bottom of the box,
and so packing the same that the weight of the top pieces shall
not tend to bend those beneath them when the hardening
material has burned away, and so placing the upper pieces that
they sball not be bent by their own weight.
Thus both in

The heating for the hardening process is also apt to impair the
alignment of the work, causing it to require resetting by the aid
of parallel strips and straight-edges.
The faces of the link having been set, the width of the link slot
must be set, for it may open or close in places. If it opens it may
be closed by the jaws of a powerful vice, while if it closes it may

Fig. 2417.

be opened by a pair of inverted keys, inserted as shown in Fig.
2415, and driven in bythe hammer.
At each tnial, however, a
mark should be made on the driven key, so that it may be known
Fig. 2414.

packing and locating the work in the box the utmost care is
necessary.
SETTING WORK AFTER HARDENING IT.—Work that has been
hardened or case-hardened usually swells during the hardening
process, and therefore requires refitting afterwards.
This swelling usually occurs in all directions, thus holes and bores become
of smaller dimensions,

how far to drive it at the next trial.
Fig. 2416 represents a link that is supposed to have been
case-hardened, and to therefore require resetting.
The stem

while the outside dimensions also increase,

bolts become of larger diameter and sometimes increase in length.
:

Fig. 2418.

from A to B should first be straightened to a straight-edge on
both its side and edge faces. It should then be tested for winding
with the winding strips, C,D, placed as in Fig. 2416, and then as

in Fig. 2417.
To test the alignment of end E, press a straight-edge Ss fair
against its side face, as in Fig. 2418, and measure

the distance

Fig. 2415.

In very exceptional cases, however, the dimensions of a piece of
work will not alter.
This renders it usually necessary to refit the work after it has
been hardened, thus holes which are ground out by laps or bolts
may be ground to diameter in a grinding lathe.
In some practice, however, the work to be hardened is made a
somewhat too easy fit, the holes tapped out and the bolts ground
in by direct application of the bolts to their holes in connection
With flour emery and oil. This latter plan is also adopted for

S
Fig. 2419.

H.

Then place the straight-edge on the other side face of E and

measure

the distance

I, Fig.

2419,

and

these

distances

both

measuring alike, E will be true providing that the jaws at end F
have not altered from their proper width apart.
To test the alignment of the jaws at end F, press a straightedge against the outside face of the hub and measure the
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distance J, Fig. 2420, then apply it on the other side and measure
distance K, Fig. 2421, and when distances J and K are equal and

the width L between the jaws is correct, end F is in line in one
direction. To test it in the other direction, apply a pair of

SHOP
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It is obvious that the same setting or aligning process would be
required in the case of a large link, where the ends were forged
separately and welded to the body after the machine work and
fitting had been done to them.
FITTING BRASSES TO BOXES OR TO PILLAR BLOCKS.—In the
operation of fitting brasses to their boxes or to pillar blocks there

are two things to be especially guarded against: First, having

Ss

Fig. 2420.

parallel strips, placing one on end E as in Fig. 2417, and the
other across the face of the hub of end F to see if there is any
twist.
Suppose,

however,

that

distances J K are

unequal,

then if |

S
Fig. 2424.

L

the brass let down

aa

=

rn)

r

Fig. 2421.

distance L is too narrow (when tested by the piece that fits
between the jaws) then the jaw at F that gives the widest distance
at E is the one that requires correction, or if distance L is too

one-sided, as shown in Fig. 2422; and next,

aslant, as shown in Fig. 2423.

The first depends on taking the

proper amount off the two side faces, and the second in cutting

the inside of the flanges fair.
To cut the side faces fair, grip
the brass in the vice, as shown in Fig. 2424 (the brass being
shown in section), in which A is a block of wood. Take the
measure of the box, down where the brass will come when

home,

Fig. 2425.
Fig. 2422.

wide, the jaw that shows the least distance at end E is the one
requiring correction.

The link should be warmed to about 300°, or nearly dZack hot,
and

pieces

of sheet copper placed between

the work and the

and, if there be any taper to the box, set the inside calipers to the
top of the location for the brass, and after the brass is in the
vice place a square under one side-face, as at R in Fig. 2426, and
see how much there is to come off. This saves the use of outside
calipers, and is better because, not only is the trouble of setting
the latter avoided, but the inside calipers can be tried to the box

Fig. 2426.

Fig. 2423.
anvil, and between

the blacksmith’s tools and the work, so that

the latter may not be bruised by the blows delivered to effect the
straightening.
After the process has been performed at each end individually
the testing should be repeated, because

setting the end F may

have impaired the setting of end E, in the alignment to F.

and the work in an instant, and a correction can at once be made
if the calipers have got shifted.

The cape chisel, or cross-cut, as

it is sometimes termed, should first be used, taking a cut close to
the flange, and making it half as deep as the calipers (applied as
shown in Fig. 2426) show there is metal to come off. Then a
similar cut should be taken close to the other flanye, especial
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care being taken to take both cuts equally deep, and leaving as | flanges. Sometimes, however, the inside faces or the box are not
much to come off the other side face of the brass; otherwise, the | true with the outside face. To test this, we place a straight-edge
brass will come atwist. Then take a straight-edge, and, placing | across the outside face, place a square on it, and apply it to the
inside face of the box, as in Fig. 2429, which is a plan view of the
its edge fair with the two chisel-grooves, while holding it firmly
box, A being the straight-edge and B the square.
If the square
against the joint face of the brass, mark a line running from one
thus applied shows a want of truth in the box, we may set the
chisel groove to the other; this line serving as a guide for the
brass over when adjusting it (as in Fig. 2427) to a corresponding
depth of all the other cape-chisel grooves.
Now cut off the
amount, and thus mark off the flanges to suit the box.
intermediate spaces with the flat chisel, using a straight-edge as
To hold the brass while operating on the flanges, we resort to
a guide.
Ifthe box is taper, chip the side face to a corresponding taper, using a bevel-square, or estimating the amount by the
eye if it is not too much.
Now file the chipped surface flat and
true, and then turn the brass

upside

down, gripping it with the

wood as before, and dress the other side face (applying the inside

Fig. 2429.

the device shown in Fig. 2431, in which A is a bolt, B the brass, C
a piece of hard wood, and P a clamp fastened down

by a nut D.

To sustain the plate P, so that it shall not fall down on the piece
of wood every time the brass is taken out to try it in the box, wa
may insert the spiral spring S, shown in the separate view of the
bolt, nut, and plate.

Fig. 2427.

One such holding device will do for different

calipers as in Fig. 2426), and bring that face down to within
about , inch of the size to which the calipers are set.
If the
block of wood is made a little shorter than the length of the
brass, the calipers can be applied without moving the brass from
or inthe vice. The method of applying the square to these side
faces is shown in Fig. 2425, in which A is the brass in section, B
a straight-edge, and C a square.
We now turn our attention to the flanges, and apply a square
to the crown of the box, bringing the edge of the blade fair with
the edge of the box, as shown in Fig. 2428, A representing the
box in section, and B the square. Supposing the crown of the
box to stand square, as shown in the engraving, and as it should
do, we set the brass upon a truly-surfaced iron plate and square
Fig. 2430.

sizes of brasses, by either gripping the bolt lower down in the
vice jaws or putting washers between the nut and the plate.
This will hold the brass very firmly, and at the same time leave
the whole of the flange easily got at. When the flanges are
dressed, we may try the brass in the box, putting red-lead marking on the box to mark where the brass binds. While letting the

Fig. 2428.

up the joint face, as shown

in Fig. 2427, in which A is the

surfaced iron, B the brass, and C the square. Since, however, the
joint face of the brass may not be parallel with the crown face,
we may place the square so that its blade edge comes fair with
the crown face—that is, as shown at D in Fig. 2427—and set the
brass crown (by means of inserting a wooden wedge under its
face) truly perpendicular or parallel with the square blade edge.
Now try the square with the side face of the brass, setting the
latter true with the square blade, as in Fig. 2430; A being the
iron plate and B the square ; and, supposing the box to be true,
as it usually is, we may set a scribing-block, as shown in Fig.
2427, and mark off how much is to come off the flanges by
scribing a line around the flange, sufficiently depressing the
scriber-point to allow an equal amount to come off each of the

Fig. 2431.

brass

,

|
|

|_

|

down, however, we must

be careful to let 1t down

fair, to

avoid the state of things shown in Figs. 2422 and 2423. A ready
method of doing this is (supposing the box to be true, as it should
be, and making the necessary allowance if it is not), to set a pair
of inside calipers to the joint face of the brass and the top of
the box, as shown in Fig. 2432, trying the calipers (in the two
positions there shown) on both sides of the box. This should be
done every t me the brass is tried in the box, until such time as
the brass begins to bed against the bottom of the box.
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2436, A is a pedestal, and B a brass which beds at C, but not at
DorE.
In Fig. 2437 is shown an example of a brass, with a

We now come to the bedding of the brass to its seat in the box.
This requires skillful treatment; for one mistake will involve a
great deal of extra work to rectify it.
In fitting the brass to the box care must be taken to leave it a
rather tighter fit to the box than it requires to be when finished,
that is after the bore has been made, because in the boring
operation the sides of the brass are apt to close and loosen the
fit of the brass to the box.
When the side faces and flanges are so far fitted as to render
probable the brass driving home at the next trial, the bed of the
box should be given a coat of red-lead marking, and small pellets
of stiff red lead or putty should be stuck on the bottom of the box,
two at each end of each bevel, and two at each end of the bottom,
with ome in the middle of the bottom and each bevel, as shown at

circular bottom, which would bed at the crown C, but not at
the sides D BE, until the metal was cut down to the dotted
circle F.
The amount to which this contraction in the mould occurs
varies with the size of the brass, the difference in the thickness at

the crown and at the face joint, the composition of the metal of

Fig. 2434.

Fig. 2435.

which the casting is made, and the temperature of the metal
when poured into the mould.
It should always be allowed for,
however, for the following reasons. Referring again to Fig. 2436, it
will be noted that it requires a heavy cut off C to bring E,Dto a
bearing, while it is apparent that if the brass met the box at E,D
before it did at C, but little filing at E,D would let the brass down
a long way. It saves work, therefore, to so make the pattern as
to insure that the brass casting shall have bedding contact at D

Fig. 2432.

A, B, C, D, E, F, in Fig. 2433, by the black spots. Then when the
brass comes home, it will flatten these pellets, and their thickness
(when the brass is taken out) will show how much the bevels are
out, and how much to take off the brass to make it bed. These
pellets sasus# be restored to their original shape every time the
brass is tried; otherwise, they may mislead. To insure their
sticking to the box, and not coming out with the brass, the bottom
of the box must have red-lead marking kept upon it. The
chipping should continue until the pellets flatten out equally on
the two bevels, but are left a little thicker on the bottom.
If
this is not done, the bottom will bed first, causing a great deal of
extra filing, because filing the side bevels will let the bottom down
too far.
In driving the brass in and out of the box while fitting it, a

Fig. 2436.

and E before it does at Cc. As an example of the allowance to be
made for this purpose, it may be stated that in brasses of 6 inches
bore and g inches long, the hexagon of the brass pattern at D,E,
Fig. 2436, would require about ,, inch put on them to compensate for the contraction, supposing that the hexagon on the brass
| pattern were made at first to fit the hexagon of the pedestal or

~ axle box.
To originate a true flat surface we proceed as follows: In
the absence of a standard plate to go by, we must have three

Fig. 2433.

piece of wood must be used to strike on, otherwise the brass will
stretch during the fitting and come loose in the box during the
bonny.*
The patterns from which the castings for brasses are moulded

Fig. 2437.

should not be made of the same angle or sweep on the bedding
part or bottom as the bottom of the box, pedestal, or pillar block,
because the brass casting, in cooling in the mould, contracts
across the bore: thus if in Figs. 2434 and 2435 the full lines

plates, and one of them must be accepted as a provisional or
temporary standard.
This we will call No. 1, and we rl
Nos. 2 and 3 to it and then try them together. and if they also fit!
it is proof that No. 1 was true, and that all three are therefore

denote the shape of the pattern the dotted lines denote the shape
the casting will be.
The result of this is that when the brass is let down in the box

it will bed on the crown and not at the sides.
* See remarks on Pening, p. 162.

Thus in Fig.

|

true.
It will very rarely happen, however, that this is the case ;'
but Nos. 2 and 3 merely serve to show how much No. 1 was out
of true.
|
Suppose, for example, that No. 1 is concave in its length, an |
we fit No. 2 to it, asin Fig. 2438, and then fit No. 3 to it as in Fig.

VICE
2439, and when we come to put Nos. 2 and 3 together, as in Fig.
2440, we find that they are out of true to twice the amount that
No.

1 is, and that all the work

fit them to No.

that has been done to them

to

1 has been thrown away, and possibly to make
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follows: We give to one of them which we will call No. 1 a light
coat of red marking, and placing it upon the other or No. 2, we
move it about in all directions and then take the two apart to
examine the bearing marks.
Suppose then that No. 1 shows the
bearing marks to be at the shaded places, A and B, in Fig. 2441,
while the bearing marks on No. 2 are as at the shaded parts A
and B in Fig. 2442, the two ends A having been placed together ;
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Fig. 2438.
Fig. 2442.

them worse instead
to select the most

of better.

It becomes

true plate for No.

important

therefore

1, and this we may do as

follows :—
If we have a straight-edge that is known to be true, we may

then we know that B is a high spot on No. 1, and Aa
high -pot
on No. 1 for the following reasons.
The marks at A, No. 2, have
been made by the marking at A on No. 1, and will extend across

No. .2, a distance depending upon how much No. 1 has moved
across No. 2, for if corner A of No. 1 had only moved half-way
across No. 2, it could only have marked half-way across it.

Fig. 2439.

lay it on the face of a plate and move it laterally from each end
alternately, and if it swings from the centre the plate face is
rounding, while if it shuffles across moving first at one end and
then at the other the face is hollow; but if it glides as it were

Fig. 2443.

Similarly spot B on No. 1 has marked spot B in No. 2, because it
has been moved all the way across, it being evident that the
marking on B, No. 1, can only mark plate 2 as far across its width
as it is moved across it. From this it follows that the higher or
more prominent a spot is the less will be the area of the bearing
mark at that spot.

Now suppose

that the two

plates were curved to an

equal

YY

Ui

Fig. 2440.

across, the surface is nearer true. The straight-edge must not
be pressed to the plate, but merely touched laterally to make it
move laterally, for if we take a true straight-edge and press it
vertically to a true surface while moving it, it will show the marks

yt

Fig. 2444.

Fig. 2441.

of contact the most plainly immediately beneath the parts where
it 1s pressed.
Selecting by this means the two plates that
appear to be the most true we proceed to test them further as

degree as in Fig. 2443, and the bearing marks would extend all
over both surfaces ; but we may discover this error by turning one
plate at a right angle, as in Fig. 2444, in which case the bearing
marks would show along the edges of No. 1 and along the middle
of No. 2, and we may correct each with the file until both plates
mark all across and from end to end when tried together lengthways as in Fig. 2443, and one across the other as in Fig. 2444.
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But the plates may be curved to a different degree, as in Fig.
2445, and it then becomes necessary to know which to file the
most in correcting them and fitting them together, which we may
discover as follows :—
We give one plate a light coat of red marking and rub it upon
the other both sideways and lengthways.
Suppose that on being
separated and examined the bearing marks, shown as at A A and
B B, Fig. 2446, on one plate, and at C C and D D, Fig. 2447, on
the other, and as those at A A and B Bare

the narrowest, or in

other words extend the least distance across the plate, it is proof

SHOP PRACTICE.
middle will sag or deflect to some extent (very minute though it
may be in a small plate), and when we place another plate upon it
the latter will also sag or deflect if its points of contact are far
apart, and in any event the truing is performed by the bearingmarks, which the operator knows show the darkest and the
brightest where the contact is greatest; hence by the time the
contact marks show equally strong all over, the top plate will
have been fitted to suit the deflection

of the lower one.

Since,

however, the nearer the points of contact (between the plates) are
together the less the degree of deflection, it is better in trying
them to place the test plate on the top of the one being operated
on. If the plates are long ones it will not answer to have more
than three points of rest for the lower plate, unless the foundation

on which the plate rests is made so true that each resting point
of the plate will bear with equal pressure on the foundation plate
or stone.

To eliminate as far as possible the deflection, the three plates
may be got up by the process described, and then finished by
trying them when resting on their edges (the trued surfaces
standing vertical), interchanging the three plates as before.
In this case the surface will be true when standing vertical as
finished, but there will still be some untruth from deflection when
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the plates are rested on their feet, though it will be less in
amount than if the plates were finished on their feet as first
described.

wt

that this plate is more concave than the other plate is convex, and

therefore needs the most correction.
This is plain because
whatever part of a plate touches another, will, if the two are
merely pressed together, only leave a bearing mark equal in area

In finishing surface plates with a hand scraper, we have a
surface that bears in fine spots only, these spots being the tops
only of the scraper marks.

Now the depth of the scraper marks

to itself, while this area will obviously be increased in proportion
as one plate is moved about upon the other.
When the object is to merely produce a flat surface, independent of the thickness or parallelism of the plate, it is not
always necessary to file or scrape the whole of the area showing
bearing marks.
Suppose, for example, that the marks appear
as in Fig. 2448, and as the bearing marks at A A show that
edge of the plate to be straight already, all that is necessary is
to ease the surface at B in order to let that side of the plate
come up.
When we have fitted two of the three plates together we must
accept one of them as a true one and (calling it No. 1) fit Nos. 3
and also 2 to it, and then try Nos. 2 and 3 together. If these
require correcting the amount of correction must be made equal

Fig. 2448.

are unequal, because immediately after the scraper is sharpened
it cuts the easiest and the deepest, the scraper cutting less deep
as its edge dulls. The operator regulates this to some extent by
applying a greater pressure to the scraper as it gets dull, but
from differences in the texture of the metal and from other causes
it is impracticable to make the scraper cut equally deep at each
stroke, as a result the tops of the scraper marks, which are the
points of contact of the plates, wear away quickest, and the plate
soon loses, to some extent, its truth.

Fig. 2446.

on each, and when this is done we must
(say No. 3) as the standard, fit No. 1 to
both having been fitted to No. 3 may be
corrected equally ; nor will the surfaces

Fig. 2447.

accept one of these two
it, so that Nos. 1 and 2
tried together and both
of any of them be true

until all three will interchange in this manner and show a perfect
contact.

It is to be noted, however, that in this process we have not
altogether eliminated the error due to the deflection of each plate.
Suppose, for example, a plate to be resting on its feet and its

Again, work that is so small as to cover part of the plate
surface only, wears the part of the plate to which it is applied, and
although the careful workman usually applies small work at and
near the outside edges of the plate only, still these are all elements tending to produce increased local wear and to throw the
plate out of true.
To obviate this difficulty the surface should be got up to bear
all over, thus greatly increasing its bearing area and proportionately decreasing its wear.
To produce such a surface the
following plan was adopted by the author in 1876.
The filing process was continued with fine Groubet files, and
testing the plates, rubbing them together sufficiently to mark
them without the use of oil. Very short file strokes must be
employed, and great care taken to apply the file to the exact
necessary spots and places.
Then instead of using the scraper, No. o French emery paper
was used, wrapped over the end of a flat file.
The plates being
interchanged and trued with No. o, No. oo was used, and the
testing and interchanging repeated.
These grades of emery
paper were then wrapped or folded over the curved end of a piece
of wood, the plates interchanged and rubbed together as before,
and the emery paper used as described for the scraper.
Sub-
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sequently Nos. 000 and oooo French emery paper were similarly
applied until the plates were finished.

Much

assistance to this

method may be rendered by taking a piece of Water of Ayr stone,

and truing its surfaces by rubbing them on the plates after the
fine filing and before the emery papering.
Then while applying
the finer grades of emery paper the stone may be rubbed (with
oil or water) in various directions over the surface.
This has the
effect of wearing off the very fine protuberances due to the emery
paper cutting the metal most around its pores, and furthermore it
causes the marks made in testing to show more plainly.
In skillful hands this process very far surpasses, both in the
superiority of its results and in rapidity of execution, the scraping
process, leaving a brilliant polished surface, so smooth that it
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farther off the lower one, and the test by motion continued.
The
error discoverable in this way is very much finer than can be
discovered by the marks of contact, since a plate showing quite
even contact when quite dry and clean, and tested as lightly and
carefully as may. be will show error by this motion test. The
error being so small in amount that it may be corrected by rubbing
the plate with rag and oil, applied under hand pressure to the plate.

To cause the platesto bind together so that rubbing one on the
other will leave contact marks, the top plate must be placed about
an inch over the corner of the bottom one, pressed closely to it
and forced laterally over it. A pair of plates of the Whitworth

pattern (such as shown in Fig. 2449) placed by the author in the
Centennial

Exhibition, required, when

put together dry as above,

that

| 3414 lbs to s/zde the top one over the other, which was due to the

no bearing marks can be distinguished.
‘In this process great care must be taken in cleaning the surfaces
before applying them together, as the finest particle of dust will

friction caused between the surfaces by the atmospheric pressure
acting on the back surface of the plate, the latter having a
superficial area of 12 by 8 inches.
Here it may be added that a plate of the same dimensions, and
having its surface finished simply by filing with a dead smooth
file, which plate was made for exhibition at a lecture on hand

feels as soft as

cut scratches,

satin, and the contact

which

though

becomes

imperceptible on

so complete

scraped

surfaces,

appear very coarse and deep on these smooth ones.
The amount of metal taken off by the finer grades of emery
paper is so small as to be scarcely appreciable, save that it
slightly discolors the emery paper.
The finest test for plates finished in this way is to rest the

work, delivered before the Spring Garden Institute of Philadel-

lower one quite level, clean it with alcohol, wipe it clean with old

phia, required a force of 22 lbs. to slide on the one on which it
rested.
If two plates finished by the above method be placed together

linen rag and finally with the palm of the hand, which if quite

by sliding one upon the other it will be found that with the hand>
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Fig. 2449.

dry is more effective than anything else.
The eye should carefully sight the plate surface with the light reflecting on that
surface, when particles too fine to be felt may be observed and
wiped off with the hand.
In dry weather it is a difficult matter to
clean the plates perfectly, as while one is being cleaned the fine
particles of matter floating in the air rest upon the other; but in
rainy weather the cleaning is much easier.
The plates being cleaned one must be lowered vertically on the
other where it will float, there being a film of air between the two
which it is almost impossible to exclude by pressure even though
the plates be moved while pressed together.
If under these conditions the surfaces are not true and the top

plate be set in motion in various directions, by a light finger touch
it will swing round, the parts of the surface most in contact being
the centre of motion.
Suppose then the top plate to swing from
one end it should be turned end for end on the bottom plate, and
if the location of the centre of motion is still at the same end of
the top plate, that plate is high there, while if the centre of
motion in both cases is at the same end of the bottom plate it is
the one that contains the error.
If the top plate swings upon its own centre of motion it must be
moved farther off the bottom one, first on one side and then on the
other, to discover if it or the bottom plate is in error; while if the

top plate swings first from one end and then from the other, one or
both of the plates are hollow and the top one must again be moved
VOL, 11.—28.

applied as in Fig. 2449, they can be separated or pulled apart
with less force than it requires to slide one upon the other,
because the plates bend and unlap, as would be the case if two
sheets of paper were wetted and placed together and then taken
apart by pulling two edges in opposite directions.
But if the
power to pull the plates apart be applied at the middle of the
plate it will require a much greater force to separate them,
although how much is problematical, no experiments having been
made upon the subject. Furthermore the friction between two
such plates will be greater if the surfaces be lubricated than if
quite dry.
Thus, with the surfaces cleaned by alcohol, the top plate will
move comparatively easily, but if the surfaces be slightly oiled
and then wiped apparently quite clean with old dry rags, the
friction will be a maximum.
If then a piece of rag, say of an area
of an inch, have one drop of oil upon it and be then applied to the
surfaces of two plates after they have been cleaned with alcohol,
the friction will still be about 3 lbs. per inch of area of one
plate. With the surfaces well lubricated it will still require more
power to slide one plate upon the other than would be the case
were both plates quite dry.
The reason of this is that when quite dry it is impracticable to
exclude

the air from

between

the

surfaces,

whereas

with

the

lubrication the air is more perfectly excluded and the atmospheric
pressure forces the plates together.
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XXVIII.—ERECTING.

RECTING.—The term erecting is applied in large work to

one to the other, C and D representing brass plugs as before.

the operations involved in fitting the parts to their places
on the engine or machine, as well as to placing them upon their
foundations and putting them together ready to run.
In vice work or fitting, the various parts are put together ready
to be erected, each part being complete in itself, but not adjusted

The edge A of the rule or of the level should be laid upon a
surface plate, and a fine line drawn on the face of these plugs

with relation to the others.

withstand pressure is the ground joint, and next to this, but more
expensive, is the scraped joint. The difference between the two
is as follows :—
For a ground joint the fitting with files or scrapers is only
carried far enough to bring the fit sufficiently near that it may be

Thus,

while a link motion

may be

complete in itself, the length of its eccentric rods will usually
require correcting when placed upon the engine.
Furthermore
the position of the eccentric is to be adjusted.
The boiler fittings may be complete in themselves, but will still
require to be fitted or erected upon or to their places.
Erecting requires the greatest of skill, care, and judgment, in
order that the work may be put together properly aligned and
any defects of construction corrected in the finished machine.

with a scribing block, the coincidence

of the line Z with these

marked lines testing the truth of the work.

FITTING

OR

MAKING

JOINTS.—The

best form of joint to

In erecting a machine, as in building a house—or, indeed, as

in everything that man constructs—the work must be begun at
the foundation.
In a machine in which the working parts are carried and
contained upon framework, such framework

becomes the founda-

tion so far as the erector is concerned.
In a stationary steam engine the cylinder and bed plate form
the erector’s foundation while the engine is in the shop, the
mason’s foundation being an after consideration.
In a locomotive the boiler is the foundation to which all the
other parts are either directly or indirectly affixed.
The erector uses all the measuring tools used by the fitter or
vice hand, and in addition many others, as stretched lines, the

spirit-level and plumb-level. Either of these tools forms the
readiest means of testing whether surfaces that are widely
removed and in different positions about a machine are parallel
one to the other, it being evident that all surfaces standing
vertical will be parallel, or all those standing horizontal will also
be parallel, one to the other.
Spirit-levels are often made of wood, which 1s very objectionable |
for the erector’s use, because the lower or testing surface is apt to
catch

and

hold

particles

of metal,

and

furthermore

it is very

susceptible to abrasion, and wears rapidly.
It is preferable,
therefore, that it be of iron or steel. The test of a spirit-level is
its sensitiveness, and it is found in a properly constructed one
that the bubble will move to a perceptible extent if a piece of gold
leaf be inserted under one end. In a spirit-level which came
into the hands of the author of this work he found the warmth of
the finger when placed on its top sufficient to cause the bubble
to move nearly the full length of its tube, the body of the level
being a block of iron 1} inches square and g inches long.
The
movement of the bulb was caused by the heat of the finger
expanding the top of the spirit-level and causing it to bend. To

Fig. 2451.
Fig. 2450.

finished by grinding the sunaces by rotating one upon the other
with oil and emery interposed between them.
To grind a joint it is obvious that all the bolts or studs must be
removed.
In a scraped joint the scraping is carried to such a point of
correctness that the fit will be tight without grinding.

Joints in new work are easily ground, because the bolts or
studs being new have not become rusted in their places and may
therefore be readily removed ; furthermore the joint may be ground
before the studs are inserted.
But in the case of old joints the
studs may have become so rusted to their places as to render

test the truth of a spirit-level, it should be placed upon a true
surface, as a surface plate, and if the bubble comes to rest at the
them liable to break off in the effort to extract them, and in such
same spot in the length of the spirit tube when the level is tried
case it is better in most cases to make a scraped joint, which may
turned end for end, the level is true.
The test should be made | be done with the studs left standing in their places.
several times.
To make a ground joint, as say a cylinder cover joint, proceed
The plumb-rule, though less used by machinists than formerly,
as follows :—
is better for machinists’ use than the ordinary wooden-bodied
Put a thin coat of red marking upon the joint face of the cover,
spirit-level, since it is more delicate if properly constructed.
It
and after it is coated lightly and smoothly all over, the hand
should be formed asin Fig. 2450, the sides A A and B B being
should be passed over the whole surface marked, because any
straight and parallel one to the other ; C and D are two plugs of
grit left on the surface will cut the faces of the joint when they
are rubbed together to fit them, and there is no wiping material
soft yellow brass let in so as to keep the line 7 7 clear of the face
that will so effectually clean dust from the surface as the hand will;
of the level, so that there shall be no friction between them.
At
N are notches to secure the line, which should be as fine and as
and furthermore, the sense of touch will instantly detect any grit
closely spun as possible.
present. The cover may now be put into its place on the cylinder
The plumb-level, Fig. 2451, is also preferable to the ordinary
and rotated back and forth a turn or so to insure that it is
spirit-level ; its edges A,B must be straight and at a right angle
properly seated ; then we may strike it a light blow in different
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places with a piece of wood or the end of the handle of the chip-

ping hammer; and if the cover does not fit pretty closely to
its seat, a sharp metallic sound will be distinctly heard when the
blow is struck over the parts of the face that are much out of true.

Hence, by striking the blows all around the flange, we can easily
find not only the
little practice, by
out of true.
We
that the marking

high and low spots, but
the degree of the sound,
next rub the cover back
on the cover will mark

can
how
and
the

determine, after a
much the faces are
forth on its seat, so
high spots on the

cylinder face.
If, however, we make the forward reciprocating
movement of the cover a longer one than the backward, we shall
zive to it a gradually rotary as well as a reciprocating movement,
and this will tell us if the face of the cover is true or not, for if the

marking is removed from the face of the cover in two diametrically
opposite places only, it shows that the cover itself is not true; and
if the cylinder face also marks on two diametrically opposite
places only, it is proof that both the faces are a good deal out of
true: but there is no knowing which one is the most out, and so
we must file off each an equal amount.
If either face marks in
more than two places it 1s evidence that it is pretty nearly true,
and it follows that that face does not need much filing.
Here it
becomes necessary to state why the movement of the cover must,
when being tried to its place, be back and forth, as well as rotated
by the movement already explained.
If we revolve a _ radial
surface of metal upon a similar surface they are extremely liable
to cut or abrade each other, and the presence of the least grit will

inevitably cause them to cut; and if cutting once begins, the
metal gathers upon the cutting part, increasing its size so that
the groove cut will get deeper until a complete revolution has
been made, and this rule applies to all revolving surfaces, but
more particularly to radial or conical ones.
By making the movement a partly reciprocating one we destroy
this tendency, and either imbed the grit into the iron or else work
it out. To proceed, however.
If during our testing the blows
induced a secondary and metallic sound as above described, we
take a rough file and ease the high spots on both the cover and the
cylinder face, filing a good deal off the face that shows diametrically
opposite bearing spots only, and but very little off the face that
shows three or more bearing spots. In this latter case, indeed, it
is better to use a second-cut than a rough file. We next wipe both
faces quite clean, apply the marking to the cover as before, and try
it to its seat again ; rubbing it in the same manner to its seat and
testing it for the metallic sound as in the first case.
So soonas this
sound ceases we may take a second-cut file and fit the faces until
they bear in at least four different places, when a smooth file should
be used and the fitting and trying continued, until a very light coat
of the red marking will show both the cover and the cylinder face
to mark in spots not more than an inch apart; and we may then
take a flat scraper, ease away the high spots, pressing the scraper
firmly to its work and making it cut fine scrapings, using the scaper
in strokes of about 4 inch for a large face and } inch for a small
one.
When the two faces show about an even
the grinding may be performed as follows :—

contact

all over,

The two faces must be wiped quite clean, and then with an oil-can
we can run a line of oil around both the cylinder and cover faces,
and then with the fingers sprinkle on them some dry grain emery,
of a grade of about 50 for a cylinder whose diameter is, say, 14
inches or over, and of a grade of about 60 to 65 for smaller diameters ; if, however, only coarser grades of emery are at hand it
may be ground finer by abrasion on an iron block, using a hammer
face to grind it with. The emery and oil being applied, we place
the cover in its place upon the cylinder, and give to it the reciproCative rotatory movement already described, continuing the movement until the cover moves so smoothly and noiselessly that it is
evident that the emery has done its duty. We then take the cover
off and examine the faces.
If there are prominently bright spots upon either face, denoting
that the emery has not operated upon them, it will pay to take the
Scraper again and ease away the dullest and most frosted-looking

spots, which denote that they have suffered most during the grinding operation.
The difference between the spots that have been
the most and those the least affected by the grinding will be very
plainly visible if the faces are wiped clean. We must continue the
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grinding operation with this grade of emery until the marks show
the grinding to have been performed pretty evenly all over the
faces, and we then apply a coating of oil and emery, as in the
previous operations, the latter being in this case of a grade of about
70, moving the cover as before until it revolves so smoothly and
noiselessly as to indicate that the emery is no longer doing any
duty.
Having continued this process, applying fresh emery and
oil until the face appears true, we may perform the finishing and
testing process, which is of the utmost importance, since it will
detect the faintest possible defect in the job.
Wiping the faces
quite clean, we put the cover in place upon the cylinder again,
and move it as before back and forth, and yet slowly advancing;
but it must be borne in mind that if the cover makes the least
jatring noise during the operation we must at once remove it and
wipe it clean again, or the faces will abrade and become destroyed.
There

is no danger of this, however, if the cover

be at once re-

moved when the jarring sound is heard.
If it be not heard, we
continue the operation until the cover has made four or five
revolutions, and then remove

it, and we shall find that the emery

and oil, which had impregnated the surfaces, have worked out.
We again wipe the faces clean and put them together and rub
one upon the other as before, bearing in mind that if the faces
cling much one to the other, we must wipe them clean again.
Usually the finishing process requires performing about three
times, and then the faces will have become as bright and clear as

a mirror, magnifying the slightest defect in the joint. Joints
made in this way will stand any pressure without leaking (unless
the pressure be so great as to spring the metal of the cover). li
is well, however, when making the joint, to put a little oil or pure
tallow on it, and it is from this that it is called in England a
grease joint, while in the United States it is termed the ground
joint. It is common, however, in England to finish the whole
joint by scraping; but this is a much more tedious job, and not
so good a one, after all.
Here it becomes necessary to remark,

that in order to be able to handle the cover readily, it is best to
bolt to it a wooden lever overhanging both sides of the cover, and
to serve as a handle in moving it. And during the grinding
we may place a weight on the cover, which will greatly expedite the process.
It would appear that this is a long job, but
such is not the case; indeed, a 16-inch cylinder face and cover
gy inch out of true one with the other can be got up in half an
hour.
It is to be

contains the
of the guide
requires to
remembered

observed,

however,

that the cylinder

cover

that

stuffing box for the piston rod often carries one end
bars, and in any event carries the gland whose bore
stand in line with the cylinder bore.
It must be
that if more is filed off the top than off the bottom

of the face, or vce

versa, the gland bore may be thrown

out of

parallel with the cylinder bore, and the guide bar seatings will be
thrown out of parallel in the same direction.
To facilitate the making of ground and scraped joints it is
preferable that the surface of the joint, both on the cylinder and
the cover, project from the rest of the flange, from the bolt holes to
the bore in the one case,

and from

the bolt holes to the body in

the cover in the other, so that the bearing surface of the joint
shall extend from the inside edge of the bolt holes to the cylinder
bore only. This provides ample surface to make a joint, while
reducing the surface to be operated upon.
TO MAKE A SCRAPED JOIN!.—Let us now suppose that the
studs are in their places, and it is decided, for fear of breaking
them in taking them out, to make a scraped joint, and the
process is as follows :—
The testing and marking of the high spots or places must be

a

made by giving to one of the surfaces a light coat of red marking and then bolting up the cover moderately tight, screwing up
the nuts at first until they just grip the work all around, and
not letting one part of the cover face bear at any time with
greater pressure against the cylinder face than there is on the
diametrically opposite side of the cover, for the side under
most pressure will receive the marking most readily.
Especially

is this

the case

when

the two

faces first meet,

because

even a low part of the face will show most contact under such
circumstances, and then easing such marks away will make the

Se
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cover a worse fit than it was before.

MACHINE

When the cover is bolted

home, the marking on the cylinder face may be made to transfer
itself on to the high spots of the cylinder cover face more plainly
if a piece of wood be placed on the cover and struck lightly with
a hammer, moving the wood around and between the studs. If :
the wood be struck heavily it will cause an almost endless and
assuredly a faulty job, because the force of the blow will spring
that part of the cover to its seat on the cylinder face, whether

fits in that particular spot to its seat or not, and hence
or scraping may be done in places where it is not
because the marking misleads.
If the bolt holes are
together, as in English practice, lightly striking the
prove an assistance;

but where

they are

it

the filing
required,
very close
cover will

several inches apart,

as in American practice, it is better to omit it, for the bedding
marks will show plainly and properly if the marking be evenly
distributed by the hand over the cylinder face, and the cover is
bolted at each trial tightly to its seat, providing of course that
the red marking is free from grit.
In a job of this kind it is difficult to know, when a leak occurs,
whether the defect is in the cylinder face or the cover, and it is
very desirable to perform the operation with a view to correct
the defect rather than bed one face to the incorrectness of the
other.
If then the stud holes are equidistant apart and concentric (so
as to permit it), the cover may be tried on in one or two positions,
and if the bearing marks occur on the cover at each trial in the
same places it is the cover that is out; or if this occurs on the
cylinder face, it is that face which is out. Since the studs are in
their places the cylinder face may be best operated on by a
scraper, while for the first part of the operation on the cylinder
cover a file may be used. The corner at the junction of the
cylindrical part of the cover (where it fits into the cylinder bore)
should be scraped well clear, or it will be apt to bind on the edge

of the cylinder bore and prevent the cover from screwing fairly
home to the cylinder face. The joint should be made to bed well
inside of the bolt holes, and coated with oil or grease when finally
put together.

JOINTS FOR ROUGH OR UNTRUE SURFACES.

— The most per-

SHOP

PRACTICE.

made, the white lead should be omitted. In either case the lead
should be mixed stiffly at first ; the best lead should be used and it
should be well hammered on an iron block, after which it may be
thinned with boiled oil, or with a little varnish, which will cause it

to harden more quickly.
For water joints requiring to stand high pressure, and to be
used as soon as made, a paper, pasteboard, or a duck or canvas
joint are best. The joint is made by using, in place of the gauze
wire, one

or two thicknesses

of the pasteboard, duck, or canvas,

cut out to the size of the flange, and with the necessary holes to
receive the standing bolts and leave the bore of the pipe clear.
If the flange of the joint is of copper, brass, or wrought iron, or,
if of cast iron, is of sufficient strength to permit it, one disk may
be made the full size of the flange, and a second may be made to
have an external diameter sufficiently large to fit snugly inside of
the bolt holes, which will form sufficient thicknesses if the flange
is a fair fit to its seat; if it is not, however, three, or even four,
thicknesses may be used, in which case at least one of them

should fit inside the diameter of the flange across the bolt holes,
as described.
The disks being prepared, we spread on the first
one a thin coating of red-lead putty, and then lay another canvas
disk on, again adding the putty until the whole is completed.
We then spread a thin layer of the putty around the hole of the
seat and that of the flange, place the disk in position and screw
_ the joint up, tightening down the nuts until they bring the flange
. toan equal seating all around and not sooner on one side than on
another, for in that case the red-lead putty will be squeezed
unevenly, and too much on the side screwed up to excess.

The

nuts should be screwed up very tight; the joint wiped, the protruding canvas cut off, and the joint is complete.

For very rude and rough joints, whether used under pressure
or not, we may make, for either water or steam, a joint as
follows: Taking four or five strands of hemp, we saturate them
with a coating of white lead ground in oil, applying just sufficient

to make the fibres of the hemp cling well together.
We then
plait the strands and coat the whole rope thus formed with red-

eg

lead putty, and place the strand

around

the hole of the joint,

taking care that the ends lap evenly, so that the joint shall be of

manent form of joint for a rough or untrue surface is, for steam

even thickness.

pressure, a gauze, and for water pressure, a pasteboard, or a duck

iron wire to suit the size and shape of the hole in the joint, and
then wind the hemp and red lead around the wire. And in cases
where the flanges of the joint are sufficiently strong to have no
danger of their breaking from the pressure due to screwing up the
nuts, the piece of lead wire, if given a neat butt joint or neatly
lapped, may be employed without any red-lead putty or hemp;
this does not, however, make a good permanent joint.
In
cases where a joint requires to be made thick to accommodate
the length of the pipe, pasteboard may be used in the place of
canvas, giving to it a thinly-spread coating of red-lead putty
on each side, and, if possible, leaving the pasteboard a trifle
too thick and springing open the flanges of the joint to get
the pasteboard into position without scraping off the red-lead

or Canvas joint.
_ A gauze joint is composed of copper wire gauze, having square
meshes of about 44 inch square; this gauze is cut out to fit over
the joint surfaces, a single, double, or treble thickness being
used according to the unevenness of the surfaces.
A coating of
red-lead putty is first spread over the joint with a piece of smooth
surfaced metal;

the wire gauze is then put on, and over it another

coating of red lead ; the cover is then put on, and the nuts screwed
lightly home so as to bring the cover to bear against the red
lead.
Then any nut may be given a quarter or a half-turn, and
the diametrically opposite one also given a half-turn, this process
being continued until all the nuts have been screwed home a
half-turn, when the process may be continued until the nuts are
screwed firmly home.
This is necessary, because if the nuts on
one

side are screwed home in advance of those on the other, the

red lead on that side may

joint will leak.

be squeezed

out too much

and the

In joints of this class the surfaces being rough it

is not unusual to cut out the gauze wire as follows: Lay the
sheet of gauze over the joint and cut it to the size by lightly
hammering it over the sharp edges of the joint, which will cause
the sharp edges to cut the copper wire.
To cut out the holes
place the ball piece of a hand hammer on the wire and over a

putty.
Where

It is better, however, to bend a piece of lead or

it is required

that

a joint stand

great

heat

or fire,

asbestos board, about ;4 inch thick. makes a good and permanent joint.
It is coated with red lead mixed thinly with boiled
oil, containing as much as it will soak up, leaving a thin layer of
the lead upon the surface of the asbestos.
The holes for the
bolts to pass through in the duck, canvas, pasteboard, or asbestos

joint should be cut large enough to well clear the bolts.

steam joints, provided that it be given time to dry and become
hard. If the joint can have a week in which to dry the red-lead

For cold water, where it is not subject to great variations of
temperature, common sheet lead makes a very good joint; but
under excessive changes of temperature the expansion of the
pipes will soon cause the sheet lead to squeeze out and the joint
to leak.
Joints are frequently made with copper wire rings, made of a
diameter to pass around the hole of the joint and lie within the

putty may have

diameter of the bolt holes, and brazed

hole and strike the hammer

face several light blows, and the

corners of the hole will cut the wire through.

The gauze joint will answer equally well for hot water as for
about one-sixth of its bulk of white lead mixed

with it, being made to a consistency of soft dough so that it will
spread easily; and the amount being sufficient to fairly cover the
gauze and no more, the soundness of the joint may be known by
the lead squeezing out all around the joint edge as the bolts are
screwed home.
If the joint is to be used in a day or so after being
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together at the ends;

but

if the joint be rectangular instead of circular the wire must either
lie in a recess, or else a shoulder must be left for the wire to abut

against, which will prevent its blowing or becoming forced out by
the pressure.
In some practice softened sheet copper about 34, inch thick is

ERECTING.
used to make joints on surfaces that have been planed.

Joints

ot this kind are used for locomotive steam chests.
Rubber joints are used to make steam, water, and air-tight
joints, and are usually made from what is known as combination
rubber—that 1s, sheet rubber having a linen or other web running
through it; with one such web it is called single, and with two
webs two-ply, and soon.
There is in many cases, however, an
objection to this form of joint, in that it compresses ; and hence
in the case of the steam chest, for example, it affects the distance
of the slide-spindle hole in the chest from the seat, and throws it
somewhat out of line with the eccentric.
In long eccentric rods
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In Fig. 2452 is shown a method >t making a steam-tight joint
largely employed in England, upon the steam chest joint where
the cylinders of crank shaft (inside cylinder) engines are bolted
together. A is the flange of one cylinder, which is bolted to the
other by the bolt B.

C is a strip of copper let into a dovetail
groove cut one half in one cylinder, and the other half in the other.
After the bolts B are all firmly screwed home, hammer blows are
delivered upon the top of the copper strip as denoted by the arrow

the variation is of course minute; but still it exists, and must
exist, since it 1s impussible to tell exactly how much the rubber
will compress in making the joint. Furthermore, if it is required

to break such a joint, the rubber will very often cling so tenaciously to the seat in one place and to the chest in the other, that
it will tear asunder in breaking the joint. To obviate this as
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Fig. 2454.

E, expanding the copper so that it completely and closely fills the

Fig. 2452.

much as possible, however, we may chalk the rubber on one face
and slightly oil it on the other, so that the oil will aid the rubber
in clinging to one face, while the chalk will assist it in separating
from the other face of the joint.
Rubber joints slowly compress after being under pressure a day
or so, and also if subjected to heat; hence they should have their
bolts screwed up after becoming heated, or after having stood
some time. It is advisable also that the rubber be as thin as the
truth of the surfaces will admit.
If it is necessary to use more
than one thickness of rubber, the thickness may be made up of
rings, whose diameter will just pass within the bolt holes.

The holes in a rubber gasket should be made larger than the

dovetail groove, and makes a steam-tight groove.
In riveting the copper it is necessary to hammer it evenly all
along lightly, and only-sufficiently to make it closely fill the
groove, otherwise it will spring the joint open, and cause it to leak,
notwithstanding the bolts B, which will give under the extreme
strain.
Temporary joints are sometimes made by bending a piece of
lead wire into a ring or frame, of such a size as to well clear the
inside of the bolt holes. The ends are neatly joined, and the lead
wire compressiny and accommodating itself to the inequalities of
the surfaces forms ajoint.
JOINTS FOR BOILER FITTINGS.—Let it be assumed that the
casting shown in Figs. 2453 and 2454 requires to be fitted to a

boiler, both being new.

In this case, the holes for the studs or

bolts should first be drilled in the flange of the casting, which will

reduce its weight and render it easier to handle.
The casting
should then be held against the boiler in its proper position and
location ; and, with a fork scriber whose width of points is equal

VO90O0000

to the widest space between the face of the casting flange and the
boiler, pass the fork scriber around the fitting or casting with one

point against the boiler shell and the other pressed against the
edge of the casting, the result beiny to mark around the flange of
the latter a line exactly followiny the surface or contour of the
boiler, and at a distance from the boiler the nearest that will suffice

to properly bed the casting to the boiler surface, or,in other words,
the line that will exactly mark the amount of metal requiring to
be cut off the flange face to make it bed all over; and that face
may, therefore, be cut down to the line. In chipping and filing
it, however, the straight-edge may be used to advantage as
follows :—
Fig. 2453.

bolt holes, so that there shall be no danger of the bolt, when
being inserted, catching the gasket.
If the flanges should not come fair, and it is determined not to

Suppose the casting flange to be gripped in the vice facing the
operator, as in Fig. 2455, and that LL represents the scribed line:

Ss

set them fair, the rubber should be as thick as the widest part of
the opening between them, and shaved off to suit the thin side of
the joint, and in this case the bolts must be tightened very
uniformly and gradually around the joint to secure a tight one.
If there is room to snave the gasket to the amount of taper, and
use in addition a ring around the bolt holes, it will make a safer
job.
When the gasket requires to be split to pass it around or over
a rod, it should be cut through to the canvas on one side, and a
short distance off cut through to the canvas on the other side;
the rubber may then be stripped carefully back from the canvas
and the latter cut through and passed over the rod, when the
rubber may be put back and sewed to the canvas again.
Sheet rubber with a gauze wire insertion instead of canvas

then the cape chisel cuts may be carried clear across the flange,
coming exactly down to the line on each side of the flange, while
a straight-edge S may be used as shown to show when the cut is
carried across level. Then, when the intermediate spaces are cut
out with the flat chisel the surface will be of correct shape, and
the surface may be rough filed. The casting should be cut clear
down to the lines, and if the job has been properly set, marked
and faced, no further trying will be necessary previous to markiny

makes an excellent joint.

the bolt or stud holes in the boiler.

Fig. 2455.

It is well, however, if the
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operator is inexperienced in this kind of work, to again set the

may be used, or if the joint is to have ample time to set, a red-lead

casting in its proper position to correct the fit. But, with proper
care, all the holes in the boiler may be marked without any second
fitting of the flange, since the operation properly performed is

joint without the gauze may be used; but in this case it is an
advantage to cut up into pieces about 3 inch long, and thoroughly
shred some hemp, and well mix it in the lead, well beating the
same with a hammer.
To preserve red-lead putty from becoming hard and dry, as it
will do if exposed to the air, it should be kept covered with
water.
In some cases joints of flanges to boilers are made by riveting
the flanges to the boiler and caulking or closing the edge of the

bound to give correct results. In doing a job of this kind it must
be borne in mind that it is very easy to consume more time in
trying and altering the job than is required under proper conditions to do the entire job ; hence, in setting the casting, preparatory to marking it with the fork scriber, nothing 1s near enough
that does not carry with it a conviction of perfect reliability ; and
if any doubt exists it is better to go through the process again.
If the casting flange varies much in shape from its seat, and
rocks or is unsteady, wooden wedges may be placed beneath it,
or a few pellets of stiffly mixed red lead may be placed on the
boiler where there 1s most room between it and the casting, the
boiler surface being coated or painted with red marking, so that
the pellets shall adhere to it and not to the flange face. If the
casting is too heavy to be steadied by hand, one hole may be
drilled in the boiler and a temporary bolt inserted to hold the
casting while setting it in position, and marking with the fork
scriber.:
When the flange is approaching a fit, it must be placed in
position on the boiler and the stud holes marked on the boiler
with an ordinary scriber, its point being pressed against the
boiler while it is pressed against the side of the hole in the casting
flange and traversed around it, so as to scribe on the boiler sur-

face circles-corresponding to the holes in the flange. From the
centres of these circles others of the proper size of the tapping
holes may be struck and the tapping holes may then be drilled,
and the studs put in. The remainder of the fitting operation.
consists in applying red marking on the boiler surface, bolting

the casting to its place and filing the high spots.

flanges to the boiler shell; but this possesses the disadvantage
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Fg. 2457.
that the rivets must be cut off to remove the fitting from the
boiler when necessary, and access to the interior of the boiler is
necessary in order to attach the fitting again by rivets.
Fig. 2457 (whichis taken from Zhe American Machinist), represents a joint for boiler fittings, designed to facilitate the breaking and re-making of the joint. Cc represents, say, a boiler plate,
B a piece having a ball joint seat in C ground steam tight, and A
Fig. 2456.

a flange, say, fora feed pipe; the studs D thread permanently
into C, and the joint is bolted up by the stud nuts E. It is obvious

is made to show plainly upon the flange by light hammer blows
with a piece of wood interposed between the hammer and the
flange face to prevent piercing the latter. These blows, however,
should be lightly delivered, or they will cause the marking to be
deceptive.
The fit of the flange to the boiler, however, should vary according to the kind of bolt used to hold the fitting to the boiler. If
stud bolts are used they are supposed to screw into the boiler
steam-tight, hence the flange may be fitted so that it has the
closest contact with an annular ring extending from the outside
of the bolt holes to the central hole of the flange, as shown in
Fig. 2456, in which the area within the dotted circle C encloses
, the area to be most closely bedded.
This isa highly important
consideration in flange joints of every description, for, if a joint is
made there, that is all that is necessary, and the fit outside of the

bolt holes—that is to say from the bolt holes to the perimeter of
the flange—has nothing to do with making the joint, unless the
studs or bolts leak, and in that case the leak will find egress
beneath the nut, unless grummets are used.
A grummet is a
washer made of twisted hemp, cotton, or other material, and

coated with red-lead putty, and 1s placed beneath the heads of
bolts, or under washers placed beneath nuts to stop leaks.
It is
not necessary to ease the flange from the bolt holes outward

much, but to merely make the flange, or fitting, bed clearly and
distinctly the most around the main hole, and outwards to the
inside of the bolt holes ; for, if there was given too much clearance,
the flange would bend from the pressure of the nuts, and would in
consequence spring if made of brass, or perhaps break if made of
Cast iron.
To make the joint, gauze wire, pasteboard, or asbestos board

Fig. 2458.

that the ball joint between B and C permits the flange A to set at
| an angle if necessary.
Rust JOINTS.—These are joints made by means of filling the
space between the flanges, or annular spaces, as the case may
be, with cast-iron turnings, and compacting them with a caulking
tool. Any interstices through which steam or water, &c., might
leak become filled by the subsequent rusting of the iron cuttings,
the rust occupying considerably more space than the iron from
which it was formed.
Rust joints are emploved upon very uneven surfaces, and for
pipes for mains to go under ground.
In former times this class
of joints was much used in engine and boiler work, but of late
years it has been to a great extent abandoned.
In Fig. 2458 is
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shown the method of construction for a rust joint for what are
known as spigot and socket joints for pipe work. S is the spigot
and P the socket. RR is a metal ring, bound over with either dry
hemp fibre or tarred twine or rope. The remainder of the space
between the pipes at A A being filled with a cement composed of
Sifted cast-iron borings
Sal-ammoniac.
:
Sulphur
5
;
;

‘
;

‘
:

:
j

F
‘

100 lbs.
3 lb.
% lb.

When flanged joints are made with a scraper, or ground joint,

or with rubber, duck, or other similar material to make the join’,

| the

length of the pipe, from face to face of the joint, must be made
accurate.
Fig. 2462 is a face, and Fig. 2463 (which are from Afechanics),
a sectional edge view of an expansion joint, being that used by the
New York Steam Supply Company for the steam pipes laid under
the streets to convey steam to buildings. The object is to provide

but when required to set quickly. 1 lb. sal-ammoniac may be used.
These ingredients are thoroughly mixed with water immediately
before being used, and just covered with water when used inter-

Fig. 2459.

mittently.

The cement is put into the space A A, in quantiues

sufficient to fill up about ? inch in length of the annular space A 4,

and then caulked by being driven in with the tool shown in Fig.
2459. Cement is then again put in and the caulking repeated,
the process being continued until the whole space is filled.
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Fig. 2462.

a joint which shall permit and accommodate the expansion and
contraction of the pipe under varying temperatures.
P P are
corrugated copper disks secured to the faces of the pipe ends by
flanges, as shown, and gripped at their edges by the flanges of the
cast-iron casing, and it is obvious that the ends of the pipe may
move longitudinally carrying the corrugated disks with it. The
cavity A is filled with steam, and to support the disks P against
the pressure segmental blocks B of cast iron are placed behind
them, the number of these blocks being as indicated by the dotted

Tyty,
r/

iP

In some cases (as in gas mains) the space A A is filled with
melted lead, and when cold caulked with the tool descnbed.
In Fig. 2460 is shown the method of making a rust flange joint;
A A being a ring covered with hemp twisted around it, the castiron cement being caulked in as before.
The wire rings should be firmly gripped by the bolts to previ n
them fram moving from

the caulking blows,

2

pi

Bpt
D

which should be at

trst delivered lightly.
Yor e's
=

Fig. 2463.

radial lines in the figure. It may be added that this joint has
been found to answer its purpose to great perfection.
Pipe cutters, for cutting steam or gas pipe by hand, are usually

Fig. 2461.

in some Cases pipes are joined with rust juints, as in fer. >
in which A A is a sleeve, there being two rings of wire and lemp
inserted as shown.

provided with
indentation, or
wheel has the
readily and is

either a rotary wheel which severs by rolling an
else are provided with cutting tools.
The rolling
advantage that it makes no cuttings, cuts very
not apt to break; on the other hand it is apt to

raise around the severed end of the pipe a slight ridge, which with
a worn Cutter may be sufficiently great as to require to be filed off
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before the threading dies will grip the pipe. Cutting tools are
apt to break and require frequent grinding; hence, as a rule, the
rolling wheel cutter is generally preferred.
Fig. 2464 represents a cutter of this kind, the piece A carrying
the cutter B, which is operated in the stock C by means of the
threaded handle H.
Fig. 2465 represents a pipe cutter in which are a pair of antifriction rollers and a severing tool bevelled on one edge only so as

SHOP
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| and receiving a serrated die to grip the pipe. The upper die is
carried to a frame pivoted on both sides to the base, and is
operated to grip or release the pipes by means of the handled
screw shown.

To change the dies one pivot is removed and the upper frame
swung open, as in Fig. 2468.
The proper shape for pipe tongs depends upon the number of

Fig. 2468.

Fig. 2465.

ayaie

sizes of pipe the tongs are intended for, but in all cases the point
at which the gripping point should be is about as shown in Fig.
2469. This enables the edge at A to enter the work and grip it.
If this point of contact were nearer to C it would be apt to slip
upon the pipe, whereas, were it farther towards B, it would present
a less acute angle to the pipe, which would be apt to jam in the
tongs.

to leave the end of the pipe face cut square, and the piece cut off
bevelled on its face; or by turning the cutter round the reverse will
be the case, the piece cut off being flat on its end.

It is obvious that, if the tongs be moved in the direction of H,
the whole power applied to F acts to cause the edge at A to grip
the pipe, and that the length from A to Ghas an important bearing

The action of this cutter is, as in the case of the wheel cutter,

simply that of a wedge, hence no cuttings are formed.
Fig. 2466 represents a pipe cutter in which a cutting tool is
employed, being fed to its cut by the handle which is threaded
similar to the handle shown in Fig. 2464. The end jaw is operated
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Fig. 2469.

Fig. 2467.

to suit different diameters

of pipe by means

of the milled nut

shown, which receives a threaded stem on the adjustable jaw.

PIPE VICE.—The ordinary bench vice is sometimes provided with
an attachment to enable it to grip pipe at three points, and,
therefore, hold it sufficiently firmly without squeezing it oval, but
it is preferable to use a proper pipe vice, such as shown in Fig.
2467, which consists of a base frame bolted to the work bench

on the grip of A to the pipe; because the nearer A is to G not only
the greater the leverage of the leg F, but also the less A, with a
given amount of movement of F on its pivot, endeavors to enter
the pipe; hence the movement of A in
is less in proportion to the movement of
increase of force.
It follows then that
to c, the less, and the nearer the grip

a direction
F, and has
the nearer
to B the

to grip the pipe
a corresponding
the grip of A Is
greater, its grip
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in the lever A. By means of the thumb piece 0, the piece C can
be moved in either direction to increase or diminish the gripping
size of the tongs.
When the tongs are open the lever A can be
moved within the slot and adjusted so that the tongs will fit the
pipe. The fulcrum piece C, being pivoted, allows the full length

upon the pipe. But, by making the 1tength of A such as to grip
the pipe in about the position shown in the cut, there is latitude
enough in the location at which it will grip the pipe to permit of
the tongs being used upon pipe of a somewhat greater or less
external

diameter,

increasing

the

availability

of

the

tongs.

Furthermore, if A gripped the pipe at or too near to B, it would be
apt to indent it. The crown of the jaw D may be made to fit to
the pipe or to be clear of it ; for thin pipe, as solid drawn brass pipe,
it should fit so that the pressure will not indent the pipe, but for
strong iron pipe it is better to let it clear, which will not only
afford a firmer grip, but will also better fit the tongs to take in
different diameters of pipe.
In some cases, as in adjustable pipe
tongs, the jaw surface D is, for this purpose, considerably
V-shaped, as will be seen presently.
It is obvious that as A grips the pipe automatically, the tongs
may be moved through any portion of a rotation that the location
may render most desirable.
Pipe tongs are designated for size
by the diameter of the pipe they are intended for; thus, a pair of |
inch tongs are suitable for pipe an inch in diameter of bore, the
handles or legs of the tongs coming so close together that both
can be readily grasped in one hand applied at their extreme ends.
If, however, the tongs be applied to pipe of a larger diameter the
legs will be wider apart, and one hand will be required to be
applied to each leg to force them together. A complete set of
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Fig. 2471.

of its serrated edge to come into contact with the corresponding
’
(

portion of the lever A, so that the parts always have a firm bearing
and are subjected to an equal wear.
A common form of pipe tongs of this class is shown

in Ffg,

pipe tongs, therefore, includes as many pairs as there are diameters of pipe, unless adjustable tongs be used.
Adjustable tongs are made of various forms ; thus a simple plan
is shown in Fig. 2470. The gripping surface of the jaw is shaped
as at V, so as to admit varying diameters of pipe, the smaller
diameters passing farther up the V, the distance of the end A of
Jaw, or leg F, being regulated to grip the pipe in the proper place
by operating the screw S, which is tapped into the jaw F and
pivoted in B, the slot C enabling F to move along B. The capacity
of tongs of this design is about three diameters of pipe, as 1, 14,
and 14 inches.
There are various other forms of adjustable pipe
tongs, but most of them possess the disadvantage that the adjustable jaw hangs loosely, involving some extra trouble in placing
them upon the pipe, because one hand must be employed to guide

the loose jaw and adjust its position on the pipe.
Fig. 2471
represents tongs of this class, the gripping size being varied by
moving the jaw A upon B at the various notches. The end of B is
serrated to afford a firmer grip upon the pipe. Fig. 2472 repreFig. 2472.
sents another adjustable pipe tongs, which is made in two parts.
a straight lever A and hooked lever B, the former passing through
2473, B being pivoted to A by a pin, and changing to various
a slot in the latter. The back of the straight lever is notched
holes in A to suit different diameters of pipe.
and a serrated fulcrum piece C is pivoted in the slotted lever by a
ERECTING PIPE WORK.—In erecting pipe work care must be
pin upon which the lever B receives its support when the tongs are
taken to have it align as true as possible, as well as to have the
In operation.
The fulcrum piece is provided with a spring which | joints tight enough to stand the required pressure without leakage.
retains the serrated edge in proper position to engage the notches | If the elbows, tees, or other fittings are not threaded true, a pipe
VOL.
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whose thread is not true with its axis may be selected or cut
purposely to suit the error in the fitting, so as not to leave an
unsightly finish to the job.

Suppose, for example, that in Fig. 2474, e is a pipe erected
parallel to the wall, but that the holes in its elbows are tapped
at an acute instead of at a right angle, then by cutting the thread
on the end of pipe d untrue with its axis, its far end will rotate out
of true as denoted by the shaded and by the plain lines, and all that
will be necessary is to screw up the pipe sufficiently firm to make
the joint, but to leave it in the position shown in the plain lines.
If the pipe tightens sufficiently before it has reached that position it may generally be eased by rotating it back and forth in the
elbow with the pipe tongs.
If this does not suffice, the pipe must
of course be threaded sufficiently further along. To cut a pipe
out of true to suit an untrue elbow, a very good plan is to cut the
end of the pipe at an angle to its axis, which will cause the dies to
cant over when starting the thread, but little practice being
required to educate the judgment as to how much to do this to
suit any given degree of error.
In erecting pipe it 1s best to begin at one end and screw each
successive piece firmly home to its place before attaching another,
so that the lengths of the pieces may be accurate and not vitiated
by screwing them up and causing them to enter farther into the
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pressure as soon as erected, it is « good plan to use dry red lead
in varnish, thoroughly hammering it to mix it well. and thinning
it after it has been so hammered.
In case of emergency a loose pipe may be somewhat improved
by wrapping around its thread a piece of lamp wick saturated
with this varnish lead, beginning at the end of the pipe and wrap-

ping the thread from end to end.
It is preferable that the stem of the valve stand nearly horizontal,
so that any water of condensation may pass freely away with the
steam and not collect and lie in the pipe as it does when vertical.
If it be quite horizontal the water of condensation will drip through

the stuffing box; hence it is better that it stand 10 or 12 degrees
from the horizontal.
It is better in all cases to purchase nipples than to make them
by hand, because when made in a machine the threads are more
true to the axis than those made by hand; especially is this the
case in short nipples in which there is not sufficient length to use
the guide socket when engaged in threading the nipple with the
hand dies.
It isa very good plan in making such short nipples to cut them off
the end of a length of pipe that has been threaded by machine,
and to screw on the threaded end a coupling.
Into this coupling
a piece of pipe may be threaded to afford a hold in the vice. If
then the nipple is long enough, a guide to suit the size of the nipple
may be used in the threading dies, or a guide socket to fit the
diameter of the coupling may be used.
A globe valve should be so placed on the pipe that the pressure
will, when the valve is closed, fall on the bottom face of the valve,

so that the steam may be shut off while the valve stem is being
packed.
|
Cotton lamp wick plaited to fit the packing space, and well oiled,
is as good as anything to pack the stem with.
In taking old pipe down a refractory joint may be sometimes
loosened by striking it with a hammer while it is under full pipe
tongs pressure ; or these means failing, the elbow or tee may be
heated, which should be done as quickly as possible, so that the
fitting may be hotter than the pipe. A very good method of doing
this, where it is desired to save the fitting, is to pour red-hot lead

over the fitting.
If it is not important to save the fitting, it may be split by a flat
chisel, or by cutting a groove along it with a narrow cape chisel ;
or if the pipe is free the elbow may be rested on an anvil and
hammered around its circumference, which will either free it or
break it, if of cast iron.

Fig. 2473.

Fig. 2474.

fittings. Ifit is probable that the piping may have to be taken down
after erection, it should be put up at first screwed together rather
tighter than will be necessary, as the thread fits become eased by
being moved one within the other. This is especially the case
with brass fittings, upon which it is best in cutting the lengths of
pipe to have it of full length, as the threads will conform to each
other sufficiently to cause the pipe to enter a thread or so farther if
the pipe be rotated back and forth a few times in the fitting.
The fit should in all cases be made by tightness of thread fit,

and not by the union or elbow face jambing against the end of the
thread or the pipe, as joints in which this is the case will usually
leak if used under pressure.
The thread of both the pipe and the fitting should be smeared
with a thick lead paint. If the pipe is to be used as soon as
erected, plain red lead and boiled oil should be used for the paint;
but if it may stand a few days it is better to mix white and red lead
in about

equal quantities,

as this, if given time to dry, makes a

tighter job. The quantity of this paint should not be more than
will thinly cover the threads, otherwise it will squeeze out when
the pipes are screwed home, and falling from the end of the pipe

When pipes are to be taken down and re-erected elsewhere they
should all be marked to their fittings and places before being
taken down, as this will preserve their lengths as near as possible
for re-erection.
Black japan is an excellent marking for this
purpose because it dries quickly.
RE-FITTING THE LEAKY PLUGS AND BARRELS OF COCKS.—
When a cock leaks, be it large or small, it should be refitted as
follows, which will take less time than it would to ream or bore out

the cock or to turn the plug, unless the latter be very much worn
indeed, while in either case the plug will last much longer if refitted, as hereinafter directed, because less metal will be taken off

it in the re-fitting.
After removing the plug from the cock, remove the scale or dirt
which will sometimes be found on the larger end, and lightly
draw-file, with a smooth file, the plug all over from end to end. If
there is a shoulder worn by the cock at the large end of the plug,
file the shoulder off even and level. Then carefully clean out the
inside of the cock, and apply a very light coat of red marking to
the plug, and putting it into the cock press it firmly to its seat,
moving it back and forth part of a revolution ; then, while it is
firmly home to its seat, take hold of the handle end of the plug,
and pressing it back and forth at a right angle to its length note
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if the front or back end moves in the cock ; if it moves at the front

or large end, it shows that the plug is binding at the small end,

within the fitting be apt to be carried by the steam or water to the

while if it moves at the back or small end, it demonstrates that it

valves, and getting between them and their seats cause them to
leak. The iron cuttings should be carefully cleaned both from the
pipe and the fitting for the same reason.
In cases where the piping may require to be used under heavy

binds at the front or large end.
In either case the amount of
movement is a guide as to the quantity of metal to be taken off
the plug at the requisite end to make it fit the cock along the
whole length of its taper bore.
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If the plug shows

a good deal of movement

when tested as

above, it will be economical to take it to a lathe, and, being careful to set the taper as required. take a light cut overit. Supposing,

firmly home, and operated back and forth while being slowly
revolved.
It should also be occasionally taken a little way out
from the barrel and immediately pressed back to its seat and

revolved as before, which will spread the sand evenly over the
however, there is no lathe at hand, or that it is required to do the
surfaces and prevent it from cutting rings in either the barrel or
job by hand, which is, in a majority of cases, the best method.
the
plug. This process of grinding may be repeated. with fresh
smoothbe
must
plug
the
the end of the cock bearing against
applications
of sand, several times, when the sand may be washed
then
and
circumference,
the
round
file
the
moving
filed, first
clean from the barrel and the plug, both of them wiped comparadraw-filing ; taking care to take most off at that end of the plug,
tively dry and clean, and the plug be re-inserted in the barrel, and
and less and less as the other end of the plug is approached.
The plug should then be tned in the cock again, according to the | revolved,as before, a few revolutions ; then take it out, wipe it dry,
re-insert and revolve it again, after which an examination of the
instructions already given, and the filing and testing process
the
trying
In
barrel and plug will disclose how closely they fit together, the
cock.
the
in
perfectly
fits
plug
the
continued until
parts that bind the hardest being of the deepest colour.
11, after
plug to the cock, it will not do to revolve the plug conunuously in
the test made subsequent to the first grinding operation, the plug
one direction, for that would cut nngs in both the cock and the
plug, and spoil the job ; the proper plan is to move the plug back
does not show to be a good even fit, it will pay to ease away the
As
high parts with a smooth file, and repeat afterwards the grinding
and forth at the same time that it is being slowly revolved.
and testing operation.
soon as the plug fits the cock from end to end, we may test the
cock to see if it is oval or out of round.
The manner of tesung
To finish the grinding, we proceed as follows: Give the plug a
light coat of sand and water, press it firmly to its seat and move
the cock is as follows :—
First give it a very light coat of red marking, just sufficient, in © it back and forth while revolving it, lift it out a little to its seat at
fact, to well dull the surface, and then insert the plug, press it
firmly home, and revolve it as above directed, then remove the

about

every

fourth

movement,

and when

the sand

has

ground

| down and worked out, remove the plug, and smear over it evenly
plug, and where the plug has been beanng against the surface of
with the fingers, the ground sand that has accumulated on the
the cock the latter will appear bnght
If, then, the bore of the
ends of the plug and barrel, then replace it in the. barrel and
cock appears to be much oval. which will be the case if the
revolve as before until the plug moves smoothly in the barrel,
amount of surface appearnnng bright is small, and on opposite
bearing in mind that if at any time the plug, while being revolved
sides of the diameter of the bore, those bright spots may be
in the barrel, makes a jarring or grating sound, it is cutting or
removed with a half-round scraper.
abrading
from being too dry. Finally, wipe both the barrel and
Having eased off the high spots as much as deemed sufficient,
the cock should be carefully cleaned out (for if any metal scrapings remain they will cut grooves in the plug), and the red marking re-applied, after which the plug mav be again applied. Ifthe
plug has required much scraping, it will pay to take a half-round
smooth file that is well rounding lengthwise of its half-round side,

so that it will only bear upon the particular teeth required to cut,
and selecting the highest spot on the file, by looking down its
length, apply that spot to the part of the bore of the cock that has
been scraped, draw-filing it sufficient to nearly efface the scraper
marks.
[he process of scraping and draw-filing should be
continued until the cock shows that it bears about evenly all
over its bore, when both the plug and the cock will be ready for
grinding.

Fig. 2475-

the plug clean and dry, and revolve as before until the surfaces
Here, however, it may be as well to remark that in the case of
assume a rich brown, smooth and glossy, showing very plainly
large cocks we may save a little time and insure a good fit by
the exact nature of the fit. Then apply a little tallow, and the
pursuing the following course, and for the given reasons.
If a
job is complete and perfect.
barrel bears all around its water-way only for a distance equal to —
In place of the tallow a soft paste of good beeswax and castor
about th of the circumference of the bore, and the plug is true,
oil is an excellent application, the two being heated in order to
the cock will be ught, the objection being that it has an insuf- | thoroughly mix them.
ficiency of wearing surface.
It will, however, in such case wear
The grinding material must be frequently changed to produce
better as the weanng proceeds.
Plug and barrel being fitted as
smooth work, because if the grinding cuttings accumulate in it,
directed, we may take a smooth file and ease away very lightly : they will scratch and score the work.
Indeed, it is a good plan
all parts of the barrel save and except to within, say, % inch
when convenient, to hold the cock and plug under water while
around the water or steam-way.
The amount taken off must be
grinding them, and to occasionally lift the plug out, so as to wash
very small indeed, just sufficient, in fact to ease it from bearing
out the cuttings.
hard against the plug, and the result will be that the grinding
The surface of a well-ground plug will be in all cases polished,
will bed the barrel all over to the plug, and insure that the metal
and not have that frosted appearance which enxists so long as
around the water or steam-way on the barrel shall be a good fit,
active grindingis proceeding, and all that is necessary to produce
and hence that the cock be tight.
this polish is to well work the pluy in its barrel while keeping it
The best material to use for the grinding apparatus is the red
quite clean.
burnt sand from the core

of a brass

sifted through fine gauze and riddled

casting, which

on the work

should

from

be

a box

made of, sav, a piece of 13 pipe 4 inches long, closed at one end
and having fine gauze instead of a lid.
A very good material, however, is Bath brick rubbed to a
powder on a piece of clean board. Neither emery nor ground glass
is a good material, because they cut too freely and coarsely, which
is unnecessary if the plug has been well fitted.

Both the barrel and the plug should be wiped clean and free
from filings, &c., before the sand is applied; the inside of the
barrel should be wetted in and the plug dipped in water, the sand
being sifted a light coat evenly over the barrel and the plug.
The plug

must

then

be

inserted

in the

barrel without

being

revolved at all till it is home to its seat, when it should be pressed

FITTING BRASSES TO THEIR JOURNALS.— Brass bores always
require fitting to their journals after having been bored, because
the finished

hole is not a true

circle, but too narrow across

the

joint face, as at Fin Fig. 2475, in which the full lines represent the
form of the brass before, and the dotted line its form after

being

bored and released from the pressure of the devices or chuck that
held it while it was being bored. This almost always occurs to a
greater or less degree, and it arises from local strains induced from
the unequal cooling of the casting in the mould, which strains are
released as the metal is removed (in the process of bonng) from
the surface of the bore. It would appear, however, that if the
finishing cut taken by the boring cutter be a very fine one it should
leave the hole true and round, but the pressure which is placed
upon the bearing to hold it against the force of the cut prevents
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its natural form until released from

If a bearing be bored to very nearly its finished size and first
released altogether from the pressure of the holding chuck, or
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being horizontal and parallel to the line of the thrust, or the joint
faces may be made to stand at a right angle to the line of journal
thrust, so that the crown of the brass will receive the thrust.

But

other device, and then re-chucked, it is probable that the finished

the brasses will still close across the joint faces (as already
described) as the wear proceeds, and the areas from j to k

bore would be practically quite round and true, but such rechucking is not the usual practice.
Suppose, however, that the bearing shown in Fig. 2475, be properly fitted to a journal, still improper conditions arise from wear,

in Fig. 2477, must still be eased away, requiring frequent attention and giving a reduced bearing area.
Furthermore, in proportion as the line of the joint faces of the brasses is at an angle to
the line of thrust, the strain on the top or cap brass will fall on

the bolts, so that if those joint faces be at a right angle to the line

Fig. 2476.

because the area of the surface D becomes from the weight and
from vibration condensed, and finally it stretches, causing the bore
at F to close upon the journal and bind it with undue friction.
If the shape of the bedding part of the brass, or bearing, be
such as shown in Fig. 2476, the surfaces A B and C will condense
and stretch, closing the diameter of the bore at E and making the
sides G G fit loosely in their places. It is to be observed that a
similar condensation of the metal occurs to some extent around

Fig. 2479.

of thrust, the whole strain of that thrust will fall on the bolts that
hold the cap and cap brass.
Another plan is to make the bearing in parts, as in Fig. 2479,
in which the top and bottom parts of the bearing extend to the
joint face on one side, but admit

a chock or gib, A in the figure,

which may be adjusted by a set-screw as shown.
By this means
the bearing area may extend all around the bore. In some cases
two of such chocks and set-screws, one on each side of the journal,
are employed.
In place of the set-screws, whose ends, from receiving the pressure of the thrust, are apt to imbed themselves into the chock and

Fig. 2477.

the bore of the bearing;

but this surface is being continuously

worn away by the journal, and it is, therefore, at all times

less

stretched and condensed than that on the bedding surface.
There is, therefore, a constant action causing the brass to bind
unduly hard at and near its joint face E, Fig. 2476, and thus to
cause heating and undue abrasion and wear.
To prevent this it
Is necessary to ease away that part of the brass bore, as is shown

in Fig. 2477 from J to K, clear of the journal.
But in the case of bearings receiving thrust, as in engine main

Fig. 2480.

to thus loosen the adjustment, wedges lifted by bolts passing up
through the cap, as shown in Fig. 2480, are employed, being
preferable to the screws.
)
In the Porter Allen engine the wedges pass clear through the
Fig. 2478.

bearings, the line of pressure is in a horizontal direction ; and
hence the most effective bore area to resist that pressure has been
removed.
Furthermore, the bearing area of the brass bore has
been reduced, thus increasing the pressure per square inch on the

remaining area.
The methods employed to avoid this evil are as follows :—In the
form shown in Fig. 2478 the joint faces are at an angle instead of

bearing, as in Fig. 2481, so that they may be pushed up after the
manner of a key and their pressure against the side chocks judged
independently of the nuts at the top.
In some designs the top and bottom parts of the bearing are free
to move in the line of the thrust, and the side chocks or blocks
alone are relied on to resist the thrust.
When the brasses are in two halves, they may be fitted so as to
have a known degree of bearing pressure upon the journal, and the

fit may thus be accurately adjusted, in which case they will wear
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along time before requiring re-adjustment.
when

the side chocks are used the wear

On the other hand

the whole area of the brass is effective in holding the journal, which

in the line of the thrust

increases the durability of the brass by keeping the pressure per
square inch on the brass bore at a minimum.

may be taken up as it proceeds.
In one case the attending
engineer cannot alter the fit of the bearing nor the alignment of
the shaft, while in the other he can do both.

Thus

the facilities

that enable him to make these adjustments properly also enable
But this would be of no consehim to make them improperly.

quence, providing it could be determined whether the adjustment
were improving the conditions without first making it. With an
engine at rest it is easy to determine, by means of the connecting

If side chocks are used, however, it is better to set them up by

wedges than by screw bolts, because from the tightness of the fit
of such screws in the tapped holes, it is difficult to determine, with

precision, with what degree of pressure the chocks are forced
against the journal. Furthermore, the screws may not fit with
an equal degree of tightness; hence, when screwed up with an
equal degree of pressure, one end of the same chock may be

| set

tighter to the journal than the other end, and any undue

pressure of fit at either end tends to throw the shaft out of line as
well as inducing undue wear.
But when wedges are used to set
up the side chocks the nuts operating those wedges may be an
easy fit without fear of their becoming loosened (as set-screws in
the line of thrust are apt to do).
On the fast engines of the Pennsylvania Railroad solid bronze

tL
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' boxes,

without

brasses,

are

used,

and

when

the boxes

require

truing from having cut or from having worn oval they close them

under a steam hammer, closing the bore across and enabling it to
be trued out in the lathe without taking much metal out of the
crown of the bore. The wedges and adjusting shoes are thickened
when this becomes necessary by reason of the box closure or

CLL

width.

Fig. 2481.

‘rod, whether the chock adjustment is correct, so far as the adjustment of the shaft 1s concerned, but it is not easy so to determine
the pressure of the chock on the journal; nor when each chock
has two adjusting screws is it easy to determine when they both
bear alike.
When the bearing is in four pieces, and three of them have two

screws each, it is still more difficult to operate all soas to have
the bearing equal on the journal. The fit to the journal can only
be determined by the results : if too easy, the bearing pounds; if
too tight, the bearing heats and wears.

But undue wear may take place without heating, and this is one
of the greatest objections to this method of adjustment.
A design or bearing used in American locomotive practice is
shown in Fig. 2482.
Here the joint faces Cc, B of the brass is
bevelled, fitting into a corresponding bevel in the box, which prevents the brass from closing across the joint face; hence, the bearing on the journal may extend all around the brass bore from the oil
cavity
Ato the edges Bc.
The brass is, in this case, forced to its
place in the axle box under hydraulic pressure, and this pressure
springs the box open at H, making it wider; but when the box is put
to work the brass compresses somewhat, and its surfaces conform
more closely to the bedding surface of the box than when first put
in, and this causes the box to close slightly at H.
To prevent this closure from carrying the brass with it and close
it across the joint face (as in the case of the brass shown in Fig.
2476) the following plan is adopted.
The brasses, after having
been turned in the lathe, are filed along the entire surface (on

)

If a brass bore does not bed fully and equally over the entire
intended bearing area the part not fitting will at first perform no
duty as bearing area, and the whole strain will be thrown upon a
less area than is intended by the construction, causing undue abrasion until the brass bore has what is termed worn down to a bearing. The amount of this wearing down to a bearing may be so
small as to be scarcely perceptible to ordinary observation, but if
the oil that has passed through the journal be smeared upon stiff
white paper, as writing paper, it will be found to contain the particles of abraded metal, which will be plainly distinguishable.
Under these conditions the journal will have a dull, though perhaps a smooth appearance, and will not have that mirror-like
surface which is characteristic of a properly fitted and smooth
working bearing, while under a magnifying glass the journal will
show a series of fine rings or wearing marks.
It is necessary,
therefore, that each brass be properly fitted to its journal so that
it shall bed fairly and evenly over all the area of its bore that is
intended to bear upon the journal.
The most expeditious method of fitting a new bearing box or
brass to its journal is to first file the bore until it fits the journal

each side) for a distance of about 14 or 2 inches, so as to clear
the bore of the box near the bevels B, Cc. When
into the hydraulic press, to have the brass forced
punch mark J is made, and part of a circle L Lis
the brass is home in the box the arc of circle K
distance between K and L showing how much the
sprung open by the brass;

the amount allowed

the box is put

in, a centrestruck; when
is made, the

box has been

is about s of an

inch. If, as the brass is pressed in, it is found that this will
be exceeded, it is taken out and eased.
When the engine is
running and the boxes spring to some extent they do not carry
the brass with them, because the sides being eased away gives
liberty to the box to come and go slightly ; the bevels also tend to
keep the brass bore open.
Here, then, the brasses may be fitted to align the axle perfectly,

and it is not permitted to the engineer to alter that alignment,
while at the same time the fit of the brass to the journal being
made correct, the engineer cannot alter it. Under these conditions

Fig. 2482.

when simply placed thereon by hand, and without going to the
trouble to put the brass or the journal in position in the frame
which

holds them.

So soon, however, as the crown of the brass

beds to the journal along its whole

length, the brass should be

placed in its box, or in the frame, and the journal adjusted

in its

place and rotated so as to leave its bearing marks upon the brass
bore, to assist which it may have a faint coat of red marking on its
surface. The fitting should be continued both with file and scraper
until the whole area of the part intended to bed fits well and is
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smooth and polished. To produce this result the finishing should
be done with a very smooth half-round file, draw-filing so as to
leave the marks in a line with the circumference of the bore, and
finally with a half-round scraper, which will remove the file marks.
The degree of contact should be such that, when the bearing is
bolted up, brass and brass, as it is termed (which means that the
joint faces of the brasses are held firmly together), the journal will
rotate as freely as when the top brass is removed, while the contact
marks on the top brass have been removed by scraping. By this
means the fit will be just sufficient to permit the lubricating oil to
pass between the journal and the bearing, and the journal will work
freely and easily without any play, knock, or pound. If, when the
top brass or bearing is bolted home and the shaft is rotated by

SHOP PRACTICE.
and of a fine grade number, so as to leave a bright polish and not
dull marks.
In some practice the bores of brasses

are

left rough-filed,

the

file marks being lengthways of the bearing of bore. If the journal
requires smoothing it is draw-filed lengthways of the journal.
The philosophy of this is, that the file marks will hold the oil and
afford unusually free lubrication while the bearing and journal are
wearing down to a bearing.
But where the framework holding the bearings and journals are
rigid, these

bearings and journals may, with care, be fitted toa

polished and equal bearing, leaving a smoother surface than that
produced by wearing down to a bearing. But if, as in the case of
a locomotive, the framework is subject to torsion,

rough

surfaces

left to adjust themselves are possibly better than those accurately
fitted, because the whole framework holding the bearings changes
its form when the full load is upon it and after put to work, and the
fitting done when there was no load upon the parts is no longe?
quite correct. The lubrication of the bearing, however, should be
very free, and the effort appears at present to be to afford more
ample oil ways than hitherto even at some sacrifice of bearing
area.
LEAD-LINED JOURNAL BEARINGS.—If a journal is worn in
grooves or undulations it becomes impracticable to properly fit
the brass to it without reducing its diameter to remove the rings,
and to obviate the cutting and heating which necessarily follow, as
well as to obviate the necessity of fitting the brasses at all, Mr.
D. A. Hopkins introduced lead-lined bearings; the lead lining

Fig. 2483.

hand, that brass on removal

shows

contact marks

on its bore,

although it may rotate comparatively easily it will be so tight a
fit that the oil cannot

pass, and as a result the wear, instead of

producing a glossy surface, will produce a dull one, and undue
abrasion will ensue even though no rings appear.
When brasses are held in rods that connect two journals together
the fitting of the brass bore must be conducted with a view to have
the brasses fit their journals all over the intended bearing area of
their bores, which can only be accomplished by trying the brass
bores to their journals while in the rod, in the manner to be hereafter described with reference to connecting rods and to lining
engines.

being merely auxiliary to the bearing proper, which is made
preferably of hard bronze, and to which the thin layer or facing of
lead is firmly attached bya soldering process, so that the two
metals are virtually one piece. Into this lead facing the journal,
under the pressure of the car, moulds or imbeds itself from the
start, and afterwards gradually wears its way through it into the
hard metal. The perfect fit thus secured usder all conditions of
the journal, aided with proper lubrication, not only prevents heating, but secures the full wear of the brasses, and makes them at
all times perfect counterparts of the journal surfaces.
Fig. 2483 shows at the top an unfitted bearing without the lead
lining, resting upon a worn and badly-cut journal, the only points
of contact being near the ends. For obvious reasons such a
journal is sure to run hot.
The engraving below shows the application of the lead lining to
the same journal, the dark shading between the journal and bearing representing the lead which has been pressed into the worn
and hollow surface of the journal, forming a complete bearing and
distributing the weight equally upon its surface.
Fig. 2484 represents an end view of an unfitted journal and the
same lead lined.

The lead compresses until the brass meets the journal and thus

When a journal is worn in rings, or so rough as to cause
destructive abrasion and undue friction, it may be refitted as
follows :—First, with a smooth file draw-file the journal in the
direction of its length, taking off all the projecting rings. Then
sweep a very smooth file that is somewhat worn (which will cut
smoother than a sharp file) around the circumference of the journal
so that the file marks will be in the plane of revolution. Then
wrap a piece of fine and somewhat worn emery paper around the
journal, and wrap around it (say twice around) a piece of coarse
string, leaving the two ends about two feet long. Take one end
of the string in each hand and pull first one end and then the
other, causing the emery paper to revolve around the journal and
smooth it.
To retit the bearings, first with a smooth half-round file remove
the rings or rough surface, and then fit the surface with the file,
so that when in its place the journal is rotated the contact marks
show a proper bearing.
Then draw-file the bore with a smooth
half-round file and finish with a half-round scraper. easing away
the high spots until the bore shows proper contact and is smooth.
A piece of fine emery paper may then be wrapped around a halfround file and the surface smoothed with the emery paper moved
across the bore and not in the direction of the circumference of
the same.
The emery paper should be well worn for the finishing

Fig. 2484.

permits between the two contact over the area that does fit or
touch ; while the lead fills the remaining area

of the brass bore,

giving it a bearing on the journal, thus relieving the touching
points from receiving the whole weight of the load, and preventing
the cutting or abrasion that would otherwise occur.
As, however,
the wear takes place the lead compresses, permitting the journal
and brass to come into bearing over its full area, being obviously
effective providing the bearing be kept free from grit, which would
imbed in the bearing and cause it to unduly wear the journal.
If a brass is too tight a fit upon its journal, heating and abrasion, or ‘‘cutting’’ as it is termed, ensues.
But if a brass or box
does not fit close to its journal, lost motion and sometimes knock-
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ing or pounding ensues.

When the joint faces of brasses abut,

or come brass and brass as it is termed, they should be a proper
fit to the journal when they are keyed, or otherwise set up close
together ; hence there is no danger of either having a pound in
the brass, or of heating and cutting.
The objection to this
plan is that the brasses must be removed from their boxes and
the joint faces filed away to let the brasses together, to take up
the wear;

hence, in positions

in which

it is difficult

brasses out, the joints should be left open, while
they can be readily removed they should be
brass.
It is to be observed that brasses that come
require less adjusting and last longer than

to get the

in all cases where
made brass and

brass and brass
those left open,

A great deal of trouble in fitting journals and bearings may be
avoided if the best conditions are observed in their manufacture.
If, for example, the conditions of casting are uniform, and the
diameter of the bearing bore and journal bores are constant, that
is to say, when a great number of pieces are to be bored, the
amount the bearings will close across the joint being definitely
determined, the conditions of boring may be made such as to allow
for the closure, and the fitting in this respect may be facilitated :
but this applies to small bores only, as, say, three inches and less
in diameter, because

in larger diameters

there will be

sufficient

variation in the amounts of contraction across the joint face to
render it necessary to fit to some extent at least the bores to their
journals.
In some cases slips of paper are placed between the joint faces
of the bearings, or if the joint faces do not meet, slips of brass

may be placed between them ; or again the conditions of chucking
or holding the bearings to bore them may be such as to hold
them a certain amount farther apart than they will require to be
when on the journal. The bore is then made sufficiently larger
than the diameter of the journal that it will be as nearly as
possible round after being removed from the boring machine, and

Fig. 2485.

because the latter often suffer from the abrasion due to an im-

will bed down fairly upon the journal without being fitted with a
file, which saves considerable labor, But unless the bearings are
so held as to be to some extent self-adjusting for alignment, there
is liability of the axis of the bore not being quite true with the axis
of the journal, the amount being so small as to escape detection

proper adjustment.
In brasses that are left open, it is not an uncommon practice to
adjust the fit as follows: Between the brass joint faces at each
of the four corners a piece of lead wire is inserted ; the brasses
are keyed as close home as can be upon the journals, which
compresses the lead wire; the top brass is then released until
the piece of lead wire can be moved freely between the brass
joints.
A compromise between the brass and brass and the open
joint is sometimes effected by the insertion of slips, as shown in
Fig. 2485 at A,B.
These slips may be taken out by simply
removing the top brass, while their reduction of thickness lets
the brasses together to take up the wear.
The thickness for
these strips may be readily obtained by means of the pieces
of lead wire used as already described.
In the case of large brasses which come brass and brass, much
of the filing on the joint faces to let them together may be saved
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Fig. 2487.

save by trial for fit with the shaft, and the bearings in their
respective positions.
It is a difficult matter, in the absence of
special holding devices, to chuck a bearing, especially if a long
one, so true in a boring machine or lathe as to insure that its bore
shall stand in absolutely correct alignment with the journal when
placed in its position in the framing where it is to operate, and it
is for this reason that many bearings are bored while in their
frames.
In some cases, however, this difficulty is overcome by so
constructing the bores and the pieces holding them that the boxes
may swivel and adjust themselves, as in the case of the bearings
of line shafting.
Examples of the oil cavities for bearings are given as follows:—
For journals of small diameter oil cups screwing into the bearing cups, with feed-regulating devices, are generally used, and the
same are used in the case of two half-brasses.
But if the journals
are of large diameter, as, say, 5 inches or more, oil receptacles are
often cast 1n the caps.
In the absence of side chocks in the bearing all the oiling
usually proceeds from the top, save perhaps that an oil groove may
be provided in the crown of the bottom brass.
Fig 2488 represents a bearing lubricated from the top and
bottom ; thus in the cap is an oil cup or cavity from which passes
nearly down to the bearing a brass tube containing cotton wick,
which slowly feeds the oil to the bearing.
Fig. 2489 represents this tube and wick removed from the
bearing. This plan of feeding is largely used on marine engines
and on locomotives. : When used upon stationary bearings the
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Fig. 2486.

by reducing their thickness and area by cutting away part of the

metal, as at A A in Fig. 2486.

To enable the removal of bearings for renewal, or to refit them

without taking the shaft out, various forms of construction are
employed, of which Fig. 2487, which shows a main bearing, is an
example.
Thus, when the cap is removed the side chocks, or gibs as they

are sometimes called, can be lifted out by eye-bolts screwed into
the holes at c; the weight of the shaft can then be sustained while
the bottom piece D is removed.
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cotton wick need not fill the tube, but if used on reciprocating
parts it should fill so that the oil may not spill over and pass too
freely down

the tube.

In either case,

however,

it is desirable

to twist in the cotton a piece of fine copper wire, and bend
the ends over the top of the tube to keep the wick in place in
the tube.
Lhe bottom of the bearing, Fig. 2488, is provided with an oil
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When, however, the joint faces stand vertically and come brass
and brass, the oil hole may be filed half in the joint face of each
brass, and the edges chamfered off as in Figs. 2492 and 2493, A B
representing the chamfers and C the oil hole, the two brasses put
together appearing as shown in section in Fig. 2493.
This plan has the advantage that the oil is confined within the
journal, except in so far as it may in time work through the ends
of the journal bore, while there are two oil grooves provided without reducing the bearing or bedding area of the brass. When
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Fig. 2491.

. Fig. 2488.

cavity and a similar tube and wick.

Usually, however, the oil is

fed in at the top only, except in the case of locomotives, because
in them all the weight falls on the top brass; hence, the bottom
may be utilised as an oil receptacle.
In English locomotive
practice this receptacle as a rule merely catches the
oil that has passed through the bearing box, but

the oil grooves run diagonally, as in Fig. 2491, there is the advantage that the length is greater, and lying nearer to the plane of
rotation the oil flows along the grooves easier, being assisted by
its frictional contact with the journal, but on the other hand the
bearing area of the brass on the journal is so much the more
reduced.
Oil holes that are not provided with oil cups should be provided
with small wooden plugs, which will serve to keep the dirt and
dust out ; they should be made of as small diameter as the quantity

sometimes a roller is inserted and forced against the
journal by springs so as to rotate, by friction, with
the rotating journal.
The bottom of the roller runs in oil so that the roller
feeds the journal with oil, but ceases to feed when
the journal ceases to rotate, an advantage
not possessed by self-feeding oil cups, or by the cotton wick
syphons shown in Fig. 2489.

Fig. 2492.

The oil ways or oil grooves are usually provided in
small journal brasses as follows :—
)
It is obvious that if the joint faces of the brasses
are left open and oil be supplied to one brass only,
a great part of the oil supplied will pass out between
the joint faces before reaching the other brass, and
one
brass will therefore be better lubricated than the
Fig. 2489.
other, unless each brass be lubricated independently.
Even in this event, however, a great part of the lubricating material
will be lost from finding rapid egress through the opening of the
brasses.
This may be to some extent prevented in brasses whose

and nature of the lubricant to pass through them will admit of,
and should be left plain at the top and not countersunk, because
the countersinking simply forms a dish that will collect dust, &c.,
which the oil applied will carry down into the bearing.
In some cases there is provided an oil dish around the oil hole,
and this dish is filled with tallow that will not melt under the
normal temperature at which the brass is supposed to operate.
But if from defective oil lubrication or other cause the bearing
ll

joint faces lie horizontally by chamfering the edges of the bore so
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Fig. 2490.

as to form a trough extending nearly to the ends of the brass, as

begins to heat, the tallow will melt, and flowing through the oil
hole afford the needed lubrication.

shown in Fig. 2492. Nowit is obvious that the oil hole must
always be above the journal or bearing bore ; hence when the joint

It is to be observed that the lubrication of a bearing in which
the pressure is moved alternately from one half of the bearing to

faces stand horizontal, the oil hole should come through the crown
of the brass, and oil grooves are necessary to convey and distribute the oil along the bore. A single groove, as in Fig. 2490, is
sufficient for light duty, but for heavy duty a double groove, such
as shown in Fix. 2491, Is necessary.

the other is far easier to attain, and more perfect, than in one in
which the direction of the journal pressure is constant, because

:

in the latter case the journal pressure acts to squeeze out and
exclude the oil continuously, whereas when the pressure is relieved
alternately on each brass, the oil has an opportunity to pass back

ERECTING.
between the relieved surfaces.
Again the lubrication is more
perfect when the direction of the journal motion is periodically
reversed, as the passage of the oil through the bearing is retarded
by the motion, and yet again the abrasion is reduced because, as
stated when referring to rotating radial surfaces, the particles of
metal abraded add themselves together and form cutting pieces
when

the motion

is continuous

in one

direction,

whereas

in a

reversing motion the particles are kept separated and flow out
more freely with the oil that passes through the journal.
If a shaft having a continuous direction of rotation be given end
play so that while rotating it may move endwise, the particles
abraded are again kept separated, and the conditions of lubrication are such as to give a minimum of wear, because the formation
of fine rings or serration is avoided, the end motion serving to
cause the wear to smooth the surfaces.
When a shaft has a collar that is subject to end pressure, the
oil way may be carried up the face of the collar as in Fig. 2494 at
B.

So also where very free lubrication is required, an

oil groove

may also be cut in the journal itself, as at C in the figure.
This plan is adopted by some American engineers upon the crank
pins of steam engines, the grooves being cut on diametrally
opposite sides of the pin in a line with the throw of the crank.
Referring now to the oil itself, it is generally conceded that a
pure sperm or lard oil is equal to any that can be used for general
journal lubrication, but the ordinary purchaser

has no means

of

knowing if the oil is pure. The requirements of an oil for lubricating purposes are given in the following paper on testing the

value of lubricants, which was read by Mr. W. H. Bailey before

Fig. 2494.

the Manchester (England) Institution of Employers, Foremen and
Draughtsmen :—
‘‘ A fact in connection with oil and lubrication is probably about
as difficult a thing
minds of engineers
very little published
describes the labors

to describe as anything which agitates the
and mechanical men.
We appear to have
information on the subject, except that which
of Morin, of France, about forty years ago,

and that which has been.given to us by Professor Rankine more
recently in this country.
Those investigators who preceded Morin
do not appear to have published information of very much value,

or which can be used with profit for the discussion of lubricants,
for their researches have been more concerning the proportions of
bearings, and the value of different materials of construction,
rather than the value of different lubricants.
‘‘ At the present moment so little is known generally concerning

the performance of different oils, that the public are much at the
mercy of the vendors of these oils, who can make almost any
assertion they like without fear of contradiction.
‘* The valuable discoveries of our distinguished townsman, Dr.
Joule, have enabled us to look upon the cost of friction and the
cash value of heat as mere questions of arithmetic.
Dr. Joule’s
investigations have been put into such forcible and elegant English
by Professor Tyndall, and other students of the science of force,
as to Cause us to understand that when friction is produced heat
is lost, and that all energy thus wasted passes away in this heat,
which may be measured and valued with nearly as much facility
as any article of commerce.
\e may gather from this knowledge,
when we apply it to workshop economy, that if a pedestal or bearing becomes so hot through friction as to cause

13 Ib. of water to

be raised only one degree Fahrenheit in temperature in one minute,
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that heat has bern lost equal to that which would be created bya
weight of one pound falling through a space of 772 feet. We
are told that if we apply this conversely, that heat has been lost
which would lift 1 lb. weight 772 feet; and if we apply these
illustrations still further, and imagine forty-two pedestals or bearings losing heat by friction in a similar manner, we may inform
ourselves that we are losing nearly 1 horse-power, because they
represent 32,424 foot-pounds

of force;

and if we

know from

our

books what our coal costs, it will take very little trouble to give us
the exact cash value of this friction and destructive action.
‘What is friction ? It may be described as the effect produced
by two bodies sliding one upon the other, which have upon their
opposing surfaces minute asperities, which interlock with each
other.
The sliding movement which forcibly removes these
minute irregularities creates what we call friction. Friction is
reduced when these asperities are small, and lubrication is
resorted to to prevent that loss of power caused by motion under
these conditions. The chief lubricants used are oil and tallow,
which have a less coefficient of friction than the parts in contact.
It may be well now to state that the term ‘ coefficient of friction ’
is an expression which indicates the proportion which resistance
to sliding bears to the force which presses the surfaces together.
There is little friction when this amounts to only one-twentieth, it

is moderate when it is one-tenth, and it is very high when it is a
quarter or twenty-five per cent. of the force which presses the
surfaces, together, as | before said.
‘QUALITIES OF LUBRICANTS.—Good lubricants should have the
following qualities: (1) Sufficient body to keep the surfaces free
from contact under maximum pressure. (2) The greatest possible
fluidity consistent with the foregoing condition. (3) The lowest
possible coefficient of friction. (4) The greatest capacity for storing and carrying away heat. (5) A high temperature of decomposition.
(6) Power to resist oxidation; or in other words, the
influence of the atmosphere upon them. (7) Freedom from corrosive action on the metals upon which they are used. It will thus
be seen that many conditions have to be carefully taken into consideration ; and further, it may be stated that an oil which may
be good for heavy bearings may not be desirable for use on light
spindles, and for delicate machinery like clocks and watches,
where very little power is required to be transmitted beyond that
of overcoming their own inertia; and also that oil which is good
for small machinery running at quick speeds is very often useless
for heavy pressures and large shafting.
For very heavy bearings
tallow and other solid lubricants

are

used, such

as

mixtures

of

sulphur and tallow, asbestos, soapstone with asbestos, graphite,
caustic

soda,

beeswax,

and

other

similar

mixtures, which

find

favor among locomotive engineers and those in charge of heavy
machinery.
The pressure that can be borne by a good lubricant
for a useful length of time depends upon the nature of the bearings
as well as upon the lubricant itself. The velocity of the rubbing
action also must be taken into consideration.
The maximum of
pressure that solid lubricants will bear without destruction is
unknown.
For steel surfaces, lubricated with best sperm oil

moving slowly, 1,200 lbs. pressure per square inch of bearing
surface has been found permissible.
Under the pivots of swinging bridges several thousand pounds per square inch have been
found to work, and for iron journals 800 lbs. per square inch should
not be exceeded.
‘* Lubricants in the market vary much in cost as well as in quality,
and very often it is found that the varying prices bear little or no
relation to the value of the article purchased.
Probably the best
test of value is one with which I was familiar some years ago.
It
consisted of a small engine very much overworked, which stopped
and refused to move or go at the proper speed if the shafting had
not been lubricated with good oil.
‘* TESTING BY DESTRUCTION.—The instrument here illustrated,
in Figs. from 2495 to 2501, to which I call attention, consists of a
bed-plate, having upon it a piece of shafting upon which friction
is created by means of two brass steps, the speed

driven being about 300 revolutions per minute.

at which

it is

The friction is

brought to bear by levers and weights somewhat after the manner
of a friction brake as shown in Figs. 2405 and 2500. In the top

| step is a thermometer for indicating any increase of temperature
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caused by the friction. A small index indicates the number of
revolutions that the shaft makes for any given temperature which
the friction causes the thermometer to indicate. The machines
used for testing oil have the friction shaft where the oil is destroyed
three inches in diameter. Those for tallow are of larger dimen-

sions. It will be seen that on ascertaining the number of revolutions which may be obtained without generating heat, or with the
lowest possible increase of heat, that the value of the oil can

obtained.

be

That oil which allows the greatest heat to accumulate
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with parallel necks, such as are used in works, it was considered
proper to alter the tester to that shape to make the conditions
similar.
This illustration (see Fig. 2497) permits the oil when
tested to run away from the bearing if its increased fluidity gives
ita tendency to doso.
It is this severe test which has enabled
sperm oil to rise superior to all rivals, because it has these two
apparently opposite attributes—body or thickness, which keep it
on its bearing, combined with sufficient fluidity for lubricating
purposes. Permit me further to illustrate what I mean in another

manner.
Suppose we take an oil, good as a lubricant in all
other respects, and place it on a bearing, and that 4o per cent.
works quickly away because of its extra fluidity when subjected
to an increase of frictional temperature, and then compare it with
another oil under similar conditions which only wastes, say, 5 per
cent. This latter will be 35 per cent. superior as an oil having

body, and even if slightly inferior as a lubricant, it may be the

Fig. 2495.

with the fewest revolutions must be a bad lubricant. This tabular
method of keeping an account of experiments has been found

Fig. 2497.

useful. The machine is stopped when the thermometer indicates
200 degrees, as itis considered that an oil has not much lubricating power left if it permits that heat.

most valuable, because strong in this one great quality of remaining at its duty when placed in position.
Still another illustration
will inform us that in the one case we obtain, say, 60 gallons of
lubricating material out of every 100 purchased, and in the other
we obtain 95 gallons.
‘‘THE BEST METHODS OF USING THIN OILS.—This will show
us that oils which are deficient in body, but which are good in
other respects, may be used with good results if doled out in
small quantities, as required, by automatic oil-cups like the Lieuvain needle lubricator, Fig. 2498, or any other means.
Journals
which cannot be fed by means of automatic oil-cups in positions
difficult of access should be fed with oil which has a good body.
If time permitted, much might be said of the proper shape for
bearings of machinery—a subject which would lead to valuable
results if discussed by the members of this Society, many of whom
must have great experience of those designs which have produced
the best results, as well as of those mixtures of metals which are
the most durable for light high speed and heavy slow shafting.

Name of oil.

Price.

Temperature | No. of revolutions
200 degrees I’, | of atmosphere.|
to each degree.

Revolutions to

‘¢ When testing with this machine a definite quantity of oil should
be placed on the friction roller, the top step being removed for
that purpose ; the quantity should be about five drops. A glass
tube or small tin measure shotld be used, as drops vary in size
according to the temperature of the oil, and also differ with the
specific gravity. The inventor of this machine is Mr. Heinrich
Stapfer. I believe he may be considered the inventor of the first
instrument for testing oils by destroying them by friction under
the actual conditions in which oils are used as lubricants.
In
using this machine I found that, although it was supposed to test
lubricants in the way in which they are used in manufactories, a
slight difference existed, which prevented accurate results.
‘‘ BEHAVIOR OF THIN OILS.—The first machines were made
with the brass steps lipped or recessed, to prevent the oil running
away,(see Fig. 2496), which, when thus tested, gave results very
much different to those which are accepted by those who are
familiar

with

the use

of lubricants.

For

instance,

some

thin

Fig. 2496.

mineral oils were found to be quite as valuable as, and in some
Cases superior to, sperm ; and this was caused by the lips on the
sides, which prevented the oil from running off the bearing when
an increased fluidity was caused by friction, and by any slight
elevation of temperature.
This is a very important quality in
lubricating oils, probably next to the capacity to resist oxidation,
the most important to be criticised by those who wish to value a
lubricant.
Although this experiment points out to us that it may
be advisable to make the journals of heavy bearings similar to
these, if we wish to obtain the best results from cheap thin oils,

yet, as oil should be criticised and prepared to be used on bearings

If any member will take up this subject, or if several
members will read short notes, giving their actual
experience of different sorts of footsteps, pedestals,
and spindles, as well as of the use of different sorts
of oil-cups and lubricators, it will be highly advantageous knowledge, which must be of great value to
all who use machinery.
‘‘ FLUIDITY OF OILS.—Continuing my remarks on
the thinness or fluidity of oils, I wish to call attention
to an ingenious arrangement for testing the fluidity
when subject to a slight increase of temperature, and
also for detecting any tendency which they may have
Fig. 2498.
for combining with the oxygen of the atmosphere ; this
latter quality being advantageous in oils which are used to mix
with paint, but which is a great evil when used for lubricating
purposes.
A piece of plate-glass placed at an angle is made
warm to 200° Fahr. A drop of oil when placed on the upper end
of this glass will flow down a few inches and thus indicate its
fluidity when subjected to increase of temperature.
Fig. 2499
shows a ready method I have designed for testing oil in this way,

It consists of a tin box in which is fixed the glass, through which
can be seen a thermometer. A graduated scale at the side of the
box enables the track of the oil to be measured.
The box has a
door at the back which enables a copper vessel full of boiling
water to be introduced ; the box is lined with felt to prevent rapid
radiation, and when the door is closed it will be seen that several

experiments may be conducted before the apparatus becomes too
cool for use. I think this a cleaner way than using a lamp for
the purpose. The copper may also be used by itself for indicating

un
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in making it

(Fig. 2502) was designed a few months ago for this purpose for

discolored or otherwise.
As I have before stated, there are
many oils which are good lubricants, but which become too thin
when exposed to slight heat, and I do not hesitate to reiterate the
statement, as I wish to have some influence on the future designs
A correspondent writing to Engineer
of bearing in this district.

the Government railways of New South Wales, and it is also used
by the Manchester, Sheffield, and Lincolnshire, the Lancashire and

when

slightly warm

from Queensland says that for six months in the year oil runs off
the machinery like water and seems to have no lubricating power;
he says that the thermometer registers in the summer 140° in the
sun, and 110° in the shade.
Great difficulty seems to have been

experienced by him in keeping oil on the bearings ; his experi-

Yorkshire, and other railways. I have not been able to get any
results of these tests in time for our subject on this occasion, but
hope to do so at some future time. The frictional roller is 6 inches
in diameter, the pressure amounts to I cwt. on each step. As it
takes a considerable time to wear away half a pound of solid
lubricant, it may be advisable to measure by minutes instead of
using the speed index. The speed should be at least 1,500 revolutions per minute. The Stapfer tester should be used in a room
of equal temperature, and should not be subject to draughts of
cold air, as it will be obvious these will interfere with the indica-

tions of the thermometer.
A recent alteration in the Stapfer
tester permits the quantity of oil used for testing to be measured
with greater accuracy than before. A small oil-hole is made in
the top step (see Fig. 2502 at a@ and atc) in which is placed a
glass tube. This only holds a few drops, and can be filled by
‘simply dropping the oil in, holding the finger at the bottom to
prevent it running away, and then place it in the hole. Ifa small
needle lubricator be weighed and then filled with oil of a definite
weight, and placed in this hole (see Fig. 2502 at 4), oil may be
tested for longevity and for its anti-frictional properties for a
longer period than with the small tube. If oil be placed in this
at the same time that oil is placed in the lubricators in the works
and the oil tester be driven from the same shafting, permitting it
to stop and start when the engine stops and starts, the effect of a
week’s work upon the weight of the oil may be seen; notice
should be taken of the difference of the temperature between the
thermometer on the instrument
and the temperature of the atmosphere of the workshop.

Fig. 2499.

ments on locomotives show that it costs for lubricating a locomotive there about a halfpenny to three farthings a mile, according
to the mixture used.
‘‘ INFLUENCE OF THE ATMOSPHERE ON OILS.—There are some
oils which

are excellent

lubricants for the first few hours

of use,

but which have a low capacity for resisting the influence of the
oxygen of the atmosphere upon them.
The warm glass test may
be used for indicating this weakness.
If after the test for fluidity
the oil be permitted to remain on the glass any exhibition of a
resinous oi varnish quality may be observed.
Another test for
this resinous or gummy quality is one which has been suggested
to me by Mr. F. R. Wheeldon, of Bilston. He has made many
experiments.
He found that by permitting oil to remain on a
Stapfer friction tester after one test which had been recorded, he
tested again on the following day, without adding any fresh oil.
This

is a severe

test, as the thermometer was

made to indicate

200° Fahr. each time.
o
‘‘ LONGEVITY OF LUBRICANTS.—Supposing an oil to possess all
the qualities which we think a good lubricant should have—that
it has fluidity in season, and that it does not combine with the
atmosphere and become varnish, that it does not become like
water in summer

and like mutton

suet

I have

designed,

placed,

FOR SALTS AND ACIDS, ETC. —It will be obvious
good as a lubricant an oil is, and however valuable
may be when examined, if it possesses any corrosive
will be injurious to the metals upon which it is

it will soon

become

detrimental

to the machinery, and

may also cease to be valuable as a lubricant.
Mr. William
Thomson, analytical chemist, of Manchester, read a paper on
this subject at the British Association at Glasgow, and he stated
the results of elaborate experiments conducted by him to discover
the influence of various oils of commerce upon bright strips of
copper. He permitted the copper strips to remain entirely covered
by oil. He also conducted similar tests with half of the strip
below the surface of the oil, and the other half exposed to the
atmosphere, in order to see what influence the oil had, when the
surface line touching the metal would, of course, be acted on by
the atmosphere.
After noticing the effect upon the brightness or
dulness of the copper, he carefully tested the oils in order to
detect the quantity of metal which had been dissolved.
Mr.

in winter, and is in most

respects satisfactory. We then want to knowits powers of endurance, its capacity to resist wear and tear—in other words, its
longevity. A good test for longevity or durability of oil when
subject to either heavy or light frictional pressure is one suggested
by Mr. W. H. Hatcher, a very careful investigator, and chief of
the Laboratory of Price’s Patent Candle Company, who are
extensive oil manufacturers.
It consists in taking away the
bottom step of the Stapfer tester and placing a small dish containing oil underneath the friction roller (as in Fig. 2500). This
oil is carefully weighed before and after several hours’ frictional
wear and tear. The drawing (Fig. 2501) shows the application of
this mode, which

‘‘ TESTING.
that however
its properties
quality which

for testing

solid lubricants,

such as lard and sulphur and other railway and steamship mixtures. It will be seen that the material is kept to its duty by the
weighted lever, and its progress of diminution can be tested in its
place by the scale-beam arrangement.
When it is used with the
pressure on the top step it is advisable to drive it at about 2,000
revolutions per minute ; otherwise much time will be occupied in
destroying a weighable quantity of oil. The large Stapfer tester

Fig. 2500.

Thomson found the following oils dissolved the largest proportions
of copper, leaving the surfaces of the copper slips bright—rape,
linseed,

sperm,

raw cod-liver,

Newfoundland

cod, and

common

seal oils; and that the following dissolved much smaller proportions of copper, also leaving the slips bright—seal, whale, cod,
shark, and East Indian fish oils; and that mineral oils seem to

have no dissolving power on the copper, the only effect being a
slight discoloration on the copper slip of a greyish color.
‘‘SWISS WATCHMAKERS’ TEST FOR FLUIDITY AND CAPACITY
TO RESIST COLD.—It seems, according to the Watchmaker and

Feweller (a monthly trade journal), that the plan I have described.

and what may be called the warm glass test, seems to be looked
upon with favor for testing oil in Switzerland. The degree of
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heat used for testing the fluidityof off is 200° Fahr., and if this
causes the oil to become a varnish two or three days after the
test the oil is considered unfit for use.
Another test is one to
which I have not alluded, and that is, capacity to resist low temperatures. -Oils are tried for their capability to withstand low
temperature in the following manner: Fifteen parts of Glauber
salts are put into a small glass vessel, a small bottle of oil to be
tested is immersed into this; this done, a mixture of five parts of
muriatic acid and five parts of cold water is placed over the salt.
By means

when

of a thermometer

the temperature

it shows a very low temperature,

is indicated, and

the behavior of the oil,

subject to this freezing mixture, may be observed and noted.
Mr. Thomson, however, considers that this mixture is not so
good or so cheap as ice alone, or a mixture of ice and common
salt.
‘‘ BLOTTING-PAPER TEST.—It seems it is considered that the
blotting-paper test for fluidity is more reliable, according to
the writer of the article, than the inclined plane experiment.
In
order to use this test we must saturate the strip of blotting-paper
with oil, and watch whether the drops fall off in pearls or have an
inclination to spread out. The latter 1s a certain sign, the writer
says, of a viscid oil. Although this may be considered viscid oil,
and may not be valuable for watches, it may, however, be a good

oil for heavier machinery.’’
The amount of friction between a journal and its bearing varies
with the kind of metal of which the journal and bearing are composed ; on the area of surface in contact in proportion to the load
or pressure sustained by the bearing surfaces; on the nature or

SHOP PRACTICE.
Coefficient of

. contact.
Nature of surfaces in

Brass upom beass
Cast iron upon brass
»

9»

99

Castiron

Steel upon cast iron
.

»,

:
.

brass.

rear

;

nicer Reals

‘
‘

:
;

‘
:

:
:

Kind of

unguent.

Olive oil.
-

.

:

;

.

‘

;

A

;

Water.

Olive oil.

:

;

:

;

“

Tallow or

vlive oil.

Wrought iron upon brass

Tallow.

Pe

ys

»»

Cast iron

af

sy

»»

Wrought iron

Olive oil.
o

Morin’s experiments demonstrated that friction is always proportional to the pressure and independent of the area pressed in
contact, providing that the pressure is not so great as to cause
the surfaces to abrade in the manner or to the degree commonly
known as cutting, which occurs when the area of bearing surface
in proportion to the pressure is so small as to press out the lubricating material.
Now, between the degree of abrasion that is sufficient to cause
a bearing to heat and the minimum, possibly lies a wide range

that is very difficult of classification, and that influences the friction of the bearing and journal. Under any given dimensions of
journal area and any given pressure of the same to its bearing,
the abrasion, and, therefore, the friction, will be less in proportion

as the fit of the journal to its bearing extends over its whole area
and with an equal pressure of contact.
Under these conditions,

or beds to its bearing, and on the kind of motion, as whether the
same be continuous, intermittent, rotatory, or reciprocating.

and with a bearing area ample for the given pressure, the surfaces
of a journal and bearing have a smooth, glossy appearance, with
a surface as glossy as plate-glass.
This degree of perfection, however, is only occasionally reached
in practice, because of imperfections in the fitting and lubrication.

Referring to the friction as influenced by the nature of the
metals in contact: the friction varies with the hardness of the

Now, between this condition of glossy smoothness and the
degree of abrasion known to practical men as cutting lies, as

metal ; thus, with hard cast iron, there will, under equal conditions,

already stated, a wide range of degrees of abrasion, and each of

be less friction than with soft cast iron. The friction is greater
when the surfaces in contact are both of the same metal than
when they are of different metals.
Mr. Rankine summarizes
General Morin’s experiments on the friction of various bodies not
lubricated as follows :—

these has its own coefficient of friction. This may be readily
proved by freely lubricating the bearings of a number of journals
working under the usual conditions of practice and smearing the
oil just as it passes through the bearings upon a sheet of white

degree of the lubrication afforded ; on the diameter of the journal

in proportion to its length ; on the manner in which the journal fits
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ON FRICTION.
Angle of
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repose.
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.
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‘‘The ‘angle of repose’ given in the first column is the angle
which a flat surface will make with the horizon when a weight
placed upon it just ceases to move by gravity. The column of
‘friction in terms of the weight’ means the proportion of the
weight which must be employed to draw the body by a string in
order to overcome its friction, and the proportionate weight is
sometimes called the coeficzent of friction.’ °
In the following table are given some of the results obtained from
Morin’s experiments with unguents interposed.
* From Bourne's “ Handbook of the Steam Engine.”

note paper, when it will be found to contain fine particles of metal,
the number and size of particles in a given quantity of the oil
decreasing as the surfaces of the bearings are glossy, and increasing as those surfaces appear dull.
The order of value to resist wear is generally considered in

practice to be as follows :—
Ist in value, hardened steel running on hardened steel.
2nd (and by some considered equal to the first when the pressure per square inch of area is light), cast iron either upon cast
iron, hardened wrought iron, or hardened steel.

3rd, under light duty cast iron upon wrought iron or steel not
hardened.
4th, wrought iron upon hard composition or brass.
5th, wrought iron upon some anti-friction metal, as Babbitt
metal.
Cast iron appears to be an exception to the general rule, that
the harder the metal the greater the resistance to wear, because
cast iron is softer in its texture and easier to cut with steel tools
than steel or wrought iron, but in some situations it is far more
durable than hardened steel ; thus when surrounded by steam it
will wear better than will any other metal.
Thus, for instance,
experience has demonstrated that piston-rings of cast iron will
wear smoother, better, and equally as long as those of steel, and
longer than those of either wrought iron or brass, whether the
cylinder in which it works be composed of brass, steel, wrought
iron, or cast iron—the latter being the more noteworthy, since
two

surfaces

of the same

metal

do not, as a rule, wear or work

well together.
So also slide-valves of brass are not found to wear
so long or so smoothly as those of cast iron, let the metal of which
the seating is composed be whatever it may; while, on the other
hand, a cast-iron slide-valve will wear longer of itself, and cause
less wear to its seat, if the latter is of cast iron, than if of steel,

wrought iron, or brass.
The duty in each of these cases is light ;
the pressure on the cast iron, in the first instance cited, probably

ERECTING.
never exceeding a pressure
latter case two hundred
probably the extreme limit
what the result under much
problematical.

of ten
pounds
under
heavier

pounds per inch, while in the
per square inch of area is
which slide-valves work; and
pressures would be is entirely

Cast iron in bearings or boxes is found to work exceedingly
smoothly and well under light duty, provided the lubrication is
perfect and the surfaces can be kept practically free from grit
and dust.
The reason of this 1s that cast iron forms a hard
surface skin when rubbed under a light pressure, and so long as
the pressure is not sufficient to abrade this hard skin, it will wear
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centre and the outer diameter.
If a revolving surface abrades
so much as to seize and come to a standstill, it will be found very
difficult to force it forward, while it will be comparatively easy to
move it backward, which will not only release the particles of
metal already severed from the main body, and permit them to
lodge in the grooves due to the cutting, but will also dislodge the

indefinite length of time, and the tops of the scraper marks will
become bright and smooth, but will not wear off; while if we rub
one of cast iron and one of wrought iron, or two of wrought iron,
well together, the wrought-iron surfaces will abrade so that the

projecting particles which are performing the cutting, so that a
few reciprocating movements and ample lubrication will, in most
cases, stop the cutting and wash out the particles already cut
from the surfaces of the metal.
In. determining the metals to be used for a journal and bearing
it is preferable to use the softer metal, or that which will wear
the most, in the position in which it can be the most easily and
cheaply replaced, which is usually in the bearing rather than in
the journal; and since two metals of a different kind run better
together than two of the same kind, the bearing is usually of a
different kind of metal from that composing the journal. It may
be stated, however, that under /zght duty cast iron will wear
upon cast iron better than wrought iron or brass upon cast iron
(for reasons which have already been stated), especially if the

protruding scraper marks will entirely disappear, while the slight

bearing area be broad and the lubrication ample and perfect.

amount of lubrication placed between such surfaces to prevent
them from cutting will become, in consequence of the presence of
the wrought iron, thick and of a dark blue color, and will cling

are provided, but in the case of small journals, as, say, of about

bright and very smooth, becoming so hard that a sharp file or a

scraper made as hard as fire and water will make it will scarcely
cut the skin referred to.
Thus in making cast-iron and
wrought-iron surface plates or planometers, we may rub two
such plates of cast iron together

under

moderate pressure for an

to the surfaces, so that after a time it becomes difficult to move
the one surface upon the other.
If, however, the surfaces are

pressed together sufficiently to abrade the hard skin from the
cast iron, a rapid cutting immediately takes place, which is very
difficult to remove.

To obtain the best results from cast-iron bearings the bedding
of the journal to the bearing must be full and perfect, and the
surfaces bright and smooth, in which case it will wear better than
hardened steel, unless it be very heavily loaded.
Again, a cast-iron surface will hold the lubricating oil better
than either steel, wrought iron, or brass of any kind.

cast-iron

surface be made

very true and

smooth

To

facilitate the removal

of the

bearings,

brasses

or boxes

3 inches and less in diameter, the duty being light, the lubrication ample and equally distributed, and the journals an easy
working fit when new, it is found that solid cast-iron boxes will
last for a great length of time without sensible wear.
In some cases cast-iron boxes are cast with a receptacle for
some soft metal, such as the various compound metals known
under the general name of Babbitt metal.

Indeed, ifa

so that it is

polished and no marks are visible upon its surface, it will take
much patient rubbing and cleaning with dry clean rag to remove
the oil entirely, whereas other metals will clean comparatively
easy. In testing this matter upon surface plates the author has
found that the only safe method, and by far the quickest, of
removing the oil from cast iron is an application of alcohol or
spirits of turpentine, because the oil will enter and to some extent
soak into the pores of cast iron and gradually work out again as

it is continuously wiped, so that if apparently quite clean (after
having been oiled and wiped) a short period of rest will cause oil
to again be present to some extent upon the surface.
As a general rule motion in a continuous direction causes more
wear under equal conditions than does a reciprocating one, because when a revolving surface commences to abrade, the particles of metal being cut are forced into and add themselves, in a
great measure, to the particles performing the cutting, increasing
its size and the strain of contact of the surfaces, causing them to
cut deeper and deeper until at least an entire revolution has been
made, when the severed particles of metal release themselves,
and are for the mosi part forced into the grooves made by the
cutting.
In reciprocating surfaces, when any part commences to cut,
the edge of the protruding cutting part is abraded by the return
stroke; which fact is clearly demonstrated in either fitting or
grinding in the plugs of cocks, in which operation it is found
absolutely necessary to revolve the plugs back and forth, to prevent the cutting which inevitably and invariably takes place if
the plug is revolved in a continuous direction.
Furthermore,
when a surface revolves in a continuous direction, any grit that
may lodge in a speck, hollow spot, or soft place in the metal,
will cut a groove and not easily work its way out, as is demonstrated in polishing work in a lathe; for be the polishing material
as fine as it may, it will not polish so smoothly unless kept in
rapid motion back and forth. Grain emery used upon a side
face, such as the radial face of a cylinder cover, will lodge in
any small hollow spots in the metal and cut grooves, unless the
polishing stick be moved rapidly back and forth between the

Fig. 2503.

Babbitt metal is composed of tin, antimony, and copper, mixed
in varying proportions. A good mixture for general use where the
duty is light is composed of 50 parts tin, 5 parts antimony, and 1
part copper.
A harder composition, sometimes termed white
metal, is composed of tin 96 parts, copper 4 parts, and antimony
8 parts. This mixture is especially suitable for journal boxes or
bearings.
It is mixed as follows: Twelve parts of copper are first
melted, and then 36 parts of tin are added; 24 parts of antimony
are put in, and then 36 parts of tin, the temperature being lowered
as soon as the copper is melted in order not to oxidize the tin and
antimony; the surface of the bath being protected from contact
with the air. The alloy thus made is subsequently remelted in
the proportion of 50 parts of alloy to 100 tin.
For brass bearings or boxes a mixture of 64 parts copper, 8 parts
tin, ‘and 1 part zinc is found to answer well; but for bearings not
requiring so hard a metal, the quantity of zinc is increased, and
tha. of the tin diminished.
Bearings or boxes that are to be babbitted are usually cast as
in Fig. 2503, there being a rib at A, B, and C, forming a cavity at
D, into which the melted metal is poured.

The mbs (in new boxes)

are sometimes bored out, or for rougher work may be chipped and
filed out to fit the shaft, and hold it in line; and to prevent the nbs
A, B, &c., from bearing and cutting the shaft, a piece of pasteboard is laid on ribs A and B, thus confining the journal bearing
to
the babbitt. The best method is to pour the bearing and then rive.
the babbitt well into the cavity D. which is made wider at th:
bottom, to prevent the babbitt from coming loose, and then bore
out the bearing in the usual manner.
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The principal advantage of a babbitted bearing is the ease with

journal must be increased if necessary in order to obtain suffi-

which it can be renewed, and the fact that the metal will soon bed

cient bearing area to withstand the stress without causing undue

itself to the journal. This is of great advantage in the case of
solid bearings in the framing of fast-running machines, and in
situations where it would be awkward or difficult to take brasses or
bushes out to fit them, or align them to the shaft, which in many
cases would also require to be taken out to remove the brasses.
On the other hand, any particles of grit that may find ingress to
babbitted boxes are apt to become bedded into the babbitt metal
and cut or grind away the journal.
Since the babbitt metal in a bearing is apt to close across the
bore when cooling after being poured, a mandrel of slightly larger
diameter than the diameter of the journal should be used in place

abrasion.

of the working journal to run the bearing on.

Some

effect the

same purpose by wrapping writing paper around the journal ; but

it is wrong to use the journal, for the following reasons:

To get a

good, sound, well-fitting babbitt metal box, the metal should be
poured as cool as possible, for if made red hot it contracts so

much in cooling that it does not fit well in the box or frame of the
machine.
On the other hand unless the metal be well hot it is
apt to cool and set too soon and be unsound.
To remedy this
the journal, or whatever represents it, must be heated. The
heating is very apt to bend it. It is obvious then that instead of
the journal a temporary bar of iron of slightly larger diameter
than the working journal should be used, heating it to a good
black hot heat, so that the babbitt metal may be poured less hot
than would otherwise be permissible, and the contraction of the
babbitt in the box reduced to a minimum. A little powdered

resin sprinkled in the box will help the babbitt to flow easily and
make a sound casting.
The temporary spindle, or journal, should also be oiled, and as
soon as the metal has well set, the temporary journal should be
revolved to free it. Babbitt bearings cast in two halves should
be fitted to the journal as already described for brasses, which
will well repay the cost and trouble.
To prevent the metal from running out of the bearing, its ends
are closed by means of either clay or putty closely packed against
the bearing ends and the shaft, and in pouring in the melted metal
it is best to pour it on the top of the shaft, and let it run down its
sides into the cavity of the bearing. This heats the shaft equally,
and prevents it bending from unequal expansion, as it would
do if it met the heated metal on its lower half only, it being
obvious that if the shaft bends the bore of the bearing will not be
cast in line; hence, the shaft will bear at the end only, and will
require to wear the babbitt down to a bearing.
Babbitting is sometimes employed to refit parts that have worn

loose, or to bush the bores of work. Suppose, for example, that
in a case of emergency a pulley of a certain diameter is required,
and that the only one at hand has too large a bore, then we may
take a mandrel or arbor of the diameter of the shaft the pulley is
required for, and drive on it two thin washers and turn them to
fit the bore of the pulley, and cut a recess in each to enable the
metal to be poured through.
We may then put the arbor and
washers in the pulley (the washers serving to hold the arbor true),

and fill in the bore with babbitt metal, leaving the pulley setscrew in place and set to just touch the arbor, so as to cast the
thread in the babbitt bushing, and thus save drilling and tapping.

PROPORTIONS OF JOURNALS.—It follows from what has been
alreacy said that under a given amount of duty the friction will be
less and the durability greaterin proportion as the bearing area of
a journal is increased.
But it is an important consideration
whether such area shall be obtained in the diameter or in the
length of the journal, or, in other words, what shall be the propor-

tions between the diameter and length of a journal.

It is found

in practice that a journal wears better in proportion as its length
exceeds its diameter, providing that the stress is not sufficient to
cause sensible flexure, because in that case the pressure is
reduced at that part of the journal where the most flexure occurs,
and increased where the journal is most rigid. As a result, the
abrasion increasing with the pressure becomes locally excessive,
the glossy smoothness Is lost and increased friction ensues.
If, however, the length of a journal is limited by the exigencies
of its location or the design of the machine, the diameter of

Referring to the bearing area in proportion to the load, Prof.
R. H. Thurston

writes,

in an article in the Ratlroad

Gazette of

January 18th, 1878, as follows :—
‘“A pressure of 800 pounds to the square inch can rarely be
attained on wrought iron at even low speeds, while 1,200 pounds
is not infrequently adopted on the steel crank-pins of steamboat
engines. I have known of several thousand pounds pressure per
inch being reached on the slow-working and rarely moved pivots
of swing-bridges.
In my own practice, I never, if I can avoid it,
use higher pressures than 600 and 1,000 on iron and on steel,
and, for general practice, make the pressure less as the speed is
greater.”
W. Sellers and Co. state that under a pressure of 50 lbs. per
square inch and with oil well distributed over the surface of the
box, the metal of the journal will not touch that of the bearing
box bore.
In practice bearings are made with a length varying from that
equal to the diameter of the journal to about four times that diameter. and but few cases occur in which these limits are exceeded
in either direction.
It is to be observed, however, that diminish-

ing the length is apt to increase the abrasion unless the duty is
very light indeed, while increasing it increases the durability
while not affecting the friction, unless the shaft bends.
There are special cases in which within certain limits the proportions of journals are nearly uniform in practice; thus the length
of engine crank-pin bearings rarely exceeds once and a half
times the diameter, while the main shaft bearings are often similarly limited in width from the exigencies of designing the engine
so that the eccentric shall come in line with the slide-valve
spindle.
In the case of crank-pins the pin cannot be held
sufficiently rigidly to prevent spring or flexure; hence it is
desirable to limit its length so that its pressure shall be as short
a leverage as possible to the crank. The solid bearings in the
framing of machines usually admit of room enough to make their
lengths three or four times the diameter.
Again, in the case of
line shafting, boxes having a length equal to three or four times
the diameter may be employed, providing that the alignment be
made correct, or that the boxes are self-adjusting.
But in all
cases the longer the bearings the greater the necessity for correct
alignment, so that the axis of the bearing bore may be in line

with the axis of the shaft, the error manifestly increasing with the
length of the bearing.
PLACING TWO CRANKS
ON
A SHAFT
SO THAT ‘THEIR
CENTRE LINES SHALL STAND AT A RIGHT ANGLE.—It is
obvious that the keyways in both the crank and the shaft
must be cut accurately in their proper positions, because it is a
tedious operation to file out the sides of the keyways when the
cranks are placed upon the shaft.
To mark the keyways, in the
absence of any tools or appliances specially designed for the
purpose, we proceed as follows: Placing the shaft upon a marking-off table, we plug up the centres upon which the shaft has
been turned by driving a piece of lead in them, leaving the surface level with those of the shaft; and then from the perimeter of
the shaft we carefully mark, upon the lead plugs, the centres of
the shaft. From this centre we describe a circle whose diameter

will be equal to the required widths of the keyway, and then
taking a square we place its stock upon the face of the markingtable, and bringing the edge of the blade even with the edge of
the circle, we mark a perpendicular line upwards from the circle
to the perimeter of the shaft, and then draw a similar line on-the
other side of the circle, as shown in Fig. 2504, in which A repre-

sents the shaft and B the circle, C the perpendicular line struck
on one side of the circle, and D the square placed upon the marking-table E, in position to mark the line on the other side of the
circle, F and G being wedges to keep the shaft A from moving its
position upon the table. We next mark with a scribing-block or
surface gauge the depth of the keyway as denoted by the line H,
and the marking at that end of the shaft is completed.
Passing
to the other end of the shaft we find the centre of the shaft, and

describe around it a circle equal in diameter to the required width

ERECTING.
of keyway, and from the edges of the circle to the perimeter of the
shaft draw two lines with a scribing-block, as shown in Fig. 2505,
A representing the shaft, B the circle, C D the breadth of the

keyway, E the marking-off table, F and G the wedges, and H the
depth of the keyway, which

must, in this case, be marked with a

square resting on the table.
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if the workman were by mistake to make the right-hand crank lead,

the engine would run forward when the reversing lever was placed
to run backward, and vice versa.

It makes no difference whether

the shaft can be turned end for end or not: if the right or left
crank is required to lead when the crank is required to revolve
in a given direction the keyways in the shaft must be marked off

If, however, the shaft is too heavy or large to be placed ona

in the relative positions on the shaft necessary to obtain that

| result.
The
the circle B, Fig. 2504, equal in diameter to the required width of |
keyway, and adjust a straight-edge held firmly against the end
marking-off table, we may proceed as follows:

Strike as before

keyways may be carried along the circumference

of the

face of the shaft, so that its upper edge is coincident with the
perimeter of this circle, while the straight is horizontally level-

tested by a spirit-level. Draw a line along the shaft face, using
the straight-edge as a guide. This will give us the line C in Fig.
2505. By a similar process the line D, Fig. 2505, may be drawn.

Fig. 2506.
shaft by a square applied to its end face, or if that face is not flat

by the ordinary keyway marking tool.
To mark off the keyways in the cranks, we place a centre-piece

in the bore of the crank, as shown

Fig. 2504.

At the other end of the shaft similar lines, but standing vertical,
‘may be marked, which will give the positions of the keyways.
We have now marked off on the end faces of the shaft a keyway at each end, one standing at a nght angle to the other; but
it must be borne in mind that we have paid no attention as to
which crank shall lead; that is to say, suppose in Fig. 25064
and B represent cranks placed upon the shaft C, and running in
the direction indicated by arrow D, it is evident that the crank
B leads in the direction in which the engine is to run, and
hence the keyway E stands in advance of the keyway F; and

therefore, as shown in the figure, the right-hand crank leads.

To

in Fig. 2507, in which A

represents a crank having a centre-piece of sheet iron B placed
| in the bore. On the face of this centre-piece we mark the centre
of the hole into which it fits, and from that centre we describe the
circle C, which must be of exactly same diameter as the crank-

pin if it is in its place, or otherwise of the crank-pin hole. We
then draw the lines D and E, using as a guide a straight-edge
placed one end upon the crank-pin journal, or even with the edge
of the crank-pin hole, as the case may be, and the other end (of
the same edge of the straight-edge) exactly even with the circumference of the circle Cc. From D and E we find the centreof the
circle F, which must

be central between

D and E, and whose

: diameter must be exactly equal to the required width of keyway;
and we

then mark

the circle G, describing it from the centre of

the hole, and therefore of the circlec.

By drawing the lines H

| and I, which must be even with the circumference of the circles F

and G, using a straight-edge as a guide, we

shall obtain the

correct position for the keyway K, and the whole of the keyways
may be cut, care being taken to cut them quite true with the lines,
and of an exact equal width.

To put the cranks on the shaft, first provide a temporary key, a
»

Fig. 2505.

have made the left-hand crank lead, when the engine runs in the
direction of the arrow D, we should, supposing the keyway F to
be already cut, have to cut the keyway E on the directly opposite
side of the shaft;

or, what is the same thing, supposing the key-

way E to be already cut, the keyway F would require to be cut on
the diametrally opposite side of the shaft. It is obvious that if
the engine ran

in the direction of the

arrow

G, the left-hand

crank would lead, supposing in each case the cylinders to stand
atH.
Here it may be necessary to explain the manner of deter-

mining which

is the right-hand

and which the left-hand crank.

Fig. 2507.

close fit on tne sides, but clear top and bottom, so that it will bind
just easily on the sides of the keyways in both the shaft and the
crank.
The shaft must be placed and wedged with its keyway
downwards, so that in putting the crank on, the pin end may

Suppose then that the figure represents a locomotive crank, the

hang downwards, which will render it more easy both

cylinders being at H, then as the engineer stands in the cab, fac-

handle, and adjust. As soon as the shaft has entered the crank,
say a quarter of an inch, we must insert the temporary key (which
may have its end edges well tapered off to assist the operation of
entering it) sufficiently far into the keyway of the shaft that it will

ing his engine, A will be the left-hand and B the right-hand crank.
It is usual in locomotives to make the left-hand crank lead when

the engine is running forward, the practical difference being, that
VOL. II. —3!.

to put on,

MODERN

158

MACHINE

not fall out, and we may then proceed to put the crank on the
shaft to the necessary distance, keeping the temporary key sufficiently far in the keyway to enable it to act as a guide—that is to
say, up to at least half the length of the keyway.
To put on the second crank, we first place the shaft so that the
crank already on stands exactly horizontal, setting it by placing
a spirit-level, as shown in Fig. 2508, in which A represents either
the crank-pin journal or the crank-pin hole in the crank, and Ba
circle struck on the end face of the shaft and from its centre, the

diameter of the circle B being exactly the same as that of A. If
then we so adjust the position of the crank that a spirit-level
applied to the exact circumferences of the circles A and B stands
level, the crank will stand level, and we have only to put the
second crank on with its centre-line standing perpendicular, and

SHOP

PRACTICE.

FITTING ENGINE CYLINDERS.*—When engine cylinders are
made in quantities, as in locomotive building shops, a great deal

of the fitting work is saved by the machine work ; but when a
single cylinder or a pair of cylinders only are to be fitted up it will
uot pay to make jigs and appliances ; hence, they are usually
fitted up entirely by hand. The first thing to do is to mark off all
the holes requiring to be drilled, and have the drilling done.

In marking the holes in the cylinder covers it is to be noted
whether that part of the cylinder cover which fits into the cylinder
has a portion cut away to give room for the steam to enter (as is
usually the case), and if so, first mark a line across the inside
flange of the cover, parallel to the part cut away, and then scribe
each end of the line across the edge of the flange. Then mark a
similar line across the cylinder end, parallel to the steam port
where it enters the cylinder, and scribe each end of this line across
the cylinder flange, so that, when the cylinder cover is placed into

the cylinder and the lines on the flanges of the cylinder and the

Fig. 2508.

the two cranks will be at aright angle one to the other. Wenow
proceed to put on the second crank, pursuing the same method
employed in putting on the first one, save that the temporary key
need not be inserted so far into the keyway, because, if the keyways have been cut the least out of true, it will make a great
difference at the crank-pin, because of the increased distance of

cover are placed parallel to each other, the piece cut away on the
cover will stand exactly opposite to the steam port, as it is intended
todo.
The cover may then be clamped to the cylinder, and holes
of the requisite size for the tap (the tapping holes, as they are
commonly called) may be drilled through the cover and the
requisite depth into the cylinder at the same time.
The cylinder covers must, after being drilled, as above, be taken
from the cylinder, and the clearing drill put through the holes
already drilled so that they will admit the bolts or studs, the
clearing holes being made ; inch larger than the diameter of the
bolts or studs. The steam chest may be either clamped to the

the latter from the centre of the crank-shaft. As soon as the
second crank is placed to its position on the shaft we must
ascertain if it stands vertical, which we may do by applying the
spirit-level as shown in Fig. 2509, bringing its edges exactly fair
with the edges of the circles A and B, and moving the crank until
the bubble of the level stands true, and taking out the temporary
key if it is necessary to adjust the crank at all.
If, however, the crank is to be forced on by hydraulic pressure,
Fig. 2510.

cylinder, and tapping holes drilled through it and the cylinder
(the same as done in the case of the covers), or it may have its
clearing holes drilled in it while so clainped, care being taken to
let the point of the drill enter deep enough to pass completely
through the steam chest, and into the cylinder deep enough to
cut or drill a countersink nearly or quite equal to the diameter of
the drill. If, however, the steam chest is already drilled, it may
be set upon the cylinder, and the holes marked on the cylinder
face by a scriber or by the end of a piece of wood or of a bolt,

Fig. 2509.

this latter adjustment should be made when the crank is just
sufficiently far on the crank shaft to enable it to bind enough to
well support its own weight, to facilitate which the end of the shaft
is sometimes slightly tapered fora very short distance—a practice
which is sometimes rendered unnecessary by reason of there being
attachments fitted to the hydraulic presses which of themselves
adjust the position of the cranks, and insure their being at a right
angle one to the other.
After the cranks are on their places the keys may be fitted,
care being taken that, if the crank last put on had to be moved to

adjust it, the sides of the keyways be filed even, otherwise driving
the key will tend to move the crank.

which end may be made either conical or flat for the purpose,
marking being placed upon it; so that, by putting it through the
hole of the chest, permitting it to rest upon the cylinder face
(which may be chalked so as to show the marks plainly), and
then revolving it with the hand, it will mark the cylinder face.
This plan is generally resorted to when the holes in the chest are
too deep to permit of being scribed.
To true the back face,
round a hole against which face the bolt head or the face of the
nut may bed, in cases where such facing cannot be done by a pin

countersink or a cutter used in a machine, the tool shown in Fig.
2510 may be employed, @ being a pin provided with a slot at one

end to admit the cutter B, which is held fast by the key C, and 1s
also provided with a square end /, by which it may be turned of
revolved by means

of a wrench, and with a thread

to receive the

nut E, @ being a washer; so that, by screwing up the nut E, the
cutting-edges of the cutter are forced against the cylinder g, and
will, when revolved, cut the face, against which they are forced, true
with the hole in the cylinder through which the pin a is passed.
After the drilling the cylinder should be placed on end and all
* From the ‘‘ Complete Practical Machinist.”
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the holes that can be got at should be tapped.
Then the cover
jomt, supposing 11 to be a ground jeint. shorid be made according
to the directions given for making ground joints. when the cylinder
may be turned upside down and the other cover fitted.

Then the

holes for the cylinder cocks and for the steam and exhaust pipe
3
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holes on one side of the saddle. Temporary bolts mav then be
put through the holes that are drilled in the cvlinder and saddie
and clamps used to hold the undnilled cvlinder to the saddle,
when the cylinder bores may be set true one to the other. and the
holes on the remaining side of the saddle marked through those
already drilled in the cylinder.
These latter hoies being dniled,
temporary bolts of smaller diameter than the holes ‘so as to give
room to move the cylinders to align their bores’ mav be used to
bolt the cylinders together while their bores are accurate!y
aligned, which alignment may be effected as follows : —
The bores should be set as near true as possible, tested by a

- spirit-level rested on the bore and placed as near true as can te

ee

ee

Fig. 2511.

should be tapped, and the faces for these pipe joints fitted as

required.
The steam-chest holes should then be tapped and the ports
marked out and chipped and filed to the lines, such lines being
marked as descnbed in the remarks on lining out work.

judged with the length of the bore, and a plumb mle mav te
applied to the end faces where the cover joint comes.
Then a
straight-edge should be applied, as in Fig. 2511, in which § isthe
straight-edge, and C and D the two cylinder ends.
The method of testing is shown in Fig 2511, where the straigh:edge S 1s shown in three positions, marked respectively 1, 2, and
3 atone end, and F, G, and H at the cther.

The first test should be made by simply placing the straightedge across the two cylinder faces, as at G 3; and when the
cylinders are set apparently true and the spirit-level applied to the
respective bores shows them true, greater accuracy may be secured

by placing the straight-edge in position 1 H, being pressed
firmly to its cylinder face with end 1 above the other cylinder face.
Then, while end H is held firmly to its cylinder, let end 1 lower

The face for the steam-chest seat and the steam-chest cover
may then be prepared by filing. scrapiny, or grinding, as may be
required, and simultaneously the valve seat and valve face may
be fitted. If the cylinders are to be bolted together as in a locomotive, the holes for holding them together should be drilled

until it passes entirely over the face of cylinder C, whose face it
should just touch ; if on meeting C the straight-edge stnkes it or
does not meet it, further adjustment of the cylinder positions is
necessary.
Next place the straight-edge in position 2, pressing
end F firmly against cylinder D, and passing the other end entirely
over the end of cylinder C, which it should just touch, and no more.
It will then be necessary to repeat this process, pressing the
straight-edge against cylinder C and testing the other end with
cylinder D, and the cylinders thus set will be (if the end faces are
, true, as they should be, and usually are) more truly aligned than is

ee
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Fig.

about 4; inch smaller than the bolts, so that they may be reamed
out together after the cylinder beres are aligned.
One cylinder face should be marked and dnilled first, and the
two cylinder bores being set to align true the othercvlinder shouid

be marked from the other, or if there is a saddle between the two
cylinders both cylinders may be marked and drilled, and also the

possible by the use of the spirit-level. This method also brings
the end faces of the cylinders in the same plane, so that each piston
head will travel central in the length of the cvlinder bore, approach' ing the cylinder covers equally, and therefore keeps the clearance
~ equal. Incidentally. also, this secures accuracy in the cross-head
traverse on the guide bars (supposing these bars to be bolted to
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The holes for bolting the cylinders together

may then be reamed and the bolts driven in and screwed up.

To guide the tap when tapping the cylinder cover and steamchest holes the guide stand S, shown in Fig. 2512, should be
employed.
It is bolted to the cylinder face by the bolt B, which
passes through a slot in the stand.
The tap T is inserted through the two arms of the stand and its
end inserted in the hole to be tapped when bolt B is tightened up.
The stem of the tap should be of slightly larger diameter than
the tap thread, so as to fit in the holes of the guide or stand.
When, however, one end of the guide bars is carried on the
cylinder cover, it is necessary when setting that cover to be marked

'

ie

'

t

1

rotates the fastest, and hence rotates the feed screw, causing the
tool to feed to its cut.
The proportions of these wheels are, first or inside pair, lower
wheel 36, upper 37; outside pair, upper 37, lower 36, so that
the feed per bar rotation is in amount that produced by moving
the outer lower gear a part of a rotation equal to twice the pitch
of the teeth, the cutting tool motion depending upon the pitch of
the feed screw.
To enable the rapid traverse of the head from end to end of the
bar, the upper pair of gears are mounted on an eccentric stud, so

that by operating the small handle shown they may be disengaged
from the lower feed gears and the feed screw operated direct by
means of the handle shown.
In setting such a bar to a cylinder bore it is to be remembered
that two methods may be employed.

I

First, the bar may be set to

accommodate the cylinder bore, truing it out with as light a cut as
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Fig. 2514.

for the drilling, to so set it that the seats for the guide bar ends
shall be horizontally level when the cylinder is on the engine ; and
when setting the bores of the cylinder in line to mark the holes for
bolting the cylinders together or to the saddle, this point should
also be looked to, as if these seats are not in line the faces of the
guide bars will not be in line, and will not, therefore, bed fair to
the cross-head guide unless the error is in some way corrected.
It is desirable that these seatings be quite true and in line one
with the other on both cylinders, so that if liners require to be
made, or if the ends of the bars require to be filed to let the bars
together at any time, the surfaces may be filed true to the face of
the bar, and thus be set true and to fit the cross-head guides
without requiring to put the bars on and off to fit them true by
trial.

REBORING CYLINDERS IN THEIR PLACES ON THE ENGINE.—
When a cylinder bore becomes so worn out of cylindrical truth, or
becomes grooved or cut, as it is termed, as to require to be rebored,

it may be done with the class of boring bar shown in Fig. 2513.

Fig. 2517.
Fig. 2516.

possible. In this case the bore of the cylinder may be made out
of line with the guide bars and with the centre of the length of the

Fig. 2515.

It consists of a bar having journal bearing in castings which bolt
on to the two ends of the cylinder in place of the cylinder covers.

On the bar is fitted a sliding head carrying the cutting tool and
fed by a screw passing within the bar. To operate the bar and
simultaneously the feed screw, the hand-wheel and worm-wheel is

employed, giving rotary motion to
upon the bar. Fast also upon the
small gears shown, which operates
shown above it. The outer of the

the worm-wheel which is fast
bar is the inside one of the two
the inner of the two small gears
upper gears engages with the
outer of the lower ones, the latter being fast upon the feed screw.
In the inner pair the lower is of largest diameter, but in the outer
pair the upper is the largest, and as a result the outer of the lower

crank-pin journal.
In the second the bar may be set with a view to bore it out in
line with the guide bars and crank pin, and then taking as much
cut as will be necessary to true the bore.
The latter plan is the preferable of the two, unless the repairs
are so extensive as to require the guide bars to be redressed and
the main bearing renewed, in which case those parts requiring to
be re-aligned, the cylinder may be rebored with a view to take out
as little metal as possible, and the other parts set to suit the new
bore.
To set the bar true to the guide bars and crank pin, and thus
retain the axis of the new bore true with that of the original bore,
the bar should be set true with the recessed counterbore at each
end of the cylinder, which being unworn remains true.
If, however, only one cylinder cover can be conveniently taken
off, the piece of wood will require to fit in the counterbore at the
open end, and in the cylinder bore at the closed end of the
cylinder; hence we make it large enough for the counterbore, and
after having removed the ridge at that end we cut the length of
the wood down to fit the cylinder bore, whereas if we made our
rest to fit the bore at first we should require to use wedges to make

e@
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In some cases holes might be bored near
it fit the counterbore.
the ends of the rest or fulcrum to serve the same purpose as the
notches.
The method of using the scraper, Fig. 2516, is shown in Fig.

2514, which latter represents an engine cylinder.

At B is shown

the wooden rest or fulcrum ; and at C the lever scraper operating
on the ridge at the closed end of the cylinder.
The lever C is
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steadied and held true in the bore of the cylinder by means of a
few wooden wedges.
Thus we see that in this operation the junk
ring was made to serve as a boring bar head, the men furnishing
the necessary rotative motion, the feed motion to the tool being
obtained by advancing the piston toward the end of the cylinder
where the work was being done.

The ridges which in time form at the two ends of a cylinder
bore are usually removed by the hand-boring bar shown in Fig.
2513, but they may, in cylinders of from 12 to 24 or 30 inches in
presents a keen scraping tool which will cut very freely. The
diameter, be readily cut out by hand as follows :—
fulcrum B should be adjusted as closely as convenient to the work,
Takea bar of steel 3% inch square and 3 feet 6 inches long;
so as to obtain good leverage for the scraper. It should be moved
forge it at one end to the shape shown in Fig. 2516, in which from
in its position, so that during the roughing out only the lower
A to Bis the forged end. This end must then be heated along its
notches in the fulcrum are used.
entire length to a cherry red, and dipped vertically into cold water
A plan was lately resorted to on the White Star Line of steamto harden it; after which it must be ground from A to B on all
ships for re-boring a cylinder. The cylinder heads and piston
four faces square across, and as nearly of an even curve as can be
follower were taken off; a groove was cut from the outer end of
ascertained by the eye. Next take a piece of hard wood—oak,
the cylinder along the bore as far and as deep as the counterfor instance—about an inch thick and 3 inches wide; cut it to
boring was required to be done. The counterboring was then
such a length that when placed upright its ends will wedge tightly
accomplished in the manner shown in Fig. 2515. The junk ring
into the counterbore of the cylinder. Into the edges of this piece
was provided with a small tool holder, such as is used upon boring
of wood saw out a series of notches, making its finished appearbars. The tool was fastened in the holder while its cutting edge
was in the groove referred to, cut as deep and as far up the © ance to be such as shown in Fig. 2517. The object of fitting its
length tightly into the counterbore of the cylinder is as follows:
cylinder as the counterboring was to be. To the junk ring was
If both cylinder covers are off or can be conveniently taken off, the
fastened, by two long bolts, a wooden lever extending above and
ridge can be operated upon at each end of the cylinder ; hence our
across the cylinder. Two men walked around pushing the lever,
piece of wood, which is merely an improvised rest to act as a
and when the tool at each revolution arrived at the groove, a fresh
fulcrum for the bar scraper shown at the top of the figure, would
cut was taken by moving the engine so as to raise the piston the
require to fit into the couaterbore.
necessary amount.
It is obvious that the piston head may be
worked on the pulling stroke

only, and is so held that the edge
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ie engines having suspended guide bars, it is not uncommon to | tain if they are parallel with the cylinder bore, and place the level
across the bars at each end to test parallelism with the engine
set those bars by the working parts of the engine, instead of
shaft, as in Fig. 2518, and, having noted where further adjustment
by lines. This is an advantage when the parts of the engines are
not taken down, and, if care is taken, will make a true and smooth

working job; but otherwise, it is likely to introduce errors
lining of the engine, which throw it out of proper line, and
a great deal of friction.
The proper method of setting the bars depends upon the
tion of the engine as to wear.
Suppose, for example, that

in the
cause
condia new

piston head has been put in, then, if the gland is new also, or is a

good fit to both the piston rod and the bar of the stuffing box, the
bars may be set as follows :—
Place the piston at the back end of the cylinder, and put the
cross head and guide blocks in proper place on the rod. Put up
the bottom guide bars so that they just touch the cross-head
guides.
Now, in adjusting these bottom bars there are two
essential points: first, that the plane of their upper surfaces shall
stand parallel with the axial line of the main shaft, and secondly,

is necessary, put marking upon the bars and move the cross head
back and forth to ascertain how much the respective liners require
reducing.
If the gland is a fit upon the piston rod and in the
stuffing box, moving the gland in and out of the stuffing box will
be an admirable test of the guide-bar adjustment.
The straight-edge should also be applied to test if the surfaces
of the bars lead true one to the other; thus, in Fig. 2519, A and B

are the bars and E the straight-edge, which by being pressed

to place the upper surface parallel with the axial line of the
cylinder (it being of course assumed that the cylinder and crank
shaft are in proper line). The first of these essential points will
be attained when a spirit-level, placed truly along the bore of the

Fig. 2518.

cylinder, shows the bubble to stand in the same position in the
tube, as it does when placed upon and along the bar.
The
second will be attained when a spirit-level, placed across the bars,
as in Fig. 2518, at A, shows the bubble

to stand the

same

as it

does when the level is placed on a parallel part of the shaft, as in
the figure at B. When the bars are thus temporarily set, the
liners, or pieces of iron, may be fitted to the proper thickness, so
that the gland will pass in and out of the stuffing box easily by
hand, no matter in what position the piston may be in the
cylinder.
To get the thickness of these liners, take wedges made of iron,
wood, or lead, and insert the thin end between the faces of the bars

Fig. 2519.

firmly to the surface of A discloses that the surface of A 1s not In
line with B, because if it were so the straight-edge would meet the
face of B asin Fig. 2519, where the straight-edge F pressed to the
surface of Ccleads true to the surface of the bar D. All four of the
bars require testing in this manner.
If the seatings for the bars
or the liners are not made flat and of equal thickness, or if from

and those of the supports, forcing the wedges in sufficiently to
leave a mark upon them.
By chalking the faces of the wedges
they will exhibit the marks more plainly. The wedges should be
inserted at each end and on both sides of the bar, for one bar at a

any other cause the bars do not bed properly upon the liners,
then bolting up the bars will spring them as shown in Fig. 2520,

time, the liners being got out a trifle too thick so as to allow some
for fitting.
If the liners require to be very thin and are difficult to hold in
the vice without springing, take a piece of soft wood faced true,
and grip it in the vice, and fasten the liner on it by means of brads

sprung or bent because the liners fit at the ends DD only. In
either case the cross head would be forced to travel in a curve,
bending the piston rod, and inducing much friction. The way to

driven in around the edge of the liner.
When the four liners are ready place them in position between
the bars and their seatings.
Bolt the bars firmly in position, wipe
them clean and test them lengthwise with the spirit-level to ascer-

in which, at A, is shown a bar sprung in the bolting up, because
the liners fit at the ends B C only; while at E is shown a bar

test the bars

in this respect

is, after the above

operations, and

before loosening the bolts, place a long straight-edge lengthwise

along each bar and move it laterally at one end.

If it swings

from the centre the bar is rounding, while if it shuffles across
first at one end and then at the other the bar is hollow in its

length and we must find at which end of the bar this spring exists.
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To do this, slightly slacken the bolt or bolts at one end and again
apply the straight-edge, if the spring is removed the error lies in
the bedding of the liner at that end. If not removed, retighten
the bolts at that end and slacken those or that at the other end,

, to the gland would produce the result shown in Fig. 2521, 1n
| which the dotted line A A is a line or cord stretched axially true
| with the cylinder bore, and coincident with the centre of the
| pillow block at B. The gland being a loose fit permits the piston

and again apply the straight-edge, and thus may it be determined
how much of the spring is due to each of the liners, and thismust
be remembered and allowed for in filing the liner to its final
Before putting the liners in a second time it is better
adjustment.
to give them a light coat of marking to show where they bear.
At each trial of the bars the spirit-level and straight-edge should
be applied and the cross head should be moved back and forth to
show by the bearing marks how the cross-head guides fit to the
bars. These marks are a great deal finer test than any spirit-level
adjustment, hence the last part of the fitting should be performed
with strict reference to the bearing marks upon both the bars and
the cross-head guides as well as upon the liner, the cross-head

| rod to fall below its proper level, and the surface of the bars, if set
| by the gland only, without using the spirit-level, would be set true
| to the full line C C, and therefore out of true line.
If the bars are

| set by spirit-level true to the length of the cylinder bore, the
It is
| becomes useless as a guide to set the bars by.
| uncommon practice, when the gland has play, to insert
| stuffing-box bore, at the bottom, a piece of tin or sheet brass,
| in thickness to one-half the amount to which the gland
, small, or to insert a similar piece beneath the piston head

gland
a not
in the
equal
is too
if it is

Fig. 2520.

flanges being adjusted and fitted at the same

time as the face

Fig. 2522.

fitting.

To set the top bars place the cross head in the middle of its
stroke, and place them upon the cross-head guides. Then, with
the wedges applied as before, ascertain the required thickness
of the respective liners one at a time, leaving them, as previously,

| too small. As a rule, however, there will be at least as much play
| between the piston rod and the gland bore as between the gland
| and the stuffing-box bore; hence, if there is any play, it is better
| to discard the use of the gland altogether.

a trifle too thick, and testing them while fitting by marking placed

The proper method of setting guide bars by a stretched line 1s

upon their faces. The top bars may be entirely adjusted from | as follows :—
the contact marks left by the cross-head guides when moved along
The cord or line is set true to the cylinder bore, and coincident
the bars, thus dispensing with the use of the straight-edge

and | with the centre of the pillow block, as at A A in Fig. 2521, and the

spirit-level.
As the bolts supporting the bottom bars often require to be
loosened to get the top bars off, pieces of wood may be placed
beneath the bottom bars to retain them in position when the bolts
are loosened.
These pieces must be removed during the testing,
for if left so as to wedge the bars they may spring them, and thus

|
|
|
|
!

two bottom bars are put up in line horizontally with the axial line
of the crank shaft, and at a distance below the stretched line equal
to one-half the height of the guides for the cross head, as in Fig.
2522, in which A represents the stretched line, B, B the bottom
bars, C C a straight-edge, and D a piece of wire whose length from
point to point is equal to one-half the height or thickness of the
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Fig. 2521.

mislead in the adjustment.

After the top bars are adjusted the , guide blocks.

whole bearing surfaces should be oiled, and the cross head pulled
back and forth by hand without the use of a lever, providing the
size of the piston does not exceed about eighteen inches diameter.
The bars when set true should be clamped to their seatings and
the holes reamed out to receive the proper bolts, and, finally,
mark each bolt, bar, and liner to its place.
|
When the bars, tested with the straight-edge and spirit-levelas

The width apart of the bars is set to suit the width

| apart of the flanges of the guide blocks on the cross head, by
| means of asquare. The square is applied in the following manner:
| Ona
straight-edge mark two lines A and D, Fig. 2523, a distance
| apart equal to the distance between the flange edges of the cross| head guides. Midway between A and D mark the line Cc; place
the straight-edge across the bars as shown, and when the edge of
| a square, placed on the straight-edge, coincides with C and the

described, show true, if the gland will pass freely in and out of the | stretched line, and the marks A and D coincide with the edges of
stuffing box with the cross head at any part of its stroke, the | the bars, the latter are set true, and will come right for distance
guide bars are set.

apart,

and distance

from

the centre

line, supposing

the flange

In this operation let it be noted that the close fit of the piston | edges of the cross-head guides to be equidistant from the centre of

to the cylinder bore and of the gland to the stuffing box is alone | the length of the cross-head journal. If, however, such is not the
depended upon as a guide whereby to so set the guide bars that | case, the width from A to C and from C to D must be made to suit,
the axial line of the piston rod and its plane of motion shall be in | C representing the centre of the length of the cross-head journal,
line with the centre of the crank shaft.
D the flange on one guide and A the flange on the other guide.
Suppose, however, that the piston head is a new one, and the | Here it may also be remarked that, if the thicknesses of the cross-

gland is worn a loose fit to the stuffing box, then setting the bar | head guides vary, or if they are not central to the axial line of the
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cross-head journal, the bars must be set for distance from A in Fig.
2523, to suit the error, because in that figure the straight-edge is

SHOP PRACTICE.

that the cross-head journal shall stand parallel with the crank

the parts are not in line, the heating may also be remedied by
loosening the fit of the parts; but this will often induce a pound
or knock, hence the true remedy is to properly align the parts.
The location of a pound may be discovered by placing a piece
of metal wire between the teeth, and resting the other end of the

shaft.

wire upon each end of the cylinder, guide bars, and bearings of

It is the liability of variation in the thickness of the guide blocks,
and of their not being central to the cross-head journal, that con-

the main shaft, repeating the operation in each place, and the
sense of feeling will distinctly indicate the location of the knock,
by imparting a more severe shock to the teeth when the vicinity
of the knock is approached.
The most prominent location of the causes of a pound are, first,
in the crank pin, from causes to be hereafter explained, and from
its wearing oval at the cross-head journal ; and second, at the ends

supposed to stand parallel to the axial line of the shaft, as it is
also in Fig. 2522, the aim in both cases being to so set the bars

stitutes

the disadvantage

of setting the bars by lines, it being

obvious that the bars must be either set to suit any errors in the

of the cylinders, or the ends of the guide bars, because
ridge forming there as the wear proceeds.

of a

A crank pin cannot wear oval if the brasses are kept adjusted
to fit it, because in that case the brass bore must wear

Fig. 2523.

guides, or those errors must be eliminated before setting the bars.
The top bars must be set parallel

to the bottom

ones, at a dis-

tance from the bottom ones equal to the thickness of the guide
blocks, and parallel to one another. It is preferable to set the
top ones with the cross head and guides in place, observing all
the precautions as to springing them given in the case of the
bottom bars.
The bars thus set will be in line with the crank axle, but unless
the piston accurately fits the cylinder bore, they will not long

it round ;

but if there is any play it wears oval, because the pressure of
contact between the journal and the brass bores is least when the
pin is at and near the points of dead centre, and the most when
it is at and near half stroke.
The cross-head pin wears oval because the pressure between
the pin and its bearing is in a line with the connecting rod, and
there is but little wear on the pin ina direction at right angles to
the rod.
Ridges form at the ends of the cylinder bore and at the ends of
the guides for the following reasons :—
Referring to the cylinder, the location of the piston stroke in the
cylinder bore alters as the connecting-rod keys pass through the
rod, because that alters the length of the connecting rod, and
therefore the path of the cross-head guides on the guide bars, and
also that of the piston in the cylinder.
As the piston rod is shortened there is less wear at the extreme
end of the cylinder bore farthest from the crank, and the same

remark applies to the guide bars.
If the piston head travels past the end of the cylinder bore and

Fig. 2524.

remain in line with the line of motion of the piston rod.
For
example, Fig. 2524 shows a piston head too small for the cylinder
bore, the guides fitting the bars properly, and the gland and
stuffing box fitting the piston rod; the piston will be suspended
in the cylinder, its overhanging weight being supported by the
guides B, the gland, and packing ring. This would cause friction
and rapid wear of the gland bore and guide surfaces in a direc-

into the counterbore at each end, a distance equal to the amount
of taper on the connecting-rod keys, or equal to the amount the
connecting-rod length will alter while those keys are passed
through the rod (to take up the journal and brass wear), the piston

head will (if the rod is kept to its original length within that
amount) always travel to the end of the cylinder bore, and no
ridge should form on account of the length of the rod altering;

Fig. 2525.

tion parallel to the line c, which would gradually let the piston

fall to the bottom of the cylinder bore, touching at the end of D
first. In some engines provision is made to adjust the piston to
take up its wear, which is, it will be seen, a great advantage.

THE HEATING AND POUNDING, OR KNOCKING, OF ENGINES.
—The heating of any part of an engine occurs from one of two
causes, viZ., either the fit of the parts is too close, inducing undue
friction, or the parts are not in line.
When the former is the cause the remedy is to ease the fit. If

but even then a slight ridge rnay form because the wear is naturally less at the ends. Thus in the middle of the cylinder length
the whole thickness of the piston head, piston rings, and of the
follower passes over the bore, while at the ends only the flange of
the piston head at one end and the follower at the other passes
over the metal of the bore ; hence the friction and wear are less.

The ordinary cause of pounding and heating is a want of
truth in the alignment of the crank pin, or in that of the cylinder,
main shaft, or guide bars.
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The method to be employed to line an engine, or to discover if
it is out of line, depends upon the design of the engine and its
condition ; thus an engine having a Corliss frame has the slides
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crank centre line must nevertheless stand true with the arial
line of the cylinder, when the crank is on the dead centre.
If, instead of having a
, engine
has a flat bed and

Corliss frame

and fixed guide bars, the

adjustable guide bars, as shown in Fig.
| 2527, the operation is as follows :—
| In setting up a new engine it is obvious that if the flanges of
of the gland hole or axis of the piston rod, and the end of the
the cylinder are planed parallel with its bore and at the proper
frame fitting either the bore of the piston or the turned flange of
to receive the cross head made at a true right angle to the end
face which meets the cylinder end ; equidistant from the centre

the cylinder cover;

hence the guide bars must be true if the frame

is got up true, the fit of the frame end to the cylinder end insuring
truth in the guide or cross-head slides, providing that the centre
line of the frame, during the turning and planing operations, leads
from the centre of the cylinder end of the frame to the centre of
the crank-shaft brass ; or, in other words, the planing and boring
of the frame must be true with a line running from the centre of

the cylinder end of frame to the centre of location for the crank
shaft. This will not only cause the outside of the frame casting

distance from its axial line, and the pillow block is made of the
proper height, a line stretched axially true with the cylinder bore
will pass through the centre of bore of pillow-block brasses, or be
equal in height from the engine bed; but the length of the
cylinder being only about one-fifth of the distance from the
cylinder to the centre of pillow block, any error in the planing of
the cylinder flange true to the cylinder bore becomes magnified
five times at the pillow block; hence it is necessary to stretch a
line through the cylinder bore and set the cylinder so that the line,
being axially true with its bore, will pass the pillow block at the
centre of the bore of its brasses.
This is sometimes done by inserting thin pieces of sheet tin, metal, or even paper beneath the
cylinder flanges and the bed, and in the requisite positions. The
method of stretching the line is shown in Fig. 2527. F is a device
for holding the line at that end. It consists of a frame in the form
of a cross, with adjusting screws at the end of each arm, and a
small hole at its centre to receive the line. The other end of the
line A must be secured, under as much

Fig. 2526.

to stand at its proper level when the cylinder bore stands horizontally level; but it will insure that the crank-shaft bearing
brasses both be of equal and of a proper thickness through the
crown.
The engine being properly lined at first will not be liable to get
out of line, excepting so far as affected by the wear of the crankshaft bearing, which will cause the'crank shaft to drop, as shown
in Fig. 2525, where A A represents the true centre line of the
cylinder and guide bars, which, when the crank is in the position
shown in the cut, should be coincident with the centre line of the

connecting rod and.the crank, but the crank brass having worn
below the centre line of the connecting rod and crank, the crank

will get out of line as denoted by the line B B.
As a result, a portion of the piston movement and pressure
which should be exerted on the crank after leaving the dead centre,
will be exerted on it before it reaches the dead centre, thus causing a back pressure, involving a loss of power.
Furthermore, the

tension

as the line will

safely bear, to a piece of wood clamped to the engine frame at R.
The adjustment of the line is made by measuring its distance from
the walls of the bore of the cylinder at one end and of the bore of
the gland hole at the other end, using a pair of inside calipers or
a wire gauge. The latter should be bent in its length to admit of
adjusting the same by straightening to increase, or still further
bending to diminish, its length to suit the requirements.
The wire, when applied, should only just meet or touch the line
and not bear the least hard, or it will spring the line, causing an
error of adjustment that will be serious when multiplied by the
length of the line to the pillow block as compared with the length
of the cylinder bore.
If the pillow block is planed on its bottom face and has its
brasses fitted, the latter may be marked off for boring from the
line A, Fig. 2527, when stretched to set the cylinder, thus avoiding

a second adjustment of the line A A.
Suppose now that it is required to line the brasses in the pillow
blocks true to be bored (the pillow blocks being bolted in posis
tion). The distance of the face p, of the brass from the stretched
line A, in Fig. 2527, must equal the distance from the centre
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Fig. 2527.

relative position of the eccentric to the valve gear will be altered,
impairing the proper set of the valves ; hence it follows that the
wear of the crank bearing in this direction should be taken up (by
raising the lower brass) before it becomes excessive. To find how

the length of the crank-pin journal, to the face of the large crank
hub, and this distance may be shown by a line marked on the
edge of the brass flange.
Plice a straight-edge C, Fig. 2527, having a line D parallel

much the bottom brass requires raising, or whether it requires

with its edge E, so that this line will be in the centre of the width

raising or not, find the centre of the crank shaft, and from

of the pillow-block jaws, and ata right angle to the line A. The
line D will then represent the axial line of the crank shaft, and
may be used as the centre from which to mark the lines on the
brasses used to set them by for boring. To test if A and D are
at a right angle, or to set D to A, a large square should be used.
If the side face P P of the pillow block stands parallel to A, as it
should do when it is true, it will serve to chuck the pillow block
by, thus boring the brasses in their places in the pillow block,
with the centre line of the bore at a right angle to Pp. If otherwise, two flat places should be filed on the brasses, as shown in
Fig. 2528, in which C is the straight-edge, and A the stretched

this

centre strike the circle B, in Fig. 2526, whose diameter must equal
that of the crank pin a, and place the edge of a spirit-level
coincident with the perimeters of the crank pin and circle, as
shown in the cut. When the bubble of the spirit-level stands in
the same position as it does when the level is placed upon the
bore of the cylinder or along the piston rod, the crank will be in

line with the cylinder bore.
As a rule, the cylinder bore of a horizontal engine stands horizontally true, and the crank centre line should also stand so when

the crank is on its dead centre, but if such is not the case the
VOL. 11 — 22.
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line as before, H and I representing the flat places whose distance
from A, as shown at J J, may be made to represent the thickness

of the crank from its large hub face to the centre of length of
crank-pin journal; hence the depth of the flat places will show
how much to take off the face of the brass to leave it of the proper
thickness.

A straight-edge placed across these flat places, or true to the
lines H I, must

stand at aright angle to the line D, so that by

setting the brasses by the flat places they will be bored to stand
at aright angle to A. To set the brasses the other way a circle
is struck from D, as a centre, upon the faces of the brasses as in
the end view, Fig. 2528, in which the straight-edge C is shown
wedged in the bore of the brasses, which is the most convenient
way when it can be done.
The line D is carried down on the end face of the straight-edge,

and the latter is used as a support for the compass points while
striking the circle M, which is defined more clearly by indenting it with fine centre-punch marks. The height of the centre
for bore of brasses may be carried from the centre line of the
cylinder
AA to the end of the straight-edge C, by placing another
straight-edge across the engine bed and measuring from the end
of C to A.
Suppose now that the brasses are bored, and the position of
the pillow block is to be set, and the process is the same, the
line D being marked true from the bore of the brasses, and the
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line to enable connection at the other end without springing or
bending the rod.
|
Furthermore, it often happens that the frame work of an engine
does not form a base for the whole of the parts, thus in a large
stationary engine, the end of the main shaft or crank shaft farthest
from the crank (generally called the ouzboard bearing) is generally
supported by a bearing having an independent foundation, and
as this foundation does not exist until the engine comes to be
permanently fixed for operation, its alignment must be performed

when setting the engine. In an old engine this foundation may
settle, or the wear itself may throw the engine out of line, so that
the lining of an engine becomes periodically a necessity.
As a general rule a want of alignment induced by wear or
incurred from repairs to the parts principally affects the main
shaft, the cross head remaining more nearly true; and, with the
exception of the crank pin, the same holds good with reference to
a new engine.
Now while an error of alignment may exist in any direction, it is
true, nevertheless, that an error in any direction will be discoverabie if the parts be tested at four equidistant parts of the stroke
or revolution, as, for instance, on the two dead centres of the crank

and at the highest and lowest points of the path of rotation of the
crank pin; hence attention may be confined to those four points.
Suppose then an engine already put together requires to be
tested for being in line, and we have to test—

pillow blocks adjusted until D is at a right angle to line A A.

1st. The alignment of the main or crank shaft vertically.

U2? Co

Fig. 2528.

Though in a new engine every part may be made as true as
possible in the details of manufacture, yet when the parts come to
be put together errors of alignment will generally be found to

2nd. The alignment of the main shaft horizontally.
3rd.
shaft.

The axial truth of the crank pin with the main or crank

in the

4th. The adjustment of the crank shaft for vertical height, with

separate piece, and yet form important defects in the finished

relation to the cross-head journal.
Referring to this last, it may be necessary to remark that the
axial line of the main shaft may be parallel when viewed either
vertically or horizontally with the cross-head journal, and yet if a
line be passed through the centre of the cylinder bore, and prolonged past the crank centre, the latter may fall above or below
that line, but it will generally be below, because from the weight

exist.

These

errors

may

be

too

minute

for

discovery

engine.
In rough practice these defects are left to remove themselves by
abrasion and wear, the process being to allow the parts to be

somewhat loose (wherever possible) in their adjustment, and
adjust them closer as the abrasion proceeds.
This is termed letting the parts wear down toa bearing. But
the very process of wearing dowz to a bearing attests that the
parts have not been properly fitted to a bearing, whereas to attain
the best possible results the parts should be fitted to a bearing,
because in wearing down to a bearing, undue abrasion, and to
some extent or in some degree, roughness of the wearing surfaces,
must ensue, because the strain intended to be distributed over
the whole zz¢emded bearing area is limited to the acfual bearing area.
It is necessary, therefore, that, in putting an engine

together, each part be properly fitted to its place, and that it be
subsequently adjusted in its fit and position with relation to the
other parts to which it is connected.

The fitting of the single piece is a test of its individual or disconnected truth ; the subsequent or second adjustment is a test
of its truth with relation to the others.
Thus a pair of brasses
may fit a journal perfectly, but that is no assurance that the

brasses are so bored as to bring the rod holding them in proper

of the crank shaft its bottom bearing's wear the most ; and, further,

to whatever extent those bearings wear after being in proper line,
the crank shaft will fall too low.
We may now subdivide the errors of alignment of a crank shaft
thus :—
Ist. Its axial line, when viewed vertically, may form an acute
angle to the axial line of the cross-head journal.

2nd. It may form an obtuse angle with the cross-head journal
when so viewed.
3rd. It may, when viewed from the crank-pin end of the engine
on about a horizontal position, be too high or too low at the
crank-pin end only.
4th. It may be too high or too low at the outboard end only.
5th. It may be too high or too low at both ends, although
parallel to the cross-head journals.
It will be found on consideration that with the exception of the
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last-named case, the connecting rod forms the best test whereby

to discover an error in any of these directions, because it magni-

it more

fies the error and makes

plainly discernible.

It will

further be found upon careful observation, that although a combination of these errors may exist, the connecting rod will serve
to discover each error separately, as well as the collective error,

because, although in some respects two distinct errors may have

the same general result, yet the result will be different if taken in

detail, and it follows, therefore, that the testing must be taken or
made in detail first.
To test the parallelism of the axial line of the crank shaft
with that of the cross-head journal, when viewed vertically: In
Fig. 2529, let AA represent a line true axially with the bore of
the cylinder, and B Ba line at a right angle to A A, and passing
If the
through the centre of the pillow block or bearing spaces.

engine were in line, B B would be coincident with the axial line of

Lt
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2530, in which A A is a line coincident with the axial line of the
cylinder bore, and B B the axial line of the crank shaft, from C to
D is the plane of revolution of the crank pin, while G represents
the crank centre.
The points at C and F denote points central to
the length and diameter of the crank-pin journal.
Now, the
centre line of the connecting rod for one dead centre is represented
by E D, and for the other by F C, and it will be seen that the point
at E is farther from A than is the point at F. It will be observed
that the point D falls ouzszde, while the point C falls zzszde of A A,
and yet the centre line of the connecting rod stands, in both cases,
at the same angle to the centre line A A of the engine, and in
both cases throwing the end of the connecting rod, represented
by the points at E F, oufszde the line A A.
If the connecting rod does not, when connected to the engine,

as in Fig. 2529, fall true into the cross-head bearing, the error is
the same 27 amount and comes on the outside of the cross-head

©
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Fig. 2529.

the crank. Suppose, however, that line B C represents the actual
centre line of the crank, not then being at right angles to A, the
end E of the connecting rod, if connected to the crank pin as
shown, and made a good working fit so that there is no play of
the pin in the brasses, will not come fair laterally with the bearing in the cross head.
The amount of the error is the amount it
is out of true in the length of the crank-pin journal, multiplied by
the product of the length of the connecting rod (from centre to
centre of the bores of the brasses) divided by the length of the
crank-pin journal.
It is apparent, however, that if the crank
shaft be set to have its axial line at B B instead

of at B C, the

error at E D will be corrected, and thus we may employ the connecting rod to set the crank shaft in line.
It is, however, not sufficient to try the crank on one dead centre

journal with the crank placed on each respective dead centre, it
is proof that either the flange of the crank-shaft brass (which is
between the crank face and the frame) is too thick, or the inside
flange of the connecting-rod on the crank pin is too thick, or else
the crank is too thick, measured from the crank-pin journal to its
inside hub face, the error being in the new crank or new brass, if
one has been put in.
It may here be remarked that if the bore of the crank-pin
brasses of the connecting rod is not at right angles to the centre
line of the rod itself, the end E, Fig. 2529, might fall either inside
or outside, laterally, of the cross-head bearing, but in this case
the error will show more at one end of the stroke than at the other,

for reasons

which are explained with reference

to Fig.

2530;

Fig. 2530.

Fig. 2531.

only (as will be seen presently), hence we place it on the other, and
move the cross head to the other end of its stroke, and again try

the end E of the connecting rod with the cross-head journal, and
if it falls to one side, and oz the same side as before, but to a less
amount, it demonstrates that the axial line of the crank forms
with the line AA an acute angle.
If, however, instead of fall-

ing too much
it fell too

much

laterally towards
towards

D, but

the side F of the cross
more

so when

tried

head,

with

the

crank on the dead centre nearest to the cylinder than when tried
with the crank on the other dead centre, then it is proof that the
axial line of the crank shaft forms with A A an obtuse angle.

The reason that the error will be more plainly shown with the
crank on one dead centre than when on the other is shown in Fig.

hence it follows that the connecting-rod brasses should be
properly fitted to their journals, and made to lead true before
using the rod to line the engine by. In some cases it is more
convenient to connect the rod at the cross-head

end, and try the

other end with the crank-pin journal, as shown in Fig. 2531.
In
this case, however, the connecting rod will (whenever the axial
line of the crank shaft is out of square, forming an acute angle
with the centre line A A, as in Figs. 2529 and 2530), fall laterally
inside the crank-pin journal when on one dead centre, as in Fig.
2531, and outside when on the other dead centre, as in Fig. 2532,
the respective amounts of error being in this case equal for the
two positions. The reason for this is that the plane of revolution
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of the crank pin falls outside of the centre line in one case, and
inside for the other, as shown in Fig. 2530 at DC.
If the axis of the crank axle formed an obtuse angle to the
engine centre line A A in Fig. 2529, the connecting-rod end tried
with the crank pin, as shown in Fig. 2531, would fall outside of

is, to some extent, liable to occur, and the cause, if the error 1s

slight, is difficult to discover, save by using the connecting rod to
test it with.
When a thump occurs at the end of the stroke (when the crank
is on a dead centre), it may arise from a ridge at the cylinder, or
at the guide-bar end, or from the connecting-rod brasses being

Fig. 2534.
insufficiently keyed up; but when it occurs while the crank is at
half stroke these causes

Fig. 2532.

are eliminated, and the cause

must

be

looked for in either a crank pin not parallel to the crank shaft, or,
as

the crank-pin journal when the latter was on the dead centre
nearest to the cylinder, as shown in Fig. 2534, and inside of the
crank-pin journal when on the other dead centre, as in Fig.
2535:
Now, suppose either of the errors to exist, and the alignment

in the case

now under

consideration, because of one

or the

other of the crank-shaft journals being too low.
Assuming the crank pin and crank shaft to be axially true, one

Fig. 2535.

Fig. 2533.

be neglected, then if the brasses at each end be keyed up to fit
their respective journals, then the body of the rod must be bent
into a bow shape, and the strain of forcing or springing it into
this shape will fall upon the journals, which will heat and pound
in consequence.

It is now to be explained how to test if the axial line of the

with the other, we may proceed to show separately the cause of
the heating and that of the pounding, if the crank journal is too
low at either end.
In Fig. 2536, let A represent the cross-head journal, and BB a
line parallel to it. Let B C represent the axial line of the crank
| shaft (being out of parallel because the crank end is too high or

|
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Fig. 2536.

crank shaft is at a right angle to that of the cross-head journal,
when viewed from the crank-shaft end and horizontally.
From a want of parallelism in this direction, heating of the
crank pin and cross-head journals is seve, and a pound or thump

the other end too low). Let F F represent the centre line of the
crank pin when at the top, and G G when at the bottom of its
path of rotation, and it will be observed that the vertical distance
between the crank pin and the axial line of the cross-head journal]
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is less on one side than on the other ; thus in the figure distance
D is less than E. Wehave in this case measured these distances

on a plane at a right angle te the cross-head journal, but it will
make no difference if we measure them on a plane with the path

of rotation of the crank pin, as will be seen in Fig. 2537, in which
the distance from the centre of the crank pin at two opposite
points in its path is represented by dots shown at E F, and from
E to H measures less than from F to H, H representing the centre
of the cross-head journal.
In Fig. 2537, let A represent the axial line of the cross-head

AND

169

MACHINERY.

That this twisting 1s continuous throughout the whole revolution
may be seen by the want of parallelism of the dotted line (representing the crank pin when on the dead centre) with A (representing the cross-head journal).
It is now to be observed that if the plane of the crank rotation
were at a right angle to the axis of the cross head, as it should
be, the path of the centre of the crank-pin journal would be in
the plane of G G, whereas it falls outside as at E, and inside as at
F, while at H it is coincident; hence it appears that starting

from a dead centre H, the rod bends, passing at that end outward

to E(when the crank has made a quarter revolution), where it
attains its maximum bend, thence diminishing until finally ceasing,
when the crank reaches the other dead

centre.

As soon, how-

ever, as it passes the last dead centre a bend in the
direction takes place, attaining its maximum

H.

opposite

at F, and ceasing

at

This bending also causes undue friction and the consequent

Fig. 2539.

heating of the journals ; furthermore, if there be any end play
Fig. 2537.

journal,B a vertical line at a right angle to A; C representing the
crank shaft extended by a dotted line, so as to enable comparison
with A; D the crank, E and F the centre of the crank-pin
journal, and G G a line at a right angle to cross-head journal A.
Now G, being at a right angle to A, represents what should be
the plane of rotation of the crank pin, whereas C, being out of
parallel with A, causes the path of rotation to be in the path from

between the brasses

and the journals, there will be a pound, as

the brasses jump from one end of the journal to the other at
different parts of the stroke. It is obvious that if the crank end
of the crank shaft was

too high instead of too low, as in our

example, then the effects would be the same, but E would fall on
the inside instead of the outside of G, while F would fall outside

instead of inside.
To discover if the crank shaft is out of parallel in the direction
here referred to, connect the connecting rod to the cross-head
journal, setting the brasses up to a close working fit. At the
other end of the connecting rod put the strap keys and brasses in
their places, but not on the crank-pin journal. Place the crank
in its highest position, and lower the end of the rod down to the
crank-pin journal, as shown in Fig. 2538, and if the crank shaft
is parallel (in the respect here referred to) to the cross-head
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Fig. 2540.

Fig. 2538.

journal, the brass flanges will just meet the faces of the crank-pin
journal, as shown.in Fig. 2539. If, however, the crank end of
the crank shaft is too low, as in our example, the flanges of the
bracses will fall to one side of the crank-pin journal, and that side
will be toward B, Fig. 2540, when the crank pin is at the top, and
toward C, Fig. 2541, when it is at the bottom of its path of rotation.
The effects will be precisely the same, and in the same direction
with relation to the various parts of the crank’s revolution, if the

E to F, or as D compared to B; supposing then that the bores of
the connecting-rod brasses to be axially parallel one to the other,

crank-pin end of the shaft was of correct height; but the other
end was too high, hence, in correcting the error, it is desirable to

and keyed up properly, and when at E one bore of those brasses
will stand parallel to E while the other is parallel to A, or
when at the bottom of the crank rotation, one bure will be parallel

place the engine on the dead centre, so as to determine which end
of the shaft to operate on—that is to say, whether to raise the
crank-pin end or lower the other end. But suppose the error to
be that the crank-pin end of the shaft was too high instead of too

to F and the other parallel to A. Thus the rod will be twisted,
and the strain due to this twist will cause the bearings to heat.

low, then, the testing being continued as before, the effects will be
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same general character, but altered with relation to
parts of the revolution. Thus, when the crank is at
the rod would fall towards A, Fig. 2542, and when at
would fall in the opposite direction—that is, towards

the
the
the
D,

Fig. 2542.
We now come to one of the most common errors in the alignment
of the parts of an engine, and to the one that it is the most difficult

to locate or discover, namely, a want of parallelism between the
axial line of the crank pin and that of the crank shaft.
This generally arises from improper methods in the chucking of
the crank to bore it, or from errors induced in fastening the crank
to its shaft. The results are precisely alike in both cases, supposing, of course, the errors to exist in the same direction in the two
cases.
The error in chucking usually consists in planing one surface of
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at D, the crank would remain true, but might possibly get loose in
time. This would be especially liable to occur if the tool marks
on the bore and seat were so deep that the contact was mainly at
the tops of those marks or ridges which would be apt to compress. But if the surfaces were cylindrically true and smooth, and
the amount allowed for forcing was sufficient as stated to give the
bore and seat contact at D, with a key fitting sideways, the crank
would probably remain tight and true.
Were the bore and its seat parallel the crank would remain true,

Fig. 2541.
the crank, and bolting the planed surface against the chuck to bore

both crank holes.

Fig. 2543.

In this case the crank holes will be out of true

to twice the amount the lathe face plate may be out of true, and to
whatever amount the crank may alter its form from having its surface metal removed.

To avoid these errors the large bore and its hub face should be
turned at one chucking, and this hub face should be bolted to the
face plate for the second chucking, the small end swinging free,
except in so far as the ends of the plates may touch against it to
steady it.
The error in putting the crank on may occur from the key springing the crank out of true, and if the crank is shrunk on from too
great an allowance for shrinkage or improper heating for the shrinkage or contraction, as it is sometimes termed.
Referring to the
error in keying, it is more liable to occur when the crank bore and
its seat upon the shaft are made taper, than when made parallel,
because it is a difficult matter to insure accuracy in the fit of the

no matter whether the key fitted on the sides or at the top and
bottom, providing the key fitting top and bottom were bedded fairly
from end to end.
When the surfaces are not smooth, but contain tool marks or
ridges, an unequal pressure of the key at one end, as compared to
the other, sets the crank over, as shown in the figure, because the
key pressure compresses the ridges and lets the crank move over.
Supposing the strain of the key, or keys, to be depended upon to
hold the crank, they must fit top and bottom, and their accurate fit
becomes of the first importance ; because not only is it necessary
' that they fit equally at each end, but they must also fit equally
across the width of the key at each end. For example, in Fig. 2544
is a key binding most at, the opposite corners, as denoted by the

In

Fig. 2542. .

taper, and the key pressure will spring the crank over on the side
at which it is the easiest fit. In Fig. 2543 let A represent the end
of the crank shaft ; B the key, and c the crank shown partly in
section : suppose the crank bore (whether made taper or parallel)
has a slightly easier fit on the side D than on the side E, and the
pressure of the key (supposing it to fit properly top and bottom)
would spring the crank over in the direction shown in the figure,
the axial line of the crank pin standing at the angle denoted by the
line F, instead of parallel to the axial line of the shaft. Suppose
the crank to be put on by hydraulic pressure, and the key to fit on
the sides and not on the top and bottom, then its fit to its seat on
the shaft would depend on the truth and smoothness of its bore and
seat on the shaft, the amount allowed for the forcing fit and the
amount of the error. If the latter amount was so small that the
crank would fit at both ends, but simply fit tighter at E E than

Fig. 2544.

dotted
would
centre
but in

surfaces A B, and the result will be that the key pressure
tend to twist the crank in the direction of D E, having C asa
of motion, providing that the error was equal at A and B;
proportion as the error was greatest and the fit tightest at A,
or at B, would the centre of motion be moved nearer to either
point.
Supposing now that the crank is to be shrunk, or contracted on,
then the points of consideration are (supposing the crank to fit
properly to its seat, whether the same be either parallel or taper)
that the hub of the crank opposite to the throw is the weakest and
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is likely to give most in the process of contraction, so that if one

part (as F) of the crank be made hotter than another (as G) it will
give way more, and this will twist the crank. This is specially
liable to occur if an excessive amount of difference in the bore and
seat diameters has been allowed for contraction.

It may not happen that a crank pin is out of truth in a direction
in which the error will show plainest when the crank is on its dead
centres, or at half-stroke ; but if a crank pin, tested in those four
positions, fails to show any error when tested by the connecting rod,
it will be true enough for all practical purposes, and true enough to
avoid heating and pounding, both of which evils accompany an
untrue crank pin. Suppose, now, that a crank pin stands out of

true in the direction shown in Fig. 2545, in which a A represents

Fig. 2545.

the axial line of the cylinder bore prolonged, and B B the axial line
of the crank shaft (the two being parallel or in proper line). Let
E E represent the centre line of the connecting rod when the crank
is on one dead centre, the axial line of the crank pin being at C C.
Then the brasses being keyed up to fit the crank pin, the centre or
axial line of the connecting rod would stand as denoted by E E.
But the brasses at the other end of the rod being keyed up to fit the
cross-head journal, and their lines being at a right angle to the line
A A, we have that the rod is at that end endeavored to be held
parallel to A A; hence, keying up the connecting-rod brasses on—
the crank pin would tend to bind the rod, one end standing parallel
to A A, and the other parallel to E E.
This would piace great strain on the outer radial face of the
cross-head journal, as well as on the cylindrical body of the journal.

Fig. 2546.

When, however, the crank pin arrives at the opposite dead centre,
as denoted bythe dotted lines in Fig. 2545 (GG representing its axial

line, and F F the centre line of the connecting rod at a right angle
to G G), the want of truth in the pin throws the cross-head

end of

the connecting rod against the inside face of the cross-head journal.
Hence, twice in each revolution is the connecting rod bent, and
twice does it jam from side to side of the cross-head journal.
It may now be pointed out that if we

take either dead

centre

singly, and connecting the rod at the crank-pin end, tryit at the
cross-head end, and it will be a difficult matter to determine
whether any want of truth at the latter end is caused by the crank
pin being out of axial truth, or whether it is the crank shaft itself
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that is out of line. But there is this difference between the two
cases. When the error is due to want of alignment in the crank
shaft, the connecting rod will show the error oz the same side of

the cross head, no matter on which dead centre

the crank pin

stands ; but when it is due to the crank pin, the rod will fall inside
the cross head on one dead centre, and outside when tried on the
other dead centre, as is shown by the respective lines E and F, in
Fig. 2545; E being at aright angle toc, and F at a right angle to G.

Again, it has been shown that when the shaft was out of line, a
point on the crank-pin journal passed outside of the cylinder centre
line at one dead centre and inside at the other; but when the pin
is axially out of parallel, the path of a point on its journal will
remain in the true plane, as is shown in Fig. 2546, the point being
taken at the intersection of
Eand Cc. AA represents the path of
rotation of the same, which is parallel to the true face B of the
crank,
From the angle of the axial line of the pin being in opposite
directions, when on opposite dead centres to the axial line of the
crank shaft, the bore of the brasses cannot wear to suit the error,
which, therefore, only diminishes by the wear of the crank pin.
Suppose the error to be g inch in a crank-pin journal 3 inches
long, and that the connecting rod is 6 feet long, the error at the
cross-head end of the rod will amount to # inch.
In Fig. 2546 the error is shown to exist in an opposite direction,
throwing the rod to the other side of the cross-head journal. But,
in this case, the crank, when on the dead. centre nearest to the
engine cylinder, throws the connecting-rod end against the inside
face of the cross-head journal, as denoted by the line E, which is on
the opposite side of AA to what it is in Fig. 2545. Again, when

no
Fig. 2547.

on the other dead centre, the line F F, in Fig. 2546, falls owtszde,
while F F, in Fig. 2545, falls zzsede of A A, and it is by this difference that we are enabled to know in which direction the crank pin
is out of true. To find the amount to which it is out of true in the
length of its journal, place the crank on one dead centre, and with
the connecting-rod brasses keyed up firmly home on the crank pin,
and the other end of the connecting rod entirely disconnected from
the cross head, mark on the latter a line coincident with the side
face of the rod end, as at D, Fig. 2547. Then, with the crank pin
placed on the other dead centre, mark another line on the cross
head, coincident with the other side face of the rod, at C, Fig. 2547.
Now, suppose that the line D shows the rod to fall 2 too much on
that side, and line C shows it to fall (when on the other dead
centre) 2 too much on the other side of the journal, and that the
length of the rod is 6 feet, while that of the crank-pin journal is
3 inches, then the latter, divided into the former, gives 24, and this
sum divided into the 2, the rod end falling out of true at C and D,
Fig. 2547, gives us gy-inch as the amount the crank pin stands
out of true in its length; hence, to correct the error, we may file
on the crank pin a flat place at each end, as shown in Fig. 2548 by
the lines C D, and then file on the top and the bottom of the crank
pin a flat place B, ;4g-inch deep, and of equal depth all along the
journal ; by then filing the crank pin round and bringing the flat
places just up toa circle, we shall have reduced the diameter of
the crank pin by gy inch, and have made it axially true with the
cross-head journal.
It is important, however, to bear in mind
that, in this case, the crank pin is supposed to be out of true in the
direction shown in Fig. 2545, and to stand axially true with the
cross-head journal, when the crank is placed at half stroke, top and
bottom, the crank shaft being in proper line.
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If the axial line of the cross-head journal stands truly horizontal,
the flat places on the crank pin may be filed horizontally level,
with the crank placed on the corresponding and respective dead
centres. But as the length of the cross-head journal is so short,
it is difficult to gauge, if it does stand axially exactly horizontal,

will approach its highest and lowest positions before the pound
takes place. If it is attempted to key up the brasses so as to
spring the rod and let them close along the journal, the brasses will
heat in proportion to the amount of error; hence when the crank
pin pounds with the brass properly adjusted, and heats while keyed
up enough to stop the pound, the crank pin is out of true.
To test the alignment of an engine with stretched lines take out
the piston and rod, and take off the connecting rod, then fasten a

piece of iron at the open end of the cylinder so that it will hold a
stretched line true with the axis of the cylinder bore. Provide at
the crank end of the engine bed a fixed piece of wood to hold the
other end of the line, and then with a piece of wire as a gauge set
this line (tightly stretched) true with the cylinder bore.
Then

=

place the crank pin at the top of its path of rotation and dropa

plumb line from the centre of its journal length, and this line should,
if the crank shaft is horizontally level, just meet the stretched line.
If it does not do so place a spirit-level on a parallel part of the
crank shaft, and if the shaft is not level it should be made so, and
so adjusted that the line from the centre of the length of the

Fig. 2548.

hence it is better to try the rod, or follow the above directions ;
especially as the cross-head journal and crank shaft may be in line
without being axially horizontal.
Suppose now that the axial line of the crank pin stands true with
that of the cross-head journal when the crank is on either dead
centre, but out of true when at the top and bottom half stroke.

crank-pin journal just meets the stretched line from the cylinder
bore.
To test if the axial line of the crank shaft is at a right angle to
the cylinder bore axis move the crank pin nearly to its dead centre,
and measure the distance from the middle of its length to the
stretched line. Then move the crank pin over to nearly the opposite dead centre, and (by means of the plumb line) measure the
distance of the plumb line from the stretched line. To be correct
the plumb line from the crank pin will during this movement just
touch the stretched line.
To test if the stretched line is fair with the centre of the crank
shaft place a square on the end of that shaft and even with its
centre, and the blade should then just meet the stretched line.
The edges of the guide bars may also be tested with the stretched

Fig. 2549.

The connecting rod, connected as before, and tried with the cross
head, will fall first to one and then to the other side of the crosshead journal, and the direction in which the crank is out of true
may be known from the position of the crank pin when the error
shows itself.
If the error exists to an extent that 1s practically measurable, a
pound in the journals, as well as their heating, is the inevitable
result. In Fig. 2549, for example, the rod end is shown in section,
and it will be noted that the error being in the direction there
shown, and the crank pin in the respective positions there shown,
the brass bore only contacts with the journal at each end, and that
the diameter of the bore of the brasses is greater than the diameter
of the crank-pin journal to fwzce the amount the crank pin is out
of line. Now let us place the crank at the top of its revolution, as
in Fig. 2550, and as its axial line then stands parallel to that of the

cross-head journal, the brass bore is too large to fit the crank-pin
journal and there is lost motion.
From the time the crank pin passes the dead centre this lost
motion increases in amount until it becomes sufficiently great to
slam the rod over against the side of the cross-head journal, while
at the same instant the crank pin pounds in the connecting-rod
brasses.

At what precise part of each quarter

this action will occur, depends upon the amount

crank

revolution

the crank pin is

line, and the top and bottom of the guide-bar flanges may be tested
to prove if the bars are of the correct height.
To further test the bars place a spirit-level across them and
lengthwise on them.
If the piston rod and connecting rod are in place the alignment
may be tested as follows: Let the piston rod be as far out of the

WS
SS

hy

Fig. 2550.

cylinder as possible, and stretch a line to one side of it, just far
enough off to clear the guide bars, &c. Set this line as follows:
Let it be in line with the rod as sighted by the eye when standing
some few feet away from it but horizontally level with the centre of

out of line; but the more it is out the nearer to the dead centre it
will be, and, conversely, the nearer true it is the nearer the crank | the rod, set it parallel to the rod with a rule or its equivalent.
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Then the centre of the crank-pin journal should measure from the
stretched line, the distance of the line from the piston rod added to

eccentric rod is increased. That the amount of error induced by
squaring the valve is appreciable, may be seen from the fact that
with 1} inch steam ports, # inch steam lap, and 44 inches of valveThis test, however, is not very
half the diameter of that rod.
travel, it amounts to about 4 inch with an eccentric rod 4 feet
accurate on account of the difficulty in setting the line, and because
side.
long. As the eccentric rod has (if a solid one, as in the case of a
each
on
equally
worn
have
not
may
the piston rod
SETTING SLIDE-VALVES.—An engine slide-valve may be so set | locomotive) to be operated upon by the blacksmith to alter its
length, and requires some accurate setting for alignment after havas to accomplish either one of three objects. First, to give equal
ing its length corrected, it is obviously preferable to obtain its
lead for each stroke ; second, to cause the live steam to be cut off
exact length at once.
This may be done with less work than by
and. expansion to begin at an equal point in each stroke; and
the
squaring
process,
which
is entirely superfluous.
stroke.
each
in
point
equal
third, for the exhaust to begin at an
Assuming,
then,
that
all
the
parts are properly connected and
correat
begin
will
exhaust
the
that
so
If we set the eccentric
oiled,
the
valve
is
set
as
follows
:
Upon the face or edge of the flybe
not
will
lead
valve
the
strokes,
two
the
for
points
sponding
wheel an arc, true with the centre of the wheel, should be drawn,
equal, and the exhaust opening will be greater when the piston is
as at A B, in Fig. 2551, marking it on opposite sides of its diameter
at one end of the cylinder than it will be when the piston is at the
and opposite to the crank pin P. The engine should then be
other end.
moved in the opposite direction to that in which it is to run, until
If the eccentric be set to cut off the steam at corresponding
the guide block I is very near its full travel. A straight-edge must
points for the two strokes, then the lead, the admission, and the
then be placed to bear against, or be coincident with, the end face
exhaust of the steam at one port will differ (with relation to the
of block I, and held firmly while a line is drawn across the edge of
piston movement) from that at the other. It is generally preferred
the guide bars, as shown atc. There should then be fastened to
to set the eccentric so as to give equal lead for the two ports when
the floor (which must be firm, and not give under the engineer’s
the piston is at the respective ends of its stroke, which gives an

Fig. 2551.

equal amount of exhaust opening when the piston is at the respective ends of its stroke.
The only operations properly belonging to the setting of a slidevalve are those of finding the true dead centres of the crank pin,
and setting the eccentric to give the valve the desired amount of
lead. It is generally found, however, that the length of the eccentric rod requires a little correction, and as this must be done before
the eccentric can be set, the setting operations should be conducted
with a view to making the correction as early as possible.
In many of the instructions given by various writers it is directed
to first square the valve, which is to attach the parts and move the
engine crank, or fly-wheel, through one revolution, to ascertain if
the valve moves an equal distance on each side of the centre of the
cylinder ports, correcting the length of the eccentric rod until this

is the case.

This is an error, because on account of the angle of
the eccentric rod the valve does not, when set to have equal lead at
each end of the stroke, move an equal distance on each side of the
cylinder ports, but travels farther over the port nearest than it does
over that farthest from the crank.
When the travel of the valve is equal to twice the width of the
steam port, added to twice the amount of steam lap, the valve does
not fully open the farthest port from the crank. When the valvetravel is more than this amount both ports may open fully, but the
error due to the unequal valve-travel from the angularity of the
VOL. U1.— 33.

weight), a piece of iron w, having a deep centre-punch mark, or its
equivalent. A steel tram-rod T, pointed at each end, is then set in
the centre-punch mark at Ww, and with the upper end D a line made
across the wheel edge or face. The fly-wheel must then be moved
so that the crank passes the dead centre, the guide block moves
back and away from the line Cc, and then approaches it again.

When the end of the guide block is again coincident with
the line c, the tram should be set as before and a second
line, F, marked on the fly-wheel rim, and from these two
lines, D and F, the crank may be placed upon its true dead
centre as follows :—

In Fig. 2552
section of the fly-wheel rim is shown
(enlarged for clearness of illustration) ; from the lines D,F
the centre E is found, and marked with a centre-punch
dot to define it. It will be obvious, then, that if the flywheel be moved until this line and dot come fair with the Fig. ass2.

upper edge of the tram T, the guide block will be at
the exact end of its travel, and the crank, therefore, ou its
dead centre.
By a similar operation performed with the guide
block at the other end of the guide bars, and with lines on the
other side of the wheel rim (as shown at B, J, K), the other centre L
may be found. In obtaining these centres, however, a question
arises as to the direction in which the wheel should be moved for
bringing the guide block up to the lines at C, and for marking the
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lines D F and J K, or for bringing E or L true with the tram point.
If the fly-wheel be moved in the opposite direction to that in which
the engine is to run, the cross-head journal and crank pin will bear
against the boxes of their brasses in the direction in which they
will have contact when the engine is running. Suppose, for ex-

ample, that the top of the fly-wheel when the engine is in motion
moves from the cylinder, then the cross-head and crank-pin journals, driven by the piston, will bear against the half-brass nearest
to the cylinder, which, when the force-producing motion is
applied to the fiy-wheel instead of to the piston will be the case
when the fly-wheel is moved in the opposite direction. By moving
the fly-wheel in an opposite direction to that in which the engine is
to run, the lost motion in the journals and bearings is therefore
taken up in the proper direction so far as the connecting-rod
brasses are concerned, and any lost motion between them and
their journals will not impair the set of the valve, as would be the
case were the fly-wheel moved in the direction in which it is to run.
But by moving the fly-wheel backwards the play in the eccentric
and in all the joints between it and the valve spindle is up in the
wrong direction, because the power to move the rods is being applied
in the opposite direction to that in which it will be applied when the
engine is running, and, therefore, the play motion of the jointed or
working parts will cause alost motion impairing the set of the valve.
Now there are generally more working parts between the eccentric
and the valve than between the crank pin and the piston, and hence
more liability for lost motion to exist, and it follows that in such
case it is better to move the engine in the direction in which it
is to run.
It may be remarked, however, that the play may be taken up in
the proper direction in both cases, and the engine be brought upon
its dead centre, by moving it in the opposite direction to that in
which it is to run, and that in setting the eccentrics they be moved
on the shaft in the direction in which the engine is to run, as forward
for the forward eccentric, and backward for the backward one
(assuming the engine to have a link motion, and, therefore, two
eccentrics).
It is obvious that any other resting place may be used instead of
the floor for the tram ; thus in a locomotive the wheel guard may be
used, the tram T being used to mark lines on the upper part of the
wheel rim, instead of opposite the crank. To set the valve, place
the fly-wheel on its dead centre, moving the fly-wheel as directed
until one of the points (E or L, say E) comes fair with the point of
the tram ; then move the eccentric on the shaft until the steam port
is open to the required amount of lead, and fasten the eccentric to
the main shaft.
Next move the fly-wheel around until on the
opposite dead centre, and if the lead is the same in amount for both
ports the valve is set. Suppose, however, that in this last case the
lead is too great ; then it shows that the eccentric rod is too long,

and it must be shortened to an amount equal to half the difference

in the lead. Or suppose that the lead when the wheel was tried on
the last dead centre L, was less than for the other port; then the
eccentric rod must be lengthened to half the amount of the difference.
Assuming that the rod was too long by a of an inch,

then it may very often be shortened by simply heating about six
inches of its length to a low red heat, and quenching it in water.
If the rod has a foot which bolts on a corresponding foot on the
eccentric, then to lengthen it a liner of the requisite thickness may
be placed between the two feet.
Suppose there is an equal amount of lead at each end but the
amount is not sufficient or is too great: then the eccentric must be
moved on the shaft until the proper amount of lead appears at the
port. The lead must then be again tried at the other dead centre.
In moving the eccentric, however, it must, under all conditions, be
moved in the direction in which it will rotate, for reasons already
given. The best method of measuring the lead where the lines on
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a rule cannot be seen is with a lead wedge P, as shown in Fig. 2553 ;
this, if slightly forced in, will mark itself, showing how far it
entered.
In some practice the position of the valve is transferred to the
valve stem outside of the stuffing box or gland, as shown in Fig.
2554, sectional view.
The valve stem being disconnected from the
rod or arm that drives it, the valve is moved by hand to have the
proper lead, as at A; a centre-punch mark is then made outside
the stuffing box and a tram B rested thereon; with the other end
of the tram a mark C is made on the valve stem. A similar mark is
made on the stem when the crank is on the other dead centre, and

the tram and marks, applied as shown, are employed instead of
measuring the lead at the ports themselves.
This involves extra
work, but gives no more correct results.
It involves marking lines
on the valve stem, which is objectionable.
If several trials have to
be made there is a confusion of lines on the valve stem, and the

Fig. 2554.

wrong one is apt to be taken.

On the other hand it affords a facility

for setting the valve without having the steam chest open, which
may in some cases be desirable. If this plan be adopted the lines
on the valve rod should not be defined by centre-punch marks, for
they will cut the packing in the stuffing box.
When the eccentrics are secured to the shaft by a set-screw only,
and not by a feather, it is an excellent plan, after they are finally set,
to mark their positions on the shaft, so that if they should move they
may be set to these marks without moving the engine around.
For this purpose take a chisel with the cutting end ground to the
form of a fiddle drill, one cutting edge being at a right angle to the
The chisel must be held so that while one edge rests upon
~ other.
the axle, the other edge will bear against the radial face of the
eccentric. A sharp blow with a hammer upon the chisel head will
make a clean indented cut upon the axle and the eccentric, the two
cuts exactly meeting in a point where the eccentric bore meets the
axle circumference, so that when they coincide the eccentric is in
its proper position.
If the eccentrics of a locomotive should slip when the engine is
upon the road, and there are no marks whereby to readjust them, it
may be done approximately as follows :—Put the reverse lever in
the end notch of the forward gear, then place the crank as nearly on
a dead centre as the eye will direct, and open both the cylinder
cocks, then disconnect the slide-valve spindle from the rocker arm,
and move the valve spindle until the opening of the port corresponding to the dead centre on which the crank stands will be shown
by steam blowing through the cylinder cock, the throttle valve
being opened a trifle.
The position of the valve being thus
determined, the eccentric must be moved upon the shaft until the
valve spindle will connect with the rocker arm without being moved
at all. The throttle valve should be very slightly opened, otherwise so much steam will be admitted into the cylinder that it will
pass through any leak in the piston and blow through both cylinder
cocks before there is time to ascertain which cock first gives exit to
the steam.
Instead of finding when the crank pin is on the dead centre by
means of the process shown in Fig. 2551, it may be found as in
Fig. 2555, which is for a vertical engine. On the face of the crank
and from the centre of the crank shaft as a centre, draw a circle B

equal in diameter to the diameter of the crank pin. Then takea
spirit-level C and apply it to the cylinder bore and note where its
bubble stands. Then apply the spirit-level to the perimeter of the
crank pin A and circle B, and move the crank until the spirit-level
bubble stands in the same position as it occupies when applied to
the cylinder bore. If the cylinder bore stands truly vertical the
bubble will in both cases stand in the middle of the spirit tube ; but
in any event, the bubble must stand in the same position when
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applied to the crank as when applied to the cylinder bore, in which
case the crank will be on its dead centre whether

the cylinder bore

be horizontal, vertical, or at an angle, the dotted line E passing
through the centre of the crank and the axis of the cylinder bore.

When an engine has two eccentrics, so as to enable the engine to
run in either direction, as in the case of a locomotive, it is necessary
to consider which eccentric is to be set for the forward, and which
for the backward motion. In American locomotive practice it is
usual to let the eccentric nearest to the wheel, and, therefore, the most
difficult to get at, be for the backward motion, which is the least
used, and therefore the least liable to get loose upon the axle.
The eccentric that connects to the top of the link is usually that
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upon the face of the crank a line that shall just meet the two circles
as denoted by the line B, using a straight-edge, one end of which
rests upon the crank pin, while the other end is coincident with the
perimeter of the circle A.
By means of the wedges shown at C D adjust the crank until the
line B stands horizontally level, tested by a spirit-level. A straightedge having straight and parallel edges is set horizontally level,

Fig. 2557.

beneath the eccentric, so that its edges will stand parallel with the
throw line of the crank. On this straight-edge, and parallel to the
edges, is marked the line A A, Fig. 2557. The first process is to
mark on AA the centre of the crank shaft_K, which is done as
follows: Over K is placed the fine line B B, suspending the weights
or plumb bobs at B B ; coincident with this line and across A A, are
marked two lines C D; midway between C D is marked E, which
therefore stands directly beneath the shaft centre. From E the line

/

Fig. 2555.

for the forward motion, and hence that which connects with the
eccentric farthest from the wheel.
In testing the lengths of the eccentric rods, work may be saved
after the engine is first placed on its dead centre by putting the
reverse-lever in the forward notch of the link, and adjusting the

forward eccentric until the valve has the proper lead. Then set the
reverse-lever in the back notch and move the backing eccentric (in
both cases moving them in the direction in which they will run),
until the proper amount of lead appears. The engine may then be
placed on the other dead centre, and the lead both for forward and
backward gear measured, so that if there are any errors both the

Fig. 2556.

the engines

to set the valves,

F is drawn distant from E to the amount of lap added to the lead
the valve is to have. From F as acentre two lines are drawn across
A, their distance apart equalling the full diameter of the eccentric ;
the plumb line is then placed over the eccentric, and the latter is
rotated on the shaft until the plumb lines come exactly fair with the
lines G H.
,

It is obvious that instead of using plumb lines a square may be

A

rods may be corrected for length ; but for the final trial the crank
pin must be set on its dead centre for each direction of motion
separately, so as to take up any lost motion in the connecting-rod
brasses.
In the case of large marine engines it is not practicable to move
or rotate

Fig. 2558.

and

therefore adjusted to their positions on the
before the crank shaft is put into its place or
throw of the crank is set to stand horizontally
method : From the centre of the crank shaft

the eccentrics

are

crank shaft by lines
bearings. First, the
true by the following
strike a circle of the

diameter of the crank pin, as shown in Fig. 2556, at A, and draw

[\_D

EFC

G

4

ll
Fig

2559.

employed to mark the lines C D, and to set the eccentric to the lines
G H, the square being applied as at s and S, in Fig. 2558.
In this example it has been assumed that the direction of crank
rotation was to be as denoted by the arrow ; but, suppose the crank
rotation required to be in the opposite direction, then the marks on
the straight-edge would require to be located precisely the same,
but the position of the eccentric throw-line would require to be as
in Fig. 2559, the perimeter of the eccentric being set tothe lines GH
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as before.
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The eccentric rod being supposed to connect direct to

the valve spindle, without the intervention of a rock shaft, for if
there is no rock shaft the eccentric leads in the direction of rotation,
while if the engine has a rock shaft the eccentric follows the crank-

SHOP PRACTICE.
instead of the straight-edge being
of the crank, it must be placed at
nection of the eccentric rod.
Thus in Fig. 2562 the engine is
and the crank is, therefore, placed
being vertical instead

placed parallel to tne throw-line
a right angle to the line of consupposed to be a vertical one,
on its dead centre, its throw-line

of horizontal

as in our

previous

examples

(which were supposed to be for a horizontal engine). It is also
supposed to have a rock shaft A; hence the straight-edge is set at
a right angle to the line of connection of the eccentric rod which is
denoted by B.
It is obvious that to set the crank throw-line vertical the circle B
~

4

A

Fig. 2560.

of

I

—O

pin in the direction of rotation, and F must be marked on
pin side of E, as in Fig. 2560.
If two eccentrics are used, as in a link motion, the lines
one eccentric are equally applicable to both; the lap and
being located on the crank-pin side of E when there is a
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Fig. 2564.

in Fig. 2509 may be used, the spirit-level being resorted to to discover when the crank stands vertical.

as is supposed to be the case in Fig. 2561 ; and on the other side of
E when there is no rock shaft ; and in this case the eccentric that is

to operate the valve to make the engine run forward must have its
throw-line following the crank pin, as at J,in Fig. 2561; the eccentric

K operating the valve for running backward.

Conversely, in the

Fig. 2562.

An example in the erection or setting of framed work is shown in
Fig. 2563, which represents a side elevation of a frame put together
in four parts, two side and two end frames. A and B are journal
bearings requiring to stand parallel and true one to the other, B
being capable for adjustment in distance from A by means of the
adjusting screws.G,H. The bearings C,D,£,F,are to be parallel
one to the other and to A,B. Their proper relative distances apart,

Fig. 2563.

absence of a rock

shaft, the throw-line

leads, while that of
When the line of
the axial line of the
tally Jevel (or if it

the backward
connection of
cylinder bore,
be a vertical

of the forward

eccentric

eccentric follows the crank pin.
the eccentric rod is not parallel to
the crank must be placed horizonengine, on the dead centre), but

and the axes of all the shafts, are to stand at a right angle to the
side frames.
;
Fig. 2564 represents an end view of the frame, the ends T being
bolted to the side frames S and S at I, J, K, and L..
Now it is obvious that the ways for the bearings A, B, C, &c., may
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at the proper distance from and parallel with the jaws of the ways
A,B, thus completing on the side frames the marking of the location
of the centres of the holes for bolting the end frames on.
If the frames were of a size to be sufficiently easily handled, the
end frames might be put in their places, and the whole framework
would be difficult to cut all the surfaces of the bearing ways to stand
set true, so as to mark the holes in the end frames from those already
in the same plane, unless there were some true plane to which all
drilled
in the side frame. But if the use of a crane were necessary
parallelism.
for
might be made common
to lift them, it would be better to mark the holes on the end frames,
Furthermore, unless the surfaces where T is fastened to S and S
are properly bedded to fit each other, bolting them up would spring ' and drill them before putting the framework together at all, leaving
sufficient to ream out of the holes to bring them fair, notwithstandand bend the frames out of their normal planes. To meet these
ing any slight error in drilling them.
In this case, a line denoted
requirements, there are given to the side frames a slightly projecting
‘by
the
dotted
line
X
in
Fig.
2564,
should
be drawn across the
surface where the feet of T meet them, and furthermore, the feet of
frame, and the holes at I and J be made equidistant on each side of
T themselves project beyond the sides of
Tas shown.
These proit, as well as the proper distance apart. X must be at a right angle
jecting pieces may therefore be planed to a common plane without
to the trued foot surfaces at I J, so as to cause the side frames to
planing the sides of the respective frames ; and this plane should
stand vertical while their feet are horizontal.
be as nearly as can be parallel with the body of each frame surface.
Supposing now the holes to be drilled and the frames are to be
The surfaces of the bearing ways may then be planed parallel to
bolted together, the whole frame may be held temporarily together
those of the projections, and the jaw surfaces true to the side surfaces,
and all the bearing ways will stand true if the frames be properly | by bolts passing through the side frames at each end, ora bolt may
be passed through the holes F to steady it. Indeed, if these holes
set—when put together with the bolts. But unless the bedding
F have been accurately bored, a neatly fitting mandrel passed
surfaces at I, J, K, L, be made to bed and fit properly, the whole
through them should hold the side frames true. The end frames T
truth of the bearing ways and their distances apart across the framework may be altered. Thus, supposing the feet of Tat 1 and J to
having been set to stand at a right angle to the side frames, and
with their holes at 1 J, &c., as near fair as may be with the holes in
meet S as denoted by the dotted lines O R, and whether the fault
the side frames, two feet, as I J, may have their holes reamed fair
lie with the feet of T or with the projections on S the result will be
with the holes in the side frames, and tightly fitting bolts be driven
that the pressure of the bolts holding I J to Ss will bend §S so that its
plane will be a curve as denoted by the dotted line P P, and the
in and screwed firmly home.
Before reaming the other holes (as K.
distances apart of the journal ways B B and D D respecttvely will
L) of each end frame, the jaws to receive the bearing boxes should
be wrong, being too wide on account of the bend outward of Ss.
be tested for alignment one with the other. Truth, in this respect,
But the feet may touch on the opposite corners, the surfaces of S'
being of the utmost consequence for the following reasons :
or of T being out of true or out of full contact, as denoted by the
Suppose the bearing ways on one side frame to stand higher than
those on the other, then, the shafts will not stand level in the
dotted lines V W on K,L; in this case the frame S would be bent to
the curve Q Q, and the journal ways would be too close together.
frame unless (except in the case of the brasses or boxes in B) the
On the other hand, the want of fit between these surfaces may be
lower brasses are made of unequal thickness through the crown, to
in the direction of the length of the frame instead of the direction
an amount equalto that of the error.
Inthe case of the brasses in
of its height, as has been supposed ; or it may be in one direction
A, C, D, E, the joint faces of all the brasses of one side frame would
ion one foot and in another direction on another foot. But in whatrequire to be made thinner beneath the journal than above it on
ever direction it does exist, it will inevitably bend and twist the
the high frame, and thicker beneath than above on the low frame,
This would entail much extra work in planing, marking, and
frame.
It must not be taken for granted, that because these surfaces | boring the bearing boxes or brasses, and be an inferior job when
have been planed or milled, that therefore they are true ; because
done.
frames of this class cannot, if large, be held without springing them
Again, the bores of all the brasses would not be parallel to
the crown or bedding faces, and this error would entail the following
to some extent from the pressure of the bolts or other devices
extra work: 1. Ascertaining the amount of the error, and allowing
necessary to hold them to be cut.
It is not uncommon to plane the surfaces as true as may be, and
for it in marking the brasses; 2. The setting of the ways of the
put the frames together, bolting them up tight, and then applying
brasses out of true with the ways when clinking them for boring;
the straight-edge trammel and rule to test the fruth, correcting any
and, finally, extra fitting or filing the brass bores when fitted with
the shafts in place. This extra fitting would be necessary for the
error that may be found by inserting pieces of paper, sheet tin or
material of requisite thickness on one side of the surfaces, so as to
following reasons :
When the surfaces of work are to be parallel, they can be
offset the error in their fit and bring the framing true; but this is
not the proper way, because it reduces the area of contact, and
measured with calipers.
Surfaces to be at a right angle can be
furthermore renders a new testing and adjustment necessary whentested with a square; those to be in line can be tried with a
ever the frames are taken apart. It is better therefore to apply a
straight-edge, and in each case the truth or alignment of the surfaces
Straight-edge to the surfaces and true them to it, testing them
is tested by contact of the testing tool. But in the cases where
surfaces at an angle are tested or measured the tools must be set to
vertically as by placing the straight-edge across K L, and longitudinally across S, at K and the corresponding projection at the other
a line or lines, and the work must be measured or cut to lines, thus :
Suppose it were found that the bedding surface of the brass B wasa
end of the frame, filing them until they appear true.
certain amount out of alignment with the corresponding bedding
The holes through the frame may be drilled before filing these
surface on the other side frame, and, by measurement, this amount
surfaces, so as to reduce the area to be filed. Since the end frames
determined to be 4 inch, then there is a liability to error in measureT do not in this example carry any journals or mechanism, the
ing this #,. The brasses must be marked (for boring the same 74
position of T is not so particular as it otherwise would be; hence,
out of square, inducing another liability of error in marking that
the holes in its feet may be marked off and drilled independently of
the frame, the holes being drilled a little too small to allow for
amount); this marking being done by lines, there is a liability to
error in setting the work to the lines. From these liabilities to
reaming with the holes in the frame. The framing will then be
ready to put together (all machine work upon them being supposed
error, it is generally found that work not true in alignment requires,
to be done). The feet of all such frames should be planed true, so
when it comes to be put together, to have each piece fitted to its
that the frame, when put together, may stand true and steady when
place and corrected for alignment.
placed upon a level floor or foundation, and in this case the distance
But, suppose the ways are made true and in proper alignment,
and parallelism of the feet surfaces will be true with the ways or
then the brass bores are simply made of equal thickness at the crown,
bearings, affording much assistance in holding the frame while putand on the sides at a right angle to the inside faces of the ways;
ting it together. The height of the holes may be measured and
and truth, in these respects, may be measured by actual contact,
marked from the feet surface, thus insuring truth as far as height is
with the square or calipers, eliminating the chance of error.
,;concerned. Lines may be drawn or marked on each side frame,
In repairing the machine, or putting in new bearings or brasses ;

be trued out, ready to have the brasses fitted before the framework

is put together, and that from their positions they would have to be
planed out at separate chuckings ; supposing, of course, the frame
to be too large to be within the capacity of the machine table. It

—----—_—__—————-
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the measurement and transferring of the error in the ways to the
brasses has all to be gone through with again, and the parts fitted
for alignment ; whereas, if the ways are true, the brasses can be
made true, and to go together, with but little, if any, adjustment
when tried in their places.
The most accurate method of testing the adjustment of the ways
is as follows: Fig. 2565 represents a plan view of the frame; N
represents a straight-edge applied to the surfaces of the jaws a 0.
The method of applying this straight-edge is to place one end across
a jaw, as a, while the other end is elevated above 4; then, while
pressing the end firmly against a, lower the other end to the face of
6, if its edge at that end falls fair with 4, so as just to touch it, the
process may be reversed—one end being pressed to 4, and the other

lowered upon 2.

By this means, it will not only be discovered

SHOP PRACTICE.
alignment by springing the frame, the bolts in one foot, as say I,
Fig. 2564, may be slackened and the test repeated ; and, if the frame
is then found true, it is the bolting at I that causes the spring, on
account of the bedding surfaces not fitting properly. If 1is not found
to be at fault, it may be bolted up again and J tested by loosening
its bolts, and so on, until the location of the error is detected.
Furthermore, when the frame is bolted up, the width of the bearings, as from @ to 4, should be tested ; for in a job of this kind, it
will pay to have the framework so true to the drawing that, if the
other parts, as the shafts, bearing parts, &c., be also made to the
drawings, the parts will go together, thus avoiding the necessity of
varying all the other parts from the drawing to accommodate errors
in the framework.

Among the jobs that the erector is often called upon to perform

Fig. 2565.

whether the jaws @ and 6 stand square across the frame, but also

is that of patching or repairing pieces that have cracked or broken.

whether the frame on either side is sprung. A square ¢ may also
be rested against N, and its blade d tested with the side face of the
way, as shown. The same process of testing should be applied to
the other jaw faces e, 7
Suppose, however, that the width between the jaws a, f was less
than that between ¢,d, then the straight-edge, when pressed to a,
would show a space between its edge and 4, and also a space
between its edge and ¢, when its other end was pressed to /,; and,
when these spaces were equal in amount, the frames would be set
true in one direction. To test the truth in the other direction, the
straight-edge should be applied after the same manner to the bottom
surfaces 2,4.
It will not answer to rest the straight-edge against the two surfaces and observe their coincidence with its edge, because any error

Fig. 2566 represents a case of this kind, the fracture being at D.
The principle to be observed in work of this kind is to cause the
bolts to force the fractured pieces together, so that the irregularity
or crookedness of the crack, as at D in the figure, may serve to lock
the pieces together.
Suppose, for example, we were to put on a patch P, Fig. 2567,
and there would be but little to prevent the crack from opening
under severe strain, and the patch would stretch, permitting the

cannot be sufficiently, readily, or accurately tested by this means.
Nor will it answer to test by the bearing marks of a straight-edge

applied with marking, unless the coat of marking be very fine and
the straight-edge be moved without any vertical pressure on it;
because, under such pressure, the straight-edge will bend.
The ways for all the bearings should be tested in this manner ; so

Fig. 2567.

crack to open and finally causing the bolts to break or sheer off.
A preferable plan, therefore, is to put two patches on the sides in
the following manner :—

Fig. 2566.

that, if from any error in the machine work, some of them will not
come fair, the frames may be set to align those that it is of most
importance to align truly ; or if there is no choice in this respect,
then those carrying the largest bearing should be set true ; because,
if it be decided to correct the error on the other bearing or bearings,
there will be less area to file or operate upon. The setting being
complete the holes may be reamed and the remaining bolts put in,
the testing being repeated after the frame is finally bolted together.
If this final test shows that bolting the frame up has altered the

The holes should be drilled through the beam and the plates
held against the beam so that their holes may be marked bya
scriber passed through the holes in the beam. The holes in the
plates should be drilled closer together than those in the beam, so
that when driven in they will serve as keys to close the two sides of
the crack together, as shown in Fig. 2568, where it is seen that one
side of the bolt bears against the holes in the patch and the other
against the holes in the beam.
To facilitate getting the bolts in
place the plates may be heated so as to expand them.
In cases in which it would not be permissible to drill so many
holes through the beam on account of weakening it, we may use
patch bolts with countersunk heads, as in Fig. 2569. Two only of
the bolts pass entirely through, and it is best to let them be taper,

as at A in the figure, the head not meeting the patch.

The hole in

the beam, after being reamed taper, should be filed out on the side
B, and that in the patch plates on the other side, as at C and D, so
that the bolts will serve as keys. After these two bolts are in place
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and their nuts firmly screwed home, the holes for the patch bolts

ing female template being shown at D to be used in planing the

may be drilled through the plates and into the beam.
When the
countersunk head bolts are fitted they should be turned down

table Y’s.

behind the head, so as to leave a part weaker

than

then screwed in until the required end breaks

the bolt, and

off.

The taper

bolts should be of steel, but those with countersunk heads may be

of iron.
ERECTING AN IRON PLANER.—If an iron planer be properly
fitted and erected, the table will be quite solid in the Y-ways in
the bed, and will not rock or move even though a heavy vertical
cut be taken at the extreme sides of the table, but any error of
truth of alignment or fit either in the bed-ways or the table Y’s
will cause the table to he improperly in the W’s and to be apt to
rock as it traverses.
The author has had planed upon a planer
thirty years old, at the Freeland Tool Works, in New York City,a
cast-iron surface 12 x 20 inches, the metal weighing about 60 lbs.,

The length C of the V of the template must not be longer than
from 4 to 6 inches, or it will be liable to spring or twist from its
own weight. This template is not intended to be used in any
sense as a straight-edge to test the truth of the length of the ways,
but rather as one to test their width apart, and the correctness of
the angles. The top surface A B should be quite true with the
V’s, being equidistant from them, so that by testing that surface
with. a spirit-level it may be known whether the ways are level
either crosswise or lengthwise.
The V’s of the template require to have red marking on them
so as to mark the ways when the template is moved, and show
that the ways accurately fit to the template, which is highly
important.
In planing the table or platen it is essential to bearin mind that
the area to be planed on the ¥ side is always small in comparison
with that to be planed on the other or work-holding side of the
table, and as the planing of this latter surface is sure to cause
the casting to alter its form, it is necessary to plane it first, so that
the alteration of form may occur before and not after the V’s have
been planed.
In chucking the table to plane its work-holding surface, the

packing pieces must be used as described for the bed, and the
bolts placed as there described.
Both bed and table being planed they require to be fitted
together (no matter how expertly the planing has been done) if a
really first-class job is to be made of them. In doing this it is
essential that the bed be supported at the same points as it will
be when the machine is put to work, for in large or long casting

Fig. 2568.

and the surfaces were so truly planed that one would lift the other
by reason of a partial vacuum between the two. These planed
surfaces were exhibited by the author at the American Institute
Exhibition in 1877, and were awarded a medal of superiority.
The manner

in which

this planer was fitted

and

the deflection or bending from its own weight is sufficient to have
an important practical effect. The same fact will also apply to
:

B

erected, and

the principles involved in such fitting and erecting, are as follows:
While it is essential that the foot or resting surface of a planer
bed (whether it stands on legs or rests direct upon its foundation) be
as true as it is practicable to plane it, still it is more essential that
the V’s or ways be true, and as the casting will be apt to alter
its form from having the surface metal removed, it is best to plane
the side on which the ways are, the last.
When the bed is placed upon the machine to have its resting
surface planed, the casting being uneven, it will be necessary to
place packing pieces of suitable thickness beneath the places

W
Fig. 2570.

the table and even to the cross slide, even though the latter be
heavily ribbed and but, say, 5 feet long.
If, therefore, the bed is to be supported by legs, its guideways

or W’s should be fitted after the legs are attached.

The bed must

be carefully levelled so that the ways may stand horizontally true,
which may be tested by placing the template A B in Fig. 2570 in
place and applying a spirit-level first across and then lengthwise

of the upper surface of the template.

Fig. 2569.

If the bed rests upon a foundation at several points in its length
it should be rested at those points while being fitted and carefully
levelled as before, the template and spirit-level being tried at every
two or three feet of the bed length.
To test the width of the V’s and their widths apart in the fitting,

where the clamping plates hold it, so that the pressure of those
plates may not spring or bend the casting.
These packing pieces require to fill up solidly (without lifting
the bed) the hollow places, and it is a good plan to place among
them a piece of strong writing paper for reasons which will
appear presently.
In planing the bed all the surfaces should be roughed out before
any are finished.
Before any finishing cuts are taken all the
clamping bolts should be loosened and the pieces of paper tried
by pulling them, so that if the casting has altered its form it will
be made apparent by some one of the pieces of paper becoming
loose.
In this case the packing must be readjusted, clamping both as
lightly as will hold the work, and all as equally as possible, when
the finishing cuts may be taken.
The best form of template to plane the ways to is that shown in
Fig. 2570, in which B is a side and A an end view. A correspond-

the template A B, Fig. 2570, must be used in connection with red
marking, but to true the lengths of the ways a surface plate about
4 feet long and slightly wider than the width of one side of the
ways must be used, and if the template and the surface plate
show the ways true they will be of the correct
width, of correct angle and true planes.
But
=e
this does not insure that the two ways ‘are in
line one with the other, and for this purpose

separate test blocks are necessary, because

Fig. 2571.

the template is too narrow in width to give a
good test, and cannot be made wider, because in that case its
own weight would cause it to spring or deflect to suit any error in
the work.
These test blocks are simply two pieces of metal, such as shown in
Fig. 2571. Thelengths of these blocks should be about 8 inches,
and the best way to obtain them true and exactly alike is to make
one block and then cut it into two. They possess an advantage
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not possessed by a template that spans both ways, inasmuch as
they may be turned end for end in each way and thus test the
accuracy of the angles of each way.
Again, both may be placed in one way, and by various applica-

paper, rather than by the bearing marks produced by rubbing p
along the VY s, since that might in time wear the angles a,a} out

of true. The same plate P may be used to true the male V s on
the work-holding table of the machine, as is shown in Figs. 2 575

tions in connection with straight-edge, surface plate, and level they
will test the truth of the ways, both individually and one with the

other in a better manner than by any other method.
Fig. 2572 represents the various positions of the Y blocks for
the testing, A, B, C, D, E, F, G, H, representing the blocks; straightedges may be placed as at I, at J, and at K, and if the ways are

PRACTICE.

and 2576, where the table is seen upside down, as is necessary in

order to apply the plate. Here, again, the outside angles or
halves of the Y s are fitted from the same V (a!) of the plate, so
that the fit of the table will be true to the bed, even

though the

angle on one side of the Y-ways were not precisely correct, and

ee
oe
oe

there is less liability to error than would be the case were a male

true the straight-edge, lightly coated with marking, should have
contact clear across the upper surface of both Y-blocks, and a
spirit-level placed on the straight-edge (in each position of the
same) should show them to be level.

and female plate used instead of.a single plate. The alignment
next in importance is that of the uprights, standards, or side
frames of a planing machine, and to enable the correct erection

of these, the device a, Fig. 2577, is employed. It consists of a
solid plate fitting into the Y-ways of the planer-bed and having

The surface P, 6n which uprights or standards on that side of
the plane, rest, being planed with the Y-ways will be true with
them, and the uprights may be erected thereon, their base surfaces being fitted to P until the standards stand truly vertical and
parallel in their widths apart. In testing these uprights they
should be bolted home as firmly as they will be when finally
erected, as they will be liable to alter their set if bolted up more

two steps, B and C, which receive the side frames to be erected,
The width D is the width apart of the side frames, and the side

surfaces of the steps (as G) are vertical to the centre line of the Y-

ways of the bed, so that the side frames may be rested against G

on one side, and the corresponding surface on the other step.
The surfaces E, F are at a right angle to the VY-ways of the
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Fig. 2578.

firmly than when tested.

These front surfaces should be at a

right angle to the length of the bed Y-ways, and this may be
tested by placing a straight-edge across their surfaces and testing
it with a square rested against the edge of the planer table.
The method of erecting planers at the Pratt and Whitney
Company’s shops is as follows :—
To test the V s, a plate P, Fig. 2573, is applied as shown, its
lugs @,a1 fitting to corresponding sides of the two Y s, as B, B.
In Fig. 2573 the test is made by inserting thin pieces of tissue
paper

between

a,a! and the Y-sides, the friction with which the

paper is held showing the nature of the fit. Thus, if the paper
will move easily at one end and is tight at the other end of either
of the lugs @,a! the fit is shown to be defective. When the fit on
these sides is corrected, the plate P is turned around, as in Fig.
2574, and from a similar tissue-paper test, the other sides are
corrected. Thus the outside angles of the two Y s are fitted to
the same angle; inside angles are also fitted to the same angle.
But it will be observed that it does not follow that the inside
angles of the V s are of the same degree of angle as are the outside halves or angles, unless the two lugs a, a! of the plate P have
equal angles. It is on this account that the test is made by tissue

bed, so that when the side frames are against E,F they will be set
Square across the machine.
The top face of the plate ais planed
parallel to the V s of the plate, so that in addition to resting each
side frame against the surfaces (as F G)a square may be rested on

plate A and applied to their trued surfaces, and thus may these

side frames be set true and square, both one with the other, and

with the ways in the bed, without the use of stretched lines and
straight-edges, which secures greater accuracy and saves considerable labor.
All the smaller parts of the machine may then be erected true
to the bed or the side frames, as may be required, and if it be a
small planer, in which the bed rests upon feet, all that will be
necessary in setting the machine in position to work is to set the
surface of the work-table level. But in the case of a large heavy
planer a solid foundation must be built for the bed, because it will
spring, bend, and deflect from its own weight, and thus the side

frames, as well as the bed, may be thrown out of true and alignment.
Fig. 2578 is a side and plan view of the foundations for a
planer, showing the bed-plate in position upon the same.
The stone blocks forming the base of the foundation require
themselves to rest upon a solid base, and not upon a soil or gravel
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that is Hable to sink beneaththem.
The brickwork above them is
best laid in cement, which should be properly set before the planer

bed is placed in position.

Near the centre of the bed, and

directly beneath the cross-slide, is shown a screw jack, to take up
any sag of the bed, and cause the Y s to have a good bearing
directly beneath the cutting tool, which is essential to prevent the
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the third as far from the second as will permit the insertion on the
bar and between them of a pulley to drive the bar, which must be
splined to receive a feather in the pulley, so that the bar may be
fed through its bearings and through the pulley tothe cut. After
the live head has been bored the tailstock or back-head may be
bored from the other end of the bar, so that the standards

will

table from springing from the pressure of the tool cut.
FITTING UP AND ERECTING A LATHE.—The first operation

not require to be moved on the bed until the boring is completed.
The bar may be fed by hand, or an automatic feed motion may be
will be to true the bed or shears. If the lathe has raised Y s on | affixed to one of the standards. The heads being secured to the
the bed it will be sufficient to true them only, without truing the | bed while being bored, there is no liability of error in their alignflat surfaces. he bed should during the fitting be supported at
ment, because, even if the holding bolts spring the heads in
the same points as it will be when in use.
clamping them to the bed, the holes will be true when the heads
The method of aligning the lathe heads at the Pratt and
are firmly home upon the bed, as they will be when in use, whereas
Whitney Company’s workshops is as follows:
Fig. 2579 is a
under this condition such will not be the case if the holes for the
side and an efid view of a part of a lathe shears A, with
spindles are bored before the seats are planed and fitted.

Yttla
Fig. 2579.

the tailstock B thereon.
To the bore of the tailstock there is
closely fitted an arbor C, accurately turned in the lathe, and having
at the end D and at E two short sections of enlarged diameter.
A plate F is fitted to the inside Y s of the shears (upon which Y s
the tailstock sits). This plate carries a stand G, and a second
gauge or stand H. Stand G fits at its foot into a VY provided inF,
as shown, the object of which is to so hold G to F that its(G’s) face
will stand parallel to arbor Cc. The stand is so adjusted that a
piece I may be placed between C and Gand just have contact

The feed screw must be placed quite parallel to
guides of the bed, or otherwise the pitches of threads
lathe will be finer than they should be, and the screw
the feed nut, causing undue wear to both.
The method employed to test the truth of lathe
heads in the David W.
setts, is as follows :—

the Vs or
cut in the
will bind in

shears and

Pond Works, at Worcester, Massachu-

The planing, both of the lathe shears and of the heads, being
done as accurately as possible, the heads are provided with a

with both, and it is obvious that if this is found to be the case with

the tailstock and the stand placed at any position along the bed,
the arbor C, and, therefore, the bore of the tailstock,

must be

true, sideways, to the inside Y sof the lathe shears. The testing,
however, is made at the enlarged sections D and E, G of course
being firmly bolted to F. To test the height of the arbor C from
theY s, and the parallelism in that direction, stand H is provided.
It carries a pointer or feeler K, whose end is adjusted to just
touch the enlarged sections D and E of C, it being obvious that
when the degree of contact is equal at these two sections, with the
tailstock and the plate F moved to various positions along the
bed, the adjustment or alignment in that direction is also correct.

The adjustment and corrections may then be made with the headstock of the lathe in place of the tailstock, the arbor fitting into
the bored boxes of the lathe and extending from it, and having
two sections of the same

diameter, as sections

E in the figure.

Now, Suppose that in the test thus made the bar C proves to stand

true in some locations, but not in others, upon the bed; then it is
proof that it is the Ys that require correction, while the tailstock
is in error in all cases in which the error is constant, with the
tailblock moved in various positions along the shears.
In some practice the heads are bored after being fitted to the
ways, and in this case the boring bar may be supported by
standards fitting to the lathe bed, running in bearings, and not
on centres.

There should be three of these bearings, one at one

mandrel or arbor, to the end of which is secured the device shown

in Fig. 2580, in which A is a hollow cylindrical piece having a threaded and split end, so that by means of a nut the
bore may be closed to tightly fit the arbor referred to; B,B are
two arms, a sliding fit in A, to enable their adjustment for the
width of lathe V s, and having a flat place on one side, as at CC,

end of the head, and as close to it as convenient, another at the

to receive the pressure of a locking device D, by means of which
| B,B may be fastened in their adjusted positions; E,E are cy\lin-

other end, as close as will permit the insertion of the cutters, and

arms, a sliding fit in B,B, also having flat sides,and capable
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of being secured in their adjusted positions by means of locking
devices F,F.
Fig. 2581 is an ena view of the device in position on a lathe
tail stock, and Fig. 2582 is an enlarged view (being half full size)
of the devices at the lower end of arms or rods E,E.

At the lower ends of E,E are provided two pieces G G, which
are capable of adjustment to fit the Vs

H, H of the lathe, as

follows :—

The middle pins I are fast in the arms J, but are pivoted in G,
the end pins, as K, are pivoted

in G, are flat where

they pass

SHOP PRACTICE.
whole of the parts are assembled it is found essential to test the
truth of the finished lathe, because, by the multiplication of
minute errors the alignment of the lathe, as a whole, may be
found to need correctian. A special inspector is therefore employed to test finished machines before they leave the works,

and in Fig. 2583 is represented the device employed for testing
the alignment of the line of centres of lathes.
Upon the face of the face plate and near its perimeter there are
turned up two steps, as denoted by Band c. The tail-spindle is
provided with a stud S, which fits in the place of the dead centre,
and carries what may be termed a double socket, one-half of
which (as F) envelops the stud S, while the other half (A) envelops
and carries arod R. These two halves are in reality split sleeves,
with set screws to close them and adjust the fit. By means of
the screws E, the sleeve F may be made a tight working fit upon
S, while, by means of screws G, sleeve A may be made to firmly
grip the rod R, which may thus be securely held while still capable
of being swung upon stud S. Upon the outer end of the rod R is
another sleeve I, which is also split and secured to the rod R by
means: of screws corresponding to those shown at G. It also
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through J, and threaded to receive the nuts, L, of which there

§

are four, two to each piece G. By operating these nuts, G may be
adjusted to bed fair on the angles on the lathe Ys H. At™M
_ are two fixed pins which afford a fulcrum, at N and O respectively,
to four index needle arms.
Two of these index arms only
are

seen

in the

cut, marked

respectively

P and

Q, which

are

pivoted at N.
Two similar pointer or needle arms are on
the other side of M, being behind P and Q, these two being pivoted
respectively at 0. At the lower end of P is a point resting in the

centre of the nut, and similarly the end of Q rests in the centre
of the nut on that side. Similarly the two needles not seen have
pointed ends resting in the centre of the nuts marked respectively
L. Between G and J are two springs placed back to back, which
act to hold G away from J. But it will be seen that if either end
of G be forced towards J, as by passing over a projection on the V

H, then the pin K, will push nut L, and this will raise the end
of the pointer or needle to a corresponding degree, and the
pointer being pivoted (as at N), its upper end will move and
denote on the graduated index R that there is an error in the lathe
VY, the amount of the error being shown multiplied on account of
the leverage of the needle arms from the pivots.

The pieces G being adjusted to bed fairly on the lathe Ys, the
heads of the lathe are moved along the lathe shears, and if the
Vs are true to angle the upper ends of the needles will remain
stationary, a projecting part of a VY will, however, cause the
needle point to move toward E, while a depression on a VY
would cause the springs K to move G in, keeping it in contact
with the V, while the needle point would move away from E.
To maintain

the needle

arms

in contact with the nut heads

L,

springs S are employed. Variations in the widths apart of the
Vs on either side of the shears would obviously be shown in
the same manner, the defect being located by the needle movement. The corrections are made from the contact marks of the
heads, caused by moving the heads along the Ys and by careful
scraping.
Notwithstanding that every care and attention may be taken to
make a lathe true in the process of manufacture, yet when the

carries a pin, upon which a disk K is pivoted, and a lug through
which the adjusting screw V is threaded.
Upon X is a lug which
has on one side of it the end of a spring T, and it is obvious that
by operating V the disk K will be rotated upon its central pin. K
carries two lugs, L and M, the latter being threaded and split.
These

two lugs receive a sleeve N, threaded

into M, and a close

plain fitin L. The small end of this sleeve is split and is threaded
slightly taper, and is provided with the nut P. Through this
sleeve passes a needle Q Q, one

end of which

is bent

as

shown,

and it is obvious that by screwing nut P upon N the sleeve will be
closed and will tightly grip the needle Q Q. Now, suppose that
the head of N is operated, and it will move endwise through L and
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does not touch it when tried at the bottom of the plate, then
| error
may be caused in three ways—thus, in the first place,

the
the
will revolve, carrying with it the needle Q Q, which will still remain | whole tailstock may be lower than the headstock; in the second
place, the front end of the tailstock may be too low; or, in the
firmly gripped, and it follows that there is thus obtained a simple
third place, the back end of the tailstock may be too high. If
means of adjusting the needle without releasing it.
The application of the instrument is as follows: To test if the ° the first was the cause, the test with the needle point tried with
face C would show correct.
If the second or third was the cause
head and tailstocks are of equal height from the bed, the instruof the error, the needle point when tried to face C would touch
ment is set and adjusted exactly as shown in the engraving, the
M, carrying with it the needle

Q

Q, which

will remain

firmly

clasped in the sleeve ; or suppose that screw V is operated, and K

needle being adjusted to just touch the diameter of the step at B.
The rod R is then swung around so that the needle comes opposite
to the same step B at the bottom of the face plate, and if the
needle just touches there also the adjustment for tailstock height

when applied at the top, but would not touch when

tried at the

bottom of the face plate.
Another case may be cited.
For
example, suppose the needle applied as shown touched at the
bottom but not at the top of the step B, then the test with the
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Fig. 2583.

neecle reversed would show whether the whole tailstock was too
high, or whether the front end only was too high, or the back end
too low. There is one excellent feature in this device to which
which is that the tests are made on as
instead of at the top and bottom.
It now remains to test if the | attention may be called,
large a diameter of face plate as possible, which shows the errors
tailstock is in line in a horizontal direction with the live spindle,
magnified as much as possible.
and this is done by reversing the needle end fur end in the sleeve
The same device is used to test if the cross slide of the carriage
N, and setting it to just touch the face C of the turned step on the
or saddle is at a right angle to the lathe shears, the method of
face plate, and if it just touches at the top and bottom as well as
its application being as shown in Fig. 2584. The split sleeve A
at the two sides the tail-spindle is obviously in line. It may be
in this case a rod R, which is laid in the slideway Sof the
receives
observed, however, that if an error in any one direction is found,
carriage or saddle, and a long rod H carries the needle-holding
it is necessary to go through the whole scries of tests in order to
devices. The rod R is held fair against the slideway, and the
Suppose, for example, that the needle,
precisely locate the error.
face of the sleeve A is held against the edge of the carriage or
being adjusted as in the engraving to just touch the step at B,

is correct. Similarly for testing if the tailstock is set true sideways the needle may be tried in the same manner and upon the
same step, but upon the two opposite sides of the face plate,
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The needle Q is then adjusted to just touch the edge D

of the lathe bed.

When

this adjustment is made the rod H is

swung over to the right and the coincidence of the needle point
again tried with the edge of the lathe bed, the cross slideway
being at aright angle when the needle point touches the edge D
of the lathe bed when tried on the left hand, and also on the right

SHOP

PRACTICE.

First prepare a number of rude wooden frames, such as shown

in Fig. 2585.

They are called targets, and are pieces of wood

nailed together, with the outer edge face A planed true, and having
a line marked parallel with the planed edge and about three-quarters

of an inch inside of it. Upon this frame we hang a line suspending
a weight and forming a plumb-line, and it follows that when the
target is so held that the plumb-line falls exactly over and even

hand, of the carriage. The stiffening rod U is brought under tension by a nut operated against a lug on X. To counterbalance the . all the way down with the scribed line, the planed face A, Fig.

Fig. 2584.

overhanging weight of the rod H and its attachments, a rod carrying a weight W is employed.
It is obvious that the truth of the
operation depends wholly upon the straightness and parallelism

2580, will stand vertical.

To facilitate this adjustment, we cut a

small V notch at the top of the scribed line, the bottom

of the

V falling exactly even with the scribed line, so that it will guide
the top of the plumb-line even with the scribed line at the top ;
hence the eye need only be directed to causing the two lines to

coincide at the bottom.

To insure accuracy, the planed edge A

Fig. 2585.

of the enlarged sections P of the rod R, upon keeping the end face
of A in contact with the carriage at z, and upon the correct

adjustment of the needle to the edge of the lathe bed.

Fig. 2587.

Fig. 2536.

SETTING LINE SHAFTING IN LINE.—The following method of
adjusting line shafting or setting it in line, as it is termed, is thai
generally adopted in the best practice.

should not be less than a foot in length. Then tightly stretch a
strong closely-twisted and fine line of cord beside the line of
shafting, as shown in Fig. 2587, placing it say six inches below and
four inches on one side of the line of shafting, and equidistant at
each end from the axial line of the same, adjusting it at the same
time as nearly horizontally level as the eye will direct when stand-

ERECTING
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ing on the floor at some little distance off and sighting it with the
line shaft.

In stretching and adjusting this line, however, we have the
following considerations :—It must clear the largest pulley hub on

the line of shafting, those pulleys having set-screws being moved
to allow it to pass.

If the whole line of shafting is parallel in

diameter, we set the line equidistant from the shafting at each end.
If one end of the shafting is of larger diameter, we set the line
farther from the surface of the shafting, at the small end, to an

amount equal to one-half of the difference in the two diameters;
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to another. Then beginning at one end of the shafting, we place
the flat side of the straight-edge against the planed edge of two

targets at a distance of about

15 inches below the top of the

shafting ; and after levelling the straight-edge with a spirit-level,
we mark (even with the edge of the straight-edge) a line on the
planed edge of each target, and we then move the straight-edge
to the next pair of targets, and place the edge even with the mark
already made on the second target. We then level the straightedge with a spirit-level, and mark a line on the third target,
continuing the process until we have marked a straight and horizontally level line across all the targets, the operation being shown
in Fig. 2589, in which A represents the line of shafting, B the
hangers, and C the targets.
D represents the line on the first
target, and E the line on second. F is the straightedge, levelled ready to form a guide whereby the line
D may be carried forward, as at E, level and straight,
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Fig. 2588.

and since the line is sufficiently far from the shafting to clear the
largest hub thereon, it makes, so far as stretching the line is
concerned, no difference of what diameter the middle sections of
shafting may be. The line should, however, be set true as indi-

cated by a spirit-level.
|
We may now proceed to erect the targets as follows:

to the third target, and so on across all the targets.
The line thus marked is the standard whereby the
shafting is to be adjusted vertically ; and for the purpose of this adjustment, we must take a piece of wood,
or a square, such as is shown in Fig. 2590, the edges
A and B being true and at a right angle to each other.
Fig. 2590.
The line D, in Fig. 2589, marked across the targets being
15 inches below the centre line of the shaft at the end
from which it was started, we mark upon our piece of wood the line
C in Fig. 2590, 15 inches from the edge A (as denoted by the dotted
line); and it is evident that we have only to adjust our shaft for
vertical height so that, the gauge being applied at each target in
the manner shown in Fig. 2591, the shaft will be set exactly true,
when the mark C on the piece of wood comes exactly fair with the
lines D marked on the targets.
For horizontal adjustment, all we have to do is to place a
straight-edge along the planed face of the target, and adjust the
shaft equidistant from the straight-edge, as shown in Fig. 2592,
in which A is the shaft, B the target, C the straight-edge referred
to, and D a gauge or distance piece.
If, then, we apply the

The
planed edge A in Fig. 2585 is brought true with the stretched
line, and is adjusted so that the plumb-line Bin
stand true with the line or mark B.

Fig. 2586 will

When so adjusted, the target

is nailed to the post carrying the shafting hanger.
In performing
this nailing, two nails may be slightly inserted so as to sustain
the target, and the adjustment being made by tapping the target

Fig. 2591.

Fig. 2592.

straight-edge and wood gauge to every target, and to the adjust-

ment, the whole line of shafting will be complete.
There are several points, however, during the latter part of the

process at which consideration is required.

Thus, after the hori-

zontal line, marked on the targets by the straight-edge and used
for the vertical adjustment, has been struck on all the targets,
the distance from the centre of the shafting to that line should be
measured

Fig. 2589.

with the hammer, the nails may be driven home, the operator
taking care that driving the nails does not alter the adjustment.
In Fig. 2588 A A represents the line of shafting, B,B two of the

hanger posts, and C,C two of the adjusted targets.
We have now in the planed edges A of the targets a rigid
substitute for the stretched line, forming a guide for the horizontal
adjustment, and to provide a guide for the vertical adjustment we
take a wooden straight-edge long enough to reach from one post

at each

end

of the shafting,

and if it is found to be

equal, we may proceed with the adjustment ; but if, on the other
hand, it is not found to be equal, we must determine whether it
wil be well to lift one end of the shaft and lower the other, or
make the whole adjustment at one end by lifting or lowering it, as
the case may be. In coming to this determination we must bear

in mind what effect it will have on the various belts, in making

them too long or too short ; and when a decision is reached, we
must mark the line C, in Fig. 2590, on the gauge accordingly,
and not at the distance represented in our example by the 15
inches.
The method of adjustment thus pursued possesses the advantage that it shows how much the whole line of shafting is out of
true before any adjustment is made, and that without entailing
any great trouble in ascertaining it; so that, in making the
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adjustment, the operator acts intelligently and does not commence
at one end utterly ignorant of where the adjustment is going to
lead him to when he arrives at the other.
Then, again, it is a very correct method, nor does it make any
difference if the shafting has sections of different diameters or
not, for in that case we have but to measure the diameter

of the

SHOP PRACTICE.
diameter;

:

the distance between C and D, and also vetween C and

F, being } inch, in other words, half the amount of the difference
in diameters.
In like manner for the horizontal adjustment, the gauge piece
shown at D in Fig. 2592 would require when measuring the 2}
inch section to be } inch shorter than for the 2 inch section, while
for the 24 inch section would require to be finch shorter than that

shafting, and mark the adjusting line, represented in our example
by C, in Fig. 2590, accordingly, and when the adjustment is complete, the centre line of the whole length of the line of shafting
will be true and level. This is not necessarily the case, if the

the amount of the variation in the respective diameters.
Thus
the whole process is simp'e, easy of accomplishment, and very

diameter of the shafting varies and a spirit-level is used directly

accurate.

In further explanation, however, it may be well to illustrate the

method of applying the gauge

shown

in Fig. 2590, and the

straight-edge C and gauge D shown in Fig. 2592, in cases where
there are in the same line sections of shaftings of different
Suppose,

again being one-half

If the line of shafting is suspended from the joists of a ceiling

upon the shafting itself.

diameters.

used for the 2} inch section, the difference

then,

that

the

line

of

shafting

in

our

example has a mid-section of 2} inches diameter, and is 2 inches
at one, and 24 inches in diameter at the other end: all we have
to do is to mark on the gauge, shown in Fig. 2590, two extra lines,
denoted in figure by D and F. If the line C was at the proper

distance from A for the section of 2} inches in diameter, then the
line D will be at the proper distance for the section of 2 inches,
and E at the proper distance for the section of 24 inches in

instead of from uprights, the method of procedure is the same, the
forms of the targets being varied to suit the conditions.
The
process only requires that the faced edges of the targets shall all
stand plumb and true with the stretched line. It will be noted
that it is of no consequence how long the stretched line is, since
its sag does not in any manner disturb the correct adjustment.

but in cases where it is a very long one it may be necessary to
place pins that will prevent it from swaying by reason of air
currents or from jarring.
The same system may be employed for setting the shafting

hangers, the bores of the boxes being used instead of the shafting
itself.

CuHarTtER

XXX.—LINE

INE SHAFTING.—A line of shafting is one continuous run
or length composed of lengths joined together by couplings.
The main line of shafting is that which receives the power from the

engine or other motor, and distributes it to other lines of shafting,
or to the various machines to be driven. In some practice each
line of shafting is driven by a separate engine or motor, so that it
may be stopped without stopping the others. This same object
may be obtained by providing a ciutch for each line. It is obvious
that in each line of shafting the length nearest to the driving motor
transmits the whole of the power transmitted by the line, and that
the diameter of the shafting may, therefore, be reduced as it proceeds from the engine in a proportion depending upon the degree
to which the power it is required to transmit is reduced.
It is
desirable, therefore, so far as the shafting is concerned, to place the
machines requiring the most power to drive as near as possible to
that end of the shafting that receives power from the motor.
Line
shafting is supported in bearings provided in what are termed
hangers, which are brackets to be bolted to either suitable framing,
to walls, posts, or to the ceiling or floor of the building.
The
short lengths of shafting that are provided to effect changes of speed,
and to enable the machine to be stopped or started at pleasure, are
termed countershafts.
When there is interposed a countershaft
between the motor and the main line of shafting, it is sometimes
termed a Jack shaft.
Shafting is usually made cylindrically true either by special rolling
processes as in what is known as ‘‘ cold-rolled,” or “hot-rolled”
shafting, or else it is turned up in the lathe. In either case it is
termed bright shafting. What is known as black shafting is simply
bars of iron rolled by the ordinary process and made cylindrically
true only where it receives its couplings, and for its journal bearings, &c. The diameter of black shafting varies by a quarter of

an inch, and is usually above its designated diameter by about 4
inch.
The main body of the shafting not being turned cylindrically true
and parallel, the positions of the pulleys cannot be altered upon the
shafts, nor can pulleys be added to the shaft as occasion may
require without the sections being taken down and seatings turned
for the required pulleys to be added.
Furthermore black shafting
does not run true, and is in this respect also objectionable. Nevertheless, black shafting is used for some special cases where extra
pulleys are not likely to be required and the shafting is exposed to

SHAFTING.

intimately connected in practice that they may be considered as one:
hence we have, Ist, the torsional strain due to driving the whole

load, and, 2nd, the transverse strain due to the belt pressures being
exerted more on one side than on another of the shaft, and to the

belt pulleys being at unequal distances from the hanger bearings.
The first may be reduced to a minimum by so proportioning the
strength of the line of shafting that it shall be capable of transmitting the required amount of power at the various sections of its
length without suffering distortion of straightness beyond certain
limits, and shall be at the same time as light as is consistent with
this duty and a certain factor of safety.
Referring for a moment to the above limitation, the weight of the
shaft itself will cause it to deflect between the hanger bearings, and
the amount of this deflection will depend upon the distance apart of
the points of support, or, in other words, of the distance apart of the
hanger bearings.
The second may be reduced to a minimum by so regulating the
distance apart of the hanger bearings that the deflection of the shaft
from the belt pressures shall not be sufficient to produce sensible
irregularities in the axis of rotation of the shaft; by so connecting

the bearings to the hangers that they shall be rigidly held, and yet
capable as far as possible of automatically adjusting their bores to
be true with the shaft axis, notwithstanding its deflection from any
cause ; by placing the pulleys transmitting the most power as near
to the hanger bearings as practicable; by so disposing the driving
belts as to deliver the power as near as possible equally on all sides
of the shaft ; and by having the shafting and the pulleys balanced so
as to run true, so that the strains on the pulleys shall be equal at
each point in the shaft rotation. From this it appears that the

distance apart of the shafting hangers may vary according to the
amount of power transmitted by a shaft of a given diameter. The
following table (given by Francis) gives the greatest admissible
distances between the bearings of continuous shafts subject to no
transverse strain except from their own weight, as would be the
case were the power given off from the shaft equally on all sides,
and at an equal distance from the hanger bearing.

.
Diameterot
haft in inches.

i
ari
in feet.
Distance
between bearings,
1n
fe
|
,
Wrought-iron shafts.

Steel shafts.

15°46

15°89

the weather, as in the case of yards for the manufacture of building
bricks.
The diameters of bright or turned shafting (which is the ordinary
form in which shafting is made, unless otherwise specified) vary

2

3
4
5

17°70
19°48
20°99

18°19*
20°02
21°$7

by $ inch up to about 3% inches in diameter; but the actual diameter
is 7 inch less than the denominated commercial diameter, which is
designated from the diameter of the round bar iron from which the
shafting is turned ; thus a length of what is known as 2-inch shafting will have an actual diameter of 112 inches, being parallel, or as
nearly parallel as it is practicable to turn it in the ordinary lathe.
Cold-rolled shafting has its actual diameter agreeing with its
designated or commercial diameter, and is parallel throughout its
length.
In England the diameters of shafting vary by eighths of inches

7
8
9

23°48
24°55
25°53

24°13
25°23
20.24

for diameters of an inch and less, and by quarters of an inch for
diameters above an inch, the commercial and the actual diameters
being alike.
The strains to which a line of shafting is subject are as follows :
The torsional strain due to rotating the line of shafting, independent
of the power transmitted ; the torsional strain due to the amount of
the power transmitted ; and the transverse strain due to the unequal
belt pressures and distances from the bearings of the driving or

transmitting pulleys.
VOL. 1J.— 35.

The

first and the last are, however,

:o

6

72°30

22°92

These conditions, however, do not usually obtain in the transmission of power by belts and pulleys, and the varying circumstanc: s
of each case render it impracticable to give any rule which would
be of value for universal application.
For example, the theoretical requirements would demand that the
bearings be nearer together on those sections of shafting where most
power is delivered from the shaft, while considerations as to the
location and desired contiguity of the driven machines may render
it impracticable to separate the driving pulleys by the intervention of
a hanger at the theoretically required location. The nearer together
the bearings the less the deflection either from the shaft’s weight or
from the belt stress, and since the friction of the shaft in its bearings
is theoretically independent of the journal-bearing area, the closer
the bearings the more perfect the theoretical conditions ; but since
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it is impracticable to maintain the true alignment of the shaft, and
as the friction due to an error in alignment would increase with the
nearer proximity of the bearings, they are usually placed from about
7 to 12 feet apart, according to the facilities afforded in the location
in which they are to be erected.
It is to be observed, however, that the nearer together the bearings
are the less the diameter, and, therefore, the lighter the shafting may
be to transmit a given amount of power, and hence the less the
amount of power consumed in rotating the shafting in its bearings.
COLD-ROLLED SHAFTING.—This is shafting made cylindrically
round and parallel by means of cold rolling, which leaves a smooth
and bright surface. The effects of cold rolling upon the metal have
been determined by Major Wm. Wade, U.S.A., Sir William Fairbairn, C.E., and

Professor Thurston, of the Stevens

Institute, as

follows :—
The experiments were made upon samples of cold-rolled shafting
submitted by Messrs. Jones and Laughlins, of Pittsburgh, Pennsylvania.
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“It is made exactly to gauge diameter, and for many purposes
requires no further preparation.
‘“ The cold-rolled metal resists stresses much more uniformly than
does the untreated metal. Irregularities of resistance exhibited by
the latter do not appear in the former; this is more particularly true
for transverse stress.
‘‘ This treatment of iron produces a very important improvement
in uniformity of structure, the cold-rolled iron excelling common
iron in density from surface to centre, as well as in its uniformity of
strength from outside to the middle of the bar.
“This great increase of strength, stiffness, elasticity, and resili-

ence is obtained at the expense of some ductility, which diminishes
as the tenacity increases. The modulus of ultimate resilience of
the cold-rolled iron is, however, above 50 per cent. of that of the
untreated iron.
“ Cold-rolled iron thus greatly excels common iron in all cases
where the metal is to sustain maximum loads without permanent
set or distortion.”

SUMMARY OF THE RESULTS OBTAINED BY MAJOR WADE FROM NUMEROUS EXPERIMENTS
HUT-ROLLED BAR IRON, COMPARED WITH THE RESULTS OBTAINED FROM THE SAME
ROLLED AND POLISHED WHILE COLD BY LAUTH’S PATENT PROCESS.

WITH ORDINARY
KINDS OF IRON

Ratio of | Average
ete
rate bet

Iron rolled while

TRANSVERSE. —Bars supported at both ends; load applied

1% inch square bars.

in the middle; distance between the supports, 30 inches.
eee which gives a permanent set of one-tenth of an
inch, viz. .
:
:
.

:

Round bars, 2 incl diameter
Round bars, 23 ,,
os

Torsion.—Weight which gives a permanent set of one
degree, applied at 25 inches from centre of bars.
Round
bars, If inch diameter, and 9 inches between the clamps

‘

P

:

‘

Hot.

Cold.

“| walling: |increase:

3, 100
5,200
6,800

10,700
II, 100
15,600

| 3°45!
2°134
2°294

750

1,725

2°300

130

I 3,000
21,000
20, 500

34,000
31,000
37,000

2°615
1°476
1°804

161}
6
4

37,250

68,427 | 1°837

55,760

83,156 | 1-491

50,927

99, 293

1°950

5,000

7,500

1°500

|

hanes

|
1624
|:

COMPRESSION.— Weight which gives a depression, and a

permanent

set of one-hundredth

of an inch to columns

14 inches long and $ inch diameter .
:
;
.
:
Weight which bends and gives a permanent set to columns
8 inches long and } inch diameter, viz.
.

Puddled jton.
Charcoal bloom iron

TENSION.—Weight per square inch, which caused rods
ee diameter to stretch and take a permanent set, |
V1Z

Puddled
Charcoal
ight per square inch, at which the same rods broke, )Puddled
ae
:
:
:
:
:
:
:
;
‘
; Charcoal

iron
bloom iron
iron
bloom iron

teaso | 87306 | zoey

[$95
72

HARDNESS.— Weight required to produce equal inden-

tations

:

;

;

‘

:

‘

,

:

.

‘

50

NotTeE.—Indentations made by equal weights, in the centre, and near the edges of the fresh cut ends of the bars, were equal; showing that the
iron was as hard in the centre of the bars as elsewhere.
GENERAL SUMMARY OF THE RESULTS OBTAINED
SIR WILLIAM FAIRBAIRN'S EXPERIMENTS.

BY

From this it appears that cold-rolled iron is peculiarly adapted for
line
shafting.
Suppose, for example, a given quantity of power
eee
to transmit, and that a length of cold-rolled and a length of hot-rolled
Strength,
iron be connected together to form the line. Then the diameters of
Condition of bar.
Sock
Breaking weight per
the un-bar
barn ibs
square inch.
touched
the
two being such as to have equal torsional strength, we have—
:
being unity.
Ist. That the weight of the cold rolled will be the least, and it
In Ibs.
In tons.
will, therefore, produce less friction in the hanger bearings.
1 | Untouched (black) .
50,346
58°628
26°173
1000
3 | Rolled cold
69,295
88-230
2nd. That the cold rolled will be harder, and will therefore suffer
39° 388
I°505
4 | Turned .
47,710
60°746
27°119
1°036
less from abrasion af the journals.
3rd. That being of smaller diameter the journals are more easily
NoTF.—In the above summary it will be observed that the effect of con.
and perfectly lubricated.
solidation by the process of cold rolling is to increase the tensile powers ©
The resistance to transverse stress (say) 50 per cent.; but the
of resistance from 26°17 tons per square inch, to 39°38 tons, being in the
ratio of I: 1°5, one-half increase of strength gained by the new process of
elastic limit under transverse stress is increased from 80 to 125 per
cold rolling.

#xtract from the general conclusions arrived at by Professor R.
Thurston from experiments.
“ The process of cold rolling produces a very marked change in
the physical properties of the iron thus treated.
“It increases the tenacity from 25 to 4o per cent., and the resistance to transverse stress from 50 to 80 per cent.
“It elevates the elastic limit under torsional as well as tensile and
transverse stresses, from 80 to 125 per cent... .
“It gives the iron a smooth bright surface, absolutely free from
the scale of black oxide unavoidably left when hot rolled.

cent., accepting the lesser amount we have in the case of the two

shafts.
4th. That the resistance to permanent set or bend will be 30 per
cent. more in the cold rolled.

Sth. The accuracy to gauge diameter enables the employment of
a coupling having a continuous sleeve, and gives an equal bearing
along the entire coupling bore.
6th. The reduction of shaft diameter enables the employment of a
smaller and lighter coupling ; and
7th. The hubs of the pulleys may be made smaller and lighter,
are easier to bore, and may be bored to gauge diameter with the
assurance that they will fit the shaft.

LINE
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shaft journals to the bearings, and upon the amount of transverse

DIAMETERS OF LINE SHAFTING.—The necessary diameters of
the various length of the shafts composing a line of shafting, should
be proportioned to the quantity of power delivered by each respective length, and in this connection the position of the various pulleys

strain ; and this latter is so influenced by the amount of power that
may be delivered from one side of the shaft more than from another,

upon the length and the amount of power given off by the pulley is
an important consideration.
Suppose, for example, that a piece of

that the application of rules for determining the said friction under
conditions of perfect alignment rigidity would be practically useless.

shafting delivers a certain amount of power, then it is obvious that
the shaft will deflect or bend less if the pulley transmitting that

The conditions found in actual practice are so widely divergent and
so rarely alike, or even nearly alike, that the consideration of this
part of the subject would, in the opinion of the author, be of no
practical value. The reader, however, is referred to the remarks

power be placed close to a hanger or bearing than if it be placed
midway between the two hangers or bearings.
The strength of a shaft to resist torsion is the cube of its diameter in inches, multiplied by the strength of the material of which
the shaft is composed, per square ‘inch of cross-sectional area,
giving the strength in statical foot-pounds. The application of
this rule is to find the necessary strength of the shaft to convey

The friction between the journals of a line shafting and its bear-

ings depends so intimately upon the distance apart of the bearings,
upon the alignment of the same, upon the accurate bedding of the

made with reference to the friction of journals.

To prevent end motion to a line of shafting it is necessary that
there be fixed at some part of the line two shoulders, or collars, on
relatively different sides of a bearing, or of the bearings, these collars
meeting the side faces of the bearing. If shoulders are produced
by reducing the diameter of the journal bearing of the shaft, the
strength of the shafting is reduced to that at the reduced bearing,
because the strength of the whole can be no greater than its strength
at the weakest part. If collars are placed one on each end of the
line of shafting, the difficulty is met that the collars will permit end
motion to the shaft whenever

the

temperature

of the shaft

is

greater than that which obtained at the time at which the collars
were adjusted, which occurs on account of the increased expansion
of the shaft. On the other hand the collars will bind against the
side faces of the bearing boxes whenever the shaft is at a lower
temperature than it was at the time of setting the shaft, because of
the contraction of the shaft’s length, and this would cause undue
friction, abrasion, and wear.
It is preferable, therefore, to place such collars one on each side
of one bearing, so that the difference in contraction and expansion
from varying temperatures shall be confined to the difference in
expansion between the metal of which the bearing and shaft respectively are composed in the length of the bearing only, instead of
being extended to the difference in expansion between the shaft
throughout its whole length and that of the framework to which the
hangers, or bearings, are bolted.
The collars may be shrunk on to the shaft so as to avoid the
necessity of set-screws, or if set-screws are used they should be as
short as is practicable so as to avoid the liability to catch against

the lacings, &c., of belts, which, on slipping off the pulley may come
into contact with the set-screw head. The Lane and Bodley Co.,
of Cincinnati, employ a collar (for loose pulleys, &c.) in which the
radius of the collar for a width equal to the diameter of the set-screw
head, is equal to that of the set-screw head thus projecting from

Fig. 2593.

the centre of the collar circumference, a slot in the ring affording
access

to the

set-screw head, as shown

in Fig. 2593.

By this

means the head of the set-screw is protected from contact with a
belt, in case the latter should be off the pulley and resting upon the
shaft.
As a rule it is preferable that the collars, to prevent end motion

to the shaft, be placed at the bearing nearest to the engine or motor ;
and this is especially desirable where bevel-wheels are employed to
drive the shaft, because in that case the pitch lines of the wheels
are kept to coincide as nearly as practicable, and the teeth are prevented from getting too far into or out of gear.

power irrespective of the distance from its centre at which it delivers such power.

But since the point at which the power to produce torsion is
applied is at the rim of the pulley, the amount of torsion produced
upon a shaft by a given stress must be obtained by multiplying the
given amount of stress by the radius of the pulley in inches and paits

of an inch. Example: the static stress upon a pulley, 24 inches
diameter, is 100 lbs., what static torsion does it exert upon the
shaft ?
Here, stress 100 x 12 (radius of the pulley) = 1200 = static torsional stress.
In the following rules for finding the necessary diameters and
strengths of shafts, the margin of extra diameter for strength necessary for safety is included, so that the given sizes are working
diameters.
To find the necessary diameter of shaft from a given torsional
stress. — Rule, divide the torsional stress expressed in statical
foot lbs., by 57°2 for steel, by 27°7 for wrought iron, or by 18°5 for
cast iron, and the cube root of the quotient is the required working
diameter of shaft expressed in inches.

To find the maximum amount

of horse-power capable, within

good working limits, of being transmitted by a shaft of a given
diameter.—Rule, multiply the cube of the diameter of the shaft, in
inches, by its revolutions per minute and divide by 92 for steel, by

190 for wrought-iron, or by 285 for cast-iron shafts, and the quotient
is the amount of horse-power.
Since, in this rule, the horse-power is a given quantity, the
diameter of the pulley is of no consequence, since with a given
stress it must have been taken into account in obtaining the horsepower.
To find the revolutions per minute a shaft will require to make to
transmit a given amount of horse-power.—Rule, multiply the given
amount of horse-power by 92 for steel, by 190 for wrought-iron, or
by 285 for cast-iron shafts, and divide the product by the cube of
the diameter of the shaft expressed in inches, and the quotient is
the required revolutions per minute for the shaft.
The rule adopted by William Sellers and Co. to determine the
size of shafts to transmit a given horse-power is :—Rule, divide the
cube root of the horse-power by the revolutions per minute and
multiply the quotient by 125, the product is the diameter of shaft
required.
This gives a shaft strong enough to resist flexure, if the bearings
are not too far apart. The distance apart that the bearings should
be placed is an important consideration. Modern millwrights diffe:
slightly in opinion in this respect: some construct their mills witl,
beams 9 feet 6 inches apart, and put one hanger under each of th
beams ; others say 8 feet apart gives a better result. Weare cleaily
of opinion that with 8 feet distance, and shafting lighter in proportion, the best result is obtained.

The following table (from “ Machine Tools,” by Wm. Selleis
and Co.) gives the strength of round wrcught iron as given by
Clark :—
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CABLE SHOWING STRENGTH OF ROUND WROUGHI-IRON
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1°42
1°80

3

4,

lbs.
Stat?l ft.
27°7

Ft. lbs.
174

54°71

340

93°5
1189

587
746

6

5
P.
H.
"00526

Turns

190

01028

97°3

01779
02259

9

x4

8

Feet
6°6

Lbs.

7°7

8°6
9°2

56:2
44°3

deflection.

g°6

Feet.

30

7°9

9-2

55

10°3
IIl‘O

89
112

11°5

134

If

277

182°6

1,147

932

02820

35°4
28°3

10°!

163

12°1

2
2

3°36
4°00

221°6
265°8

1,39!

04211

23°97

05062

19°38

10°5
1I°O

193
227

12°7

1,669

2

4°80

315°5

1,981

05995

16°7

I1°4

264

13°7

:

2
2
22

3
34
3
3
4

4¢
4

2°25

5°62
6°56
8°73

I1°3
14°4
18-0

22°1
26'°9

32°2

6

63
7
73

8
84
9
95
IO

1112

14°2
I2°2
Q°l4

11°8
12°5
13'0

305
359
450

14°2
15°0
15°6

747°9
951°0
1,188

4,697
5,972
7,458

1421
1807
2257

7°04
5°54
4°43

13°7
14°5
15°2

566
701
854

16°5
17°4
18°3

1,461
1,773

215
258
306
360
420

559
725

16:0
16°"

1,029
1,225

19°2
20°1

17°4

1,439

20°9

1,943

22°6

2,525

24°0

18,635

5642

7

18°8

-7616

1°31

20°0

15,851

21,750

4796

6579

4,008

25,177

5,983

33,077
37,584

1°137

47,780
59,682
739254

1°445
1°805
2°220

7,006
9, 501
11,680

14,180
17,010
20, 190
23,750
27,700

36,870

47,860

922

60,860

14
15

1,152
1,417

76,010
93,490

16
17

1,720
2,062

113,500
1 36,100

20

3, 300

221,600

2,447
2,880

2°48

|

2,969

13

18
19

3°60
2°97

4040

4,609
5,266

90°6

277
3368

13, 345

69°8
79'8

117
144
177

9,173
11,136

2,127

| 3,463

60°7

4St

07051
08224
1094

52°5

$i

13°2

2,332
2,718
3,618

2,524

45°0

03469

3711
432°8
576°1

38°2

4

5

148°4

161,500
190,000

“8758
28.936 | I*000

89,088
106,836
126,846
149,118
174,000

2°694
3°232
3°837
4°512
5°260

7005
231,594 | 9'095

300, 672

2°09

|

1y'4

1°52

14

1°00
*880

"692
554
"450

"371
309
°261
"222
"190

143

18°]

|

20°

21°2
21°6

22°9
24°2
25°3

26°5
27°6
28°7
29°8
30°8

32°8

"110

34°7

21°7

1,679

23°3

2,220

254

3,210
3,600

(24°7
|| | 25°4
26°2

27°5
29°0
30°4

4,421
5,426
6,518

75774
9,133
10,650
12,320
14,100

18, 180
22,840

|

31°38
33°1
34°4
35°7
36°9

39°4

41°7

11°83

"0865

30°6

28, 330

44°0

477,450 | 14°44
587,250 | 17°76

"0693
0563

0464
0387

38°5
40°3

42°I
43°3

34,560
41,530

49, 330
575970

| 40°2
48°4

1,014,763 | 30°69
1,193,466
36°10

0326
0277

45°5
47°2

67,490
78,040

|

382,278
712,704
854,862

I, 392,000

21°56
25°86

42-11

0237

48:8

80,660

50°5
52 6

54°6
= 56°6
58°5

Note.—To find the corresponding values for shafts of cast iron or steel, multiply the tabular values by the following
multipliers :
Cast tron.
2
2
3
3
1°5
86
"SI
86
Steel
I*2
2°06
| 2°06
| 2°06
| “48
| 1°05
1°07
| 1°05

‘‘ It is advantageous that the diameter of line shaft be kept as | up ; indeed, this is so obvious as to require no discussion, further
small asis possible with due regard to the duty, so as to avoid extra
than to remark that the faster the shafting rotates the smaller may
be its diameter to transmit a given horse-power.
From deflection
weight in the shafting hangers, pulley hubs and couplings, whose
weights necessarily increase with the diameter of the shafting.
and weakness to resist transverse strains and other obvious causes
it is not found in practice desirable to employ line shafts of less
‘(SPEEDS FOR SHAFTING.—The speed at which shafting should
than about 12 inches in diameter, and the diameters of shafting
run is determined within certain limits by the kind of machinery it
is employed to drive. Shafting to drive wood-working machines
employed are usually arrived at from a calculated speed of about
120 revolutions per minute for metal-cutting machines such as used
may, for example, be made to rotate much faster than that employed
in machine shops, 250 revolutions per minute for wood-working
to run metal-cutting machines, because the motions in the woodworking machines themselves are faster than those in metal-cutting
machines, and from 300 to 400 revolutions per minute for cotton
machines.
In a general sense, the rotation of shafting is greater in
and woollen mills, and the countershafts for the machines usually
proportion as the movements of the machines driven require to run
have pulleys of the requisite diameters to convert this speed of
faster.
rotation into that required to run each respective machine. Tubular
or hollow shafting has been made to run at 600 revolutions per
‘‘ This occurs because in proportion as the driving pulleys of the
minute, but this kind of shafting has been of very limited application
machines require to rotate faster than the line shaft, the diameters
of the pulleys on the line shaft must be larger than the diameters of
because of its expensiveness.
‘‘It is obvious that since the speed of a line shaft is used as a
those on the machines; hence a great variation in speed would
multiplier in the calculation of the horse-powers of shafts, a given
demand a corresponding increase of diameter of pulley on the line
shaft, and the extra weight of this pulley would be so much added
diameter of shaft will transmit more power in proportion as its speed
is increased. Thus a shaft capable of transmitting 20 horse-power
to the weight causing friction, as well as so much added to the cost.
If small pulleys were used and countershafts employed to multiply
when making 120 revolutions per minute will transmit 40 horsethe speed the cost would be increased, extra room would be taken
power if making 240 revolutions per minute.

LINE
‘‘There . re now

running in some factories lines of shafting

1,000 feet long each.

The power is generally applied to the shaft

in the centre of the mill and the line extended each way from this.

The head shaft being, say, 5 inches in diameter, the shafts extending each way are made smaller in proportion to the rate of

distribution, so that from 5 inches they often taper down to 13.
‘‘When very long lines of shafting are constructed of small or comparatively small diameter, such lines are liable to some irregularities
in speed, owing to the torsion or twisting of the shaft as power is
taken from it in more

Shafts driving

or less irregular manner.

looms may at one time be under the strain of driving all the looms
elted from them, but as some looms are stopped the strain on the
shaft becomes relaxed, and the torsional strain drives some part of
the line ahead, and again retards it when the looms are started up.
This rete is in some cases a matter of serious consideration,
as in the instance

=

.

oe

When the direction of rotation of the cone pulley an the countershaft requires to be occasionally reversed, there are two belts, an
open one and a crossed one, from the line shaft to the countershaft,
and there are three pulleys on the countershaft, their arrangement
being as shown in Fig. 2596. L L’ are two loose pulleys, one
receiving the open and the other the crossed belt, both these pulleys
being a little more than twice the width of the belt ; Fisa fast pulley.
By operating the belt, skipper or shifter in the requisite direction
either the open or the crossed belt is brought upon the fast pulley,
the other belt merely moving across the width of its loose pulley,
In the position of the
which must be twice that of the fast one.
belt shifter shown in the cut, both belts would be upon the lorese

The looms are

of driving weaving machinery.

—_ —
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Fig. 2596.

pulleys L L’, hence the countershaft would remain at rest. If the
direction of rotation of one pulley is required to be quicker than
‘the other, two fast pulleys, each slightly more than twice the
width of the belt, may be placed upon the line shaft, one of them
being of enlarged diameter, to give the requisite increased velocity.
In Fig: 2597 Pratt’s patent friction clutch is shown applied to a
countershaft requiring to rotate in both directions, but quicker in
one direction than in the other ; hence, one of the pulleys is of
smaller diameter than the other. The pulleys are free to rotate
Fig. 2594.

upon the countershaft unless engaged by the clutch, which is

provided with delicate stop motion, whereby the breaking of a thread
knocks off the belt shifter and stops the loom. An irregular driving
motion is apt to cause the looms to knock off, as it is called, and
hence the stopping of one or more may cause others near to them
to stop also. This may in a measure be arrested by providing flywheels at intervals on the line shaft, so heavy in their rim as to act
as a constant retardant and storer of power, which power is given
back upon any reaction on the shaft, and thus the strain is equalized.
We mention this, as at the present time it is occupying the thoughts
of prominent millwrights, and the relative advantage and disadvantage of light and heavy fly-wheels are being discussed, and is
influencing the proportions of shafting in mill construction.*”’
Countershafts are separate sections of shafting (usually a short

pulleys there is a sleeve, having at each end a conical hub. When
this sleeve is moved to the right, its right-hand coned hub passes
between the lugs on the exposed ends of the shoes, forcing these
lugs apart and causing the shoes to grip the bore of the large pulley,
which thereupon rotates the shaft through the medium of the sleeve
upon which the shoes are pivoted.
Similarly, if the engaging (and
disengaging)
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constructed as follows :—
The inside surface of the pulley rim is bored and the end surface
of the shoes is turned to correspond. The shoes are in the form
of a bell crank, upon the exposed end of which is provided a small
lug, clearly shown in the cut. To prevent end motion of the pulley
a collar is placed on one side of it and secured to the countershaft,
while, on the other, the sleeve to which the shoes are pivoted is
also secured to the countershaft ; upon the shaft between the two

SS MM
nol

sleeve be moved

to the left it will pass between the

=

NL
ye
ea

af

{

Doom

_N. EU
—

d

nt
TT TI

¢€

Fig. 2595.

section) employed to increase or diminish belt speed, to alter the
direction of belt motion, to carry a loose as well as a fast pulley (so
that by moving the belt on to the loose pulley it may cease to communicate motion to the machine driven), and for all these purposes
combined.
An excellent form of countershaft hanger is shown in Fig. 2594,
the guide for the slide being adjustable along the arm, and fixed in
its adjusted position by means of the set-screws.
The bearing is
self-adjusting horizontally for alignment.
The countershaft is
shown in Fig. 2595, a 4 being the bearings, ¢c the cone pulley, d the
fast and é the loose pulley, which is placed next to the bearing, so
that it may be oiled without having to reach past the belt and fast
pulley. By reducing the journal for the loose pulley no collar is
needed, the shaft shoulder and the face of the bearing serving
instead.
* From “ Machine Tools,” by William Sellers and Co.

Fig. 2597.

lugs of the shoes on the left-hand pulley, which will, therefore, be
caused to drive the shaft. In the position shown in the cut the
engaging sleeve is clear of the ends of all the shoes, hence the

pulleys would be caused to rotate (by their belts), but the shafts, &c.,
would remain stationary.
In yet another form the inner face of the pulley rim is coned, and
in place of shoes a disk, whose

circumference

is coned

to fit the

pulley rim, is fast upon the shaft. The shaft is provided with a fixed
collar, and from this collar, as a fulcrum, the pulley and disk are
(by means of short levers attached to a sleeve upon the countershaft) brought into contact, the thrust on the other side of the pulley
being sustained by a conical surface on the sleeve, fitting to a

MODERN

192

SHOP PRACTICE.

MACHINE

similar cone on the hub of the pulley. Thus the pulley is gripped
between two coned surfaces, one on each side, and is released by

moving the sleeve laterally so as to relieve the grip, which it does
noiselessly.
By this means motion to the shaft is communicated from the
pulley without the sudden shock incidental to the impact of two
fixed pieces, because the grip of the cones is gradual, and a certain
amount of slip may occur until such time as the grip of the surfaces is sufficient to drive by friction.
Fig. 2598* represents a cone friction clutch pulley. The outer
half is a working fit upon the shaft, but is secured against end
motion by the collar D. The sliding half is coned and covered
with leather as shown at C C, the outer half being coned to corre-

the bearing boxes to the journals of the shafting, su as to hold
the same with its axis in a straight line, while they permit of
vertical movement to attain vertical alignment.

Fig. 2599 represents Wm. Sellers & Co.’s ball-and-socket
hanger which has come into extensive use throughout the United
States: a represents the frame of the hanger threaded to receive

the cylindrical threaded plungers @ ¢, which therefore by rotation
advance or recede respectively from the centre of the beariny
boxes dc.
The ends of these plungers are concave, and the
halves of the bearing boxes are provided with a
tion fitting into the concaves of the plungers, so
plungers are adjusted to fit (a working fit) against

top and bottom
spheroidal secthat when the
the boxes, the

YL

WD

Fig. 2598.

spond. The sliding half is driven by a feather fast in its bore,
and sliding in a feather-way or spline in the shaft.
The driving power of the device is obtained by means of the
friction of the coned surfaces.
The less the angle x of the cones
the more power transmitted with a given pressure of the internal
to the external cone.
On the other hand, however, this angle may be so little that
the external cone will not release the internal one when the end
pressure on the latter is removed.
The object is, therefore, to so proportion the angle x of the
cones that their friction will be a maximum, while the internal
cone may be moved endwise and unlocked from the external without undue effort or strain at the moving clutch bar E. If the angle
be 30 degrees, the clutch will release itself when the lateral
pressure is removed.
Ifthe angle be 25 degrees the internal cone
will require a slight lateral pressure to release it. Ifthe angle be
20 degrees, the internal cone cannot be released by end pressure
applied by hand.
The transmitting capacity of the clutch depends upon the
pressure applied to maintain the cones in contact, and therefore

latter

are

held

in a ball-and-socket

or universal

joint, which

permits motion in any direction, the centre of such motion being
central to the spherical concaves on the ends of plungers e d.
To adjust the vertical height of the bearings or boxes, it is
simply necessary to rotate the plungers d e, in the threaded holes
in the frame. F is simplya dish to catch the lubricating oil after
it has passed through the bearing.
It is obvious that if a shaft be aligned axially true, and held in
a box of this design, the centre of a length of shaft on either side

|

upon the leverage of the clutch bar, whose fork end is shown in
section at E.

|

It is desirable that the end pressure be as small as possible,
because of the friction between E and the hub of the sliding half
of the pulley.
The hangers which carry the bearing boxes supporting shafting
may be divided into four principal classes :—Those in which the
bearing boxes are permitted to swivel, and to a certain extent to
adjust themselves, to the axial line of the shafting, and having

means to adjust the vertical height of the bolts.
Those in which the bearings are incapable of such adjustments.
Those in which the bearing boxes are supported on each side ;
and those in which the bearing is supported on one side only,
so that the shafting may be taken down without disturbing the
couplings.
The first named are desirable in that they eliminate to a certain
extent the strains due to the extra journal bearing friction which
occurs when the shafting is sprung out of its true alignment, and
obviate to a great extent the labor involved in fitting the bore of
*From

7he American Machinist.

Fig. 2599.

of the box may be sprung or deflected out of alignment, and that
the box will adjust itself so that its bore will be parallel with the
axis of the shaft thus deflected, hence the friction between the

shaft journal and the bearing box will be at all times a minimum.
This feature of self-adjustment permits of the employment of
longer bearings, which reduces the wear, as well as the friction,
and by providing sufficient bearing and wearing area, enables the
bearings to be composed of cast iron, which is the cheapest as
well as the very best material of which a bearing can be made,

provided that its area of bore is sufficiently large in proportion to

LINE
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the duty, or load, to have a pressure of not more than about 60
lbs. per square inch of area.
Again, if the alignment of the shaft should require readjustment
from the warping or sinking of beams, as is a very Common occurrence where hangers are fixed to the joists of ceilings, the adjustment is readily and easily effected by means of the plungers, nor
need the boxes be fitted to the shaft more than to see that when

195

adjustable, especially if the boxes be long ones, as about, or not
less than, three times the diameter of the shaft, as they should be.

An external side elevation of this hanger is shown in Fig. 2600,

lig. 2602.

it being obvious that the hanger is designed for bolting to timbers, or framing overhead.

Fig. 2601 represents a hanger of this class.
free from the hangers they bed firmly down until the crowns of
their bore have contact with the shaft. The hangers themselves
require no refinement of alignment, because that may be secured
by means of the plungers, and the boxes require no fitting to the
shafts after the hangers are erected.
In hangers in which the self-adjusting ball-and-socket feature

lower part carrying the bottom

In this the

bearing is held to the upper by

two bolts, as shown, the object being to enable the same to be
placed in position on a line of shafting without disturbing the
pulleys or the couplings. The lower section with the bottom bearing is removed and again put on after the hanger is set over the
shaft.
Fig. 2602 represents an open-sided ball-and-socket hanger in
which the plungers can be retired, the bearings removed, and
the hanger erected on an existing line of shafting without

Fig. 2603.

is omitted, the bottom hangers must not only be accurately aligned,
but the boxes must, to avoid friction and undue wear, all be fitted
to the shaft, and the latter must, during such fitting, be tried in
the boxes ; the operation, if properly performed, costing far more in

labor than is equivalent to the difference in the first cost of the
ball-and-socket adjustable hangers and those solid or not self-

removing the pulleys or couplings, or disturbing the line of
shafting.
When the face of the framing to which the hangers are to be
bolted stands vertical, the hangers are formed as in Fig. 2603,
in which the ball-and-socket or swivelling feature is maintained
as before.
Fig. 2604 represents a wall

hanger, which

is open

in front
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similar to the hanger shown
purpose.

in Fig. 2602, and for the same

The section of shafting receiving power from the engine or
prime mover is usually supported in bearings or pillow blocks.
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they are sometimes bolted to base plates as in Fig. 2607, room

being left in the bolt holes to permit of their being moved
The adjustment may be made
and adjusted upon the plate.
These base
by means of wedges, as at A, B in Fig. 2607.
plates are usually employed when the pillow block is to be held
against a wall.
An inverted pillow block of similar construction, but designed
for the head line (as the length receiving power from the engine
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improved form of the same has plungers so as to
adjustment of the bearings.
When a pillow block requires to be enveloped
provided with a wall box as shown in Fig. 2609,
box is set the pillow block as shown, space being
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Pillow blocks are also used for vertical shafts, and in cases where
the foundation or framing is not liable to lose correct horizontal
adjustment.
Fig. 2605 represents a pillow block, in which the ball-andsocket principle shown in Fig. 2602 is embodied.
The bearings
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wedge as shown.
In cases where the shafting requires to stand off from a wall to

allow room for the pulleys, brackets or knees, such as shown
Fig. 2610, are employed.
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Fig. 2605.

have each a ball section fitting into spherical recesses or cups
provided in the body of the block, and in the cap, so that
the bearings are capable of swivelling as already described with
reference to the hanger Fig. 2599.
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A sectional view of a pillow block having this adjustable
feature is shown in Fig. 2606.
To provide increased seating
bearing, and also means of side adjustment to pillow blocks,

COUPLINGS FOR LINE OR DRIVING SHAFTS.—The couplings
for connecting the ends of line shafts should accomplish the
following objects :—
1. To hold the two shaft ends axially true one with the other.
2. To have an equal grip along the entire length of shaft
enveloped by the coupling.
3. To have a fastening or locking device of such a nature that

LINE

195
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it will not be liable to work loose from the torsional strains due to
the flexure of the shaft, which is caused by the belts springing or
straining the axial line of shafting out of the straight line.
4. To be capable of easy application and removal, so as to
permit the erection or disconnection of the lengths of shafting

sleeve to afford the curves 2,4,c,d@, as shown

in Fig. 2613.

The

grip may be more equalised by boring the sleeve of slightly smaller
diameter than the shaft.
Fig. 2614 represents a sleeve carrying out this principle. It is
composed of two halves, as shown, bored slightly smaller than the
shaft diameter, and is to be compressed on the shaft, which, acting as a wedge, would spring open the sides of the bore until the
crown of the bore bedded against the shaft. This, in the case of
parallel shaft ends of equal diameter, would hold them with great

Fig. 2610.
Fig. 2613.

with as little disarrangement of the hangers and
possible, and to be light, run true, and be balanced.

bearings as

To these requirements, however, may be added that, since it is

well-nigh impracticable to obtain lengths of lathe-turned shafting
of exactly equal diameter, couplings for such shafting require to
fill the following further requirements :
5. The piece or pieces gripping the shaft ends must be capable
of concentric and parallel closure along the entire area, enveloping the end of each shaft, and must do this at each end indepen-

force axially true, and with equal force and bearing, thus meeting
all the requirements.
If, however, the end of one shaft were of

larger diameter than the end of the other (as has hitherto been
supposed

to be the case), the end accomplished

sleeve of smaller diameter

by boring the

than the shaft is, that the end

of the

sleeve is afforded the extra elasticity due to the transverse spring
of the sleeve, which permits the edges of each half of the sleeve
to bear along a greater length of the shaft end than would other-

Fig. 2€11.

dently of the other, and the piece or pieces exerting the closing or
compressing pressure must grip the closing piece or pieces,
enveloping the shafting over the entire area.
If, for example, a sleeve be split at four equidistant parts of its

near the edges of the split.
It will be perceived, then, that under this principle of construction, when applied to shaft ends of varying diameters, the metal is

circumference,

of its

left to spring and conform itself to the shape of the parts to be

length, as in Fig. 2611, any pressure that may be applied to its

connected, and that there is nothing outside of the condition of
relative diameter of shaft to sleeve bore to determine what the
direction of the spring or closure of sleeve shall be; but, on the
other hand, the principle possesses excellence in that the sleeve
being cylindrical and its closure taking place equally at similar

and

from

each

end nearly to the middle

circumference to cause it to grip the shaft it envelops will
Cause it to grip the shaft with greater force at one part than at

wise be the case ; but the bearing is in this case mainly at and

points of contact the shafts will be held axially true, one with the
other; or in other words, the movements of the metal while sleeve

Fig. 2612.

another, according to the diameter of the shaft and the location
of the external pressure.
Thus, if the pressure be applied equally
along the length A B, the weaker end B will close most readily,

while at A the support afforded by the unsplit section offers a
resistance

to closure at the ends A of the split, hence

the

even though a working fit to the sleeve bore, will be gripped with
least force at the end A.

If the shaft were simply a close fit, as,

say, just movable by hand on the sleeve bore, the form of the
coupling bore would, when compressed upon the shaft, be as
shown in Fig. 2612, the bend on the necks a,4,c,d, being magnified for clearness of illustration. If the compressing piece covered
the compressed sleeve for a lesser distance, the grip would be
more uniform, because there would be a greater length ‘of the
‘VOL, 11.— 36.

Fig. 2614.

shaft,

closure is progressing are equally radial to the axis of the sleeve,
and there is no element tending to throw the shaft axis out of line
one with the other.
If a sleeve have a single split, the manner in which it will grip
a shaft smaller than the sleeve’s bore depends upon the manner
in which the compression is effected.
In Fig. 2615, for example, is a ring supposed to be compressed
by a pressure applied at A and at RB, causing the ring to assume
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the form shown by the dotted lines.

The centre of the ring bore

would therefure be moved from C to D. Now, suppose that the
end of one section of shafting were to fit the sleeve bore, then
compressing the sleeve upon it would not practically move the
centre of the bore;

but if the shaft at the other end of the sleeve

were smaller than the sleeve bore, the compression of the sleeve
to grip the shaft would move the centre of the bore, and, therefore,
of the shaft towards D, hence

the axial lines of the shafts would

SHOP

PRACTICE.

shafting, and further secured by keys. The end of one half fits
into a recess provided on the other half, so as to act as a guide to
keep the shafts axially true one with the other, and also to keep
the two halves true one with the other, while drilling the holes to
receive the bolts E which bolt the coupling together.
The objections to this form are, that it is costly to make, inasmuch as truth

cannot be assured unless each half coupling is fitted and keyed
to the shaft, and turned on the radial or joint faces afterwards.
Furthermore, if the coupling were taken off in order to get a solid
pulley on the shaft, the coupling is apt to be out of true when put
together again, and, therefore, to spring the shaft out of true.
Also, that the bearing, support, or hanger must be open-sided to

ANZ,
a

VEZ
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Fig. 2615.

not be held true one with the other. To accomplish this latter
object, the compression must be equal all round the sleeve, or it
may be applied at the points E and F, Fig. 2616, although it is
better to have the compression area embrace all the circumferential
area possible of the sleeve, and to have the movement that effects
the compression simultaneous and equal at all points on the circumference of the ring or sleeve, because if these movements are
independent, more movement or compression may be given at one
point than at another, and this alters the centre of the bore; thus,
if more pressure were exerted at E than at F, in figure, the centre
of the bore would be thrown towards F, or vice versa.
If the

E

SW WV,
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Fig. 2618.

admit the shaft, and that each coupling, being fitted and turned
to its place, would be apt to run out of true if removed and applied
to another shaft, whether the same be of equal diameter or not ;
but if each half coupling be provided with a feather instead of the
usual key, the coupling may be readily removed and will remain
true when put on again.
Fig. 2618 represents a plate coupling. in which one end of the
shaft passes into the bore of the half coupling on the other length
of shaft, which serves to keep the shafts in line one with the
other.
Fig. 2619 represents a single cone coupling composed of an
external sleeve having a conical bore and a split internal sleeve
Ee

F

Fig. 2616.

<<

DY 7.-.

pressure be concentric, the single split ring or sleeve grips the
shaft all round its circumference; hence it is only necessary in
this case to maintain the circumference of the sleeve in line to
insure
other;
to end
will be
by the

that the shaft ends be held axially true one with the
and if the pressure on the ring be applied equally from end
its closure will also be parallel and equal, and the shaft
held with equal force along that part of its length enveloped
coupling.
It is obvious, however, that the piece or sleeve
gripping the end of one shaft must be independent of that gripping

EtoN

i

Fig. 2619.
bored to receive the shaft, and turned on its outer diameter to the
The bolts
© same cone as the bore of the outer or encasing sleeve.

' pass through the inner sleeve, the bolt head meeting the radial
face of the inner sleeve while the nut meets the radial face of the
outer sleeve, so that screwing up the nut forces the inner sleeve
into the outer and closes the bore of the former upon the shaft.
This coupling is open to the objection that it cannot grip the ends
of the shafts equally unless both shafts be of exactly equal
diameter, and the bearing on the smaller shaft will be mainly at

the outer end only, as explained in Fig. 2611.

As a reenk, the
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Fig. 2617.

the other, so as to avoid the evils shown in Fig. 2612, while at the
same time the casing or guide enveloping the two independent
rings or sleeves must guide and hold them axially true, one with
the other.

In Fig. 2617 is shown an excellent form of Alate coupling, in
which most of the requirements are obtained.
A and B are the
ends of the two lengths of shafting to be connected, C and D are
the two halves of the coupling driven or forced on the ends of the

=

ee

transverse strains on the shaft will cause the couplings to coi?
loose in time.
Fig. 2620 represents a coupling composed of a cylindrical
sleeve split longitudinally on one side, as at @; the bolts ¢ pass
through the split. Diametrally opposite is another split passing
partly through as at J. A key is employed at right angles to the
two splits as shown.
Here, again, the pressure on a shaft that
is smaller than the other, of the two shafts coupled, will be
mainly at one end, but separation of the shaft ends is provided
against by means of two cylindrical pins on the ends of the key
fitting into corresponding holes drilled in the shaft, as shown in
the side elevation in the figure.

LINE
In Fig. 26z1 1s shown

a coupling whose parts are shown

in

Fig. 2622. It consists of a cylindrical ring turned true on the
outside and bored conical from each end to the middle of its length,

The split cones are bored to receive the shaft and
as shown.
contain a keyway to receive a spline provided in the shaft ends,

and are turned on the external diameter to fit the conical borings
in the sleeve.

Three
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square bolts pass through the split cones,

which, being square, are prevented from rotating while their nuts
are being screwed up.
To put the coupling together one split cone is passed over the
The sleeve
end of one shaft and the other over that of the other.
is then put between the ends of the shaft, the position of the shaft
adjusted for length and the split cones pushed up into the sleeve ;
the bolts are then passed through and screwed up. The forcing
of the split cones into the conical borings of the sleeve causes the
former (from being split) to close upon the shaft ends and grip
them equally tight, notwithstanding any slight difference in the
diameters of the shaft, there being left between the ends of the
split cones sufficient space to allow them to pass through the

means
in Fig.
The
of the

of wedges A driven in the split B of each clamp, as shown
2624.
lower edge of the wedges should be slightly above the bore
clamp to prevent the formation of a burr or projection of

metal when the wedge is driven in. When
ends and in proper position the wedges
clamp bore will have contact at and near
tudinal split and on the opposite sides
keyway is shown, but the pressure of the
the clamps on the side of the longitudinal

placed upon the shaft
are removed and the
the edges of the long)of the bore where the
tape screws will spring
splits, and increase the

bearing area at those points.
The main features of this device are that though the bore be
made a driving fit to the shaft, it can, by the employment of the
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Fig. 2621.

conical borings sufficiently to close upon the respective ends of the
shafts ; the pressure being parallel and equal on each shaft end,
because when the cone has gripped the largest shaft the whole
movement due to screwing up the nuts is transferred to the cone
enveloping the smaller shaft, and by reason of the cones fitting,
the closure of the holes in the cones is parallel, giving an even
grip along the shaft end and an equal amount of grip to each
shaft end.
To remove

the coupling the bolts are removed, and the sleeve

being moved endways the cones open from their spring and relieve
the grip upon the shaft.
It is evident that in their passage through the sleeve casing the
cones will move with their axial lines true with the axial line of
the casing; and it is equally evident that the taper on the cone
accurately fitting the taper in the sleeve bore, the closure of the
cone bores must be equal; while at the same time the pressure on
the two cones upon the respective shaft ends must be equal,
because it 1s the friction of the cone bores upon the shaft ends

Fig. 2623.

wedges, be put on the shaft with the same ease as if it were an
easy fit, while the clamps being separated by a transverse groove
may open and close upon the shaft independently of each other,
so as to conform separately to any variation in the diameters of
the two shaft ends it couples. But it may be noted that since the
circumference of each shaft end has a bearing along the line of
the coupling bore diametrally opposite to the longitudinal splits,
the shafts will not be held quite axially true one with the other
unless there be as much difference in the diameters of the separate clamp bores as there is in the diameters of the shaft ends ;
because to hold two shafts of different diameters axially true one

with the other the longitudinal planes of the two circumferences
must not at any part of the circumferences form a straight line,
as would be the case at that part of the coupling bore at and near
the keyway.
It is to be noted, however, that this coupling is formed of one
solid piece, and that the strain on the tightening bolts or screws
is one of compression only, which tends to hold them firmly and

prevent their coming loose.
If the workmanship ofa plate coupling, such as in Fig. 2617, be

=

Fig. 2622.

which equally resists the motion of both, while the pressure
applied to the respective cones is derived from the same bolts,
and hence is equal and simultaneous in its action.
To loosen this coupling for removal the bolts must be stacked
back and a few blows on the exterior of the outer shell with a
billet of wood may loosen the coupling ; but if not, a wedge ora
cold chisel may be driven in the splits of the cones to loosen them,
but such wedge or chisel should not have contact with the sides
of the split, either near the bore or near the perimeter, for fear of
raising a burr.
In Fig. 2623 is shown a patent internal clamp coupling.
It is formed of a cylindrical piece containing a pair of separate
clamps, and between these clamps and the outer casing are
four screws, two to each clamp; these screws are tapered so
as to close the clamp when screwed up and release it when
screwed outwards.
The holes to receive the shaft ends are
bored somewhat smaller than the shafts they are to fit, and the
clamps opened to permit the easy insertion of the shaft ends by
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Fig. 2624.
accurately and well done, and the proportions

of the same are cr

correct design, so that the strain placed on the same in keying
and coupling it up does not distort it, the coupling and the shaft
will run true, because the strain due to the key pressure will not

be (if properly driven) sufficient to throw the coupling out of true.
But the degree of accuracy in workmanship necessary to attain
this end is greater than can be given to the work and compete in
the market with work less accurately made, because the difference
in the quality of the workmanship will not be discernible save to
the most expert and experienced mechanic, and not to him even
unless the pieces be taken apart for examination.
If the bore of
the coupling be true and smooth and of proper fit to the shaft the
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key pressure, if the key fits on its top and bottom, will not, as
stated, be sufficient to throw the coupling out of true. It is true,
however, that such pressure is exerted on one half the bore of the
coupling only, being the half bore opposite to the key. On the

other diametral side of the coupling the strain due to the key is
exerted on the top face of the key.
If, therefore, the key seats in the shaft and in the couplings are
in line or parallel, and both therefore in the same plane, the
strain due to the key may throw the coupling out of true to the
amount that the key pressure may relieve the bore of the coupling
(on the half circumference of the shaft of which the key is the

SHOP PRACTICE.
removal of a section involves either the driving back of one-half of
the coupling so that the other half will clear it, or else the moving
endwise of the whole line to effect the same object.
With a plate coupling the half coupling on one end of the shaft
must be removed when it is required to put an additional pulley on
the shaft, unless, indeed, a split pulley be used, whereas

with a

clamp coupling, such as shown in Fig. 2621, the half coupling at
each end may be slacked and moved back, one end of the shaft
released,
replaced,
adjusted
It is to

a solid pulley placed on the shaft and the coupling
when it will run as true as before, and the pulley may be
to its required position on the length of shafting.
be remarked, however, that a well-made plate coupling,

such

in Fig. 2618, makes

as

a good and reliable permanent job

that will not come loose under any ordinary or proper conditions. :
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Fig. 2625.
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centre) from contact or pressure with the shaft. Asa result, the
coupling may run to that extent out of true, but the shaft would

In Fig. 2625 is shown a patent self-adjusting compression
clamp, which is peculiarly adapted to connect shafting that is of

run true nevertheless so long as the nature of the surfaces on the

shaft and on the coupling bore was such that the key pressure
caused no more compression or closer contact in the case of one
half coupling than in the case of the other.
It is obvious that a plate coupling will require at least as much
force to remove it from the shaft as it took to put iton, and sometimes, from rusting of the keys, &c., it requires more.
If it be
removed by blows it becomes damaged, and damage is likely to
be also caused to the shaft, while the surfaces having to slide in

efWe: =

proper gauge diameter.

It consists of a sleeve A made in two

halves, each embracing nearly one-half of the shaft circumference
and being bored parallel and slightly smaller than the diameter
of the shaft ends. Over this sleeve passes at each endaring D E,
bored conical and fitting a similar cone on the external diameter
of the sleeve. On each end of the sleeve is the nut F G, which by
forcing the cone ring up the taper of the sleeve causes the two
halves of the latter to close upon and grip the shaft. For shafts
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Fig. 2629.

‘Fig. 2626.

contact under the pressure of the fit the surfaces abrade and
compress, and the fit becomes impaired.
But in couplings such
as shown In Fig. 2621, the gripping pieces are relieved of pressure
on the shaft by the removal

of the bolts, and the removal

of the

coupling becomes comparatively easy.
The interchangeability of plate couplings is further destroved
by the fact already stated, that turned shafting is not, as a rule,

of accurate gauge diameter, and the least variation in the pressure
or fit of the coupling to its shaft is apt to cause a want of truth
when the key bears on itstop and bottom. The fit of the coupling
to its shaft may be, it is true, relied on to do the main part of the
driving duty, and the key fitting on the sides only may be a

less than two inches in diameter there are provided in the sleeve
two pins to enter holes in the shaft ends in place of keys, but for
sizes above that keys are employed.
All parts of this coupling
being cylindrical it is balanced.
The separate parts of this
coupling are shown in Fig. 2626.
In Figs. 2627 to 2630 are shown a side elevation and sectional
view of another form of shaft coupling.
A is the sleeve, B B nuts
on the ends of the sleeve, and C C cones fitting taper holes in the

sleeve. These cones are split, as shown in Fig. 2629, to permit
them to close upon the shaft ends. The shaft ends themselv+s are

Fig. 2630.

matched with a half dovetail, as in Fig. 2630, which dispenses
with the employment of a key.
In coupling shafts of different diameters it is usual to reduce
the diameter of the end of the larger to that of the smaller shaft,
and to employ a size of coupling suitable for the smaller shaft ; but

Fig. 2627.

secondary consideration, but in proportion as the fit is relied on to
drive, that fit must be tighter, and the difficulty of application and
removal is increased.
Another and important disadvantage of the plate coupling in
any form is that it necessitates the use of hangers open on one
side to admit the shaft, because the couplings must be fitted

upon the shaft before the same is erected and should not be
removed after being fitted, as would be necessary to slide the end
of the shaft through the bearing.
When plate couplings are constructed as in Fig. 2617, the

in this case it is necessary that the coupling be placed on the
same side of the hanger or bearing as the smaller shaft, otherwise
it is obvious that the strength of the larger would, between its
bearings, be reduced to that of the smaller shaft.
The couplings for line shafting are usually placed as near to
the bearings or hangers as will leave room for the removal of the
couplings by sliding them along the shaft.

The couplings on the length of shaft receiving power from the
motor are placed outside the bearings, hence on the succeeding
lengths there will be one coupling between each pair of bearings,
the couplings being in each case as close to each bearing as will
allow the coupling to be moved towards the bearing sufficiently to

LINE

199

SHAFTING.

permit the length to be removed without disconnecting the adja-

cent length from its bearings.

Fiy. 2631 represents a very superior form of coupling for line
The ends of the line shaft are reduced to half diameters
shafts.

prevented turning by the pinsD D. This coupling has no projections to catch clothes or belts, and is quickly applied or removed.
Fig. 2633* represents a form of coupling for heavy duty, the
transmitting capacity only being limited by the strength of the
projections A. If the shafts are not axially in line, this form of
coupling accommodates the error, since the projections A may
slide in their recesses, while if the axial lines of the shafts should

Fig. 2631.

as shown, and lapped with a horizontal joint at an angle to the
axis of the shaft as denoted by the dotted line, which prevents end
motion ; the ends of the shaft and their abutting surfaces are dove-

Fig. 2634.
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vary from flexure of the bearings or foundations, as in steamships,

™~

big. 2632.

tailed, as shown A and B, and, therefore, perform driving duty.

A sleeve envelops the whole joint and is secured by a key.
This coupling accomplishes all that can be desired, but requires

clearance between the ends of A and the bottom of the recesses
may be allowed, as shown at B.
In Fig. 2634 is shown a coupling (commonly known as the
universal joint coupling) which will transmit motion either in a
straight line, or at any angle up to 45°.
It is formed of two double eyes, such as A, connected

to a yoke

—

Fig. 2633.

very accurate workmanship, and on this account is expensive to | cr crosspiece B as shown at C. It is mainly used for connecting
make.
shafts or arms carrying tools of some kind, such as rubbers for
Fig. 2632 represents a form of coupling suitable for light shaftpolishing stone, tools for boring, or other similar purposes ir,
ing. It consists of two halves A A, of cast iron, which are drawn
which the tool requires to be rotated at varying angles with the
together by the bolt C; the centre of the coupling is recessed to
driving shaft.
enable the coupling to take a better hold on the shaft, which is
* From Rankine’s ‘“‘ Machinery and Millwork.”

CHAPTER

XXXI.—PULLEYS.

ULLEYS for the transmission of power by belt may be divided
into two principal classes, the solid and the split pulley.
The former is either cast in one entire piece, or the hub and arms
are in one casting, and the rim a wrought-iron band riveted on.
The latter is cast in two halves so that they may be the more
readily placed upon or removed from the shaft.
On account of the shrinkage strains in targe pulley castings
rendering them liable to break, it is usual to cast pulleys of more
than about 6 feet in halves or parts which are bolted together to
form the full pulley. On account of these same shrinkage strains
it was formerly considered necessary to cast even small pulleys
with curved arms, so that the strains might be accommodated or

thickened

at and

towards

its centre.

When

the width of rim is

excessive in proportion to one set of arms a double set is employed
as in Fig. 2636.
In some forms of pulley the arms and hub are cast in one piece
and the rim is formed of a band of wrought iron riveted to the
arms. By this means shrinkage strains are eliminated and a strong
and light pulley is obtained.
Fig. 2637 represents a split pulley in which the two halves are
bolted together aiter being placed on the shaft.
Variable motion may be transmitted by means of an oval driving
pulley, as in Fig. 2638, it being obvious that the belt velocity will vary
——
—

expended in bending or straightening the curves of the respective
arms.
It is found, however, that by properly proportioning the
amount of metal in the hub, arms, and rim of the pulley, straight

arm pulleys may be cast to be as strong as those with curved arms,
and being lighter they are preferable, as causing less friction on the
shafting journals, and, therefore, being easier to drive.
It is obvious that a pulley for a double belt requires to be
stronger than is necessary for a single one, but the difference is
not sufficiently great to give any practical advantage by making
separate pulleys for single and double belts ; hence all pulleys are
made strong enough for double belts.
Pulleys are weaker in proportion to their duty as the speed at
which they rotate is increased, because the centrifugal force generated by the rotation acts in a direction to burst the pulley asunder,
so that if the speed of rotation be continuously increased a point
will ultimately be reached at which the centrifugal force generated

will be sufficient to cause the wheel to burst asunder.
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according to the position of the major axis of the oval.
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ments of this kind, however, are rarely met with in practice.
In Fig. 2639 is shown an expanding pulley largely employed on
the drying cylinders of paper machinery, and in other similar
Situations where frequent small changes of revolution speed is
required. Each arm of the wheel carries a seyment of the rim, and is moved radially to increase
or diminish the rim diameter by sliding in slots
provided in the hub of the wheel, a radial screw
operated by bevel gears receiving motion from
the hand wheel and gear-wheels shown in the
engraving.
It is obvious that in this case the
4
driving belt must be made long enough to embrace the pulley when expanded to its maximum
(“4
diameter, the slack of the belt due to reduction
of diameter being taken up by a belt tightener.
In Fig. 2640 is shown a wooden pulley having
a continuous web or disk instead of arms.
It is
be
RES
built up of segments, the web being secured to
Ya
nr
the shaft as follows. In Figs. 2641 and 2642 A,B
MIAH:
eH
are clamping plates, and C a split sleeve fitting
easily to the shaft and passing through A,B, while
oe
receiving the nut E on the other side. The web
of the pulley fits on the shoulder J, and the
SS
flange B fits on the shoulder K, so as to keep
these parts true or concentric to A. The bore
Fig. 2642.
of A is taper to fit the taper of C; hence the
:4 A 4

ten
Oe
aap'

speed at which pulleys are usually run is so far within the limits of

the pulley’s strength, that the element of centrifugal force is of no
practical importance except in the case of very large pulleys, and
even then may be disregarded provided that the pulleys be made in
a sufficient number of pieces to avoid undue shrinkage strains in
the castings, but if solid pulleys are rotated at high velocities
the internal strains due to unequal cooling in the mould has
been known to cause the wheels to fly asunder when under high
speeds.
Fig. 2635 represents a solid pulley, the tapered arms meeting
the rim in a slightly rounded corner or fillet, and the rim being

BeCAMO

nut E in drawing C through A, causes C to close upon and grip
the shaft, while the flanges A,B grip the pulley and hold it to Cc.

gg
8
a

In Figs. 2643 and 2644 are represented the Otis self-oiling loose
pulley, designed to automatically oil itself upon its starting or
stopping.

VOL. Lf

EXAMPLES

OF

PLATE XXV.

PULLEYS.

Fig. 2636.

Fig. 2638.

|

C

vl!
i it

Fig. 2637.

!
Afi

a
|

—-

-_—_

—_—

as

eens

le

OS

Fig. 2639.
\

a

MODERN

MACHINE

SHOP

PRACTICE,

aaa

fa

we

ae

N

PULLEYS.
The hub D is cored out in such manner as to form within it an
annular chamber or cavity B B, entirely surrounding the bore,
and serving as a reservoir to contain oil or other lubricating
liquid.
This chamber or reservoir has no direct communication with the
bore of the hub, but a communication is formed between it and the

bore through one or more chambers C C, which are termed supply
chambers, and which are partitioned off within the bore from the
reservoir B, by coring the hub in a suitable manner.
These supply chambers have openings N N in their sides or
ends communicating with the reservoir B, and also openings C C
communicating with the bore of the pulley. These supply chambers

201

supplying, at such times, of a small quantity of oil to the bearings
of the loose pulleys, the makers claim that a perfect and reliable
means is obtained for guarding against any reedless waste of
the lubricant.
A crowning or crowned pulley is of largest diameter in the
middle of its width or face, the object being to cause the belt to run
on the middle of the pulley width. It would appear that this
crowning would give to the belt a greater degree of tension at its
centre than at its edges, but it is shown by experiment that if a
piece of belt be clamped square across its width at each end and
stretched, the centre as section 4, in Fig. 2645, will stretch the most,
and that if the piece be divided along its centre lengthwise, and

ji
———_———

Fig. 2643.

are filled with wick or other fibrous or capillary material, which is
also inserted into the openings N N, to draw the oil from the
reservoir by capillary attraction and supply it in moderate quantities between the bore of the pulley and the shaft on which it runs.
Three or more openings are provided in the outer shell of the hub
for the introduction of oil into the reservoir B, which openings are
closed by thumb-screws, plugs, or other stoppers E E. There
being three of these-openings, one will always be at or near the top
when the pulley is at rest, and through this the oil may be intro-

Fig. 2644.

both halves again stretched, they will again do so the most in the
middle of their widths.
From this it appears that the crowning serves to produce a
tension equal across the pulley width, because it will stretch the
belt the most in the middle of its width, where it has the greatest
Capacity to stretch.
The amount of crowning employed in practice varies from about
33; to # inch per foot of width of pulley face, the minimum being
employed where the belt requires to be moved or slipped laterally
from one pulley to another of equal diameter, as from a fast to a
loose pulley and wzce versa. To relieve the belt of strain when on
a loose pulley the loose pulley is sometimes made of smallest diameter, and has a coned step up which the belt moves when pressed
against it. During this passage of the belt, however, one edge is
stretched more than the other, while in passing from the large to
the smaller pulley the same edge is under tension, while the other
is released from tension ; hence, with the belt passing either to or
from the large pulley there is a tendency to unduly stretch one
of its edges. On the other hand, however, in cases where the belt
requires to run for long periods on the loose pulley relieving it
from tension is a great advantage.
In fixing pulleys so that they shall run true upon their shafts
several difficulties are met with. First, it is difficult to turn the

should at any time contain more than one-third its capacity of oil,
so that whenever the pulley is at rest the surface of the oil will be
below the lowest point of the bore, thus preventing any waste of oil
at such times.
When the pulley is in motion, the centrifugal force imparted to

Fig. 2645.

duced without difficulty.

It is not intended that the reservoir

SS

the oil in the reservoir throws

it outwardly, causing it to be distri-

buted in an even layer against the inner surface of the shell which
encloses and forms the reservoir, thus preventing any possible waste
when the pulley is in motion.
But when the pulley is either stopped or started, the oil is caused
to change its position, and in so doing is brought into contact with
the wicks protruding from the small openings NN, by which it is
conveyed into the supply chamber, and thence to the shaft. By
thus taking advantage of what is a necessity in all business establishments in which machinery is employed—to wit, the stopping
and starting of the machinery at regular intervals—to insure the

VOL. 11.—37.

shafts quite parallel and to exact standard gauge diameter.
Second, the bore of the pulley must be made a sufficiently easy fit
to enable their being moved by hand along the shaft to the required
location.
Asa
result the set-screw pressure throws the pulley out
of true, unless the mandrel on which the pulley is turned in the
lathe be the same diameter as the pulley shaft, and the pulley be
held upon the mandrel by the set-screw pressure, and not by
driving the mandrel into the pulley bore. In this case two setscrews must be used one on each end of the pulley hub, so as to
steady the pulley on the mandrel. A pulley thus trued will still run
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out of true when on its shaft unless the shaft be of the same
diameter as the mandrel.
One means of obviating this difficulty is to reduce the diameter
of the shaft between the pulley seats sufficiently to allow the pulley
to pass easily, and to make the pulley bores a driving fit to their
seats. This, however, is only practicable in cases where the locations.of the pulleys are permanently fixed, and no occasion arises
for the addition of new pulleys.
To obviate this difficulty what is termed an internal clamp
pulley has been constructed. This pulley is shown in Fig. 2646,
The bore is made sufficiently smaller than the shaft diameter

SHOP PRACTICE.
shapes and position having been already treated of when referring
to the applications of keys and set-screws. Pulleys of large diameters, and those which act as fly-wheels as well as pulleys, are
usually held by keys.
BALANCING PULLEYS.—A pulley (more especially those running
at high speed) should be balanced or in balance when rotating at
the greatest speed at which it is intended torun. This is necessary,
because if the centrifugal force generated by the pulley’s rotation
be greater on one side than on another of the pulley, it will cause
the pulley shaft to vibrate and shake whenever the amount of
unbalanced centrifugal force becomes, on account of the speed of
rotation, sufficient to bend the shaft or deflect the framing holding
the shaft.
The balancing of a pulley will not be correct unless the centrifugal force is equal at all points on the perimeter in the same plane,
as will appear presently. In practice two methods of testing the
balance of a pulley are employed : first, the standing ; and second,
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Fig. 2646.

to be a forcing fit. A slot in the form of an arc of a circle is
formed in the hub as shown, and a split runs from this arc into the
bore. Asa result a wedge driven between the walls of the split

will spring open the bore and permit its easy passage along the
shaft to its required location, when the removal of the wedge will
permit the bore to close upon the shaft. To secure the pulley to
the shaft four set-screws are employed, two of them being shown
in the cut, and the other two being similarly located on the other
side of the pulley.
By this means there will be less difference between the diameters
of the pulley bore and of the shaft should the latter be slightly less
than its standard diameter, and as a result the pulley will run more
true.

Split pulleys are bored a tight fit to the shaft when the two
halves are bolted firmly together. They may, however, be made

the running balance.

A standing balance does not in any sense

balance a pulley, but merely corrects the want of balance to a
limited degree. A running balance correctly balances a pulley
when running up to the speed at which the balance was made,
but does not balance for greater speeds.
A standing balance is effected when the shaft being supported
horizontally and with as little friction as possible, the pulley will
remain at rest in any position in which it can be placed. Thus,
in Fig. 2647 let C C represent the two centres of a lathe adjusted
in their distance apart so as to sustain the shaft S with just sufficient force to prevent end movement or play of the shaft, and if
the pulley P remains motionless when arrested at any point of
rotation it is in standing balance.
A common method of balancing is to set the pulley in slow rotation several times in succession,
and if the same part of the pulley’s circumference comes to rest

Fig. 2649.

in each case at the bottom as at B then it is heaviest and its
Fig. 2647.

weight must be reduced, or weight must be added on the diametrically opposite side of the pulley. Another method is to rest

to grip the shaft in two ways ; first, if bored when bolted together
the edges of the bore will meet the shaft and clip it so firmly as to

the shaft horizontally on a pair of metallic strips as B B in Fig.
2648, the strips resting on a flat horizontal surface D, the testing
being applied as before. Sometimes, however, cylindrical pieces
are used in place of the strips or pieces B B.
A pulley that is in balance thus tested, may not, however, be in
balance when rotated, or, as already stated, a standing balance
may not be a running balance, for the following reasons: In Fig
2649 is a pulley that if turned true inside and out would be of
correct standing balance, because the weight is equal on each
side of the shaft; thus the point A, though farther from the axis
than B, woulg be counterbalanced by C, while B would be counterbalanced by D, but as soon as the pulley was put in rotation there

require each half bore to spring open to permit it to pass on the
shaft, but by inserting between the two halves of the hub two
thicknesses of writing paper, and boring out the hole the thicknesses of the paper too large (which may be done by placing two
pieces of the same paper beneath the calipers or gauge) the bore
will be slightly oval when the paper is removed, and will grip the
shaft at the crown of each half bore, but the grip thus obtained will
not be so firm.
Pulleys of small diameter, as three feet or less in diameter, are
usually held to their shafts by set-screws, the consideration of their

PULLEYS.
would be morc centrifugal force generated at A than at B, and
more at C than at D, because, though the weights would be equal,
the velocities of A and C would be greatest.
Now, suppose that instead of a continuous wide pulley several
pulleys were used, being out of true so as to be practically equal
in shape to Fig. 2649, and it is apparent that the fact of pulley A
B being out of balance is not removed by pulley C D being out in
an opposite direction, and that each pulley will tend to bend the
shaft in the direction of its excessive centrifugal force.
The effect of this inequality of centrifugal force will depend, in
each case, upon the strength of the shaft in comparison with the
amount of unbalanced centrifugal force. Suppose, for example,
that the centrifugal force at a point A in Fig. 2650 were to Ibs.
greater than at B at a given velocity, and that the strength of the
shaft be such that it will bend =; inch under a weight of Io lbs.,
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B = 200? x 1°25_ 8-51 =thecen-

Likewise, centrifugal force at

5,870
trifugal force, 1 and 1°25 being diameters of circle of rotation of A
and B in feet.
Now, suppose the revolutions to be 2,000 per minute, we have
in the case of A 2,000 x 2,000 x I (= 4,000,000) + 5,870 = 681
Ibs. centrifugal force. Add one-quarter more, or 170 lbs., to
obtain the centrifugal force at B = 851 lbs.; the unbalanced
centrifugal force = 170 lbs. ; and this being 70 lbs. more than the
shaft, bearings,

&c., are

capable

of resisting without

flexure, a

corresponding vibration will occur, whereas at 200 revolutions the
unbalanced centrifugal force was: Centrifugal force at B = 8°51
Ibs. less that at A = 6°81 = 1°70 lbs. unbalanced centrifugal force,
and it becomes apparent that while at 200 revolutions the pulley
would rotate without sensible vibration, at 2,000 revolutions (in
the same time), sensible vibration would occur ; hence, the sensible

vibration of a pulley is in the proportion as the unbalanced centrifugal motion

is to the resistance of the shaft, bearings, &c., to

flexure, and further, as the unbalanced centrifugal motion increases
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Fig. 2650.

then the effort of
larger than that
be so firmly fixed
under this effort,

“legs
er

or

the point A will be to swing in a circle ~, inch
due to its diameter.
Suppose, then, the stand
at C as to be motionless in a vertical direction
then the point A will swing in an oval, as
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denoted by the dotted lines, the shaft vibrating as denoted by the
arrows.
Thus vibrations of the shaft, bearing, &c., occur whenever the
excess of centrifugal motion on one side of a pulley is sufficient to
spring the shaft, bearings, standard or foundation, as the case
may be, and will occur most in the direction in which those parts
will most easily succumb. From this it is evident that a pulley
practically in balance, so far as being free from vibration at a
certain speed, may be considerably out of balance at an increased
speed. Thus, suppose a pulley P, in Fig. 2651, has a rim of
equal thickness, but the distance of A from the axis of rotation is

Fig. 2652.
with the velocity, so also does the sensible vibration increase with

Fig. 2651.

6 incnes, while the distance of B is 8 inches; then the centrifugal
force at B will, at any speed of rotation, be one-quarter more than
that at A, because the distance is one-quarter greater. Suppose,
then, that its shaft, bearings, and foundation be capable of
resisting 100 lbs. without sensible flexure, but that sensible flexure
of those parts will occur under any pressure over 100 lbs.
The centrifugal force of 1 lb. at A and at B, respectively, may
be calculated by the following rule :—
Rule.—Multiply the square of the number of revolutions per
minute by the diameter of the circle of rotation in feet, and divide
the product by 5,870. The quotient is the centrifugal force in
terms of the weight of the body.
In the case of A the pulley making, say, 200 revolutions per
minuce, we have by the rule:
200?x

si

wat ee

5,870

e8 yee

the centrifugal force.

the velocity.
But there are two ways of increasing the velocity of a pulley:
Ist, by increasing the revolutions of a given pulley; 2nd, by
employing a pulley of a larger diameter, but making the same
number of revolutions.
In our example we increased the speed
tenfold (from 200 revolutions to 2,000) but the centrifugal force was
increased one hundredfold, according with the law that the centrifugal force increases with the square of the revolutins, and Io x
10= 100. Bus if the velocity had been increased by augmenting
the diameter of the pulley, the centrifugal force would have
increased in the same ratio as the pulley diameter was increased;
hence it appears that under equal velocities larger pulleys generate less centrifugal force per unit of unbalanced weight than do
smaller ones.
A device for testing the balance of pulleys is shown in Fig. 2652;
it consists of a frame carrying a vertical spindle, which may be
rotated by suitable bevel-wheels, and the hand wheel shown. In this
case it would be preferable to balance the pulley at the greatest
speed at which it would be convenient to run it by hand with the
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variously stated, but may be taken at about 20 to 30 per cent. A
cement for fastening such pulley coverings may be made as follows:
Take one ounce of caoutchouc (pure or native rubber) and cut it
into thin slices, place it in a tinned sheet-iron vessel with six or
seven ounces of sulphide of carbon ; the vessel is then to be placed
in a water tank previously heated to about 86° Fahr. To prevent
the solution from becoming thick and unmanageable, mix with a
solution consisting of spirits of turpentine, in which half an ounce
of caoutchouc in shreds has been dissolved over a slow fire, and
then a quarter of an ounce of powdered resin ; from an ounce and
a half to two ounces of turpentine being afterwards stirred in, to be
added in small quantities. This cement must be kept in a largemouthed bottle well corked, and in using clean the parts to be
united thoroughly with benzine ; apply two coats of cement, allowing each to dry before applying the next ; when applying the last
coat allow the cement to dry so as to become very sticky, then
press the surfaces firmly together and allow to thoroughly dry.
This is waterproof.
A pulley that imparts motion to the belt enveloping or partly
enveloping it is termed a driving pulley or driver. A driven pulley
is one that receives motion from, or is driven by, the belt ; hence
in every pair of pulleys connected by belt, one is termed the driver
and the other the driven. The revolutions of two pulleys connected
by belt will vary in the same proportion as their diameters,
although their rim velocity will be equal.
Suppose, for example, that a pulley of 7 in. diameter drives one
of 14 in. diameter, then if there is no slip on either pulley both
pulleys will run at the same velocity as the belt, and this velocity
must be equal to the velocity of the driver, because the belt is
moved by the driver. Now, suppose the driver which is of 7 in.

wheel shown, because a pulley balanced at any given speed will be
balanced at any lesser speed, although not at a greater one. But
the pulley should not be driven by the arms, because the pressure
against the same will affect the balance.
It would be better therefore to let the spindle of the machine be small enough in diameter

to fit the smallest bore of pulley to be balanced, to employ sleeves
fitting the spindle and the bores of all larger bored pulleys, and to
obtain the most correct results the pulley should be fastened to the
sleeve by its set-screws, or keys of the pulley, as the case might be,
so that whatever error there might be induced by tightening the
same will be accounted for in the balancing. It is obvious also that
the pulley bore should fit the sleeve with the same degree of tightness as it will fit the shaft to which it is to be fixed. The heaviest
side of the pulley will rotate through a circle of larger diameter, and
may be marked by a point, as a tool point moved up to it by a slide
rest, or roughly by a piece of chalk steadily moved up to it by hand
until it just touches the high side of the pulley.
The methods of correcting the balance are as follows: The
heavy side of the pulley having been found, a weight is attached to

Fig. 2653.

the diametrically opposite side of the pulley ; a convenient form of
light weight for this purpose is shown in Fig. 2653; it consists of
what may be termed a spring clamp, since it holds to the edge of
the pulley rim, on which it is forced by hand, by reason of the spring
of the jaws. There are numerous clamps of this form, each having
a definite weight, as 2 ozs., 3 ozs., 4 ozs., &c. ; but for weights above
about 13 lb. a clamp with a set-screw is employed.
For a running
balance a set-screw is indispensable. It is obvious that pulleys will

diameter makes one revolution in a minute, and as it is only onehalf the diameter of the driven wheel, its circumference will also be

half that of the driven, so that it must make two revolutions to carry
around length of belt enough to pass once around the driven pulley.
rim is turned up, as far as the arms will permit, in the lathe ; but on
The revolutions of the two are, therefore, in the same proportions as
account of the expense this is not usually done, except in the case
are their diameters, which in this case is two toone. As the driven
of large pulleys.
pulley is the largest diameter, it will make one revolution in the
In the best practice, however, the pulley is set in the lathe, so
same time that the driver makes two. But suppose the driving
that the inside of the rim runs as true as possible. Remarks on
pulley was 14 and the driven was 7 inches in diameter, then the
this subject are given under the head of chucking pulleys.
proportion would still be two to one, and the driven would make
When the balance is to be effected by adding weight to the pulley
two revolutions to every revolution of the driver.
mushroom-shaped pieces of metal are made for the purpose, their
If we are given the number of revolutions a driving pulley makes
weights varying by ounces; the stems are driven through holes ! and the diameter or circumference of both pulleys, and require to
drilled through the rim to receive them, and riveted on the face
find the number of revolutions the driven pulley will make to one or

be more easily and correctly balanced when the inner side of their
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side.

The stems are of wrought

iron, while the heads may be of

cast iron, but are better of lead, because in that case they may be

set with a hammer to fit the inner surface of the pulley rim.
In some practice, protuberances, or a web in the middle of the
pulley, are cast on the pulley, and the balance is effected by
cutting this away to reduce the weight on the heavy side.
When pulleys are to revolve at very high speeds, as in the case
of those for emery-wheel spindles, the shafts themselves require to |
be balanced, especially if of cast iron, because that part of the shaft
uppermost in the mould will be of less density and weight than that
at the bottom of the mould. The pulley should be balanced
separately, and the whole again balanced after being put together,
because the weight of the key or set-screw will be sufficient to
destroy the balance under a sufficiently high speed of rotation.
The edges of pulley rims should be trued up in the lathe when
the rim is turned so that the pulleys to receive a belt may be set in |
line by pressing a straight-edge, or setting a line to have contact
with (as near as possible) diametrically opposite points of the edge
of one pulley, and setting the other to have its corresponding edge
in line.
Pulleys should run true so that the strain or tension of the belt
shall be equal at all parts of the revolution, and the transmitting
power shall be equal. The smoother and more polished the surface
of the puiley the greater its driving power.
The transmitting power of a pulley may be increased by covering
the pulley face with leather or rubber bands, but the thickness of
these should be equal both across the width and all around the
circumference so as to run true.
The amount of increase of driving power due to this covering is

A

Fig. 2654.

to any given number of the driver, we may consider as follows:
Suppose the circumference of the driver to be 24 inches and that of
the driven to be 18 inches, then in Fig. 2654 let circle A represent
the driver, and circle B the driven pulley. If we divide the circumference of A into four equal divisions, as at I, 2, 3, and 4, each of

these divisions will equal 6 inches, because the whole circumference
being 24 inches, one quarter of it will be 6. If we divide the circumference of B into six-inch divisions there will be but three of
them as marked, because one-third of 18 (its circumference) is 6.
Now three of the divisions at A will move A a full revolution, and

the remaining division on A will move B through another one-third
of a revolution, hence, each revolution of A equals 14 revolutions on
B- The proportions of the circumference are, therefore, as 14 to I,
or aS 133 1s to 100, taking A as the driver, and, therefore, as the
basis of the proportion.
But suppose we take B as the basis of the
proportion, and one revolution of B will cause A to make three

quarters of a revolution, or during 100 revolutions of B, A will make
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Butnevenneless during the period that A is making 100 revolu-

tions B will have made one-third more, or 1333, because B makes 14

revolutions to cause A to make one revolution. From this it will be
seen that the proportion is as the greater is to the lesser, and not
as the lesser is to the greater, or, in other words, it is in this case as

24 is to 18, which is one and one-third times, for one-third of 18 is
6, and 18+6=24.
Suppose, now, we take the four divisions on A and the three on
B to consider their proportions, and we may Say 4 is I4 times 3, or
we may with equal propriety say 3 is # of 4, hence 4 is not in the
same proportion to 3 that 3 is to 4. Let it now be supposed that a
driven pulley B is 18 inches in diameter, and requires to be driven

one quarter faster than the driver, what then must be the diameter
of that driver? As the revolutions require to be increased onefourth the pulley diameter must be increased one-fourth.
Thus one
quarter of 18=4}, and this added to 18 is 223, which is therefore the
diameter of the driving pulley, as may be proved as follows : Suppose
the circumferences instead of the pulley diameters to be 224 and 18
respectively, and that the largest pulley makes Ioo revolutions, then
it will pass 2,250 (224 x 100 =2,250) inches of belt over its circum-

ference, and every 18 inches of this belt will cause the small pulley
to make one revolution ; hence we divide 2,250 by 18, which gives
us 125 as the revolutions made by the small pulley, while the large
one makes 100. Thus it appears that we obtain the same result
whether we take the circumferences or the diameters of the pulleys,
because it is their relative proportions or relative revolutions that we
are considering, and their actual diameters do not affect their proportions one tothe other. Thus, if a 1o-inch pulley drives a 30-inch
one, the proportions being three to one, the revolutions will be three
to one, and the driven being three times the largest, will make one
revolution to every three of the driver. If the driver was 3 inches
in diameter and the driven 9g, the revolutions would be precisely the
same as before, but with equal revolutions the velocities would be
different, because in each revolution of the driver it will move a
length of belt equal to its circumference ; hence, the greater the
circumference the greater length of belt it will move per revolution.
To take the velocity into account, we must take into consideration
the number of revolutions made in a given time by the driver.
Suppose, for example, that the driver being 3 inches in diameter
makes one revolution in a minute, then it will move in that minute
a length of belt equal to its circumference, so that the circumference
of the driver, multiplied by the number of its revolutions per minute,
gives its velocity per minute.
Thus, if a pulley has a circumference
of 50 inches, and makes 120 revolutions per minute, then its velocity
- will be 6,000 inches

per minute,

because

50x 120=6,000.

The

velocity of the belt, and therefore that of the driven wheel, will also
be 6,000 inches per minute, as has already been shown.
From this
train of reasoning the following rules will be obvious :—
To find the diameter of the driving pulley when the diameter
of the driven pulley and the revolutions per minute of each are
given :
fule.—Multiply the diameter of the driven by the number of its
revolutions, and divide the product by the number of revolutions of
the driver, and the quotient will be the diameter of the driver.
The diameter and revolutions of the driver in a given time being
known, to find the diameter of a driven wheel that shall make a
given number of revolutions in the same time :
Rule.—Multiply the diameter of the driver by its number of
revolutions, and divide the product by the number of revolutions of
the driven. The quotient will be the diameter of the driven.
To find the number of revolutions of a driven pulley in a given
time, its diameter and the diameter and revolutions of the driver
being given :
#ule.—Multipiy the diameter of the driver by the number of its
revolutions in the given time, and divide by the diameter of the

driven, and the quotient.will be the number of revolutions of the
driven in the given time.
Suppose, however, that the speed of the shaft only is given, and

we require to find the diameter of both pulleys, as, for example,
suppose
to drive
we have
pulleys,

a shaft makes :50 revolutions per minute, and we require
the pulley on a machine 600 revolutions per minute.
Here
two considerations : first, the relative diameters of the two
and secondly, the diameter of pulley and width of belt

necessary to transmit the amount of power necessary to a.ive the
machine at thespeed required.
Leaving the second to be discussed
hereafter in connection with the driving power of belts, we may
proceed to determine the first as follows: The pulley on the
machine must be as much smaller than that on the main shaft, as
the speed of the pulley on the machine requires to run faster than
does the main shaft, hence we divide the 600 by 150 and get four,
which is the number of times smaller than the driver that the
driven pulley must be. Suppose then the driver is made a 24-inch
pulley, then the driven must be a 6-inch one, because 24+4=6; or
we may make the driver 36, and the driven 9, because 36+4=9;
or the driver being 48 inches in diameter, the driven must be 12,
because 48 + 4 = 12. To reverse the case, suppose the shaft to
make 200 revolutions per minute, and the machine pulley to make
50, then since 200 + 50 = 4, the driven (or machine pulley) must
have a diameter four times that of the driver, and any two pulleys
of which one is four times the diameter of the other may be used,
as say: Pulley on line shaft 10 inches in diameter, pulley on
machine 4o inches in diameter; or, pulley on line shaft 20 inches
in diameter, pulley on machine 8o inches in diameter.
Now, in nearly all cases that are met with in practice, it would
be inconvenient to have so largea pulley as 80 inches in diameter
to drive a machine, and again in most cases a driving pulley of
10 inches in diameter would be too small.
So likewise in cases
where the machine pulley requires to run faster than the line

shaft, a single pair of pulleys will be found to give. where great
changes of revolution are required, too great a disproportion in
the diameter of the pulleys; thus in the case of a shaft making
150, and the machine requiring to make 600, we may use the
following pairs of pulleys :—
On Main Shaft.

On Machine Shaft.

:
.

.
»

32inch diameter
40 4,
6

8 inch diameter.
IO ,,
3

. e

e

e

48

99

99

12

99

99

.

°

.

60

9”

9

15

99

Be)

First
.
Second
Third

Fourth

But the machine may require so much power to drive it, that
with the width of belt it is desired to employ, a pulley larger than
either of these is necessary, as, say,one 20 inches in diameter.
Now, with a 20-inch driven pulley, the driver would require to be
80 inches in diameter, because 20 x 4 = 80.

But there may not

be room between the shaft and the ceiling for a pulley of so large
a diameter, or such a large pulley may be too heavy to place on
the shaft, or it may be too costly, and to avoid these evils, countershafts are used.
By the employment of a countershaft we simply obtain—with
two pairs of pulleys and. by means of small pulleys—that which
could be obtained in a single pair, providing the great difference
in their diameters (necessary to obtain great changes of rotation), were not objectionable; all that is necessary, therefore, is
to accomplish part of the required change of rotation in one pair,
and the remainder in the other. In doing this, however, while
the velocity of each driver and driven will be equal (as was
explained with reference to a single pair), notwithstanding the
difference in their diameters, yet the velocity of one pair will
necessarily differ from that of the other, so that the pulley on the

machine will vary in its velocity as well as in its rotation from
that of the first driver.
The first driver is that on the main or
driving shaft, and the pulley it drives is the first driven.
The
second driver is the second pulley on the countershaft, and the
second driven is the one it drives or that on the machine.
Suppose, then, a driving shaft makes 100 revolutions per minute,
and the machine requires to make 600, then the speed of rotation
requires to be increased six times.
Now we may effect this
change of six times in several ways ; thus: Suppose we increase
the rotations three times in the first pair, then the second pulley
will make 300 rotations, or three times those of the main shaft,
and all we have to do is to make the second driven one-half the
diameter

of the second

driver, and its rotations

will be double

those of the second driver, which will give the required speed of
600 revolutions.
Suppose, however, we change the speed four
times in the first pair, and the 100 of the shaft becomes 400 on
the countershaft, and to increase this to 600 on the second driven,
all that is required is to make its diameter one-half less than that
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whatever be the proportions of the pulleys (provided, of course,
that the belts do not slip), yet the strain or wear and tear of the
belts varies, and the requirements for one belt are therefore different from those for the other.
In Fig. 2655 let A represent a 36-inch pulley on the driving

of the second driver, because 600 is one-half more than 400.
From this it will be perceived that the number of changes or
amount of increase or decrease of speed being given, the proportion
of diameters for both pairs of pulleys will be represented by any
two numbers which, multiplied together, will give a sum equal to
the number of increased revolutions required. Having found the
proportions for each pair, it remains to determine their actual
diameters, and they will be found to vary under different
conditions.
Suppose, for example, we have the following conditions: Main
shaft runs 100; machine must run 600. The pulley on the line

shaft, B a 12-inch, and C a 24-inch pulley on a countershaft, and

D a 12-inch pulley on a machine shaft.
100 revolutions

per minute, and

the

Let the main shaft make
machine

requires a force to

move it equal to 50 pounds applied to the perimeter of D.

Now

the rotations of D will, with these pulleys, be six to one

of the

for the

main shaft or A, which gives D 600 revolutions per minute, thus:
100 x 6 = 600. The circumference of D is about 37°69 inches,

To make three changes in the first pair, the first driven must be
diameter of the first driver, which is 12 inches. Now the
the
4

22,614 inches, or 1,884°5 feet as its speed per minute. This multiplied by the 50 pounds it takes to move the machine at the peri-

in diameter; required, the

shaft is 36 inches

diameters

which, multiplied by 600 (the number

other three pulleys.

second pair we may make any diameters that are twoto one;

meter of D, gives 94,225 as the foot pounds per minute required to
drive the machine 600 revolutions per minute, and this, therefore,
is the amount of power transmitted by each belt. On the second
belt this is shown to be composed of 50 pounds moving 1,8844 feet

and

since the second driver is to be the smallest, we may select as
small a pulley as will answer for the machine, and make its driver
twice its diameter.
But suppose it is the diameter of the pulley on the machine that
is fixed, and the diameter of the other three require to be found.
Let the diameter

of the second

of its revolutions), gives

per minute, hence we may now
first belt, as follows :—

find how it is composed

The diameter of the first driver is 36 inches, and its circumference 11309 inches, or 9°42 feet ; this, multiplied by its revolutions per minute, will give its speed, thus: 9°42 x 100 = 942 feet
per minute.
To obtain the necessary amount of pull for this first
belt, we must divide this speed into the number of foot pounds it
takes to drive the machine, thus : 94,225 +942= 100°02. The
duties of the two belts are therefore as follows :—

driven be 12; then its driver on

First belt, weight of pull
a

Fig. 2055.

the countershaft must be 24.

the necessary

speed per minute .

Second belt, weight of pull .
3

The other two must have diameters

3 to 1 as before, any suitable wheels being selected.
Yet another condition may occur.
Thus, suppose the countershaft is on hand, and that it has on it two pulleys, asa 12 anda
24-inch ; then a 36 on the inner shaft will be three times as large
as the 12, and a 12-inch on the machine will be twice as small;
or, what is the same, one half as large as the 24.
When the principle is clearly understood the calculations can
be performed mentally with ease so far as the required diameters
to attain

on the

speed per minute.

‘

100°02
942 feet.
50°00
1884°5 feet.

The duty in foot pounds being equal, as may be shown by multiplying the feet per minute by the force or weight of the pull,
leaving out the fractions, thus :—
942 x 100 = 94,200.
1884 x 50 = 94,200.

The difference in the requirements is, then, that the first belt
must have as much more weight or force of pull than the second
as its speed is less than that of the second.

speed is concerned, but there are other

considerations that claim attention.
Thus, for example, to multiply the rotations 6 times we may
proportion the first pair as follows : Driver 48, driven 16; second

It is obvious that in determining the proportions of the pulleys
this difference in the requirements should be considered, and the
manner in which this should be done depends entirely upon the ©
conditions.

pair, driver 30, driven 15 inches in diameter.

Or we may proportion them as follows: First pair: driver
36, driven 12; second pair: driver 28, driven 14 inches in dia-

Thus, in the case we have considered, the speed was increased,
but the object of the countershaft may be to decrease the speed,

meter.

In the second arrangement of diameters the drivers are each 2
inches, and the driven each 1 inch less in diameter than in the

and in that case

the conditions would

be reversed, inasmuch as

first ; hence their cost would be diminished, as would also be the

though the foot pounds transmitted by both belts would still be
equal, yet the speed would be greatest and the strain or pull the

wear of the journals, on account of the reduced weight of the
pulleys ; hence, if the driving capacity of each pulley is equal to
the requirements the second arrangement would be preferable.
In considering this part of the subject, first let it be shown that

most on the second belt instead of on the first.
It is obvious, then, that the proportions of the pulleys veing
determined the actual diameters must be large enough to transmit the required amount of power without unduly straining the

|

although the horse-power transmitted by the two belts is equal ' belt,

CuaPTeR

XXXII.—LEATHER

HE names of the various parts of a hide of leather as known
to commerce

are as follows :—

In Fig. 2656 the oblong portion between the two belly parts
marked G G is known as the ‘‘ butt,’’ and when split down the
ridge, as shown by the dotted line down the centre, the two pieces
are known as ‘‘ bends;’’ the two pieces marked Y are ‘‘ belly offal ;’’

D is known as ‘‘ cheeks and faces.’’ The butt within the dotted
line may extend in length from A to B, or from A toC;
if cut off
between B and C that portion is called the ‘‘ range,’’ or the whole
from B to X may be cut in one piece and termed a ‘‘ shoulder ”’
Sometimes the range is cut off and the rest would be called a
shoulder with ‘‘ cheeks and faces ’’ on; or, again, the range and

BELTING.

on the other, and

it follows

that, to obtain

the best results the

leather should be stretched after it is cut into strips, and not asa
whole in the hide, or in that part of it employed for the belt strips.
It is found,

indeed,

that, even

though

leather is apt in time to curve.

stretched

in strips, the

Thus a belt that is straight when

rolled in the coil will, on being unrolled, be found

to be curved.

It is to be observed, also, that each time the width of the strips
is reduced, this curving will subsequently take place; thus, if a
belt 8 inches wide and quite straight, be cut into two belts of 4
inches wide, the latter will curve

after a short time.

The reason

of this is almost obvious, because it is plain that the edge that
was nearest the centre line of the hide offers the greatest resist-
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Fig. 2656.

Fig. 2657.

shoulder may be in one nearly square piece.
The manner of
cutting this part depends upon the spread and size of the hide.
The part of the hide that is used to manufacture the best belting
is shown in Fig. 2657, on which the characteristics of the various
parts are marked. The piece enclosed by the dotted lines is that
employed in the manufacture of the commonest belting, while that
enclosed by the full lines B,C,D is that used for the best belting.
The former includes the shoulder, which is more soft and spongy,

while it contains numerous creases, as shown.
These creases
are plainly discernible in the belt when made up, and may be
100Ked for near the belt points.
‘he centre of the length of the hide will stretch the least, and
the outer edges on each side of the length of the hide the most.
Hence it follows that the only strip of leather in the whole hide
that will have an equal amount of stretch on each edge is that cut
parallel to line A, and having that line as a centre of its width.
All the remaining strips will have more stretch on one edge than

ance to stretching; hence, when the strip is stretcheu straight,
and an equilibrium of tension is induced, reducing the width
destroys to some extent this equilibrium, and the leather resumes,
to some extent, its natural

conformation.

This, however,

is not

found to be of great practical importance, so long as the outer
curve of one piece is on the same side as the outer curve of its
lo

SY,
Fig. 2658.

neighbor, as

shown on

the belt will run

the left view in Fig. 2658, in which case

straight,

notwithstanding

its curve;

but if the

curves are reversed, as on the right in Fig. 2658, the belt will run
crooked, wabbling from side to side on the pulley. To avoid this,
small belts may be made continuous by cutting them from the
hide, as shown in Fig. 2659;

but in this case it is better that the

belt be cut from the centre strip of the hide
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If the leather is stretched in strips after being cut from the hide,
the amount of the stretch is about 6 inches in a length of 44 feet
of a belt, say, 4 inches wide, but the stretch will be greater in
proportion as the width of the strip is reduced. But if stretched
as

a whole,

the amount

of stretch will be about

1 inch per foot of length, the shoulder end stretching
one-third more.
If the leather has been properly stretched in strips
the length of the belt may be cut to the length of
an ordinary tape line drawn tightly over the pulleys,
which allows the same stretch for the belt as there
is on the tape line, added to the degree of tension
due to cutting the belt too short to an amount
equalling its thickness (as would be the case if the
belt is cut of the same length as the tape line); or
if the belt is a double one, the belt thus cut to length
would be too short to an amount equal to twice the
thickness of the strips of leather of which it is composed.
When the amount to which the leather has been
Fig. 2659.
stretched is an unknown quantity (as is commonly
the case), the workman cuts the belt too short, to an amount
dictated solely by judgment, following no fixed rule. If, as in the

SHOP PRACTICE.
and the third column is the weight of the piece in ounces and
drachms.
From the table it appears that the centre of the hide which has
the most equal stretch has the least textile strength, while in
general that which has the most stretch has the greatest textile
strength, but at the same time the variations are in many cases
abrupt.
A single belt is one composed of a single thickness of leather
put together, to form the necessary length, in pieces, riveted and
cemented together at the joint, or sewed or pegged as hereafter

described.
A double belt is similarly constructed, but is composed

of two

thicknesses of leather cemented and riveted, pegged, or sewed
together throughout its whole length, as hereafter described. The

=rn
ee

object of a double belt is to increase the strength without
increasing the width of the belt. Belts are usually ~ade in long
lengths coiled up for ease of transportation, the length of belt
required being cut from the coil.
To find the length in a given coil that is closely rolled—Rule:
the sum of the diameter of the roll and the eye in inches, multiplied
by the number of turns made by the belt, and this product
multiplied by the decimal *1309, will equal length of the belt in feet.
The grain or smooth side of the leather is the weakest, as may be

Wh

Fig. 2660.
case of narrow belts, the stretching be done by hand, the belt is | readily found by chamfering it to a thin edge, when it will tear like
placed around the pulleys, stretched by hand, and cut too short
paper, and a great deal more easily than will the flesh side under
to an amount dictated by judgment, but which may be stated as
similar treatment. Again, it will crack much more
abo. ¢ 24 per cent. of its length.
readily: thus, take a piece of leather and double it
But the stretch of a belt after it is put to work proceeds very
close with the grain side outward, and it will crack,
much more rapidly if it has been stretched in the piece and not in
as shown in Fig. 2661 atc, whereas if doubled, howthe strip, hence it gets slack in the course of a few hours, or of a
ever Closely, on the flesh side no cracks will appear.
day or more, according to how much it has been stretched ;
If the edge of a clean-cut piece of leather be
whereas one properly stretched in the strip will last for weeks,
examined, there will be found extending from the
and sometimes for months, without getting too slack.
grain side inward a layer of lighter color than
The results of some experiments made by Messrs. J. B. Hoyt &
the remainder of the belt; and this whole layer is
Co. on the strength of the various parts of a hide are given in Fig.
less fibrous and much weaker than the body of the
2660. One side of the part of the hide used for leather belting
belt, the strongest part of which is on the flesh
was divided off into 48 equal divisions, each piece being 1 1Z
side. If the grain side is shaved off thin and
inches long, and two inches wide, the results of each test being
stretched slightly with the fingers it will exhibit a
Fig. 2661.
marked on the respective pieces. The first column is the strain
perfect network of small holes showing where the
under which the piece broke ; the second column is the amount in hair had root.
Here, then, we have weakness and excessive
parts of an inch that the piece stretched previous to breaking;
liability to crack on the grain side of the leather, and it is obvious

LEATHER
that if this side is the outside of the belt, as in Fig. 2662, at A, the
tendency is to stretch and crack it, especially in the case of small
pulleys, whereas if the grain side were next to the pulley the
tendency would be to compress it, and therefore, rather to prevent
either cracking or tearing. Furthermore, very little of the belt’s
strength is lost by wearing away its weakest side.
Another and important consideration is, that the grain side will
lie closest and have most contact over a given area with the
pulley surface.
In making double belts of extra good quality, it is not uncommon
to cut away or shave off the grain side of both belts, and place
those surfaces together in making up the belts.
If the grain side of a belt is the outside when on the pulleys, and
a crack should consequently start, the destruction of the belt
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48 inches ; diameter of large pulley 24 inches ; diameter of small
pulley 4 inches—
Here distance between centres 48
9

”

”

48

384

192

2304
Square of perpendicular

100
2404 Square root of 2404 = 49°03
Multiply by 2
2

proceeds rapidly, because the line of crack is the weakest part of

Half circumference of large pulley

98°06
37°699

Half circumference of small pulley

135°759
6°283

Length of belt

. 142°042

A simpler rule which gives results sufficiently accurate for
practical purposes is as follows :—
Rule.—Add the diameter of the two pulleys together, divide the
result by 2, and multiply the quotient by 34, then add this product
to twice the distance between the centres of the shafts, and you
have the length required.
When the length of a crossed belt is required, and the pulleys

©)

are not erected upon the shafts, it is, on account of the abstruseness
Fig. 2662.

the belt, and the belt has less elasticity as a continuous body, and
more at the line of crack.
Cracking may, to some extent, be
provided against by oiling the belt, and for this purpose nothing
is better than

castor

pliability is induced

oil.

In the

manufacture

by an application

of fish

AM.

of belts, extra

oil and tallow,

applied when the belt (after having been wetted), is in a certain
stage of progress toward drying. The oil and tallow are supposed
to enter the pores of the leather and supply the place of the
evaporated water.
LENGTH OF BELTS.—Since the stretch of a belt is variable in
different belts of the same length, no rule can be given for the
amount to which a belt should be cut shorter than the measured
length around the pulleys, and it follows, therefore, that the length
of a belt cannot be obtained precisely by calculation. In practice
the necessary length for a belt to pass around pulleys already in
their places upon the shaft is usually obtained by passing a tape
line or cord around the pulleys, the stretch of the tape line being
allowed as that necessary for the belt. Then when the belt is
placed around the pulleys it is shortened if it should appear to
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Fig. 2663.
require more tension. If, however, the belt length for pulleys not
In position is required, it may be obtained as follows, the error
being so slight as to be within the margin of difference of
stretch in different belts, and therefore of no _ practical
moment :—
For open belts let the distance between the shaft centres, as
a bin Fig. 2663, be the base of a right angle triangle, and the

difference between the semi-diameters, as 8 c, the perpendicular.
Square the base and the perpendicular, and the square root of the
sum of the two will give the hypothenuse, and this multiplied by 2
and added to one-half the circumference of each pulley is the
required length for the belt. ‘This will give a belt too long to the
amount to be cut out of the belt to give it the necessary tension
when on the pulleys.
ELxample.—Let the distance between centres in Fig. 2663 be
VOL. I1.—38.

of a calculation for the purpose, preferred in workshop practice to
mark off by lines the pulleys set at their proper distance apart
(either full size or to scale), and measure the length of the side of
the belt, supposing the belt to envelop one-half the circumference
only of each pulley, and to add to this one-half the circumference
of each pulley ; or if there is a great difference between the relative
diameters of the pulleys and the distance apart of the shafts is
unusually small, the lengths of the straight sides of the belt are
measured and the arcs of contact around the pulleys are stepped
around by compasses, the set of the compasses being not more
than about one-tenth the circumference of the pulleys. This gives
a more near result than that obtained by calculation, because
although it will give a belt shorter than by calculation, yet the
belt will be too long on account of the stretch necessary to the
tension required for ordinary conditions.
In narrow belts, as, say, three inches and less in width, the belt

may be cut to the length of a tape line passed over the pulleys,
and when placed over the pulleys it may be strained under a hand

MODERN

210

MACHINE

SHOP PRACTICE.

belt causes it to envelop a greater arc of the pulley, which increases its driving power. If the circumstances will not permit
this and the sag of the belt operates to practically incapacitate
the belt for its duty, what is termed an idle wheel or idler may be
employed as shown in Fig. 2669 at E, serving to prevent the sag
and left hand at the other, so tnat operating them
:
and
to cause the belt on the driving side to envelop a greater
draws the clamps, and therefore the ends of the belt,
portion
of the pulley’s circumference, and hence increase its fric(‘o» together.
tion on the pulley and therefore its driving power. In the example
The stretch of a belt not stretched in the piece prothe two pulleys A and B are of equal diameters ; hence the idle
ceeds slowly when the belt is at work, hence if laced
wheel is placed midway between them, but when such is not the
at first to a proper degree of tension it will get slacker
case the idle wheel should be located according to the circumina few hours or in a day or so, and must be tightened,
stances and the following considerations.
The idle wheel requires
or taken up as it is termed, by cutting a piece out.
a
certain
amount
of
power
to
drive
it,
and
this amount will be
For this purpose a butt joint possesses the advantage
that the piece to be taken out may be less, and still
leave the end clear for new holes to be punched, than
D
is the case with a lap joint, which occurs because the

pull and cut as mucn shorter as the tension under hand pressure
indicates as being necessary.
But if the belt is a wide one a stretching clamp, such as shown
in Fig. 2664, is employed, the screws being right hand at one end

Fig. 2665,

butt joint occupies a shorter length of the belt than is
the case with a lap joint.
_ When a belt is under tension upon two pulleys and at rest, the
friction or grip of the belt upon the respective pulleys (supposing
them to be of the same diameter and therefore to have the same
arc and area of contact) will depend upon the relative positions of
the pulleys; thus suppose one pulley to be above the other as in
Fig. 2665, the upper pulley P will have the grip due to the tension

Fig. 2666.

of the belt added to that due to the weight of the belt, whereas if

placed horizontally, as in Fig. 2666, the weight of the belt will fall
equally on the two pulleys, and for this reason vertical belts of a
given width require to havea greater tension to transmit the same
amount of power as the same belt would if placed horizontally.
But as soon as motion was transmitted, by the belt, from one
pulley to the other, the belt on one side of the pulley would be
under greater tension then that on the other.
Suppose, for example, a belt to transmit motion and power from

o). _&
———_>

Fig. 2667.
pulley A in Fig. 2667, to pulley B, then the side Cc of the belt is
that which drives or pulls B, and it is therefore called the driving
side of the belt, the resistance to rotation offered by B causing
the driving side of the belt to be the most strained; and hence
the straightest, whereas the side D will be free of the tension due
to the resistance of B.
But if the direction of motion be reversed as in Fig. 2668, A
still being the driving pulley, the side D will be the one most
- tightly strained, and therefore, the driving side of the belt; or, in

:

D———_>

f>

B

G

Fig. 2668.

other words, the driving side of a belt is always that side which
approaches the driving pulley, and the slack side is always that
which recedes from the driving pulley.
In horizontal belts, however, the driving side of the belt is not a straight line, because of

the belt sagging from its own weight no matter how tightly it may
be strained, but the shorter the belt the less the sag.
It is always, therefore, desirable, so far as the driving power of
the belt is concerned, to have the lower half (of belts running
horizontally) the driving side, because in that case the sag of the

Fig 2669.

greater as the idle wheel is nearer to the smallest wheel of the
pair connected ; but on the other hand, the closer the idle wheel
to the small pulley (all other factors being equal) the greater the
arc of small pulley surface enveloped by the belt, and hence the
greater the belt’s driving power.
When therefore a maximum
increase of driving power is required, the idler must be placed
near to the smallest pulley, the desired effect being paid for in the
increased amount of motive power required to rotate the driving
pulley.
.
But under equal conditions the larger the diameter of the idle
wheel the less the power required to drive it, because the less its

friction on its journal bearing. A belt tightener should whenever
practicable be placed on the slack side of
the belt.
Belt tighteners are sometimes used to give
intermittent motion, as in the case of trip
hammers; the belt being vertical is made
long enough to run loose, until the tightening pulley closes the belt upon the pulley,
taking up its slack and increasing the arc
of contact.
When the direction of rotation of the
\
driven pulley requires to be reversed from
\
that of the driving pulley, the belt is crossed
as in Fig. 2670.
A crossed belt has a
greater transmitting power than one uncrossed (or, as it is termed, than an ‘‘ open
belt ’’) because it envelops a greater arc of
\
both pulleys’ circumference.
This is often
of great advantage where the two pulleys
are of widely varying diameter, especially if
the small pulley requires to transmit much
power, and be of very small diameter.
|
o
}
But a crossed belt is open to the objection
\
A
that the surfaces of the belt rub against
each other at the point of crossing, which
Fig. 2670.
tends to rapidly wear out the laced joint of
the belt. By crossing a vertical belt the lower pulley receives part
of the weight of the belt.
When a belt connects two pulleys whose respective planes of
revolution are at an angle one to the other, it is necessary that the
centre line of the length of the belt shall approach the pulley in
the plane of the pulley’s revolution, which is sufficient irrespective
of the line of motion of the belt when receding from the pulley..

This is shown in Fig. 2671, which represents what is known as a.
quarter twist ; A,B are two pulleys having their planes of revolution:
at a right angle, the belt travelling as denoted by the arrows, then

the centre line C of the belt being in the plane of rotation of A om

the side on which

it advances to A, the belt will continue

upon the same section of A.

to run

If the pulley positions be reversed,
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| pulleys A B, while either C or D may be driven running in either
direction.
being that which advances upon B must travel to B inthe plane of
In Fig. 2676 is shown Cresson’s adjustable mule pulley stand,
R’s rotation, otherwise the belt would run off the pulley ; hence it
as in Fig. 2672, the same rule applies, and the side D in the figure

is obvious

that the belt motion

must

occur

in the one direction

only.
Shafts at any angle one to another may have motion communicated from one to the other by a similar belt connection,

which

is a device for carrying guide pulleys, and admitting of

their adjustment in any direction.
cylindrical, the brackets can be

Thus the vertical post being
swung around upon it and

providing that a line at a right angle to the axis of one shaft forms

Fig. 26;.

also a right angle with the axis of the other. Thus in Fig 2673
the axis of shaft A may be set at any required angle to the plane
of rotation of pulley B, provided that the axial line of A be made
to lie at a right angle to the imaginary line Z, which is at a right
angle to the axis of the shaft of B, and that the side of the driving
pulley which delivers the belt (as C, Fig. 2671) is in line with the
centre line of the driven pulley, as denoted by the dotted line c.

But when this provision cannot be carried out, pulleys to guide

Fig. 2675.

fastened in the required position by the set-screws shown. The
brackets carrying the pulleys are also capable of being swung in
a plane at a right angle to the axis of the guide pulleys, and
between these two movements any desired pulley angle may be
obtained.
It is obvious that by moving the brackets along the
cylindrical post their distance apart may be regulated.

Fig. 2672.
the direction of motion of the belt must be employed; thus in Fig.
2674 are an elevation and plan* of an arrangement of these guide
or mule pulleys; A B is the intersection of the middle planes E E
and F F of the pulleys P and P’ to be connected by belt. Select
any two points, A and B, on this line and draw tangents A C,B

D to the principal pulleys.

Then c AC

and DB

|

Dare suitable

aywla it

i

is

iu

Fig. 2673.

Fig. 2674.

directions for the belt. The guide pulleys must be placed with
their middle planes coinciding with the planesc AC,D BD, and

Fig. 2676.

the belt will then run in either direction.
In Fig. 2675 is an arrangement of guide pulleys by which two
pulleys not in the same plane are connected, while the arc of
contact of the smaller pulley C is increased by the idlers or guide

When a belt is stretched upon two pulleys and remains at rest
there will be an equal tension on all parts of the belt (that is to

* From Unwin’'s “Elements of Machine Design.”’

say,

Independent

of its weight,

which

would

cause

increased

tension as the points of support on the pulleys are approached
| from the centre of the belt between the two pulley shafts); but so
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this equality

revolution of A (A being the driving pulley). Suppose the revolutions of A to be one per minute, then the velocity of the belt where
it envelops A and B, and on the sides C and D, will be as respectively marked.
Thus the creep being an inch per revolution of A, the belt
velocity on the side C will be nine inches per minute, and its

ceases, for the following reasons :—

In the accompanying

illustration, Fig. 2677, A is the driving

and B the driven pulley, rotating as denoted by the arrows ; hence
Cis the driving and D the slack side of the belt. Now let us
examine how this slackness is induced.
It is obvious that pulley
A rotates pulley B through the medium of the side C only of the
belt, and from the resistance offered by the load on B, the belt
stretches on the side Cc. The elongation of the belt due to this
stretch, pulley A takes up and transfers to side D, relieving it of
tension and inducing its slackness. The belt therefore meets

stretch on B being an inch, the velocity of B will be ten inches
per minute, which is equal to the velocity of the driving pulley.

pulley B at the point of first contact, E, slack and unstretched,

receives its motion

and leaves it at F, under the maximum

is uniform in amount from the moment it meets this pulley until it

B.

of tension due to driving

While, therefore, a point in the belt is travelling from E to F,

it passes from a state of minimum to one of maximum tension.
This tension proceeds by a regular increment, whose amount at

C
=~

g

Ss

It is to be observed, however, that since A receives its motion

independently of the belt, its motion is independent of the creep,
which affects the belt velocity only: but in the case of B, which

leaves

from

it, for unless

the belt, it remains to be seen if stretch

this be the case, the belt will be moving

faster than the pulley at some part of the arc of contact.
Thus suppose P, Fig. 2679, represents a driven pulley, whose
load is 1,000 pounds, and that from A to B, from B to C, from C to
D, and from D to E, represent equal arcs of contact between belt
and pulley, then arc A B will have on it the amount of stretch
due to a pull of 250 pounds at B, diminishing to nothing at A.

Arc C B will have on it the amount of stretch due to a pull of 500
pounds at C and 250 at B; arc DC will have on it the amount of

O
B
zZ
Fig. 2677.

stretch due to a load of 750 at D, and 500 at C; and arc D
E will have the tension due to a load of 1,000 pounds at E,
and 750 pounds at D.
Suppose, then, that the amount of
belt stretch 1s greater between B and C than it is between Dan

any given point upon B is governed by the distance of that point
from E. The increase of tension is, of course, accompanied by a
corresponding degree of belt stretch, and therefore of belt length ;
and asa result, the velocity of that part of the belt on pulley B is
greater than the velocity of any part on the slack side of the belt ;
hence the velocity of the pulley is also greater than that of the
slack side of the belt. In the case of pulley A the belt meets it at
G under a maximum of tension, and therefore of stretch, but leaves
it at H under a minimum of tension and stretch, so that while

passing from G to H the belt contracts, creeping or slipping back

on the pulley, and therefore effecting a reduction of belt velocity
below that of the pulley. To summarize, then, the velocity of the
part of the belt enveloping A is less than that of A to the amount
of the creep; hence the velocity of the slack side of the belt is
that of A minus the belt creep on A. The velocity of the part of

the belt on B is equal to that of the slack side of the belt plus the

Fig. 2679.
E, then the belt will travel faster between # c than between D E

to an amount equal to the difference in stretch, and will at BC
slip over the pulley to that amount ; or if the friction of the belt
at B C is sufficient to move the pulley in accordance with the
stretch, then the belt must move the pulley at a greater velocity
than the belt motion from D to E.
But since the friction of the belt is greatest at D E, it will hold
Fig. 2678.

stretch of the belt while passing over B; and it follows that if the
belt or slip creep on one pulley is equal in amount to the belt
stretch on the other, the velocities of the two pulleys will be
equal.
Now (supposing the elasticity of the belt to remain constant, so
that no permanent stretch takes place) it is obvious that the beltshortening which accompanies its release from tension can only
equal the amount of elongation which occurs from the tension;
hence, no matter what the size of the pulleys, the creep is always

equal in amount to the stretch, and the velocity ratio of the driven
pulley will (after the increase of belt length due to the stretch is
once transferred to the slack side of the belt) always be equal to
that of the driving pulley, no matter what the relative diameters
of the pulleys may be. In Fig. 2678, for example, are two pulleys,
A and B, the circumference of A being 10 inches, while that of B
is 20; and suppose that the stretch of the belt is an inch in a

the pulley with the greatest force, and hence the velocity of the
belt and pulley will be uniform, or at least the most uniform, at
DE.

Here arises another

consideration,

in that

the stretch of the

leather is not uniform, and the section of belt at C B may stretch
more or less under

its load than section C D does under its load,

in which event the velocities of the respective belt sections cannot be uniform, and to whatever amount belt slip ensues the
velocity of the driven wheel will be less than that of the driver.
Attention has thus far been directed to the relative velocities of
the pulleys while under continuous motion.
But let us now
examine the relative velocities when the two pulleys are first put
in motion.
Suppose, then, the belt and pulley to be at rest with

an equal degree of tension (independently of the weight of the belt,
as before) on both sides of the belt. On motion being imparted to
the driving pulley, the amount of belt elongation due to the stress

of the load on the driving pulley has first to be taken up and
transferred to the slack side of the belt, and during such transfer

LEATHER
a creep is taking place on the arc of belt contact on the driving
pulley.
Furthermore, let it be noted that while under continuous motion
the belt first receives full stress at point F, Fig. 2677; at starting

it first receives it at point E, and there will be a period of
time during which the belt stretch will proceed from E towards
F, the pulley remaining motionless.
The length of duration
of this period will, in a belt of a given width, and having a given
arc

of contact

on

the

driven pulley, depend on the amount

of

the load. Thus, referring to Fig. 2680, if the amount of the load
is such that the arc of contact between the top and the point
B is sufficient to drive the pulley, the pulley will receive motion
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duty is light a single row of holes is all that 1s necessary.
An
example of this kind is shown in Fig. 2681, in which there are five
holes on one side, and four on the other of the joint, the extra hole
coming in the middle of its end of the belt. The lace is drawn
half-way through this extra hole, and laced each way to the side

and back again to the middle, the ends being tied on the outside
of the belt, which does not come in contact with the pulley surface.
By this means the lacing is double through all the holes, and if
the knot should slip the slackness will begin at the middle of thr
belt and extend gradually towards the edges; whereas, if the
lacing terminated at one side, and the knot or fastening should
slip; all the tension would be thrown on one edge of the belt,
unduly stretching it, and rendering it liable to tear. By this

C
Fig. 2680.

when the belt stretch has proceeded from A to B; but if the load
on the pulley be increased the belt stretch will require to proceed
farther towards C.
At the top the stretch will proceed simultaneously with that of the
driving side of the belt, between the points FG, Fig. 2677; but
from the friction between the belt and pulley, the stretch of the
part enveloping the pulley will be subsequent and progressive from
F towards E, Fig. 2677.

Fig. 2682.

It follows, then, that the velocity of the driven wheel will be less

than that of the driver at first starting than when in continuous
motion.
As the length of the belt is increased, the gross amount of
stretch, under any given condition, increases, and hence the longer
the belt, the greater the variation of velocity at first starting
between the driven pulley and the driver.
From what has been said, it follows that when a mathematically
equal velocity ratio is essential, belts cannot be employed, but
the elasticity that disturbs the velocity ratio possesses the quality
of acting as a cushion, modifying on one pulley any shocks,
sudden strains, or Jars existing on the other, while the longer the
belt and less strained within the limit of elasticity, the greater this

method of lacing the lace is not crossed on either side of the belt,
which is desirable, because it is found in practice that a crossed
lace does
If the
desirable
approach

not operate so well as an uncrossed one.
power to be transmitted is so much as to render it
to have the strength of the laced joint more nearly
that of the solid belt than is obtainable with a single

row of holes, a double row is provided, as shown in Fig. 2682.

For belts of about 3 inches wide and over, these holes are made
as follows: A, B, and C, D, E, about an inch apart and 3 inch
from the line of joint; F, G, H, and I, J, being about 4 inch
behind A, B, and C, D, E, respectively.

For thinner belts the holes may be closer together, and to the
edges of the belt the exact distances permissible being closer
together as the duty is lighter ; but however narrow the width of
the belt, it should contain at least two holes on each side of the

Fig. 2681.

power of modification ; furthermore in case of a sudden or violent
increase of load, the belt will slide on the pulley, and in most
cases slip off it, thus preventing the breakage of parts of the
driving gear or of the machine driven that would otherwise probably ensue.
Furthermore, belt connections are lighter and
cheaper than gear-wheel or other rigid and positive connections,
and hence the wide application of leather belts for the transmission of power, notwithstanding the slight variations of pulley
velocity ratio due to the unequal elasticity of the various parts of
the leather composing the belt.
The ends of belts are joined by two principal methods, the butt
and the lap joint. In butt joints the holes are pierced near the ends
of the belts, and the ends of the belt are brought together by
means of a leather lace threaded through these holes. If the

Fig. 2683.

joint. The sizes of these holes are an important element, since the
larger the hole the more the belt is weakened.
The following are
the sizes of holes employed in the best practice :—
Width of Belt.

Up to 4 inches .
From 4 to 8 inches .
From 8 inches upwards

Size of Punched Hole.

:
:
.

‘
:

:
:

~

+ inch.
Ts 5
#£ ss

The holes are usually made round, but from the pliability of the
lace, which enables it to adapt itself to the form of the hole to «
remarkable degree, it is not unusual to preserve the strength ot «

belt by making an oblong hole, as in Fig. 2683 at A, or a mere
slit, as at B, which, from removing less material from the belt,
leaves it to that extent stronger.

=
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friction, which will serve very well unless for a belt that is tightly
strained.
By this method of lacing all the crossing of the lace is on the
outside of the belt, which is an advantage, because from the creep

should be cut quite square, and at a right
that when the two ends are drawn together
of the belt will remain straight, and not
do if either end of the belt were not cut ata

Suppose, for example, that the ends of a belt were

cut aslant, as in Fig. 2684, when laced up the edge of the belt
would come as in Fig. 2685.
The holes must be punched exactly opposite to each other, or

lacing the belt will bring the edges out of fair, as shown in Fig.
2686, the tension of the lace drawing the holes opposite to each
other, irrespective of where the edges of the belt will come. If

——
-——

Fig. 2687.

of the belt the lace undergoes considerable friction, which is apt
Fig. 2685.

Fig. 2684.
some of the holes are opposite and

others are not, the latter will

to rapidly wear out the lace, especially if it be crossed on the side
of the bed that meets the pulley surface.

Fig. 2690 shows a method of lacing in which the crossing of the

throw the edges of the belt out of line to some extent, especially
if the lace is first entered in the holes that are not opposite,
because, in that case, drawing the lace tight at once throws the
belt edges out, and the subsequent lacing has but a limited effect
in correcting the error, unless, indeed, the majority of the holes
are opposite, ard but one or two are out of line.
The lace should be drawn sufficiently tight to bring the ends of
the belt firmly together, and should be laced with an even tension
throughout, and for a belt doing heavy duty should have its ends
tied in a knot at the back, and in the middle of the belt.

The width of the lace is usually about as follows :—
Width of Belt.

Width of Lace.

24 inches and over
6 to 24 inches
2 to 4 inches .

% inch

2 inches and less

foraofen
raj

Since belts are tightened by cutting a piece off one end (preferably the end which shows the holes most stretched), it is obvious
that a butt-joint possesses an advantage, because as less of the
belt length is occupied by the holes they may be cut quite out and

Fig. 2688.

lace is entirely avoided, the knot being on the outside at a@ a.
The path of the lace on one side of the belt is shown in full lines,
and on the other side in dotted: lines.
The objections to lacing are that the lace lifts the belt from the

INSSK{ann"”“““"2J
Fig. - 689.

Fig. 2086.

pulley surface, which throws all the wear on the lace, causing it
eventually to break, and which also reduces the area of belt (at
the joint) in contact with the pulley surface and reduces the driv-

new ones punched, whereas, in some cases, the length of the belt
occupied by the holes in a lap-joint is more than the length of
belt required to be cut out to tighten it.
There are many different methods of lacing a belt, but those
here described are generally preferred. Thus referring to Fig.
2687 the lace is first passed through holes G and D, the ends being
of equal length from the belt and emerging on the side that is to
be the outside of the belt, thence each end of the lace is laced to-

wards the edge of the belt, the dotted lines in the cut showing
the path of the lace. It is then laced back to the middle of the
belt, the second inside lacing exactly overlaying the first, the laces

never crossing; the outside appearing asin Fig. 2688. The
ends are
in some cases tied in a knot on the outside, and in others
fastened

as shown in Fig. 2689, in which case the ends are merely held by

Fig. 2690.

ing power of the belt at the time the joint is passing over the
pulley. In fact, in running belts this reduction of transmitting
capacity is not great, because of the rapidity with which the joint

LEATHER
passes over the pulley, but in slow moving belts slip is very apt to
occur when

the lace meets the pulley, especially if the

power

transmitted is great in proportion to the width of the belt.
There are considerable movement and friction between the lace
and the belt, more especially when the latter passes over a pulley
of small diameter, and this with the friction due to whatever
amount of slip the belt may experience, wears away the lace so
that in time it breaks. Sometimes a cover is employed as shown
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The middle sketch shows the joint when the belt 1s stretched.
The lower sketch shows it passing over a small pulley, where it
will be seen that in the act of bending over the curve there is no
friction between the lace and the belt, and this is the reason of
its superiority over other methods, where there is always more or

less friction between the lace and the belt when bending over a
curve. Another advantage is, that in this system the lace does
not come into contact with the pulley, so that whatever friction or
slipping may take place between the belt and the pulley, the
lacing is perfectly unaffected by it.
A lap joint is one in which the two ends of the belt overlap, as
in Fig. 2694. The overlap is cut down to a plain bevel so as to
reduce the joint to nearly or quite the same thickness as the main
body of the belt. The lap joint is employed to join together the
strips of leather forming the belt, and to fasten the ends of the
finished belt together. In making the belt the overlap is cemented

and riveted, while in joining the ends it may be cemented,

or

riveted, or laced.

The advantage of rivets lies simply in that they are easily
applied. Their disadvantages are that they grip but a small area
of the belt, namely,

that

portion

beneath

the rivet

head

and

washer surface ; hence, when rivets are used the joint should
always be cemented also. A more important defect is, however,

Fig. 2691.

Fig. 2692.

O

in Fig. 2691 at A, to protect the lace, the cover being riveted or
cemented to the belt on the side that is to meet the pulley surface.
A similar means is also sometimes employed to make a butt joint.
Thus in Fig. 2692 A is the cover riveted or cemented to the two
ends B C, of the belt so as to dispense with lacing.
Fig. 2693 represents an excellent method of joining very thin
belts, the operation being as follows :—

Place the two ends of the belt together with the edges fair one

f

O
OO

Fig. 2694.

O

OEOO
0: OF O36

Fig 2695.

that the heat generated by the compression of the rivet while
riveting it is sufficiently great to burn the leather beneath the
rivet-head. The reason that the leather under the head and not
under the washer or burr at the riveted end of the rivet burns is,
that although the heat due to mnveting is most at the burr end of
the rivet, its passage from the rivet to the washer is less rapid
than it is through the body of the rivet, because in the one case it
has to be transferred from one body to another (from the rivet to
the burr), while in the other its passage is uninterrupted and
continuous.

Rivets for lap joints are usually placed about, as in Fig. 2695,
the rows A and C being about 3} inch from the edges B and D
respectively, and the row F about 2 inch from the edge F of the
lap, while the rivets are about 2 inch apart in the rows.
For comparatively
Fig. 2693.

The
with the other, and with an awl make a rowof holes at a, through

both ends ; then take about half a yard of strong twine (in some
cases a lace or gut is better) and draw half the length through the
first hole, then pass each end of the twine through the second
hole, one end to the right and the other to the left, and draw both
tight at the same time, and so on until the last hole is reached,
when one end only of the twine is passed through; the two

ends of the twine are then knotted tight together and the excess
cut off.

narrow belts as, say, four inches wide, a

single row G would be placed in the middle, additional middle
rows should for wider belts be about 1} inches apart.
rivet holes should

be a close fit to the rivets, the latte:

being left just long enough to hold the washer or burr and sink
with it, in the riveting, to the level surface of the belt.
The heads of the rivets should be on the side of the belt that
is to run next to the pulley.
The strongest method of forming a belt is by means of smah
taper wooden pegs, such as are used in boot and shoe manufacture, the joint being cemented, and the pegs inserted.
In this
case the belt is merely pierced with an awl, hence none of the
leather is removed.
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The arrangement of wooden pegs should be as in Fig. 2696,
the rows A and B being respectively about § inch from the edges
C D, the row E being about } inch from the edge of the joint, and
H about 3 inch from that edge. The pegs are placed about4 inch
apart in the rows.
A cemented and pegged joint is the strongest made, and it
preserves a more equal tension throughout the belt than any other,

SHOP PRACTICE.
however, while it has the effect of increasing the grip of the hook
on the belt, still leaves the belt as a whole weaker, by reason of the
removal of leather to form the holes.
In Figs. 2699 and 2700 is shown a belt screw, intended \
take the place of rivets, and thus avoid the burning of the leathe:
which accompanies the use of rivets. It consists of two screws,
one havinga right and the other a left-hand thread. The former is
of bronze, and has a coarse exterior thread cut conically, while it is

.

ae

Fig. 2698.

hollow with a fine thread tapped inside. The latter is of steel,
and has a conical shoulder underneath.
The heads of both
screws are slightly rounded and formed with circular grooves on
the under side, to give them a firm grip on the leather.
The
conical screw is first run into the leather, and the steel screw is
then introduced. The belt is run with the head of the latter on the

Fig. 2696.

while the belt is strong, since the hole for the pegs may be pierced
with an awl, which does not remove any leather from

the belt, as

is the case with punched holes.
The length of the lap in some of the best practice is as follows:
When the strips of leather are cut from the hide in such lengths
that the part termed the shoulder of the hide is utilised, a uniform
lap of 8 inches is employed for all widths of belt. When the strips
do not contain the shoulder of the hide, the following are the
respective lengths of lap :—
Width of single belt.

.
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5 inches

;
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6 to 8 inches
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introduced, all the rows running the entire length of the belt.
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If the body of a narrow belt is riveted it contains two rows only
of rivets; but as the width of the belt increases, other rows

Length of lap.

Itoq4}inches

9 inches

~ inner side.

ogy

6F

,,

Oy

All double belts are given a 6-inch lap.

Another and excellent method of joining a belt, or of fastening
two thicknesses together to form a double belt, is to sew it together

with lace leather, as shown in Fig. 2697.
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some cases two separate single belts running one over or outside
the other are employed in place of an ordinary double belt, and
the arrangement works well.
Two single belts applied in this manner are especially preferable
to a double belt when used upon a small pulley, because they will
bend to the curvature of the pulley more readily, being more
pliable ;whereas a double belt will from its resistance to bending
not envelop as much of the circumference of the belt as is due to
the relative sizes of the pulleys, and the distance apart of their
axes.
Round

twisted.

leather belts are made

The

in two forms, the solid and the

first consists of a simple leather cord, hence its
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Fig. 2697.

about 1 inch wide, the holes being pierced so as to have the lace
diagonal, as shown in the cut. Sometimes four rivets are added
at the joint as shown in the cut.
Other methods of fastening the ends of leather belts are oy
means of metal hooks of various forms.
Fig. 2698 represents a
fastening of this kind, the appearance of both sides of the joint
being shown in the figure. In this case considerable leather is
removed from the belt, but this is to some extent compensated for,

because the hook holds each end of the belt in two places; that
is to Say, in the crook of the hook as well as at the end. This,

Fig. 2700.

diameter cannot exceed the thickness of the leather.

The second

consists of a strip of leather twisted into cylindrical form, the
grain side of the leather being outside.
The ends of round belts are usually joined by means of cylindrieal hooks and eyes, which are threaded so as to screw on to
the end of the belt, but for twisted round belts it is better to place
in the centre of the belt a small core of soft wood.
The ends of

the belt should be slightly tapered, and the hook and eye screwed
firmly home.

Sometimes

from the smallness of the pulleys the

inflexibility of the hook and eye becomes objectionable, and a
simple hook is employed on solid round belting.

The length of twisted round belting may be altered by twisting

LEATHER
or untwisting it, which renders it unnecessary to cut the belt for
a small amount of shortening.
Round belts should bear upon the sides, and not on the bottom
of the pulley-groove, which increases their transmitting power.
Thus, if the groove is a semicircle of the same radius as is the
belt when new, the stretch of the belt as it wears decreasing its
diameter, it will then touch only on the bottom of the groove.
Furthermore, when the belt bears on the sides only of the groove
it becomes wedged to a certain extent in the sides of the pulley
groove.
|
V-belting is formed

of strips of leather

welted

together,
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as

shown in Figs. 2701 and 2702, the latter showing the joint or splice
of the belt. The pulleys are V-grooved as shown. The tension

bend edgeways, as denoted by the dotted line J, which it does to
some extent, carrying the belt with it.
CHANGING OR SLIPPING BELTS ON PULLEYS.—To change a
belt on a stepped cone, proceed as follows :—

Suppose the belt to be on the small step of the driving cone,
and to require to run on the largest step. Throw the belt on the
smallest step of the lower cone and place the palm of the hand on
the inside face of the belt on the side on which it approaches that
cone.
Draw the belt tight enough (with the palm of the right
hand) to take up the slack and cause the lower cone to rotate.
When it is in full motion place the palm of the left hand against
the inside face of the other side of the belt (while still keeping
the pressure of the right hand against the slack side of the belt).

Were
—
——
—

ZZZL.~'

Fig. 2701.

not bottom in the groove, which would impair its wedging action.
This class of belt is largely employed for connecting shafts at
an angle, especially in cases where the distance between the
shafts is small, in which case it will last much longer than a
flat belt.
From the construction, the rivets joining the pieces forming the

Release suddenly the pressure of the right hand and immediately
with a quick and forcible lateral motion of the left hand force the
belt towards the larger step of the upper cone, which will cause it
to mount the next step, when the operation may be repeated for
each succeeding step.
If the steps of the cone are too steep, or the belt is too long
for this method, a wooden rod may be used, its end being applied
to the side of the belt that runs on the upper cone and close to the

belt do not come into contact with the surfaces of the pulley, and

cone.

of the belt causes it to grip the sides of the groove on the wedge
principle, and the belt is flat at the apex of the V so that it shall

Then

lift the belt with the rod, while the lower end of

the rod is inclined away from the step the belt is to mount, when
the belt will mount the step of the rotating cone.
In the case of broad heavy belts it is best to stop the running
pulley and place the belt on it, then lift the belt edge on the
stationary pulley at the point where the belt will first meet it

from the tension of the belt causing it to wedge into the sides of
the pulley groove, the driving power is greater than that simply
due to the area of contact and the tension of the belt.
A belt will run to the largest diameter of a pulley, thus in Fig.
2703, the belt would, unless guided, gradually creep up to the side
A of pulley P, and following this action would

move

|

to side C of

pulley D.
If the pulleys are parallel, but the axis of their shafts are not in
lane, then the belt will run towards that side on which the axes are

Fig. 2704.

when in motion, forcing the belt on by hand as far as possible.

Fig. 2703.

closest ; thus in Fig. 2704 the belt would run towards the side P
of the large pulley, because the belt B will meet the pulley surface
at a, and if a point on the belt at 6 travelled coincident with the
point on the pulley with which it took contact, its plane of
rotation, while on the pulley, would be as denoted by the dotted
line J.
But to follow this plane of rotation, the belt would require to

VOL. I1.—39.

Take a strong cord, as, say % inch diameter, and double it, pass
the loop between the pulley arms around the belt and over the
pulley face. Pass the two free ends of the cord through the loop
(formed by doubling the cord) and pull the free ends as tight as
possible by hand.
While standing on the side of the pulley
opposite to that of the belt, communicate slow motion to the
driving pulley and release the ends of the cords as soon as the
belt is on. The belt, in travelling from the pulley, will then undo
the cord of itself.
A belt may be taken off a pulley, either by pressing it in the

teguired direction and as cluse to the pulley as possible, or by
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holding the two sides of the belt together, which should be done
as far from the running pulley as possible, or as far from the
pulley the belt is required to come off as possible.
In Fig. 2705 is shown a device for automatically replacing a
belt that has slipped off a pulley. A is the pulley and B the
device, which has a curved projection which is of the full width
of the device at one end, where it comes even with the perimeter
of A, and tapers laterally towards the outside edge of the device.
As a result the belt will easily pass on the broad end and cause
the device to rotate, the belt running up the curved projection
and therefore lifting clear of the pulley A, but on account of the
taper of the projection the belt finally has contact with the projection on one edge only, and therefore tips over to the other side,
and as a result falls on A, because it is under tension and natur-

ally adjusts itself to be in line with the pulley at the other end of
the belt. It would appear that the belt, if running, would move
on the pulley, driving it, and this would be the case if sufficient
time were allowed for it to do so, but the action of the device is
too quick, and furthermore, when the belt is off one pulley and

therefore loose its motion is apt to become greatly reduced, which
retards its moving laterally on the pulley driving it.
It is obvious that the device must be applied to that side of the
pulley on which the belt is found to run off, but it may be noted
that belts are not apt to run off the loose pulley, but off the driving
one, and only at times when from excessive resistance or duty
the velocity of the pulley is reduced below that of the belt, or
the velocity of the belt is less than that of the pulley driving it ;

=
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Fig. 2705.

hence the device must be applied on the outside of the fast or
tight pulley.
The driving power of a belt is determined principally by the

amount of its pull upon the pulley, and the speed at which it
travels.
The amount of pull is determined by its tension, or in other
words, the degree with which it grips the pulley and the closeness
with which it lies to the pulley surface.
The amount of tensiona
single belt is capable of withstanding with a due regard to its
durability has been fixed by various experimenters at 66% lbs.
per inch of its width. The pull of the belt under this degree of
tension will vary as follows :—
It will be more with the grain or smooth side than it will with
the flesh or fibrous side of the belt in contact with the pulley face,
some authorities stating the amount of difference to be about 20
percent.
It will be more with a smooth and polished surface on
the pulley than with one less smooth and polished. At high
speeds it will be diminished by the interposition of air between
the belt and pulley surface, and from the centrifugal force generated by the passage of the belt around the pulley. It will be
more when the pulley is covered with leather rubber or other
cushioning substance than when the pulley is bare, even though
it be highly polished, some authorities stating this difference to
be about 20 per cent.
It will be increased in proportion as the belt envelops a greater
proportion of the pulley circumference, the part of the pulley
enveloped by the belt when the pulley is at rest (or what is the
same thing, at any point of time when it is in motion) being
termed the arc of contact.
It is obvious that the arc of contact taken to calculate the belt
power must be the least that exists on either the driving or the
driven pulley, because when the belt slips it ceases to transmit
the full amount of the power it receives, the remainder being
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expended in the friction caused by the belt slipping over the
pulley.
The speed at which a belt may run is limited only by reason of
the centrifugal force generated during its passage around the
pulley, this force tending to diminish its pressure upon the pulley.
The maximum of speed at which it is considered advisable to run
a belt is about 6,000 feet per minute ; but the amount of centrifugal
force generated at this speed depends upon the diameter of the
pulley, because the centrifugal force increases in direct proportion
as the number of revolutions is mcreased, or in other words it
increases in the same proportion as the velocity; but in a given
circle it increases as the square of the velocity.
Suppose, then,
that it be required to double the velocity of a belt, and that the
same pulley be used running at twice the velocity, this will

increase fourfold the centrifugal force generated; but if the
diameter of the pulley be doubled the centrifugal force generated
will be simply doubled; hence it appears that the larger the
pulley the less the centrifugal force of the belt in proportion to its
velocity. This will be apparent when it is considered that the
larger the pulley the nearer will the curve of its circumference
approach to a straight line.

The following experiments on the transmission of power by belting were made Messrs. Wm. Sellers & Co.
* These experiments were undertaken with a view to determine,

under actual working conditions, the internal resistances to be
overcome, the percentage of slip, and the coefficient of friction
on belt surface. They were conducted, during the spring of 18865,
under the direction of Mr. J. Sellers Bancroft.
These experiments seemed to show that the principal resistance to straight belts was journal friction, except at very high
speeds, when the resistance of the air began to be felt. The resistance from stiffness of belt was not apparent, and no marked
difference could be detected in the power required to run a wide
double belt or a narrow light one for the same tension at moderate speeds. With crossed and quarter-twist belts the friction of
the belt upon itself or upon the pulley in leaving it was frequently
an item of more importance, as was shown by special experiments
for that purpose.
In connection with the experiments upon internal resistances,
some interesting points were noted. Changes in tension were
made while the belt was running, commencing with a very slack
belt and increasing by definite amounts to the working strength.
As this point was approached, it was found necessary, to maintain
a constant tension, that the tightening bolt should be constantly
operated on account of stretch inthe belt. Then, again, as the
tension was

reduced

from this limit, it was

found

that at lower

tensions the belt would begin to shrink and tighten for a fixed
position of the sliding frame. This stretching and tightening
would continue for a long time, the tightening being, of course,

limited, but the stretching indefinite and unlimited.
The first series of experiments was made upon paper-coated
pulleys 20" diameter, which carried an old 53" open belt >3;" to }"
thick and 34 ft. long,weighing 16 lbs. The arc of contact on the
pulleys has been calculated approximately from the tension on
slack side, and for this purpose the width and length of the belt
were taken. The percentage of slip must be considered as equally
divided between the two pulleys, and from observations made
it is easy to calculate the velocity of sliding when the speed. is
given.
Some of the most important results obtained with this belt are
given in Table I. in which the experiments have been selected to
avoid unnecessary repetition.
In all cases the coefficient of
friction is shown to increase with the percentage of slip. The
adhesion on the paper-covered pulleys appears to be greater
than on the cast-iron surfaces, but this difference may possibly
have been due to some change in the condition of the belt surfaces.
After a fresh application of the belt dressing known as “ Beltilene,’’ the results obtained are even higher on cast iron than on
* From a paper read before the American Society of Mechanical Er
gineers by Wilfred Lewis.

LEATHER
paper surfaces, but after a time it was found that the adhesive

property of this substance became sensibly less and less. Flakes
of a tarry nature rolled up from the belt surface and deposited
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the load is increased, or, as already stated, the stress increases
faster than the extension. A little reflection will show that when

this is the case the tensions must necessarily increase with the

themselves on the pulleys, or scaled off.
So much was found to depend upon the condition of the belt

load transmitted.

surface and the nature

DOUBLE BELT 21” WIDE BY fe” THICK, AND 32 FT. LONG, WEIGHING 94 LBS., ON 20’
CAST-IRON PULLEYS.
THIS BELT HAD BEEN USED ON A PLANING MACHINE, WAS
QUITE PLIABLE, DRY, AND CLEAN.
I60R. P. M.

of the dressing used, that the necessity

was felt for experiments upon

some

standard

condition which

could be easily realized and maintained.
For this purpose a belt
was taken from a planing machine when it had become perfectly
dried by friction.
The results of experiments upon this belt are
given in Table II.
When dry, as used on the planer, the coefficients for any given percentage of slip were much smaller than
those given in Table I. This was naturally to be expected, and
TABLE I.
STRAIGHT OPEN BELT 54” WIDE BY =1,’’ THICK AND 34 FT. LONG, WEIGHING I6 LBS., IN
GOOD PLIABLE CONDITION, WITH HAIR SIDE ON PULLEYS 20 IN. DIAM. RUNNING AT
160 R. P. M., OR ABOUT 800 FT. PER MINUTE.
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* 7 represents the tension on the tight part, and ¢ on the sag part of
the belt.

the experiments were continued to note the effect of a belt dress-

ing in common use, known as ‘‘Sankey’s Life of Leather,’’ which
was applied to the belt while running. At first, the adhesion was
very much diminished, but it gradually increased as the lubricant
became absorbed by the leather, and in a short time the coefficient of friction had reached the unprecedented figures of 1.44 and
1.37.

An interesting feature of these and sudsequent experiments is
the progressive increase in the sum of the belt tensions during an
increase in load. This is contrary to the generally accepted
theory that the sum of the tensions is constant, but it may be accounted for to a large extent by the horizontal position of the belt,
which permitted the tension on the slack side to be kept up by the
sag. That this is only a partial explanation of the phenomenon,
and that the sum of the tensions actually increases as their difference increases for even a vertical position of the belt, will be
shown by a special set of experiments.
If a belt be suspended
vertically, and stretched by uniformly increasing weights, it will
also be found that the extension is not uniform, but diminishes as
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before
|z.15) noting
experi|x.41|

ments.

1.44:
|.228,Three
days
later
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9
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41
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47.7 |13.7|54.8|16r

|.950
|1.12
|I.29
[1.32
|1.37

A piece of belting 1 sq. in. in section and g2 ins. long was found
by experiment to elongate }in. when the load was increased from
100 to 150 lbs., and only 4 in. when the load was increased from
450 to 500 lbs. The total elongation from 50 to 500 Ibs. was 144",
but this would vary with the time of suspension, and the measurements here given were taken as soon as possible after applying
the loads.
Inarunning belt the load is applied and removed
alternately for short intervals of time, depending upon the length
and speed of the belt, and the time for stretching would seldom be
as great as that consumed in making the experiments just mentioned.
The differences between the initial and final tensions unloaded,

as given in the tables, show the effect of extension or contraction
during the course of the experiments made at a fixed position of
the pulleys.
The percentage
goes in passing from its loose
the slip which must necessarily
power. This is a direct loss,

of elongation which a belt underto its tight side, is the measure of
take place in the transmission of
and within the assumed working

strength of 500 lbs. per sq. in. for cemented belts without lacings,
experiment indicates that it should not exceed 14 or 2 per cent.
When, therefore, an experiment shows less than 2 per cent. of
slip, the amount may be considered as allowable and proper, and
the belt may be relied upon to work continuously at the figures
ven.

Table III. gives the results of experiments upon a soft and pliable rawhide belt made by the Springfield Glue and Emery Co.
This belt had been used by the Midvale Steel Co. for a period of
seven months, at its full capacity, and was sent in its usual working condition to be tested. It had been cleaned and dressed with

MODERN

220

castor oil at intervals

MACHINE

of three months, and was received three

weeks after the last dressing. Commencing with the light initial
tension of 50 lbs. on a side, it was found impossible with the
TABLE III.
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|.358
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results which

should approximate as closely as possible to the

7—7Z, as computed from the read-

pulley was taken to be the difference 7—Z.
In this calculation, it will be noticed that two slight corrections
have been omitted which are opposite in effect and about equal in

degree.

One is the friction of the brake shaft in its bearings,

which of course was not recorded on the scales, and the other is

the thickness of the belt which naturally increases the effective
radius of the pulley. Both of these errors are somewhat indefinite, but the correctness of the results obtained was tested ina
number of cases by the sag of the belt, and the tension /, as calculated from the sag, was found to agree closely with the tension
calculated by the adopted method.
As the limiting capacity of the belt was reached, the difficulty
of obtaining simultaneous and accurate observations was increased by the vibrations of the scale beams. This was apparently due to irregularity in the slip, and it was only by the use of
heavily loaded beams and a dash-pot that readings could then be
taken at all. The dash-pot consisted of a large flat plate suspended freely in a bucket of water by a fine wire from the scale
beam. This provision, however, was applied only to the scales
on which the vibrations were more pronounced.

A peculiar and important feature of Tables III. and IV. is the
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All of the experiments, in fact, are subject

truth. The sum of the tensions, as determined by measuring
scales, was subject only to errors in observation. This part of the
apparatus was carefully tested by a horizontal pull of known
amount and made to register correctly.
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be noticed at the very slow speed of 18 revolutions per minute on
10 in. and 20 in. pulleys, where the adhesion on the 20 in.
pulleys is decidedly greater ; but, on the other hand, at 160 revolutions per minute the adhesion on the Io in. pulleys is often as
good, and sometimes better, than appears for the 20 in. at the
same velocity of sliding.
|
It might be possible to determine the effect of pulley diameter
upon adhesion for a perfectly dry belt, where the condition of its
surface remains uniform, but for belts as ordinarily used it would
be very difficult, on account of the ever-changing condition of surface produced by slip and temperature.
It is generally admitted
that the larger the diameter the greater the adhesion for any given
established, nor,

indeed, does it seem possible to do so except by the most elaborate and extensive experiments.
implies a corresponding variation in the coefficients of friction for
different intensities of pressure upon the same pulleys, and that,
consequently, our experiments should show higher coefficients
under the lighter loads for the same velocity of sliding.
Referring to Table II., where the condition of the belt is dry and uniform for a large range of tensions, we find that this inference is
generally sustained, although there are some few exceptions.
Experiment 106 may be compared with 116, and 112 with 133,
also 108, 113, and 135, all showing great reductions in the coefficients of friction for increments in tension.
The exceptions are
all to be found under the smallest velocities of sliding, and appear
only in the third decimal place, so that the weight of their record
against the probability of such a law is light.
By a similar inference it should also follow that a wide belt would drive a little
more at a given tension than a narrow one, on account of the reduction in pressure per square inch against the pulley. The mean
intensity of pressure of a belt against its pulley may be considered
as proportional to the sum of the tensions divided by the product
of pulley diameter and width of belt, and an analysis of the experiments referred to will show the relation there existing between
intensity of pressure and coefficient of friction.
If we let 7 = intensity of pressure, and m = coefficient of fric-

10 per cent. of its original value.
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wastemporary.
The diameter of the pulley also appears to affect
the coefficient of friction to some extent.
This is especially to

tension, but no definite relation has ever been
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Experiments 353 to 360 inclusive were made to determine the
limit at which the belt would run continuously without increasing
its percentage of slip. After the pulleys had become well coated
and the slip had reached a high per cent., the load on the brakewheel was gradually removed until a marked improvement was
reached, as shown by experiments 359 and 360. The highest allowable coefficient of friction for this belt is therefore estimated
to be. somewhere between 1.13 and .g95, or we may safely say 1.
The highest coefficient
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and, in general, the colder the weather the slower would this de-
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This relation is not proved, of

course, and it is given only as a suggestion toward the solution of
the question.
If the coefficient of friction does vary with the
intensity of pressure, the problem of determining the driving
power of a belt on strictly mathematical principles will indeed be
complicated.
The coefficient of friction in the tables has been calculated by

effect of time upon the percentage of slip. In previous experiments the percentage of slip was measured at once after the load

a well-known formula, developed upon the assumption of a uniform

was

considered as correct if the coefficient 1s known to vary with the
pressure.
Referring from Table II. to Table III., we shall find at
once the proof and contradiction of the inferences drawn from
Table II., and we are left as much in the dark as ever respecting
the value of pressure intensity.

applied, but it was

accidentally discovered

that repeated

measurements seldom agreed, and investigation showed that these
discrepancies were principally due to the duration of the experiment. The continual slipping of the belt was found to cause a
deposit of a thick black substance upon the surface of the pulley,

which, acting as a lubricant, continued to increase the slip still
further.
Upon removing the load on brake-wheel, this deposit would be
again absorbed by the belt, and the original adhesion would be
restored. The temperature was also found to affect the slipping,

coefficient around the arc of contact, but this could no longer be

Practical

millwrights

all know, or think

they know,

that

an

increase of pulley diameter increases the drive, and it is a matter
ofcommon observation that when large and small pulleys are
connected by a crossed belt, the smaller pulley will invariably
slip first.

MODERN
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On one side a great deal of testimony can be adduced to show
that pressure intensity should be an important factor in the theory
of belt transmission, and, on the other hand, we have strong evi-

dence to the contrary. I may refer, in this connection, to the
experiments of Mr. Holman in Yournal of Franklin Institute
for September, 1885, in which there is no indication that the coefficient of friction varies at all with the pressure. The coefficients obtained by Mr. Holman follow the variations in slip like
our own, and it gives us pleasure to observe that our general results and conclusions are so strongly corroborative of each other.
There is at the same time a great difference in the methods pursued in arriving at the same results.
In his experiments, the
velocity of sliding was the fixed condition upon which the coefficient

of friction was

SHOP

high coefficients obtained, together with the rapid increase of tension, show that the pulling power of a long horizontal belt must,
in many cases, be limited by its strength rather than by its adhesion.
Table V. gives the results of experiments upon a light planer
TABLE

PLANER.

a |Sum of Ten-

‘= |sions.

“

||

-

q

Fe!

6|

te

2198]

429]

100]

430
431
432

A

435]
436
437
438
439

200]

442]
443

451|

150]

same portion of belt surface was subject to continuous friction,
while in ours, the friction was spread over the belt at successive
portions as in actual work. This we consider a new and important feature of our experiments. As a matter of practical im-
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obtained, is that, in Mr. Holman’scase the

maximum slip which might safely take place before a belt would
be thrown from its pulley.
A number of observations taken
throughout the experiments led to the final conclusion that 20
per cent. of slip was as much as could safely be admitted. This
information has been found of value in cases where work is done
intermittently by a fly-wheel and the belt has to restore the speed
of the wheel,
It cannot be said in regard to a maximum value
of g that any was determined or even indicated, although it is
certain that the increase at high rates of slip becomes less
rapid.
We have now seen that the driving power of a leather belt depends upon such a variety of conditions, that it would be manifestly impracticable if notimpossible to correlate them all, and it
is thought better to admit the difficulties at once than to involve
the subject in a labyrinth of formule which life is too short to
solve.
The relative value of pulley diameters may vary with different
belts, and all that can be expected or desired is some general
expression Covering roughly the greatest number of cases.
Our
apparatus did not admit of extensive variations in this respect,
and our attention was given principally to the question of slip.
The coefficients given in Table III. are remarkably high, and
show a great superiority for the rawhide over tanned leather in
point of adhesion.
The belt in question was very soft and pliable, but a little twisted from use on a cone pulley where it had
rubbed against one side.
It is not desirable, on account of its
soft and adhesive nature, to use this kind of belt where frequent
shifting is required, and when used on cone pulleys it is liable to
climb and stretch against the side of the cone; but for a plain
straight connection, there seems to be little room for improvement.
Table IV. contains the results of similar experiments
upon an oak-tanned leather belt made by Chas. A. Shieren & Co.
Here the coefficients are much smaller than those given in Table
III., and there is quite a marked difference between the coefficients for 10 in. and 20 in. pulleys.
As before noticed, the outside temperature has its effect, and
it is probable that much lower results would have been obtained
had the experiments been made in the heat of midsummer.
The
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great many of Mr. Holman’s experiments are taken at rates below
1'' per minute, and the coefficients obtained are very much below
the average practice, as himself seems to believe.
The velocity of sliding which may be assumed in selecting a
proper coefficient is directly proportional to the belt speed, and
may safely be estimated at .o1 of that speed.
For a pair of
pulleys we should have .o1 on each pulley, and therefore .o2 for
slip. Few belts run slower than 200 or 300 ft. per minute, and
consequently a slip of less than 2 or 3 ft. per minute need seldom
be considered. Another point of difference which may possibly
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were those of actual practice in which the percentage of slip was
measured.
Our least amount of slip, with a dry belt running at
the extremely slow speed of go feet per minute, was 1.08 inches,

affect the coefficients

V.

OAK=TANNED LEATHER BELT 2’/ WIDE BY “3! THICK AND 30’ 4’ LONG, WEIGHING 4
LBS., ON 20// CAST-IRON PULLEYS.
DRY AND SMOOTH, TAKEN FROM SERVICE ON

determined, while, in ours, the conditions

and ten times this would be perfectly proper and allowable.

PRACTICE.

1475

gsor. p. m.
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belt at very slow and very high speeds. As would naturally be
expected, much higher coefficients were found at the high speed
on account of the greater velocity of sliding.
It may here be mentioned that the sum of the tensions was
the horizontal pressure of the belt against the pulleys, and that
no allowance was necessary for the effect of the centrifugal force.
At the speed here used, the tension indicated in the belt at rest
was about 50 lbs. greater than when in motion.
The conclusion to be drawn from this series of experiments is
the great importance of high speed in the economy of belt transmission.
The friction of belts on pulleys is evidently dependent
on the velocity of sliding, and, as a general rule, the greater the

velocity the greater the friction. There are but few apparent exceptions to this rule, and investigation of them has led to the inference that in all such cases, the condition of the belt or pulley
surface had undergone a change either by heating or by deposit
from the belt on the pulley. The percentage of slip is the measure of the power lost in transmission by the belt itself, and the
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higher the speed the less this becomes.

BELTING.

There is a limit, how-

ever, to the power which may be transmitted as the speed is increased, and this limit is caused by the reduction in pressure
against the pulley arising from the action of centrifugal force.
This point has been clearly demonstrated in a paper read before this Society by Mr. A. F. Nagle on the ‘‘ Horse Power
of Leather belts,’’* and the formula there developed is written
thus:
HP = CVtw (S—.o12 V*) +550,
. . . (1.)
in which Cis a constant to be determined from the arc of contact

and coefficient of friction as expressed in the equation :
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velocity of belt in feet per second.
thickness of the belt in inches.
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“
o
working strength of leather in lbs. per square inch.
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and for any other material whose specific gravity is y, we find

V=s
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7oo | 55.
202
goo | 70
203 | 1000 | 80

The velocity at which the maximum amount of power can be
transmitted by any given belt is independent of its arc of contact
and coefficient of friction, and depends only upon the working
strength of the material and its specific gravity.
From equation (1.) we obtain for the maximum power of leather
Delts the condition:
.
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J = coefficient of friction.
a = arc of contact in degrees.
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oo | 20 | 10”
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The coefficient of friction .40, adopted by Mr. Nagle, appears
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500 | 60
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pulleys.

434 | 200]
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18 | 2” | .9,/ |Straight open belt.

25 | 20 | gso|

30

2” | .3.”’ Straight open belt.

455 | 1000 | rro

6” | 4,”
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from these experiments to be on the safe side for all working

|Straight open belt.

14’ 6’’ bet. pul’ys

|Straight open belt.

Straight open belt. [With 8” tight463
464

465
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500
1000 | IIo

ener.

too | 45 | 20”

160 | 6”

too | 25 | 20%”

160 | 6’

502

08

sas” Crossed belt.

8 feet between

pulleys.

requirements, except in cases where dry belts are run at slow
speeds.
If we assume 2 per cent. as the greatest allowable slip, and se-

lect within this limit the coefficient corresponding to the nearest
approximations to it, we can form some idea of the coefficients
which can be relied upon at different speeds.

Table VI. gives the average results obtained for this maximum
allowance of slip, and shows an extreme variation in thé coefhcient of friction from .251 for a dry oak-tanned belt at the slow
speed of go feet per minute to 1.38 for a rawhide belt at the moderate speed of 800 feet per minute.

For continuous working, it is probable that the coefficient 1.38
is too high, but still it is certain that a coefficient of 1.00 can be
steadily maintained for an indefinite length of time, and we may
say that in actual practice the coefficient of friction may vary from
.25 to 1.00 under good working conditions. This extreme variation in the coefficient of friction does not give rise, as might at
first be supposed, to such a great difference in the transmission of
power. It will be seen byreference to formula(1.) that the power
transmitted for any given working strength and speed is limited
only by the value of C, which depends upon the arc of contact
and the coefficient of friction.
For the usual arc of contact, 180°, the power transmitted when
J = .25 is about 24 per cent. less than when / = .40, and when
J = 1.00, the power transmitted is about 33 per cent. more, from
which it appears that in extreme cases the power transmitted may
be 4 less or 4 more than will be found from the use of Mr. Nagle’s
coefficient of .4o.
The percentage of slip is the most important factor affecting the
efficiency of belt transmission, but in addition to this we have
* Transactions A. S. M. E., Vol. II., page g1. See also Mr. Nagle’s
Tables I., II., and III., in Appendix VI. to this paper for values of C
and //. P.
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(Straight open belt.

These have been termed in-

ternal resistances, and their values for some of the most common

arrangements of pulleys are given in Table VII.
From this
table it appears that the moment required to run a straight belt
varies from 15 to 25 inch lbs. at 100 lbs. tension for all speeds.
At 160 revolutions per minute and 1,000 lbs. tension, the required
moment varied from 45 to go inch lbs., and at 18 revolutions per
minute and at the same tension it varied from 80 to 150 inch lbs.
From the average of these quantities we find the moment of
resistance to be expressed by the following formule for straight

open belts between 2” journals:
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SHOWING THE INCREASE IN THE SUM OF THE TENSIONS ON A VERTICAL BELT 4// WIDE
BY 4’ THICK, AND 24 FT. LONG, ON 20’’ CAST-IRON PULLEYS, AT 120 R. P. M.
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62
72

83

94
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357

At18r.
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M=11.5+49,

* Scales A recorded the reduction of the load on the testing device
for vertical belts by the tension of the loose part of the belt (4) Scales
B, by that of the tight side of the belt (7).

in which
M4 = moment of resistance in inch lbs.
S = sum of tensions.

The total power expended per revolution is about 2,000 ft. Ibs.,
therefore .03 is lost.

When a crossed belt does not rub upon itself, the resistance is
the same as for an open belt.
The resistance offered by the introduction of carrying pulleys
and tighteners is appreciable, and depends upon the pressure
brought to bear against their journals. If the belt rubs against
the flanges of the carrying pulleys, the resistance is very much
increased, and this is often liable to occur in horizontal belts from

a change of load. The friction on journals of carrying pulleys
may be estimated by the formule already given if we substitute
for S the pressure against their journals.
In the experiments
which were made upon internal resistances, the greatest resistance was offered by a quarter-twist belt 6 feet between journals
on 20-inch pulleys.
The equation for this belt may be written :

M=
.35 S+ 58,

.

«.

«©

«

«

«

(7)

but the introduction of a carrying pulley reduced the resistance to
no more than what might be expected from the same number of
journals with a straight belt.
With quarter-twist belts the resistance lies chiefly in slip, which
occurs as the belt leaves the pulleys, and this naturally depends
upon the distance between journals in terms of the diameters of
the pulleys.
The effect of time upon the tension of the belt used in Table
VIII. is plainly shown by experiments 588 to 613 inclusive, between which the pulleys remained at a fixed distance apart, and
the belt slowly stretched from a tension of 380 to 280 lbs.
To estimate the efficiency of belt transmission for an average
case, we may assume 40 in. lbs. as the moment of internal resistance for a belt whose tension is 500 lbs. and 40 in. lbs. statical moment = about 20 ft. lbs. per revolution.
If the belt is transmitting 400 Ibs. with two per cent. of slip on 20 in. pulleys, then .o2 x
400 x 5 = 4o ft lbs. are lost per revolution in slip, makinga total
loss of 60 ft. lbs. per revolution.

Under light loads, the internal resistance, which is nearly constant in amount, may be a large percentage of the power trans-

mitted, while under heavy loads the percentage of slip may become the principal loss.
It would be difficult to work out, or even to use, a general ex-

pression for the efficiency of belt transmission, but, from the foregoing, it would seem safe to assume that 97 per cent. can be obtained under good working conditions.
When a belt is too tight, there is a constant waste in journal
friction; and when too loose, there may be a much greater loss in
efficiency from slip. The allowance recommended of 2 per cent.
for slip is rather more than experiment would indicate for any
possible crawl or creep due to the elasticity of the belt, but in connection with this, there is probably always more or less actual slip,
and we are inclined to think that in most cases this allowance
may be divided intoequal parts representing creep and slip proper.
Under good working conditions, a belt is probably stretched
about 1 per cent. on the tight side, which naturally gives 1 per
cent. of creep, and to this we have added another per cent. for
actual slip in fixing the limit proposed.
The indications and conclusions to be drawn from these experiments are:
1. That the coefficient

of friction may vary under practical
working conditions from 25 per cent. to 100 per cent.
2. That its value depends upon the nature and condition of the
leather, the velocity of sliding, temperature, and pressure.
3. [That an excessive amount of slip has a tendency to become
greater and greater, until the belt finally leaves the pulley.
4. That a belt will seldom remain upon a pulley when the slip
exceeds 20 per cent.
5. [hat excessive slipping dries out the leather and leads toward the condition of minimum adhesion.
6. That rawhide has much greater adhesion than tanned

leather, giving a coefficient of 100 per cent. at the moderate slip
of 5 ft. per minute.

LEATHER BELTING.
-. That a velocity of sliding equal to .o1 or the belt speed is
not excessive.
8. That the coefficients in general use are rather below the
average results obtained.

g. That when suddenly forced to slip, the coefficient of friction
becomes momentarily very high, but that it gradually decreases
as the slip continues.
10. That the sum of the tensions is not constant, but increases

with the load to the maximum extent of about 33 per cent. with
vertical belts.
11. That, with horizontal

increase
belt.

belts, the sum

of the tensions

indefinitely as far as the breaking
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12. That the economy of belt transmission depends principally
upon journal friction and slip.
13. That it is importantonthis account to make the belt speed as
high as possible within the limits of 5,000 or 6,000 ft. per minute.

14. That quarter-twist belts should be avoided.
15. That it is preferable in all cases, from considerations of
economy in wear on belt and power consumed, to use an intermediate guide pulley, so placed that the belt may be run in either
direction.
16. That the introduetion of guide and carrying pulleys adds
to the internal resistances an amount proportional to the frictior
of their journals.
17. That there is still need of more light on the subject.

CyuapteR
CHOICE

OF

ENGINE

FOR

VARIOUS

XXXITIL—STEAM
DUTIES.*

ENGINES.

elaborate cut-oft gear, even when working with steam of very
high pressure.
‘Safe running, rather than steam economy, is the first considera-

a 6 les type of engine to be chosen in any particular case may
depend upon several conditions, such as the capital available, the amount and quality of the water supply, the kind of attendance which can be had, the cost of fuel, the cost of carrying the
engine to its destination, the steam pressure which may be available or advisable, and the kind of work the engine will have to do.
«Economy of steam is always an important consideration, but
it is not the only one.
For example, a well-made single cylinder
engine with a simple form of cut-off gear may, in many circumstances, give a better return for money invested than a more

tion. With compound cylinders and high steam pressure, these
little engines are, however, very fairly economical.
They must
be carefully attended to, and their moving parts accurately
adjusted, otherwise sorrow and disaster may at any time follow
high speed. The use of this class of engine is, therefore, generally restricted to cases where a high speed of crankshaft is essential, as in driving dynamos, fans, and centrifugal pumps.
‘CHOICE OF ENGINES IN RELATION TO STEAM PRESSURE.—
Engines have frequently to be provided to work with steam boilers
already in existence. The question of the most suitable steam

elaborate

pressure has also to be dealt with, and a few remarks on the class
of engine best adapted to any given pressure may be of service,
seeing that engine builders are frequently asked to supply compound engines to work with unsuitable pressures. Simple cylinder
engines, condensing and non-condensing, steam jacketed, provided

and

expensive

compound

engine,

for instance, when

fuel is cheap or consists of waste material, when skilled attendance and repairs are expensive, when the cost of transportation
is very heavy, or when the work to be done is of a temporary or
intermittent character.
The difference in economy between the
two types is by no means great when each is built with equal
skill; the choice

must, therefore, depend

not on steam economy

alone, but on all the conditions, and one or more

of those: above

named may turn the scale in favor of the simple engine. For
extremely variable duty suddenly put on or taken off the engine,
as in the case of saw mills and rolling mills, simple 2onm-condensing engines with automatic cut-off gear are better than all
others.
‘“ Simple condensing engines are also well adapted for dealing
with a wide range of power, but are not so well suited to cases
where the load is frequently and suddenly put on and taken off.
In a condensing engine, working economically with an early cutoff, a large proportion of the work is done by steam below the
pressure of the atmosphere; over this the governor has very
indirect control, and when the greater part of the load is suddenly
removed, the engine will inevitably ‘‘race” unless some ‘device ”
is fitted in connection with the governor to ‘‘ break” or impair
the vacuum in the condenser when the speed seriously increases.
Such devices cannot always be depended on, and if frequently
called into action the engine is better and safer without the condenser altogether.
‘Engines which have to be frequently reversed in winding,
hauling, driving reversing rolling mills, and similar work, are
most conveniently handled when of the simple cylinder non-condensing type, usually made with two cylinders coupled to cranks
at right angles to each other. Such engines are sometimes, but
erroneously, called compound,

a term which should never be ap-

plied to them.
They are best described as coufled engines with
simple cylinders.
Compound non-condensing engines are, however, sometimes employed for winding, and for reversing mills in
cases where economy of fuel is important.
A good type of this
engine is the coupled tandem compound engine, with two high
and two low pressure cylinders.
‘“ Compound engines, condensing and non-condensing, are em-

ployed to the greatest advantage when the running is continuous
and the load fairly constant.
Such engines cannot be properly
worked with very light loads, and if very heavily loaded the

advantage of compounding also disappears.
‘Engines which have to run at very high speeds are usually of
the simple cylinder non-condensing class, or compound non-condensing, as simple in construction as possible, and without any
* From

a work

written

by David

Home

M. I., M. E., and issued by Tangyes, Ltd

Morton,

A. M.

I. C. E.,

with

cut-off gear, and

intended

to work

economically,

are best

adapted for steam pressures up to 80 or 100 Ibs. maximum.
With regard to the condensing engines, it may be accepted that
the economical results will be quite as good with steam of 80 lbs.
as with a pressure of 100 lbs. Condensation, due to excessive
expansion and to extreme ranges of temperature in a single
cylinder, altogether neutralizes the gain, which would under more
favorable circumstances attend the use of the greater pressure.
The limit of economy with simple cylinder engines is thus reached,
and for higher pressures the compound engine is substituted, subject, of course, to other conditions already referred to.
‘On the other hand, it may be accepted that, for steam pressures
lower than 70 lbs., a compound condensing engine possesses no
material economical advantage over a well-chosen simple cylinder
condensing engine with steam jacket and cut-off gear. It has
been supposed, commonly enough, that a compound condensing
engine must be more economical than a simple engine at almost
any usual pressure.
This is doubtless due to the fact that when
a compound replaces a simple engine, a marked improvement in
economy

gezerally

results.

In many

such

cases,

however,

the

change has been accompanied by an increase of steam pressure,
and when this has not occurred, the new engine has probably
taken the place of an old one out of repair, too small for its duty,
and unable to use steam with sufficient expansion. When a really
good simple condensing engine has been replaced by a compound
engine using only the same steam pressure, under 70 lbs., and
expanding it to about the same degree, the result has been rather
disappointing, the factory owner has spent a large sum of money,
and the fuel bill has scarcely been reduced. There need, therefore, be no hesitation in selecting single cylinder jacketed engines
with cut-off gear and condensers for pressures of 70 to 80 Ibs, even
when economy of fuel is of importance. The purchaser must,
however, be prepared to pay for a strong, well-made engine, with
a cylinder large enough to enable the proper amount of expansion
to be obtained.
Cases occur where it may be prudent to put
down a compound condensing engine with a pressure of 65 to 70
|bs. only, in the expectation that an opportunity will present itself
in two or three years to put down boilers more suitable for such
an engine. When the steam pressure reaches 8o lbs., and the
greatest economy is of more importance than first cost or simplicity of construction, the compound engine is to be preferred.
“For pressures of go to 120 or 130 Ibs. and for maximum economy, the compound engine is always used, subject to conditions
already named; and when the pressure exceeds 130 or 140 lbs.,

:
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the triple compound engine is preferred for the same reasons
which make two cylinders advantageous when the pressure exceeds 80 or go lbs. It may also be mentioned that in dealing with
the higher pressures two or more cylinders are preferred, in order
to divide and distribute the stresses, and to enable large powers
to be obtained with moderate dimensions. The immense amount
of power required to propel a fast mail steamer is only obtained
successfully because the work of expansion is effected in three or
more stages, and because the power is transmitted to the crankshaft or shafts from the pistons by three, four, or six sets of rods.
“ Compound non-condensing engines have come into use extensively during the past ten years. It should, however, be clearly
understood that, just as there is no advantage in having a compound condensing engine for pressures under 70 lbs. per square

are under the eye, readily accessible for attendance or for repairs.
The ordinary stmp/le or single cylinder engine, as Fig. 2824, with
single side crank, or side ‘‘ hitch,” as some

prefer to call it, is convenient
almost

any

circumstances,

either

American

for transmitting
from

the

engineers

power

flywheel

under

direct, by

belt or rope, from the shaft by gearing, or from the end of the
shaft directly into the mill by means of a coupling.
“The tandem compound engine, as Fig. 2825, has the same advantages. This class of engine is popular, being the cheapest
and simplest form of compound engine. It can be placed ina
very narrow space, but requires considerable length. The examination or removal of its pistons involves some trouble and the
exercise

of patience;

this is not, however,

a serious objection.

inch, there is no advantage in having a compound non-condensing
engine for pressures lower than 80 lbs. For lower pressures the
work of expansion can be more conveniently and quite as economically performed in a single cylinder. Engine builders usually
proportion the cylinders of compound non-condensing engines so
that the steam shall be expanded not less than five times. The
very lowest pressure with which this amount of expansion can be
used to any advantage in a 2on-condensing engine is 80 lbs. For
all pressures below 8o lbs. the single cylinder engine with cut-off
gear should therefore be used when there is no condenser.
‘‘The most convenient pressures for compound non-condensing

engines are from go to 120 or 140 lbs. For pressures above I50
lbs. the triple compound engine can be employed with advantage,
provided the load is full and constant.

Fig. 2825.

Pistons working in correctly bored cylinders with simple forms
of packing rings pressing only gently against the sides of the
cylinders will remain practically tight for years, and, rightly or
wrongly, many large engines for marine and water works purposes are constructed so that their low pressure pistons cannot
be displaced until the high pressure cylinders have been entirely
removed.
Accessibility is of much greater importance in the
case of slide valves than in the case of pistons.
‘The coupled engine, either with two simple cylinders, or compound with one high and one low pressure cylinder, two ‘‘side”
cranks, two main bearings only, and one large flywheel placed
between these bearings, as, for example, Fig. 2826, is much used,
and makes a most satisfactory motor for all factory purposes. It

Fig. 2824.

‘‘FORMS OF ENGINES IN RELATION TO TRANSMISSION OF
POWER.—As far as steam economy is concerned, the form of an
engine is of little importance; it may be horizontal or vertical,

with cylinders arranged tandem fashion, or side by side, provided
equal skill is brought to bear on the design in each case. The
form has, however, frequently to be considered in relation to
available space and to the method of transmitting the power
from the engine. Vertical engines have become almost universal
in steamships, because all conditions point imperatively to that
form.
The vertical engine is also much used in smaller sizes, for
stationary purposes ; in larger sizes more rarely.
“ Large vertical engines are more costly than horizontal engines
of equal power; they occupy a smaller floor space, but require
deeper foundations and loftier houses with stairs and platforms.
The examination or removal of their moving parts for repairs is

also difficult, even when an overhead travelling crane or other
lifting tackle is provided.
‘‘ Apart from the small floor space, the principal advantage of
the vertical engine is that its cylinders wear rather more uniformly than those of horizontal engines.
In the latter class of
engine no difficulty or inconvenience is experienced, excepting
with very large sizes.
‘Many of the finest modern engines for pumping in water
works, and for air compressing, and blowing in iron and steel
works, are either of the vertical or of the balance-beam class, and

for such purposes the vertical cylinders are admirably adapted.
For

ordinary industrial work, however, the horizontal

engine is

in almost universal demand; a long, shallow foundation and a
cheap house with a low roof are sufficient ; all the moving parts
—

Fig. 2826.

is accessible in all directions, occupies reasonable space, and the
shaft, having only two main bearings, is easily kept in perfect
running order. The flywheel can be large, and the power is
preferably transmitted from this wheel by belts or ropes moving
with high velocity and with very low tension. When either of
these methods of transmission is convenient, no better type of
engine can be used than the coupled compound for driving the
largest mills, for comparatively small plants, and for electric
lighting stations.
“The coupled compound tandem engine enjoys favor with the
coupled compound for mill driving, and enables a large amount
of power to be obtained with four cvlinders of moderate size. It
is virtually two complete compound engines working together;
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and this being so, one half of the engine can be worked while
the other is at rest for repairs, or because the load may be too
small for both. This useful feature is sometimes taken advantage
of in another way, one engine being put down in a new factory,
with all arrangements perfectly made to receive the second when
the extension of the mill demands more power. Triple and
quadruple compound engines are very conveniently arranged for
mill purposes in coupled tandem fashion, and such engines are
likely to be popular when higher pressures become more general. Quadruple compound engines on this plan were built by
the late Mr. Daniel Adamson many years ago, and they were
only before their time because the steam pressures then convenient were not high enough to render four cylinders necessary
or desirable.
“ Self-contained engines, or centre crank engines with double
web cranks of the marine or locomotive kind, or with the cheapest form of bent crank, either single or double throw, as Fig.
2827, are very convenient for small powers, and very desirable
for high speeds. When the cranks are made of marine form,
the engines are considerably more expensive than those with
‘side’ cranks, the framing must be of the strongest character,
and the bearings nicely adjusted to insure good running. When
the cylinders must be side by side, and when the power mus? be
transmitted directly from one end of the shaft by means of a
coupling, double crank engines of the type under notice musz¢ be
employed.
‘‘In some cases coupled compound engines with marine cranks
are employed even for very large powers and for mill driving.

SHOP

at almost accidentally, or at least incidentally, and the engines run
satisfactorily. A few engines are designed specially to fulfil the
conditions of high speed, and many attempts are made at high
speed without particular regard to amy conditions. Such attempts
usually result in plenty of trouble to all concerned. To ensure
successful running at high piston speeds it may be generally
accepted that an engine must not be heavily loaded; in other
words, that there must be a considerable amount of expansion in
each cylinder, and that there must be some approach to proper
relations between the weight of the moving parts and the pressures at the beginning and the end of the stroke.
‘It may also be accepted that high piston speeds are more easily
used with long stroke engines, having a moderate number of
revolutions, than with short stroke engines having high speed of
crankshaft. The leading difficulty is the bringing of the moving
parts safely and smoothly to rest at the ends of the stroke, and
this trouble is minimized in practice by keeping the revolutions
moderate and the stroke long; in other words, by meeting the
difficulty fewer times.
‘For the engines of mail steamers, naval cruising vessels, and

express locomotives, high speed of piston is essential to enable
great power to be obtained with moderate dimensions and weight.
It must
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Fig. 2827.

The heavy flywheel then required necessitates an outer bearing
at the extreme end of the shaft deyond the wheel. The engine
thus ceases to be self-contained, and the greatest care must be
taken with the foundations and with all adjustments, if the crankshaft is to run. well with four or more bearings in line. The plain
shaft of the ordinary coupled compound engine is thus more
satisfactory for large powers when circumstances permit of its
use. For smaller powers combined with high speeds and direct
driving, as in the case of large centrifugal pumping engines for
drainage and dock works; in dynamo driving where space is
limited, as on board ship; and in similar work, the engine with
the marine cranks is properly and preferably employed.
‘‘PISTON SPEED.—The growth of the steam engine has been
accompanied not only by a gradual increase of steam pressure,
but of speed of crankshaft and of pistons. To-day the pistons of
many steam engines move at velocities which engineers fifty
years ago would almost without exception have pronounced impracticable. It is therefore interesting to note that in 1845 Mr.
William McNaught, of Rockdale, gave a clear exposition of the
laws which govern the successful use of high speeds in steam
engines, showing by example how the piston speeds of the

present day would be arrived at by the use of high steam pressure, high grades of expansion, and a proper adjustment of the
weight of the moving parts of the engine in relation to the other
conditions. So thorough was this exposition, that nothing clearer
on the subject has been written for engineers than Mr. McNaught
wrote over fifty years ago.
‘‘In many high speed engines the required conditions are arrived

be remembered,

however,

that

all such

engines

are

closely under the supervision of highly trained engineers, having
at their command facilities for making accurate adjustments, for
doing small repairs, and for thorough examination and overhaul
at frequent intervals.
‘“ For ordinary industrial concerns in which engines are expected
to run day by day, with little attention or interruption for repairs,
more
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moderate

piston

speeds

are

to be preferred, from

350 in

smaller to 500 ft. per min. in larger engines, the speed of piston
increasing with the size, and more particularly with the length of
stroke. Many large mill engines run at speeds considerably over
Soo ft., but the stroke is invariably long and the speed of the
crankshaft low, from 50 to 70 revolutions per minute.
Engines
with very long strokes are necessarily expensive, and require very
large flywheels or heavy gearing to enable the low speed of the
crankshaft to be changed for the higher speed usually required in
the factory. A judicious combination of moderately high speed
of crankshaft, fairly long stroke, and fairly high piston speed, help
to produce an engine with all-round good qualities. Very high
speed whether of crankshaft or of piston must be accompanied by
careful adjustment of all moving parts, and careful skilled attendance. In case of neglect or accident, disasters are likely to be
much more serious with high than moderate speed. It is fair to
add

that, when

first cost

is of no

consequence,

and

when

the

attendance is good, long stroke engines may be expected to work
with the highest mechanical efficiency ; that is, they will transmit
to the mill a higher percentage of the power developed in their
cylinders than is possible with a short stroke engine working
more revolutions.
The frictional losses are less in the long
stroke engine, but gain from this cause may be reduced by the
necessity of introducing gearing to bring the revolutions up to the
number required for the purpose of the mill.
‘‘Steam economy is, doubtless, usually associated in the minds
of steam users with certain forms of valve gear, chiefly of the more
elaborate kind.
It should be clearly understood that this economy may be obtained equally with the assistance of any one of very
many valve arrangements, and nearly equally by the simplest,
and by the most complicated. The claims made for the various
‘patent valve gears are based on comparisons with the simplest of
all valve arrangements, a single plain slide valve with a throttle
valve regulated by the governor.
With the pressures usually employed, and with single cylinders, this simple arrangement is
confined to small engines or to those which run at very high
speed. All other single cylinder engines have, in addition to the
plain slide valve, some form of cut-off gear, either adjusted by
hand or by the governor.
Zo use a single cylinder engine of
any great size with any pressure above go or 50 lbs., and without some kind of cut-off gear, ts absolutely wasteful.
‘If several engines are designed with equal skill, equally well
made, arranged to use steam of the same pressure and to expand

it to the same extent, the difference in economy due to the class

STEAM
of valve gear employed will be small. The slight differences in
economy found to exist between good engines are due less to
mechanical than to thermal causes, to questions

of temperature,

condensation in cylinders, and radiation.
‘Engines whose cylinders have four valves of the Corliss type,
or of the improved double heat type (as in the Sulzer engines, for
example), have, when properly designed, the most perfect distribution of steam mechanically, and yet almost equally good results
have been recorded of marine, water works, and mill engines with

slide valve gears, or with piston valves, which are simply cylindrical slide valves.
“ Automatic expansion or cut-off gears are those in which the
governor, acting directly on the cut-off gear, determines the
amount of steam to be given to the cylinder for each stroke,
according to the resistance of load. If the resistance increases,
the speed of the engine falls very slightly ; this falling off is communicated at once to the governor, more steam is permitted to
enter the cylinder, and the speed returns to the normal. If, on the
other hand, the load is reduced, the engine runs just a little faster,

reducing the amount of steam supplied to the cylinder, and the
speed again returns to the normal.
“ Throttle valve gears are those in which the governor, acting
directly on a throttle valve (usually arranged in combination with
the ordinary steam or shut-off valve), determines the pressure at
which the steam may enter the cylinder, according to the load on
engine. If the load is lightened, the governor ‘‘ throttles” the
steam by reducing the area of the passages through the throttle
valve. If the load is increased, the governor gives free passage,
and in this way an approximation to uniform speed is maintained,
even when the load varies considerably. Seeing that the governor
is driven by the engine, it will be understood that absolutely uniform speed with a varying load is physically impossible ; the speed
must be a little wrong before the governor can help to put it
right; and when the engine is running without any load, the

speed must be a /ittle higher than when the load is on. To suppose anything else is to endow a governor with brains and foresight. Good or bad governing is, therefore, a question of degree,
and the permissible variation of speed under any circumstances
is expressed by a percentage.
‘‘When very steady running is demanded, or when the variation
of load is excessive in short intervals, an extra heavy flywheel is
usually employed to assist the governor. A heavy body moving
at high velocity will for a time successfully overcome resistances
which would eventually bring it to rest. The heavy flywheel
overcomes

arrange

these

resistances

till the

governor

its parts and to provide more steam

heavier load.

In the same

has

time

to re-

to deal with the

manner, when the load is reduced,

the wheel, by its inertia, gives time to the governor in which to
reduce the steam supply.
‘For ordinary driving, the flywheel should not be extravagantly
heavy, as useless weight causes useless friction and waste of
power; the arms and centre should only be strong enough for
safety, the weight being accumulated in the rim. The value of a
flywheel in governing varies in proportion to the weight of its
rim, but increases as the cube of its velocity ; hence the advantage of having large wheels which can be made comparatively
light. If two wheels have equal weight of rim and make the
same number of revolutions, but one is twice the diameter of the
other, the governing value of the larger wheel is eight times that
of the smaller. In other words, if the diameter of the rim can be
doubled, its weight may be reduced to about one-eighth of that
of the smaller wheel without diminishing the governing value, the
power of the engine being the same in each case.
‘The value of an automatic cut-off gear is greatest with simple
cylinder engines and when the load is very variable. The value
is less with compound engines than with simple, and when the
work of expansion is effected in three cylinders, as in triple compound engines, such gears may, in the interests of simplicity, be
dispensed with. The amount of expansion to be effected in any
one cylinder being reduced, the distribution of steam can be
effected by simple valves, as is done in the most economical
marine engines. Even with two-cylinder compound mill engines
of large size, remarkably good results have been obtained with
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properly proportioned cylinders, and a plain slide valve for each.
In cases, therefore, where simplicity of construction is important
and where the load is not very variable, there need be no hesitation in dispensing with automatic cut-off gear and using a cut-off
gear variable by hand for simple cylinder engines, or even in
dispensing with the cut-off gear altogether when the engine is
compound, particularly for smaller sizes.
‘In such cases a governor acting on a throttle valve must, of
course, be used ; and when the pressure is high, there need be no
fear that the small amount of ‘‘throttling” by this valve will be
detrimental to economical working.
‘‘ DETERMINATION OF POWER, DEFINITIONS OF HORSE POWER.
—Engines are usually sold under some agreement as to horse
power, commonly written H.P., or HP. This term is often used
by purchasers of machinery without the qualifying adjectives
which give it firm values, and no excuse is needed for attempting
to make these values quite clear.
‘‘ Nominal HP. is a commercial term gradually becoming obsolete, and of no firmly authorized value. For the smaller classes
of stationary engines N.HP. is understood to mean, in England,
that ten circular inches of piston area are provided for each N.HP.
Thus an engine with Io ins. cylinder is called to N.HP., and
one with 20 ins. cylinder is called 40 N.HP.
The same method
is used in naming the smaller classes of stationary compound
engines, the low pressure cylinder being that measured.
An
engine with 20 ins. L.P. cylinder would be called 40 N.HP.; one
with 16 ins. L.P. cylinder, 25 N.HP. These designations give,
however, no idea of what an engine can really do, and would be
better avoided altogether, but for the fact that some makers of
machinery continue to use them.
‘‘One engine may have a cylinder of 20 ins, diameter, but may
be weak, light, and badly made, quite unable to run so fast, to
use steam of the same pressure, or to transmit as much power

as

a better engine with only 18 ins. diameter of cylinder. From
this it will be gathered that the diameters of cylinders do not fix
the powers of engines any more firmly than the obsolete term
N.HP.
‘‘The proper terms to use in stating power are either Indicated
HP., usually written ILHP., or Brake HP., written B.HP. I.HP.
is the power exerted by the steam in the cylinder or cylinders,
and measured by the steam engine indicator, an instrument
easily applied to all but the smallest engines. In skilled hands
the indicator gives a very exact idea of the power which an engine is capable of developing. The term I.HP. may, therefore, be
safely used in buying, selling, or comparing the powers of engines.
APV
I.HP. aa
, or area of cylinder in inches multiplied by the
mean effective pressure in pounds per square inch (as found by
the indicator) and by the velocity of the piston in feet per minute,
the result being divided by 33,000.*
‘‘ Now, if I.HP. is the power exerted by the steam in the cylinder,
it is evident that the power which can be transmitted to the mil]
or factory is something a little less than this, because the friction

of the engine itself, of its piston and of all its moving parts, must
first be deducted.
The remainder is termed the Brake HP. because it can, at least in the case of smaller engines, be measured

by a friction brake or dynamometer, independently of the indicator.
B.HP. may be shortly expressed as the power which an

engine can give off for useful purposes at the end of its crankshaft, or at its flywheel rim.

B.HP. = ge UP being the load
33,000
in pounds just balanced by the brake at flywheel or brakewheel
rim; V the velocity of the flywheel or brakewheel at the rim in
feet per minute.
‘‘A few remarks as to how the owner of a factory may find the
I.HP. which he requires may be of service. If it is merely a
question of replacing an old engine or engines by new, the I.HP.
of the old engines should be taken when aé// the driven machinery
is in full work. Thus the maximum power required for the factory as it stands will be obtained. To this must be added, accordd

* The British standard horse power is 33,000
high in a minute.

pounds raised one foo!
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ing to judgment, an allowance for extensions, or for new machinery

the illustration it is shown closed; but when the engine is not

to be driven, remembering always that an engine much too large
for its work will be wasteful of steam, and that, on the other
hand, the consequences of choosing an engine too small may be
very serious, involving much trouble and waste of money.
‘If the factory is a new one, the owner should obtain from the
makers of the several machines which it will contain a distinct
statement of B.HP. required for each. The power required to
drive many special machines is unfortunately imperfectly known
and too often very loosely stated, hence the necessity of insisting
on a statement of the Brake HP. required for each machine.
It
is impossible to make this matter too clear. Cases like the following have occurred time after time. A maker of special machines
says they require a certain HP. to drive them ; rightly or wrongly
the purchaser has the idea that the power named is I.HP., or at
most B.HP. He purchases an engine which proves too small.
When the engine builder has shown that the engine is to the
purchaser’s requirements, the matter is referred back to the
maker of the special machines, who says that the power named

running, and the governor balls are down, it stands parallel with

by him was

N.HP.;

the inference to be drawn

from this state-

ment, according to the special machine man, being that the B. HP.
to be provided should be twice if not three times the N.HP.
Cases so absurd, and yet so serious, would not occur if purchasers
would take skilled advice before ordering. To the power required
for all machines which may work at one time must be added an
allowance for driving shafting, gearing, and for future extensions.
When it is stated that the power required merely to move the
engine, shafting, and gearing in a factory amounts in some cases
to nearly one-third of the whole power developed, the necessity
for having these parts arranged in a simple and straightforward
manner will be apparent.
Badly arranged methods of driving
cause a constant waste of fuel. If the shafting and gearing are
reasonably well arranged, the power required to drive these should
never exceed one-fourth of the whole. It will be inferred from
what has been said, that in the absence of experience an engine
can only be safely chosen for a new factory by allowing a considerable margin of power, and that, where possible, it is prudent

to fall back on actual practice and to find out the power allowed
in cases nearly similar.
‘‘There is one more very important matter. The purchaser
should not only state the maximum I.HP. or B.HP. which he is
likely to require ; he should state the average power which he is
likely to require day by day. This daily work should, of course,
be performed with the greatest possible economy of steam, and if
merely a bare statement of I.HP. or B.HP. is given, one maker may
tender an engine just able to give the power as a maximum which
another builder, more thoughtful for his customer’s interests, may

offer the engine to give the stated power with the highest degree
of economy.
The latter engine will probably be the more ex-

pensive, and unless the purchaser is advised by an expert he will
probably choose the smaller or inferior engine, to his own loss
and that of the maker who really offers the most suitable engine.”

THROTTLING

on the steam

pipe, and as close to it as possible.

Fig. 2828 represents a throttle valve in section; it is merely a

NN

\

On the other hand, however, if the steam has entrained water
in it from the boiler Ariming, or from some other cause, wire
drawing by reducing the pressure, and, therefore, the temperature

of the steam, causes any entrained water to flash into steam, and
is in that respect economical.
The simplest form of engine is that having a D-slide valve and
a, throttling governor, an example being given in Fig. 2829, which
is a vertical engine constructed by the New York Safety Steam
Power Co.
A horizontal engine of this class by Houston, Stanwood &
Gamble, of Cincinnati, Ohio, is shown in Fig. 2830, its D-slide valve

and the cylinder ports being shown in section in Fig. 2831. @ and
6 are the cylinder steam ports, and ¢ the cylinder exhaust port,
while ¢ is the valve cavity, or exhaust port. The action of this
class of valve will be investigated presently.
THE CONSTRUCTION OF THE PISTON.—In Fig. 2832, R represents the piston rod and H the piston head; F representing the
follower, which is bolted to the piston head.
Between H and F
is the junk ring, which is provided with a groove, into which is
sprung two packing rings, which, being sprung in, and therefore
under compressive tension, fit closely to the cylinder bore and
keep the steam from leaking past the piston from one end to the
other of the cylinder.
The packing rings are split so that they may be sprung in to
give them the tension referred to, the split being shown at a.
When the split is closed, the plate and spring at 4 are filled
beneath it.
In the larger sizes of this engine, the steam pressure on the
back of the slide valve is partly relieved or balanced by the following construction. Figs. 2833 and 2834 show the cylinder with the
steam chest cover removed to expose the valve, whose back is circular and fits into a ring R which has spiral springs s beneath it
to press it against the face of the steam chest cap or cover, thus
excluding the steam pressure from all that part of the valve area

that is enclosed within the area of the ring R. A pipe gives
egress to any steam that might gradually accumulate within the
ring and destroy its efficiency.
Other examples of the general form of throttling engines are as
follows :
Fig. 2835 represents a side crank throttling engine constructed
by the Ames

ENGINES.

A throttling engine is one in which the governing or regulation
of the engine speed is maintained uniform by means of a throttle
valve mounted

the bore of the steam pipe, and remains so until the engine has
very nearly attained its proper speed, when it slightly closes ; and
after that, any increase of engine speed is checked by the throttle
valve partly closing, and, therefore, reducing the supply of steam,
reducing the steam pressure in the steam chest, an action that is
termed throttling, or wire drawing the steam, which is undesirable, inasmuch as that, when wire drawing is taking place, the
boiler is consuming fuel to make steam at a higher pressure than
it is being used at. For governing purposes, therefore, the
amount of wire drawing is kept at its lowest limit consistent with
effectually regulating the engine speed.

Iron Works, of Oswego, New York.

In a side crank engine only one of the bearings in which the
crankshaft revolves is upon the bed or frame of the engine, the
other or outward bearing mounted upon an independent foundation. The governor is upon the top of the cylinder and is actuated by a belt or strap driven by a pulley upon the crankshaft.
A centre crank engine is one in which both the crankshaft bearings are provided on the engine bed or frame, the crank journal
being between

the two crank

bearings, as in Fig. 2836, which is

also built by the Ames Iron Works. Both these engines have
common slide valves.
SLIDE VALVES.—The simplest form of valve employed for
governing the ingress and egress of steam to the cylinders of
steam engines is what is known as the simple ‘slide valve,” the
‘common slide valve,” or ‘‘D valve,” all three terms meaning
the same thing. This is the form of valve in general use upon

NSA

Fig. 2828.

locomotives, small stationary engines, and steamboat engines ; and
circular

disk or vane,

fitting the bore of the steam

pipe when

closed, and is partly revolved by the governor to open or close,
so as to regulate the supply of steam to the steam chest. In

in a modified form, and in connection with a second valve, upon
large marine and stationary engines.
When the power of the engine requires to be accommodated to

ENGINES.

suit variations in the amount of load the engine is required to
drive, the slide valve is acted upon by various mechanical devices

which the engine will run must be under the control of the engineer, a link motion is used for the two purposes of varying the
engine power and also its direction of revolution ; and second,
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which alter the length of its stroke or travel across the ports of
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Fig. 2829.

the cylinder, and the
the piston stroke the
this is accomplished
marine engines, and

shorter or less that travel is, the earlier in
supply of steam to the piston is cut off, and
in two principal ways : first, in locomotives,
stationary engines where the direction in

|

upon those stationary engines in which the direction of engine
revolution is always the same, but the power of the engine
requires to be modified to suit any variations that may occur In
amount of the load the engine is to drive, which is accomp! ished
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Fig. 2830.

by mechanism that will automatically (while the engine is running) move the eccentric that drives the valve in a manner that
will reduce its amount of eccentricity, and therefore cause it to
reduce the travel of the valve.

Steam Ports

Fig. 2831.

Now the action of the valve in distributing the steam is to all
intents and purposes the same under a given amount of travel, no

matter how that travel may have been obtained so long as it has

been effected by a continuously revolving eccentric or crank;
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Fig. 2833.
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the form and the conditions under which the D valve is ordinarily
employed.
The piston is shown at the end of a stroke at the head end of
the cylinder,

@ and c representing the two steam

ports, and @ the

cylinder exhaust port of the valve, ¢ and/ being the steam edges
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Packing rings

Fig. 2832.

hence the action of valve mechanisms may be best understood
by beginning with a valve in its simplest form, and continuing its
examination under varying forms and conditions.
rigs. 2837 and 2838 may be taken as fairly representative of

STEAM
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of the valve; that is to say, the edges which control the point in
the piston stroke at which the steam

shall be permitted to enter

the cylinders, this point being affected also by the position of the
eccentric (that drives the valve) with regard to the engine crank,
as will be seen hereafter.
The piston being shown in the figures at the head end of a
stroke, the crank will be on the dead

centre, and the amount

the

valve has opened the port, as shown at e, when the crank is in this

position, is called the lead.
The action of a piston valve having the same amount of iap

‘OR

travel, etc., is precisely the same as that of a flat valve; Fig.
2839, representing a cylinder with a piston valve v’ on one side,
and an ordinary flat valve Vv on the other.
In some cases piston valves are so designed that the steam is
admitted in the middle of the valve and the exhausts take place
at the ends, Fig. 2840 representing an instance; but this makes
no difference to the action of the valve.
Referring to this Fig. 2840, the exhaust in this case passes
through the valve; but the action of the valve is precisely the
same under equal conditions of lap, lead and travel.
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As the piston valve is surrounded by steam, it is not unduly | not exceed the extreme width between the outer edges of the
pressed to its seat or bore in any direction, and will, if accurately | steam ports a, c. The edges g, # of the valve exhaust port d are
fitted to its seat or bore with a smooth surface and proper lubri-
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tight for a very long time;

LiL
Fig. 2840.

but, neverthe-

less, constructions to enable the wear to be taken up are some- | called the exhaust edges, and their width apart (or, in other words,
times provided.
Thus, in Fig. 2841, screwing up the nuts aa | the width of the valve exhaust port) is usually made such that
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Steam Pipe

Fig. 2838.

Fig. 2841.

expands the rings 4 4, which may, therefore, be adjusted

to the | when the valve is in the middle of its stroke, as in the cut, it will

required fit.
The form in which the slide valve was originally made is that

just cover both the ports a and ¢, which will, therefore, be closed.

Steam
Pipe

The main defects of a valve without laps are, first, that it does
not permit the steam to escape sufficiently free from the cylinder;
that it does not admit the steam in sufficient volume; and that it

RRS

Fig. 2839.

Fig. 2843.

illustrated in Fig. 2842, only the valve and sufficient of the cylin- | does not use the steam expansively, and is, therefore, wasteful of
der ports to make the matter clear being shown. This is a valve | steam. All these three defects are remedied by giving steam
Without lap; that is to say, the width of the valve from ¢ tof does | lap to the valve, as shown in Fig. 2843, the lap being shown for

STEAM
one end of the valve at I, and for the other at J, the amount of

lap being in this example equal to the width of port. The addition of steam lap alters the whole action of the valve, because it
necessitates that the amount of valve travel be increased ; hence
we may now examine into the manner

in which the steam is ad-

mitted and exhausted under varying conditions of valve lap and
travel, using a form of diagram that will be found exceedingly
simple and efficient, and that has been obtained

by the use of a

full-sized skeleton engine, moving the piston inch by inch throughout the full steam stroke and also throughout the full exhaust
stroke, and measuring for each piston position the amount of the
port opening.
* Thus, in Fig. 2844, the line A a represents two things—first, the

length of the piston stroke drawn to scale (in this example onePiston moving
ary
—>
Line representing the port full open
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To continue our diagram we must now pass to the action of the
valve in effecting the point of release and opening the same port
to the exhaust during the return stroke of the piston.
In Fig. 2846, then, the line a still represents the port closed, and
in our last diagram we saw that the point of cut-off was at the
twentieth inch of piston motion, and this we mark there by a dot
on the line A A; continuing the piston motion until the point of
release occurs, we mark a second dot on A A at 22} inches of piston motion ; the period of expansion was, therefore, 2} inches.
From this point the port is being opened for the exhaust, and we
see from the dot at x that when the piston had finished its stroke
and arrived at the crank end of the cylinder, the port had opened
to the exhaust (from the line A A to x) three-quarters of its width.
The diagram now runs along the line C C, the exhaust port being
full open until the piston had made 16 inches of its return stroke,
after which point the valve moves to close the exhaust and effect
the compression which occurs when the piston has moved 21
inches, as shown by the dot at y, the port being closed, and shutting in the cylinder whatever steam had not already escaped and
compressing it in the cylinder.
This compression serves two
purposes—first, it prevents the piston, crosshead, and connecting
rod from striking a blow when their direction of motion is
reversed ; and secondly, it fills the clearance and the steam port
with steam at a pressure that will depend upon the amount of
compression there is, and which may be made so much as to force
the valve away from its seat against the pressure of the steam on
the back of the valve.
Referring again to the first, suppose the piston to have been

Fig. 2844.

eighth full length) ; and second, the edge e of the steam port 2 Fig.
2842. The figures I, 2, 3, etc., represent inches in the piston stroke.
The line B B represents the edge s of the steam port a, hence the
distance between A A and B B is equal to the full width of the
steam port. Now suppose the piston to be at the head end of the
cylinder, and the crank on the dead centre, and the amount of

valve lead to be } inch; then at a vertical distance of } inch we

End
Crank

mark a dot L showing that the steam port is open to the amount
of the lead. Moving the piston one inch, that is to the figure 1
on the diagram, we measure the amount the steam port is open
and mark the dot at D, the height or distance

from dot D to the

line A A being the amount the port is open when the piston is at
position 1, having moved an inch from the beginning of its stroke.
Similarly the dot at E shows in its height from line A A the

B

Line representing
the exhaust
port full open
Piston moving

<——asKo

Fig. 2846.
pushed by the steam to the head end of the cylinder, and the
bearing of the crosshead journal and also of the crankpin will
be against that half of the crankpin brass or bearing that is near-

Line representing the Steam port full open

est to the crankshaft ; so soon, however, as the steam attains suf-
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Fig. 2845.

amount the port is open when the piston has moved to its 2d
‘inch of stroke, and so on ; and through these dots we drawa curve
showing the amount the steam

port was open at any particular

point in the piston stroke. In the figure the process is only carried out to the tenth inch of piston motion, but it is continued in
Fig. 2845, where a curve is drawn through the dots, which may
be termed the admission curve. At the twentieth inch of piston
motion the curve meets the line A a, showing that the port is
closed and the point of cut-off is reached, the expansion having
begun. The admission curve now becomes a line running coincident with the line a A until the point of release is reached and

the port opens to the exhaust.
* From ‘‘ The Slide Valve.”

ficient pressure in the other (and in this case the head) end of the
cylinder, the contact between these journals and their brasses or

bearings will be on the other sides, and if there is any lost motion
between either of these journals and its brasses or bearings it will
be taken up with a blow. The compression and the lead, however, cause that lost motion to be taken up gradually and before
the piston has terminated its stroke, so that by the time it has
done so the contact between the crosshead and crankpin journals
and their brasses is on the side they will be during the next
stroke.
But even if there were no lost motion between the journals referred to, there would still be a dull thump at each end of the
piston stroke, if there were

no compression

and no valve lead,

because the brasses or bearings for those journals must be left
loose enough for the oil to pass around them;

and this looseness,

almost infinitestimal though it be, will cause a dull thud or
thump, as before stated.
Another advantage of compression is that, as the steam is compressed, its temperature increases, thus heating up the cylinder

walls and preventing the condensation of the steam that occurs
from the ‘‘live steam ” (as the steam in the steam chest is called)
entering a cylinder that has been cooled during the exhaust
period.
The loss that occurs from cylinder condensation is recognized
as the greatest that occurs In the use of steam in a steam engine.
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Referring again to the diagrams, Figs. 2845 and 2846, we may
combine them, making a single diagram, as in Fig. 2847, that will
show how freely the steam was admitted, how full the supply was,

the amount of expansion, the point of release, the freedom of the
exhaust, and the point of compression ; while the least alteration
of the valve lap or travel will so alter the shape of the diagram
that a mere glance at it will at once show what alteration has
been made. Suppose, for example, the valve is such as was shown
in Fig. 2842, having no lap and just enough travel to open the
ports to their full widths, and the form of the diagram will be an
Line representing the steam port full open

B
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The addition of steam lap to the valve has, it will be seen, altered

the whole form of the diagram, and it will be found that the same
will be the case by any other alteration that may be made in the
valve travel, lap, etc.
This is, indeed, the great advantage of this form of diagram.
In Fig. 2850, for example, is a diagram of a valve motion, from
which we perceive at once that the valve had overtravel, or, in
other words, more travel than was sufficient to just fully open the
port, which is apparent from the fact of the top or admission
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curve e¢é being cut off by the line B B, which is distant from

Fig. 2847.

A A to the full amount of the width of the steam port, and as the

oval, such as shown in Fig. 2848, from which we see that the
steam port did not open to its full width until the piston had
travelled half its stroke, and therefore that the supply of steam
was insufficient. Moreover, the steam has not been used expansively, and to remedy these defects we must give the valve steam
lap and a corresponding increase of travel. Let the dimensions
remain the same as for Fig. 2848, except that the valve be given

Th

# inch of lap and its travel increased so that it shall, as before,

move far enough to just fully open the steam port, and a diagram
of the port openings is shown in Fig. 2849, from which we per-
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diagram curve ¢ would pass, if continued, above the line B, at the
2d inch of piston motion, it shows that the steam edge of the
valve, after having left the port full open, travels beyond it, over
the bridge, and comes back to it again at the 17th inch, the
steam port remaining full open during these 15 inches of piston
motion.
Next, the diagram shows the port to have been opened much
quicker for the admission of steam, and closed much quicker for
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ceive that by giving lap to the valve the steam port has opened
much quicker, having been wide open when the piston had
reached its 7th inch of stroke; we also see that when the piston
had moved 1I94 inches, the port was Closed and the steam worked
expansively for three inches of the stroke, the point at which it
was released by the port opening to the exhaust being at the 224
inch of piston stroke. The exhaust is nearly full open by the
time the stroke is completed, and remains full open for 16 inches
of the return stroke, the valve closing the port for the compression at the 22d inch of the stroke.
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the cut-off, both points of advantage, because they give a fuller
supply of steam during the ‘‘live steam” period, as the period
during which the steam is passing from the steam chest into the
cylinder is called.
The precise effect of the valve being given, overtravel and the
difference it makes to the power of the engine may be shown,
however, upon two diagrams of valve motions precisely alike,
except that one has overtravel and the other just sufficient travel
to fully open the ports for the admission, the proportions being
as follows ;

STEAM
Width

of steam port

e

ENGINES.

11 inches of piston motion. Comparing the 6 inches of motion
during which the piston is moving at its fastest, and therefore
requires its greatest steam supply (viz., from the gth to the 15th),
and the effective port area is nearly double for the increased
travel, and yet the steam is wire drawn, as may be seen on any
indicator diagram taken from this class of valve.
The next advantage (so far as the power of the engine is concerned) due to the overtravel is that the steam follows the piston

e

Lap of valve...
°
°
Lead of valve .
:
°
°
Travel of valve (Fig. 2851) .
Travel of valve (Fig. 2852)
.
Width of valve exhaust port .
Width of cylinder exhaust port
Width of bridge.
;
;
Length of connecting rod.

°

°

°

°

:
:
.
;
;

‘
.
‘
:
°

:
‘
°
:
-
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é
:
:
°

;
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;
:
;
‘
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:

14 inches more of the stroke.

These are advantages only in so far as they enable an engine
to start under a heavier load, a matter of great importance sometimes, as in the case, say, of a locomotive.
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On the other hand, the overtravel has decreased the amount of
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expansion and therefore increased the steam consumption. This
brings us to a consideration of the desirability of regulating the
full travel of the valve to conform to the requirements of the
engine. When the latter is required to run backward or forward
at the will of the engineer, and to cut off the steam at different
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Fig. 2851.

points in the piston stroke, as is the

Fig. 2851 is a diagram of the distribution of the steam by the
valve with 4} inches travel, and Fig. 2852 of the distribution with
1 inches travel, and the results may be tabulated as follows :

case

in locomotives

and

marine engines where a link motion is used, giving the valve
overtravel makes the engine, as we have seen, more powerful at

starting.
So soon as the link is lifted or shifted
so as to reduce the valve
travel to just open the steam port fully and no more, the valve
ae
2 ©
oo
= |
—~
aaaowrmor
neeounaneSeteses2aeaeaanRaa

End
Hoad

End
Orank

action is precisely the same as though there was no overtravel
when the link is in full gear, and it follows that the only effect of
overtravel upon an engine having a link motion or other mechanism that will either act automatically or may be set to shorten
the valve travel to hasten the point of cut-off, is to enable the
engine to start under a greater load.
In an engine whose valve has a fixed amount of travel there is
Here we find that the overtravel gave a full supply of live no advantage in overtravel, since it reduces the amcunt ef expansteam 4? inches earlier in the piston stroke, and kept it up during | sion, and is, therefore, wasteful of steam.
*In giving overtravel to a va've, care must be taken not to par12 inches of piston motion, the reclosure of the valve for the cutoff being through 6} inches of piston motion ; whereas, in the case

of the shorter travel, the port is practicaily full open during only
about an inch of piston motion, and the reclosure extends through

tially reclose

the exhaust

in the manner

shown

* From ‘* Modern Steam Engines.”

in Fig. 2853, in
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which it is seen that the steam edge ¢ of the valve has passed so

far beyond the port @ as to reduce the exhaust opening at F to
less than that at the port a, in which case the effective exhaust
opening is that at /, the amount of overtravel being denoted at ~.
This may obviously be remedied by widening the cylinder exhaust port by cutting away the inside edges of the bridges E and

SHOP
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Moreover,
lost to the
Turning
the travel
equalized,
STEAM

F, thus widening the cylinder exhaust port.

on the crank-end stroke the area of the piston rod is
piston area.
now to Fig. 2856, showing the steam distribution with
increased to 5} inches, and we find the events more
as follows :
DISTRIBUTION

WITH

54 INCHES

TRAVEL.

Live Stea
Period.

Point of
Release.

Amount of
Expansion.

Amount of
Compression.

20} in.
18% in.

22% in.
224 in.

24 in
3¢ in

1% in
I4 in

But there are occasions in which such partial reclosure of the
exhaust may be beneficial, as, for example, when

the fuel to be

burned in the boiler firebox requires more chimney draught than
carried to the boiler chimney, and the exhaust pressure being
somewhat maintained by being cramped, more draught will be

Head end.....
Crank end....

carried through the firebars,

ao

Here it will be seen that the live steam period is increased for
both strokes at the expense of the expansion, and that the points
of cut-off and release are more nearly uniform for the two strokes.
The increased steam supply to the head-end port will, however,
always exist, on account of what is termed the angularity of the
connecting rod, and the shorter that rod is in proportion to the
length of the piston stro} : the greater that irregularity will be.
The length of conne_dng rod usually employed where the circumstances will permit is three times the length of the piston
stroke.
The reason for this irregularity in the points of cut-off may be
shown and explained as follows :
In Fig. 2857 is represented in outline a cylinder, piston, connecting-rod, and crank. The piston is shown in three different
positions, a2, d, and ¢ , when

the piston is at a, the crankpin will

be at A; when the piston is at half stroke 4, the crank will be at
B, having travelled more than past its mid position to the amount
G' B, and as it is the momentum of the power stored up in the
flywheel or the load of the engine, as the case may be, that regulates the speed, therefore it is the piston speed that is variable.
Suppose, for example, that the engine made a revolution in a

An example of this is shown in Fig. 2854, in which it is seen
that from the third to the fifteenth inch of the exhaust stroke the
exhaust port was contracted, which may be done by reducing the
width of the cylinder exhaust port; by widening the bridges, or
by increasing the valve travel.
Thus far we have investigated the action of the valve for the

2

13

steam port at the head end only of the cylinder, and we may now
consider its action for the port at the crank end, both with and

without overtravel,

Let, therefore, the proportions be ;
Inches,

Width of steam port
Lap of valve
.

.
a

.

Lead of valve
Travel of valve

:
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‘
‘

.
e
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And a diagram for the port openings with the 4} inches travel

is shown in Fig, 2855, the crank-end port being marked in dotted
lines, and it is seen that the port at the crank end opens full in
both cases earlier in the piston stroke, and closes earlier, for the
expansion uses the steam more expansively, exhausts

gives less compression.
Tabulating the results, we
inches travel :

have steam

distribution with 43

Head end.....
Crank end....

19 in.
16} in

minute, and each quarter revolution will be made in fifteen seconds ; starting, therefore, from A, the crank will in fifteen seconds

|

Live Steam
Period.

Fig. 2556.

earlier, and

Point of
Release.

Amount of
Expansion.

Amount of
Compression,

22t in.
21% in

34 in.
5+ in

1} in.
24 in

Here we find that with ag inches travel the head end receives

steam during 24 inches more of the piston stroke, and holds it in
the cylinder during about an inch more of the stroke, both elements making the stroke from the head end the most powerful.

have arrived at G’, and the piston in the position denoted by the
dotted line @, which is less than half its stroke; during the next
fifteen seconds the crank will move the quarter revolution from G'
to Cc, and the piston from d to ¢, or more than half its stroke.
Similarly, while the crank is moving its quarter revolution from C
to G, the piston moves from

the head end ¢ to the dotted

line d,

which is more than half its stroke, and this is why the diagrams
of the port openings show a greater port opening and a later point
of cut-off and release for the head end than for the crank end of
the cylinder. Indicator diagrams, it may be observed, show exactly the same thing.
It follows from this that the best position for the piston to be in

STEAM
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when the engine is to be started is with the piston nearer the

the circle # at /, and a line g drawn from the crankshaft centre

head end than the crank end of the cylinder; and also, that if the

C to the pointf will represent the throw line of the eccentric;
when the valve has just cut off the steam at the head-end port a.
We may now draw in the whole valve and a line R representing
the eccentric rod. We may now find the positions for the piston
and crankpin as follows :
As the circumference of circle D represents the path of the

steam

ports are of equal widths, and

each

amount of lead, the beat of the exhaust

port has an equal

steam

must be irregular

in force, because there is more steam to be exhausted in the same

time from the head-end than the crank-end port.
The points of cut-off may, however, be made equal for the two
piston strokes by making the port at the crank end wider than
that at the head end.
In Fig. 2858, for example, we have the ports drawn one-eighth
full size, the outer circle D representing the path of the crankpin,

centre of the crankpin, therefore the diameter of D represents the

length of the piston stroke, in this case 24; and as the point of
cut-off is to be at the 2oth inch, or, in other words, at & of the
stroke, we mark from a point Z on crankpin circle D an arc SS,
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and the circle # the path of the centre of the eccentric, its
diameter representing the travel of the valve.
The smallest
circle @ has a radius equal to the amount of steam lap which is
to be equal for both ports.
The connecting rod has the usual length of three times the
length of the piston stroke, the proportion being as follows :
Inches.

Width of steam port

.
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e
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e

e

e
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e

e

Valve travel

of

Piston stroke

e

e

Lengthof connecting rod

14

distant from # to an amount

equal to & of the line ? 7, which

represents the piston stroke; and where this arc cuts line 77 is
the position the piston will be in when the valve is in the position
shown in the engraving, and the cut-off occurs.
To find the corresponding crankpin position we set a pair of
compasses to one-eighth of the length of the connecting rod, and
from a point on the centre line of the engine draw from the arc
SS the arc /, giving at Ss the required crankpin position.

We have thus far found the position of the parts when cut-off
at the head end occurs, and we may now find out how much
wider the port at the crank end must be to cause the cut-off to also
occur at the 2oth inch of piston motion, which we may do as follows:

4

4h

eoaerm

Fig. 2868.

With these dimensions the cut-off for the port a at the head
end of the cylinder will, if the two ports are of equal width, occur
at the 2oth inch of piston motion, while that for the port at the
crank end will occur at the 19th inch. Let it be desired that the
cut-off is to occur for both strokes at the 2oth inch of piston
motion, and we proceed as follows, supposing the engine to run
in the direction of the arrows:
* From the lap circle d, Fig. 2858, draw a vertical line ¢ cutting

In Fig. 2859, circle D represents as before the path of the centre
of the crankpin, circle # the path of the centre of the eccentric
and

its diameter;

therefore,

the travel

of the valvesand

the

smallest circle represents in its radius the amount of steam lap.
The arc 7,7 represents at the point where it cuts the line 77
of piston motion the position the piston will be in when the cut-off
occurs for the port under consideration ; the distance of arcr 7
from the point g on the crankpin circle being the same as the
distance J s in Fig. 2858.

* From ‘‘ Modern Steam Engines.”

From the lap circle we draw a perpendicular line # (corres-
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ponding to line ¢ in Fig. 2858) and a line from the intersection of

# with circle # to the centre, C will represent the position of
the throw line of the eccentric at the time the cut-off would occur
if both ports were of the same width.
By prolonging the eccentric throw line to v we are enabled to
find the crank position by taking the radius Ss v (Fig. 2858) and
marking from v in Fig. 2859 an arc m. A line drawn from the

SHOP
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marking from H an arc +z, giving us the required eccentric position at x.
To find the difference in the positions of the valve when the
eccentric is in the positions denoted by wv and x, respectively, we
draw from the point of intersection of line x with the circle » a
vertical line y, to the line 77, The line zw already described is vertical from the intersection of line v, and the distance measured on

Fig. 2859.

point of intersection of 7 with the outer circle to the centre represents the throw line of the crank. We have thus found the posi-

the line of centres 77 between these two vertical lines is the
amount the valve will have travelled past the steam edge of the

tions of the crank and of the eccentric when the cut-off will occur,

port.

the ports being of equal width ; and we may now find the positions they ought to be in, in order to equalize the points of cut-off.
To do this, we draw from the arc 7, and with the length of the
connecting rod as a radius (this length being represented by

tance between w and y), then the crank will be at H, the eccentric
at x, and the cut-off just effected, the piston being at 7, and the

Now, suppose we cut out the port @ to the dotted line
/ (the dis-

points of cut-off equalized.

ane as Toe

ie

“Y
y,

é

a
~~.

anicpin
— <n anes enee

wooo

V

Fig. 2860.
three times the diameter of the outer circle), the arc w, giving us
at H the position the crank ought to have arrived at when the
cut-off occurred ; and we find that, as the cut-off occurred

when

the crank was at 4 and the eccentric at wv, it occurred too early
in the stroke, because the crank ought to have arrived atH.
Now
suppose it to have reached

responding

eccentric

position H, and we may find the cor-

position by taking the radius & wv, and

Let it be supposed that it is determined to equalize the points
of cut-off by altering the width

of port 4, or, in other words, on

the stroke, when the piston is moving from the head end D to the
crank end B of the cylinder, then it is necessary to proceed as
follows :
In Fig. 2860, point 7 is located to represent the nineteenth inch of
piston motion from B, and an arc w gives at H the crank position

STEAM
at the time the cut-off occurs.
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A vertical line ¢, touching the lap

circle d, gives at its intersection with the eccentric path # the
throw line
get on the
the crank
Having

vw of the eccentric, which is prolonged to V in order to
outer circle the position the eccentric will be in when
is at H.
found the positions of the crank and eccentric at the

time of cut-off, we may draw in the valve, the cut-off at port a
gs sc
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ae

ge
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ered of more importance to give equal lead for the two ports,
unless other considerations than equalizing the points of cut-off
are concerned.
In inverted cylinder engines, for example, in which the crankshaft is beneath the cylinder, more lead is given to the crank end
than to the head-end port, so as to counteract the weight of the
piston, the crosshead, and the connecting rod, when descending
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Fig. 2861.

being just effected. For the other stroke we proceed as in Fig.
2861, in which the circles correspond to those in Fig. 2860, the arc
S being the same distance from D that ~ is from Bin Fig, 2860,
and therefore representing the piston position for equalized points
of cut-off.
With a radius equal to three times the diameter of the outer
circle E, and

from

a point on the line of centres

7 7, we

mark

from s an arc giving us at H’ the crank position at the time of
equalized cut-off.
To find the corresponding eccentric position, we take the
angle the eccentric

on the head-end stroke; a further consideration being that the
wear of the crankshaft bearings diminishes the lead at the crank
end.
Independently, however, of this question of weight and wear, it
can be shown that so far as quietness of running is concerned,
more lead is required at the crank end than at the head end (a
matter that is of more importance in proportion as the piston
speed is greater); because the piston approaches its point of

stands at to the crank,or radius H »,

Fig. 2860, and mark from H’, Fig. 2861, an arc g, and from
where g cuts the outer circle draw a line x, giving us the
eccentric position corresponding to the crank, position H’.
Drawing a vertical line z from the lap circle, and a line Cc
passing through the intersection of # and circle #, we find
that the cut-off will not occur until the eccentric has reached
¢; too late to give an equalized cut-off, because when the
eccentric has arrived at c, the crank will be at H” instead of

at H’, because radius H' g equals radius H” ¢.
In the figure, the valve is drawn in the position it would
occupy when the crank was in its proper position H’, the
port wv being still open, and it becomes clear that, in order
to equalize the point of cut-off, we may make the port 4
narrower, bringing its steam edge up to the dotted line Z.
The amount to which we must decrease its width may be
found by dropping a perpendicular line y from the point of
intersection of line x with circle 2, and measuring the distance between lines # and y. It is obvious that it is preferable to draw the outer circle to a diameter equal to the full
travel of the valve, and let it represent the crank path ona
reduced

scale, as the lines will be clearer, and

MH,
| Pleas
15 14 18 12 11 10

es)

It is generally, however, consid-

~
End

Fig. 2862,

correctness

equalized for the two strokes by giving more lead at the crankVOL. II1.—42.

=

End
Head

may more easily be obtained.
Equalizing the points of cut-off, by thus making the ports of
different widths, possesses the advantage that laps of the valve
are maintained equal, and the valve may be put on end for end
without being put on wrong, which might occur if the laps,
Instead of the ports, were made of unequal widths.
VALVE LEAD.—The points of cut-off or of release may be

end than at the head-end port.

9

reversal at a greater velocity, and therefore requires more cushioning at the crank end.
Thus, in Fig. 2862, let the circle represent the path of the crank
journal or crankpin revolving in the direction of the arrow 46.
Let the divisions

1, 2, 3, etc., represent

inches of piston

motion.

With the compasses set to represent the length of the connecting
rod, and set on the line of centres, we mark from division I an
arc giving at a the correct position of the crankpin when the piston
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is at I, and has an inch to travel in the direction of ¢ ere it reaches

the end of its stroke at the crank end B. After reversing its motion, the piston travelling in the direction of arrow d@ arrives at
the 17th inch of its stroke (having an inch to travel to complete its stroke at A), the crankpin being at C, which is located as
before, with the compasses set to represent the length of the connecting rod and the arc from 17 to c. It has already been explained that the flywheel, or, if there is no flywheel, as in the
case of the locomotive and marine engine, the load acts to give
uniformity of revolution to the crank journal or pin; hence in a
given time the crankpin will move through a given part of its

SHOP
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being a secondary or supplementary port. The lap is the width
of the extra port A added to the thickness of metal at the valve
edge g.
As soon as the valve opens to the lead, as in Fig. 2864, a second

supply of steam enters at, and passes through, the supplementary
port A, as denoted by the arrow ¢. This second supply continues,
in addition to the ordinary one, so long as the secondary port A

revolution, or, in other words, the speed ofrevolution of the centre

of the crankpin will be (unless disturbed by greater variations in

®

Fig. 2865.

is uncovered by the valve seat, but ceases momentarily when the
valve is at the end of its travel, as in Fig. 2865; so soon,

Fig. 2863.

the amount of the engine load than can be offset by the action of
the engine governor) equal at all parts of its path of revolution,
When the crankpin is at C, the piston has an inch to travel to
reach the dead centre A, and the crankpin has to travel from C to
A in the same time as the piston travels from 17 to a, and it follows
that the piston will travel slower in coming to rest at the head
end than at the crank end, the difference being represented by the

how-

ever, as the valve moves on its return, the supplementary, or
secondary, port reopens and remains open until the valve has
moved to the position shown in Fig. 2866. It will be noted that
when

the valve

is at the end of its travel, as in Fig. 2865, the

opening of port @ is reduced to the amount of the thickness of the

distance from C to E, the arc E A being equal to the arc AB, and

therefore representing the same amount of time in the crankpin
revolution. As, therefore, the piston approaches its dead centre

at a greater speed at the crank end, that end may have more
lead, in order to let the piston come to rest as quietly as it does at
the crank end, which cannot be done by any method of counterFig. 2866,

8a

metal at ¢, a circumstance that is taken into consideration in
determining the width of the steam port.
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The exhaust is effected in the same manner as in a simple slide
valve, and independently of the supplemental port, as may be
seen from the figure.
When the valve is about to open for the lead, the steps at the
other end of the valve seat must come exactly fair with the outer

TIS
NSS
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fiXS
Fig. 2864.

balancing, because counterbalancing cannot be made to affect
the natural speed of the piston in relation to crank speed ; all that
can be done, therefore, is to counterbalance the weight of the
moving parts to suit the head end of the cylinder and increase the
lead at the crank end.
DOUBLE-PORTED VALVES.—To increase the supply of steam
and prevent the wire drawing that has been shown to accompany
the action of the ordinary slide valve, especially when closing to
effect the cut-off, and when its travel is reduced to hasten the cutoff and use the steam more expansively, various methods of multi-

porting the valve, and in some cases the cylinder also, are employed, examples being as follows:
Fig. 2863 represents the Allen Valve placed in mid position, A

Fig. 2867,

edge of the supplemental port. Thus, in Fig. 2866, the edge of
step @ is exactly fair with edge d of the supplemental port, so that
when the valve moves to open the port, the steam will be admitted simultaneously through the supplementary nort and
through the port opening left by the edge g.
|
The width of B, Fig. 2867, must be sufficient to cover the steam
port and keep it steam tight when the valve is in mid position, as

STEAM ENGINES.
in Fig. 2866, and for this purpose yy of an inch on each side of the

port will suffice, making B 7; of an inch wider than the steam port.
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more than its strength requires, thus leaving the supplementary
port as wide as possible.
By the employment of the supplementary port the steam port is
opened quicker, remains full open longer, and closes quicker.
We have here considered the working of the Allen valve for
late points of cut-off only, and its action may be seen by referring
to Figs, 2869 and 2870, the former showing the port openings

AK

Fig. 2868.

The inner edge or dimension 7, Fig. 2868, of the supplemental
steam port must be ,; of an inch wider than the extreme

width
Fig. 2871.

of acommon slide valve, and the latter of the Allen valve. Both
valves have 13 inches steam lap and 5} inches travel. The width
of port for the common valve is 14, and that for the Allen valve
1g, the thickness of the metal between the supplementary port A
and the steam edge of the valve (as at ¢e, Fig. 2871) being § of an

inch, leaving the effective steam port opening 14 inches; as an
exhaust port, however, there is a full opening of 14 inches.
If we give to the valve sufficient travel to close the supplement-

AkiillyyLi

<p

Fig. 2869.

dimension & of the outer edges of the cylinder steam ports, so as
to isolate the ports when the valve is in mid position.
We now come to the width of the supplementary port, and it is
12345678

9 10

13

16

Fig. 2872.

ary port, as shown in Fig. 2865, we may give it as much steam
lap as the common slide valve and get a much better distribution
of steam, as has been shown; but we may give to the valve only
sufficient travel to cause it, at the end of its stroke, to come to the

position shown in Fig. 2872, the opening atg being equal
width of the supplementary port, and thus enable the valve
off at early points in the stroke without the employment of
sive steam lap and valve travel, while obtaining a better

to the
to cut
excessteam
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\
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obvious that the thickness of the valve at ¢, Fig. 2868, must be
enough to leave sufficient strength ; and since this thickness
covers the port, as seen in the figure, it is desirable to leave it no

Fig. 2873.

supply than with the common valve and avoiding the irregularities in the points of cut-off, of release, and

of compression

that

arise when the amount of steam lap is excessive, as equal to, or
one and one-quarter times the width of, the steam port.
The advantage of the Allen valve is greater in proportion as its
travel is reduced to effect an early cut-off, the port openings for a
travel sufficiently reduced by a link motion to cut off at half
stroke being shown in Fig. 2873, and those for a cut-off at one
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quarter stroke in Fig. 2874, which compare very favorably with
Figs. 2875 and 2876, representing the action of the ordinary valve
for corresponding points of cut-off obtained by reducing the valve
travel,
Other methods of increasing the steam supply are as follows :

SHOP
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In some constructions a double supply of steam is obtained
from a valve having but one port, an example being given in Fig.
2879, which is that employed in the Straight Line engine, designed by Professor John E. Sweet, of Syracuse, New York.

The form of the valve is shown in Fig. 2879.
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Fig. 2877, represents an example of adouble-ported valve fora
marineengine. Theouter ports ad admit the steam at the ends
of the valve in the usual manner, but the inner ones 0 ¢ receive
steam through passages ¢/ provided in the valve for that purpose.
Piston valves may be double-ported by the construction shown
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Fig. 2877.

rectangular frame having four ports (/ in the figure); the ribs,
between the ports, being supported by ¢, which are solid with the
valve, but do not extend to its faces.
The valve slides between a cover plate P, Fig. 2880, and the
cylinder face.
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in Fig. 2878, which represents the valve in the Armington Sims
engine. The valve is hollow, save at the ends.
Referring to the cylinder port a, the steam is admitted around
the circumference of the valve, as denoted by the arrowsee.
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Fig. 2878.

In Fig. 2881, one end of the valve only is shown, the port a
being open to the amount of the lead, the steam passing into port
@ in two streams, as denoted by the arrows ef.
The effective port opening remains at double that due to the

Fig. 2876.

Fig. 2879.

second supply, however, is admitted through the openings qd’, as
denoted by the arrows //, passing through the hollow stem of the
valve, and entering port @ through the opening at d. The exhaust is at the ends, as denoted by the arrow at B.

amount of valve motion until the valve reaches the position
shown in Fig. 2881, after which the amount of port opening re-

mains a constant quality until the valve has reached the position shown in Fig. 2882, after which the opening increases the

STEAM
same as for a common

slide valve, the maximum
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port #'in the figures this also is double that due to the motion
of the valve, as may be seen in Fig. 2884, in which the valve is

of valve travel

being shown in Fig. 2883.

When the point of cut-off is at half stroke, the valve opens the

shown in the position occupied

shortly after exhaust begins, the

A

iit 2

Ye
Yf2

rs

Y;

A
Fig. 2880.

port for admission to the amountshown in Fig. 2881, the opening
at fand at ~ being equal.

steam having two means of exit, as denoted by the arrows. The
double port opening continues during the same part of the piston
motion as the extra port opening does for the admission, because
the portJ’ has the same effect upon the exhaust as port# has for
the admission. The shields G in the figures are provided because
it was found that in their absence the exhaust steam flowing in

It is seen, therefore, that by means of

port Z, the port opening is, for all points of cut-off up to half

P

=

Cy
Fig. 2881.

stroke, doubled throughout that part of the admission period
and that for points of cut-off later than half stroke the admission
of steam to port A remains stationary for a certain period,
the direction denoted by the arrow in Fig. 2885 would, in time,
cut away the face of the pressure-relieving plate P at #.
A design of double-ported balanced valve, designed by the
Weston Engine Co., is shown in section in Fig. 2886, the valve
removed from the steam chest being illustrated in Fig. 2887.
Steam is admitted in the middle of the valve at a, through what
Fig. 2882.

depending on the point of cut-off; and for still later
points the port opening increases the same as in case
of a common slide valve.
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The action is similar when the valve moves on its
return stroke to effect the cut-off, the amount of port

Se

LANA
Yl
rere

|
:

<G

:

——S>5
=

<ss
£

|

Gia

UZ,h)VIIyea

"

yy
ZZ

=
Z

—4

A

t

the position shown in

uh

|

WOE
aie
=

y

Ig

/}

2D

in an ordinary valve would be the exhaust port, the admission
occurring through three openings, as denoted by the arrows, one
of these passing through a longitudinal passage in the middle of

Fig. 2884.

Fig. 2884, until final cut-off, which prevents wire drawing the
steam.

We have now to consider the exhaust, and by means

of the

the valve.
The exhaust occurs through two separate openings.
By this construction the live steam surrounds the middle of the

valve, which is not, therefore, pressed against either the valve seat
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relieved by means of rollers

x x v in the figures, which are pro-

vided with small axles x x x, having bearing in a frame

——,

:

4, thus

providing rolling carriages (one on each side of the valve) on

kk.

which the valve is moved in the usual manner.

sg

The diameters of the rollers are made such when new that the

face of the valve is raised about tsp inch clear of the seat.

To

prevent wear of the steam-chest seat and valve as much as possible, steel platesJJ, shown in Figs. 2888 and 2891, are laid on the

ian
oe
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a

si as

steam-chest seat, but not fastened. Two other plates «
are
attached to the valve, and between these plates the carriages are
made to roll. The rollers are prevented from touching each other
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by the smal! axles x, and around these the rollers turn. The
axles, with me rollers placed upon them, are riveted to the bars #4.
A bafaticed valve, extensively used in locomotives, and representative of a mode of balancing sometimes employed upon the
valves of marine engines, is shown in Figs. 2892, 2893, 2894, 2895,
to 2897, in which four grooves (one on each side and one on each
end of the valve) are provided. In these grooves strips sss 5 of
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metal are accurately fitted, so that the latter may move

i

down in the grooves without any perceptible play.
held up by spiral springs #, as shown.

Fig. 2887.

up and

The strips are

Some make these springs

of hard brass wire, while others prefer to use steel wire for the
same.

nor the back plate, the latter being adjustable for fit to the valve | The diameter of the wire used ranges from ys to ¢ of an inch.
by the screw and handwheel shown at H.
The number of springs generally employed is shown in the figures.
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Figs. 2888-2891.
BALANCED VALVES.—Figs. 2888, 2889, 2890, and 2891 repregent a slide valve whose pressure to its seat, under steam, is

When

the balanced

valve

is to be used, the under side of the

steamechest cover must be accurately planed and scraped, because

” Section through A.B.

Section thro ugh O.D.1
e'

D

Section through E.B.

Figs. 2892-2894.

STEAM

ENGINES.

against this surface the strips mgist press and make a steam-tight
foint when the valve is in the steam chest, as shown in Fig. 2895.
This arrangement will prevent the steam from coming into contact with the greater portion of the back of the valve, thus reducing the pressure of the valve against the valve seat.
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grooves must be cut deep enough to receive them, and the pockets, as shown in Figs. 2892 and 2893, left out.

should not be less than 13 inches deep—z2 inches is better, in fact.

Yet these elliptic springs are not free from objections. Some
disapprove of them because they are too strong when new, and
consequently are liable to cut the steam-chest cover.
On the other hand, if these elliptic springs are made weaker,
so that they will work satisfactorily in the beginning, they will not
remain so long, but become too weak to hold up the strips.
All balanced valves of this kind should have a hole %, Fig. 2893,

These should be made as deep as they can be made without chok-

about§ of an inch in diameter,

When the valve is new, and placed in the steam chest, as shown

in Fig. 2895, and all ready for use, then the strips should project
not more than y, of an inch above the top of the valve. The strips

through the top of the valve ;

without this hole the valve will lift off its seat.
When a locomotive is running and the steam
shut off, a partial vacuum will be found in

7

9 A ddd

the steam

chest, causing

the valve to chat-

ter, and thus ruin its mechanism.
To prevent the forming of a vacuum in the steam
chest, and consequently its evil effects, a
vacuum valve must be attached to the steam

SN

N

SS

chest, to admit air into the latter when steam

is shut off during the time the engine is in
motion. Without this vacuum valve no balanced slide valve must be expected to work
successfully. Indeed, it is good practice to
attach a vacuum valve to all steam chests in
which a plain slide valve is working, as this

y)

will often be the means of preventing the
Figs. 2895-2897.

ing the exhaust cavity of the valve, and 4 inch is about the proper
width of the strips. The manner of joining them at the corners
is plainly shown in the plan of the valve, Fig. 2894. For the sake
of distinctness, the strips have been shaded in this figure.
Some master mechanics object to the spiral spring, because the
pockets in which these springs are placed will, in time, fill up
with tallow, and thus prevent the springs from working freely.
Therefore, in place of spiral springs for holding the strips, elliptic
springs made of flat steel are used. as shown in Figs. 2896 and
2897 ; and, of course, when these springs are to be used, the

ashes from being drawn into the cylinder
and the steam chest.
SEPARATE CUT-OFF OR EXPANSION VALVES.—When the load
an engine is to drive is about constant, and great uniformity of
speed is not essential, an expansion or separate cut-off valve
driven by a fixed eccentric, is employed.

The valve

may be so

constructed as to cut off the steam supply at a definite and unvarying point in the piston stroke, or be adjustable by a handwheel to vary that point, to offset variations in the boiler pressure ;

and if great regularity of speed is essential, as, say, a variation of
three per cent. when the engine is running unloaded and the load
is put on suddenly, the cut-off or expansion valve may be oper-

Fig, 2898.
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ated by a shaft or other governor. Separate cut-off or expansion
valves usually work on the back of the ordinary or main valve,
and may be employed so as to equalize the points of cut-off for
the two piston strokes anda quick cut-off to prevent wire drawing
the steam.
Fig. 2898 represents a stationary engine having what is known

SHOP PRACTICE.
the steam can follow the pistory is, therefore, governed by the
main valve, the action of the cut-off valves being confined to effecting the cut-off at some earlier point inthe stroke. This it effects

for one stroke by the edge G of the cut-off valve passing over the
edge g of port L, and for the other stroke by the edge M passing
over edge N of the port K. The point in the piston stroke at
Cut off

Cut off
Valve

Valve

P

P

oz

p

aL

\

Fig, 2899.

as a Meyer's cut-off, in which a throttling governor is employed
to equalizé the effect of variation in the boiler pressure, and an
adjustable cut-off valve to vary the amount of expansion, which is
done by operating the wheel w, a pointer and scale at a denoting
at what point in the piston stroke the cut-offis set.
The main valve controls the lead, the latest point of cut-off, the

exhaust, and the compression, and is driven by a fixed eccentric.

which these two events will occur, depends upon the distance that
G stands from g, and M from N, if both the valves were at midtravel, as shown in the figure.

To regulate this distance so as to effect the cut-off at different
points in the piston stroke to suit the amount of power the engine
may be required to possess, the cut-off valves are provided with
nuts P, which are a sliding fit, in the pockets in the backs of the

Yj:

J

Yj

Fig. 2900.

The cut-off valve governs the point at which the expansion shall
begin, and is driven by a separate fixed eccentric, The construc-

valve, and through these nuts passes a right and left hand screw

tion of the valve is shown

the distance G g and M N, or increasing it, according to the direction in which § is revolved. The object of providing vertical adjustment for the nuts P is to permit the cut-off valves to seat
themselves on the main valve (notwithstanding their wear)
without bending the screw S.
If the work performed by the engine was constant in
amount, and the steam pressure also constant, the cut-off
valves might be kept in one position on the screw, being
adjusted to cut off the steam at the most desirable point,
and incapable of moving from that point.
But if the amount of work performed by the engine varies,
or when the steam pressure varies, the screw affords means
of either varying or maintaining the power of the engine
by moving the cut-off valves to alter the point at which live
steam will be cut off.
Both the valves shown in Figs. 2899 and 2900 are placed
in mid-position, that being the most desirable for explaining their construction, and not in that in which they would
stand when properly set upon the engine.
Let the cylinder steam ports and the ports in the main

2900, is shown

in Fig. 2899; and beneath

(for the purpose

it, in Fig.

of clearness) a valve of the ordi-

nary form, but the action of the two is identical.

It is seen that

the edge 4 of the main valve will cut off the steam the same as
edge # of the common slide valve, and, also, that the edges J of
the two valves would cut off alike if their eccentrics occupied thesame positions.
It is also apparent that when edge & of the
main valve has closed the port 4, the expansion will begin, independent of any action of the cut-off valve. The longest distance

S, which,

on being revolved, moves

the valves, either lessening

valve be an inch wide, and the main valve have an amount of steam

lap equal to half the width of the cylinder steam ports; or, in other
words, $ inch, which will give for the main valve a cut-off at
about yy piston stroke ; and the travel of the main valve being just

sufficient to fully open the steam ports, the action of the main valve
will not be unduly distorted by excessive lap nor over valve travel.

STEAM
Suppose the edges M G of the cut-off valves to be in mid-position,
as in the figure, and to be distant f.um the nearest edges of the
main valve ports, also,to an amount equal to half the width of the

cylinder steam port, and these being assumed to be average conditions, we may follow the movements of the ports as follows:
In Fig. 2go1 the crank is on its dead centre at the crank end B,

that the point of cut-off is at the gtn inch of piston stroke.

The

manner in which the main valve would have cut off steam is
shown on the diagram by dots.
Thus we find that if the cut-off
valves were taken off, the main valve would begin to close the
steam port at 9} inches of piston stroke, and the cut-off would
occur at 17} inches of piston stroke.
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the cut-off eccentric being, in this example, set exactly opposite to
the crank, and the main valve having no lead.

It is here seen that

the valves moving in the direction denoted by their respective
arrows, the admission of the steam will occur through ports K and
a, uninfluenced by the cut-off valve.
Fig. 2902 shows the position of the crank, the eccentrics, and

The events for the return stroke are plotted out in the same
manner in Fig. 2906, and it is seen that the cut-off valve began to
act when

the piston had moved 33 inches, and before the main

valve had fully opened the steam port, which is, therefore, never
fully opened. The action of the main valve after the cut-off valve
has begun to act is here shown by a broken line. As the com-

Main Eccentric

Fig. 2903.
the valves when the cut-off occurs, the crank being at half stroke ;
and it is seen that the cut-off is effected by the cut-off valve, independent of the main valve.
In Fig. 2903 we have the positions of the valves at the point of
release or exhaust for the port a, thus completing the events for
one piston stroke. In moving across the port to effect the cut-off,
the cut-off valve reduces the effective width of steam port opening,
and it is necessary to take this into account in considering the

\
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pression, lead, and exhaust are entirely uninfluenced by the cutoff valve, it is unnecessary to refer to them. in connection with its
action.
THE POSITION OF THE CUT-OFF ECCENTRIC.—In an adjustable
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Fig. 2905.
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cut-off engine, the cut-off eccentric is usually fixed upon the crankshaft. When the engine is required to run in either direction,
the cut-off eccentric must, in order to enable

the engine

Fig. 2904.

steam admission.
In Fig. 2904, for example, it is seen that,
although the main valve steam port K is full open to the cylinder
port a, yet the effective width of port opening for steam admission
is the amount the cut-off valve leaves the port K open.
A diagram of the port openings obtained, as in our previous
investigations of the D valve, by moving the piston inch by inch
throughout the stroke, as given in Fig. 2905, and we find that the
port was opened full when the piston had moved 33 inches, and
VOL. I1.—43.

to run

equally well in either direction, be set directly opposite to the crank.
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Fig. 2906.
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When, however, the engine is required to run in one direction

only, there is some latitude in the position in which the cut-off
eccentric may be set.
Let it-be supposed that the cut-off valves are so set that if
placed in mid-position (as shown in Fig. 2899) on the main valve,

the edges G and M would be. equidistant

from the edges 4 J

SHOP

PRACTICE.

when 35° on one side of x, and # its position at the same angle
on the other side of x. Setting a pair of compasses to represent
the length of the eccentric rod, rest one point at #, and mark on
the line of centres L L the arc 0. Then rest one point of the compasses at x and mark the arc # ; and from o to #, measured along
the line L, is the distance the valve would

AN
123

Fig. 2907.

10

be moved while the

ANN
12 14 16 18 2 0

Fig. 2909.

of the ports in the main valve (which, in this case, is equal to onehalf the width of the steam port), and we may investigate the
limits within which the position of the cut-off eccentric may be

In Fig. 2907 the circle represents the path of the crankpin and
also the path of -the centre of the eccentric, the line o represents

Oe

p a

~

iON

™ ay

/

\

while the eccentric

moved

from x to ”;

the differ-

ence between the two amounts of valve motion being shown by
the arc 7.

\\

lV

_f

arc g, and from# to g on line L is the distance the valve would
be moved

varied, as follows :

Rest the compasses at # and mark

eccentric moved from mtox.
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/
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Fig. 2908.

Fig. 2910.
the throw-line of the crank,

that of the cut-off eccentric, and m

of the main eccentric;
being 169° ahead of the crank and §9°
ahead of the main eccentric, whose angular advance is 20°. The
positions of the valves at the point of cut-off are shown in Fig.
2908, and it is seen that the cut-off eccentric has passed the point
x at which it would move the valve the quickest ; it follows, there-

fore, that while the cut-off valve has been moving across the port
K to effect its cut-off, its eccentric has been moving through that
part of its path in which it moves the valve most rapidly.

Now, suppose that the main eccentric is at m, and it is clear,
from the positions of the valves in Fig. 2908, that the position of
the cut-off eccentric ‘must be such that, from and after its cut-off
it will move its valve at least as fast as the main valve is moved,

or else the steam port K will be reopened, and live steam again

admitted until such time as the lap of the main valve itself effects
the cut-off.

Continuing the motion of the parts, we have, in Fig. 2911, their

positions at the time that the main valve cuts off; and it is seen,
on comparing Fig. 2908 with Fig. 2911, that the main and cutoff valves have moved in the same direction and at nearly the
same speed.

But at the moment the parts are in the positions shown in
Fig. 2911, the main valve is moving faster than the cut-off valve,
for two reasons: first, because its eccentric throw-line is nearer
to its mid-position x, and second, because the eccentric moves the

valve faster and further while moving a given amount toward and
ending at the line x than it does while moving an equal distance
after passing it.
This is shown in Fig. 2912, in which L L represents the line of
maotion of the valve, # the position of the centre of the eccentric

Fig. 2912.

In Figs. 2913 and 2914, we have diagrams showing the steam
distribution effected with the eccentrics set as in Figs, 2908 and

STEAM
2911; and if we compare

these diagrams with those shown in

Figs. 2905 and 2906 (for which the cut-off eccentric was set directly opposite to the crank), we find, in the case of the forward
strokes, the cut-off is at 9 inches in one case and at 13 inches in
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point of cut-off for the other stroke), and it is seen that the steam
port L is not yet closed.
If, to close it, we move the cut-off

eccentric ahead (increasing its angle with the crank), we hasten
the point of cut-off for the other stroke; while if we lengthen the
eccentric rod enough to close L, we shall delay the point of cutoff for the other stroke), and that would, in this case, cause
port to reopen).

the

The course to pursue is to both lengthen the rod and move the
cut-off eccentric as well, adjusting the two until the ports just
escape reopening and the points of cut-off are equal. In this way
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Fig. 2913.

the other; for the return strokes, it is at 9 inches in one case and
at 16 inches in the other.

WS

We also find that, from the time the

cut-off valve commenced to close the port until final closure and
cut-off took place, there was, for the two forward strokes, 54
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Fig. 2915.

the longest possible equalized points of cut-off are obtained. It
may well be pointed out that with the eccentrics set as in Fig.
2908 (both valves moving together after the point of cut-off), the
20
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Fig. 2914.

inches of piston stroke in one case and g inches in the other, and
it appears that setting the cut-off eccentric back 11° (Fig. 2907)
delays the point of cut-off and wire draws the steam. The reason that the point of cut-off occurs at such unequal points in the

cut-off valve will not act on the forward stroke after the 13th inch

of piston stroke ; and since the main valve cuts off at the 18th inch
of piston motion (as is shown in Fig. 2905), therefore no cut-off
can be effected between these two points.
That this cannot be remedied by moving the cut-off eccentric
position may be shown as follows: Referring again to Fig. 2908,
if the cut-off eccentric was moved farther ahead, its angle of 169°
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Fig. 2917.

Fig. 2916.

two strokes is that in this case the cut-off eccentric has been set | being increased, the cut-off would have occurred earlier ; while if

in such position, and its rod made of such length, as would give
the longest point of cut-off in each case without letting the port
reopen,

this angle was diminished, the cut-off would not be effected by the
cut-off valve, because it would not fully cover the port.
This will be seen from Fig. 2916, in which it is moved nearer to

”
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ee
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To equalize the points of cut-off, we shall require to move the
cut-off eccentric, and shorten its rod.

In Fig. 2915, for example, the positions of the crank, cut-off
eccentric, and valves are shown at the time the piston is on the
back stroke, and at its thirteenth inch of motion (this being the

~

x, and asa result the cut-offis effected by the main valve. Finally,
if we moved thecut-off eccentric to position x, Fig. 2917, at the time
the main eccentric stood at , the cut-off valve would not effect
the cut-off at all, since it would not pass entirely over the main
valve port. The cut-off eccentric is thus shown to be in position
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to cut off at the latest possible point, without reopening the port | is clear that if the cut-off eccentric were set at an angle of less
when it is set, as in Fig. 2908.
than go° behind the crank, the cut-off valve would first effect the
Having limited the position of cut-off eccentric in one direction, | cut-off, as in Fig. 2919, and then lag behind and permit kK to
we may now proceed to find its limit in the other; or, in other | reopen. In Fig. 2921, for example, we have moved the cut-off

igse
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‘
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om) SBR

_— 2ygIg.
words, find in what position to set it, in order to cut off as early | eccentric to 86° behind the crank, and the cut-off valve, after having

as possible in the piston stroke.
cut offthe stem, lags behind and has begun its return stroke, causing
In our previous examples, we have set the cut-off eccentric either | the ports to reopen and live steam to reénter, as denoted by the
at 180°, or opposite to the crank, or else at some lesser angle | arrow. The least permissible angle behind the crank for the cutahead of the crank ; but we may set it at some

angle behind the | off eccentric is, therefore, go°.
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Fig. 2920.

crank instead of ahead of it (it being understood that ahead means
The steam port opening of the valves, in Figs. 2918 and 2919,
less than 180° measured in the direction of crank revolution, and | is given in Figs. 2922 and 2923, where it is seen that the ports

behind the crank means less than 180° measured in the opposite | open less than a quarter inch, and close when the piston has
direction to that of the crank motion). In Fig. 2918, for example, | moved } inch on the forward and } inch on the return stroke.
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Fig. 2921.

it Is set at go° behind the crank; the valve laps, travel, etc.,
remaining the same as in the previous examples; the erank

We have thus found the limits within which the cut-off eccentric can be moved on the shaft in either direction when the

port a is closed.

proportions are as follows :

being on its dead centre B, and the main valve having no lead, the | valves have the proportions given.

In the following examples the

AN
In Fig. 2919, the ports are shown in the position they would
occupy at the point of cut-off, the crank having moved but 22°.
On continuing the motion, the ports will arrive at the positions shown in Fig. 2920, from which it will be seen that the
cut-off eccentric being at 2, and the main eccentric at wz, their
movements

therefore

tion and

are

°

in

opposite

directions.

The

cut-off valve

will

keep port K closed until the valves again change cirec-

approach

the

positions

shown

in Fig. 2918,

and it

Fig. 2923.
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In Figs. 2924, 2925, 2926, and 2927, we have the port opening | while for the longest it stands 11° ahead, a difference of 6° only
when the eccentric is set to cut off at 4, 3, 4, and 3 of the stroke, | forthe whole range of cut-offs ; but, if we alter the amount of lap

the proportions of the valves and ports remaining unchanged, the
eccentric having been moved upon the crankshaft in order to
effect the cut-off at the respective points. Here we find that when

on the cut-off valve, and adjust the length of the cut-off eccentric
rod so as to equalize the points of cut-off for the two strokes, we
shall alter the position of the cut-off eccentric.

ANIM
Fig. 2925.
the cut-off is to occur at less than half-stroke, the cut-off eccentric
Suppose, for example, that we reduce the cut-off lap to 4 inch ;
is at an angle of less than 180° behind the crank ; while when it | that is to say, let the edges of the cut-off valve each come (when

| nN é
1284567898
7¢€548

21

Fig. 2926.

is to occur later than at half stroke, the cut-off eccentric is at an

it is in mid-position, as in Fig. 2899) within 4 inch, instead of the

angle of less than 180° ahead of the crank, the extremes of its
position being for the shortest cut-off (4), 135° behind the crank,

3 inch in our previous examples, of the nearest edges of the ports,
in the main valves, and the effect is shown in the following figures :
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Fig. 2927.

and for the longest, 169° ahead of the crank.
the time the cut-off occurs varies

stands

at the point

But its position at

but 6° ; thus at the 4 cut-off it

of cut-off 5° ahead

of its mid-position

2,

In Fig. 2928, the cut-off is at 4 stroke, and we find that the cut-

off eccentric stands 5° behind the line +z, instead of 5° ahead of it,

as it was in Fig. 2924; also we find that the point at which the
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port begins to ciose is at 1} inches, instead of 1} inches as before,
thus giving a greater, and therefore better, port opening.

On the return stroke, we find the widest port opening in both
cases at If inches of piston motion; but in Fig. 2928, the port is a
trifle wider open at the second inch, which is a slight gain, as the
steam is less wire drawn.
In Fig. 2929, the cut-off being at } stroke, the port openings are
about equal to those in Fig. 2925, and the cut-off eccentric stands
(at the point of cut-off) 11° behind the line x instead of 1° ahead

SHOP

PRACTICE.

180° from, or directly opposite to, the crank, and the action will
be the same, let the direction of revolution be what it may.
VARYING THE POINTS OF CUT-OFF BY MOVING THE CUT-OFF
VALVES.—We may now assume the cut-off eccentric to be fixed
upon the crankshaft, variations in the points of cut-off being
effected by moving the valves by means of a right and left hana
screw, which was shown in Fig. 2899. Let the engine be required
to run in one direction only, and the proportions to be as before,
with the requirement that the cut-off be made adjustable at all
TTT

Fig. 2928.

NN

Fig. 2931.

of it, as it did in Fig. 2925. In Fig. 2930 (the point of cut-off
being at 4 stroke) the port openings are about the same as those
in Fig. 2927, the cut-off eccentric in this case standing at the point
of cut-offat 8° behind + instead of being ahead of it, as in Fig.
2927. In Fig. 2931, the cut-off being at # stroke, the cut-off eccentric stands at the point of cut-off on the line x instead of 11° ahead
of it, as in Fig. 2927.
Thus we find that the reduced lap has made but a very slight
difference in the port openings, although it has thrown the cut-off

points between ? and 3 stroke, and the first question that arises is

at what point in the stroke are the two points of cut-off to be
equalized, because the cut-off eccentric must be set in such a posi-

tion as to accomplish that end at some particular point in the
stroke, letting the variations come as they may at other points of

cut-off.
It would naturally suggest itself that the point of equalization
of cut-off be made midway between the two extremes of} and 3
or in this case at half stroke, the positions of the parts and the
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Fig. 2932.

eccentric back in each case. But by this means the valve is
enabled to cut off at a later period in the stroke without reopening
the ports, as may be seen from Fig. 2932, in which the cut-off
occurs at the 15th inch; whereas, with the greater cut-off lap, 12

port openings will be as in Fig. 2933 ; but when we come to move
the valves apart with the screw S, Fig. 2899, to effect the cut-off
at ¢ stroke, we find the port will reopen on the stroke when the
piston is moving from the crank end to the head end, and cut off
too early on the stroke when the piston is moving from the head
end to the crank end. It appears, then, that the position of the
cut-off eccentric must be adjusted to conform to the requirements

inches was the latest point at which the cut-off could be effected

without reopening the port. It will be noticed that both in Figs.
2931 and 2932 the line is rounded somewhat at the point where
the port begins to close, and this occurs because the main valve

of the longest point of cut-off required, which, in this case, has
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Fig. 2930.

begins to close the port before the cut-off valve comes into action,
as may be seen from Fig. 2933. The rounded corner e, Fig. 2932,
shows the cut-off by the main valve. The rounded corner /, Fig.
2932, is caused by the valves acting in opposition to one another,
the main valve moving in the direction to open and the cut-off in
the direction to close the port.

It may now

be pointed

out that

if the engine is required to run backwards as well as forwards, as
in the case of marine engines, the cut-off eccentric is usually set at

=m
2933-

been selected at three-quarters of the piston stroke, or at 13}
inches.
It has been shown that the port nearest to the crank is the one
in which the port reopening occurs first; this, therefore, is the one

to be dealt with in finding a cut-off eccentric that will not effect a
reopening of the port, which may be done as follows :

From a centre C, Fig. 2934, draw a circle B D having a diame-

STEAM ENGINES.
ter equal to the travel of the main valve, and whose diameter on
the line

BCD
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mark from R the arc P, giving at T the position of the crank
when the piston is at R. Now, as the main eccentric is 118°

also represents the piston stroke on same scale.

ahead

As the diameter of the circle is, in this case, 3 inches, and the piston stroke is 18 inches, the scale 1s one-sixth full size.

of the crank

tion of the main

From centre C draw a circle @ whose radius Cd equals the

at T, we

eccentric

may

when

mark

the

M,

which

is the posi-

cut-off valve is to cut off,

the crank being at T and the piston at R.
While the main eccentric is moving from M to M’, the cut-

7

oe

off eccentric must move its valve as fast as the main eccentric
moves ifs valve; and all we have to do is to find where to
place it in order to enable it to do so, which we may accom-

.plish as follows :
By marking (fromx as a centre) a semicircle G having a
radius x M’, we find at a the position of the cut-off eccentric
at the time the main valve has arrived at M’ and would cut off

\
\
\

the steam, and from this point @ we may obtain the position
of the cut-off eccentric at the time its valve is to cut off by
setting the compasses to the distance between M and M’,
measured

be

—]
nme
ceeesas

on

the circle, and

marking from a an arc #, from

which we may mark line N, giving the position for the cut-off
eccentric at the point of its valve’s cut-off, the crank being at
T, the piston at R, and the main eccentric at M. Now, suppose the piston, the crank, and the main cut-off valve to stand
in these respective positions, and the cut-off, by cut-off valve,
will occur while the main eccentric is at M and the cut-off
eccentric is at N, and being nearer to its mid-position x than
M is to its mid-position x, therefore N will move its valve

\

fastest, and the port cannot reopen.
While the main eccentric moves from M toM’, the cut-off ec-

Fig. 2934.

steam lap of the main valve. Then mark the point § distant
from @to the amount of lead the main valve is to have (in this
case >4; inch), and with halfthe distance C Bas a radius, mark from

centric moves from N to a, being at each point in its movement
nearer to x than M is, and therefore moving its valve faster. On
arriving at a, however, N and M will be equidistant from ~,
and they will move their valves at equal speeds. At this
time, however, the main valve will have closed the port and
reopening cannot occur.
Having found the positions for the crank, the main eccentric,
and the cut-off eccentric, at the time of cut-off on the piston
stroke from B to D, the crank having started from Band moved toT,
we may now find the corresponding position for the valves. Inthe
upper half of Fig. 2935 we have marked the positions of the crank,

S and from C the dotted arcs intersecting at c; draw the line v,

the cut-off eccentric, and the main eccentric, simply transferring

passing from C, through the intersection ¢, and this line will represent the throw-line of the eccentric set as much behind the line

them from Fig. 2934. To find the corresponding positions of the
main valve, we mark from the main eccentric position the dotted
line m #, giving the point Z. Now, since the line B D represents

I as it will stand ahead of it when the crankpin is at B, the path
of crank revolution being as denoted by the arrow.
Having determined the angle of the main eccentric, which
is the angle v I C (equal to 28° in this case), we may proceed to
find the position of the crank at the time the main valve would
cut off steam, and from this we can then find the position of the
main eccentric at the point it would cut off. From these two we

the stroke of the valve, and line x the valve’s mid-position, there-

fore the radius from. # to the line x, measured on the line B D, is
the distance the main valve must stand from its mid-position
when the main eccentric stands at m.
Now, if the centre of the main valve stood on the line H, it would
be in mid-position, and all we have to do is to mark from H a line

may next find the position of the cut-off eccentric required to cut

P distant from H to the same amount that Z@ is distant from the line

off at three-quarter stroke without reopening the port. To find
the position of the crank at the time the main valve would cut off,
we simply draw from the centre C a line passing
through ¢, where the steam lap circle crosses the valve
circle Z, and this gives us at H the required crank posi-

x, and from this new centre P we draw in the main valve.

tion, being, as marked,

132° from B.

From

The cut-off valve we draw in position, to just close the port K

H we may

find the position of the main valve at the time it cuts
off, as follows :

We have found that with the crank at B the main
eccentric would stand

28° ahead of line I, and as I is

go° from B, we have go° plus 28°, or 118° as the number of degrees the main eccentric stands ahead of the
crank;

hence we

mark the line M’ at 118° ahead of H,

showing the position of the main eccentric when the
crank is at H and the main valve cuts off.
We now find the positions of the crank and main
eccentric when the piston Is at ? stroke, because from
these we may lovate the necessary position of the cutoff eccentric.
First, then, we mask point R three-quarters of the
distance from B to D (this distance representing the piston stroke), and then, with compasses set to represent

the length of the connecting rod on the same scale as
B D represents the piston stroke (one-sixth full size), we

Nig. 2935.
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For the return stroke we draw, on the lower

half of the cut, BD, representing the valve travel, and also the
piston stroke as before ; then mark the piston position R at the
point of cut-off, and from this obtain the crank position, as in
previous examples. From the crank position we mark the main
eccentric throw-line m 118° ahead, and from this the cut-off eccentric throw-line 40° ahead of the main eccentric.
From m we

draw the line 7, showing what distance the main valve has moved
from its mid-position, this distance being from 7 to x, measured
on the line BD;

circle.

or, in other words, from 7 to the centre of the

We transfer this distance from H, obtaining P as a centre

wherefrom

to draw

in the main valve, and then we draw

in the

cut-off valve w, in position to just close the port ; knowing that to
be its position at the point of cut-off, and corresponding to the
positions of the crank and the eccentrics.
Having found, for both piston strokes, the positions of the main

SHOP
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that moves Z,so as tomove it more, a plan that is not infrequently
resorted.to.
It will be noted that, throughout the whole of the diagrams of
the cut-off valves, the steam port openings are greatly reduced
by the action of the cut-off valve, which, assuming the full area of
the steam port to be required for the admission, causes the steam
to be wire drawn, especially at the early points of cut-off. This
may, to some extent, be remedied, by giving to the cut-off valve
an increase of travel.
It has been shown that in a simple slide valve the port openings may be increased by increasing the amount of valve travel ;
but when a cut-off valve is used, it is not permissible to give the
main valve over-travel, because the main valve would then begin
to close the port, instead of permitting the cut-off to be effected
entirely by the cut-off valve. The effect of giving to the cut-off
valve more travel than the main valve, and the method of finding
the positions of the eccentrics for any given amount of cut-off
valve over-travel, is shown as follows :

We first find the positions of the main valve and the crank at
the point of cut-off, by the construction in Fig, 2938, which is, in
this respect, merely a repetition of former examples. BD represents the full travel of the main valve, and the large circle the

Fig. 2936.

and cut-off valves at the point of cut-off, we

may find, therefore,

the amount of lap the cut-off valves are given by this construction,
the method being as follows :
We have, in the upper half of Fig. 2935, the valves in position
at the point of cut-off for the return stroke, or while the piston is
moving from the head end of the cylinder towards the crank, and
we require to find the position of the cut-off valve Z on the lower
half of the diagram, because this will give us the distance between
the two outside edges of the cut-off valves, and from this we can

easily ascertain the lap.
Now, in moving from the point of cut-off on one stroke te that
of the other, the cut-off eccentric has moved from # in the upper
half to # in the lower half of the figure, the difference in its distance from mid-position x being shown by the dotted lines EF;
all we have

to do, then, is to draw a dotted line c from the edge

of the valve in the upper half of the figure, and draw in the cutoff valve, letting its edge M be put back from dotted line C to an

Fig. 2938.
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Fig. 2937.

amount equal to the distance between the lines E F, and the positions of the eccentrics and both valves will be shown on the lower
half of the figure.
To find the amount of cut-off lap, subtract the width apart MG
of the cut-off valves from the width apart of the inside edges of
the main valve ports ; or, in other words, from distancey in Fig.

2935:
If we move the cut-off valves apart by means of the adjusting
screw, sufficient to effect the cut-off at half stroke on the forward

stroke, the point of cut-off wil! be at 10 inches on the return
stroke, as is seen on the diagram of the port openings in Fig.
2936.
By moving the valves still further apart, to effect the cut-off at 3
stroke, there is a variation of $ inch in the two points of cut-off, as

is seen in the diagrams of the port openings in Fig. 2937. This
may be obviated to some extent, by giving to the screw thread
that moves the cut-off valve W a coarser pitch than the thread

path of the crank drawn to scale ; @ is the lap circle; ds is the
valve lead; Vv I C the angular advance of the main eccentric
(placed, for reasons already explained, behind instead of ahead
of the line 1); H is the position of the crank, and m' the main
eccentric, these two latter standing in the position they would
occupy at the time the main valve would effect the cut-off ; R is
the position of the piston at the time we wish the cut-off valve to
effect the cut-off ;and T the crank position corresponding to piston
position R.

We mark

behind m' to the same amount that T is

behind H, and thus have the positions of the crank and of the
main eccentric, at the time the cut-off valve is to effect the cut-off.
To find the position for the cut-off eccentric, we mark arc 0 QO

distant from the circle B Dto half the amount of over-travel of the
cut-off valve; hence, as Q Q is} inch from circle BD, the cutoff valve will have, in this case, an inch more travel than the main

valve.
We then set a pair of compasses

to the radius + m’ on circle

B'D, and transfer it to circle Q Q, getting the radius x a. Then
transfer the radius #' # from a, and get arc 2 on QQ, from which
get #' or the position for the cut-off eccentric at the time its

valve is to cut off. The method of finding the required amcua:
of lap on the cut-off valve is the same as has already been ex-

STEAM
plained with reference to Fig. 2935 ; hence we may now examine
the port openings given by the new condition, viz.: one inch of

i

over-travel for the cut-off valve.
Fig. 2939 shows in the full lines the port opening for the cut-off
at three-quarters stroke; Fig. 2940 shows in the full lines the cut123
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been said, the student may readily plot out diagrams from any
given dimensions, and work out the port openings for himself.
Fig. 2942 shows a Meyer cut-off valve with the cut-off valve
double ported, to increase the steam supply and give a sharper
cut-off. The valve in this case is made in two sections joined
together by the stem A A; this construction saves steam by reducing the length of the cylinder steam passages. The exhaust ports
of both the main valve and of the cylinder in this case only need
to equal in width one and a half times that of the steam ports
K and L.
A double ported valve for a Meyer cut-off for a fixed point of
cut-off is shown in Fig. 2943. The ports KL in the main valve
are made wider than the cylinder ports @ and 4, so that they may

8 7
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Fig. 2939.

off at half stroke, and Fig. 2941 shows in the full lines the cut-off
at one-quarter stroke; and it is seen, on comparing these with
previous examples, that the port openings are improved.
At the
three-quarters stroke, the port openings are considerably increased

and reopening avoided.

At half stroke the port openings are also
Fig. 2941.
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Fig. 2940.

increased, as may be seen by a comparison with Fig. 2936, while
at one-quarter, the openings are wider at the 2d and 3d inch of
piston motion on the forward stroke, but about the same on the
back stroke, as those in Fig. 2937.

But we may further increase the port openings by giving to the

not unduly close them when the main valve stroke is increased to
effect the earlier points of cut-off.
Fig. 2944 is an example of a multi-ported, or gridle expansion,
or cut-off valve, the main valve having the two ports K and L on
its face, and the four g% fg on its back.
The cut-off valve
has four corresponding ports s 7
v, and as only one cylinder
port can admit steam at one time, a full supply of live steam is
obtained so long as the combined openings of the ports
gi pq
equal the port opening of the cylinder port. Thus, if the cylinder
ports are an inch wide, and the ports
¢# gg are each onequarter open, the total opening will be an inch, because the four
quarters equal an inch; and if at this point in the piston motion
the cylinder port is open an inch, the steam supply is not decreased
by the cut-off ports.
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cut-off valve a further increase of travel, making it § inches instead
of4 inches, and leaving the main valve at its original stroke of 3
inches. The port openings, with 5 inches of cut-off valve stroke,
are marked on the last three diagrams in dotted lines, and it is
seen that the increase is considerable in the longer points of cut-

The ports in the cut-off valve are made wider than g &, etc., in
the back of the main valve, because, by this means, the cut-off

eccentric is brought into a better position to effect a quick cut-off
and avoid wire drawing, as will be understood from Fig. 2944, in

which the full lines represent the ports in the cut-off valve made

Fig. 2944.

Fig. 2943.

off, but not so great in the shorter ones, and, also, that the points

twice

of cut-off are more nearly equalized for the two strokes, let the
cut-off occur where it may. It is usual, therefore, to give to the

dotted lines show the cut-off ports if made of equal width with the
main valve ports ¢ #, etc. The main eccentric is at a, and with
the cut-off ports made twice as wide as g #, the cut-off eccentric

cut-off valve more travel than the main valve ; and from what has

VOL. I1.—44.
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as wide as those in the back of the main

valve,

and the
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will be at # when the valves are in the positions shown, and
when the cut-off takes place, the cut-off eccentric will have arrived

at #'.

Thus it will be seen that through widening the ports in

the cut-off valve, the cut-off has been effected with the cut-off
eccentric in the most desirable position for cutting off quickly.
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point at the same time as the main would cut off, we may locate
the corresponding position of the cut-off eccentric from that of the
main eccentric as follows:
In Fig. 2947, we have the positions of the valves corresponding
to crankpin position H and main valve position m in Fig. 2946;

Now, suppose that the ports in the cut-off valves were as
denoted by the dotted lines, or, in other words, were of equal

and in Fig. 2948, we have the ports 2 # y, etc., in the cut-off valve

width with those in the back of the main valve, and in that case
the cut-off eccentric will be at # when the cut-off is effected, the

be found that the cut-off eccentric must be set in advance of the
main eccentric sufficiently to move the cut-off valve the distance
é, or that between the dotted lines w and Z, the former being fair
with the outside edge of the main valve port, and the latter fair
with the opposite edge of the cut-off port.

port edges a 4 ¢ d of the cut-off valve having closed portsg 4, etc.,
and the cut-off valve will not have been moved so quickly, hence
the steam would be more wire drawn. Another and important

twice as wide as those in the back of the main valve ; and it will

Supposing the ports g #, etc., to measure ¢ inch, and ports Zz v,

etc., to measure an inch, and the distance ¢ (the twovalves being
placed in their mid-positions) will measure 3 inch.

lsVile

Fig. 2945.

consideration is that in order to effect the cut-off at late points in
the stroke, the cut-off eccentric would require to be placed nearer
to the main eccentric, and the two would travel at a more nearly
equal speed, causing a very slow cut-off port closure, and there-

fore great wire-drawing. This may be seen as follows :
Taking the dotted lines to represent the cut-off valve ports, and
the cut-off will be effected with the crank at T, the main eccentric
at m, and the cut-off eccentric at ~. To enable the cut-off to

take place at a later point in the crankpath, we must put the cutoff valve back (or to the right of the figure) ; and to do this, we
must put the cut-off eccentric # back, or nearer to the main eccen-

Fig. 2947.

Continuing the construction of the diagram, Fig. 2946, we draw
the line G passing from # to line BD, and ata right angle to it.
Then on line B D measure

off from G the distance e¢, Fig. 2948,

and draw line z' parallel with G, giving at the outer circle
the location of the cut-off eccentric, as shown by the line # n.
The construction is simple enough when we consider that the
line B D represents the valve travel full size, and Fig. 2948 the
valves one-quarter full size, and that the main eccentric being at
m (Fig. 2946) we have by lines G #’ (distant apart equal to four
times ¢, or } inch in this example) found a position for the cut-off
eccentric # #, that would move the cut-off valve 3 inch, as required.

Suppose, now, that it were required to find the position of the
cut-off eccentric when the piston is to have its steam cut off at

half stroke, and we draw a circle BD, Fig. 2949, equal in its

Fig. 2948.

n
Fig. 2946.

tric m, causing both valves to travel at a nearly equal speed, and,
~s before stated, effecting a very slow cut-off port closure.
The extra width of the cut-off valve ports must be situated
equally on each side of the ports in the main valve when the two
valves are placed in mid-position, as in Fig. 2943, so that the ports
may all close simultaneously.
To investigate the action of the valves, and locate the positions
of the eccentrics for any point of cut-off, we first find the positions
of the various ports at the point of cut-off, by the construction
Shown in Fig. 2946, H being the position of the crank, and m that

of the main eccentric when at the point of cut-off. It being assumed that the cut-off valve is to be set to cut off at its longest

diameter to the stroke of the valve, and a circle d whose

radius

equals the amount of lap on the main valve. We mark point s
distant from d to the amount of lead the main valve has. With a
radius equal to one half the radius of circle B D, we mark from Ss
and from the centre C, the arcs c.

A line v drawn through C ¢ gives the angular advance of the
main eccentric. From c, on Vv, we draw the circle x, and from
C, through

e, where

circles @ and

X

intersect, we

get at H the

position of the crank at the time the main would cut off.
the corresponding

To find

position of the main valve we add to go° the

angle v I, whatever it may be (in this case it is 28°, as marked),
and get at m’ (118° from H) the position of the main valve at the
time it would cut off the steam independently of the cut-off valve.
We have next to find the position of the cut-off eccentric when
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set to cut off at the same point as the main valve, and to do this
we draw from mm’ line G at right angles with B D.

IT inch wide, those in the back of the main valve } inch wide, the

We then take the full distance the edge of the cut-off valve
stands from the edge of the main valve (when both valves are in
mid-position as denoted by ¢ in Fig. 2948), and mark vertical
line #’ distant from G to the amount of ¢, and this gives us the

lap and +; lead, the travel of both valves being obtained by adding

cylinder ports being 1 inch, the main valve having 4 inch steam

the width of the port to the amount of the steam lap and then
multiplying by 2 (this amount of travel being sufficient to let the
main valve fully open the steam ports).
Suppose, also, the main
and cut-off eccentrics to be so set on the shaft that, with the cut-

off eccentrics moved as close together as possible, both will cut
off the steam at the same point in the stroke ; and the crank being
at H, Fig. 2949, the main eccentric will be at 7’ and the cut-off at

mn, and the port openings will be as in Fig. 2950, from which it
is seen that up to the eleventh inch of piston motion the admission
is as free as if no cut-off valve were employed, since the amount
of port opening is equal to that given by the main valve. The
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Fig. 2952.

point #” on the outer circle, and from this we draw the line 2” 2”,

which is the position of the cut-off valve when the crank is at H
and the main valve at #'. Then we mark at T the position of the
crank when the piston is at half stroke, and it is clear that, having
moved the crank back from H to T, we must move

the main and

cut-off eccentrics back an equal distance ; hence, with compasses

admission is, therefore, more free, and the cut-off more sharp, than
in the cases in which the main valve had but one port.
We have now to consider the means by which the valves are to

be enabled to cut off at other points in the stroke, and this can, in
the case of a single cut-off valve, as in the examples now under
consideration, be done by increasing the stroke of the main valve,
whereas if two cut-off valves were used on the back of the main
valve, the earlier points of cut-off must be effected by means of
moving them apart by a screw, such as in Fig. 2899.

Now, suppose that the eccentrics having been set by the construction given in Fig. 2949 (the longest point of cut-off effected by
the cut-off valve equalling the point at which the main valve cuts
off), and suppose that we increase the main valve travel sufhciently to effect the cut-off at half stroke, and we shall find that the
admission will occur as in Fig. 2951, the port closure from the
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set to radius H T, we mark from ™' point m, which gives the position of the main eccentric when the piston is at half stroke, and
with the same radius we mark from " point 2, which is the position of the cut-off eccentric when the pistorr is at half stroke.
The proof of the construction is that the two eccentrics stand at
30° apart in either case, and the main eccentric is 118° ahead of

the crank; hence we have merely first found the position of the
ports when the main valve cuts off, and then moved them all back

together to get their position at another point of cut-off.
Now, suppose the positions of the crank and eccentrics to have
been determined

by this method,

the cut-off valve ports being

Fig. 2953.

first to the sixth inch of piston motion occurring because the extra
travel given to the main valve causes its port edge to partly
cover the port a, as in Fig. 2952.
This may obviously, however, be remedied by cutting away
the projecting edge of kK, which will not affect in any other way
the action of the valve. To find the amount the travel of the
main valve must be increased to effect the cut-off at some earlier
point in the piston stroke, as, say, for example, at half stroke, we
proceed as in Fig. 2954, in which the position of the crank when
the piston is at half stroke, and the corresponding positions of
the main and cut-off eccentrics, are found by the same construction as in Fig. 2949.
Here it will be found, if we place the two valves in their midpositions, that the amount the ¢krow (not the ¢vave/) of the main
eccentric must be increased, in order to change the point of cut-
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off from what it was in Fig. 2950 to half piston stroke, will be
equal to the distance ¢, Fig. 2948; and as the position of the cutoff eccentric will not be influenced by increasing the main eccen-

We have also, by increasing the main valve travel, increased
its lead, making it } inch instead of ,; as before.

tric

Fig. 2957, and it is seen that increasing the stroke of the main

throw,

we

draw

from

2” a vertical

line ’, and

parallel to

The port openings with the cut-off at half stroke are shown in
valve has made the steam port open full at 14 inches of piston
motion for one stroke, and at 14 inches of piston motion

for the

other, which is a great advantage ; while the ports have remained
wide open to 54 inches of piston motion on one stroke and 64
inches on the other.
The points of cut-off, also, are very nearly equalized, and it is
clear that the steam distribution has been greatly improved, as
may be seen on a comparison with previous figures.

Fig. 2957.

To find the throw of the main eccentric necessary in order to
cut off the steam at one-quarter stroke, we find the crank position
with the piston at quarter stroke, as in Fig. 2958, and then, by the
construction explained with reference to Fig. 2949, find the corresponding position of the main and cut-off eccentrics. We then

Fig. 2954.

this a second line G distant from m’ the amount represented by
e in Fig. 2948 (which, being 5 inch, and the illustration being
one-quarter size, makes the distance from #’ to G become§ inch) ;
we

then draw an arc J J passing through the point where line G

draw the line #’, and from this mark point G distant from 2’, the

amount
From

represented
G we

mark

by e in Fig. 2956, or in this case, 3 inch.

the arc J, and

the radius @ is the amount of

increased travel above that required for the longest cut-off necessary to cut off at one-quarter of the piston stroke.

7
Fig. 2955.

and the main eccentric throw-line intersect, and the distance
between the circle and the arc J J or radius @ is the amount the

throw ofthe eccentric (travel of the main valve) must be increased,
in order to effect the cut-off at half piston stroke,
By increasing the throw of the eccentric, we have merely put

—_—

Fig. 2958.

As the radius @ measures in this case }% inch, the increase In
the valve travel is 3, and we have:
Inches,

Least or normal travel of main valve
‘
;
‘
Travel of main valve to cut off at half stroke .
‘
Travel of main valve to cut off at one-quarter stroke

Fig. 2956.

the main valve farther back, as will be understood from Fig.
2955, in which, with both eccentrics having the same throw, the
valves would occupy the positions they occupy in the figure ; but
by increasing the throw from the circle to arc J, Fig. 2954, we have

pushed the main valve back, so that the cut-off will be effected.

‘
‘
‘

3
34
4t

Increasing the main valve travel to 44 has, however, again
increased the lead, making it $ inch full.

In Fig. 2959, we have the port openings for the cut-offat onequarter stroke, and it is seen that they are much greater than in
Fig. 2937, where a single-ported cut-off was used.
Instead of riding on the back of the main valve, the expansion
or cut-off valve may be placed in aseparate chamber in the steam
chest, as shown in Fig. 2960, the cut-off valve v being in the
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chamber a, and the main valve in chamber 8 of the steam chest.
It is obvious that in this class of valve the steam that surrounds
the main valve in the lower compartment 4 of the chest is not

affected by the cut-off, and acts to maintain

the pressure of the
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cut-off eccentric at #2, we mark line # n' and take the radius C2 ;
with this radius, and from edge 4 of the port, mark edge d of the

valve, it being clear that edge @ of the valve must be as far from
its mid-position 4 (when the valve is in mid-position, edges d@ and

steam in the cylinder after the point of cut-off, hence it is desira-

6 coincide) as #’ is distant from Cc.

ble to keep the size of the lower compartment as small as possible,

the valve equal to the width of the port in the seat. We have thus
found the positions of the ports for the longest points of cut-off and

and thus limit its cubical contents.
In this design of valve gear, the longest point of cut-off is ob-

From d mark off edge a of

the shortest valve stroke ; from these may be found their positions

tained by the shortest amount of valve travel, and if the ports in
the cut-off valve are of the same width as those in its seat, the
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Fig. 2962.
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Fig. 2959.

least amount of travel that will effect the cut-off is that equal to
twice the width of the ports. The two extreme positions of the
valve are shown in Figs. 2961 and 2962, these being the positions
at their respective points of cut-off for the two piston strokes, and
it is seen that the valve, moving from its position in the upper to
that in the lower half of the figure, has travelled a distance equal
to twice the width of the port.
The useful range of this form of valve is limited by reason of
the extreme amount of wire drawing of the steam that occurs if
it is attempted to cut off steam at late points in the piston stroke,

for the shortest point of cut-off and the longest valve stroke, as
follows :
The crank being on its dead centre B, the cut-off eccentric at a,
and the edge of the valve at d, when the ports are set in the position necessary for the shortest cut-off, the question is how much
we must lengthen the valve stroke in order to enable the valve to
cut off as early as possible ; and to find this we mark a dotted line
f distant from edge ¢ of the port to the amount the port must be
open for the lead when the crank is at B. We then take the
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and the design is, therefore, useful for the earlier points of cut-off
only, as from quarter to half stroke.
TO FIND THE LIMITS OF THE RANGE OF CUT-OFF.—The longest
or latest point of cut-off being given, to find the earliest point at
which the valve can effect the cut-off, the amount the valve stroke

must be increased, and the position for the cut-off eccentric, we
proceed as in Fig. 2963, in which the inner circle B D represents
the shortest amount of valve travel (its diameter equalling twice
the width of the ports), and T the position of the crank at the
latest point of cut-off; S represents a portion of the valve seat
containing one port (which is all that is necessary, since the open-

distance d@f, and mark from # the point g, and draw line gg, we
then prolong # by a dotted line J cutting g g at K, and through K
we draw a circle B, representing the path of the cut-off eccentric
when set for the shortest point of cut-off. We have thus increased
the throw of the eccentric

1223456318910

as

ings at all the ports in the seat will be alike), and v represents a
portion of the valve containing one port.
Now, it is clear that the cut-off eccentric must stand as much

to the amount # K, and, by doing so,

moved the edge of the valve from d to /, leaving the port open to
the amount ¢ /, which is necessary for the lead.
Having found the path of the eccentric for the shortest cut-off,
we find the position of the crank at the shortest point of cut-off by
taking the arc or radius K G and mark it from B, thus getting at
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Fig. 2964.

at # the position of the cut-off eccentric when the crank is at B,
and it follows that while the crank moves from B to T the cut-off

H' the required crank position at the shortest point at which it
can cut off and leave the valve open to the amount e / of the lead.
In Fig. 2964, we have a diagram of the port openings for the
longest, and in Fig. 2965 a diagram of the port openings for the
shortest, points of cut-off found by the diagram, Fig. 2963, and it
is seen that in the latest points of cut-off the steam is extremely

eccentric

wire

behind the dead centre B as the crank stands ahead

of it when

the cut-off occurs; hence we take the radius BT, and from B mark

will move

from

2 to B, effecting the cut-off when

it

arrives at B, at which time edge a of the valve will be fair with
edge 4 of the port.
To find the position of the valve when the crank is at B and the

drawn,

which

occurs

because

as

the cut-off eccentric

ap-

proaches the point B, it necessarily moves the valve very slowlv;
scarcely moving it at ail during the 2 inches of piston motion

previous to the final point of cut-off.
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We may, to a certain extent, improve the admission, and prevent the wire drawing, by making the cut-off valve ports wider
than the port in its seat, and setting the cut-off eccentric to cor-

respond. Thus, in Fig. 2966, the cut-off valve ports are 1 inch
wide and the seat ports are 4 inch wide. The least amount of
cut-off valve

stroke

is, therefore, 14 inches, or the width of the

port in the valve added to the width of port in the seat.
The circle B D represents the least amount of valve stroke, and
T the crank at the longest point of cut-off. We mark a (as far
behind B as T is ahead of B), and thus get the position of the cutoff eccentric when the crank is at B. To find the corresponding
position of the valve, we take the radius from the point D to #’,
1234
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edge d of the valve at ¢ open for the lead. Having set the parts
by this construction, it will be found that although the wire drawing is less than in Fig. 2964, it is still inadmissibly great during
six inches previous to the point of cut-off.
THE Most ECONOMICAL AMOUNT OF COMPRESSION.*—In Fig.
2967, let 4 BC D bean indicator card without any compression,
and let it be required to cut off the corner at D by such a degree
of compression as will effect the greatest saving of steam.
Draw in the expansion curve B C, supposed to agree through a
sufficient part of its length with a common hyperbola to the point
E, where it cuts the back pressure line produced.

Find the area
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Fig. 2965.

Fig. 2967.

and with this radius mark from e the edge d@ of the valve, it
being obvious that when the cut-off eccentric was at D, edge d of
the valve was ate and at one point of cut-off ;hence, while the cutoff eccentric moved from D to ~' (or, what is the same thing, to 2,
since 2’ shows the amount of linear motion caused by the eccentric in moving D to #) the valve edge @d moved from é¢ to its positionin the figure. Now, it is clear that in lengthening the cut-off
eccentric throw from # toward K, we move the valve edge @ back
toward e, and the utmost we can do this, and still leave the port
open for the lead, is the radius df, hence, we mark / distant from

added between C and £ by any method, and draw a line FG,
cutting off from the top of the card an equal area 4
BGF, A
hyperbola compression line / A, drawn through Ff, is the line
desired.
Proof: Draw two auxiliary hyperbolas, ¢d@ and @ é¢, near the
hyperbola / #,, and consider the areas A G £ J, etc., in relation
to the lines

& Z, etc.

We shallthen have KGEL:

FGEH:

KFAL:
eFHa:
FfcH=EL: EX: HL: Ha: ch,
and, if we suppose these areas and lines to be measured by suit-

Fig. 2966.

é to the amount of lead the valve is to have, and taking radius df
we mark from 2’ the point g, which gives the amount we can
push the valve back to lengthen its travel while still leaving it the
amount ¢ fof lead. From g we draw the line gg’, and then prolong the eccentric throw-line by a dotted line J, and through the
Intersection at K of J and g’, we mark

FGEH
EH

ABCHF_KGEL_KFHL
EH

circle P, which represents

the path of the centre of the eccentric when its throw is increased
for the shortest point of cut-off. To find the crank position at the
shortest point of cut-off, mark line B G ata right angle to B D, and
take the arc K G (in this case 63°) ; and from B’ mark H’, which is
the crank position at the shortest point of cut-off, the crank throw-

line being at H’ H.

able scales, the areas will represent quantities of work, and the
lines the weight of steam performing that work. Also

For the longest point of cut-off the valve will

effect, we have, then, the piston at its dead centre

B and the cut-

off eccentric at 7, while for the shortest point of cut-off we have

the crank on its dead centre B’, the cut-off eccentric at K, and the

EL

”~

FAL

FHa

_FfcH _ yy,

the work done per pound of steam for the card

4 BCH F or

FGEH.
It remains now to show that the cards

4

BCed and A Bead

are less economical, and this appears as follows :
ABCcd
Let —e> = ¥ = work per pound of the first card ; we are
to show that wv < U.

* By J. Burkitt Webb.
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rom the above equations we have
ABCHK-—FfcH
LH
cH

economical
=
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compression

curve is one which

fills the clearance

space to initial pressure ; second, to point out certain relations
which the writer thinks should exist between the expansion curve
and the compression curve, so that for any given point of cut-off
the point of exhaust closure corresponding in efficiency may be
known by inference.
Let Figs. 2968, 2969, and 2970, represent theoretical diagrams,
produced by Mariotte’s law, which is considered sufficiently accu-

U, whereas

ABCHF—FfcH—Ffa_
"EH— CH
ead
therefore, v < U.

rate in this case, as the diagrams will not be used for accurate

Again, let

ABCab

Ea

measurements, but simply to illustrate a theory.
Let these diagrams be supposed to have been produced by an

= u, to show that zw < U,

ABCHF+eFHa
Th e equations
ti
give
Ea
Ha

engine with

ten per cent. clearance, represented

by the distance

from A to E, and the vacuum line being V V.
In the diagram represented by Fig. 2968, cut-off takes place at
about j, stroke, and expansion is carried to the atmospheric line
ABCHF +eFHa—Feob
or the line of back pressure, thus preventing any waste by free
= u, therefore, u< U.
EH+Ha
expansion when exhaust takes place. Compression is also made
to just fill the clearance space to boiler pressure, leaving no waste
Consequently, the most economical compression line is FH.
room to be filled from the boiler.
Disregarding engine friction, and considering only the work
indicated in the cylinder, this diagram would correspond to the
highest efficiency of this engine if there were no loss by cylinder
condensation.
But it is well known that a considerably later
cut-off than 4 stroke is more economical, notwithstanding the
consequent waste by free expansion at exhaust, and the reason
must be found in the fact that cylinder condensation is so nearly
a fixed amount per stroke, that by increasing the power developed
at each stroke the loss becomes relatively smaller.
Fig. 2968.
Referring to Fig. 2969, suppose the diagram A AY K C D to
have been produced by the same engine, cutting off at } stroke,
When steam is expanded to back pressure, as in the card
which for the purpose of illustration will be assumed to be the
FG EF, the compression

= U/, whereas

should just fill the clearance,

and authors generally agree with this. In such a card,
however, any greater compression, as along cf (giving
the card
f G Ec), is equally economical, though it reduces
the capacity of the engine.
COTTERILL’S

EPA

B

H

F

EXPRESSION.—‘‘ Greatest work = P V, log

¢,” follows directly from the above, because the greatest
work =

V=

eee

thu

PV=

Gg x KG,and

R=

- consequently, KG EL = P V log eR, in which, if
GK
we take V as the volume of one pound of steam, E& Z becomes
unity, and the two expressions identical.
In this method of treating the question, the corners of the card
at A B and D may be rounded, as in an actual card, without

Fig. 2970.

most economical point of cut-off, although the logic of what is to
follow would apply equally well to any other point of cut-off.
Comparing this diagram with Fig. 2968, we find that by the
later cut-off the mean effective pressure has been increased from
13.4 lbs. at 7, cut-off to 37.2 lbs. at 4 cut-off,

Fig. 2969.

affecting the accuracy of the results, provided only that the points
- G # are not interfered with, G Z£ being a hyperbola and H £
a horizontal line. Between F and G (via A and £) and between
G ana 7 (via C), the card, then, can have any shape, and we have
only to make the actual card areas

ABGFKFA

GEHCG.

By throttling the steam and increasing the stroke, we may
reduce the pressure and change thecard 4 BCHF into
FGEH
with no theoretical loss of economy.

and

the

power thereby developed being nearly three times as
great; the loss per horse-power by cylinder condensation
has been greatly reduced, notwithstanding the considerable waste at exhaust due to throwing away steam only
partially expanded.
Now, if it be true that starting with the theoretically perfect diagram A BCD, it is economy to increase its area
along the expansion curve up to a point where a considerable waste by free expansion occurs at exhaust, it
must follow that it will be economy to add something to
the area of the diagram along the compression curve also, and if
|B is not the most economical point of cut-off, it may be safely
| assumed that the point of exhaust closure D is equally faulty.
As before stated, one of the objects of this paper is to point out
what seems to the writer a logical method of determining the
compression curve which shall correspond in economy of steam
with any given expansion curve.
Referring again to Fig. 2969, suppose the expansion curve be
| continued from K to 1%, where it intersects the atmospheric line.*
* The diagram under consideration being a theoretic diagram, no dis-

COMPRESSION AS A FACTOR IN STEAM-ENGINE ECONOMY.*—
This paper is intended, first, to attack the theory that the most

_ tinction is made between the atmospheric line and the line of back pres| sure. With actual diagrams, whether exhausting into atmosphere or into

*From a paper read before the ‘* American Society of Mechanical Engineers ’ by Frank M. Ball, New York City.

vacuum, the continuation of the back pressure line parallel to v v should
be substituted for the atmospheric line, both in the construction of the
theoretically perfect diagram 4 8 C D and also in locating the point 47.
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The useful work added to the diagram A BCD by changing
the point of cut-off from B to Ais represented by the area of the
diagram H KCB, amounting to 23.8 lbs. M.E.P., and the work
thrown away by free expansion at exhaust is represented by the
area of diagram K MM C, which measures 6 lbs. M.E.P.
With points of cut-off later than 4, the curve K M increases
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full compression* a sufficient distance, so that the useful work
thereby added to the diagram shall be accompanied with the
same proportionate loss by tree expansion that is found to accompany the work that has been added to the full expansion curve.f
In applying this law to the study of actual diagrams, first construct the full expansion curve, as BC, Fig. 2968. This is best
done by tracing it backward from C. Next construct
the full compression curve, as

rapidly in length by the removal of 47 along the atmospheric line,
and the curve # X& shortensby approaching the angle /, so that
the area of the diagram of waste K M/C increases very rapidly
compared with the increase of the useful diagram BAK C.
The writer believes that what is true in regard to the expansion
curve is equally true of the compression curve.
Referring to Fig. 2970, if, instead of the compression
curve D A, the curve

VO

of effective diagram

A AHWkKCD

creased

by the

area

be substituted, the total area

will have

of 4 DNO,

equal

M.E.P., so that the original diagram
M.E.P.

D A, beginning for con-

venience at 4. This will give the theoretically perfect
diagram A BCD located with proper relation to the
actual diagram for the purpose of comparison. Next
continue the line of back pressure parallel to V Va sufficient distance to intersect the continuation of the
actual expansion curve, as from K to MY, Fig. 2970.
Having done this, the diagrams
BH ACB
and
K MC may each be measured and the ratio of their
respective areas determined.
The compression curve
4V OF must then be so located that this ratio will apply to the
respective areas of 4dDNO and PAO.
With this compression curve VO located as described, we are ready to make
comparison with the actual compression curve of the diagram
under consideration.

of 13.4, has been increased

been

in-

to 7.9 lbs,

A BCD, with a

by 23.8 lbs. M.E.P.

along the expansion curve, and 7.9 M.E.P. along the
compression curve.
The waste occasioned by the small compression VO
is due to free expansion of the steam from the boiler in
entering the clearance space, and is measured by the
area of diagram PA O, because the steam shut in by exhaust
closure at Vand compressed to O would, if compressed to boiler
pressure, fill the clearance space only from £ to P, and the space
from Pto A must be filled from the boiler.
Suppose this to have been done, and the admission valve to be

Fig. 29072.

closed at 4. As the piston advances, A D will be the expansion
curve, and with V O P will form the diagram A DN OP.
Of this diagram, the area of ADN O is useful work on the piston, and PA O is free expansion in the clearance space.
The area of this diagram PA O bears about the same relation
to the useful diagram A DN O that the diagram of waste KC
bears to BA XC, and hence it is not unreasonable to sup-

Fig. 2973.

In accordance

with this law, it might also be said that when-

ever the area of any diagram exceeds the area of the theoretically
perfect diagram ABCD, Fig. 2968, then this excess of area
should be found distributed along the expansion and compression
curves in the proportions indicated by this law, and it necessarily
follows that a fixed compression will therefore not give
as high economy of steam under varying loads as a
varying compression, and that the highest economy
might be expected when both the point of cut-off and
of exhaust closure vary in such a manner that the relation of the areas added along the expansion and compression curves of 4 BCD shall at all times conform to
this law.
To further illustrate this subject, a series of five
theoretic diagrams, Figs. 2971 to 2975, are herewith
submitted, in which various points of cut-off are selected
between 4); and 4 stroke, and compression curves corresponding
to such expansion curves are shown.
. From measurement of these diagrams various curves

are constructed on a chart shown in Fig. 2976.
Referring to this series of diagrams, the distance from 4 to F
in each is made to represent the piston travel, and 4 £ the

pose that if the most economical point of cut-off is at H, the

curve VO will correspond to the highest economy of the
engine, or at least will correspond to the efficiency of cutting off at H, because in both cases the useful work added
along the respective curves is attended with about the
same proportionate loss by free expansion.
Carefully conducted tests might develop the necessity of
some slight modification of this theory, but in the absence
of such data the writer will venture to suggest, in accord-

ance with the foregoing, a general law for approximating
the point of exhaust closure which shall correspond in economy
of steam with any given point of cut-off.
This law may be stated as follows :
If, in a given diagram, any free expansion takes place at the terminal pressure, then compression should not rise to initial pressure,

but the compression curve should be removed from the curve of

<WAN\

r< \
\)

NY

po LP

i

ae

Fig. 2974.

* ‘* Full compression” is here used to describe the curve which just
reaches initial pressure within the vertical lines representing the piston
travel, as D4, Fig. 2968.
+ The term ‘‘ full expansion curve” is used to describe a continuous
expansion

curve, terminating

on

the

line of back

limits of piston travel, as B C, Fig. 2968.

pressure within the
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clearance.
The atmospheric line is CD and the vacuum
VV.
In each of the diagrams of the series, except Fig. 2971, a loss
by free expansion occurs ; and all, including Fig. 2971, are accomE
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Total M.E.P.

of diagram Fig. 2972 = 8.4 + 13.4 + 3.6+.44+1

= 26.8 M.E.P.
Condensation is } x 26.8 M.E.P. = 6.7 M.E.P.

Total steam used expressed in M.E.P. as follows:
Accounted for by the indicator, 26.8)
_

Cylinder condensation, 6.7

A

= 33-5

M.E.P. of useful diagram, 8.4 + 13.4 + 3.6 = 25z.
Efficiency, ae = 75.8 per cent.
The second

point in curve

M.E.P. and 75.8 efficiency.

EZ

are obtained

iy ‘

Sy

is, therefore,

25.4

manner,

but

in every

case

the compression curve of Fig. 2971 is used, and no
measurements beyond that curve are included.
The curves from JY and F are produced in a similar
manner, except that the loss by condensation in the first,

Fig. 2975.

panied by a loss due to cylinder condensation, which does not
appear in the diagram.
This cylinder condensation is the difference between the steam
accounted for by the indicator and that actually used by the
engine, and may be expressed in pounds of feed water or steam,

or in area of diagram, or mean effective pressure.
method will be adopted in this investigation.
Thus, in Fig. 2971, with a M.E.P.

in the same

4 B

The points on curve A C

The latter

of 13.4 lbs., if the indicator

only accounts for # of the steam, the cylinder condensation may
be expressed in pounds M.E.P. by a = 3.35 M.E.P.

With this method of measurement, the whole area of the diagram must be used to express the steam accounted for by the
indicator, and if it extends beyond the limit of piston travel, as in

Figs. 2972 to 2975, it must be reduced to M.E.P. for the piston
travel. Thus, in Fig. 2972, the M.E.P. of the useful diagram is

and condensation and friction in the last, are assumed
constant quantity, as already stated.

to be a

Whatever may be the truth as to the loss by cylinder condensation, it is evident that the best result under any circumstances
is with the variable compression, as the upper curve of each pair
is obtained in that way, while the lower curve is produced by constant compression.
It will be found. also, that any compression
curve which does not conform to the law under which these were
made, will produce a curve of lower efficiency than the upper one
of each pair in Fig. 2976.
|
The condensation assumed by the curves from 4, Fig. 2976, is
evidently far from the truth, as it shows the highest efficiency of
the engine at the earliest point of cut-off.
These curves from A have been constructed to show that even
with this extreme and impossible condition the varying compression shows even a greater gain than with the condensation which

8.4 + 13.4 + 3.6 = 25.4, and the diagram of free expansion or waste, .4 +

I = 1.4 M.E.P.

M. E. P. of useful diagram.

The total M.E.P. which may be used as representing
the steam accounted for by the indicator is, therefore,
25.4 + 1.4= 26.8.

In all these diagrams, the areas enclosed by heavy
lines are indicated by figures which express the pounds
M.E.P. in each case. With the series thus arranged,
any desired combination of the expansion and compression curves may be made.
Two such combinations are used in constructing the
curves of Fig. 2976; one where the compression curve
of Fig. 2971 remains constant through the series, and
the other where the compression curve progresses
through the whole series in harmony with the law that
has been heretofore suggested. Fig. 2976 represents the
curves of efficiency produced by these two combinations under the following conditions :
(1) The curves 4 Band A Cassume that the loss by
cylinder condensation is directly in proportion to the
M.E.P. of the diagram, and is } of the total steam in
every case.
(2)
DE and DC assume that the cylinder condensation is a constant quantity equal in amount to } of the
total steam used at } cut-off.

(3) &

case, and
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Band F A assume the same cylinder condensa-

tion as in the latter

>
2

the curves

show

the net

efficiency of the engine where the loss by friction is also
a constant quantity equal to 8 per cent. of the capacity
of the engine at } cut-off.
Each diagram of the series is used to establish one
point on each of the curves of Fig. 2976.
Thus 4 on Fig. 2976 is established from Fig. 2971 as
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follows :
M.E.P. = 13.4 and is measured on abscissa.
Cylinder condensation being assumed to be } the total
steam, as stated, then the useful work in M.E.P. of
diagram is only # or 80 per cent. of the theoretic work, and is
measured

on ordinates.

The next point in curve 4 B is obtained from Fig. 2972, as

Fig. 2976.

probably exists in practice. The point D is probably a little tov
low, as cylinder condensation is not probably a constant
quantity,

above D.

follows :

VOL, I1.—45.

and

the

true

curve

would,

therefore,

begin

a little
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Following the curve D Z£, it will be seen that the highest efficiency is between 4o and 45 lbs. M.E.P., while with the fixed
compression of DC
the best result is between 35 and 40 lbs.
M.E.P., and the difference at 40 lbs. M.E.P. is about 3 per cent.
of 65, or nearly § per cent. of the work done.

initial pressure. Corresponding areas of the two cards were then
added together, and their sums found to be to each other as 100
to 97.8 to 90.1, indicating that under the conditions named, the
efficiency of the steam is about 20 per cent. less with 2 per cent.
clearance in each cylinder than with no clearance, and about Io
per cent. less with Io per cent. clearance in each cylinder than
with no clearance ; also, that about 8 per cent.. efficiency is lost
in increasing clearance in each cylinder from 2 per cent. to Io

The curves from F show the wastefulness of light loads when
the net work

is measured

as delivered

PRACTICE.

to the belt, and it also

shows the highest efficiency to be with nearly § lbs. higher M.E.P.
than when the indicated power only is considered.
The study of diagrams by this method of measuring the waste
occasioned by free expansion suggests a possible application of the
same method to diagrams from compound engines, both in regard
to comparisons in each cylinder between the expansion and compression curves, and also comparisons between the various cylinders as to a// free expansion losses.

per cent.

Next, compression curves were drawn as shown, corresponding
to one-half as great compression as before. In the upper diagram,
the same expansion lines are used in taking areas as before; but

in the lower diagram, new expansion lines 4 and & are drawn
from points of cut-off determined as before stated, it being borne
in mind that the volume of steam admitted to the high-pressure
cylinder is now measured, in case of 2 per cent. clearance, by the
line CZ and in case of Io per cent., by the line CF. Adding

This is, however, foreign to the subject of this paper, and will

be left for another paper, which the writer hopes to present at the
next meeting of this Society.

the areas corresponding to 2 per cent. and Io per cent. clearance
as before, and reducing the sums in the ratios of CD to CE, and
CD to CF, respectively, it is found that the efficiency of the fluid
remains practically the same as before.
No difference worth
considering results.
This seems to show that under the conditions assumed
we have no reason to expect greater economy to result

DISCUSSION.

Mr. A. K. Mansfield.—It may be of interest to call attention
here to a rough investigation which I have made as to the relation

from a high degree of compression than from a low
degree, thus confirming, to some extent, the theory of
Mr. Ball.
As a matter of further interest, it was

assumed

that

the fluid was compressed to initial pressure in the highpressure cylinder of Io per cent. clearance, and that no
compression took place in the low pressure, but that
the exhaust valve closed exactly at the end of the stroke,
a condition not impracticable in a tandem construction.
The corresponding compression and expansion curves
were then drawn and the efficiency of the fluid deter-

fe a

=

S//

F

—
~~

mined as before. It was found to be represented by
the figure 92.7, which, compared with the former figure go.I, indicates a possible gain of nearly 3 per cent.
in favor of ‘cushioning ” entirely in the high-pressure
cylinder, both cylinders having to per cent. clearance.
Further, by combining the card of the high-pressure
cylinder
having 2 per cent. clearance with that of the
Atmos.
low-pressure cylinder having 10 per cent. clearance,
and vice versa, it was found that about 2 per cent.
greater efficiency is obtained by the former than by the
latter arrangement ; that is, it seems to be somewhat
less objectionable to have larger clearance in the lowpressure cylinder than in the high pressure.
0
Professor D. S. facobus.—We have one of Mr. Ball's
engines erected at the Stevens Institute, and we intend
to go into this matter and test it by actual experiment.
There are already several theories in regard to the best point at
which to start the compression, and the only way to settle which of
these is correct is by actual experiment, because any theory which
handles the problem correctly has to include the effect of cylinder

pa
‘»
af
we
Snowe
ap
que
ee
=

Ni
Fig. 2977.

of clearance and compression to economy in a compound engine,
under conditions very often met with in practice.
The figure herewith (Fig. 2977) was reproduced from a diagram
drawn as large as could conveniently be measured with a planimeter. Accuracy wassought in laying out the lines and taking
the areas. The upper portion of the diagram represents various
high-pressure cards, the initial pressure of all being 110 Ibs. above
atmosphere, and cut-off, three-tenths. The lower portion represents corresponding low-pressure cards, the back pressure being

taken at 11 lbs. below atmosphere, and the receiver pressure such

that the work in cylinders is approximately the same. The ratio
of cylinders is taken at three to one, and the point of cut-off inthe
low-pressure cylinder is found from the consideration that the
volume of fluid present, times the pressure, is the same as at cutoffin the high-pressure cylinder. The measure of this volume is
the horizontal line from point of cut-off to the corresponding compression line, whether this line falls within or outside the card.
The lower cards are drawn to three times the vertical scale of the
upper.
First, three sets of expansion and compression curves were

drawn, corresponding to no clearance, 2 per cent. clearan
ce, and

IO per cent. clearance, compression

in each case extending to

condensation ; and the moment we include this, we have to make an

experiment. Itis, therefore, just as easy, and more exact, to determine experimentally where the compression curve shall be placed
for the best efficiency, as to determine the cylinder condensation
for various points of cut-off, and then calculate the position of
the compression curve.
Mr. Ball is now constructing special
valves and expansion plates, whereby the compression curve
can be altered for a given point of cut-off in the engine now
at the institute, and after that is done we are going to make
thorough experiments and determine how well his theory applies.
Professor Fohn H. Barr.—This is a subject upon which I did
some work about two years ago, and I concluded, from what I saw
at that time, there were some points concerning compression which
had not been commonly recognized.
I must confess, however,
that I cannot quite see the logic from the paper before us of
the double-acting law. I shall not attempt at this time to discuss
the paper fully, but there is one point that occurred to me in mv
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of the subject, which I would like to mention.

It is a consideration of the mechanical effect alone.
Now, suppose the engine is running at the cut-off to give the
maximum efficiency. It is necessary to have this cut-off vary to
meet changes in load and steam pressure. Here is the point on
which I wish to speak. If we close the exhaust at the point 4,
Fig. 2978, we do So at the expense of an amount of indicated work
represented by adc. If we close the exhaust at d, compressing
up to the point ¢, we gain an amount of indicated work equal to
abde

over

the preceding

case.

This

is at a loss, as Mr. Ball

shows us, of
fea. With exhaust closure at g, compressing up to
h, we see that the total gain of indicated work is a4 gh, and the
loss is @Az. As the exhaust closure occurs later in the stroke, the
indicated work is increased ; but the clearance loss is increased
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Mr. Frank 7, Ball.—Nir. Mansfield gives us some very interesting figures obtained from hypothetical diagrams, and some of
his conclusions (notably that in the closing paragraph) are quite
contrary to generally accepted ideas ; but these facts and figures

can hardly be considered as a discussion of my paper, because
cylinder condensation is neglected.
My theory is based on the assumption that there is a loss by
cylinder condensation, and that the loss is not in proportion to
the work done, but is approximately a constant amount per stroke ;
and in seeking the largest amount of work per stroke on which to
distribute this cylinder condensation loss, both the expansion and
compression curves must conform to acertain law. I have not
said anything about the effect of large clearance or small clearance, but have simply pointed out a law for obtaining the greatest
M.E.P. with the least proportionate loss by free expansion, and
have applied the law to a series of theoretic diagrams.
Professor Jacobus recognizes the fact that cylinder condensation is the starting point from which to discuss this subject, and
the tests which he and Professor Denton have undertaken at the

also. It will be seen that the increment of gain in indicated work
ed gh, due to changing the exhaust closure from d to g, decreases
relative to the corresponding increment of clearance loss efih,
as exhaust closure occurs later in the stroke.
There is, evidently, a point at which the increment of gain in
indicated work equals the increment of clearance loss, and it would
seem that, mechanically, this is the point at which to fix exhaust
closure.
This is but one element in the problem ; and as it
neglects the important effect of compression upon cylinder condensation, it is not offered as a solution of the problem.

hoped, they will give to the Society at the next meeting.
Professor Barr, like Mr. Mansfield, disregards cylinder condensation ; but even as a geometrical proposition, if it is required to
obtain a given area of diagram within the limits of piston travel

Professor Facobus.—I would like to ask Professor Barr whether

with the least possible loss by free expansion, it then becomes

Stevens

Institute

will furnish valuable

data, which,

it is to be

Fig. 2978.

the point at which economical compression should begin, according to his reasoning, depends upon the point of cut-off.
Professor Barr.—tIn this consideration it does not. It depends
simply upon the back pressure and clearance.
Professor Facobus.—Then the solution is not complete, because
the point at which the compression should begin varies for different points of cut-off.
Mr. E. T. Sederholm.—I would like to call attention to one
thing, and that is, that in compressing to this extent, while we
theoretically lose this amount of work, actually we do not lose
nearly so much, because in compressing to any extent we necessarily reduce the friction of the engine. The momentum of all
the reciprocating parts has to be used up in some way, either by
pressure

on the journals, or by a steam

cushion.

Therefore,

I

think that in figuring up this loss of work we also have to take
account of the fact that the greatest part of the compression is
really produced at no additional cost; that is, there is little or
no additional power required to compensate for what the engine
theoretically loses through compression. While a difference may
exist between the location of the most economical compression
curve and the curve which the author calls ‘“ full compression
curve,’ the curve representing the highest actual economy would
be more like this [draws a compression curve on the blackboard
nearly as high as full compression]. But, as one speaker said
this morning, this question can only be decided after accurate
trials, and it seems to me that it is very necessary at this time
that we should know what is really the best compression curve.

necessary to extend both the expansion and compression
beyond the piston travel, and measure these free expansion
Professor Barr has only considered the free expansion loss
compression curve, and does not take into account the

curves
losses.
on the
loss at

terminal pressure.
Mr. Sederholm’s remarks in regard to friction are very perti-

nent. Friction and condensation are presumably constant, or approximately so, and that is the theory on which this paper is based.
Itis, no doubt, a mistake to load an engine with a view to obtaining the greatest economy per indicated horse-power, thus disregarding the net horse-power delivered to the belt. The curves of
efficiency, shown in Fig. 2976, of the paper under discussion, show
that the best economy per zet horse-fower is with a greater load
than that which shows the best performance per zndtcated horsepower.

In closing, I will say that you will notice I have not given any
geometrical method for locating the compression curve. I left
this, hoping that some of our professional mathematicians would
suggest some mathematical method for locating this curve in
conformity to the law which has been stated.
REGULATION OF STEAM-ENGINE GOVERNORS.*—Although the
subject of governing steam engines has occupied the attention of
engineers for more than a century, it is still imperfectly understood by users of steam. In spite of the fact that many excellent
* From a paper read before the Institute of Civil Engineers by John
Richardson.
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‘means of automatically governing the speed of an engine are

known, it is not uncommon for a large and important engine to
be without any reliable governor, and to depend entirely upon
regulation by hand, the governor with which it is fitted being
regarded merely as an indicator of the varying speed to warn the
driver to open or close the stop valve. The great speed and
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universal use until a few years ago was that invented by Watt,
Fig. 2979.
It was connected generally through several levers

and rods with the wing throttle valve shown in Fig. 2980.

This

governor is still largely used, and is reliable and simple. It can
prevent an engine from racing when the load is removed, and may
regulate it within certain limits, but it cannot secure uniformity
of speed under greatly varying loads.
The speed of revolution at which the balls can be maintained
when in the position 2 in the figure is widely different from that
required when they are in the position 1, and no possible increase
of speed could raise them beyond the position 3.
The Porter governor, Fig. 2981, is a marked improvement upon

Fig. 2979.

delicacy of many of the machines used in the textile and similar
industries, and the requirements of engines for the generation of
electricity, have called forth many new methods of governing,
particulars of a number of which will be described in this paper,
some as types to be avoided, and others to be imitated. The
author does not intend to deal with the theory of the action of
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Fig. 2982.

the Watt governor.

A heavy central weight A offers a constant

resistance to the lift of the balls, which are caused to revolve ata

egw

Z

Fig. 2980.

steam-engine governors, as papers upon the subject by Professor
Dwelshauvers-Dery and others have already been printed by the
institution ; but he proposes to deal with the practical results
which can be obtained from a great variety of types that have

much higher speed than would be required without the central
weight. This governor gives a much wider range of travel with
a smaller difference of speed than the Watt governor, and is
largely used both in connection with throttle valves and with
some forms of expansion gear.
A form of governor possessing some further advantages, which
was designed by the author about twenty years ago, is shown in
Fig. 2982. In this governor, the arms, instead of being suspended
from two points, carry a central weight, and cross each other.

The

effective length of the arm, being that between the centre of the

come under his personal observation, and the causes of their fail-

ure or success.

A good governor should be reliable, simple in

om

hg "
Fig. 2983.

ball and the point A where the arms intersect, increases as the
balls rise.

The increase of length being shown by the difference between

Fig. 2981.

construction, easy to drive, and instantaneous in its action, both
in increasing, as well as in reducing, the supply of steam.

It should

not reduce the power of the engine to which it is applied, but
should tend to economize steam ; and while allowing for great
variations in the power of the engine, it should maintain a practically uniform speed.
MECHANICAL REGULATION.—The form of governor in almost

B and C, the balls are kept close together at their lowest position, and thus, as they diverge, the effective length of arm increases
more rapidly than the rise of the balls. As is well known, it is
quite easy to proportion governors of this class so that the sleeve

will have a large range of motion with very small difference in
speed. While this is a great advantage, it is obtained only ata
sacrifice of power ; and when rendered isochronous, such a gover-

nor is practically useless for controlling any valve or gear which

STEAM
requires much power to move it, as at a fixed speed the weighted
ball will stand indifferently at any point between its lowest and
highest positions.

To-be

of the greatest

use,

a governor

must

have great lifting power, forcing power, and stability at every
point of its range, and a !arger motion of the sleeve in proportion
to the difference in speed of revolution.
The ordinary pendulum
governor is stable, but unless it is of great size in relation to the
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and this large difference is counteracted by the increasing force
of the spring as it is compressed. Such a governor can be made
to give a travel of the sleeve of, say, 3 inches, for a change of
velocity of only 4 per cent., and it has a lifting and forcing power

of roolbs.

A variety of this type of governor, introduced by Proell

about the year 1884, is illustrated in Fig. 2984. In it a heavy
central weight is substituted for the spring, though the action of
the arms is similar. Instead of the increased force of a spring, a
weight is lifted at an accelerated speed as the balls diverge.
This governor is extremely sensitive, but has practically no lifting or forcing power, and needs a dashpot to give it stability.
Something in the nature of a dashpot is introduced in the governor,
and is shown in the section Fig. 2985, but as this contains air
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Fig. 2984.

engine it has but little lifting and forcing power; and in the paper
communicated to the institution by Professor Dwelshauvers-Dery,
he states that, as a result of experiments, ‘‘the logical conclusion
is that the best governor cannot, when the greatest fluctuations
in the load of the engine occur, prevent the velocity from varying
by at least Io per cent.”
These conclusions applied to an ordinaty pendulum governor,
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only it is almost ineffective. A perfect governor should not need
a dashpot, but if one be used it should contain some incompressible substance which can escape only through a small aperture
from one side of a piston to the other, as shown in Fig. 2986. In
the opinion of the author, however, all such attempts to give stability to a governor are but expedients to minimize an evil, which
might and can be entirely eliminated.
Until comparatively
recently, governors for controlling the speed were almost universally applied to engines by means of the wing throttle valve shown
in Fig. 2980. This valve, though simple in construction and easy
to move, is difficult to fit so as to remain steam tight. One of
the first requisites of a regulating valve is that it should be able to
entirely stop the admission of steam, and this becomes

more im-
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Fig. 2985.

are undoubtedly correct; but much better results may be obtained by the combination of such a governor with a spring.
In such a combination, an entirely new set of conditions is presented. Gravity, which is the only force causing the balls to close
or fallin the Watt governor, may now be practically disregarded,
for a much stronger force is substituted for it. Such a governor
can, therefore, act equally well in any position. One of the earliest

\\
SN

portant as the steam pressure becomes higher. The valve shown
in Fig. 2987 is a considerable improvement upon the butterfly
valve.

It is easier to make and easier to work, and for regulating

Fig. 2986.

variations in load with a good governor it acts well. It is, however, more difficult to obtain a perfect fit with it than with a piston

examples of this kind of governor is that designed by the author
in 1869, shown in Fig. 2983. In addition to the spring, another
feature is introduced, viz., the lengths of the arms are so proportioned that the balls diverge in nearly a straight line for a considerable distance. The centrifugal force, generated by revolution at a given speed at a radius of 4 inches, is manifestly much
less than that generated at the same speed with a radius of 8 inches,

sufficiently tight to shut off all steam. Careful experiments made
with free-running engines show at least 15 per cent. of variation
between all load on and all off; the small space required to pass sufficient steam to drive an unloaded engine being almost incredible.
The equilibrium double-beat valve, Fig. 2988, has been found
by the author to give the best results of any kind of throttle valve.
The arrangement shown in the figure is that of a valve not quite

Ba

valve, so that the valve

will move

without friction, but still be
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the admission of steam through controlling the angular advance
and travel of a cut-off slide working on the back of the main valve.
Governors of the former type generally revolve with the crankshaft, and are known as shaft governors. One of the first of these

in equilibrium when closed—the area of the upper part being so
much greater than that of the lower, which is equal to the area
of the stalk, that the valve has a constant small upward pressure
whether on or off its seat, which makes it move readily to respond

quickly to minute changes of the governor, there being no slack
or backlash.
Combined with a well-proportioned high speed spring governor,
it will, with changes of load not exceeding 45 per cent. from the
maximum, maintain a speed within 5 per cent. of the normal ;
but the difference between maximum load and no load is nearly
10 per cent. with a steam pressure of 100 lbs. per square inch, the
difference being much less with a lower pressure of steam.
ALIA

ASN

}-, Yl

ot

N

lll

SSS

N

SW \ EE Wx

Fig. 2989.

Another form of valve which is largely used in England and in
America is shown in Fig. 2989. It works nearly in equilibrium,
the stalks being small, and the two disks being of the same diameter. Combined with its own governor, it will maintain a nearly
constant speed with moderate changes of load, but it fails to cut
off the whole of the steam, and thus, with light loads, or no load,

Fig.

the variation of speed is very considerable. Careful experiments
upon it show a variation of speed of 14 per cent., and it was found
impossible to reduce the difference below this amount, when the
comparison was made between the greatest load the engine could
carry at a definite speed, and no load. Though there are many
varieties of throttle valves for regulators, they are all more or less

to be used, being that made by the author in 1869, is shown in
Fig. 2990.
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In this case a governor of the spring type, Fig. 2983,

copy of the first diagram taken from an agricultural eight horse-
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English shaft governor as in Fig. 2993.

American centrifugal governor as in Fig. 2989.

varieties ot .he four types described, viz., the butterfly, the piston,
the disk, and the equilibrium double-beat valve ; and Table I above

attained is to move the centre of the eccentricin a straight line at
right angles to the crank, thus maintaining a constant lead while

shows about the best results that can be expected of them. All
throttle valves, though simple and easy to manage, have necessarily the objection that they regulate the speed by altering the

pressure of steam in the steam chest and cylinder, and thus cannot fulfill two of the essential conditions of a good governor,
namely, that it should not diminish the power of an engine, and
that it should increase, rather than diminish, the economy of steam.
For many purposes, however, where great delicacy of governing
is not needed, such a valve as that shown in Fig. 2988 is all that
is required. The next important type of governor is one which
controls a slide valve, and which regulates the speed, either by
regulating the travel and angle of the main valve, or by limiting

Fig. 2991.

varying the valve travel and the point of cut-off, yet at the same
time to hold it firmly at all points. This is an important advan-

STEAM
tage, and permits its application to an ordinary simple flat slide
valve, while governors which depend upon the stability of position in the balls or weights, need an equilibrium slide valve,
because they are not sufficiently stable to work with a flat slide.
A considerable number of these governors have been made, but
twenty-five years ago the expansive working of steam was not so
well understood and appreciated by users of steam as at present ;
and further, the governor in that form, owing to the large space
occupied, was not applicable to many types of engine.
A modification of this gear, occupying much less space, but
working on exactly the same principle, is shown in Fig. 2992.
The eccentric is guided and driven from the slots in the Plate a,
and is caused to travel at right angles to the crank by means of
the wedges B B, which are again moved by the arms of the gov-
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method of governing there is, of course, no wire drawing of the
steam, and thus no reduction in the power of the engine; and
further, the full boiler pressure being always attainable, the steam
can be cut off early, and the maximum economy obtained from it.
Table I shows the difference in power between the same engine
with this governor, Fig. 2993, and with an American governor,
Fig. 2989, the engine being loaded in the latter case till the speed
fell 10 per cent. below the speed when unloaded, and with the

wedge-governor to 3 per cent. below that speed.

Fig. 2993a.

As shown

by Table I, which

is a further comparative test, the

American pattern of throttle-valve governor reduces the power at
all pressures much more than shaft governor, the latter allowing
the engine to develop on an average about one-sixth more power
with the same pressure of steam. With the shaft governor, the
variation
Fig. 2992.

ernor, the centrifugal force of the balls being counterbalanced by
the spiral springs c. The wedges BB are each double; that is
to say, a wedge above and one below, this being necessary, as the
shaft has to be both pulled and pushed. When connected at their
ends, the two wedges become a plate with an inclined slot in it.
A much simplified modification of this arrangement has been
made by Mr. Buck, a member of the author's staff, and is illustrated in Fig. 2993. In this, the two flat plates working in planed
grooves are replaced by a disk E, partially revolving on the boss
of the casing. An inclined slot is cut in this disk, and the incline
is bent to a radius equal to its distance from the centre. [In this
slot, a projection from the eccentric slides and is moved at right
angles from the crank as before. This partial revolution of the
disk is given by the weighted arms of the governor, as in the case
of the straight wedges, but in this case through the links DD.

in speed is between

with the throttle valve
more delicate governor,
naturally greater when
to seventy-five seconds.
tion for the first second
to zero.

With the less sensitive governor,

tions, from 310 to 350.

rest was arrived

at in

It should

be noted that the changes

in

load were made suddenly, all being put on and taken off at one
time. With gradual changes there is practically no fluctuation
either with the shaft or throttle-valve governor.
Table III shows
III.—SHOWING UNIFORMITY OF SPEED
WITH
A SHAFT GOVERNOR.
Revolutions

per Minute.

214
213
213
210
209
209

The whole of the governor is contained within the rim of the flywheel or driving-pulley of the engine.
As will be seen from examination of the governor, which is laid

1o per cent. and 15 per cent. With the
the fluctuation, though less in quantity, is
measured by time, in one case amounting
In this case, however, the extreme variawas only 8.7 per cent. and gradually fell

twenty-five seconds, but the variation was more than twice as
great, viz., 16.8 per cent. Another important difference is remarkable, viz., that with the shaft governor the variation is nearly
all upward ; thus, if the normal speed is 352 revolutions per minute, when the load is suddenly applied the decrease of speed is
only two revolutions per minute, and the variation causes an
instantaneous upward rise gradually coming to rest with decreasing oscillations. On the other hand, with the throttle valve the
sudden change is downwards, gradually rising, with few oscilla-

TABLE

Fig. 2993.

23 per cent. and 34 per cent., and

Amperes.

Revolutions

per Minute.

FITTED

Amperes.

208
209
211
213

380
280
180
80

214

O

the slight variation in speed of an engine fitted with this governor
driving an electric-light installation, from which

it will be seen

and no load, the variation of speed can be reduced to 3 per cent.,

that the total variation in speed is slightly under 3 per cent. from
no load to full load, and that with variations of over 50 per cent.,
or from 280 to 380 amperes.
The variation in speed is only I revolution per minute, or less
than 4 per cent. The power of this governor, to prevent any of
its parts from being removed out of their proper positions, is very
considerable, the springs requiring a force of 1,100 Ibs. to move
them from the extreme inward to the extreme outward position.
It may be pointed out here that the position of the weights and
the strength of the springs does not work out strictly according to
the recognized laws of centrifugal force. These laws are, of course,

which is sufficiently near for all practical purposes.

correct for freely moving bodies, but are not true for bodies mov-

on

the table, the whole

of the driving is done

by the disk, the

eccentric is held rigidly in position by the slots and wedges which
are at right angles to each other, and there are, nevertheless, four
points in each revolution when it is quite free to be moved and
adjusted by the governor-arms.
With a properly proportioned
governor of this type, there is no difficulty in maintaining a practically constant speed of the engine with ordinary changes of load,
and with so wide a range as between three-quarters and zero in
the admission of steam;

in other words, between maximum

load

With this
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ing freely at one part and suspended at another from a point fixed
with relation to the centre round which they revolve. The diagram, Fig. 2994, shows graphically the relation between the calculated, experimental, and theoretical pressures of a spring resisting a certain centrifugal force generated by a weight revolving
at a constant speed but at different radii. The slightly curved
short dotted lines show the variation in pressure, which experiment indicates is actually required when the weights are sus-
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quarters to zero can be obtained, together with a very good distribution of steam, as shown by the diagrams, Figs. 2996 and 2996a,

pended on pins, and the straight line shows the calculated strength

Fig. 2996.

taken from an engine fitted with this gear. Its success depends
very much upon the type of governor used in conjunction with it,
which must have a wide margin of stability. The author has
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Fig. 2994.

of the spring when allowance is made for this. The author is
indebted to his assistant, Mr. Wansbrough, for assistance in
working out this method of calculation, and the diagram shows
that in a large number of cases it is correct. It will be noted
that the lines intersect before the point of highest pressure, and

the extra strength of spring beyond this point exactly corresponds
with the 3 per cent. increase of speed allowed with no load.
Link expansion gear is chiefly identified with the name of Allan,
and was first introduced in Europe at the French Exhibition of

Fig. 2996a.

experimented with Watt, Porter, and Buss governors with unsatisfactory results, as all needed a dashpot to give them stability
and to prevent the angle of the link causing oscillation in the gov-

Te
PRT

Fig. 2995.

1864.

Allan worked, as is well known, with one eccentric - but

the most common form of link expansion gear is that shown in
Fig. 2995, one eccentric being used to drive the main valve B,
which thus has a constant lead compression and exhaust : another
eccentric set at an angle to it controlling a separate cut-off A, fitted

on the back of the main valve.

The stroke of this cut-off valve,

together with the point of cut-off, is regulated by the position of

the valve rod C, with

connected.

With

the other end

of which the cut-off valve

is

this type of gear a range from nearly three-

ernor.

The dashpot arrangement cured this, but, of course, ren-

dered the governor more sluggish in its action, so that with wide
changes of the load there were great temporary changes ofspeed ;
though the engine would settle down to approximately its normal
speed within one or two minutes. With the governor shown in
Fig. 2995 there is no need of a dashpot, the change of position
occurring instantaneously and the acceleration of speed being a
matter of one or two seconds only. The stability of the governor
is very great, and although the arms, balls, and spindle together

STEAM
weigh only 53 Ibs., yet it would require a force of over 400 lbs. to
move it to its highest position when at rest. When it is running
at a speed corresponding to its lowest position a force of 216 Ibs.
would be required. With an acceleration of only 4 per cent. it

overcomes a further pressure of 200 lbs.

It will be noticed that
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experiments showing the amount of this friction, but would now
only state that his experiments show it to absorb often more than
Io per cent. of the whole power exerted by an engine, while the
power required to work the equilibrium valves, shown in Fig.
2997, 1s quite insignificant and is almost independent of the pressure of steam used. This type of valve is much used in connection with a variety of valve gears. That shown in Figs. 2997 and
2998 is believed by the author to combine many advantages not
secured by the others. It consists, as will be seen from Fig. 2998,
of a double-beat valve a, guided by a central stem. The valve is
lifted by the steel stem B, at the upper end of which is a grooved
piston D, a light spring pressing it down.
A small hole at the
bottom of the cylinder is in communication with the upper part of

ESEELIS EEBESSIGE CE BPE VELRGIOSIIO NT ESEEETI NG fy,

works

a small ball valve.

The

valve is

shown in section and on a larger scale at C’.
The object of this piston and cylinder is to control the valve as
it decends upon its seat, and thus to prevent a disagreeable noise

=

A

o”

273

a valve-box C, in which
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and unnecessary wear.
As the spindle with its piston and valve
rises, air is drawn in through the valve C?. When it is suddenly
relieved and falls, the contained air moves slowly through a fine
hole in top of the valve-casing, and the valve a is relieved of inconvenient shock. The arrangement described, or some modification of it, is used by several English and Continental makers of
steam engines. The peculiarity of this gear lies in the method by
which the point of cut-off is controlled by the governor.

The valve spindle B is lifted by the lever H when the outer end
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Fig. 2997.

the balls move outward in a practically straight line in the same
way as the balls of the governor shown in Fig. 2983. For engines
of moderate size, of say 50 or 60 HP., and working with a steam

pressure of 80 lbs. per square inch or less, such a form of expansion gear is one of the best that can be used.
The much higher pressures, however, which are necessary for

Fig. 2999.

of the lever is depressed. This depression is caused by the eccentric K, which revolves in equal time with the engine shaft. The
upper end of the eccentric rod is attached to a pair of rocking
levers J and also carries a tripper with a steel toe L. As the rod
rises, this toe is thrown back, but as soon

as it gets above

the

levers it is allowed to fall to its original position. On the downward stroke of the eccentric the toe of the tripper depresses the
lever, raising the valve, until, being pushed out by radius rods, it
releases the valve, which instantaneously falls upon its seat. It
will be seen that the more the toe of the tripper overlaps the end
of the lever H, the longer it will remain in contact with it on the
downward

stroke, and thus the valve will remain so much longer

open while the lead remains constant.
The amount of the overlap 1s regulated by the governor in a
very simple manner.
The fulcrum of the lever H is movable, and
can be moved from right to left ina straight line inthe slot M. The
spindle 0 has two levers upon it, connected by short links PP toa
rod Q passing through both fulcrums.
The entire movement
required is a horizontal motion of this fulcrum, and even in large
engines of, say, 500 HP., it is only about # inch, and

Fig. 2998.

the most economical

moved

use of steam, necessitate the use of valves

which will work in equilibrium or nearly so.
of three kinds—piston

These are mainly

valves, rotating or circular valves like the

Corliss, or double-beat valves like that in Figs. 2997 and 2998.
Slide valves absorb a great part of the power of an engine working with high-pressure steam. The author has made a series of
VOL, 11.—4).

————

with the smallest

effort.

can

be

There is, therefore, absolutely

no stress upon the governor, and not the slightest tendency for it
to work or jump due to the working of the valve gear. So far
from this being the case, when the valve is lifted the fulcrum

is

pushed down and so held rigidlv in position, the movement of the
fulcrum having to take place during the interval when the valve
is not being lifted. The range of expansion which can be obtained
——
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by this means is very large, extending from zero to seven-eights,
and is shown in the diagrams, Figs. 2999 and 2999@, taken from an
engine fitted with this gear. The absence of any sensible stress
upon the governor enables a very small one to be used; and in
practice it is found that a governor even for an engine of 1,000
HP. need not weigh more than go lbs. It will be noticed that
there is no upper collar to the governor, nor is one needed for its
proper working, the weight of the lever N and the small ball hanging from it being quite sufficient to keep it always in contact with
the lower collar. An important advantage possessed by this gear
valve results from the fact that it allows of the engine being
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steam is given, and only then diminished to an amount corresponding with such increased load.
In Figs. 3000 to 3006 are shown a number of appliances which
have been devised and tested by the author for the electrical regulation of steam engines.

Some

of them, however, are shown

as

examples of what may be avoided, because, though apparently
plausible in theory, they fail in practice. Fig. 3000 shows the
direct drive of a governor by electricity which, though the first
successful attempt to control the speed of an engine by the electric
current, was an indirect method of attaining the result. The two
small magnets under the valve were intended to act as weights
to close it, should

the current

be broken

in any way, and

thus

stop the engine; these being, of course, held out of position during
the time the current was passing.

e

Nii

NS

M
VME
SLs

Z YO"

Fig. 29992.

stopped immediately by merely raising the governor lever; and
ifa cord from the end of the lever is carried into every room ina
factory or a mill, in event of accident the engine can be stopped
by merely pulling the cord, even from a great distance.
ELECTRICAL REGULATION.—The conditions which obtain for
regulating engines driving dynamos are not quite the same as
those for maintaining a constant speed in other machinery. If
the electric current produced by the engine be utilized to control
its speed, it then becomes possible either to run the engine at a
practically uniform speed in connection with a perfectly compounded dynamo, or to run it at a varying speed, maintaining
either a constant difference of potentials with a varying current,
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In another form of governor, Fig. 3001, there is no solenoid
in direct

connection

with

the valve, and

only a small one FE,

moving a light lever, at the end of which are two
points. This lever and the fixed points A and B are so
that when the lever is in contact with the upper
small motor C is caused to revolve, and by means of
lever F the valve

is closed, and, of course,

platinum
arranged
point, the
the crank

the reverse

action

takes place when the lever is in contact with the lower point. By
this means it was thought that, as the solenoid at a certain intensity of current must be maintained in one position, when this
intensity was arrived at the lever would remain at rest. Careful
tests, however, show that this is not so;

however small the time

occupied in making contact and setting the motor to work, it is
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Fig. 3000.

Fig. 3002.

or a constant current with a varying difference of potentials.
Further, by utilizing the changes in the current to control the
engine, it is not only possible, but quite easy, when the load is
suddenly decreased, to effect what is impossible with a speed governor, viz., to shut off for a time the whole of the steam supply
before the engine has had an opportunity of increasing its speed,
and thus to deprive the engine of steam until its speed has fallen
to just what is necessary for the diminished load, the steam supply
being gradually increased until exactly sufficient for the load is
supplied.
Conversely, when the load is suddenly increased, and before the
engine has had time to diminish its speed, the fullest supply of

enough to cause the engine to vary its speed too much, and the
result is persistent hunting. This apparatus, therefore, must be
considered a failure, though several modifications of it have since
been introduced.
Fig. 3002 illustrates a very simple arrangement in which the
equilibrium valve a, having a spindle projecting through a
stuffing box, is pressed upwards by the steam with a force due
to its unit pressure multiplied by the area of the valve spindle,
say, 15 lbs., and is held down

by the short arm

of the lever B,

which has a ratio of 1o to 1, so that the force required is
I or 2 lbs.
The electric current circulating in the two solenoids Cc holds up

STEAM
two iron cores weighing 23 lbs., and a very slight variation in the
current tends to cause a considerable alteration in the position of
the cores, especially when they are placed at the position of maximum effect, as in Fig. 3002. It is remarkable how slight a movement of the valve is required to effect the regulation. Very careful
experiments have shown that for an engine working up to 25 HP.
with equilibrium valves of 2 inches diameter, it required to be
raised only 0.008 inch from its seat to run the engine at full speed
unloaded ; and it needed to be raised only 0.031 inch to run the
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for regulating the solenoid to the exact quantity or intensity of
current required, as was also the lever F, which, passing over the
contacts

GGG, disconnects one or two of the coils out of circuit.

A simple way of stopping the engine is shown in Fig. 3004, where

the weight of the solenoid cores is used to close the valves on
breakage of the current, acting through the lever a. While the
solenoid is active, the regulation is effected through the lever B,
A moving idly; but the instant the current is broken, the cores
fall ; the lever A presses upon the valve stalk through the plunger

engine at its full power—the variation or actual lift of the valve

C, and this is free to close, because

being thus only 0.023 inch ; and, as the ratio of the lever is Io to

works in a slot in the spindle with clearance upwards, all of its
work being done and its only contact being on its lower edge.
The type of valve gear illustrated in Fig. 3005 lends itself admirably to electrical control, and an arrangement to control it by electricity was devised by the author and Mr. R. H. C. Nevile in 1886.
As the power required to move the governor lever A is practically
nothing, a small solenoid and slight current is sufficient to effect
the entire control of engines of 800 to 1,000 HP. While any current is passing through the solenoid the engine is under perfect
control ; but should the current be broken from any cause, the

I, the amount of movement of the solenoid cores is only 0.23 inch.
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When a load is put upon the engine, however, the fall is always
much more than this, and occurs instantaneously, and before the
engine has had time to diminish its speed. The valve is thus
Fig. 3005.
opened, for a few seconds, three or four times as wide as in its
normal position, until the engine has received its full extra power;
cores B instantly drop, when their weight depresses the lever C,
the solenoid then rises to nearly its former position, The reverse
action takes place when the load is thrown off. The governor sim- and raises the lever A, as shown in Fig. 3005. Instead of this
arrangement, a speed governor can be used in connection with
ultaneously, with the reduction of load, closes the valve entirely
and keeps it closed until the momentum is so far expended that the electrical governor, so arranged that it does not come into
action until the speed has been increased by a certain percentage.
the engine slightly slows, when the valve is gradually opened,
This plan is also shown in Fig. 3005. This method of governing
just enough for the reduced load.
electric-light engines has been adopted in some important instalThe action is instantaneous and direct, and there is no hunting.
lations, and is very useful when an engine has to be used for
sawing or pumping in the day and for electric-lighting at night.
Up to the present time, however, no case has come to the author’s
ewe
eee
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op
ee
2

knowledge where the safety of the apparatus has been needed;
but it is none the less essential that it should be provided.
TABLE

Lamps.

This apparatus is suitable for comparatively small engines, say,
up to 50 HP., but when large powers have to be regulated by a

throttle valve it is not economical enough in steam, and the valve
would need too large a solenoid to control it within narrow limits,
and would absorb too much current. Figs. 3003 and 3004 show
other forms of governor, with automatic arrangements for stopping
the engine in case of failure of the electric current. In Fig. 3003,
which was the first form used, a heavy weight a is held up by an

electric magnet B so long as the current is passing, but is released
on the current stopping, when the lever C, falling upon the valve
spindle, instantly closes it. The spring D and the weight E were

17
17
17
17
17
17
16
16
16
II

II

IV.—TESTS OF THE
SOLENOID
THROTTLE-VALVE
GOVERNOR.

| Revolutions.

146
144
143
137
133
11g
133
132
129
107

IOI

| Amperes.

10.2
10.2
10.1
10.2
10.2
10.2
9-9
10.1
IC.2
10.1

10.0

Lamps.

II
II
II
II
II
5
5
O
O

|

| Revolutions.

g6
92
go
89
85
70
60
30
24

AND

Amperes.

10.2
10.3
10.3
10.3
10.5
10.0

10.5
10.4
10.6
II.O
I1.2
——S

Unsteady

Table IV shows some tests of the solenoid and throttle-valve
governor made by Professor Silvanus Thompson some years ago ;
and, so far as the author is aware, every electrical governor made

has continued in use up to the present time—the repairs and wear
and tear being inappreciable—nothing being required beyond an
occasional grinding of the valves.
Tests recently made ofa pair of large engines with the solenoid
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working the trip gear show that, after eight years’ use, they are
practically as good as new. One of the bobbins had, in this case,
short-circuited on the brass flange, causing the wire to heat. A
more recent method of construction, by winding the solenoid upon
a vulcanite instead of upon a brass or copper insulated hollow

such satisfactory results that there is no need of the relay and
supplementary control shown in Fig. 3006, and it is illustrated
only to show within what very fine limits electric control can be
carried if desired.
In bringing under the notice of the institution the various

collar, has prevented this. In connection with this governor a
small resistance box is usually supplied. This is put into circuit
with the solenoid, and by its means the amount of current passing
through it can be regulated to a nicety, and the speed of the
engine adjusted to exactly what is required.
Once adjusted

methods of regulating steam engines, to which allusion has been

ee
-

-
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made, the author, while fully aware that he has traversed but a
small part of a very wide field, hopes that some novel and valuable facts may have been brought forward.
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with the same intensity of current, the speed will be modified to
maintain the intensity.
In an electric installation covering a large area,
:
there is a
definite loss of pressure in the mains on account of their length.
If, however, a wire be brought from the centre of the illuminated
area and attached to the small solenoid A, Fig. 3006, a constant

intensity of current will maintain a constant position of the solenoid core and will keep the lever B midway between two contact
points. As soonas the slightest difference of pressure arises, not
only dces the main solenoid core rise and cut off the steam, but
contact is made between B and C, exciting the small electro-

Fig. 3008.

The Figs. from 3007 to 3011 represent the Pickering governor;

its simplest form being shown in Figs. 3007 and 3008 with the
driving puley and speeder (or engine speed regulating device)
attached. This speeder consists of a spiral spring whose tension
may be adjusted so as to more or less resist the rise of the governor
balls, and thus enable the engine to run at a greater speed fora
given amount of rise of the governor balls ; hence, by increasing
the tension of the spring, the engine speed is increased.
THE SPRING ADJUSTMENT.—The adjustment of the spring
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magnet E; through the armature F pulling the spindle G with
its revolving disk H into contact with the disk 1; and through
the gearing K causing the contact lever L to move so as to cut
off one or two of the resistance coils. By this means the main
solenoid is intensified and the speed is reduced until the lever B
regains its mean position. It will be seen that the electric work,
while very delicate, is insignificant in quantity ; the real work
being done by the driving-cord M from the dynamo shaft.
The
two cells O and N are required to cut out the current should there
be a tendency for the lever L to travel too far. In practice, however, these have never

been

needed.

In fact, the action of the

simple solenoid working direct on to the expansion gear gives

tension is made by a worm actuating a worm wheel on a rod
passing through the spring, and to which one end of the spring
is attached, the other acting on an arm that projects into a slot
in the governor spindle. It is obvious that the speeder can be
adjusted while the engine is running.
In Fig. 3009, the governor is shown with the speeder and Sawyer's valve; the latter enabling the governor valve to be opened
or closed without effecting the rise or fall of the governor balls,
which is done by operating the arm shown on the right, whose
ends are provided with loops, so that a cord may be attached, enabling the engineer to operate the governor from a distance.
The safety stop or stop motion is shown on the right, Fig. 3010.

STEAM
It acts to close the governor valve and stop the engine in case
the belt that drives the governor should get off the pulley or break.
This stop motion consists of a pulley suspended by a rod, and
riding on the belt which supports its weight. Should the governor
belt break, this pulley falls and severs the connection between
the valve and the governor, closing the valve and holding it
closed.
Fig. 3011 shows the governor in section to expose the construction of the valve. The valve Vv is what is termed a poppet or
poppet valve, which is balanced, because the steam entering at I

ENGINES.

27/7

governors, which govern the engine speed by wire drawing the
steam.

There are two principal forms of automatic cut-off engines—first,
those in which the steam valve, spindle, or rod is released from
the parts that move it to open for admission, while dashpots,

weights, or springs close the valve to effect the cut-off;

and

second, those in which the travel of the valve is varied so as to

alter the point of cut-off.
The first usually employ fly ball governors, which actuate cams
or stops, or other devices, to trip the steam valves. The second
usually employ shaft governors, or wheel governors, as they are
sometimes termed.
The

distinctive

features in the action of the first, of which

the

Corliss engine is the most important, is that, as two admission and
two exhaust valves are used, therefore

the amount

of the valve

lead, the point of exhaust, and amount of the compression remain
the same at whatever point in the piston stroke the cut-off may
occur;

whereas, in the second, the lead

increases,

the cut-off

occurs earlier, and the compression increases in proportion as the
cut-off occurs earlier in the piston stroke. In the Corliss engine
the steam valve travels as quickly when opening the steam port
for a short and early period of cut-off as it does fora late one;
hence the amount of steam port opening is as full, with reference

to the piston motion, for an early as it is for a late point of cut-off.
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Fig, 3010.
WV

and taking the course denoted by the arrows, acts equally on

\)

\
\

both ends of the valve and does not press it in either direction,

N

N

while, as the steam surrounds the valve, it is not pressed sideways.
At B is a gland or stuffing box to keep the spindle or rod steam
tight. At A is the slot for receiving the arm from the speeder
and from the stop motion. P is obviously the driving pulley imparting motion to the bevel wheels G, which drive the outer

spindle Ss, the inner spindle Ss’ being connected to A. The balls
are upon ribbon springs D, which are secured at their lower ends
to a link fast to the spindle s.
The centrifugal force generated by the balls causes them to
move outwards, their upper ends pulling down the cap to which
they are secured, and this cap operates the valve.
AUTOMATIC CUT-OFF ENGINES.—An automatic cut-off engine
is cne in which the valve gear is so acted upon by the governor
as to keep the speed of the engine uniform under variations of the
load the engine drives, and notwithstanding variations in the
boiler pressure.
This it accomplishes by automatically varying
the point in the piston stroke at which the live steam is cut off.
This is economical, because it enables the engine to use the steam
more expansively than is possible with engines having throttling

Fig. 3ort.

In other words, there is the same amount of steam port openings
let the point of cut-off occur at whatever point in the piston motion
it may.
Figs. 3012 and 3013 are two views of a Reynolds-Corliss engine
showing the general construction, details of which

are shown as

follows :

Fig. 3014 represents the valves and ports of a cylinder for a
Corliss valve gear ; a and 6 are the steam ports, and w and v’ the
steam valves; c and d@ are the exhaust ports, and w and v? their
respective valves, and as the valves are placed close to the cylinder bore the passages are short, and the amount of clearance is
reduced to a minimum,
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The steam valves are opencu quickly and fully whatever the
The lead of the steam valves may be regulated at will for each
point of cut-off may be, and are closed quickly no matter at what | steam port independent of the other.
point in the piston stroke the cut-off may occur; hence a full sup-

ply of steam is obtained without wire drawing.
Steam

Valv

Steam Pipe

=

Steam Valve

| Cea
Steam Chest

=

ui

7

A

The distinctive feature of the Corliss valve gear is, that the

point at which the cut-off shall occur is not determined by the lap
or travel of the valve, but by mechanism in the gear that is so

connected to the governor that it is the speed at which the gov:
.
°

Z

ernor revolves that determines the point at which the steam sup-

y
PONCE
aN

ply to the cylinder shall be cut off. Suppose, for example, the
steam to be turned on and the engine started without driving any
load; and the governor will run at its normal speed, the steam

.

met

ny

being cut off at, say, 25 of the piston stroke.

If then the load is

put on as by starting a machine, then the governor will maintain its normal speed, but at the same time will act on the valve
mechanism so as to let the steam follow the piston further in the
stroke.
If another machine be started, so that the engine has still more
load to drive, the governor will still maintain practically the same

speed of revolution, but will act on the valve mechanism in such
a way that the steam will be permitted to follow the piston during

Exhaust Pipe
Fig. 3014.
The exhaust valves may

be set to release

a still greater proportion of the stroke, and so on until the steam
follows the piston as far as the amount of lap on the steam valve
the steam

at any | will permit it to do so, the engine being then at its maximum

of

desired point in the stroke, and made equal or otherwise (as may | power.
be desired) for the two ends of the cylinder.

But at whatever point in the piston stroke the cut-off may occur,
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the steam is not released until the piston has nearly completed its
stroke, the point of release being determined by the designer, but
remaining the same for all points of cut-off.
It will be seen, therefore, that the power of the engine is varied

to suit that required by the amount of load the engine is to drive
by varying the point of cut-off and using the steam expansively
without releasing it too early, as is the case when a link motion
or a shifting eccentric is used.
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Referring to Fig. 3015, motion from the eccentric is imparted
by the rod M to the wrist plate y, to which are connected the rods

cc’ for operating the admission valves, whose shafts are seen at
s s', and the rods F F' for operating the exhaust valves, whose
shafts are seen at TT.
The mechanism for the steam or admission valves may be divided into three elements: first, that for operating the valve to
open the port for admission ; second, that for closing the valve
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Fig. 3016,

The principles of a Corliss valve gear will be understood from
the following, which is derived from a book by the author of this
work, and entitled “‘ Modern Steam Engines.”

In Figs. 3015 and

3016, the valve gear is represented with the parts in the position
they occupy when the cut-off occurs at half stroke, the piston having moved from the head end of the cylinder. In Figs. 3017 and
3018, the parts are shown in position with the crank on the dead
centre, and the piston at the crank end of the cylinder, valve uv
having opened its port to the amount of the lead.

to effect the cut-off; and third, that which determines the poin:
in the stroke at which the cut-off shall occur.
The first consists of the rod M, wrist plate y, and the rods C and
c’, which operate the bell cranks 7 7, 7’ 7’, which are loose on the
valve shafts s Ss’. Upon the ends of bell cranks 7 7, 7 vr’, are

pivoted latch links z 2’, which have in them a recess for the latch
blocks, of which

one

is seen

at e (the rod R’ and

with the valve stem being shown

view).

broken

its connection

away to expose é to

During the admission the latch block abuts against the

STEAM
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end y of the recess w and is tripped therefrom by the cam 2’. The
ends of arms g of the latch links abut against the hub of the arms
d ad’, wpon which are cams # ”', and at @a@’ are springs for keeping
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of its recess will leave contact withthe latch block e, and the dash-

pot will cause rod R’ to descend instantaneously and close the
valve, thus effecting the cut-off.
THE ADMISSION.—The period of admission, therefore, is determined by the amount of motion the latch link #' is permitted to

the ends g of latch links # w’ against the hubs and cams ofd a’.

Referring now to the valve mechanism at the head end only,

Ihe Reynolds Corliss Engine.
Positions Of The Parts With The Crank On The Dead Center

And The Piston At The Orank-End Of The Cylinder.
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Fig. 3017.

suppose the piston to be at the head end of the cylinder, and latch
block ¢ will be’seated in the recess provided in #’ to receive it,

and as the bell crank moves, the latch block will be raised by the
latch link, which is carried by a crank arm corresponding to that
seen at x at the crank end of the cylinder, and as this crank arm
is fast upon the valve spindle, the lifting of e will open the valve
for admission.
As soon, however, as the end g of the latch link
meets the cam #’, the latch link will be moved so that the end y
VOL

II.—47.

have before its end g meets the cam 2’, which trips the latch link
and therefore frees ¢ from the latch link recess.
The point at which the cut-off will occur, therefore, is determined
by the position of the cam 2’, because if 7’ is out of the way, the
end gof the latch link will not meet it; the latch link will not disengage from the latch block e¢, and the cut-off will be effected
by the lap of the valve, and independently of the dashpot.
As in
Fig. 3015, the parts are shown inthe positions they occupy at the
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instant the cut-off is to occur, therefore the cam 7’ has just tripped
the latch link, and the end of ¢ has just left contact with the end
y of the recess w in the link 7’.
The point in the stroke at which the tripping of #’ from e will
occur and effect the cut-off is determined by the governor, because
d' is connected to the governor through the rod G’. In proportion as the governor balls rise, 2’ is moved from left to right, and
the end of cam 7’ meets g earlier, or vice versa, in proportion as

the governor balls fall, the arm @’ is moved to the left,g will meet
the end of cam »’ later, and the point of cut-off will be prolonged.
We now come to the means employed to close the valve quickly
and without shock when the latch block is released from the latch
iink. Referring then to the crank end of the cylinder, the latch
block for that valve is carried upon arm +, to which is attached
the rod R from the dashpot piston (the arm corresponding to 2,
but at the head end, being shown removed to expose the latch block

=l
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adjustment of s’, that a certain amount of air cushion is given,
which prevents #’ from coming to rest with a blow. The head of
valve Ss’ is milled or knurled, and a spring #’ fits at its end into
the milled indentation, thus holding it in its adjusted position.
The under surface of the upper part of J’ is covered by a leather
disc, while the part that fits in H’ is kept air-tight by a leather
capped packing.
THE GOVERNOR CONNECTION.—The connection of the cam
arms @ and @’ with the governor is shown in Figs. 3017 and 3018,

in which the parts are shown in the position they would occupy
when the crank is on the dead centre and the piston at the crank
end of the cylinder. The rod G’ connects the cam arm @' with
the upper end of lever A, which is connected to the governor, and
vibrates on its centre as the governor acts upon it.
Now, suppose the speed to begin to diminish and the governor
balls to fall, and the direction in which A will move
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to view). We may now turn again to the head end of the cylinder, rod R’ corresponding to rod R at the other end, and it is seen
that R’ connects to a dashpot piston’, having a stepped diameter,
the lower half fitting into bore H’, and the upper half into a bore
H. The piston 7’ fits the bore H’ and fills it when the rod R is at
the bottom of the stroke ; hence, as #’ is raised, there is a vacuum

in H’ that acts to cause #’, and therefore R’ and +, to fall quickly
and close the valve the instant the latch block is released from the
latch link. To prevent the descent of rod R' and piston #' from
ending in a blow, a cushion of air is given in H by the following
construction :
At S and S’ are valves threaded to screw and unscrew, the ends

forming a valve for a seat entering H.

As the rod R’ and its piston

~' descends, the air in H finds exit through a hole at 4, until that

hole is closed by the piston #' covering it, after which the remaining air in H can only find exit through the opening left by the end
of the valve s’, and this amount of opening is so regulated by the

its lower end to move to the right, thus moving @ to the right and
carrying its cam away from the end of the latch link, which will
therefore continue to open the port for a longer period of admission. Or, referring to Fig. 3015, it is plain that if the governor
balls were to lower from a reduced governor speed, G’ would
move to the left and cam 2’ would be moved away from contact
with the end g of the latch link, which, not being tripped, the admission would continue. On the other hand, suppose the governor
balls to rise from

an

increase

of governor

speed,

and

a’, Fig.

3015, would be moved to the right, and the cam #' meeting g
earlier would trip ¢ earlier, correspondingly hastening the cut-off.

The governor is driven by a belt from a pulley on the crankshaft to the pulley w, Fig. 3017, whose shaft conveys motion to
the governor spindle through the medium ofa pair of bevel pinfons.
THE CONSTRUCTION OF THE VALVES.—The construction of
the valves is shown in Fig. 3017, in which w represents the steam
or admission valve for the crank end port, and v' that for the head

STEAM
end port, while v? is the exhaust valve for the crank end, and v’,

that for the head end of the cylinder. All four valves are shown
in the positions they would occupy when the crank was on the
dead centre, and the piston at the crank end of the cylinder ; hence
the valve positions shown correspond to the positions the parts
of the valve motion occupy in the figure.
The faces of the valves are obviously arcs of circles, of which
the axes of the shafts marked s s', T T’, are the centres.
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opened its port to the amount of the lead, which in this class of
engine varies usually from 4, to about 4 of aninch. As separate
exhaust valves are employed, the point of release, and (as the same
valve edge that effects the release also effects the compression),
therefore, that of the compression, may be regulated at will, by
adjusting the lengths of the rods F F’, which have at one end a
right, and at the other a left hand screw, so that by turning back
the check-nuts and then revolving the rods, their lengths will be
altered.
Similarly, the amount of admission lead may be adjusted by an
adjustment of the lengths of rods C c’, which also have right and
left hand screws.
Referring now to the admission valve 7, it is seen
that its operating rod C is at a right angle to bell

further from the end of latch link #, and therefore prolongs the
admission period.
Shortening the rod G’ causes cam #' to move around and away
from the leg g of the latch link, and prolongs the admission.
The adjustment of the lengths of G and G’ may therefore be
employed for two purposes: first, to prolong the point of cut-off
and maintain the speed when the engine is overloaded; second, to
hasten the point of cut-off for a given engine speed, and thus
adjust the engine for a lighter load.
SHAFT GOVERNORS.—Instead of employing a link motion to
alter the amount of valve travel and vary the amount of expansion, the valve gear may be so constructed as to move the position
of the eccentric upon the crankshaft, reducing its effective throw,
and therefore, the amount of valve travel.

This is usually effected by means of shaft governors, which
automatically shift or move the eccentric across the crankshaft
the instant any variation of engine speed occurs.
The principles of construction of a shaft governor or wheel
governor, as it is sometimes termed, will be understood from Fig.
Governor Whe el

crank rv, hence the amount of valve motion will

not be diminished to any appreciable extent by
reason of the wrist plate end of rod C moving in
an arc of a circle, and the point of attachment of
rod C to the wrist plate is such that, during the admission, the valve practically gives as quick an opening as though rod C continued at a right angle to».
But if we turn to valve uw’, which has closed its port
and covers it to the amount of the lap, we find that
bell crank c’ and its operating rod C’ are in such
positions, with relation to the wrist plate, that the
motion of the latter will have but little effect in
moving the bell crank 7’. This is an especial feature of the Corliss valve motion, and is of importance for the following reasons: The lap of the valve
(which corresponds to the lap ofa plain Dslide valve)
is usually, in this class of engine, such as to cut off
the steam at about { stroke, but the adjustment of

the cam position is usually so made, that from the
action of the governor, the latest point of cut-off will
occur when the piston has made § of its stroke, the

range of cut-off being from this to an admission
equal to the amount of the lead.
As the eccentric is fixed upon the shaft, the speed
at which the valve opens the port for the admission
is the same for all corresponding piston positions.
Thus suppose the piston has moved an inch from
the end of the stroke, and the valve speed will be
the same,

whether the cut-off in that stroke is to

occur at quarter stroke or half stroke, and as the
valve continues to open the port until it is tripped,
therefore, at the moment it 1s tripped, the direction
of valve motion must be suddenly reversed.
As the duty of its reversal falls upon the dashpot, it is desirable
to make this duty as light as possible, which is accomplished by

Fig. 3019.

3019, in which S is the crankshaft, fast upon which is the governor
wheel. The eccentric is free from the crankshaft, being mounted
in a plate PP, which is pivoted at a to the hub of the governor

the wrist motion, which acts to reduce the valve motion after the

wheel (which may be the flywheel of the engine), and

port is opened a certain amount for the admission.
We have, therefore, that during the earlier part of the admission, the port opening is quick, because of the eccentric throw
being a maximum, while during the later part of the port open-

fore, driven by it. The other end of the plate or frame P is
pivoted atA to the links B and C, the latter being connected at D
to aspring. B is pivoted at Eto an arm F, which is pivoted to one
of the spokes of the governor wheel and is provided with a weight
w. The eccentric E is carried by the hanger P.

ing, this rapid motion

is offset or modified

by the wrist motion,

thus lessening the duty of the dashpot and enabling it to promptly
close the valve.
VARYING

THE

ENGINE

SPEED.—The

range of governor action,

so far as the governor itself is concerned, is obviously a constant
amount, because a certain amount of rise and fall of the governor
balls will move the cams a given amount. But the range of cutoff may be varied as follows :
At ZZ, Fig. 3015, are adjustment

nuts, by means

lengths of rods G G’ may be varied.
Lengthening rod G, obviously moves

arm

of which the

@ and its cam

a”

is, there-

Now, suppose the links B and C to be disconnected from P, and

it would be possible to take hold of the end a of P and swing it.
upon its pivot @ and thus move the eccentric across the crankshaft. When the parts are connected, however, as in the figure,
and the engine is at rest, the spring D D holds the hanger P, and,
therefore, the eccentric in the position shown in the cut, which

is that for the longest point of cut-off, the eccentric having its
greatest amount of throw and the valve its maximum of travel.
So soon, however, as the governor wheel revolves, the weight w
is caused by centrifugal force to move outwards, #s denoted by
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The amount to which this movement will occur de-

pends upon the speed of revolution of the governor wheel, since
the movement increases as the revolution speed increases.
The
effort of the weight w to swing outwards is resisted by the tension of the spring
DD. The movement outwards of the weight
w causes the hanger P to swing in the direction of arrow G, mov-
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to be pivoted on the valve, the other end being disconnected, and
if we move it across the outer circle (which represents the path
of the eccentric centre when at its greatest throw), the centre of
the eccentric strap bore will move in a path denoted by the line
from ¢a@. During the part of this line that runs from e to x the
throw of the eccentric

will be reduced and the cut-off hastened,

the engine running in the direction denoted by the arrow; but
after the eccentric has passed the line x, the valve would be in
position for the engine to run in the opposite direction, its throw
increasing as it is moved towards the point d.
As the valve and crank have remained motionless while the
eccentric rod was moved

across the shaft to mark the line e d, it

is clear that so far as this crank position (B) is concerned, the
eccentric may be shifted to any position between ¢ and @ without
altering the valve lead. When the engine has made a half revolution, and the crank has reached D, as in Fig. 3022, the port 6
being about to open for the live steam, and supposing the eccentric rod to be pivoted to the valve as before, and the valve and
crank to remain at rest, then the centre of the eccentric strap, in

Fig. 3020.

being moved across the shaft, will movein a path denoted by the

ing the eccentric across the shaft, reducing its throw, and, there-

fore, hastening the point of cut-off.
The weight w and the
strength of the spring D are so proportioned, that when the engine
has attained its required speed of revolution, enough centrifugal
force is generated by the weight to hold the spring in equilib-

line e’ d@’. But while the crank moved from B to D, the line e d,
Fig. 3021, has moved to the position shown in Fig. 3022, and it

becomes evident that the port 4 would be given an amount of lead
represented by the distance between e and e’,
This amount will obviously diminish as the eccentric is shifted
across the shaft towards

rium and maintain a uniform speed of engine revolution.

the position + of least throw, until, on

Line of Engine Centres

Ig

Fig. 3021.

When the load the engine drives increases, and engine revolution decreases, the decreased centrifugal force of the weight permits thespring to pull the eccentric across the shaft and admit more
steam; while, on the contrary, when the engine load decreases, and

the speed of revolution begins to increase, the increased centrifugal force overcomes the resistance of the spring, and the eccentric is moved to cause an earlier point of cut-off. Thus a constant
relation is maintained between the load of the engine, the tension
of the spring, and the centrifugal force of the weight, and a practically uniform rate of engine revolution is maintained.
In the ordinary construction of shaft governors we are met with
the difficulty that the valve lead cannot be made equal for the two
piston strokes, which may be explained as follows :
In Fig. 3020 is shown an eccentric allotted to serve on a shaft
governor.
The circle ~ represents the path of the centre of the eccentric
when moved to its position of greatest throw, as shown in the full
lines, the centre of the eccentric being ate. The circle/ represents the path of the centre of the eccentric when shifted to its

position of least throw, as denoted by the dotted circle H, the
centre of the eccentric being at x. Thecircles x and/, Fig. 3021,
correspond to circles y and fin Fig. 3020, the radius C x representing the lap of the valve.
The valve is shown to have no lead, the eccentric rod R being
shortened for convenience of illustration ; the crank is supposed

to be on its dead centre at B.

Now suppose the eccentric rod R

arriving at x, the arcs ¢ d and e' d@' coincide.

It is obvious, how-

ever, that the longer the eccentric rod is, the nearer the arc ed
would approach to a straight line, and as it approached a straight
line the distance e e’ would be less and the lead variation would
also be less; while if the eccentric rod was infinitely long, so as
to make ed a straight line, the lead would be equal for the two
ports.

The eccentric is also attached to a hanger or plate that swings
on a centre, and it is obvious that the longer this hanger is, the
nearer the arc e d will be to a Straight line, and the less the distance ¢ ¢ and the lead variation will be.
For the purpose of considering the lead variation, due to swinging the eccentric across the shaft in an

arc of a circle, it is suff-

cient to suppose the eccentric rod and hanger to be of equal
lengths. The amount of lead variation thus shown to accompany the shifting of the eccentric across the shaft, will obviously
increase in proportion as the range of cut-offis increased. In order
to make the lead variation show plainly in the figures, the length
of the eccentric rod has been taken as equal to but six times the
amount of the valve travel, and as the eccentric hanger has been
taken as of the same

ande'd'.

length, the same

radius serves for arc ed

In Fig. 3023, the valve is supposed to have lead, the arc

g being distant from

circlef to the amount of the valve lead, and

therefore distant from c to the amount of the lap and the lead.
With the crank at B, the eccentric centre, when in its position
of greatest throw, will be at e, and the cut-off will occur when it
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This is clear, because if we placed the valve in

of the eccentric rod as a radius, and from the centre of the valve,

position at cut-off and moved the strap end of the eccentric rod
across the shaft, its centre would move in the arc from
/ to d.
It will, therefore, be perceived that whatever position the centre
of the eccentric may be shifted to, between the points from eé to

when the latter is in position ready to open port a for the lead, and
therefore, represents the path in which the eccentric must move
across the shaft in order to maintain equal lead for al! points of
cut-off on this piston stroke. But the path in which the eccentric

has arrived at @.

the line of centres, the cut-off will occur when the eccentric centre

would actually move (its point of suspension being on the line 7)

passes the line fd. Similarly, when the crank is at D, and the port
6 is open to the amount of the lead, the eccentric centre ought to

is shown by the arc é’ x’, and it is seen, whatever the amount oflead
at e’, it will increase, as the eccentric is shifted towards x’ for the

be (if the valve is to have equal lead) at e’, but it will, for reasons

earlier cut-offs. The amount of difference in the lead will obviously depend upon how far distant the point of eccentric hanger

already explained with reference to Fig. 3022, be at e’’, hence the
lead will be greater for port 4 than for port a,

suspension is located away from the line of engine centres.

ad

Line of Engine Centres

Fig. 3022,
The

cut-off,

however,

will occur

when

the eccentric

centre

crosses the arc from
/ to a’, this arc being the path that would be
described by the centre of the eccentric strap if the eccentric rod
was pivoted to the valve, and its strap end moved across the shaft.
It follows, therefore, that the cut-off will be later for the stroke

when the piston is moving from the head end to the crank end,
and it is also seen that as the two arcs e’ and e” coincide on the
line of the centres, therefore the lead will be diminished in proportion as the eccentric is moved towards the line of centres for

d

Turning, next, to the stroke when the piston is moving from
D to B and the port 4 is taking steam, the arc e” x" being struck
from the line of centres /of the engine, and with a radius equal to
the length from the centre of the cylinder ports to the centre of
the crankshaft is, as in previous examples, a line parallel to which
the eccentric muSt move in order to keep the lead equal on this
stroke for all points of cut-off. To find the line in which it will

actually move, the line # # must be prolonged to the left hand of

the figure, and from a point on this line, and with the length of

U

Fig. 3023.

earlier cut-offs, and will be all taken up when the eccentric is at
its Inner position for the shortest cut-off.
Instead, however, of shifting the eccentric from a pivot or pin
situated on the line of engine centres, we may do so from a pin or

the eccentric hanger as a radius, the arc e’”’ x'”’ may be drawn,
this being the arc on which the eccentric will actually move when

aline m m, Fig. 3024, at an

which

sion to be on the line z to the left of the figure, and if a pencil be

will reduce the valve lead for the longest point of cut-off, and either
increase the lead at early cut-off for both strokes, or for the head
end port only, according to the angle of the line 2 7 to the line
of centres.
Thus, in Fig. 3024, the eccentric is supposed to be shifted across
the shaft from a point or pivot on the line m m.
The arcs g g have a radius from the centre C equal to the
amount of lap of the valve. The arce x is drawn with the length

inserted in the centre of the eccentric and the eccentric hanger
were operate«d by hand, then the pencil point would mark or de-

angle to the line of centres,

shifted across the shaft, which may be seen as follows :
Suppose the crank to be at D, and the point of eccentric suspen-

scribe

the arc ée’” x’.

For this stroke, therefore, the amount

to

which the lead will vary as the eccentric is moved from its outermost toits innermost position is that represented by the difference
of the distance between e” and e’’ and x and x'". The variation
in the amount of the lead, for the two ports, is shown, for the long:
est point of cut-off, by the difference in distance between the points
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e and ¢’ and that between e” and e’”’, while, for the shortest points
of cut-off, it is shown by the difference between the points zx x’
and 2” z'".
To FIND THE PISTON POSITION FOR A GIVEN ECCENTRIC
POSITION.—In Fig. 3025, the arc f has a radius equal to the lap of
the valve, and circle g a radius equal to the lap and the lead, and
it follows, from what has already been explained, that with the
crank at B, and the valve open to the amount of the lead, the
eccentric, when at its greatest throw, will be at ¢, and the cut-off
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hence the arc moved through by the eccentric from the beginning
of the piston stroke to the point of cut-off, is the arc v 7. To find
the position of the crank at the point of cut-off, we take the radius
v ¢ from B’, on circle # at the line of centres, and mark an arc G.

A line from the centre C, and cutting the point of intersection of arc

G with circle #, gives at # the position of the crank at the point
of cut-off. An arc whose radius represents the length of the connecting rod, and whose centre is on the line of engine centres,
gives at m the position of the piston at the point of cut-off.

As the crank will move through

If the eccentric be moved further across the shaft to the posi-

the same number of degrees of arc that the eccentric does, we may

tion represented by w the path of its centre will be on the circle

will occur when it arrives at @.

Fig. 3024.
set the compass to radius e d, and mark, from B, the position H of

ys and to find the position of the crank when the cut-off occurs, we

the crank at the point of cut-off.
To find the corresponding piston position, we seta pair of compasses to represent the length of the connecting rod on the same
scale that the outer circle B D represents the path of the crankpin, and from a point on the line of centres / / of the engine, mark
from H an arc, giving s as the position of the piston at the point
of cut-off. Suppose, for example, the engine stroke was 24 inches;
therefore the outer circle 7, being 24 inches, will represent the path

take the radius w m#, and from B”’, where circley crosses the line
of centres, mark an arc J, and the line from C, passing through

of the crankpin on a scale 3 full size, or 4 per inch,

the intersection of J with circle y, gives at 4’ the crank position
at the time the cut-off occurs, while the arc from # gives at Z the
corresponding piston position.
We have now to consider the earliest point at which the cut-off
can be effected; hence let it be supposed that the eccentric centre
is moved to position x, and the crank being on its dead centre at
B, the port will be open to the amount of lead, and as the cut-off
will occur when the eccentric reaches x’, we take the radius x x’,

hon

Ce Q

2 a Centre

Fig. 3026.

and mark it from B’”’, obtaining by the same lines as before the

Fig. 3025.

crank position “".

It is obvious, however, that if the valve had

Supposing the connecting rod to bear the proportion of three
times the length of the piston stroke, and its length to be 72
inches; hence the radius of the arc Hs will be 72 eighths of an
inch, or g inches. Then, as the distance from B to Ss is 1% inches,

no lead, there would be no admission, because when the crank
was on its dead centre B, the port would be blind, and as soon
as the crank moved, the valve would move back further over

we multiply this by 8 and get 15 inches as the piston position at
the point of cut-off.
If now the eccentric be moved to position v, its path will be on

cut-off, in Fig. 3026 the outer

the circle wz, and the cut-off will occur when the eccentric arrives
at ¢, because at that time the valve will be moved from its mid

position to an amount

equal to the amount

of the steam lap;

the port.
To find the amount

of steam port opening for each point of
circle represents

the path of the

eccentric centre when at its greatest throw, while the circle ff
has a radius equal to the steam lap of the valve.
Now,
circle

suppose

the path of the eccentric

centre

x 7, and when it is at e, the valve will have

to be on the

moved from its
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mid position to the amount or distance C x, the point x will, therefore, represent the edge of the steam port and the edge of the
valve when the eccentric is at ¢.
While the eccentric is moving from ¢ to D, it is opening the port;
hence the maximum amount of port opening may be measured

sion, with the hope of getting a little nearer to a correct solution
of the perplexing: problems surrounding the subject.
The matter to be discussed will be divided into several topics,
for the sake of clearness.
1, THE PATH OF AN UNBALANCED GOVERNOR BALL OF A

from x to D. If the valve has no overtravel, the maximum port

SHAFT

opening will be the radius from x to D, when the eccentric path

was proposed by Professor Sweet in one of the papers referred
to, and in an elaborate mathematical analysis Professor S. W.
Robinson seems to prove that the centre of the approximateiv
circular path is vertically above the centre of the shaft, and that

is on the circle 7 7. But suppose the eccentric path to be on the
circle #«, then the maximum port opening will be equal to the
radius

x &, or, if the eccentric

path be on circle g’, then the

GOVERNOR,

ISOCHRONOUSLY

ADJUSTED.—This

problem

maximum amount of steam port opening will be represented by
the radius x y. The area of port opening will obviously depend
upon the dimensions of the ports and upon whether the valve is
double or single ported.
THE

POINT

OF ADMISSION.—If the valve has no lead, the ad-

mission occurs when the crank passes the dead centre; but if the
valve has lead, the point of admission may be found as follows :
In Fig. 3027, the outer circle represents the path of the crankpin and that of the eccentric as before. Circle / has a radius
equal to the amountof valve lap, and circle ga radius equal to the
lap and the lead.
When the crank is at B, and the valve open to the amount of
the lead, the eccentric, when set for the latest cut-off, will be at
e, and as the cut-off will occur when it reaches point d, therefore

the arc it moves through, while the crank moves from the dead
centre B to the point of cut-off, is the length of the arc ¢ a, hence
we take this distance, and from ée (where the eccentric will be

Fig. 3028.

the distance apart of these centres may be determined from the
formula

= = ; A being the distance sought, in inches, and #

being the number of revolutions per second.
Confirmatory of this result, an experiment was made with an
unbalanced weight, arranged according to the requirements of
the problem. The figure illustrating the experimental apparatus
is here reproduced (see Fig. 3028).
|
The spring adjustment was such that this apparatus was thought
to be isochronous at 555 revolutions per minute, and the experi-

mental determination gave 4 = 0.126 inch (mean of several trials),

Fig. 3027.

when admission occurs) mark arc A, and a line A’, drawn from
the intersection of A to the centre C, represents the crankpin
position atthe point of admission for the latest point of cut-off.
Now suppose the eccentric to be moved to é’ for the earliest cuta

off, and the length of arc it will move through from admission to
cut-off, is from vw to @’, and as it will move through half this arc,

n

e

W 87)

1

or from wv to é’, while opening the valve to the amount of the lead,
and the other half while closing it, we take the radius e’ a’ (half
va’), and from point E, where circle g cuts the line of centres,
mark arcs J and F, and then draw lines H C and aC, and lineac

will be the crank position at the point of admission, while H C will
be its position at the point of cut-off.
This is clear, because arc w ¢’ equals arc E J, and arc E F equals

arc ed.

Fig. 3029.

It is seen, therefore, that if the valve is given lead, then in pro-

portion as the eccentric is moved across the shaft for the earlier

points of cut-off, the point of admission is hastened.
NOTES ON THE THEORY OF SHAFT GOVERNORS.*—At our
spring meeting of 1890, at Cincinnati, three papers on shaft governors were presented, which, together with the extended discussions thereon, make

a valuable

contribution

to the literature of

this subject.
It is the purpose of this paper to add something to that discus-

while by the formula 4 becomes 0.114 inch—a fairly close agreement.
Following this a table of values of % was given, derived from the
formula, revolutions

Society of Mechanical

Engineers,” by Albert K. Mansfield, Salem, Ohio, vol. xv., 1894.

minute

being taken at from 1,200 as a

0.02 inch, and in the latter, 9.78 inches.

Suppose this table to be extended to cover slower speeds than
sixty revolutions per minute, even down to one revolution per
minute,

* From a paper read before the ‘t American

per

maximum down to 60; 4 in the former case being by calculation

4 would

be found

at this speed to be, by the formula,

35,200 inches, or 2,933 feet—more than half a mile above the centre

of the shaft.
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This extreme result is noted merely as a curious matter of
interest.
The formula is doubtless correct, as deduced from the assumption on which it is based ; but let us examine the assumption.
Referring to the figure of Professor Sweet’s paper, here reproduced, Fig. 3029, Professor Robinson says :
‘‘ Suppose, to start with, that the weight B is at 7, moving along
a horizontal portion of arc. The action of gravity tends to deflect
it downward instead of allowing it to move along a circular path
concentric with the shaft, thus giving the mass B an accelerated
motion relative to the wheel A, and along the radius A B, so that
by the time the weight reaches @ it will have a considerable velocity toward the centre Cc. From this point on gravity counteracts, and on reaching d@ will have destroyed the radial velocity
toward C, when B will again be moving horizontally, or perpendicular, to the radius, but will be at a point nearer the centre C
than when at 7. Now, from this point on, a radial acceleration will
occur, so that at g the weight will be moving outward with a radial
velocity which, from g on to 7, will again be destroyed by gravity,
thus bringing the weight to rest on the radius at 7, though ata
greater radial distance from the centre C than at any point before
in the revolution, and putting the weight in the position and condition supposed at the start, when it will go on in repetition of the
curve as the next turn of the shaft is made, and so on, continu-

ously, the curved path described being found to be nearly a circle,
with its centre elevated above that of the shaft.”
The questionable part of this reasoning lies in the first sentence :
‘Suppose, to start with, that the weight B is at 7, moving along
a horizontal portion of arc.”
Under this supposition what follows is justified ; but the supposition is only one of an indefinite
number that may be made with equal correctness, each leading
to a different conclusion.
For example, suppose we start the analysis from the point a, the
weight being assumed to have no radial movement at that point,
and the motion to be right handed. Then, during the entire first
half revolution, an accelerating force is drawing the weight away
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Robinson, for we find in his table of results the remarks “ spiral
inward, “spiral outward,” ‘‘steady,” etc.
The practical conclusion to be derived from this analysis is that
an unbalanced weight in an isochronous shaft governor is not
feasible.
2. CENTRIFUGAL MOMENT OF A GOVERNOR WEIGHT.—Theorem: The centrifugal moment about the weight pivot, like the
simple weight moment, is the same wherever, on the line through
the centre of gravity of the weight to the centre of the pivot, the
weight be considered as concentrated.
Let A, Fig. 3030, be the centre of theshaft, Bthe centre of gravity

of the weight, and C the pivot centre or fulcrum.
In considering simple weight leverage about C, the effective
weight may be assumed to act at any point on the line BC, as at
E, in which case the weight at E is to the actual weight at B as
BC to EC. The centrifugal moment of weight B for any given
number of revolutions is proportional to the radius B A times
the line GC, drawn at right angles to B A through c. The centrifugal force of the resultant weight E is similarly A E times DC;
D C being drawn at right angles to A E prolonged.
According to the theorem,

ABxGCxCE=AExDCx
BGC

the lines C E and BC

being the relative weights in the two cases.

from the centre, always faster, until at g this force becomes zero,

and the velocity outward is uniform. During the next half revolution, a force of equal effect acts to draw the weight toward the
centre, but this force must be entirely expended in overcoming
the velocity of the weight outward, which it had when at the point
g» therefore, the movement of the weight is outward during the
whole revolution. The same action occurs in succeeding revolutions, and the weight describes a spiral outward, finally reaching
its outer stop.

If we start the analysis from g, we find by similar reasoning that
the weight describes a spiral inward.
The reasoning in the case of starting from g or a, which does
not permit the ball to return to its starting point, is found to be
rational, when compared with the case of any weight moved in
a straight line, with no resistance except that of inertia, by an
accelerating force, and stopped by an equal retarding force. The
weight comes to rest, and no work is gained or lost, yet the
weight is found in a new position.
Again, if we consider the weight to start, with no radial movement, from any other points intermediate between its positions
a, g, and7, d, it will be found to describe a spiral outward when

the first position is taken at the right of the axis, and inward when
at the left. These spirals are, as will be seen by consideration of
the forces of inertia, in no case regular spirals, but are merely of
Spiral nature, not reéntering.
The conclusion to be derived from this analysis seems to be
that the problem has no true solution, or if any expression based
on correct reasoning could be found for the curve, it would be
irrational.
Moreover, under the conditions of perfect isochronism assumed,

one would be led to expect the motion of the ball to be erratic ;
as, for instance,

it might

first move

in the outer

spiral,

when,

reaching the outer stop, it may be compelled to move horizontally
at the point7,which might start it in the eccentric circle. Slight
disturbing influences, as of the atmosphere, would probably
change it from this to other of its paths. This expectation seems
to be, to some extent, verified by the experiment of Professor

Proof: Draw the line F A at right anglesto
the similar triangles

AF

Band CGB;

AB:

from which

AF=

and

BC.

Then we have

alsoAFEandcCDE,

CB:

CG,

AE:

AF.

Multiplying the equations together, and equating product of
means to product of extremes, we have
ABx

GCx

CE=AEx

DCx

BCas

asserted.

This goes to show that the attempt, which is evident in many
shaft governors, to so design them that the centre of gravity of
the weight shall move nearly in a radial line, is unnecessary.
Wherever the weight be concentrated on the line BC, provided
its amount

be sufficient, the result is the same

whether the arc

described approaches a radial line or not.

This demonstration leads up to another interesting detail, which
seems to show that shaft governors are not always arranged for
true isochronism.
3. POSITION AND

TENSION

OF SPRING.—lIn Fig. 3031, let A be

the centre of shaft, B the centre of gravity of weight, and C the
weight pivot, as before.
Since the line AB may be taken as a measure of centrifugal
force of B, then a line from A to B at any other position of B in its

arc will be, in an isochronous governor, assuming uniform velocity, a corresponding measure of the centrifugal force of B in
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this new position, as the line a B, for the position B,. Suppose a nected from A; to E, and has its zero of tensionat A;, and is adpull spring, pivoted so as to swing about the point A, and to be | justed to balance the centrifugal moment of the weight, it will

pivotally attached at its outer end to the centre of gravity of B; | balance it in all other positions, as at E,.
also, suppose the spring to be of such tension and strength as to | not have been drawn through the
exactly balance the centrifugal force of B. Suppose, also, that the : previous demonstration (see Fig.
line A B represents the total extension of the spring—z-e., that when | through any other point of line B
have had any direction between
the end B of the spring is at a the force of the spring’ is zero—then

But the arc BB, need

centre of gravity B, for, from the
3030), it could have been drawn

C; therefore, the line B a might
that of the direction of the line

Such an
the spring, from the laws of spring tension, will just balance the | A C to that of the direction of a line a B., parallel toBC.
centrifugal force of the weight B in other positions, as at By. The inde“nite number of constructions would bring the point A, at any

arrangement is therefore isochronous, for centrifugal and centrip- | position on the line A C, or its continuation through A.

Fig. 3033.

Fig. 3031.

etal forces are exactly opposed to each other in direction and
It has, therefore, been shown that a spring pivotally swung at
amount.
any point on the line C A, or its continuation through a, and
Take any point E, as before, on the line B C, and draw the line | having tts zero of extension at thefirst-named point, is correctly
AE; consider A E to represent a spring pivotally supported at A | placed to produce exact isochronism.
and pivotally connected at E, and of such force as to counterbal- |
Referring to Fig. 3033, it will be clear without demonstration
ance the centrifugal force of B, or of its resultant weight at E. | that the point of connection to weight arm need not be on the line
Then, if the zero of tension of this spring is at a, it will counter- : BC. It may be anywhere on the weight arm, as at F, provided a
balance correctly the centrifugal force of the weight at all other | new zero line G C be drawn angularly the same distance and direcpositions, as at E,, for the spring lies in the line of action of cen- tion from A C as the line F C from E C.
trifugal force, and its leverage D C about C is the same as that of
It follows that the point of connection of spring to weight arm,

Fig. 3032.
the centrifugal force. From which it is clear that a spring pivot- : and the direction of action of spring, may be selected entirely at
ally adjusted at A, and pivotaliy connected to the weight arm a¢ yandom, or for convenience, provided only that the length between
any point on the line BC, is correctly located to produce exact | pivots and the tension of spring be fixed according to the princi| ples laid down.
isochronism.

In Fig. 3032, let A B, B,, and C represent shaft, weight, and pivot, |
The conclusion arrived at by the preceding reasoning may be
expressed in the form of a second
as before. Draw lines AC andB, A. Draw anarc fromc through
any point E on the line BC, cutting B, C at E,. From the point E
Theorem : The combined zero and fixed pivotal point of a spring,
draw E A,, parallel to B A, and connect A; to E:. The figure A, arranged to act isochronously on any point of the line of weigkt
E E, is exactly similar to the figure A B B:, and corresponding sides arm from weight pivot through centre of gravity of weight, may
of the figures are parallel toeach other. It will be clear from the be taken at any point on the line from weight pivot through centre
foregoing and from inspection, tbat if a spring be pivotally con- of shaft.
VOL. I1L—48.
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Moreover, the spring force required will be inversely as the distance of the fixed pivot from the weight arm point.
BC E represent the same parts as in
In Fig. 3034, letters A A,
AE
Fig. 3032. Drop perpendiculars CG and C D from C on lines

and E A,, respectively; also from E drop the perpendicular E F on
EF and A, CD, as well as
AC. Then similar triangles A,
line
proportions may be
which
from
A F E and ACG, are formed,
made as follows :
AE:

EF=A

AC:

CD=A,E:

SHOP

It is clear that the arrangement may be made isochronous for
the two positions A and B. For the moment consider 0 to be
infinitely removed from A, and investigate the mid position of B
at B,. Draw B, 0, parallel to B O, and A A, parallel to B, C;
also A B,, and D Cat right angles to A B, through C.
aC B, bya. Then
Let AC be represented by & and the angle

C: CG,
EF.

!

Multiplying together, equating products of extremes and means,
and cancelling EF, we have
AExCGxA4,C=A:,Ex

AExCG=aAEx

a

PRACTICE.

CDx

AG,

cpx4&.
AC

If we consider AC to be the unit of force of the spring when

O
Fig. 3036.

the spring moment at B: is X” sin a, and the centrifugal moment

*|

is 2 KR sin - x cosin 4 which expressions are equal to each other,
by trigonometry. Therefore, with a spring so located and adjusted, a third point, B, is isochronous,
If the point 0 is a finite

|
|

distance from A, as shown, it will be found that there will still be

|

|
|
|
|
'f Jon cm nmawenenane

O o—

@ een

i

Fig. 3035.

eee
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é

a

y

K

|

a

the fixed pivot is at A, and A, C the unit of force when the pivot
is at A, then this becomes intelligible.
It shows that the linear extensions of the springs AE and A, E,
multiplied by their leverages GC and CD and by the units of
force of the springs, are equal. The points E and A, were taken
at random, which makes the demonstration general.
A further consideration
the fixed pivot the unit of
of the point of connection
If, therefore, we have
weight B, we have merely

a

a

of Fig. 3030 will show that when A is
spring force is inversely as the distance
on line BC from C.
computed the centrifugal force of the
to multiply this centrifugal force by the

centres
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(see Fig. 3032 for illustration) to find the corre-

sponding balancing spring force ; or to multiply the centrifugal
force per inch of radius by this ratio to find the corresponding
spring force per inch of extension. The linear extension of the
spring was before shown to be E Ai.
4. APPROXIMATE

«eee

ISOCHRONISM.—In Fig. 3035, let A B C be the

of shaft, of gravity of weight,

and

of pivot,

as before.

Draw a line from B through A to any point Oo. Let o be the fixed
point of a spring pivotally attached to B, and having its zero of
extension at A.

Fig. 3037.
e

a point Bi, near the middle of the arc A B, which will be isochronously balanced ; other points, however, between A and B, will
have their spring moment too small, and points between B, and
B will have their spring moment too large.
Suppose the spring to be arranged as in Fig. 3036, the point B,

being the inner or initial positjon of the weight B ; then clearly,

STEAM
from previous demonstrations—o being the pivotal point of the
spring—to produce isochronism at points B, and B, A, must be the
zero point of the spring. It will be found as before that a point
nearly midway between B and B, is also isochronous ; also, if the
angle BC B, is not large, the approach to complete isochronism

is very close. This corresponds to the arrangement commonly
used in practice.
Clearly, the arc B B, may be drawn in any other place from C
as acentre, as at D D,, the line of the spring being made to pass
through these two points, and their angular distance apart being
the same as that of B and B,.

5. INFLUENCE

OF

THE

WEIGHT

OF

THE

SPRING.—Let

the
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G A, may be taken to represent the centrifugal force of the link.
Clearly, this force may be resolved into two forces, O m and La,

the sum of which is equal to GA, while
G O, and their direction of action parallel
Resolve Om into the components Of
radial direction from A, and Og lying
Lay off Og

their ratio is as GL to
to GA.
and Og, Of having a
in the line of the link.

from L to g;, in the direction of the link, and com-

bine Lg. with L# by the parallelogram of forces, which gives
the force Ls as the total resultant force of the link tending to
rotate the weight arm about its pivot.
Draw L A, also G #, parallel to 0 a, and “wv
parallel to OL,
By geometry, GA
is divided at v, and LA at /, in the same ratio

spring be applied, as in Fig. 3037, and let G be its centre of gravity. Determine its moment m of centrifugal force about its pivot
O, and divide by the length of the spring D, 0, which we will
call 7, Owing to the weight G being constant, and the direction

oo

wad

of / practically always the same, * is very nearly constant—m
d
being the moment of centrifugal force and 7 the length of the
spring—for any degree of extension between D, and D, and the

l

quantity * is the tangential force at D, due to the centrifugal

force of the spring. Extend the arc DD, across the line a C,
and lay off each side of the line to F and F, one-half the arc D D,.
Draw radial lines from C to F and F,;.. Draw a circle through C
whose diameter is the chord D D:. From A draw lines tangent
to this circle, crossing the radial lines C F and CF, at K and Ky.
Let d represent the distance A K.
Then, since ; is the force, — is the weight, which, concen-

trated at K or K,—according to the position of the weight arm
B C—will produce a centrifugal moment about C almost exactly
equivalent, at the three points K, K,, and 0,, to the centrifugal

ih

as L O at G; therefore, since 0 m was made equal to G wv in
amount and direction, the triangles 70g and Gv? are equal.
L # was made parallel to and equal tow A, and # s 1s parallel
to and equal to vw # by construction ; therefore, the triangle # s L
is equal to the triangle v # A, and L s is equal to A # in amount
and direction.
But

At
OG
AL~ OL

or,

Haseet

OG

OT

In other words, when the centrifugal force acting at G is represented by the radius AG, that acting at L may be represented
by the radius AL, multiplied by a fraction

which

is the ratio of

the weight G, which would be supported at L, provided the link
were to rest in a horizontal position on two supports at L and 0;
which was to be proved.
If the centre of gravity of the link were at its centre, as is common, then it would be exactly right to consider one-half the link
concentrated at L.
7. FRICTIONAL EFFECT OF VALVE.—In

moment due to the spring weight. Between the extreme positions
K and K, and the central position 0, the action of such a weight
is not exactly equivalent to that of the spring, but with a moderate
arc the error is extremely small.
The object of determining the location and amount of the
equivalent weight K is to find the influence of the spring on the
location of a correct centre of gravity line BC.
6. INFLUENCE OF THE WEIGHT OF THE LINK.—Theorem:
If a
governor link be constrained to move at one end inacircular path
about the centre of the weight pivot, then is the centrifugal effect
of the link the same as if that portion of the weight of the link
were concentrated at its weight-arm pivot, which would rest on
its support if the link were placed in a horizontal position on two
end supports.
In Fig. 3038 let a be the shaft centre, C the weight-arm pivot,
Lo
the link, and G the centre of gravity of the link. GA=

Fig. 3039 let AC repre-

sent the maximum tension of spring and B C the tension to inner
position of weight arm.
Let AD and BE
represent the spring
force corresponding to positions A and Bof weight arm.
Assuming perfect isochronism between weight and spring, then A D and
B E also represent the balanced centrifugal force, and this force,
for any intermediate position of weight arm, is the corresponding
height from the line AB to the line
DE. Up to this time we
have neglected the effect of valve gear friction.
Supposing this effect to be a constant force acting in the same
direction as the centrifugal force of the weight, then it may be
represented by a line parallel to and above D C,asEC,.
If the
constant friction of the valve gear acts against centrifugal force,
or with the spring, then Fi C2, parallel to D C, may represent its
effect. In the former of these cases the maximum spring force
becomes

A F, and

the maximum

spring tension A C,, while

in

the latter case these quantities become A F, and A Cy.
In some constructions, the connection between the governor
and the valve gear is such as to produce a variable effect of friction. This is the case with the ‘“‘ Buckeye” governor, shown in
Fig. 3040, in which, moreover, this friction has a centripetal

effect.
In Fig. 3041 this variable resistance is illustrated by the curved
line F, Ei.
By reference to Fig. 3040, an auxiliary spring P will be seen,
which is designed to act through a little more than half the range
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of the weight arm, and to produce an effect illustrated by the
shaded

portion of Fig. 3041.

I

tangenta = anTat

The result is that a line F, C, ap-

proximately straight, illustrates the centripetal action of the main
spring, B C, being its initial tension, and B E, its total force at
first stop, or initial position.
8. INERTIA IN A SHAFT GOVERNOR.—In Fig. 3042 let A and C

be the centres of shaft and weight pivot, respectively, and consider the total effective weight of the governor weight and arm

We see from this that the effect of inertia to increase or decrease (according to the direction of motion) the moment of force
about the weight pivot is less the greater the number of revolutions per unit of time, and is greater the less the interval of time
in which the change of speed takes place.
Let us assume that the weight B is no longer concentrated in
a point, but is spread out into a disk of considerable size as in

Fig. 3043, whose radius we call 7; then the force of inertia relative to the axis A is greater than before.

By a well-known law of inertia, the radius of gyration of the
;

centred at B.

;

r

:

Inertia acts on the weight B et right angles to the

line AB.
From analytical mechanics (see Weisba thi the force of inertia

may be represented by the expression P=
ugal force is F= w? MR,

VM sche while centrif-

Lr

ak
~

+4)
R

;

B

C

as
at’

Substituting 22 7 for w, and dividing by @ Fas before, we have

in both expressions @ is the angular

of time in which a change of velocity occurs.
Substituting for a its equivalent valve 2 2 7, in which 7 is the
number of revolutions per second, and differentiating the equation

|

;

3

R+—

(1+ 275)
r

velocity, M the mass, R the radius A B, and @ #7 the small interval

A

‘

weights is & + Vai therefore, the force of inertia acting at B is

Fig. 3040.

tangent

a=

2

“anTaT

Ci

Fig. 3041.

for centrifugal force, since it is only the difference of force due to
change of speed which is effective, we have

aT
Fig. 3043-

and

€@F=8r°MRTdT.

If BL or BR, according the direction of motion, represents the
force P, and BA, the force @d F, then BL, or BR, is the resultant
of these forces, and the tangent of the angle A, B Li, or Ai B Ri,

which angle we designate by a, is
tangent a=

or, substituting above values,

ane
dF’

Suppose # to be ¢ of R, Z to be three revolutions per second,
and d# to be one second; then tangent a becomes 0.0406, and @
is less than 24°. If dZis y5 of one second, then a becomes about
22°, and if @ fis yty of one second, then @ is about 76°.
The

extremes of these three cases are shown graphically in Fig. 3043
for both right and left hand motion.
This illustrates to how
great an extent, when changes of speed are sudden, inertia force
may be useful to assist centrifugal force ; also to what a slight
extent inertia acts when changes are not sudden.

STEAM
It also shows that if the direction of motion be badly chosen,
the combined forces may produce an instantaneous moment
about the weight pivot in the wrong direction, thus interfering
with sensitive governing.
As to the actual value of @ # in practice, it may often be a very
small quantity; for in an engine having dead points the velocity
changes a number of times, to a greater or less extent, during
each

revolution.

These

changes
aa

are

less the

heavier the fly-
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applied by Messrs. Bancroft and Lewis of Philadelphia, Pa., toa
Buckeye engine in the works of William Sellers & Co.
The inertia weight consists of a wheel, which, being centred
on the shaft, has its centrifugal force completely balanced, while
its inertia force acts to azd the centrifugal force of the governor.
Instead of causing racing, this is said to have

overcome

all ten-

dency to race, thus enabling the governor to be adjusted for practically perfect isochronism.

It is well known that an increase in the amount of the balanced
forces—centrifugal and centripetal—of a governor tends to increase the effectiveness of the governor to overcome disturbing
influences; yet an increase in these forces may produce an
increase of friction in the pivots, which may defeat the desired
object.
The friction of pivots is not increased, however, by so designing
the governor as to utilize inertia to aid centrifugal force.
In this respect the shaft governor may have a decided advantage over the old ball governor, which is purely centrifugal.
Referring back to Fig. 3045, it is not essential that the inertia
weight be centred on the shaft. It may be centred at the weightarm pivot, thus forming a part of the weight arm. If its centre
of gravity is coincident with the centre of pivot, it will not affect
the centrifugal adjustment of the governor weight, but will aid
the governing moment by its inertia.
A USE FOR INERTIA IN SHAFT GOQVERNORS.*—In presenting
this paper to the society, the writer does not presume the ideas to
be new at all. Talleyrand said: ‘“‘ There is nothing new, except
that which is forgotten ;” and in the exhaustive study which has
been given to the many obscure problems of engine governing, it
seems improbable that this one should have been overlooked.
It
has not, however, been generally recognized, and the writer has
failed to find any literature bearing on the subject.
It seems to be demonstrable that inertia, usually a disturbing

>

—

Fig. 3044.

wheel; therefore, with a light flywheel, an inertia governor should

element, can be and is made the reverse, even to performing the

be specially efficient.
| functions ofa dashpot. Toone having some experience with shaft
In one of the papers referred to at the beginning of this article, governors, it would at first appear singular that certain governors
Mr. Armstrong advocates the use of inertia in the way which would
should be capable of close regulation, without introducing an osreduce the effective moment about C, for the sake of ‘‘ stability.”
cillatory action fatal to good governing. With a fly weight movto be, however, that stability and sensitiveness

ing aconsiderable distance, a moderate speed, and friction reduced

are best arrived at by using the force of inertia to aid centrifugal
force, as in the left hand motion of Fig. 3043.
Fig. 3044 illustrates a governor for a single-valve engine—de-

The fact seems

to insignificance, it would seem that were any efforts made toward
close regulation, all the conditions for a first-class triphammer
would be present ; and yet these governors run smoothly, even

I.

4 VA

A,

a

aaa

Fig.

signed by Mr. J. W. Thompson—which is said to have performed
so perfectly that no perceptible variation of the speed in the range
of the governor could be detected by careful test, and there was
no trouble from racing.
It will be noted that the arc through which the weight arm
moves is so small that isochronism could be practically perfect,
while inertia was utilized to a great degree.
In Fig. 3045 is represented a very ingenious method of combining a separate inertia weight with a shaft governor. This was

3045.
when adjusted very nearly to isochronism ; within one-half of one
per cent. in some cases.
The reason for this steadiness under apparently adverse circumstances seems to be about as follows :
When any governor is engaged in its task of controlling the
engine, the fly weight travels at a variable speed, resulting from
* From a paper read before the American Society of Mechanical En
gineers, by E. J. Armstrong, Oswego, New York.
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of radial movement and the rotative speed.
To take an example from the straight line engine—a fly weight

Then, when it starts to go toward the shaft, it has a high velocity,
and does not part with it until it strikes bottom. Of course a
dashpot will cure it, but is it good engineering to build governors
that way? At the beginning of this paper, mention was made of

is 16% inches from the centre of the shaft when

the absence of friction as an unfavorable

its revolving in a circle of variable size ; this change of velocity
is often quite considerable, depending, of course, on the amount

‘‘in,” and 20}

inches when “out,” making, at 220 revolutions per minute, a difference in velocity of 194’ 4” per minute.
Whenever the fly weight takes a new position, it must change
its speed ; must either move faster or slower, be accelerated
or
retarded, and either absorb or give out power—somewhere.
This resistance to a change in velocity acts at right angles to a.
radial line, drawn through the centre of gravity of the weight, and
if the weight were pivoted so as to move radially, as in Fig. 3046,

the only result would be to put a pressure on the pivot,

If the fly

condition.

Of course,

any considerable friction in a governor becomes a serious fault,
but a small amount, such as is present in nearly all governors
under. the most favorable circumstances, would seem to be rather

of advantage ; the friction and inertia of the valve and its connections are usually sufficient to keep up a slight vibratory movement
in the governor, and when this is the case the fly weight will move
very easily if it? only moves slowly, the friction coming into full
effect should the weight attempt a more rapid change of base.
This, of course, does not apply in the same degree to those govern-

Fig. 3048.

Fig. 3047.

weight is pivoted, as to move at an angle to a radial line, as in
Fig. 3047, so that in its outward movement it goes toward the way
the wheel rotates, then the outward movement of the fly weight

valve friction or inertia.

will be opposed, to some extent, by this resistance to acceleration,

ACTION OF A SHAFT GOVERNOR is thus described by D.S. Jacobus

depending on the angle which the line of movement forms to a
radial line ; or, to put it another way, upon the length of the lever
arm a 6,c a being the line of resistance, and 6 the fly-weight pivot.
When the weight moves toward the shaft, the action is the same.
It has to part with some of its momentum, and so hangs back, as
in its outward movement, thus making, similarly to a dashpot, a
resistance to movement in both directions, which can only be
overcome quickly by a great force, or by a small oneslowly; this
resistance increases as the velocity of the weight, which is all
that is accomplished by the ordinary dashpot.

in ‘‘ The American Machinist ” :

Fig. 3049.

ors having a locking or wedging action, and uninfluenced by
AN

Fig. 3048 shows a fly weight pivoted so as to move at an angle

DETERMINATION

OF THE QUICKNESS

OF

The experiments were made on the governor of a 50 horse-power
Ball engine. Figs. 3049, 3050, and 3051 show the path travelled
by the centre of the valve eccentric when the load is suddenly
changed. As the eccentric is moved directly by the governor, the
number of revolutions required to effect a change in the position
of the governor is shown by the number of revolutions to effect a
change in the position of the eccentric.
The diagram for the
eccentric travel, therefore, shows the quickness of action of the
governor. The indicator cards taken before and after changing

Fig. 3050.

to a radial line, but in the opposite direction to Fig. 3047. A number of governors have been constructed on this plan, with the idea
that any sudden jumping ahead would tend toleave the fly weight
behind, throwing it outwardly and shutting off steam, or vice
versa, in case of a sudden retardation of the engine; the whole
scheme being to make the governor very sensitive to changes in
speed.
:
In the variable velocity of the fly weight, we may find the reason
why these attempts have not proved more successful. As the fly
weight starts to go ‘‘out,” it has the velocity due to its distance
from the shaft ; being pivoted so as to swing back freely, there is
nothing to give it the greater velocity due to its increasing distance from the shaft until it gets it all at once at the end of its
movement, with a slam not at all reassuring to the designer.

EXPERIMENTAL

Fig. 3051.

the loads are shown in Figs, 3052 and 3053.
Fig. 3049 shows
the path with no dashpot when the springs were set so that the
governor is just at the point of unstable equilibrium.
Fig. 3050
shows the path when the initial tension of the springs was made
much less than for Fig. 3049, so as to give great stability with con-

siderable variation in the number of revolutions of the engine per
minute between light and heavy loads. Fig. 3051 shows the effect
of a dashpot, the springs being set at the full theoretical tension,
so that without the dashpot the governor would be unstable. The
diagrams show that the dashpot diminishes the action, so that
twice the time is required to move from one position to the other
with the dashpot on, as is required

with no

dashpot.

It is also

shown that the quickness of action is very nearly independent of
the stability of the governor, for, in Fig. 3050, where the governor
runs at 40 revolutions per minute less than the speed for perfect

STEAM ENGINES.
adjustment, the number of revolutions for the governor to move
irom one position to the other is the same as in Fig. 3049, where
the springs are set so that the governor is slightly unstable.
Further experiments are to be made to determine the action of an
inertia weight. The results of the experiments with and without
a dashpot, however, show that for most classes of work the inertia

weight will be an unnecessary refinement.
By introducing the
dashpot we diminish the quickness of action so that twice the time
is required to effect a given charge in the governor as when no
dashpot is employed.
Nevertheless, this governor with the dashpot attached gives as quick a regulation as is necessary for electric lighting and other work. If, therefore, the quickness of action
can be diminished so that twice the time is required for a given
adjustment, without affecting the practical working of the gov-

ernor, it will be an unnecessary refinement to increase the speed
of action above that obtained with no dashpot.
GOVERNING STEAM ENGINES BY THROTTLING AND BY VARIABLE EXPANSION.*—In the present paper it is intended to consider certain points in connection with the two usual methods of

governing a steam engine ; and it will be attempted to show that,

Fig. 3052.

although for many purposes the popular verdict in favor of variable expansion governing may be accepted, yet its advantages are
commonly much overrated, and in some cases it has no advantage
at all. Governing by throttling may, with convenience, be described as constant expansion with variable pressure ; while the
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sumption of steam per indicated horse-power is nearly as large,
owing to excessive initial condensation ; the indicator shows how
much steam is present, but it tells nothing about the water.
Hence the supposed gain over throttling, as regards steam consumption, is smaller than might be estimated, judging from the
diagrams only. In fact, no conclusion as to economy can be
derived from the diagrams only—a truth which cannot be too
strongly emphasized, and the neglect of which leads to constant
misunderstanding and error.
Nevertheless, when an engine is working against a very variable load, and it is expedient to realize the greatest economy at
some load less than the fullest load which the engine is mechanically capable of developing, then governing by variable expansion
has advantages, because it may be stated broadly that in a throttling engine the fullest load is the most economical load.
The present paper may be looked upon as an elaboration of
section F of the late Mr. P. W. Willans’ paper on ‘‘Steam Engine
Trials,” read before

1893 (Proceedings,

the Institution of Civil Engineers in April,
vol. cxiv., page 40). That section treats of

‘the economical value of automatic expansion gear as a means of
reducing the power ;” and all the numerical results about to be
given in this paper are based on Mr. Willans’ experiments on noncondensing and condensing engines. The author was unable to
obtain any other experiments sufficiently complete for his purpose ;
but there can be no reasonable doubt that the principal conclusions here arrived at apply to any engine, although the absolute
results will be different. Tosave repetition, it is to be understood
that the numerical results apply strictly to Willans engines only.
ECONOMY.—The indicated horse-power of an engine of given
cylinder volume depends on two factors, namely, the number of
revolutions and the mean pressure. If, in order to alter the power,
the speed is varied and the mean pressure maintained constant,
the steam consumption per indicated horse-power, and equally
per brake horse-power, will be increased but slowly as the load is
diminished ;+ for the reason that, other things being equal, high
speed of rotation is in itself more economical than low speed, the
initial condensation being smaller, owing to the shorter exposure

system commonly called automatic is constant pressure with variable expansion.
A complete comparison of the two methods
would require a consideration of the following points: (1) the
effect on the steam consumption of the engine ; (2) the effect on
the closeness of governing, as regards both sudden and gradual
changes of load ; (3) the relative capabilities to deal with overloading ; (4) the relative simplicity and reliability of the various
gears from the mechanical point of view ; (5) the first cost. It is
not intended to describe any of the numerous gears which have
been devised with more or less success for governing engines by
either method, though undoubtedly the closeness of governing is
more affected by the nature of the gear than by whether it acts on
the throttle or on the expansion; it will be understood that the
comparison is made between gears the best of their kind.
The
question of cost will not be considered, as it depends on the nature
of the gear.

The paper will, therefore, deal with the first three

points only.
Governing by variable cut-off is generally considered to be superior to throttle governing, and the latter is looked upon by many
engineers as fit for second-rate engines only. The principal reason for this preference appears to be the supposed great superiority in steam consumption of an engine governed by the cut-off;
and the feeling is no doubt natural enough that pressure is being
wasted when working at less than full load and governing by the
throttle. Asa rule, indicator diagrams from engines with variable-expansion gears look better, but they are often cloaks for exaggerated initial condensation ; that is to say, the weight of steam
shown by the indicator to be present in the cylinder at cut-off
may be as small as can be desired, and much less than that shown
by a throttled diagram of the same area ; and yet it may be found,
by comparison with the actual feed-water used, that the real con* Paper read before the Institution of Mechanical Engineers, by Captain H. Riall Sankey.

Fig. 3053.

of the surfaces to exhaust temperature.
If, however, the speed is
constant, the mean pressure must be varied for variations in the
load ; and in this case the steam consumption per indicated horsepower will depend much more upon the load, and will increase in

general as the load diminishes ; the increase, especially per brake
horse-power, being rapid at light loads. The mean pressure can
be varied either by keeping the cut-off constant and varying the
initial pressure, or by varying the cut-off and keeping the initial
pressure constant. The present object is to inquire which of these
two methods of altering the mean pressure gives the best economical results under various conditions.
It will be seen that the
answer is not the foregone conclusion it is sometimes supposed
to be.
+ This point was brought out clearly by Mr. Willans, both in his non
condensing and in his condensing trials. In the latter, for instance, ht
showed that in the compound series, with 155 expansions and with 30 lb.
mean pressure, the steam consumption per indicated horse-power per hour
was respectively 14.5 lb., 15.26 lb., and 17.07 lb., with 400, 300, and 2c
revolutions per minute.
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preliminary, it may be interesting to inquire into the matter

from a purely theoretical point of view. In his remarks on Mr.
Willans’ paper, read betore the Institution of Civil Engineers (Proceedings, vol. cxiv., page 96), the author showed that the total
water consumption per hour of a theoretical constant-expansion
engine* was given by an oblique straight line (strictly an exceedingly flat curve), the total water being plotted as ordinates on a
mean pressure base; and this he called the theoretical Willans
law, because it had already been shown experimentally by Mr.
Willans that the consumption of an actual constant-expansion
engine was likewise given by an oblique straight line. The absolute steam-chest pressures required for each load can be marked
1000
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say that for four expansions, it will be noticed that it intersects
the constant-pressure curve for 100 lb. at 55 lb. mean pressure;
at this point, therefore, the consumption of the constant-pressure
engine is equal to that of the constant-expansion engine ; and inasmuch as for lower mean pressures the curve lies below the
straight line, the two being in the form of a bow with its string,
the consumption of the constant-pressure engine is less at all lower
points than that of the constant-expansion engine, the difference
being the vertical intercept between the straight line and the
curve.
The consumption lines in Fig. 3054 have been drawn on the
assumption that the back pressure is absolute zero; but if the

Consumption Lines for

Constant Expansion &

Hour
Per
Lbs.

Lbs. Per Sq. Inch Mean Pressure.
_ Lbs. Per Sq. Inch, Mean Pressure.

Fig. 3056.

Fiz. 3054.

on this oblique straight line, and form an equally divided scale.
A number of such straight lines being drawn, Fig. 3054, each for
a different ratio of expansion, it is evident that the consumption
lines for a theoretical constant-pressure engine can be obtained
by joining the points showing equal pressures, as in Fig. 3054,
thus obtaining a series of curves.}
It will be observed that ail the constant-expansion straight lines
and all the constant-pressure curves pass through the origin.
showing that with zero back pressure the water consumption is
mil at zero mean

pressure.

Following one of the straight lines,

Hour
Por
Lba.

back pressure is B lb. per square inch, the only effect is to reduce
the readings of the mean pressure by B lb., as explained in the
author's remarks above referred to ; and these consumption lines
can therefore be applied easily to any back pressure by shifting
the mean pressure scale bodily to the right to the extent of the
back pressure. Thus, if the back pressure is 3 lb. absolute, the
consumption at o lb. mean pressure will be the same as it is with
3 Ib. mean pressure when the back pressure is o, and will, therefore, no longer be mz/ as above;

and

at 30,lb. mean

pressure

with 3 lb. back pressure the consumption will be the same as it
is with 33 |b. mean pressure when the back pressure is 0; and
so on, as is shown by the second scale of mean pressures in Fig.
3055. The latter is an abstract from Fig. 3054, and compares the

Lbs.
Per
Hour

Lbs. Per Sq. Inch Mean Pressure.

Fig. 3055.

* In the remarks referred to, the diagram of this theoretical constantexpansion engine was defined as follows: the admission was at constant
pressure, the expansion adiabatic, the release instantaneous, and the back

pressure absolute zero ; there was no compression and no clearance, and
initial condensation, radiation, and all other losses were supposed to be
nil,

t The size and speed of the engine for which these consumption lines
have been worked out are such that 1 1b. mean pressure gives 1 indicated
horse-power, and it is suggested to call this the ‘ standard-consumption
engine.” The consumption of any other size of engine can at once be
deduced thus: the weight of steam required per hour for a theoretical
engine capable of indicating 1.coo horse-power with 30 Ib. mean pressure
will be 1.000 + 30 times that for the standard-consumption engine.

10
20
30
40
Lbs. Per Sa. Inch Mean Pressure.

50

Fig. 3057.

consumption at all loads of a theoretical constant-expansion
engine, and of a theoretical constant-pressure engine, in three
cases, namely, when the expansions are two, six, and fourteen
times, and the initial pressure is 50 !b., 100 lb., and 200 Ib. absolute
per square inch, respectively.
It will be seen that at all loads less
than full load the theoretical gain in economy by expansion governing is very considerable for a low initial pressure, but rapidly
diminishes as this pressure increases.
Thus, at a mean pressure

of 20 Ib., the gain by expansion governing, when the initial pressure
is 50 Ib., is 42.5 per cent.; at 100 Jb. initial pressure, it 1s 26.3 per
cent., and at 200 Ihb., it is 18.2 per cent.
This diminution in the

economical advantage of expansion governing is confirmed by
experiment. Fig. 3056 gives in full lines the actual consumption
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from Fig. 3055

is assumed that 150 lb. absolute is the maximum pressure available at the engine ; and that the engine is so designed as regards
strength and bearing surfaces that it will run continuously with
40 lb. mean pressure, and for short periods with 50 lb. mean pressure. In Fig. 3057, the constant-expansion engine is arranged for
10 expansions, which, with 150 lb. absolute initial pressure, limits

have been plotted for comparison in dotted lines, and two important differences are at once evident: first, the proportional gain

the mean pressure to 36 lb, as a maximum, whereas with variable
cut-off there is no difficulty in obtaining 50 lb. mean pressure.
If,

in economy by expansion governing is greatly less in the actual

however, the conditions of working require 50 lb. mean

engine than it is in the theoretical ; and, secondly, in the actual
engine the constant-pressure line cuts the Willans or constant-

for short periods, then to obtain this with constant expansion the
fixed cut-off must be made later, and the consumption will be

expansion line at 9 lb. mean pressure in Fig. 3056 and at 14 Ib. in
Fig. 3057, showing that with light loads the constant-expansion
engine is the more economical of the two. The economical gain
by expansion governing is, therefore, considerably less than would
appear
at first sight from theoretical considerations, the obvious
reason being that the higher steam-chest pressure increases the

increased for all loads, as shown in Fig. 3058 by the line w,.

lines for a Willans condensing engine when working with low
initial pressure, and Fig. 3057, when working with high initial

pressure ; and it will be seen that at 20 Ib. mean pressure the
actual gain by expansion governing is Io.5 per cent. with the lower
initial pressure, and only 5.4 per cent. with the higher.
The cor-

responding theoretical consumption lines deduced

pressure

If,

losses due to initial condensation, to radiation, and to leakage—

these losses making themselves felt more and more as the pressure
increases.
|
Returning to Fig. 3056, which gives the lines of water consump-

tion in an actual simple engine when condensing and working
with an available steam pressure of only 60 lb. absolute, it will
be noticed that the constant-expansion engine is arranged for a
maximum load corresponding to 35 |b. mean pressure ; and under
these circumstances, as already pointed out, expansion governing
is more economical than throttle governing to the extent of 10.5

per cent. at three-fifths load. This is the case referred to by Mr.
Willans in page 42 of his paper on ‘‘Steam Engine Trials”
(Proceedings, Inst. C. E., 1893, vol. cxiv.), and

in his opinion

to

such cases as this is largely due the fashion of considering that
expansion governing is necessarily much more economical than

throttling. Variable expansion gear was first applied to simple
engines working with low boiler pressure and often with still
lower steam-chest pressure. For enabling an occasional heavy
load to be dealt with, such engines

had

originally been arranged

to cut-off much later than was required for ordinary work. Naturally, the change gave excellent results ; and it was too often assumed
that the application of automatic expansion gear would produce
an equal saving in cases which were altogether different. Even
in the case just considered, by no means would the same saving
be effected if the constant-expansion engine were not adjusted for
working at an excessive load, such as 35 lb. mean pressure is,
telatively to 60 1b, initial pressure. Had the engine been arranged

Per
Lbs.
Hour

to work at only 25 lb. mean pressure as its maximum load, and,
therefore, with the advantage of greater expansion at all times,
the economy to be obtained by varying the expansion in place of
throttling would have been much smaller, as is shown in Fig.
3056 by the line marked w.

It is most unlikely, however, that a new engine would be constructed to work with so low a pressure as 60 |b. absolute. Fig.
usual

case, namely, that of a compound

It

* Such a case is not unlikely to occur in electric tramway work and in
rolling mills.
VOL. II.—4Q.

Fig. 3059
on the other hand, it is certain that the load on the engine will
never exceed that corresponding with 32 lb. mean pressure, then
the cut-off can be made earlier to correspond with this load ; and
the resulting consumption line for constant expansion, marked W,
in Fig. 3058, is much closer to the constant-pressure line than in

either of the two previous cases ; in fact, so close that advantage
from the use of variable expansion gear must be sought upon
other grounds than that of economy.
It will be noticed that in
this case at all loads below half load the constant-pressure engine
actually uses more steam per horse-power than the constant.
expansion engine.
|
The above points to the following method for constructing a
diagram, by means of which the economy of governing by expansion and by throttling can be compared. Draw the water-con.
sumption curve P P for constant pressure, Fig. 3059, suitable for
the case under consideration; that is to say, according as the
engine is condensing or non-condensing, simple, compound, or
triple. Then draw a vertical line M P through the maximum mean
pressure at which, under any conditions, the engine may have te
work ; and through the intersection of this vertical with the constant-pressure curve draw the constant expansion straight line
P E, according to the Willans law.
The required comparison is
thus established.
A most important point to notice is that with throttle governing
the water per indicated horse-power decreases continually as the
load increases ; but with expansion governing the water per indicated horse-power decreases at first with increase of load, until
the best economy per indicated horse-power is reached, after which
it increases. This can be shown in the following manner: Let the
curve for constant

pressure ; then, in order to find the consumption per indicated

Fig. 3058.

condensing engine working with a fairly high boiler pressure.

Lbs. Per Sq. Inch. Mean Pressure

curve P J, Fig. 3060, be the water-consumption

20
Lbs. Per Sq. Inch. Mean Pressure

3057 refers *to a more

Hour
Lbs.
Pér

horse-power corresponding with any point Z on the curve, draw:
straight line O Z to intersect the vertical scale marked ‘‘ water
per indicated horse-power ; " the point of intersection @ shows the
water per indicated horse-power at the point Z, namely, 16.8 lb.
in the example taken. Itis evident that, in order to find the mean
pressure corresponding with the minimum consumption per indicated horse-power, it is only necessary to draw a tangent O ~ to
the curve from the point 0; then a vertical ~ m through the point
of contact gives the corresponding mean pressure. It will also be
seen that, as the point J moves to the right along the constantpressure curve, the water per indicated horse-power represented
by 2d will diminish until the point 7 is reached ; beyond this point
the consumption per indicated horse-power increases until the
point P is reached, beyond which it will be supposed the engine i>
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PE is the consumption line for a constant-

expansion engine ; in this case it is clear that the minimum consumption occurs at 7.
This construction readily solves the following important problem, which is given here, although only indirectly connected with
the present inquiry. The problem is: what is the most economical mean pressure to work at, knowing the conditions of loading,
the kind of engine, and the available steam pressure?
For instance, let a compound condensing engine, with an available steam
pressure of 150 lb. absolute per square inch, be required to work
principally at a load of 300 indicated horse-power, but occasionally up toa maximum of 600 indicated horse-power.* The constant-pressure consumption curve for 150 lb. is given in Fig. 3060;

S
Lbs.
Per
Hour

10
20
30
Lbs. Per Sq. Inch, Mean Pressure.

Fig. 3060.
and, as already seen, the lowest consumption per indicated horsepower is obtained with 30 lb. mean pressure, and is 14.7 Ib. of

water per indicated horse-power per hour. Since the engine is
working most of the time in the neighborhood of 300 indicated
horse-power, the cylinders ought, if possible, to be so arranged as

to give 300 indicated horse-power with 30 lb. mean pressure; but
with such cylinders the mean pressure required for the maximum
load of 600 indicated horse-power would be 60 lb., which cannot
be obtained with the steam pressure available in a compound
engine with the usual ratio of cylinders. There would be no difficulty, however, in obtaining 50 Ib. mean pressure, hence an increase of cylinder volume is necessary in the ratio of 50 to 60.
With the enlarged cylinders, 300 indicated horse-power would
require 30 x 50 + 60 = 25 Ib. mean pressure per square inch.
Referring to Fig. 3060, it will be seen that with this mean pressure
the consumption per indicated horse-power is 14.9 Ib., or an
increase of only 0.2 lb. over the minimum.
To take another example, let the average load be 450 indicated
horse-power and the possible maximum 600, the other conditions
being as before. In this case the cylinders ought to be arranged
to give 450 indicated horse-power with 30 lb. mean pressure ; and
thus the mean pressure required for the 600 indicated horse-power

SHOP

PRACTICE.

engine. The best possible results would, therefore, be obtained
by altering the cut-off from full load down to a certain mean pressure depending on the conditions of the case ; and from this mean
pressure downwards by reducing the power of the engine by

throttling.

A casein point is illustrated in Fig. 3076.

From A to

B the cut-off is varied, and the saving effected in comparison with
a constant cut-off is exhibited by the difference between the curve
and the Willans line w;.

At B the cut-off becomes fixed, and the

consumption then follows the Willans line w,; and the saving is
the difference between this line and the dotted portion of the constant-pressure curve. This result can be obtained by an arrangement consisting essentially of a throttle-valve governor, together
with a steam cylinder and piston which controls the cut-off. The
movement of the piston is produced by the changes of pressure in
the steam chest, which are caused by the throttle valve. Such an
arrangement can be applied to any engine ; but the exact mechanism will, of course, depend on the class of engine with which it is
used.
Thus far, condensing engines only have been considered ; but
Fig. 3061 gives the lines of water consumption for a non-condensing engine with constant pressure, and also with constant expansion. The available pressure at the engine is 130 |b. absolute;
and by way of comparison the consumption lines for a condensing
engine with the same available pressure have been drawn. The
important point to observe is that the economical mean pressure
is considerably greater for a non-condensing than for a condensing engine. Thus, in the example chosen, the lowest consumption
with the non-condensing engine occurs with 38 lb. mean pressure,
and is 21 lb. per indicated horse-power; whereas with the condensing engine it occurs with 25 lb. mean

pressure, and is 15 lb.

per indicated horse-power, as is seen by drawing tangents from
the origin to the respective consumption curves.
In fact, the
economical mean pressure in a non-condensing engine is nearly
equal to the greatest mean pressure that can be obtained in it,
supposing it to be a compound engine with the usual ratio between
the cylinders ; but in a condensing engine, it is not much more
than half the greatest mean pressure which can be obtained. This
difference is of great importance, and materially reduces the value
of variable cut-off gear in non-condensing engines. As an illustra-

tion, the case may be taken where the engine is occasionally, but
for short periods only, called upon to develop the greatest possible
1000
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would be 30 x 600 + 450 = 40 Jb.

The true criterion of the engine’s performance ought, however,
to be the water consumption per brake horse-power, and not per
indicated horse-power. With a slight modification of the above
construction, the mean pressure can be determined which gives

10

the best economical results per brake horse-power ; such a ques-

tion, however, does not enter into the scope of this paper.
From the foregoing it appears that, at any rate up to a certain
point, the lower the mean pressure for which the fixed cut-off is
arranged the less difference is there between the consumption at
constant expansion and the consumption at constant pressure.
For a particular number of expansions, however, the Willans
Straight line is a tangent to the constant-pressure curve ; and for
all mean pressures below the point of contact the constant-expansion engine is more economical than the constant-pressure

* The water per indicated horse-power is evidently proportional to p »
+- o#; that is, to the tangent of the angle # ¢ , which is proportional to
1 Z@-* so that the scale of ** water per indicated horse-power ” is evidently
an equally divided vertical scale ; and it is convenient to place it at 10 Ib.
mean pressure, as it is then one-tenth of the scale for total feed water.

20

30

40

Lbs. Per Sq. Inch Mean Pressure.

Fig. 3061.

power compatible with the steam pressure available. In the noncondensing engine the greatest attainable mean pressure in the
example represented by Fig. 3061 is 45 lb., and six expansions are
required to obtain this mean pressure with 130 Ib. absolute steam

pressure.

The Willans line w, for this number of expansions is

drawn in Fig. 3061, and shows that with 30 1b. mean pressure the

gain by expansion governing is 10.12 percent. In the condensing
engine the same maximum mean pressure is attainable, and the
Willans line w, gives the consumption for a throttling engine
whose cut-off is arranged to allow of this mean pressure being
obtained, and the intercept between this line and the constantpressure curve shows that at 30 lb. mean pressure the gain by
expansion governing is no less than 11.15 per cent.
Clearly,
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therefore, the value of expansion governing is greater in a con-

actually changes in this manner ; such, for instance, as an engine

densing than in a non-condensing engine.
GOVERNING.—It would appear that Corliss, Sulzer, and other
similar trip gears can be made to work up to speeds of about 150

driving a wire mill. Rapidity of action of the governor is essential in this case ; but a heavy flywheel is also necessary, in order
to secure fairly steady running, and it is evident that, theoretically

revolutions per minute.

Taking the valve motion into considera-

at any rate, the momentary change of speed can be reduced to

tion, such gears are mechanically as simple as throttle-valve gear,

any desired percentage by suitably increasing the weight of the
flywheel. The momentary change in speed in an engine on suddenly changing the load is looked upon by many as the best cri-

and the working ports of the governor require little power to
move them, so that such governors are very sensitive. For a
simple engine, therefore, the two methods ought to be on a par in
respect to closeness of governing, but with some advantage to the
expansion governor on account
of the generally smaller clearance,
and the absence of the reserve of steam which is contained in the

steam chest of the throttling engine and is, consequently, beyond
the control of the governor.

For a compound

engine, however,

the trip gear has clearly the advantage, as it can be more readily
applied to each cylinder; and this is still more true of a tripleexpansion

engine.

Up to 150 revolutions

per minute, therefore,

throttle-valve governing need not be considered.
Above

these speeds, however, variable

expansion gears, being

no longer of the trip class, require considerable power to work
them as a rule ; and it is usual to employ powerful shaft governors
for the purpose. Such governors are clearly more expensive than
throttle-valve governors, and are probably also less sensitive,
The comparative simplicity of throttle-valve governors and their
greater Sensitiveness under such circumstances, are, in fact, their

great recommendation.
-The object in view in regulating the speed of an engine is to
approximate as nearly as possible to an absolutely uniform angular
velocity.
Irregularities in this respect may occur as follows:
(1) variation during a single revolution; (2) variation without
change of load, or with only slight change of load or steam pressure ; (3) variation consequent on considerable but gradual change
of load or pressure; (4) momentary variation consequent on
sudden change of load. For a given engine, changes in angular
velocity during a single revolution depend solely on the flywheel
and not on the governor, excepting, indeed, in an exceedingly
slow-speed engine, where the governor may have some effect.
Accuracy in this respect is evidently attained more easily in a
high-speed engine than in a slow-speed engine. The second class
of variation is generally due to friction in the governor, or rather
to want of power in the governor to overcome the friction, so that
a considerable change in speed is required to move the governor
and to effect any change in the position either of the throttle valve
or of the cut-off.
Expansion gear driven by a shaft governor is clearly more diffi-

cult to manage

in this respect than a throttle governor.

The

third variation can be reduced, whatever the kind of governor, to
any percentage desired, however small ; but the penalty paid for
extreme accuracy is obtained by a secondary governor, or by
means of secondary action in the governor. Asregards “hunting,”
it would appear that high-speed engines, especially if governed
by the throttle valve, are more liable to this defect than slowspeed engines.
A rapid oscillatory motion of the valve can
produce only a small effect in a slow-speed engine, because the
inertia of the ports and of the flywheel is so considerable as to
prevent any great proportionate change in speed during the interval of an oscillation. A high-speed engine, however, owing to
the much reduced inertia, responds to any alteration in the position of the valve by changing its speed materially ; or, in other
words, the speed of a high-speed engine tends to follow the oscillations of the throttle valve. Such oscillations are produced by
any stickiness in the governor, and are much increased in amplitude if the time of oscillation of the governor synchronises with
the revolutions or with some multiple of the revolutions of the
engine, or, in exceptional cases, with the oscillations of the steam

in the steam pipes. It would appear that in this respect expansion governing is lecs liable to “hunting,” which may be due to
the governing action occurring intermittently ; that is, when the
cut-off takes place, whereas the throttle valve is governing more

or less continuously.

|

The fourth requirement of governing, namely, capability of deal| ing with momentary sudden and considerable changes of load,
‘ does not apply to all engines, but only to those in which the load

terion for comparing the relative merits of the governing of
engines. It is no doubt a good test, if not pushed to extremes;
but it should be observed that the governing arrangements of an
engine may be perfectly suitable for a slowly changing load, and
yet quite unable to cope with a suddenly changing load.
The
highest perfection of governing, when dealing with a suddenly
changing load, can be obtained only by having an abnormally
heavy flywheel, and by regulating the admission of steam to each
cylinder individually in compound and triple-expansion engines.
The latter regulation generally involves a considerable addition
of gear to the engine, and the brake efficiency is proportionately
reduced.
In order to compare the relative merits of expansion and
throttle governing in respect to a rapidly changing load, the
author will consider three different high-speed engines of the
same kind and power: the first being simple, and the other
two compound and triple, with receivers and with the cylinders arranged tandem fashion; and it is further understood
that each engine is running at the same speed, and has the same
flywheel power.
In a simple engine, when governed by the throttle, a sudden
increase of load is met by an increase of pressure ; and if the governor is sensitive, the interval between the change of load and the
increase of pressure is exceedingly short, so that the speed will be
well maintained. If, on the other hand, the engine is governed
by the cut-off, the heavier moving parts of the governor, if of the
flywheel kind, will increase the interval between the change of
load and the action of the governor; so that the speed of the
engine will drop more than in the former case. But inasmuch as
the first effect will be to make the cut-off too late, the engine will

momentarily develop considerably more horse-power than the
normal, owing to which the normal speed will be recovered in less
time than with a throttle governor ; it may, however, overshoot
the mark, and thus oscillations in the speed may take place for a
short time.

Ifthe load is suddenly diminished, the throttle-valve

governor will act more rapidly than the expansion governor ; but,
on the other hand, there is the steam in the steam chest to deal
with. Both arrangements are capable of cutting off the whole
steam supply from the engine ; hence the recovery to normal speed
will occupy practically the same time in both.
It appears, therefore, that in a simple engine, the regulation
when dealing with suddenly changing loads, is, on the whole, as
good with a throttle governor as with an expansion governor.
In a compound engine with receiver, when the load is suddenly

increased, the receiver has to be filled to the pressure corresponding with the increased load before the low-pressure cylinder can
do its fair share of the work ; and the increase of the load may be
so considerable that, even with the admission of the full boiler

pressure, the power developed in the high-pressure cylinder may,
if the engine is governed by the throttle valve, be insufficient to
make up the difference, as is illustrated in Figs. 3062 to 3065, and

this loss of time will cause a considerably greater reduction in
speed than in a simple engine.
If, however, the engine is governed by the expansion, the cut-off in the high-pressure cylinder
will become later than is necessary for the load, so that not only
will this cylinder do more than its fair share at first, but, what

is

equally important, the receiver will also be more rapidly filled, thus
enabling the low-pressure cylinder sooner to do its proper share,
as shown in Figs. 3066 to 3069. Clearly, therefore, the reduction
of speed will be less than with throttling. When, however, the
increase of load is comparatively small, the greater sensibility of
the throttle governor will cause less reduction in speed. It is
evident, therefore, that there is some particular increase of load,

which is equally well dealt with by either form of governor, so
far as regards reduction in speed ; and that for a smaller increase
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the throttle valve has the advantage; for a greater increase, the
expansion governor.

The effect of suddenly and largely diminishing the load on a
compound

engine with receiver, if governed by the throttle valve,

would be nearly to shut off the steam supply altogether; the
speed, however, would still increase for a time, owing to the steam
already in the receiver and in the steam chest. On the other

hand, if the engine is governed by the cut-off, the steam supply to
the high-pressure cylinder is at once entirely cut off, should the
diminution of load be so great as to need this, no matter what the
pressure in the steam chest may be; and thus only the steam in
the receiver has to be dealt with. Unless, therefore, the governor

acting on the throttle valve is far more sensitive than that acting
on the expansion, the speed of the engine will momentarily rise,
more in the former case than in the latter. The same arguments
apply to a triple-expansion engine with receivers, the effect of
the second receiver being auded; and it is clear, therefore, that
the change of speed produced by an equally sudden change of load
will be greater in such an engine than in a two-cylinder compound
engine with receiver; and this will be the case whether the engine
is governed by the throttle or by the expansion.
In certain special instances advantage in the way of economy
can be obtained by materially reducing the speed of the engine as
the load is diminished.
To effect this the adjustment of the governor must be made whilst the engine is running. This can be
done with comparative ease with a throttle-valve governor ; but
the powerful shaft governors required, as a rule, for expansion
Compound

Receiver

Engine.

Fig. 3062.
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ceived a copy of Captain Sankey’s memoir and saw that he advocated automatic expansion, he could not but exclaim, ‘Is Saul,
also, among the prophets?”
He was very glad to find that
Thames Ditton, who had previously advocated throttling, now
declared for automatic expansion.

He did not, however, agree

with everything that was contained in the paper.
He took no
exception to the results of the diagrams, and wished to bear testimony to the solid merits of the paper, although the author had,
perhaps, failed to justify its title.
The speaker thought that the paper might be summed up in the
syllogism that the most economical engine had always automatic
expansion ; that automatic expansion was sometimes the best ; that
the most economical engine was, therefore, sometimes the best.
The rest of the paper was occupied in balancing the advantages
of an economical engine against the disadvantages of a badly
governed engine. The author had stated that, above speeds of
150 revolutions per minute, ‘‘ variable expansion gears being no
longer of the trip class require considerable power to work them,
as a rule; and it is usual to employ powerful shaft governors for
the purpose.
Such governors are clearly more expensive than
throttle-valve governors, and are probably also less sensitive.
The comparative simplicity of throttle-valve governors, and their
greater sensitiveness under such circumstances, are, in fact, their

great recommendation.”
Again, later on he had said: ‘“ Expansion gear driven by a shaft governor is clearly more difficult to
manage in this respect [z.e., in respect of the power in the governor to overcome friction] than athrottle governor.” The author

Effect
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governing in high-speed engines are more difficult to adjust whilst
running, although there are arrangements for doing this.

Having compared in a general way the relative effects of expansion and throttle governing on the economy and closeness of governing of an engine, the author now purposes applying the results

of this comparison to a few typical cases which occur in practice.
Reviewing what has been said, it will be seen that the nature of
the load is the most important factor in deciding whether the
engine should be governed by the throttle or by the cut-off; and
if the conditions are such that the most economical load of the
engine ought to be less than the full load, or that the engine has
to be overloaded for short periods of time, or that the load is subject to sudden and considerable fluctuations, under any such conditions it is better that the governor should act on the cut-off.
ENGINE GOVERNING.*—At the conclusion of the reading ofthis
paper, Captain Sankey explained the modifications which had been
introduced into Fig. 3061 of his diagrams, owing to an oversight
in copying the diagram from the original. The difference, however, would not affect the validity of his arguments.
He stated
that the outcome of the paper as a whole showed the great advantage of expansion gear was that it made it possible to work the
engine above the economical load.
During the discussion that followed, the first speaker was Mr.
John S. Raworth of the Brush Electrical Engineering Company.
He commenced by saying that he always looked forward to a paper
from Thames Ditton with the greatest interest, and when he re* From ‘ Engineering,” February
8, 15, 22, 1895.

Fig. 3068.

Fig. 3069.

had also stated that ‘‘ when the increase of load is comparatively
small the greater sensibility of the throttle governor will cause less
reduction

in speed.

It 1s evident,

therefore, that there is some

particular increase of load which is equally well dealt with by
either form of governor, so far as regards reduction in speed ; and
that for a small increase the throttle valve has the advantage ; for
a greater increase, the expansion governor.”
Mr. Raworth considered it necessary to repeat these passages,
as the paper had not been read in full. Thespeaker’s experience
was that the crank-shaft governor was better than the throttle-valve
governor as 3to I. He had bought a large number of the latter,
but could scarcely ever get a better result, in regard to variation
of revolutions between light load and full load, than 2} to 3 per
cent., whilst with the shaft governor the variation would be no
more than I percent. In America the shaft governor was largely
used ; he would

mention the Woodbury, Buckeye, and McEwan

engines. The firm manufacturing the latter would sell engines
on the guarantee that there would be a variation of no more than
one revolution. The speaker gave an instance of the working of
an engine with an automatic expansion governor fitted to an 800
horse-power engine having a high-pressure piston-valve weighing
between 3 cwt. and 4 cwt.

In this case the speed at full load of 250 amperes, or 500 kilowatts, was 146 revolutions per minute, and when the load was
reduced to 50 amperes, or 100 kilowatts, the revolutions were but

148 per minute. Later on they were able to get the revolutions
to 152 either with light or heavy load, but the governor was then
hunting all the time. He did not think it necessary to multiply

STEAM
instances, as the proof was overwhelming in favor of the crankshaft governor.
The author had said that if ‘‘the engine is governed by the cutoff, the heavier moving parts of the governor, if of the flywheel
kind, will increase the interval between the change of load and
the action of the governor, so that the speed of the engine will
drop more than in the former case "—+#.e., when governing is by
the throttle. The speaker disagreed with what was said about
the heavier moving parts increasing the interval between the
change of load, and, as an illustration, he supposed a case in which
two weights were dropped from the top of a shot tower, one
weighing, say, 2 oz, and the other 2 cwt. If Captain Sankey was
right in his contention, the 2 oz. weight should reach the bottom
before the heavier mass ; whereas, excepting for the effect of the
atmosphere, they would

both

take

the same

time in falling.
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regard to this question of sluggishness he would point out that
with governing by throttling the temperature of cylinder walls
and passages was reduced when the steam pressure was lowered,
and for this reason, when the full load was again thrown on and
the engine opened up, the cylinders would be choked with water
and the engine would stagger in its working.
The author had
brought forward the difference in first cost as an argument in
favor of the throttle-valve governor.
The speaker would give
figures on this point taken from the books of his frm. The cost
prices, including incidentals for the governors, which had been
made for an 80 horse-power engine, were : for the throttle-valve

only asingle cylinder.
Another advantage was that the turning
moment in the crank-shaft was more equal. He would ask the
author if, in the experiments referred to in the paper, the cut-off
remained constant in the intermediate and low-pressure cylinders,
to which question Captain Sankey replied in the affirmative.
The speaker next went on to describe an arrangement of automatic expansion gear which had been applied to the engines that
had been installed for driving the electric lighting plant at Cardiff.
This he illustrated by a wall diagram, which showed that the
governor operates the valve of a small steam cyclinder through
a floating lever, the arrangement being such that for each position of the governor there is a corresponding position of the
piston of the steam cylinder.
Mr. Paul, of Dumbarton, referred to the effect of early cut-off
in producing excessive vibration at light loads.
ELECTRIC LIGHT ENGINES.*—In a well-designed central station there will be a number of engines principally of one size, and
a few smaller engines.
The fluctuations of load, although rapid
at times, are approximately known beforehand, because they follow
with more or less accuracy a previously ascertained load curve.
It is, therefore, possible

at all times so to work the engines

that

the load on those running is approximately their economical load.
Under these conditions expansion governing has no advantages,
if the engines are working

non-condensing,

because in this case,

as already pointed out in reference to Fig. 3061, the economical
load is obtained with so high a mean pressure that, except with
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governor, £9 17S. 8d., and for the automatic expansion governor,
£12 8s. 4d. These were the total prime cost. The real difficulty
in regard to the expansion governor was that of arranging the
details to suit the design of special engines. The speaker would,
therefore, prefer this syllogism to the author’s : the most economical engine has always automatic expansion ; automatic expansion
is always the best; therefore, the most economical engine is
always the best.
Mr. J. C. Peache, who spoke next, said that the diagrams on
the wall were founded on the experiments made by the late Mr.
Willans, and it should be noted

that in the experiments

relating

to the action of throttling, trials were made with an engine not
fitted with a throttle valve, the reduction of the steam pressure
being effected by actually lowering the pressure in the boiler.
The point should be noted, as it would lead to some slight modifi-

cation of the results ; there being more total heat in steam when
throttled than when raised at initial pressure only. In regard to
automatic expansion, he wished to point out that automatic expansion gear was in this country usually only fitted to the high-pressure cylinder.
For large powers, especially with electric traction, he thought a better form of expansion gear should be
introduced.
There would be found in America automatic expansion gear to each cylinder, The introduction of this arrangement
was largely due to the bursting of flywheels in certain cases
through the governor not acting sufficiently early. A better distribution of steam in the cylinders was also obtained by the same
means, and the engine was as much under control as if it had

3070,

unusually high boiler pressures, the highest mean pressure that
can be obtained gives the best economy. If, however, the engines
are condensing, the conditions are considerably changed ; because, as already seen, the economical load ‘s now obtained with
a much lower mean pressure, namely, from 28 lb. to 32 lb. mean
pressure, according to the boiler pressure. Supposing that the
engines are mechanically designed to be able to run continuously
with 40 lb. mean pressure, and for short periods with 50 lb. mean
pressure, it is then possible to run them at powers materially
greater than their economical load ; and this tends to economy,
because on a rising load fresh engines can be started later and
with more deliberation, and on a falling load superfluous engines
can bestopped sooner. Inorder to work the engines in this manner—that is, with best economy at 28 lb. to 32 1b. mean pressure
and with power to overload—it is obviously necessary to be able
to alter the cut-off.

Hand gear would, in this instance, answer the

purpose ; but automatic expansion gear is undoubtedly preferable.
In order to obtain some idea of the economical gain of expansion governing under such circumstances, the following example
has been worked out. The load curve chosen is that for twentyfour hours at Kensington electric light station on December 2,
1890, which was first published by Mr. Crompton in his paper
read before

the Institution

of Civil Engineers

on

April 7, 1891,

and which has done duty many times since. It is assumed that
each of the principal engines in the station is capable of develop* By Captain H. R. Sankey.

From ‘*‘ Engineering,” March 15

1895.

MODERN

302

MACHINE

SHOP

PRACTICE.

be of use.
Thus, one of the factors determining the relative
merits of the two methods of governing, as appiee to this particular kind of work, is the shape of the load-curve’ but: as it is
impossible to know beforehand what the shape will be; it is best
in practice to arrange the engine with expansion gear, ‘because

ing 140 electric horse-power with 40 lb. mean pressure in the
cylinders ; and that there are two smaller engines, each capable

of developing 70 electric horse-power with the same mean pressure ; these are somewhat larger units than those actually in the
Station.
It is also supposed that the pressure available at the
engines is 150 lb. absolute per square inch.

this will meet all cases, whereas throttle gear will’not.! “In elec-

Fig. 3070 shows the times at which the different engines would

tric light stations of medium magnitude, containing, say, thrée or

be started and stopped when the governing is done by the throt-

four engines, throttle governing will give as-good results as ex:

tle, the cut-off being arranged for a mean

pansion governing if working non- one tee b if condensing,
expansion governing will be best.
ee
me
DYNAMO ENGINES FOR TRANSMISSION OF' POWER. Many
different cases occur, depending on the number of motors and on
the kind of work to be done; and the difference will be expressed

pressure of 34 Ib. per

square inch; and from this, with the help of the constant-expansion steam consumption straight line given in Fig. 3058, the water
required to be evaporated for the engines only can be calculated,
and is found to be 110,330 lb. for the twenty-four hours.
Fig. 3071 shows

by the shape of the load curve. When there are many small
motors, which are not frequently started and stopped, changes in
load will take place gradually ; the load curve will be ‘fairly regular, and in shape not unlike that for electric light Stations ; evidently then the same remarks apply.
A somewhat unusual case and one difficult to deal with is that of

the effect on the times of starting and stop-

ping when the engines are governed by the cut-off, and are allowed to be overloaded up to $0 lb. mean pressure for half an hour,
assuming that the dynamos are designed to stand this overload.
As before, the total water required in twenty-four hours can be
calculated with the help of the constant-pressure consumption

a singleshunt motor driven by a single shunt dynamo, the latter in
its turn driven by a single engine. The first difficulty is met with
on starting the motor, especially if it has to start ‘with even a
small load on it. The torque or turning moment required for
starting is great; and if the engine is governed by the tkrottle,
the maximum torque which the engine can give out is’ reached
sooner than if the engine is governed by the cut-off; ‘because the

curve given in Fig. 3058, and it works out to 87,240 lbs.

In the particular instance here chosen it will be seen that at the
time of maximum load six units are running with expansion governing as against six and a half with throttling. This points to
the fact that expansion governing tends to reduce the number of
engines required in an electric light central station; in other
words, it can better be afforded to overload engines with expan-
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all
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sion governing than engines with throttle governing, for in the for-

latter allows of momentary excessive overload.

mer event the economical ill effects of the overload are but temporary, while in the latter they are permanent. On the whole, therefore, it can be stated that for large central electric light stations,
when working non-condensing, throttling is as good as expansion
governing ; but when condensing, governing by the cut-off has a
superiority.
An electric light station containing only one engine will evi-

culty occurs whilst the machinery is running, should the load fluctuate considerably in the neighborhood
of the full load.
If the
engine is governed by the throttle, directly the full load is overstepped the speed of the engine must drop; the available horsepower will thus be diminished, and if the load remains only for a

Load Ourve fora single
Electric Light Unit

Thesecond diffi-

short time above the full load, it must inevitably pull up the engine;
or rather it would do so, were it not that the fuses in the circuit

would blow, owing to the abnormal increase in the current due
to the reduction of counter electromotive force in: the motor. If,
on the other hand, the engine is governed by the cut-off, the over-

load on the motor will be met by an overload on the engine, and

Fig. 3072.

dently be worked most economically by altering the cut-off, if the
engine is condensing. If the engine is non-condensing, the case
is not so clear. A great deal depends on the boiler pressure that
can be obtained ; and it will be observed that the power of overloading the engine is not of much advantage, because in all probability the time of overload would last too long to be permissible,
unless there were a peak in the load curve, as shown by the dotted
line in Fig. 3072;

in which case, of course, expansion gear would

the difficulty will disappear. This is evidently a case where expansion governing is far preferable to throttling, and in fact may be
said to be necessary ; although throttle governing could be made
to answer, by fixing the cut-off late enough ; but then the economy
of working would be greatly reduced.
ELECTRIC

TRAMWAYS

AND

RAILWAYS, ~The: mostsaeaporant

case, however, is that of electric tramways and railways. A glance
at the typical load-curves illustrated in Fig. 3073, 3074, and 3075
will show that the machinery cannot be worked: like that of an
electric light station ; that, in fact, all the engines, except the
Spare ones standing in reserve, must be kept running ; and that
they are alternately fully loaded and lightly loaded at short intervals of time. The power of being able to overload the engines
for a short time, as can be done with expansion governing, is here

STEAM
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of the utmost importance, especially from the economical point of
view ; and there is the incidental advantage, as previously explained, that expansion

gear responds

more

readily to sudden

changes of load. This being so important a case, it may be well
to illustrate it by a numerical example. Figs. 3073, 3074, and
3075 are typical load curves for ten minutes on an electric railway ;
and it will be noticed that in each of the three figures a peak of
the same height is shown at A, so that the same number of engines
have to be worked in each instance. It is proposed to calculate
the water required to be evaporated for the engines during each
ten minutes under the following five different conditions: (1) the
engines are governed by the throttle valve with the cut-off
arranged for 35 lb. mean pressure, when the full available pressure is used; (2) the engines are governed by the throttle valve
with the cut-off arranged for 45 lb. mean pressure, when the full
available pressure is used ; (3) the engines are governed by the
throttle valve with the cut-off arranged for 50 |b. mean pressure,
when the full available pressure is used ; (4) the engines are
governed by the cut-off; (5) the engines are governed by the cutoff from 20 lb. mean pressure upwards, and by the throttle valve
from the same mean pressure downwards.
In Fig. 3073 there are three peaks of nearly the same height as
A, and the engines are comparatively well loaded during the
whole ten minutes.

In Fig. 3074 the other peaks are of medium

height, and this figure represents a medium load on the engines.
Electric

1283465678
9 10

Minutes

Fig. 3073.

Railway

393

In the first case—thrortle governing with the cut-off arranged
for a maximum of 35 lb. mean pressure—it is necessary, as shown
in Fig. 3073, to keep six engines running, and since they are
working with constant cut-off, the consumption at all loads will

be represented by a straight line, and, therefore, the total actual
consumption will be the same as if the engines were working
under a constant load equal to the average load.* For the ten
minutes under consideration the average load is found to be 3,116
indicated horse-power; hence the average mean pressure is
35 x 3,116 + (6 x 980) = 18.55 lb. per square inch. Referring to
Fig. 3076, it will be seen that the water consumption of the standard consumption engine at this mean pressure is 312 lb. per
hour ; hence the total consumption for the ten minutes Is (312 + 6)
x 6 x 980 + 35 = 8,740lb. The water consumption for Figs. 3074
and 3075 can be found in exactly the same way, and the result is

given in Table I.
In the second case—throttle governing with the cut-off arranged
for 45 lb. mean pressure—it is found that this increase in the available power of each engine allows of stopping one engine, keeping
only five running. The consumption of each engine is now represented

by the Willans

line W,, and

is greater than

in the first

case ; nevertheless, the total consumption is less than in
i the first
case, as shown in Table I.
In the third case, throttle governing with the cut-off arranged
for a maximum of 50 lb. mean pressure, only four engines are
Typical Load

Curves.

128465628910

Minutes

LEV

Fig. 3074.

LM

Minutes

Fig. 3075.

Lastly, Fig. 3075 denotes only a light load on the engines. It will | required, because they can now develop for short periods a suffibe supposed that each engine is capable of developing 980 indi- cient power; but as the cut-off.must be later, the consumption at
all loads will be greater, as shown by the Willans line marked Ws
cated horse-power at 35 lb. mean pressure, 1,260 indicated horsein Fig. 3076. The average indicated horse-power, however, is
power at 45 lb., and 1,400 indicated horse-power at 50 lb. mean
smaller, because the losses in the dynamo and engine of the fifth
and sixth set are saved.

The

average thus becomes 2,783 indi-

cated horse-power; and the total water consumption for the ten
minutes comes out to 8,250 lb. for Fig. 3073.

In the fourth case—expansion governing—the consumption for
the short period heavy load will evidently. be the same as in the
third case, as seen from Fig. 3058 ; but owing to the cut-off being
altered, considerable economy is obtained at the lighter loads, at
Per
Lbs.
Hour

which the engines do most of their work. The total water cannot, in this case, be obtained from the average mean pressure,
because the consumption line is no longe” a straight line, but has
to be ascertained from the consumption for each element of the
load. The result is 7,200 lb. for the ten minutes for Fig. 3073, as
given in Table [.
In the fifth case—combined expansion governing and throttling
—the consumption is given by the constant-pressure water-consumption curve down to 20 lb. mean pressure; and for lighter

pressure ; further, that the engines are condensing and that the
full available pressure is 150 lb. absolute ; it will then be possible

moreover, the author

to use the consumption curve given in Fig. 3058, which has been
reproduced in Fig. 3076.

his remarks upon Dr, E. Hopkinson’s paper on the City and South London Electric Railway.

* This result follows at once from the Willans straight line law ; and,
obtained

an experimental proof, as mentioned

in
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loads by the Willans line marked w, in Fig. 3076. The calculations are similar to those in the previous cases, and the results are
given in Table I.
TABLE
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at 32 lb. mean pressure, which, for the sake of argument, may
also be supposed to be the average load, the gain in economy,
due to expansion governing, is found by reference to Fig. 3077
WATER

CONSUMPTION
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MINUTES.
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P.C. | Units

Cut-off fixed for 35 lb. mean pressure..........-.|

5633 | 3116 | 8740 | 21.6 | 5633 | 2526 | 7490 | 27.8 | 5633 | 1749 | 5830 | 38.2

6

Cut-off fixed for 45 Ib. mean pressure....

......-

5466 | 2950 | 8590 | I9.6 | 5464 | 2359 | 7150 | 22.0 | 5466 | 1582 | 5300 | 25.8

5

Cut-off fixed for 50 lb. mean pressure............

5300 | 2783 | 8250 | 14.8 | 5300 | 2193 | 6730 | 14.8 | 5300 | 1416 | 4750 |} 12.7

4

Variable:cuteolt satin ost. ss. 68-08 banknnotnun
eas

5300 | 2783 | 7220 | 0.5 | 5300 | 2193 | 5895

Variable and fixed cut-off ...... Ge asus

5300 | 2783 | 7185

ealthae ceases

0.6 | 5300 | 1416 | 4560

8.2

4

0.0 | 5300 | 2193 | 5860 | 0.0 | 5300 | 1416 | 4215

0.0

4

A comparison of all the results obtained, Table I., shows that
the fifth arrangement is the best for all three typical load curves.
On the mere question of economy of water evaporated it will be
noticed that there is, perhaps, not so much difference between
the first three arrangements as might be expected. The third
arrangement has, however, the great advantage that only four
engines are required. The advantages of expansion governing

to be 1.83 per cent. It is evident, however, that in practice the
boiler pressure cannot be maintained constant, and that allowance
ought to be made for a fall, say, of 20 1b.; and in order to meet the
contingency of maximum load coming on with minimum boiler
pressure, the cut-off must be made later than above arranged for.
Furthermore, if any doubt exists as to what will be the maximum
load, an additional allowance must be made by fixing the cut-off

are striking ; a considerable saving in feed water is effected, and
two engines less are needed than in the first arrangement.
In
fact, this is just the case where expansion governing might almost
be said to be a necessity.
MILL ENGINES.—Generally speaking, a single engine only has
to be considered in mills; and the load may either be almost
unchanging, or changing slowly through considerable ranges, or

still later, which will still further reduce the economy at all loads,

Compound

Fig. 3077; and it will be noticed

line for constant cut-off in

that this will be the water con-

sumption of the engine, whether the boiler pressure be 150 Ib. or
130 lb., or any intermediate pressure. With expansion governing,
however, it is unnecessary to make any allowance for uncertainty
in the maximum

load; but the reduction of 20 lb. in the boiler

pressure changes the consumption curve to the upper one in Fig.
3077, and for a smaller reduction of pressure the consumption will
lie somewhere between these two extreme curves.
In order
accurately to compare the economy by the two modes ofgoverning,
it is necessary to knowin what manner the boiler pressure varies.
With careful stoking and regular feed, no material fall in the pressure ought to occur except when cleaning fires; therefore the
curve of average water consumption with expansion governing
ought to be much nearer the lower curve than the upper as shown

Lbs. per hour

a

as shown by the upper consumption

Condensing Engine

giving 1000 ILH.P. at 34 Ibs. M.P.

16000

15000

by the dotted curve in Fig. 3077.

14000

Thus the consumption at 32 lb.

mean pressure, which is supposed to be the average load, is
represented by A C, and it follows that in this instance the expan.
sion gear improves the economy in the ratio of BC to AC, or 6.45

18000

per cent.
'

0
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Fig. 3077.

changing rapidly, or even suddenly.
Although an absolutely
unchanging load is never met with in mill work, yet in cotton
mills the greatest ordinary daily change probably does not exceed
10 or 12 per cent., and in flax mills 25 per cent.
The case where the load does not change more than about 12
per cent. will now be considered.
If it were possible to maintain
a constant steam pressure at the engine, then the cut-off in the
high-pressure cylinder could be so fixed that the engine would

The case of an engine working against a load which changes
slowly through considerable ranges is evidently similar to that of
a single electric light engine. The arguments already adduced
therefore hold good, and consequently expansion governing is best.
For a suddenly changing load such as that on an engine driving a
cement mill ora rolling mill, expansion governing is best adapted,
as in the case of engines for electric traction, and
reasons, amongst which not the least important

for the same

is that expansion

governing allows of a smaller engine being used, and there is a
greater reserve of power to meet emergencies.
EXAMPLES OF ENGINES WITH SHAFT OR WHEEL GOVERNorS.—In the illustrations from 3078 to 3086 are represented the

develop at this pressure the maximum indicated horse-power
required. Supposing, for instance, that the steam pressure at the

Ames Iron Works’ single-cylinder high-speed automatic engine,
The lower guide, valve-rod guide, and seats for the main bearing

engine is maintained constant at 150 lb. absolute, and that the
maximum load requires 34 lb. mean pressure, so that with 12 per

shells are cast in one piece with the engine bed or frame, so that

cent. reduction the minimum load would

be obtained with 30 lb.

mean pressure; then the lines of water consumption for a compound condensing engine would be as shown in Fig. 3077, and

the parts may be made originally in line and readily kept in line
as the wear proceeds. A vertical longitudinal section of the
engine is shown in Fig. 3079, a cross section in Fig. 3080, anda
top view in Fig. 3083.
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Fig. 3078.

The valve, which is of the design patented by Professor John | cross sections of the cylinder, Figs. 3c81 and 3082, in which v
E. Sweet, of Syracuse, N. Y., and employed in the straight line | represents the valve and Pa plate that excludes the steam from
engine, is a rectangular

5

frame

of the class that was

shown | the back of the valve.
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Fig. 3079.

in Fig. 2879, giving a double port opening for the admission.
The

valve

is balanced

as

shown

in the horizontal

and

vertical

thicker than the valve, and therefore receive the pressure of the
plate P; and it is clear that the valve may slide ireely to and fro

306

MACHINE

MODERN

without the steam pressing upon it, save at the ends where the
admission occurs in two simultaneous streams, as shown in Fig.
3081 by the arrows at the head end of the cylinder. The wear
of the distance piece N and the bottom of the valve which slides
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ernor that, should the speed of the flywheel be slightly checked
by a sudden increase ofload, the relative movement of the governor
parts will give a greater port opening and later point of cut-off,
admitting more steam to meet the increased load. The reverse
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Fig. 3081.

on it, in no way, it will be seen, affects the steam-tightness of the | action takes place when the load decreases, as has been explained
valve.
with reference to the action of shaft governors generally.
The governor, Fig. 3084, is designed on the zzer¢ia principle,
The valve motion is as follows : The eccentric rod is connected
the effect of which is to give a quick action under sudden changes | to a horizontal rocker arm, seen at a, Figs. 3080 and 3083.

Ate,
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Fig. 3082.

of engine load.

Each part of a governor tends to keep the same

speed of revolution irrespective of fluctuations in the speed of the

flywheel.

Advantage is taken of this by so arranging the gov-

Fig. 3083, is, on the rocker arm, an index pointer, and beneath it

an index which indicates the point of cut-off at which the valve
may be working at any particular time.
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end, drains. This oil is returned to the bearings by rings which,
riding on the shafts and dipping into the chamber below, continu-

The connecting rod is of open-hearth forged steel ; the crosshead
end being solid, and the crank end of what is known as the marine
engine type, as seen in Fig. 3085. The adjustment of the boxes
at the crosshead end is by a wedge moved by an adjusting screw
on the top of the rod.
The adjustment of the crank end is secured by means of lock
nuts ; the outer one of each pair being of finer thread pitch than
the inner, a construction which effectually prevents the nuts from
working loose, as is apt to be the case when both nuts are of the
same thread pitch.
The piston is made as light as is consistent with the necessary

ally carry up a stream ofoil. All oil wasting from the inner ends
of the main bearings is caught and carried to the crank pin. The
holes through which the oil passes to the crank are one-half inch
in diameter, so as not to be readily stopped up. They are also
straight throughout their length, that they may be conveniently
cleaned. It is notalways necessary to use the sight-feed cup provided to feed to the crank pin, as the oil wasting from the main
bearings is usually sufficient.
In case of entire failure of the sight-feed cups, the oil chambers
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Fig. 3083.

strength, and is maintained steam tight by means of two piston
rings sprung into grooves in the piston.
The double disk crank, Fig. 3088, is a single forging of steel,
cast-iron disks carrying the counterbalancing weights being firmly
secured into the crank forging.
The cylinder and valve are oiled by a sight-feed lubricator.
The main bearings and crank pin are oiled as follows : Sightfeed oil-cups are arranged over each main bearing, which feed oil
directly to them. There is also a third sight-feed cup upon one
of the bearings, which will, when desired, feed oil to the crank
pin. A chamber, seen in Fig. 3088, is provided under each of
the main bearings, into which all oil, wasting from their outer

referred to could be filled, and the oil rings would keep the main
bearings and pin properly lubricated.
The crosshead pin is oiled
by a sight-feed cup, the oil being caught without waste by a very
efficient wiper. The rocker-arm pivot works in a bath of oil,
requiring no attention. Grease cups are fitted at each end of the
eccentric rod, and for the pivots in the governor, permitting an
adjustment which provides efficient lubrication without waste.
Drain cocks are provided both for cylinder ends and for the
steam chest. Much water may be drained from the steam chest
in starting up without letting it get into the cylinder. The cylinder cocks are connected and arranged to be opened or closed by
a single lever.
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STEARNS

MANUFACTURING
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CoO., ERIE, PA.

—An engine designed and constructed by the Stearns
turing Co. of Erie, Pa., is illustrated as follows :

Manufac-

Figs. 3086 and 3087 show the two sides of the engine.

In the

PRACTICE.

threads per inch, and the taper of wedges one inch inten.

One

notch on collar, therefore, representing 1$y of a turn, moves the
wedge lengthwise yoy of an inch, and the relief plate toward or
from valve to}a0 of an inch, corresponding to gqs95 of an inch on

detail views, Fig. 3089 is a horizontal section through the cylinder
and valve ; Fig. 3090, a vertical section through the same ; Fig.
3091, a horizontal section through steam chest above top of valve ;

each face of valve.
This device accomplishes the adjustment of the relief plate in a
very satisfactory manner, being at once positive and simple, and

Fig. 3092, a view of steam

while the results of the adjustment can be extremely minute, it is

chest, with

cover

removed, showing

back of relief plate ; Fig. 3093, an end view of relief plate and
wedge ; Fig. 3094, an enlarged view of upper adjusting screw,

quickly done and admits of the valve being made steam tight.

The movement of relief plate in the adjustment is exactly at

yy
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Fig. 3084.

and Fig. 3095, a back view of the valve.

In all the views, like

letters of reference indicate the same parts.
As will be seen by an inspection of the different views, especially Figs, 3089 and 3090, steam pressure is eliminated from the
valve A by the relief plate B on the back, which is supported
against steam pressure at top and bottom by a forked or double
wedge C, whose length is about equal to that of the relief plate.
It is obvious that a longitudinal movement of the wedges inward
will force the relief plate away from valve, and the outward move-

right angles with the face, or, in other words, it 1s let down equally
at all points. The adjustment is made on the inside of the steam
chest. The passages K at the bottom of the chest allow a circulation of steam under the ledge, insuring equal temperatures for
ledges zz’.
The screw D, which is operated from the outside by handle E,
is also used as a means of moving wedges inward and throwing
off the relief plate, for a purpose explained hereafter ; but the plate
cannot be /e¢ down further than the adjustment of the collars m

Fig. 3085.

ment of wedges will let it down towards valve. The movement
of the wedges, and consequent adjustment of relief plate, is accomplished by the two adjusting screws / 7’, Fig. 3093, which
fit loosely through the cross piece c of the wedge and are tapped
into the relief plate. The collars #, which form part of adjusting
screws, are notched on their peripheries as shown in Fig. 3094,
and a notch # is made on wedge opposite each screw.
The
collar has 100 notches, and, therefore, admits of a definite degree

of adjustment being made, the minimum limit of which is a
very minute amount.
On all sizes the adjusting screw is Io

of the screws /, Fig. 3094, allow, as the wedges cannot be drawn
back further than that adjustment permits.
The exact amount

of inward

movement

is immaterial, and is

regulated by the screw/, Fig. 3092, which forms the stop for the
inward ‘movement of the wedges.
This screw taps into the
relief plate, and against its head the cross piece of wedge strikes.
When the handle E is turned to the left as far as it will go, the
wedges are back against collars and are in proper working position.

When, onthe

contrary, the handle is moved to the right,

the screw, which works through stuffing box, forces the wedges
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inward and throws off the relief-plate. About one-half turn of
the handle is all that is necessary. The handle clamps to the
stem of screw D, and is placed in such position that, when down,

as in Fig. 3087, the wedges are back as far as the adjustment
allows them to be drawn, and the relief plate and valve have their
proper working bearing. This position is one of very slight pres-

SHOP

PRACTICE.

over-pressure in the cylinder, due to the presence of water, the
valve is free to separate from cylinder face and allow the water
to be forced into steam chest and exhaust port the same as a plain,

unbalanced slide valve, with the difference that it takes the relief

plate with it. The danger of accident from water in cylinder
does not, therefore, exist in anything like the degree that it does

.

<a

sure on the valve, just sufficient to keep the surfaces true and
bright.
The purpose of this handle and screw is not for adjustment, but
to afford a means of separating the valve faces from seats in
case they tend to adhere together after engine has been standing

over night or longer.

This “sticking” of the faces is very liable

in engines whose construction does not allow the valve to be
forced from its seat under any circumstances. The bottoms of
ports are slightly lower than bottom of cylinder. Both steam chest
and cylinder are provided with drain cocks or valves.
The means of admitting and distributing the steam will be

understood by a reference to Fig. 3089.

The valve a, besides
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to occur with any form of balanced valve, unless loosely fitted. |
taking steam at the ends, has supplemental admission ports a a’,
After the parts are thoroughly warmed up, the handle should
be which are connected at top and bottom by passages 6 6’, Fig.
turned down, or back, as far as it will go.
3090. In the position of piston shown, it has passed the centre at
The faces of valve and relief plate are at a slight angle from a
crank end and has moved a short distance toward the back or
vertical position, so that they lay in place when steam is off,
and
head end. The crank end of valve is open for admission of steam,
«ord greater convenience when adjusting inside.
In case of Which is entering cylinder port H’ directly past
the end of valve,
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and also through cavity @” in relief plate into port a’, as shown | being provided with supplemental
by the arrows.

exhaust

Steam is at the same time entering supplemental | position of valve shown, the exhaust steam

ports cc’.

In the

passes from

cylinder

port a at opposite end at two points, and travelling through the | port H into cylinder exhaust passage I in the usual way, and, in
horizontal passages into port a’ and cylinder port H’.

The admis- | addition,

is passing

through

supplemental

port

¢ into central
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Fig. 3080.
sion, therefore, takes

place at four points at the same time, and | cavity K of valve, and

thence

into passage I, as indicated by the

as the ports are very large, the nearest approach to boiler pres- | arrows.
This provision furnishes a very large area of opening
sure is reached, and the usual loss between boiler and cylinder | for exit of the exhaust steam, and as the opening also takes place
greatly reduced.

The

initial pressure

is well maintained

up to | very rapidly, the pressure drops promptly at release and is main-
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the point of cut-off, even under the heaviest loads, and the cut-off ; tained at or close to that of the atmosphere, ..cn

under the

takes place promptly, the closure, of course, being made at four | heaviest loads, until the exhaust ports close for compression.
The
points simultaneously, the same as the opening.
plate ¢, forming part of the valve on the relief-plate side, is for the
A double exhaust is also used, as shown in Fig, 3089, the valve | purpose of a shield to prevent the exhaust steam impinging upon
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the face of the relief plate, and wearing it by attrition so as to
cause leakage. This shield does not in any way interfere with
free exit of the exhaust, but, on the contrary, assists in guiding it
towards exhaust passage I.
The stuffing box G is bolted to the steam chest on a surface
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point of movement,

the centre of eccentric be’ng at @ and corre-

sponding to point of cut-off by the valve at # stroke. In the extreme
outward position of weights the centre of eccentric is moved to e,
where the eccentric gives to the valve its least travel, the point of
closure or cut-off being at zero,

. 3001.

that is scraped steam tight. The stud holes are somewhat larger
than the studs, and the stuffing box is, therefore, adjustable both
vertically and laterally. This permits a rigid connection of valve

rod to valve that will not wear loose or shackly.

The spring F
bearing, shown
forging screwed
made separately
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in detail in Fig. 3097.
into the spring, and the
and inserted in place,

at G upon a knife-edge
The spring head &4 is a
support for knife edge is
The knife edge itself is
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g. 3092.
Fig. 3096 is a side elevation of the governor, and Fig. 3097 an
enlarged view of the spring head, showing the knife-edge bearing.
The weight A is bolted

to the eccentric arm, and is, therefore,

pivoted to flywheel at B, the same point as the eccentric itself.
Che weight a’ is adjustable on the lever D, which is pivoted to

inserted in the pin z, which is securely fastened to the
The knife edge and its support are made of hardened
so that both wear and friction are entirely eliminated
important pivot, which receives greater pressure than
others. It, of course, requires no oiling.

eccentric.
tool steel,
from this
any of the

Tig. 3093.

flywheel at Pp’, and connected to eccentric C through the link E.

The outer end of spring is secured to the wheel in such a man-

Rubber buffers (not shown) at point @ and point 6 form stops for | ner as to permit of a lateral adjustment of the former along the
the extreme inward position of the weights, and the one at ¢ for rim of the wheel, allowing the spring to be swung around on its
the extreme outward position.
pivot G to a point nearer to or farther from the main pin B, and
In the position shown the weights are at their extreme inward
forming thereby a more or less acute angle with a line drawn

STEAM
from its point of support Gto B.
rim and pass

througn

s.oited

The bolts 4 & screw into the
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changing the weights so as to run the engine in the opposite
direction, if desired.

of the necessary amount of movement of the siide and spring.
The effect of this arrangement is to make the governor more or
less sensitive as desired.

It is seen in Fig. 3096, that as the outer end of the spring is
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Fig. 3095.
moved

upward from the position shown, thus bringing it nearer

to the pin B, its effective

force or leverage

is lessened,

and an

adjustment in tne opposite direction has the reverse effect. In
adjusting the position of the spring, after giving it sufficient tension, which is obtained by the screw at the outer end, if there is

Fig. 3098 shows the method of attaching the counterweighted
disks to the cranks, for the purpose of balancing the reciprocating

Fig. 3096.
too much difference in speed under varying loads and pressures,

parts, the left-hand figure being an elevation of the disk with the

the slide/ is moved to carry the spring towards the eccentric pivot shaft in cross section, and the right-hand one a view of the side
B. Just inside the racing point is the proper place to fix the of one crank with the disk in vertical section.
adjustment.
The shaft a and pin B are formed with the cranks in one solid
In Fig. 3096, as will be noticed by the cut, provision is made for . steel forging. The counterbalancing disk C, the outside of which
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is concentric with the shaft, 1s secured to the crank by a wroughtiron clip D, which passes around the end of the crank, extending
through the disk and having

threaded ends

for the nuts, which,

when tightened, seat the disk and shaft firmly together.

The

SHOP
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moved after unscrewing the clip nuts, and the pin can then be
trued up in a lathe. The disks are not only removable, but when
replaced they return to precisely their original positions in every
direction and will run true with the shaft.

Fig. 3098.

crank is turned off at 2 @’ for a short distance on each side, con-

The upper view in Fig. 3099 shows the top of crosshead, and

centric with the shaft, and the disk bored to correspond, which
forms a true and permanent seat. The central space or recess 4
cored in the disk is filled with soft metal which fits closely against

the lower one is an end view, the piston rod being in section.
The body A of crosshead is made hollow for lightness, and the
hub B is secured to same by the two bolts c, which tap into the
crosshead. The holes in the hub are made somewhat larger than
the bolts, and after the alignment of piston rod is made and the
bolts screwed up in place, the space around each bolt is filled with
lead or other soft metal. The hub, which is very long where the

rea
it
ik

piston rod passes through, is threaded for one-half of its length,

for the rod. It is split horizontally between the bolts C, as shown
in the lower view, and the two bolts D clamp it firmly to the rod.
The pin is flattened at the top and bottom and the boxes cut away
to correspond. The advantages of the separable crosshead are
threefold. ivs¢- It allows the pin to be turned in an ordinary
lathe, thus securing true surfaces when new and enabling the pin
to be re-turned if it ever becomes necessary. Second: The alignment of piston rod in construction is simplified and greater accu-

al

mz

|

No
A

racy insured, as the hub is adjustable :n each direction before the
spaces around bolts are filled, instead of occupying an arbitrary
position. Zhird: It enables the vertical adjustment of piston
rod to be made should the wear of piston or crosshead in course
of time appreciably alter their relative vertical positions. While
the proportions of wearing surfaces are such that ordinarily the
downward wear of piston and crosshead are about equal, conditions may arise whereby the crosshead will wear faster than the
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piston, and vice versa ; should either of these occur, the adjustment

Fig. 3099.

the shoulders in crank formed at the ends of the turning, establishing the permanent longitudinal position of the disc.
By this construction there is secured the advantge of a removable disk, which is a feature greatly appreciated if at any time it
is desired to true up the crankpin.
The disks can be readily re-

can

be made

by taking out the bolts C, removing

the soft

metal and making the proper re-alignment, and pouring soft
metal again around the bolts after they are screwed up in place.
The clearance between piston and cylinder head is kept practically equal at each end by turning the piston rod in crosshead
one revolution at a time, when the wear of the connecting-rod
boxes requires it. The operation of loosening the clamp bolts,
turning the rod, and tightening the bolts again, is a very simple
one, and the adjustment can be quickly made.
SETTING ENGINE VALVES.—In setting the valves of steaw

STEAM
engines there are two separate and distinct operations.
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One of

During this part of the process we have nothing to do with any

which is to place the crank or crankpin exactly on its dead centre,

thing except getting the crankpin on the dead centre, but there
is one point that requires further explanation, as follows :
In this operation we have first put the crank on one side and
then put it to the same amount on the other side of the dead
centre, both being improper positions ; but by finding the mean
or mid position between the two, we have found the proper posi-

first at the end of one, and then at the end of the other stroke, and

provide means to be able to test the correctness of its position as
often as may be required in setting the valve; and the other is to
get the eccentric rod to its proper length and set the eccentric in
its position to give the amount of valve lead required.
The parts being put together and the link in full gear, we place
the crankpin or crank on the dead centre by the process illustrated in Fig. 3100, in which the piston is shown at the head
end of the cylinder and the crank on its corresponding dead
centre.
The first thing to do (if the engine has a link motion) is to
put the reversing gear in full gear forward, so as to set the forward eccentric, and see if its rod is of proper length.

The next thing to do is to move the wheel so that the crankpin
is nearly on the dead centre, and then take a tram (such as shown
in the figure), pointed at each end, and mark on the splash plate,

_2

Steam

Chest

tion.

In doing so, however, we have moved the wheel, the wheel

has moved the connecting rod, and the connecting rod has moved
the piston. But in the actual running of the engine, this order of
things will be reversed ; for the steam will move the piston, the
piston will move the connecting rod, and the connecting rod will
move the crank and, therefore, the wheel.

The difference between the two operations is this: Suppose
there is lost motion or play between the connecting-rod brasses
and the crankpin, or between the connecting-rod brasses and the
crosshead pin, and then if we move the wheel in the direction
denoted by the arrow, we take up this lost motion, so that if the
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Fig. 3100.

or any other convenient place, a centre-punch dot in which the
point 4 of the tram can rest. Next, from the centre of the axle as
a centre, mark arcs or portions of circles a a. This being done,
point 4 of the tram is rested in the centre-punch dot before referred to, and with the other end a line ¢ is marked. A straight
edge is then rested against the ends ¢¢ of the crosshead, and a
line d is marked on the guide bar, this line being exactly even or
fair with the end ¢ é¢ of the crosshead.
We then move

the wheel in the direction of the arrow, and as

soon as we begin to do so, the crosshead will move to the left and
away from the line @ on the guide bar. But as soon as the crankpin has passed its dead centre, the crosshead will begin to move
to the right, and as soon as the end e¢ e¢ comes again exactly in
line with the line @ marked on the guide bar, we must stop moving the wheel, and again resting the point 4 of the tram in the
centre-punch mark before mentioned, we move its other end so
as to mark a second line, which will be the line or arcf.
The next thing to do is to mark a fine centre-punch dot where
¢ andf cross the arc or line a, and then find the point g midway
between f and ¢, and marka fine centre-punch mark there. This
being done, we must move the wheel back into the position it
occupies in the figure, and then slowly move it in the direction
of the arrow, until, with the end 6 of the tram resting in the centrepunch dot, the other end of the tram will fall dead into the centre-

punch dot at g, at which time the crankpin will be exactly on the
dead centre,

tram was fair with the centre punch at 9, and steam was admitted
to the piston, then there would be no lost motion to take up,
and as soon as the piston moved, the crankpin would move. But
if we moved the wheel in the opposite direction to that denoted
by the arrow, then we are placing any lost motion there may be
in the opposite direction, and if steam were turned on, the piston
and connecting rod might move before the crank and wheel
moved.
In which direction the wheel should be moved while placing
the crank on the dead centre depends upon the condition of the
engine, as will be explained presently, the assumption being at
present that the engine is in thorough good order, in which case
the wheel should (while placing the crank on the dead centre) be
moved in the direction in which the engine is to run, as denoted
by the arrow in the figure.
The object is under all conditions to bring the working surfaces to bear (while setting the valve) in the same way as they
will bear when the engine is actually at work.
Having placed the crank’ on the dead centre, and thus completed the first operation in valve setting, we may turn our attention to the second, viz.: correcting the lengths of the eccentric
rods and setting the valve lead.
Almost all writers who have dealt with this part of the subject
have fallen into a very serious error, inasmuch as they began the
operation by what they call sguaring the valve.

This means so adjusting the length of the eccentric rod that the
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valve will travel an equal distance each way from its mid position,
so that if the engine wheel is revolved and the extreme positions
of the valve marked by a line, these lines will measure equally
from the edges of the steam ports; or, what is the same thing,
from the centre of the cylinder exhaust port. This procedure is
entirely erroneous, because, on account of the angularity of the

PRACTICE.
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desired amount of lead, and then give the wheel a half revolution,
the lower end of the tram falling into the centre-punch dot at s,
when the crankpin will be on its other dead centre and ready for
the lead to be measured again. Ifthe lead is equal at each end,
one eccentric rod is of the right length, and all we have to do is

to set the eccentric so that the right amount of lead is given.
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eccentric rod, the valve cannot, if equal lead is to be given, travel

equally beyond the two steam ports, and if the eccentric rods are
so adjusted for length as to sguare the valve, they are made
wrong.
The

valve lead, and

the lead only, it is that determines

the

length of the eccentric rods. Suppose that, as is generally the
case, the lead is to be equal; or, in other words, that there is to

VEZ
Ne

. 3101.

We now turn our attention to the backward eccentric and its
rod, putting the reversing lever in full gear for the backward
motion, and putting the crank on the respective dead centres, and
testing the lead for both ports as before, and when the required
amount of valve lead is given the valve setting is complete.
In some locomotive practice the wheel is blocked up on the
pedestal guides while setting the valves, but a more correct
method is to let the engine rest on the rails and push it back and
forth with a crowbar to revolve the wheels when putting the crankpin on the dead centre. The best thing io measure the lead with

is a wooden or leaden wedge having but a slight degree of taper,

ee

NAS

wasn
li:Smut!
DUA
LIMA
TREAD
BSSait

UL

Fig. 3103.
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as say ;*, or } inch ina

oe:

length of four inches, applying it as in Fig.

3102, at W.

Fig. 3102.

be as much valve lead when the piston is at one end of the cylinder as there is when it is at the other, and if we make the eccentric rods of such a length that the valve travels equally on each
side of the steam port, there will be less lead at the head-end port
than there is at the crank-end

port.

The proper method, there-

fore, is (as soon as the crank is on the dead centre and the link in
full gear, as in Fig. 3101) to set the eccentric so as to give the

We have, in this example of valve setting, supposed the parts to
be of the proper dimensions, as they would be in a new engine or
in an engine that had been running and merely had a new valve
or a new eccentric put in.
But suppose the notches were not cut in the sector, or quadrant,

and we have then to mark them off while setting the valves. All
the difference that this makes to the operation is that we must
clamp the reversing lever to the sector while setting the valve,
taking care to so clamp it that there is the same space between

STEAM
the top end of the link block and the end of the link slot in the
full forward gear as there is between the bottom end of the link

block and the end of the link slot when the engine is in full backward gear.
In this connection it is, however, to be remarked that when the
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In some practice, the position of the valve is transferred to the
valve stem outside of the stuffing box or gland, as shown in Fig,
3103, sectional view. The valve stem being disconnected from the
rod or arm that drives it, the valve is moved by hand to have the

proper lead, as at A; a centre-punch mark is then made outside
the stuffing box and a tram B rested thereon; with the other end
of the tram a markC
is made on the valve stem.
A similar mark
is made on the stem when

the crank is on the other dead centre,

and the tram and marks, applied as shown, are employed instead
of measuring the lead at the ports themselves. This involves
extra work, and gives no more correct results.

It involves mark-

ing lines on the valve stem, which is objectionable. If several
trials have to be made there is a confusion of lines on the valve
stem, and the wrong one is apt to be taken,

On

the other hand,

it affords a facility for setting the valve without having the steam
chest open, which may, in some cases, be desirable.

When the eccentrics are secured to the shaft by a set screw
only, and not by a feather, it is an excellent plan, after they are
finally set, to mark their positions on the shaft, so that if they
should move they may be set to these marks without moving the
engine around.
For this purpose take a chisel with the cutting end ground to
the form of a fiddle drill, one cutting edge being at a right angle
to the other. The chisel must be held so that while one edge
rests upon the axle, the other edge will bear against the radial
face of the eccentric. A sharp blow with a hammer upon the
chisel head will make a clean indented cut upon the axle and the
eccentric, the two cuts meeting exactly in a point where the
eccentric bore meets the axle circumference, so that when they
coincide the eccentric is in its proper position.
If the eccentrics of a locomotive should slip when the engine is
upon the road, and there are no marks whereby to readjust them,
it may be done approximately as follows: Put the reverse lever in
the end notch of the forward gear ; then place the crank as nearly
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Fig. 3104.

fink is in full gear, either forward or backward, and the crank is
on the dead centre, the link block is not at the end of its motion

toward the end of the link slot ; hence it is a good plan to move
the wheels around and to so regulate the length of the reach rod
and the position of the reversing lever on the sector, that when

on a dead centre as the eye will direct, and open

both the cylin-

der cocks ; then disconnect the slide valve spindle from the rocker
arm, and move the valve spindle until the opening of the port corresponding to the dead centre on which the crank stands will be
shown by steam blowing through the cylinder cock, the throttle

Fig. 3105.

The position of the valve being thus

the link block is at the highest point in the link slot for the for-

valve being opened a trifle.

ward gear, and at the lowest point in the link slot for the back-

determined, the eccentric must be moved upon the shaft until the

ward gear, it comes an equal distance from the end of the link
slot.

valve spindle will connect with the rocker arm, without the latter
being moved at all. The throttle valve should be very slightly
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opened ; otherwise so much steam will be admitted into the cylinder that it will pass through any leak in the piston and blow

through both cylinder cocks before there is time to ascertain
which cock first gives exit to the steam.
Instead of finding when the crankpin is on the dead centre by
means of the process shown in Fig. 3100, it may be found as in
Fig. 3104, which is for a vertical engine. On the face of the
crank and from the centre of the crankshaft as a centre, drawa
circle B equal in diameter to the diameter of the crankpin. Then
take a spirit-level C and apply it to the cylinder bore, and note
where its bubble stands. Then apply the spirit-level to the perimeter of the crankpin A and circle B, and move the crank until

SHOP

PRACTICE.

arms BB. The former are connected to the wrist plate w by the
rods MM. The levers B B are keyed to the valve stems V V, and
are also connected by the rods 0 O to the dashpots
DD. The
bell-crank levers carry at their outer ends C C hardened steel
catch plates, which engage with arms B B, making the two arms
B and C work in unison until steam is to be cut off. At this point
another set of levers, H H, connected by the cam rods GG to the
governor, come into play, causing the catch plates to release the
arms B B, the outer ends of which are then pulled downwards by

the spirit-level bubble stands in the same position as it occupies
when applied to the cylinder bore. If the cylinder bore stands

truly vertical the bubble will, in both cases, stand in the middle of
the spirit tube; but in any event, the bubble must stand in the
Same position when applied to the crank as when applied to the
cylinder bore, in which case the crank will be on its dead centre

Fig. 3107.

whether the cylinder bore be horizontal, vertical, or at an angle,

the weight of the dashpot plunger, causing the steam valves to

the dotted line E passing through the centre of the crank and the
axis of the cylinder bore.

rotate on their
tial features of
nism is greatly
The exhaust

When an engine has two eccentrics, so as to enable the engine
to run in either direction, as in the case of a locomotive, it is

axes and thus cut off steam. These are the essenthe Corliss gear, although the design of the mechamodified by different builders.
valve arms F are connected to the wrist plate by

necessary to consider which eccentric is to be set for the forward,
and which for the backward motion. In American locomotive
practice it is usual to let the eccentric nearest to the wheel, and,

the rods NN, and it is seen that all the valves receive their motion

therefore, the most difficult to get at, be for the backward motion,

To this arm the eccentric rod is also attached. The carrier arm
is usually placed about midway between the wrist plate and

from the wrist plate ; the latter receives its motion from the hook
rod I; this rod is generally attached to a rocker arm, not shown.

eccentric, and

in the

centre

of its travel stands

in a vertical

position.
The setting of the valves is not a difficult matter when, on the

wrist plate, its support, valves, and cylinder, the customary marks

have been placed for finding the relative positions of wrist plate
and valves.
Now, referring to Fig. 3106, when the back bonnets of the valve
chambers have been taken off, there will be found a mark or line
on the end of each steam valve s s, coinciding with the working

or opening edge of each port; another line will be found on each
face of the steam-valve chamber coinciding with the working
edge of the steam valve. The exhaust valves and their chambers are marked in a similar way; z.¢., the line on the end of
each exhaust valve coincides with the working edge of the exhaust port.
On the hub of the wrist plate will be found a line @ coinciding

Fig. 3106.

with the centre lined &, lastly, there are three lines,7, c, f on the

which is the least used, and therefore the least liable to get loose
upon the axle.
The eccentric that connects to the topof the link is usually that
for the forward motion, and hence that which

connects with the

eccentric farthest from the wheel.
In testing the lengths of the eccentric rods, work may be saved,
after the engine is first placed on its dead centre, by putting the
reverse lever in the forward notch of the link, and adjusting the
forward eccentric until the valve has the proper lead. Then set
the reverse lever in the back notch and move the backing eccentric
(in both cases moving them in the direction in which they will run)
until the proper amount of lead appears. The engine may then
be placed on the other dead centre, and the lead both for forward

hub of the wrist-plate support, placed in such a way that when
the line @ coincides with the line c, the wrist plate will stand
exactly in the centre of its motion, and when the line d coincides
with either of the lines ff, the wrist plate will be at one of the extreme ends # or v of itstravel. It should be noticed that since the
lines f, ¢, f are drawn on the periphery of the hub of the wristplate support, and the line d is drawn on the periphery of the wristplate hub, these lines cannot stand in a vertical position, as shown.

and backward gear measured, so that if there are any errors, both

the rods may be corrected for length ; but for the final trial the
crankpin must be set on its dead centre for each direction of
motion separately, so as to take up any lost motion in the connecting-rod brasses.
SETTING CORLISS VALVES.*—A brief description of the essential parts of this valve gear will assist in obtaining a clearer conception of the subject.

In Figs. 3105 and 3106, similar capital

letters of reference indicate the same parts of the mechanism.
Fig. 3105 shows all the essential parts of the valve gear. The
steam valves

work

in the chambers §S S, and

the exhaust valves

work in the chambers E E.
The bell-crank levers AC, A C,
work loosely on the hubs of the valve-stem brackets and the lever
* American Machinist, May 16, 1895.

Fig. 3108.

We have adopted this way of showing them simply for the purpose of making the matter plain.
In setting the valves, the first step will be to set the wrist plate
in its central position, so that the lines ¢ and d@ will coincide, and

fasten the wrist plate in this position by placing a piece of paper
between it and the washer L on its supporting pin. Now set the
steam valves so that they will have a slight amount of lap; that is
to say, the valve lines must have moved a little beyond the port
edges ; the amount of this lap depends much on individual preference and experience, It ranges from j, to} inch for small engines,

STEAM
and from 4 to 5% inch for comparatively large engines. This lap
is obtained by lengthening or shortening the rods M M by means
of the adjusting nuts. Now place the exhaust valves ¢ e, by lengthening or shortening
the rods N N by means of the adjusting nuts, in a position so that
the working edges will just open the exhaust ports; or, in other
words, place the lines on the valves, to exactly correspond to the
port edges. Some engineers prefer a slight amount of lap ; others
prefer a slight opening of the exhaust ports when the valves are
placed in this position. Under these conditions the valve lines
cannot exactly correspond to the respective port edges. The
lack of correspondence will, of course, be equal to the desired
amount of opening ; for small engines it is about , inch, and for

larger engines may be increased to & inch, but in any case the

Boiler Pressure

Fig. 3109.
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eccentric, and turn the shaft with eccentric in the same direction

in which the engine is to run until the crank is on the opposite
dead centre, and notice if the opening or lead at this end of the
cylinder is the same as on the other steam valve ; if not, shorten
or lengthen slightly, as may appear necessary, the connection
between wrist plateand eccentric. Of course, much adjustment in
the length of these connections is not admissible without resetting the valves with reference to the wrist plate.
The only thing which remains now to be done is to adjust the
cam rods GG’. To do so, secure the governor balls in their highest position, and disconnect the hook rod from wrist pin ; lengthen
or shorten the cam

rods GG’‘,so

as to bring the detachment

ap-

paratus into action; swing the wrist plate back and forth, and
make such adjustment in the rods G G’as to permit the steam
valves to be released when the steam port has been opened about
4 inch. This adjustment is for the purpose of keeping the engine
under the control of the governor, in case, for some reason or
another, the load on the engine is suddenly thrown off. After this
adjustment, the governor balls should be placed in their lowest
position, in which the releasing gear should not detach the steam
valves, but allow the steam to follow nearly full stroke. Sometimes the releasing gear is constructed in such a manner as to close
the steam valves automatically, in case the belt leading to the
governor should be broken, or the load on the engine suddenly
thrown off.
In cases of this kind the governor balls need not
be placed in their highest position, but should be placed in their
lowest position, and the wrist plate moved to either end of its
extreme travel ; the steam port opposite this end of travel of wrist
plate will then be wide open. Now adjust the corresponding cam

amount of this opening should be less than the lap of the steam
valves, otherwise there will be danger of blowing through.
The paper between the wrist plate and the washer on the supporting pin should now be taken out, so that the wrist plate connected to the valves can be swung on its pin.
The next step will be to pay some attention to the rocker arm.
Set this arm in a vertical position by means of a plumb-line, and

Lead. at Cut-off eq
Boiler Pressure

connect the eccentric rod to it ; then turn the eccentric around on

the shaft, and see that the extreme points of travel are at equal
distances from the plumb-line. To secure this, a little adjustment
in the stub end of the eccentric rod may be necessary.
Now connect the hook rod I to its pin on the wrist plate, and again turn
the eccentric around on the shaft, and thus determine the extreme
Fig. 3111.

Lead at Cut-off "/g

rod so that the releasing gear is nearly on the point of releasing
the valve ; then move the wrist plate to the other end of its extreme
travel, and adjust the other cam rod in the same manner.
To
prove the correctness of the cut-off adjustment, raise the governor
balls to about the position where they would be when at work, or

Boiler Pressure

toa medium

height, and block them there; then, with the connec-

tions made between the eccentric and the wrist plate, turn the
engine shaft slowly in the direction in which it is to run, and when
the valve is released, measure upon the slide the distance through
which the crosshead has moved from its extreme position.
Continue to turn the shaft in the same

Fig. 3110.

points of travel of the wrist plate. If all parts have been correctly
adjusted, the line @ will coincide with the lines
ff at the extreme
points of travel; if this is not the case, the hook rod will have to

be adjusted at its stub end so as to obtain the desired equalized
motion of the wrist plate.
The next step will be to set the valves correctly with the position of the crank. To do so the lengths of the rods M M
Nand N
must not be changed, but the following mode of procedure should
be followed : Place the crank on one of its dead centres, and turn

the eccentric loosely on the shaft in the direction in which the
engine is to run, until the steam valve nearest to the piston shows
an opening or lead of 7 to 4 inch, according to size of engine,

direction, and when the

other valve is released, measure the distance through which the
crosshead has moved from its extreme position, and if the cut-off
is equalized, these two distances will be equal to each other. If
they are not, adjust the length of the cam rods until the points of
cut-off are at equal distances from the beginning of the stroke.
Replace the back bonnets and see that all connections have been
properly made, which will complete the setting of the valves.
Wherever convenient, it is desirable that an indicator be applied
to the engine when at work, and the setting of the valves tested.
If necessary, they should be readjusted for the best possible condition for economical work.
When the valves are set and the engine started, it is as well, if
there is the requisite indicator and rig at hand, to take indicator
cards from each end of the cylinder to see that the setting is
correct.

engines.

It may sometimes happen that the setting of the valves of an old

After the proper lead has been given to this valve, secure the

engine is to be examined, as, for example, by reason of an uneven

the smaller

lead,

of course,

being

adopted

for small
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beat in the exhaust, the cause of which may be discovered from
indicator cards.
Fig. 3107 is an exainple of this ; the point of cut-off for the head
end H being very much earlier than that for the crank end C, and
the card areas being .85 at the head end and 2.12 for the crank
end ; whereas, from the angularity of the engine connecting rod,

the exact reverse should be the case, as has already been fully
explained. To equalize the points of cut-off and the card areas,
the lengths of the rods GG’, that connect the tripping cams to the
governor, must be adjusted ; that for the head end to throw the
trip cam back, and that for the crank end to put the trip cam forward.
Fig. 3108 is a card taken after this adjustment had been made,
and we find that notwithstanding the points of cut-off are
about what they should be if the valve lead is to be kept equal for
the two ends of the cylinder (later at the head than at the crank
end), nevertheless, the area of the crank end card is the greatest,

SHOP

PRACTICE.

repairs. A slight gain in fuel economy is also claimed by some,
due to the reduction of hurtful resistance to the motion of the
piston and to a slight prolongation of expansion before release.
A leader in this movement is Mr. C. H. Quereau, of the Chicago
& Missouri River Railroad, in Nebraska, who has done a good deal
of experimenting on the subject, and has presented his conclusions in a paper before the Western Railway Club.
Mr. Quereau gives several indicator cards from the same engine
with various settings of the lead, of which Figs. 3109, 3110, and
3111 are presented as examples. The effect of the change upon
the steam distribution is apparent at once. The fact that the
compression does not rise to boiler pressure will be seen, as has
been already referred

to, and from which

deductions regarding

the size of ports have been drawn.
This practice has been adopted by many progressive superintendents of motive power and railroad master mechanics.
It is
endorsed by the mechanical officers of the New York, New Haven
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Fig. 3112.

whereas the contrary should be the case.

This arises from a

leaky valve at the head end, as is evident from the rapid fall of
the expansion curve for that end in both diagrams.
SOME RECENT PRACTICE IN SETTING THE VALVES OF LOCoMOTIVES* consists in adjusting the lead for the running cut-off,
instead of the full gear, the leads for the other gears being largely
determined by the mechanism.
This involves a negative or blind
port at one or both full-gear crank centres; but, as might have
been expected, this is found to have no deleterious effect on the
running qualities in the full gear, owing to that gear being used
only at starting, when the speed is low, and with the large port
opening of the full gear no lead is required to properly fill the
cylinder with steam. In point of fact, negative lead in the full
gear is claimed by many to be an advantage, and to give an appreciable increase to the power of the engine when running in the
full gear, due to the fact that positive lead offers resistance to the
motion of the piston. The effect of the reduced lead in the running gear is to cause the engine to ride easier, to reduce the frequency of hot bearings, and, by reducing the strains, to lessen
* From an article by F. A. Halsey.

& Hartford;

Maine Central;

Chicago, Burlington

& Quincy;

Chicago, Burlington & Northern ; Chicago & Northwestern ; Illinois Central; Boston & Maine ; Lake Shore & Michigan Southern, and other leading roads.
The reduction of the Jead inthe running gear may be brought
about by setting back the forward eccentric or the backing eccentric, or both, and in the latter case in equal or unequal amounts.
Railroad mechanics who agree on the main point of a reduced
running-gear lead, differ in the method used to accomplish it.
Following is the practice of several roads in this respect:
The New York, New Haven & Hartford gives to fast passenger engines 7 inch positive lead in full gear forward, and } inch
negative lead in the full gear back, resulting in } inch positive in
the running gear.
The Maine Central sets the valve line and line for the full gear
forward, and gives 4 inch negative lead in the full gear back on
passenger engines.

The Illinois.Central gives to passenger engines 3, inch positive
lead in the full gear forward, and then adjusts the backing eccentric to give about 8 inch lead in the running cut-off.
The Lake Shore & Michigan Southern gives to passenger en-

oo

STEAM
gines x; inch negative lead in the full gear forward and & inch
negative lead in the full gear back, resulting in about & inch lead
for the running cut-off.
,
The Chicago Great Western sets the valves of passenger engines
line and line in both forward and back full gears, resulting in
from

; inch to:

inch at 6-inch cut-off, and

on mogul

freight

engines gives & negative lead in both full gears, resulting in }
inch lead at 6-inch cut-off.
The Chicago & Northwestern recently specified for some
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greatest amount of travel to the valve, as is the case in Fig. 3112,
which represents an open-rod Stevenson's link motion.
An open-rod link motion is one in which the eccentric rods do
not cross one another at the time the piston is at the crank end
of the cylinder and the crank at its dead centre farthest from the
cylinder, as in Fig. 3112.
But when the crank is on the other
dead centre and the piston at the head end of the cylinder, then
the eccentric rods will cross one another.
On the other hand, a closed-rod link motion is one in which the
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ee
ULL

ee

Fig. 3113.

IQ xX 24 passenger engines # inch negative lead in the full gear
forward and } inch positive lead at 6-inch cut-off, obtained by
adjusting the backing eccentrics. These engines had Allen valves.
The diversity of practice is apparent ; but, doubtless, many of
the apparent discrepancies would disappear if the full details of
the motions were known.
The effect of the length of the eccentric rods is so marked on

the mid-gear leads that it has doubtless had an influence on the

eccentric rods are open when the piston is at the head end and
crossed when it is at the crank end of the cylinder.
The difference between the action of an open and a closed-rod
link motion is that in the former the valve lead increases in pro-

portion as the link is brought nearerto its mid position, as in Fig.
3113, in which position the travel of the valve is so reduced that

the steam ports only open to the amount of the valve lead, whereas
in a closed-link motion, moving the link from full gear to mid

Wilt

Fig. 3114.

methods followed in different cases, even when substantially the
same running-gear lead has been arrived at.

LINK MOTIONS.—The link motion is the simplest, most easily
handled, and best of all mechanisms for enabling the direction of
engine revolution to be reversed and at the same time vary the
point of cut-off to regulate the power to meet the requirements.
A link motion is in full gear when it is in position to give the

VOL. 11.—52.

gear causes the lead to disappear, and renders it necessary, under
some circumstances, to move the link soas to cause the engine to
run a little backward before it can be started to run forward.
To cause the engine to run backward, the link is shifted or
moved so as to bring the link block or die into the lower half of
the link, asin Fig. 3114.
Between the position of full gear, giving the full trave!' to the
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valve and the longest point of cut-off; and mid gear, which gives
the shortest amount of valve travel, various points of cut-off and
amounts of expansion may be given by shifting the link into the
required position by means of the reversing lever, whose latch or
tongue fits into the notches in the sector, notch plate, or quadrant,
as it is sometimes termed.
As the link is suspended by its saddle pin s and the link hanger,
therefore its motion is to swing or partly rotate on the pin Ss, and
at the same time ending in the arc of a circle whose centre of
motion is in the pin at the upper end of the link hanger, which is
pivoted to the lower arm of the lifting shaft (sometimes termed
the tumbling shaft).
It will clearly be seen that with the position the parts occupy

SHOP

PRACTICE,

eccentric becomes the effective one, being in line with the valve
spindle.
By shifting the link from one gear to the other, therefore, we
have merely changed the direction in which the link will move
the valve, and, therefore, the direction in which the engine would

run.
In Fig.
American
cylinder,
reversing

3115 is shown the arrangement of a link motion for an
locomotive, the piston being at the head end of the
and the port @ open to the amount of the lead, with the
lever set for full gear forward.

The link block is here carried upon the lower arm of a rocker,
rock shaft, or rocking shaft, as it is promiscuously termed.
The
upper arm A of the rocker drives the valve through the medium

C

@=e
Fig. 311g.

of the valve rod or valve spindle R

The valve, therefore, moves

in the opposite direction to that in which the link block moves,
and the eccentrics are therefore at an angle of less than go° to
the crank. The amount to which they are less than go°® is the
angular advance.
When the piston is at the crank end of the cylinder, the valve
must be moved toward

the piston;

the head end to admit

and as the link block must move

live steam behind

in the opposite

direction to the valve, it is clear that it 1s the eccentric which fol-

lows the crank that must be connected to the upper end of the
link, and hence the eccentric rods are crossed.
Instead of a weight being used to counterbalance the link, etc.,
the rod # connects to a volute, or coiled, spring.

Fig. 3118.

Fig. 3120.

in Fig. 3112, and the crank motion beginning in the direction of
the arrow, the forward
the right, and therefore
backward eccentric will
In full gear, forward,

eccentric will move the top of the link to
the valve will move to the right, while the
move the bottom end of the link to the left.
the bottom eccentric rod has but a very

slight effect indeed on the motion of the valve, because

both the

link hanger and the link block will permit the link to swing on
the centre of the link block pin as a pivot.
If now we turn to Fig. 3114 for the full gear backward, we
shall see that these conditions

are reversed, and the backward

Fig. 3116 represents the same gear in mid position and Fig.
3117 in full gear for the backward motion.
MODIFIED FORMS OF LINK MOTION REVERSING GEARS.—A
link motion in which but one eccentric is employed is shown in
Fig. 3118, which is taken from Zhe American Machinist.
The
saddle pin is on the line of centres A and remains there, the link

block being moved along the link slot to vary the point of cut-off,
or reverse the direction of motion, as in Gooch’s link motion.

On

the rod E that connects the link block and slide spindle there is
provided a latch F (on the end of rod D) which, in conjunction

STEAM
with the notches on the concave side of the link, holds the link in

its adjusted position. In this arrangement, there is the objection
that when the link block and rod E are at the same end of the link
as the eccentric rod, the weight of both E and the eccentric rod is
borne by the eccentric.
In the Stevenson’s

link

motion,

shown

in Fig.

3112,

and the

Gooch’s link motion, shown in Fig, 3119, the lifting shaft is shown
above the link, but it is often more convenient, from the construc-
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the detent on the main lever. When the hand lever is in the central position, the pin at its lower end coincides with the axis of
the tumbling shaft (if the gear is not at the end of the tumbling
shaft, the shaft will require to be cranked to allow for this!.

On

the main lever, at K, are stops which limit the motion of the hand

lever to the travel of the valve. The lower end of the hand lever
is connected by links and levers to the valve stem, as shown.
The weight of the links, etc., is balanced by a weight in the usual
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tion of the engine, to place it below the link, as in Figs. 3120 and > way. The engineer unlatches the detent, pulls the hand lever in
This plan is common upon
are from Mechanics.
the direction he wishes it to go, when the lever moves until its
engines for hoisting purposes.
lower end strikes the stop K. The steam valve is then in the
STEAM REVERSING GEARS.—In cases where the power required proper position to admit steam to the cylinder A, and its piston

3122, which

to move the link motion is more than can be exerted by hand, a
special steam cylinder is employed to assist in moving the reversing shaft, examples of this kind being given in Figs. 3121 and 3122,
which are from Mechanics.
In Fig. 3121, A is a steam cylinder,

assists

him to move

the lever.

When

he wishes

to reverse, he

pushes the hand lever in the opposite direction, which changes
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witn ports, slide valve, steam chest, etc., of the ordinary construction. Cis the main reversing lever, the bottom end of which is
keyed to the tumbling shaft ; its upper end projects a few inches
above the quadrant, and is provided with a detent for latching it

to the quadrant. The connecting rod H, of the steam cylinder, is
attached to this lever at B.D is the hand lever, having its fulcrum at 1 on the main lever. Its upper end has a handle and
thumb latch, of the ordinary construction, attached by a rod to

Fig. 3123.

the position of the valve and reverses the operation. He canthus
move the lever and latch it at any point of the quadrant. In Fig.
3122 the hand lever is dispensed with, the steam piston being
attached directly to the reversing lever. A is the reversing cylinder, B the valve chest, C the small lever for moving the valve, and
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D D the rods connecting to the links, There is a valve on the
exhaust pipe of this small cylinder, which is used for regulating
tne rapidity of the motion of the piston. A right and left hand
screw can be arranged at E with two nuts, and used for regulat-

SHOP

PRACTICE.

cylinder, which is filled, on each side of the piston E, with water

or oil. Now suppose that steam is admitted to cylinder A, and it
is clear that if cock J of the cataract pipe is closed the piston in
A cannot move, because it is connected, through its rod and the arm

ing the amount of the travel of the piston, and thus effecting the

cut-off in the cylinder by changing the travel of the main valve.

MAMMRMARW
COM

\\

~~

4

S ||Way

WD

Hefats

AY

N

\=
4
I7

NSS

®
Ug

SAAN

SSS
MWIa-"_o&»0\
SSSAPGBnaQ_\»§W’
Va
que

MRNA
Y

l= WIN

KR Nr

SSS

Fig. 3124.

This makes a very satisfactory gear for reversing on a reversible
rolling-mill engine. For hoisting purposes, where great delicacy
is required, it is open to the objection that it has nothing positive

by which the load may be stopped at a fixed point. This arrangement may be modified by the addition of a cataract, as shown in
Fig. 3123, in which A is the steam cylinder and B a hollow piston

va! 09
C, to the cataract piston E.

SSNS
SSS
ZZ‘/

ryam!re)Sty

But if we open the cock J, then the

parts will move ; the water on one side of piston E passing through
pipe H to the other side of E. The speed with which motion will
ensue obviously depends upon how widely cock J is opened, or, in
other words, upon how fast the water can pass from one to the
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Fig. 3126.

rod having arms C, for carrying the rod D, on which is the cataract

other side of piston E.

piston E; at F is the rod for the valve that admits steam to A, and

cock J, therefore,

at G is the piston rod that attaches to the lifting-shaft arm.
H#
is a pipe having communication with each end of the cataract

may be made as slow as desired, enabling the engineer to shut

By regulating the amount of opening of

the motion

of the steam

off steam to A, and thus arrest the mot”

piston in cylindera

reversing gear

STEAM
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at any required point, with great precision. The cataract cylinder may obviously be placed at the end of the steam cylinder, as
shown in Fig. 3124, in which case one piston rod serves for both

the steam and the cataract pistons.
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The link is held by friction on the piston rod c. It, for any reason,
the piston B should begin to creep, its rod would move the rod D
at C?, the motion being increased by D? by reason of the increased
length of leverage. This increased motion would be conveyed to
F, which would operate on its pivot E?, moving F'! and, therefore,
E? to the left. E? would move the valve E so as to admit steam
through the passage a’ to the side 4 of the piston. The piston
would, therefore, be resisted by the steam pressure, and would be
held stationary by it. Since there is but ,4 inch lap on the valve

Fig. 3125 (from Mechanics)

represents a form in which an auxiliary valve is employed, the
main valve connecting to the lifting shaft at B, while the auxiliary
valve is operated by a hand lever.

In this arrangement the hand lever may be operated to open
the ports in the main valve, which will move until, by passing
beneath the auxiliary valve, its ports are again closed, when motion

E, it will be seen that the increased motion

at D’, over that at C’,

will cause steam to be admitted through a@’ with a very small
amount of piston motion. This amount may be regulated at will
by increasing the height of D? above C’.
It will be observed, therefore, that this apparatus embodies a
very simple and ingenious motion. The action of the parts cen-

will close, because the steam can neither enter nor exhaust from

the cylinder, hence the motion of the piston follows that of the
hand lever, and when the link motion has moved to the required
position, the lever handle may be released and will remain at

rest.
Figs. 3126 and 3127 represent a steam reversing gear, designed

by Mr. W. E. Good, and employed on locomotives on the Philadelphia & Reading Railroad. In Fig. 3126 the gear is shown

tring on the fact that moving H forward causes F', E’, E, and therefore B, to move in the same direction.
On the other hand, if
motion begins at B instead of at H, then F’, E?, and E move in the

in position on the engine, while in Fig. 3127 it is shown detached

opposite direction, causing steam to enter and check the motion

with the cylinder in section. If this gear is simply started, it will
continue its movement in the same direction until, by dropping
the latch into the quadrant notch at the desired point of cut-off,

of B. It is obvious that the same results are obtained in whatever
direction or to whatever amount H is moved, and that the check-

ing or detaining action js entirely automatic.
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. 3127.

further movement is arrested.

The link gear of the engine is

COMPOUND ENGINE AND RAWORTH ENGINE.—A compound
engine is one in which the steam is used in two cylinders, the
second receiving its steam from the exhaust of the first and giving
power by using the steam more expansively.
Obviously, therefore, there is upon the exhaust side of the first
or high-pressure cylinder a back pressure equal to that on the
admission side of the second or low-pressure cylinder.
Engines in which the steam passes through more than two
cylinders are termed multi-cylindered, or designated from the
number of cylinders as triple expansion engines, quadruple

simultaneousiy adjusted to the position corresponding with that
of the reverse lever. It remains fixed in that position until further
change is made by the reverse lever.
From this general statement, it will be seen that not only is the

link or other gear of the engine moved by the steam reverse, but
also that the reverse lever has communicated to it, by the peculiar
arrangement of the reverse gear, the necessary force to move it
to any desired direction, without any effort on the part of the
engineer, save that of starting it. In Fig. 3127, A is a steam
cylinder, and B the piston whose rod C is guided by two glands,
which are screwed up somewhat tightly. CC is attached to the
arm D of the reverse shaft. Eis the steam valve operated by the
rod E*, which is pivoted at F’ to the lever F. The arm D? F’ connects D to F, and the rod G connects the handle H to F at the point
F*, The valve E covers the steam ports by about ys of an inch.
The gear is shown in the full lines as being in mid position. If

expansion engines, etc.
The simplest form of compound engine is the tandem compound,

in which, the two cylinders being in line one behind the other, both
pistons are upon one rod.
In the Figs. from 3128 to 3132 is represented the construction
of a tandem compound engine by the Ames Iron Works of Oswego,
New York.
the lever H is moved to the right, it will, through G, move F on F?
The high-pressure cylinder is carried at one end by a frame
as a pivot, and give end motion to the rod £’, and by this means
secured upon a bed plate, and at the other by a central piece
to the valve E, admitting steam through the passageway a, and : secured to the same bed plate and affording ingress to the glands
moving B in the same direction as the handle His moved. At the of the two cylinders, while at the same time carrying the low-pressame time, the link will be lowered.
When H is brought toa
| sure cylinder. The exhaust from the high into the low pressure
stop, the arm F operates on its pivot F’, and as D continues to cylinder is through the pipe E, Fig. 3128, and that from the low
move to the right, it moves F? to the right and F'! to the left, so pressure through the pipe E’.
that the rod# closes the valve E, and the piston B comes to rest.
Fig. 3129 is a longitudinal section on a vertical plane and Fig.

|
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range of.temperature each cylinder shall work. In doing this,
the desirability of a tolerably uniform division of work between
the various cylinders forming the system must not be overlooked,
although it cannot be considered good engineering to impair the
economy of the engine materially to accomplish this result, as
each engine of the system may be built to carry any load found
desirable to put upon it. If the range of temperature is divided
equally between the three cylinders in the proposed engine, the
greater internal surface of the low cylinder would warrant the
expectation of greater cylinder condensation than in the smaller
cylinder, and if so, the total condensation can be reduced by giving the low-pressure cylinder less range of temperature and the
high cylinder more.
“Cylinder condensation in this investigation, whether considered
relatively or collectively, must be made to include the steam consumed in the jackets of each cylinder, if jackets are used. Whatever may be true in regard to the best range of temperature for
each cylinder, the logic of what is to follow will apply with equal

3130 a similar section on a horizontal plane. The construction
of the shaft governor is shown in Figs. 3131 and 3132.

CYLINDER PROPORTIONS FOR COMPOUND ENGINES.*—“ At the
Chicago meeting of this society, forming part of the International
Engineering Congress, a paper was presented entitled ‘Compression as a Factor in Steam-Engine Economy,’ in which a
theory was elaborated for measuring and harmonizing the freeexpansion losses at both ends of the diagram.
In the paper referred to it was also suggested that this system of measurement
might furnish valuable information as to the relative losses from
free expansion. in the several cylinders of compound engines, and
the society was promised a paper on this subject at a future
meeting.
“In offering this paper as a fulfilment of that promise, the author
is aware that he is widening the application of a law suggested
in the former paper, which law was not as generally accepted as
had been anticipated. This scepticism on the part of some of
our leading members fortunately led to a series of experiments,
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since

conducted

at the Stevens

Institute

of Technology,

which

experiments are the subject of a paper presented at this meeting
of the society by Professor Jacobus, who conducted the experimental work. The results as reported seem to confirm the law
in question, and it is therefore with greater confidence that its
further application is here made.
‘To make this application, let it be assumed that cylinders are
to be selected for a triple expansion engine, where the boiler
pressure is 150 lbs. above atmosphere, and the vacuum gauge
shows 26 inches. Allowing for wire-drawing, let it be assumed
that the initial pressure in high cylinder will be 160 lbs. absolute,
and the back pressure in low cylinder 3 lbs. absolute. The total
range of pressure is therefore 157 lbs., and the corresponding
range of temperature 221° Fahr.
“ The object of compound engines being to reduce cylinder condensation by dividing the range of temperature judiciously between
two or more cylinders, the first step is to decide through what
* A paper read before the American Society of Mechanical Engineers,
by Frank H. Ball, New York City.

force, and therefore, for the purpose of illustration, it will be
assumed that the temperature is to be equally divided. This will
require that the high cylinder works between 160 Ibs. absolute
and 57 lbs., the intermediate between 57 and 16 lbs., and the low
cylinder between 16 and 3 lbs. absolute pressure.
“Figs, 3133, 3134, and 3135 represent theoretic diagrams between each of the three divisions of pressure mentioned.
In
each case VV represents the vacuum line, and X X the atmospheric line, and in each case AF
represents the piston travel.

The clearance is assumed to be 4 per cent. of the piston displacement, as indicated. For convenience in constructing the curves
and measuring their enclosed areas, the following scales have been
chosen:
Fig. 3133.

,

‘

.

Fig.

3134

.

‘

:

;

.

Scale 50 lbs. to the inch.
6

66

Ce

&¢

é¢

é¢

Fig.

3135

;

.

;

‘

:

66

CH §

e¢

66

é¢

c6

“In each case ABCD
represents a theoretically perfect diagram, so far as free expansion is concerned, because expansion is
carried to the line of return pressure, and compression fills the

STEAM
cicarance space to initial pressure.

It is hardly necessary to say

that the curves here shown are Mariotte curves, and not adiabatic,

as the latter are seldom used and are considered an unnecessary
refinement in this investigation. The successive curves in each
diagram which follow the curves BC, represent later points
of cut-off, and they are continued beyond the limits of piston
travel until they intersect the line of return pressure. The areas
of enclosed spaces are indicated by figures, Thus in Fig, 3135
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of the cylinders of a compound engine except the low, the foregoing will seem rank heresy. They argue that if there is ‘drop’
in the high cylinder there is free-expansion waste, and by earlier
cut-off in the low cylinder the receiver pressure may be raised
until the drop in high cylinder disappears, thus eliminating free

expansion and improving the economy of the system. This is a
plausible fallacy which represents only one side of the question,
the other side being that by raising the receiver pressure the range

§

Fig. 3129.

the area of the theoretically perfect diagram a BCD is 2.68 inches,
and BB: C; C B is .go inches, etc.*
‘“The next step is to determine the best point of cut-off for each
cylinder. In this investigation each cylinder must be considered
separately, and treated as though it was a single cylinder engine
working between the limits of pressure indicated, and it may be
asserted without fear of successful contradiction that if any cylinder of a compound engine is not realizing the highest economy
obtainable from a single cylinder engine working between its limiting pressures, then the engine as a whole is falling short of its

of temperature is increased in the large cylinder, thereby increase
ing the cylinder condensation in this cylinder without effecting a
corresponding reduction of condensation in the smaller cylinder.
Looking at this question from another point of view, let it be
admitted for the moment that the economy of the engine will be
improved by raising the receiver pressure until the ‘drop’ in
high cylinder disappears. Then considering the high cylinder
alone, we have a diagram in which expansion is carried to the
line of back pressure, which cannot be considered the most economical diagram from any engine whose internal condensation is
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Fig. 3130.

possibilities.

It is also true that if, because of cylinder condensa-

tion, it is not economy to expand to the line of back pressure in a

single cylinder engine, the same is true of every cylinder of a compound engine, it being only a question of the degree of free expansion permissible in each case.
‘To those who believe that there ought to be no ‘drop’ in any
* For convenience of publication the diagrams of Figs. 3134 and 3135

wave been reduced in size, and therefore, while the areas remain relatively
the same, the figures given are the actual areas of the original diagrams.

not in proportion to the steam used, which is the recognized condition of all steam-engine cylinders. Therefore the economy
would be improved by using a cylinder of smaller diameter, with
less exposed surface for condensation and necessarily some ‘ drop’
at exhaust opening. Thenif it is true that better economy will
be realized by raising the receiver pressure again to eliminate the
drop as before, it only requires a few successive stages of this

development to dispense with the high cylinder altogether, completing the whole expansion in the low cylinder, and at the same
time improving the economy at every step in that direction, reach-
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ing the highest economy when the low cylinder covers the entire
range of expansion and the engine becomes a single cylinder
engine instead of a compound. To those who still adhere to the
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cylinder must realize the most economical performance for a singu.
cylinder working between its limits of pressure, and believe also
that cylinder condensation makes it impossible to obtain this by
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Fig. 3131.

belief that what is true of one cylinder of a compound engine is
not true in any degree of the others, and that one cylinder of an

expanding tothe line of back pressure in any cylinder, the method
of investigation which is to follow will be of interest.
‘‘ Referring again to Figs. 3133, 3134, and 3135, let us first inves-

engine may be wasteful in its performance, without affecting the
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aggregate performance of the system, the reasoning of the follow-

ing pages will not be convincing.

To those who believe that each

tigate the low-pressure cylinder represented in Fig. 3135, as being
in some respects the most important one of the system.

STEAM
“If 3
cylinder,
pansion,
cylinder
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lbs. absolute be assumed to be the back pressure in this
the diagram A BC D represents full and complete exand will correspond with the highest economy of this
if there was no condensation, or if cylinder condensation

was a uniform per cent. of the steam used.

This diagram, carry-

33!

amount of cylinder condensation is ever found in practice that
would make it economy to add this last area to the diagram with
its enormous free-expansion loss ; and the terminal pressure of
C,, representing 22 expansions in the system, is, therefore, probably too high, and we must look for the best results between

B_ 8B; B.B; B,

ing expansion to 3 lbs. absolute, represents a total of more than
53 expansions in the system, which is recognized as being far
beyond the economical limit. Following the successive expansion curves from B, B, Bs B,,~it will be seen that B, adds an
area to the useful diagram of .9 inch, or more than j of the area

=

A

22 expansions corresponding to C, and 53 expansions due to
terminal C.
‘If the exact amount of cylinder condensation due to each of the
five points of cut-off was known, the indicated areas of the diagrams would furnish the data necessary to determine at once the

B B,|B,B,B,

55

50

Fig. 3134.

of

ABCD, and the free-expansion loss occasioned by this curve

is only Io per cent. of the useful area that has been realized.
This loss is represented by the area of C, E, C. Substituting
curve

Ba Cs for B, C,, the further addition of useful area is only

.78 inch, which is accompanied

by an additional free-expan-

exact point of cut-off where the highest economy would be realized,

and just to the extent that we are able to correctly estimate this
cylinder condensation will we be able to determine correctly the
best number of expansions in each cylinder and in the system.
It must be here understood that it is not intended in this paner to

ig. 3135.

sion
ner
and
loss

loss of 29 per cent. of this amount, and in the same manBs C, only adds .66 inch of area with a loss of 57 per cent.,
finally B, C, with a useful area of only .56 inch entails a
of 85 per cent. of this amount in consequent additional free

expansion.

As between B, and B, then, it is not likely that an

determine absolutely the best cylinder ratios or the best number
of expansions for the conditions that have been assumed, because
of the lack of exact data regarding cylinder condensation, but it
is the purpose of the author to show that by this method of investigation even an approximation of the cylinder condensation enables
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tively small limit of possible error, and this error may be reduced
toward zero just in the proportion that the truth regarding cylinder condensation is known. To illustrate the manner of applying
this knowledge with the use of the diagrams of Figs. 3133, 3134,
and 3135, various amounts of cylinder condensation will be

assumed and the problem worked out for each case. Before
doing this it may be interesting to note the relatively greater

250

R

2.7%

800

$235

PRACTICE.

who is chiefly concerned about preventing drop in the high and
intermediate cylinders.
‘Referring again to Fig. 3135, and resuming the consideration
of cylinder condensation, let us assume certain quantities to represent this cylinder condensation, and thus illustrate the manner of
applying more exact knowledge on this subject. It is evident that
the conditions which make late cut-off desirable are large con-

the engineer to decide the question of cylinders with a compara-

Areas

SHOP

densation and a constant quantity at every point of cut-off, and the
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diagram
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Fig. 3136.
~

the high-pres-

reverse conditions, viz., small condensation, varying for each point
of cut-off, would call for early cut-off. In illustrating this subject
two rather extreme conditions have been chosen: one where the
cylinder condensation is assumed to be 25 per cent. of the steam
accounted for by the indicator at latest point of cut-off, and this
amount to remain undiminished at the earlier points of cut-off,
and the other condition where cylinder condensation is assumed

sure cylinder, and repeating the same calculation, the area of

to be only 15 per cent. instead of 25 per cent. as above, and to

wastefulness of free expansion in the low-pressure cylinder than
in the others. Referring to Fig. 3135, the removal of the point
of cut-off from B to B, adds to the useful diagram the area of
BB, C, C B, equal to 2.90 inches. The free expansion of 4 Ibs.
at C, results in a loss of useful work represented by the area
of C,E,C, equal to 1.18 inches, or about 41 per cent. of the
former.

Referring

to Fig.

3133,

representing

Areas

2.50

2.75

$8.00

3.2%

of useful

350

diagram

8.735

4.00

4.25

in

square

4.50

4.73

inches.

5.00

5.25

550

5.7%

realized.
work
total
of
Porcentage

Fig «

useful work of B By C, C B equals 1.78 inches, and the drop at
C of 40 lbs. causes a loss represented by Cy EK, C, equal to .74
inch area, or about 41 per cent. of the useful work in this case

also, so that by comparing the two we see that in both cases
the useful areas of BB, Cy CB are accompanied by a free-expansion loss of about 41 per cent., but in the low-pressure cylinder the
terminal drop is only 4 lbs., as against 4o lbs. in the high cylinder.
‘‘ The foregoing ought to furnish food for thought to the engineer

3137.

decrease at each of the earlier points of cut-off in the following
manner :
14 per cent. when cutting off at Bs
13

66

64

66

66

To ee ©

Bs

12

66

66

66

é¢

6c

666

B,

II

46

66

66

66

66

66

B

“Fig. 3136 gives a graphic illustration of the effect on the economy

of the low cylinder produced by the two assumed conditions as to
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Referring to Fig. 3135, the steam accylinder condensation.
counted for by the indicator at latest point of cut-off may be rep-

total area due to the steam consumed equal to 2.68 inches + 1.69

resented by the area.of A B, E, D A, which equals 6.76 square

2.68 inches, is 61.3 per cent., which is measured op ordinates and

Areas

inches = 4.37 inches.

of usefal diagram

im square

Of this amount the area actually realized,

inches.

realised.
total
of
work
Percentage

inches. If the steam condensed on entering the cylinder is 25 per
cent. of that accounted for by the indicator at latest point of cut-

establishes the point B.

off, it may be represented by 25 percent. of the area 6.78 inches =

1.69 inches. This last area, then, under the assumed conditions,
will be a constant loss at every point of cut-off. An additional loss
by free expansion occurs at every point of cut-off later than B.
‘These free-expansion losses are represented by the indicated
areas beyond the limits of piston travel, which combined with the
area representing condensation, and compared with the areas
of useful diagram, produce the curve A C (Fig. 3136) in the fol-

For cut-off B,, in the same manner as

before, we have useful area of

ABG

CDA

Inches.

.

2.

Free expansion of (: F.C
Assumed condensation

«26

«©

«©

«©

«©

«6

3458

.
;

:
‘

;
‘

°
.

°
°

°
.

-09
1.69

Total area due to steam used at cut-off B,

‘

5.36

“Of this area only 3.58 inches has been realized, or 66.7 per
cent., which established point B, on curve A C (Fig. 3136). The

Fig. 3139.

lowing manner. Measurements on abscissa correspond to the
useful areas of diagrams at the five points of cut-off indicated.
Measurements on ordinates are obtained as follows :
‘For

cut-off B the area of useful work

is 2.68 inches, and the

assumed constant loss by condensation of 1.69 inches makes the

succeeding points on this curve are found by the same process,
using the indicated areas at each progressive step.
«Curve D E is produced by the same method, the only difference being that the smaller and varying condensation is assumed ;
thus, instead of the constant area of 1.69 as assumed in curve
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AC, the condensation is supposed to be represented by the fol- | that the actual condensation
lowing areas :

.74 inches for cut-off B.
Broth
86
he
88
EP AS tg,
gg
te

roz

“ff

MS

By,

would probably prod ce a curve

between the two, and if so, then the terminal pressure at reiease
in low-pressure cylinder of the proposed engine should not be
less than 4 Ibs. absolute, nor more than § lbs., and the corresponding number of expansions of the system will not be more than
40 nor less than 32. For the purpose of keeping the low-pressure

cylinder as small as possible, the fewest number of expansions

Fig. 3140.

gee

«These quantities are substituted for the constant quantity, 1.69 | should be employed that promises approximately the best economy,
inches, used with curve A C, and the result is curve D E.
and therefore we will select 32 expansions, and the expansion
“From an examination of these curves it appears that with the | curve in low-pressure cylinder will be B, Cy.
ST
‘Referring to Fig. 3136, the lower curve assumes the greatest
conditions assumed for curve A C the highest economy is obtained at or near cut-off B,, while with the conditions which | cylinder condensation, and on this assumption B, appears to be

Scale:

M.E.P.

5P

7.55

Fig. 3141.

produce curve D £, the highest economy
cut-off Bi.
“If the condensation assumed for either
known to be correct, then the best point of
appear ; but even without exact knowledge
the range covered between the two assumed

is found at or near | the best point of cut-off. The condensation here assumed, if
referred to the area of A By Cs C D, willbe found to .equal .47
of these curves was | per cent. of the steam accounted for by the indicator when cutcut-off would at once | ting off at Bs, which, in view of the cut-off being later than4
as to condensation, | stroke and the total range of pressure in the cylinder only 1 lbs.,
conditions is so great | is an altogether improbable amount. It is also equally improba-

STEAM
ble that the actual loss by condensation would not decrease
slightly with earlier points of cut-off, so that in selecting 32 expansions for the proposed engine, it is done with the idea of using
the least permissible number that will even approximate the best
economy.
Having determined that 32 expansions will be obtained
in the proposed engine, and that A B, C2 CD of Fig. 3135 will
be the diagram of low-pressure cylinder, we will next proceed to
investigate the intermediate and high-pressure cylinders.
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the same conditions as to condensation that were assumed in Figs.
3136 and 3137, and keeping in mind that, unlike the low cylinder,

no practical difficulty exists as to its size, we may with confidence
select B, aS a point of cut-off that promises approximately the
best results that may be obtained from this cylinder.
‘We have now established the expansion curves that we desire
to produce in each cylinder, and to prevent confusion Figs. 3139,
3140, and 3141

represent

diagrams

from the three cylinders, in

“ Beginning with the intermediate, Fig. 3134 represents a series
of possible diagrams between the pressures that have been allotted
to this cylinder, and Fig. 3137 represents the economy of each of
these points of cut-off under the two extreme conditions of condensation that were assumed in Fig. 3136. The method of locating the points on the curves of Fig. 3137 is exactly the same as

which only the desired expansion curves appear.
‘‘So far, in this investigation, no attention has been paid to the
compression curves further than to state at the beginning that
the compression curves shown are full compression curves which
entirely fill the clearance spaces by compression, and rise without
interruption to the initial pressure of the diagrams.
Under no

that of Fig. 3136, merely substituting the areas of Fig. 3134 for

condition can these curves be the most economical, unless it has

those of Fig. 3135, and need not be again explained. Following
the curves of Fig. 3137, it appears that for the smallest condensation the best economy is at or near cut-off B,, while with the
largest condensation the best result is with cut-off somewhat later
than B;, Between these points, then, we must probably look

been shown that the best economy is obtained by expanding fully
to the line of back pressure, as B C (Figs. 3133, 3134, and 3135).

Following the law relating to compression curves, suggested in
Vol. XIV. of the ‘ Transactions of the American Society of Mechanical Engineers,’ page 1070, the curves H F have been pro-

Fig. 3142.

for the desired point of cut-off, and, as before stated, if the exact
condensation for each point was known it could be very quickly
determined.
As between this cylinder and the low we may assume that the condensation will be somewhat less in the smaller
cylinder because of its smaller area of surface. This would be
favorable to earlier cut-off, and the practical limitations as to size
of cylinder do not interfere, as is the case of the lowcylinder. On
the other hand, free expansion is not a total loss in either the high
or intermediate cylinder, as its superheating effect reévaporates a
certain quantity of the moisture in the steam, thus delivering to
the receiver an appreciably greater volume of steam than that
accounted for by the indicator at exhaust opening if much ‘drop’
occurs. For this reason, ‘drop’ is less objectionable in these
cylinders than in the low, where no such redeeming feature is
found.

After due consideration of these modifying

influences, it

is not improbable that about midway between B, and By will
approximate the best point of cut-off for this cylinder, and to continue the illustration of the proposed method, the dotted curve
Bit Ci$ will be selected as the desired curve.

‘Proceeding in the same manner with Fig. 3133, representing
the high-pressure cylinder, and what has just been said about the
intermediate cylinder applies to this equally as well.
From a
study of the curves of Fig. 3138 as representing the performance
of the high-pressure cylinder at the various points of cut-off under

duced as the compression curves in each case that correspond
with the expansion curves that have been adopted. The completed diagrams, then, as sought to be produced, are represented
by full lines in Figs. 3139, 3140, and 3141.

The next step is to

ascertain the ratio of cylinders which will produce these respective
diagrams, and to do this the diagrams must be compared as to the
relative volumes of steam which they indicate. A very convenient
graphical method for doing this is the following : *
‘First, continue the compression curves H F of Figs. 3140
and 3141 to the line of highest pressure of each diagram, as
shewn.
‘““ Next continue the expansion curves of Figs. 3140 and 3141 to
the intersection of the line of lowest pressure of each diagram, as
shown.

‘‘ Assuming that the lengths of these diagrams representing the
piston travel are the same, and that the line G B, in Fig. 314!
represents

the same

pressure

as the line H E,4 (Fig. 3140), it

is only necessary to compare the length of the line GB. with
H E,4, and the inverse ratio will be the ratio sought. Thus, in
this case, the line, G B,, measured with a scale of 100 to the inch,
* The author is indebted to his son, B. C. Ball, member of the class
of ‘95 at Stevens Institute of Technology, for this method. which is

believed to have been original with him.—F.

H. B.
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measures 92, and in the same manner H E,} measures 368 ; there68

fore the ratio of the intermediate to low cylinder will be

= 4.

«By the same method G B,, (Fig. 3140) measures 104 and H E,
(Fig. 3139) = 342, and therefore the ratio of high to intermediate
cylinders will be 343
on_ 3.3.

“ Reviewing these figures, we have the ratio of high to intermediate

3.3, and of intermediate

to low 4, and consequently of

high to low 13.2.
“It sometimes may be more convenient, in measuring cylinder
ratios by the method just described, to extend both the compression and expansion curves of the lower diagram upward to the line
of terminal pressure of the next higher diagram, and use this line
for measuring the ratios. The result will be the same in either case.
“Tf these ratios are used, and the valves of each cylinder are set
to give the steam distribution indicated, the actual diagrams from
the engine will approximate very closely to those of Figs. 3139,
3140, and 3141, except as they may be slightly modified by cylinder
condensation.

Where steam-jackets are used, the loss by cylinder

SHOP

PRACTICE.

‘These figures show a progressive increase of indicated work
in each cylinder from the high to the low.
‘A more even division of work would be obtained by decreasing
the range of pressure in the low cylinder and increasing the range
in the high. It has already been suggested, that because of the
relatively larger area of surface of the low cylinder, a modification of this kind would probably reduce the total condensation;
therefore it seems desirabie that such a modification should be
made, but the work will not here be reviewed for that purpose.
‘(GENERAL CONCLUSIONS.—First, that in current engineering
too few expansions are obtained in compound engines for best
economy.
«Second, that with 150 ]bs. pressure and a good vacuum, at least

32 expansions should be realized in a triple-expansion engine.
“Third, that the cylinder ratios ordinarily used are too small,
because they give too little ‘terminal drop’ in the high and intermediate cylinder for best economy.
‘Fourth, that too little attention

is given to the compression

curve, which should be determined by the expansion curve, and
should never reach initial pressure,

Fig. 3143.

condensation after cut-off in high-pressure cylinder is largely
restored by heat from the jackets, so that frequently no allowance
need be made in the ratios of cylinders for this loss.
“With unjacketed cylinders a progressive deficiency will appear
in each successive diagram of the system as compared with the
theoretical diagrams, unless an allowance is made in the cylinder
ratios to compensate for the progressive loss occasioned by condensation in the cylinders.
‘Continuing the study of the diagrams of Figs. 3139, 3140, and
3141, the same diagrams appear in Fig. 3142, reduced to the
scale of the high-pressure diagram, and in Fig. 3143 they are
reduced in length to correspond with the respective cylinder
ratios, thus representing the total expansion referred to the lowpressure cylinder.

‘The mean effective pressures of these diagrams are as follows:
Lbs.

High cylinder
,
‘
Intermediate cylinder
Low cylinder

:
;

;

:

,

;

-

65.65
24.46
7.55

‘Or, referred to the low cylinder, as follows :
High cylinder
‘
Intermediate cylinder .
Low cylinder
;
Total

i

‘

‘
:
:

:
.
;

°
;
‘

:

;

;

:
‘
;
°

Lbs.

°
;

:

‘

©

Ab
6.10
7.55
18.61

“The foregoing is submitted with full knowledge that the conclusions may not be generally accepted because of a very commendable disposition on the part of the members of our Society
to take more kindly to demonstrated facts than to theory, even of
the most plausible kind.
‘While waiting for the verdict of future experiments the author
will still further risk his engineering reputation (if he has any) by
venturing the prediction, that, when under the conditions assumed

in the foregoing pages as to boiler pressure and vacuum, a tripleexpansion engine shall be provided with cylinders proportioned
to produce approximately to final diagrams of the series in respect
to the number of expansions, the terminal drop, and the compression curves, or such slight modification of them as may be suggested by the line of reasoning that has been followed, then a
horse-power will be developed from 11 Ibs. of steam per hour.”
A high-speed engine constructed under Raworth’s patent by the
Brush Electric Light Co. is shown in the following illustrations.*
Figs. 3144 and 3145 show two sections through the new engine

at right angles to each other. The first thing that strikes the eye
is the absence of slide or piston valves, and the use in lieu thereot
of Corliss valves, placed between the high and low-pressure cylinders, there being separate valves for inlet and exhaust.

our knowledge

As far as

goes, this is the first time that such valves have
a

* From Lngineering.

~~

STEAM
been in this position, although it is difficult to understand why it
is that their undoubted merits have never been made available in
this type of engine before. As here employed, they afford the
essential feature of short and direct steam passages, thus insuring that the clearance space shall be a very small proportion of
the cylinder volume.
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conical, so that it may be swept clean by the outgoing current of
steam.

The mechanical details show signs of novelty in almost every
part. The piston rod is incased in cast-iron sleeves, which may
be expected to wear to a high polish without scoring. These
sleeves act also as distance pieces between the pistons, and when

A cursory examination of the engravings shows that the steam

the nut at the bottom end of the rod is taken off, the rod can be

acts on one side only of each piston, being admitted first to the
under side of the high-pressure piston, and then transferred to the
upper side of the low-pressure piston. The bottom of the lowpressure piston is always open to the exhaust, while the upper

drawn off through both pistons. To facilitate this operation, the
nut is made in halves, fitting into a conical recess in the crosshead. If the nut at the upper end of the rod is removed, and the
rod dropped a few inches, the lower nut will fall apart, and then

Th

4

|
a

:

6re

Ni:

x

.

i
NY :

fa

Lie

TK
ISA

INE

©\

4:

=I |Ke NWT.
ZZ

Sa
EL
oLSSSSSTTTSES
Gi
gSISESIDAADA
A

7

:

N [=

Sh
RAL

NIWA“

oc.

VN}N

ip

-P

(Oy4
QOL

a:
NV

NS

S
SSS
SSSA

WLLE:

e&
Suse
UU

\

iN em \

JU

‘il

mn

oe

ag

AAW

RSI

Chace A

d

aa

y

Of

Gi

Y,

"

4
N

SS
22Y
7
JI

NIN
NIB

NY
\y

\%

Usitsinf

Q

GA
fF N

&

i"

:

\\

EN

s

LA

CHILTILIOL,

SOPPPPLLL

‘N

N NN N N N

mo]
S18.

SxCam
RE
ce
<i
E

SSS,
ze

VNB

a

‘

4

A \

-a,
aNINtN rn
.

YN\

AS

GG

:

Ni

NY
ae

IAS
MS
MAAN
PN
SN

NR

SSO
wi
QA

WY

RRBUEUBULVS \

SS

Y

“ap.

SS

QRkanennyy

S

8a4

#.

aaseed«

SANNA
AN

Rat
DN
—
ye
5,
aa
a
ee
WAX
d|
HH
spuinps

KP

SY

nin
Wu

SSS

SN

LWAAVA

a

ia

SY
N ny

A
[+NES

ate
thee
@

N

Naas

NON:

[8

Z) VO
WS

\VLE

y, g ;

fo\__
BBWWVWWaeaeeaweaqeeae
©

Yy

ae

RS

N

— \ =

WME

em:
|

Zg g Z

V’

acne
SOOO
SN
TIAAAAAAANNS
p

——S_
ee
|
eae
E-@

.AY}\ SSS

Obits

YN.
14083
ni1H
Ron

ene
eee
Ei
ae
Eee
20
a

Fig. 3144.

portion of the high-pressure cylinder is in free communication
with the receiver, except for a short time when the crank is near
the upper end of its travel.
Each cylinder has in its wall a ring

of holes, which acts as asupplementary exhaust port. The upper
holes, however, pass very little steam, because the pressure in the
cylinder when they are opened is practically the same as that in
the receiver, as will be seen by an inspection of the diagrams.
In Fig. 3156, as shown, the ‘‘drop” between the two diagrams
is exceedingly small, a feature which contributes materially to the
economical working of the engine. The lower ring of holes serves
to drain the water out of the low-pressure cylinder ; and to render
this operation the more certain, the upper face of the piston is

Fig. 3145.

the rod can be drawn upwards.
of two tie-rods

and

a central

The connecting rod is composed
hollow

strut, the length of which

can be rapidly adjusted to take up wear of the brasses.
This
strut is made in two main parts united by a screw of large diameter and considerable length. This screw, Fig. 3157, can be

turned by means of ‘‘tommy holes” formed in a collar about its
centre. The female screw into which it takes is split, and can be
tightened on to it, so as to render the connection absolutely rigid,
by bolts which clamp the two halves of the nut firmly together
at their ends.
The crosshead, Figs. 3147 and 3148, carries a hollow pin which

can be slipped in and out quite freely, when it is necessary to attend
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the receiver, passing through that into the upper part of the
cylinder, the combined capacity of the two not altering, and there
being no material change of pressure in the receiver during this
part of the stroke. It is only during the upstroke of the pistons
that the pressure in the receiver rises as shown by the diagram,

to it. To render this pin secure in working, the ends are split, and
are fitted with internal tapered stoppers. By forcing these stoppers inward by means of the bolt which connects them, the ends
of the pin are expanded, and take a firm bearing in the horns of
the crosshead. The main bearings, Figs. 3149 and 3150, are set
in seats in the framing, Fig. 3144. The top step is held down by
a wedge-piece drawn up by an external screw, while two studs,
Fig. 3150, provide an end adjustment for the brasses. Figs.
3151 and 3151a@ show a loose frame for tightening up the gland
of the low-pressure cylinder without putting any cross-wind on
it. Figs. 3152 and 3152@ show the upper end of the eccentric rod,
which takes hold of a spherical pin on the arm at the end of the
valve. The bearing is set up by screwing in the cap at the end
of the rod.
Having thus dealt briefly with the mechanical features of the
engine, we will trace the course of the steam through the valves
and cylinders. The high-pressure steam enters through the lefthand valve case, Figs. 3145, 3153, and 3153@, and thence goes

Fig. 3156.

It falls on the downstroke to the point of cut-off, and

after that remains practically constant. There is a small amount
of negative work done in the receiver due to friction, radiation, etc.
The high-pressure valve is operated by an eccentric under the
control of a shaft governor, while the low-pressure valve is worked
by an eccentric with a fixed stroke.

The governor,

Figs. 3154

and 31542, is the outcome of a large number of experiments made
to arrive at a design which gives a firm control of the valve under
all conditions, and which will stand the wear

it is subjected. When
dynamo during the run,
speeder gear, illustrated
spring can be regulated

and tear to which

it is desirable to alter the speed of the
the governor is fitted with a Raworth’s
in Fig. 3155, by which the tension of a
without stopping the engine. It is the
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Fig. 3150.

direct to the high-pressure cylinder through the short port shown.
It is cut off at some point between § stroke and zero, and then
expands during the remainder of the stroke. When the piston
passes the ring of holes, the cylinder and receiver are put in
communication, but there is not a great difference of pressure
between them.
To insure that this will be the case, there is a

very small port leading from the valve case into the receiver, and
when the valve is making its full stroke—that is, when the engine
is running below its normal speed—this port is momentarily
opened each stroke. At other times the stroke of the valve is not
long enough to open the port. When the upward stroke of the
pistons is complete, the right-hand valve puts the low-pressure
cylinder into communication with both the high-pressure cylinder
and the receiver. The communication between the two cylinders
is clearly shown in Fig. 3145, and that between the receiver and
the lower cylinder can be followed in Figs. 3153 and 3153a.
Steam is cut off in the low-pressure cylinder at about 4 stroke, and
then expands till the ring of holes is opened to the exhaust. After
cut-off in the low-pressure cylinder, the remaining steam below
the high-pressure piston finds its way through its right-hand valve
case and the chamber

between

the two valves, Fig. 3153a, into

Fig. 3152.

Fig. 3152a.

supplementary spring shown that is regulated. One end of it is
attached to an eccentric strap fitted to an eccentric loose on its
axis, This eccentric has a spurwheel attached to it, and beside it
is another spurwheel fast on the shaft. A fixed frame carries two
pairs of differential pinions, and this frame can be moved to put
either pair of wheels in gear with the wheel on the shaft, and to:
transmit the motion to the wheel on the eccentric. By this means
the eccentric, which is not the main eccentric, but merely a device
for tightening or slackening the supplementary spring, can be
rotated in either direction relatively to the governor disk.
The progress of this new engine will be watched with great
interest. The originality displayed in its design must command
the attention of mechanics, who will recognize that while the
details are full of novelty, there is nothing in the main features
that has not already, in some other shape, survived the test of
experience. The good working of Corliss valves is proverbial,
while economies of the very first order have been obtained by
their use. The one inaccessible gland between the cylinders consists only ofa pair of sleeves, pushed apart by aspring and grooved
internally, and can give no trouble. The cylinders are all lathe
work, and must go together absolutely in line. The drainage is

STEAM
so completely automatic that cylinder cocks are not fitted, and
there is only one relief valve. The connecting rod, Fig. 3157,
although somewhat open to criticism, is more novel in appearance

than in reality. As regards this and other details, the leading
idea has evidently been to render every part capable of being handled and adjusted by a mechanic of limited ability, so that minor
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high-speed engine, its piston speed being S00 feet per minute,
and that the piston rod is hollow, and the piston valves for all the

cylinders, whether compound, triple, or expansion, are strung
upon one valve rod operated by a single fixed eccentric, as seen in
Fig. 3158, where, on the right, cylinders

are shown

in section;

whereas, on the left, the cylinders and valve ports are shown
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Fig. 3153a.

repairs may be made without calling in outside assistance. The
lubricating arrangements, of which we have not spoken, display
the same care to render unnecessary the presence of highly skilled
attendants. A simple form of rotary pump delivers oil in a copious

stream to the upper part of the engine, whence it runs in abun-

section, exposing the valves to view. Fig. 3159 shows the valve
rod removed from the engine, which takes steam from the steam
chest at the top, each cylinder exhausting direct into the cylinder
below it through the ports provided in the circumference of the
piston rod; hence the upper parts of the intermediate-pressure and
160 lbs.=1 tn.

eA

80 lbs.=1 in
a

:

ATM.

160 lbs.=1 in.
HALF

LOAD

ATM.

160 lbs.=1 in.

Fig. 3155.

dance through all the working parts, except the cylinders, which
are fed from a displacement lubricator of very large capacity.
THE WILLANS CENTRAL VALVE ENGINE, shown in Figs. 3158 to

3161, constructed in the United States by the M. C. Bullock Manufacturing Company, of Chicago, Ill., and in England by Willans
& Robinson, of Rugby, is a vertical engine having a shaft governor operating a piston throttle valve.
The distinctive features of the engine are that it is strictly a

Fig

3156.

low-pressure cylinders are, in effect, receivers, and there is no loss

of heat through the passage of the steam through pipes or passages from one cylinder to another. The pistons and piston valves
all working vertically, the wear of the parts is reduced to a minimum, while lubrication and drainage are effected under the most
favorable conditions.
The construction of the engine is so simple that the following
short description will suffice :
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Fig. 3158 represents a standard pattern of engine having 14-inch

low-pressure cylinders, that may be used as a simple, compound,
or atriple-expansion engine. The various parts are so lettered and
numbered in the figure as to adapt the description to either form.
The right-hand line of pistons, with the hollow piston rod, is
shown in elevation; the left-hand line in section, with the piston
valves in elevation. Fig. 3159 is a separate sectional view of one
line of valves. In the right-hand line of pistons, which is upon
the up stroke, the course of the exhaust steam is indicated by
arrows, but the piston valves are necessarily invisible.
In the triple-expansion form of these engines, what is usually
called the “intermediate cylinder ” is called the ‘‘ high-pressure ” or
HP. cylinder, because it is merely the HP. cylinder of the compound form of the same engine “tripled” by adding a still smaller
cylinder above it ; the latter is called the ‘‘H.HP.” cylinder. These
are merely shop terms, intended for the convenience of makers,
not of users; but they are so convenient, and so expressive of the
system upon which the engine is designed and built up, that they
are introduced in the diagram.
It will be noticed that a compound, or even a triple-expansion
engine, may be run as a simple engine without removing the
lupper cylinders, by merely removing the upper pistons, and the
piston valves corresponding with them; in fact, either the steam
pistons or the valves might be left, were it not for the useless
friction of the rings; the upper cylinders, in such a case, become
mere extensions of the steam chest. It is sometimes a practical
convenience to be able thus easily to alter a compound to a simple
engine, or a triple-expansion to a compound. Starting with a

SHOP
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valve v’, then moving

upwards, again uncovers

8, 8, and places

them in communication with g, 9, through which the steam commences to pass from the upper to the under side of the piston.
The space below the piston communicates with the exhaust
chamber and the exhaust pipe, the steam passing away, through
8, 8, 9, 9, and the exhaust,

during

the whole

of the up stroke.

The exhaust pipe may lead either to the atmosphere or to a condenser.
v” is merely a guide, without packing rings. There are holes
giving free passage through it.
In a three-crank engine there will, of course, be-a third line of
pistons, and a crank, etc., between

the two shown in the section.

There is, however, no other difference in the description of the
engine, except that where there are three cranks 120 degrees
apart, the two end lines of pistons cannot

be, szmultaneously, in

the two positions shown in the section.
The above description is applicable to the second stage (2.e.,
to the LP. cylinder) of a compound engine, Fig. 3159, the word
‘receiver ” being substituted for ‘‘steam chest.” The description
of the first stage of expansion is, however, but little different from

that of the second.

The steam enters the HP. cylinder by the

ports 4, 4, and 5, 5, until cut off by the passage of 4, 4, through

the gland c?, the point of cut-off depending, as before, upon the
height to which C? is raised above the cylinder cover, v*is the
valve, shown fully open, like v® in the cylinder below; it will
shortly rise, close the ports 5, 5, and, still rising, will open

them

to 6,6; the steam will then pass from above the HP. piston to
the space below it, which, this time, is not an exhaust chamber,

QO.
1 Will
NE

7

LL ddaddsdbdc ds zy
WW
Vip

DSN

via
ALLL)

Fig. 3157+

simple engine, Fig. 3159a, the steam passes into the cylinder
through slots in the hollow piston rod R, which moves steam-tight
through the gland cC* in the cylinder top, which forms also the
bottom of the steam chest (or receiver, if the engine be afterwards
compounded).

Referring to the left-hand line of pistons, which has completed
one-fourth of the down stroke, it is seen that steam is entering
the piston rod or ‘“‘trunk” by the ports 7, 7, and passing out
again into the cylinder by the ports 8,8. At about three-quarters
stroke the piston valve v* will close the last-named ports, but cutoff will take place earlier than this by the ports 7, 7, entering the
gland c’, and so leaving the steam chest. The point in the stroke
at which cut-off takes place is governed by the height above the
cylinder top to which the gland rings are raised by a distance
niece placed below them (see w in the sectional Fig. 3159).
Normally, the ports are cut so as to give cut-off at .6 of the stroke,
when the gland rings are as low as they can be fitted ; the height
to which the rings are raised determines the actual cut-off. The
cut-off is fixed with reference to the steam pressure and other
circumstances ; it may be made variable when necessary, either
by hand or by the governor, but in this case the mechanism employed is different from that shown in the section.

When a very

late cut-off is required, it is effected by the ordinary valve motion.
In this case there is no valve piston above that which actually
closes

and

opens

the ports—z.e., above v’, v’, or v?, as the case

may be; the latter being constantly exposed to the pressure in
the steam chest.
In the section the piston valve v’, which commenced to uncover
the ports 8, 8, at top stroke, is now at nearly its lowest position
relatively to the ports.
Shortly before the piston reaches the bottom of the stroke, the

but a receiver. The receiver may also be regarded as the steam
chest of the cylinder below it.
The addition of a third (or ‘‘ H.HP.”) cylinder above the others
only involves a repetition of the foregoing paragraph, substituting
the ports I, I, and 2, 2, as the channel by which the steam passes
from the steam chest to the cylinder, the cut-off being given by the
passage of the ports I, I, through the gland c’, and the exhaust
(into the receiver below) by the passage of the valve v’ above the
ports 2, 2.
It will be noticed that in the simple, non-condensing engine,
the steam remains in the engine, from the commencement of
admission to the end of exhaust, for one revolution, as in ordinary

engines. But in the compound non-condensing engine, the steam
remains for two, and in the triple-expansion engine for three, whole
revolutions. In other words, the steam is practically quiescent in
a receiver of some kind for half a revolution between each two
stages of expansion, and this (which is only possible in a singleacting engine) enables the range of temperature in the several
stages to be divided more advantageously than in any other
engine.
The water above each piston is swept downwards by the exhaust
steam into the space below during the whole of the exhaust
stroke, it has not to be carried by the piston to the top of the
cylinder, and then driven out suddenly through the port in a more
or less upward direction, as is the case in other forms cf vertical
engine. The Willans engine has therefore unique advantages in
getting rid of water from the cylinders, apart from the action of
the relief valves.
Reference has been made to the fact that the connecting rods,
and all the moving parts, are constantly in compression—a condition rendered possible only by the fact that the pistons are single-
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acting, giving no pull to the crank upon the up stroke, but only a part liable to get out of order. If, from water in the cylinder, or
push upon the down stroke. In any engine running at high speed, any other cause, the pressure rises above that in the receiver, the
however, the moving parts can only be kept in compression upon valve lifts, and though the water is only passed back into the
receiver, the relief is found to be sufficient, and, in fact, far more
the up stroke by very powerful cushioning.
effective than that given by ordinary external relief valves. EnThe guide pistons on the up stroke compress the az7 contained
gines so fitted have been tested by discharging a cubic foot of
in the guide cylinders, and thus any desired amount of cushion
water suddenly into the steam pipe; also by connecting the
can be obtained, according to the clearance allowed.* The work
expended in compressing the air zs given out again by its ex pan- steam pipe with the water space of the boiler (by a half-inch pipe,
sion on the succeeding down stroke, and the loss, when the engine with a difference of 80 lbs. between the pressure in the boiler and
is running at good speed, is proved by indicator diagrams to be that in the steam pipe), without any injury to the engine in either
In cases where internal relief valves cannot be used,
too minute to be worth consideration. There are holes 11, 11, case.
in the guide cylinders, which are uncovered by the guides at ordinary external valves are fitted. When an engine is run without load, the compression in the low-pressure cylinder may rise
As the casing or chamber which
the bottom of the stroke.
beyond the pressure in the receiver; the disk of the valve may
framing
the
of
part
forms
(and
surrounds the guide cylinders
then be heard to lift at each revolution, but the noise will go off
the
that
of the engine) is open to the atmosphere, it is evident
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Fig. 3160,

aiy cempression always commences at atmospheric pressure, and
is constant and invariable in its results, whatever alteration may
be made in the destination or the pressure of the exhaust
steam.

In the low-pressure cylinders of all engines, and in the highpressure cylinders if large enough to he so treated, internal
relief valves are fitted, consisting of a gun-metal plug screwed
into the top of the low-pressure cylinder. The plug is pierced by
holes, covered by a single thin gun-metal disk. When the disk is
raised, there is free communication between the cylinder und the
receiver (or steam chest) above it. It is kept down under ordinary
circumstances by the excess of the receiver pressure over that in
the cylinder ; therefore, no spring is required, and there is no

as soon as the receiver pressure is increased by giving the engine
work to do.
Relief cocks are fitted upon the guide cylinders, in order to
avoid compressing the air in them when the engine is being
turned by hand, and to facilitate starting. If the cocks are opened
at starting, they must be closed again immediately.
They must
never be open when the engine is running at speed, or the necessary cushion will be wanting. The cocks will be seen at a level
slightly lower than the exhaust pipe, but they are usually in the
front of the engine and

not at the ends, where, for convenience,

they are shown in the figure.
The drain cocks on the receivers should be fully opened before
starting, and should be kept open for a short time after starting.
They must then be closed, and .be kept closed while running,
except, occasionally, to draw off any water which may have collected, when they should be opened only to the smallest extent,

* The.amount of cushion is fixed in each case to suit the intended
speed, and may be insufficient to prevent knocking if that speed is largely
exceeded.
If, for any reason, it is desired to run an engine materially

sufficient to allow the water to escape.

faster than was originally intended, and the engine is found to knock at
the increased speed, the speed must be reduced until the knocking
disappears.

Usually only one lubricator is required, of the “ sight-feed ”
pattern. After the engines have worked for some time, a very

The receiver drains are

connected by copper pipes with the exhaust chamber.
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small supply of good mu. ral oil will suffice for the cylinder:

because the valve face (z.¢., the inside suriace of the huilow piston

Grease cups are also fitted, but only as a stand-by, or for giving
the engine a small flush of oil at starting, or just before stopping
for a long period.
:
At M on the sectional view is shown a funnel for introducing
oil into the crank chamber—preferably the best castor oil, ot
mineral oil. The funnel (the usual place for which is on the front
of the engine, and not where shown) also establishes communication between the air-cushion cylinders and the atmosphere, when
the guide pistons are at the lower end of their stroke. When
water is required to be added, it should be poured in through the
open top of the lubricant gauge—zo/¢ through the oil funnel.
' The quantity of oil required for the crank chamber is, under
ordinary circumstances, very small indeed ; if of the right quality,
say from I to 4 pints weekly, according to the size of the engine,

rod) moves with pistons. Consequently, the valve motion required
is a motion relative to the pistons, and this is obtained by mount-

the number of hours run, etc.

The nearly enclosed upper part of the crank chamber acts as an
air cushicn on the oil surface.
Since the gauge communicates

only with the lowest part of the crank chamber, very little oil
passes into it, and any overflow which takes place consists almost
entirely of water. The gauge enables the quantity of lubricant in
the crank chamber to be easily ascertained at any time by the atten-

dant. The normal height at which the lubricant should be maintained is from three-quarters of an inch to an inch below the
under side of the crankshaft.
To take the engine to pieces, disconnect the steam pipe at C,
and the governor spindle at D (marking the latter so that it may go
together again with the same length as before) ; then, if dealing
with a compound engine, break the joints H and I, and lift off the

steam chests and the high-pressure cylinders. (The tops of the
hollow piston rods will draw down through the glands.)
If it is desired to examine either of the low-pressure pistons,
slack off the nuts on the long bolts in the high-pressure piston,
and remove the plates or catches which enter the ports 6, 6.
The high-pressure piston can then be lifted off, with the upper
part of the hollow piston rod. This will expose the valves v® and
v*. Then break the joint K, and lift off the low-pressure cylinder
and the receiver, exposing the low-pressure piston.
If it is desired to examine the guide piston, remove the lowpressure piston (secured by nuts and plates, as above); then lift
off the guide cylinder cover by breaking the joint L. Then
(through the crank-chamber door) disconnect the connecting rods
from the crank and the eccentric strap, after which the guide
piston can be drawn out with the hollow piston rod containing
the valves attached to it, together with the connecting rods and
eccentric rod. To examine the valves, remove the steel pins upon
which the connecting rods work (the pins have tapped holes in
the exposed ends, to enable ordinary bolts to be screwed in, to
remove them by). On taking away the connecting rods, the line
of valves can be drawn out downwards, The line of valve pistons
is held together by a steel tie-rod through the centre; by removing the nuts at the top the several pieces can be taken apart.
Directions for tightening up these nuts, when necessary, are given

in the ‘‘ Instructions for Working.”
If dealing with a triple-expansion, or with a simple engine,
precisely similar instructions apply, but the number of operations

is greater in the one case and less inthe other. Inspection of
Figs. 3158 and 3159 will show at once what has to be done.
To expose the crankshaft and main bearings, disconnect the
steam and exhaust pipes and the governor spindle and (through
the crank-chamber door) remove the lower brasses of the connecting rods and the bottom half of the eccentric straps. Then
break the joint which divides the crank chamber horizontally at
the level of the crankshaft, and lift off the upper part of the
engine. The crankshaft will be left lying in the main bearings,
ready to be lifted out.
Each line of pistons is connected to its corresponding crank by
two

exactly similar

connecting

rods

with

a space

between,

in

which works an eccentric, forged solid upon the crankpin. The
connecting rods work at the top upon two hardened steel pins, so
supported that the pressure of the rods exerts no twisting strain
upon them. The eccentric rod plays in the space between.
The eccentric is on the crankpin, and not on the shaft, as usual,

ing the eccentric on the crankpin, which, like the piston rod, moves

up and down with the pistons. Though its lead is set out differently from that of an ordinary eccentric, its effect upon the movement of the valves is exactly the same.

The upper crankpin brasses of the connecting rods are wider
than the lower ones. This is because the upper brasses alone are
intended to be in actual contact with the crankpins; the lower
ones are onlya stand-by in case of accident. All the moving parts
of the engine are designed to be strictly in ‘‘constant thrust”;
the connecting rods are always in compression, never in tension.
The lower brasses, to be useful as a stand-by, should not be too
far from the crankpin, and the wear should be taken up when it
becomes excessive, say as soon as it reaches 3 inch, care being
used that the lower brasses are not brought actually into contact
with the crankpin, and that sufficient slack is left to insure an
audible knock if the engine is allowed to race, so as to attract
attention, The wear ofthe brasses can be wa¢chedin the following
manner :
A small hole is drilled in each guide piston, 4 inch in diameter,

so as to be just visible below the bottom edge of the guide cylinder
when the crank chamber door is removed, and when the piston is
at the bottom of its stroke ; when the entire diameter of the hole

is in view below the guide cylinder, it is time both to set up the
brasses, so as to reduce the play, and to pack up the connecting
rods by inserting packing pieces between the big ends of the connecting rods and the brasses. The connecting rods, however,
must not be packed up sufficiently to take the hole quite out of
sight ; its lower side must still be in sight (at bottom stroke) under
the edge of the guide cylinder; if the hole goes out of sight entirely there will not be enough clearance for safety between the
low-pressure piston and the top of its cylinder.
The eccentric rod is intended to work always in compression,
in the same way as the connecting rods, the holding-down power
being furnished by the pressure of the steam in the steam chest,
acting constantly upon the uppermost piston valve. It may sometimes happen, if the engine is run with a very light load, but at
high speed, that the pressure in the steam chest (being much
throttled down by the governor) is insufficient to keep the eccentric rod in contact with the eccentric upon the up stroke. If so,
a slight knocking may be heard, as the lower eccentric strap is
purposely left an easy fit upon the eccentric (for reasons already
explained in the case of the connecting rod brasses). Such knocking is unimportant, if not allowed to continue too long; it will
cease as soon as the engine is given work to do.*
A further reason for the moderate wear of the brasses (and
eccentric straps) is that they dip bodily into the lubricant in the
crank chamber at every revolution. In doing so they splash it
over the main bearings, and to the. upper ends of the connecting
rods and eccentric rods, and into the guide cylinders, as well as
into that part of the hollow piston rod where the guide v” works.
The construction of the centrifugal governor is shown in Figs.
3160 and 3161 connected to throttle valve, of the piston type,
without rings, which works up and down inside a cylindrical bush

A. The bush, which has a closed top, is held down by a stiff
coiled spring and by the steam pressure, and its lower end, which
is faced, makes a steam-tight joint against a face on the casing, as
shown. (The object of this arrangement is to give freedom for expansion in the bush.) The boiler steam is admitted from the outside of the bush, in which there are usually two rings of ports, the
* Systematic working of the engine at much less than its proper load
is, however, in every way objectionable.
It not only leads to excessive
wear of the eccentric straps, and to the risk of a break-down if the wear
is not taken up regularly, but it implies an exceedingly uneconomical use
of the steam.
The principle of working with all brasses ‘‘ in constant thrust” is of
the utmost importance and value, and is the primary cause, not only of
the silent running of the Willans engine, but of the almost complete
absence of wear in the brasses. It is the condition which alone makes
continuous high speed possible.
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amount of opening through the lower ring being regulated by the
position of the lower edge of the throttle valve. Corresponding
with the upper ring of ports is an annular port in the throttle valve;
the distance of this from the lower edge of the throttle valve is
such that the upper port commences to open slightly earlier than
the lower one.

Occasionally only one ring of ports is used, while in cases where,
owing to lowness of pressure, or other causes, only a very small
drop in pressure can be allowed between the steam pipe and the
steam chest, a third ring of ports is added, with a second annular

port in the throttle valve.

The lubrication of the valve is effected
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catch oil thrown off from it. The revolving parts consts of a
sleeve and pair of brackets K K in one casing, and of a short sleeve
or collar L, both mounted upon the spindle. KK is free to slide
lengthways upon the spindle, butJs compelled to turn with it by
means of a feather. The brackets KK carry the governor balls
MM, which are mounted upon bent levers, whose short ends NN
fit into a circular groove in the collar L. Lis compelled to turn
with the arms NN by short pins placed across the groove. 0 is
a second collar, loose upon the collar L, but not able to move lon-

gitudinally upon L, because it lies partly inside a deep circular
groove in it, while it is also prevented from revolving with it by
the arms P of the two levers mentioned above, to which it is
pivoted. The levers QQ are rigidly attached to the arms which
carry the balls, and their free ends are geared together as shown;
by this means the governor is balanced against the action of
gravity.

The levers QQ form in effect segments of two ordinary

N

R

gear wheels.
The action is as follows :
The springs E, acting through the levers F P, and the collar o,
keep the collar L constantly pressed against the arms N N, and
consequently the bracket and sleeve K K constantly pressed

\

against the end of the bearing

UA,
N

———
~

.

in the governor guard, which

is

faced to work against a collar upon the end of KK. The revolving parts of the governor are therefore kept steadily in one posi-

Li

WSS
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tion, endways, unaffected by the end play in the spindle or crankshaft.
The springs E also, by their pressure upon the arms N N, supplement the centrifugal force of the governor balls, and assist
them to move outwards against the resistance of the springs R.
These springs are made in varying degrees of stiffness, so as to
meet the varying conditions under which the engines may be
required

‘ni
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to work.

As the arms N N move outwards, the collar L

can follow them up, and permit the springs E to draw down and
close the throttle valve more or less completely by means of the
armc.
The relation between the centrifugal force of the balls,
assisted by the tensions of the springs E and the tension of the
springs R, is such that if the speed decreases the springs E are
overpowered, and the valve is opened. If more tension be put on
E by means of the hand wheel G, the engine will run slower; if
less, faster.

Fig. 3160 shows an elevation of the variable expansion gear
applied to Willans central-valve engine. In this gear the cut-off
arrangements are somewhat different from those of the fixed
expansion engine described in Fig. 3158. The ports in the uppermost trunk are cut obliquely, and the trunk itself moves up and
down in a hollow sleeve suspended from the top of the steam
chest. In this sleeve corresponding oblique ports are cut, and
when the ports in the trunk pass below the lower edge of the
ports in the sleeve, steam is cut off in the same way as when they
enter the gland in the cylinder head of the fixed expansion engine.
The sleeve is suspended from the rod 7. It is fixed as regards
up-and-down motion, but can be rotated upon its axis, by means
of the links and levers shown, either by the hand lever C, or
automatically by means of the steam cylinder 4, the action of
which is controlled by the governor, as explained below. Since
the ports in the sleeve are cut obliquely, it follows that the ports

CHAMBER
CRANK

in the trunk, when

Fig. 3161.

by passages in the body of the bush, supplied from a lubricator
on the cover. The throttle-valve rod B is attached by a pin joint
to the arms C of two similar bell-crank levers which are pivoted
at the joint D upon a bracket bolted tothe crank chamber, There
are two springs E, attached at one end to the crank chamber, and

at the other to the arms F of the levers, through a screw and hand
wheel G, by means of which the pull of the springs upon the upper
end of the lever can be varied. The governor spindle is rigidly
attached

to the end of the crankshaft, and forms

a combination

of it, and its outer end is carried by a bearing in the ‘ governor
guard” H, which consists of a cast-iron trough bolted to the
crank chamber and provided with a cover J, opening on a hinge,
so that the revolving parts are perfectly accessible ; the guard is
both to protect the governor and those passing near it, and to

descending, meet

their lower edge earlier or

later in the stroke, according to the relative angular position of
the sleeve. The hand lever carries a pointer which works in
front of a graduated sector fixed upon the cylinder, and shows the
point of the stroke at which cut-off takes place. Arrangements
are made by which the cut-off is prevented from becoming earlier
than

the point

where

the

reduction

of load, by throttling

the

steam, iS more economical than greater expansion. For loads less
than this, the engine is governed purely by the throttle valve, the
cut-off for the time being fixed. For heavier loads the cut-off
varies with the load, a result which is obtained as follows :

The system of levers which moves the cut-off sleeve is connected
with the piston of the relay cylinder 4 by the links and lever z, and
the ports in the sleeve and trunk are so arranged that cut-off is
made earlier when the piston moves to the left, and later when it
moves totheright. The left-hand end of the cylinder is connected
to the steam chest by the valve / and pipe &, and the right-hand

STEAM
end is connected to a small slide valve 7 (called the controlling
valve) by the pipe m.
This valve, by its movement, connects the right-hand end of the
cylinder either to the steam pipe outside the throttle valve by the

pipe # and valve a, or to the receiver or exhaust by the pipe Z,
but not to both at the same time.
The valve is worked by a small bell crank moved by locked
nuts (g and v) placed on the governor rod. When adjusted, the
controlling valve is just on the point of opening when the throttle
valve is nearly full open, so that, at or below the full open position of the throttle valve, the cylinder 4 is open to the steam pipe;
but if the throttle valve rises above its full open position the relay
clinder is opened to the receiver or exhaust, and the connection
to the steam pipe is closed.
In normal running, the right-hand end of the cylinder is thus
cunnected to the steam-pipe; in fact, the two ends are in com.unication with the two sides of the throttle valve.
The action of the gear is as follows :
(*) If even a small portion of the load is removed from the
engine, the speed momentarily increases, the throttle valve closes,
and the pressure in the steam chest, and consequently in the lefthand end of the relay cylinder, falls, while that in the right-hand
end is unchanged. Under this difference of pressure the piston
moves to the left, making the cut-off earlier until about 5 lbs.
below separator pressure is reéstablished in the steam chest.
(2) If load is put on the engine the speed momentarily drops,
the throttle valve rises, the pressure of the nuts g on the controlling valve bell crank is relieved, and the valve opens the communication between the right-hand end of the relay cylinder and the
exhaust, at the same time closing the steam supply through the
pipe
(the lower nuts are merely a safety appliance, in case the
controlling valve sticks) ; the pressure falls very rapidly in the
right-hand end of the relay cylinder, and the piston moves to the
right, making the cut-off later.
As the pressure in the exhaust is considerably lower than that
in the steam chest, the cut-off is altered with great rapidity, a fact
of importance in enabling the engine to respond at once to sudden or large increases of load, such, for instance, as occur in tram-

way work. When exceedingly rapid changes are needed, so
as to deal with very large and sudden increases of load, the
pipe from the valve may be connected tothe exhaust ; when such
quick alterations are not required, it is often sufficient to lead it
into the receiver.
In the reverse action of making the cut-off
earlier, the difference of pressure is not usually so great, and the
movement is somewhat slower;

but this does not matter, as the

throttle valve holds the engine completely under control.
The rapidity of this action also can be controlied by the valve 7.
“A three-valve s is, in some

cases, placed in tue exhaust

of the

controlling valve. Normally it is full open, making the communication between the controlling valve and the receiver or the
exhaust, as the case may be.
There is also an outlet to the
atmosphere for purposes of adjustment, and the valve can be set
so as to close the communication between the controlling valve
and the receiver or exhaust and open that between the controlling
valve and the air.
INSTRUCTIONS TO THE ENGINEER OR ENGINE DRIVER.—
Before first starting the engine, the following examination of
the governor should be carried out, an examination which it is
also well to make periodically. The springs R should first be
removed and the springs E slackened until the hand wheel'c
reaches the split pin; the bell-crank levers should then work
quite freely, but not too freely. The governor balls should then
be pressed together, and on releasing they should open out immediately without perceptible friction. If any friction is apparent,
it may be due to the gland packing. If not due to the gland
packing, the throttle valve should be taken out of its box and
examined to see whether any grit has got in, or whether there is
any rust.
If there is neither rust nor grit the valve should be polished with
the finest emery cloth, which has already been well used. This
operation should be done with the greatest care, for if the throttle
valve is made too slack it will be ruined. A very slight amount
of polishing will probably be sufficient. To ascertain whether

ENGINES.

347

the sleeve K is binding on the shaft, it is necessary tu remove the
springs E. When this has been done, it should slide quite freely
upon the spindle. The collar 0 should revolve quite freely upon
L. This may be tested by removing the pins which connect it to
the bell cranks. When all the above points are satisfactory, the
throttle-valve gear will be in working order as regards its
mechanism.
The setting of the valve is dealt with further on.
To try the cut-off sleeves and hand gear, the pin which connects them with the piston rod at the relay cylinder, when the
expansion gear is automatic, should be taken out. The hand
gear should move quite freely; that is to say, itshould be possible
to move the handle with a pull of from 5 to rolbs.
If this pull
is exceeded, it will be necessary to examine the various levers,
one by one, to see if there is any binding and to try the sleeves
separately by disconnecting from the horizontal rod.
The relay cylinder can be tested by opening the valves 7 and o.
It should then be possible to move the piston by means of the
piston rod fairly easily. If it is very stiff the packing of the gland
should be examined and the cylinder opened up, if necessary.
Want

of lubrication may, of course, be the trouble.

To examine

the controlling valve, the nuts g and 7 should be

screwed back as far as the screw thread will admit, so as to free

the bell crank (these should be left in this position until the final
adjustment). The controlling valve rod should then move perfectly freely ; if it does not, the gland packing requires attention.
The valve cover should be removed, and the valve and valve seat

examined and the cover replaced.
The revolving parts of the governor require no setting.
The adjustment of the throttle valve must be done while the
engine is running. The engine should be started and the stop
valve opened very slowly, because, should the throttle valve be too
much open, the engine would race away.
The adjustment is
effected by means of the sleeve nut connecting the throttle-valve
spindle with the throttle-valve rod by slacking the lock nut é
(Fig. 3161) and screwing the adjusting sleeve nut 0 either up or
down the rod. The spindle a and the throttle valve are free to
turn with the sleeve nut, to which a is firmly connected by the
taper nut ¢ (d is split at its upper end).
If the valve cannot be got to shut off sufficiently by means of
the adjusting nut J, then a course of adjustment may be given by

slacking the taper nut ¢, which will allow the valve spindle a to
be pushed further into the recess bored for it in the nut 4, the
adjustment may be completed by 4, as described above.
Two positions of the sleeve nut can be found—one at which the
engine is just on the point of racing, and the other where it is just
on the point of hunting. Midway between these is the correct
adjustment. The adjustment of the throttle valve must be made
with full boiler pressure and full vacuum if a condensing engine,
and, if the expansion is variable, with the latest point of cut-off.
The throttle valve should never be set when the engine is running under load. If this is done, it will practically be out of action
at highest load, and the engine may race dangerously.
If the engine is fitted with variable expansion gear, the cut-off
should then be changed rapidly several times over the complete
range with the hand lever, the relay cylinder having been disconnected by removing the pinz, the throttle valve should respond rapidly, and the engine speed should not vary more than
from I per cent. to 2 per cent., according to the weight of the flywheel.
If possible, the engine should now be placed or. che load, and
the cut-off adjusted by hand. Thus satisfactory evidence will he
obtained that the throttle valve is working properly.
When the expansion gear is automatic the controlling valve
should next be adjusted. The valves 7 and o shou'd be opened,
the lock nuts g and 7 being screwed up and down respectively as
far as possible, so as to free the controlling valve, the relay cylinder
disconnected, and the three-way cock s open to discharge into the
air, or the controlling valve exhaust disconnected. On pressing
down the bell crank so as to just shut the controlling valve there
should be no leak into the air, or, at any rate, it should be extremely

slight. Should there be any leak, the bell crank should be worked
backwards and forwards several times.
This will grind the
valve faces together under pressure. On opening the controlling
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valve there should be only a very slight leak after the first dis-

The packing in the gland through which the rod @ passes should

charge of steam. The three-way cock should now be turned into
its normal position, or the exhaust connected up.
On nearly closing the valve o and moving the controlling valve
by hand, the piston rod of the relay cylinder ought to follow the
motions of the controlling valve, and ought to move with great
rapidity when the controlling valve is opened to exhaust, and
comparatively slowly in the opposite direction. This is a matter
which can be regulated by the amount of opening of valves7 and

be soft or malleable, and must not be screwed up too tightly. If
it causes too much friction the governor will be liable to hunt.
Hunting is often caused by dirt. All parts should be thoroughly

o.

The less these valves are opened the better, but they must

be

opened wider for constantly changing loads than for slowly changing loads.
The piston of the auxiliary cylinder should now be connected
to the cut-off gear; and inasmuch as the controlling valve will
naturally be open, the cut-off will set itself at the latest point.
The nuts g should then be screwed down to bear on the bellcrank lever until the piston of the relay cylinder begins to move
forward, and should be further slightly screwed down until the
pressure in the steam top reaches, or nearly reaches, the separator
pressure.
The behaviour of the cut-off gear should now be watched for a
short time. On a diminution of the load the cut-off should become
earlier comparatively slowly, but if the load increases, the cut-off
should become later very rapidly.
If it does not do so, the nut g has been screwed down too far, or

the valve o is too much open.
When all is satisfactory, the nuts g can be locked, and the nuts
y locked against the distance piece; it should be ascertained
that these nuts do not jam the bell crank between them.

If the steam-pipe pressure is allowed to exceed that for which
the engine was

first adjusted, it is evident that the minimum

opening of the valve (corresponding with the position of the governor balls when the arms are against the stops) will allow too
much steam to pass when the engine is at lightest load, and there
will be danger of racing. In such a case the valve must be readjusted in the manner described above.
It must, therefore, be understood that readjustment of the valve
is necessary when the steam-pipe pressure is materially altered.
A large excess of pressure on the outside of the throttle valve involves, of course, a smaller opening of the valve for every load.
Hence the total travel of the valve is less, and there is a relatively

large difference in steam supply for only a small range of movement in the balls. In other words, a slight variation produces

large effects, and there is no danger of hunting. It is for this
reason that extreme sensitiveness is not desirable where there is
a liability to wide variations of pressure.
WORKING ADJUSTMENT.—As has been explained above, the
springs E assist the balls to move apart. If more tension is put
upon them the balls will move apart and control the engine at a
lower speed; if less tension, they will only do so at a higher speed.
These springs, therefore, act as an adjustment, by which the
speed of an engine can be varied while running, and the arrangement is so designed as to give a range of speed amounting to as
much as 30 per cent. of the mean if desired. Ordinarily, however, 10 per cent. is arranged for.
The governor balls have holes drilled in them, some or all of
which are filled with lead, to suit the required speed, before the
engine leaves the works.
Should the engine be required to run at a speed greater than
the governor will allow, the balls should be (equally) reduced in
weight by removing some of the lead, wutil the engine, when
working light, under full steam pressure, is able to run slightly
faster than the speed intended; the final adjustment may then be
made by the speed regulator. Care should be taken to reduce
the weight of each ball symmetrically, that is to say, lead should
be removed from opposite holes, and equally from each. As a
guide in making adjustments, it should be noted that the complete removal of lead from /wo holes previously full effects an
alteration in speed of approximately 7} per cent. If necessary,
new balls can be supplied to suit any required increase of speed,
if the engine is in other respects adapted for it, but, for reasons
unconnected with the governing, no large increase of speed should
be attempted without previous communication with the makers.

oiled and periodically cleaned.
If it is found that the engine will not run at the proper speed,
the cause may be one of the following:
First: Speed too high at all loads.
(1) The balls may be too light. They may be made heavier by
filling some of the holes with lead, care being taken to do this
symmetrically, and to increase the weight of both balls equally,
as explained above.
Second: The steam pressure may be higher than that for which
the throttle valve has been set.
If the reduction of pressure is
permanent
the valve may require resetting.
Third : Speed too low towards full speed. The pressure may
be so low that it is impossible to get the load out of the engine.
This is a matter unconnected with governing, and the only
remedies are either to raise the steam pressure or to make the
cut-off in the HP. cylinders later.
Fourth: Speed uncertain ; sometimes too high, sometimes too
low.
(1) The governor may be incorrectly set.
(2) The governor may be stuck.
Fifth ; Speed too high at light load, too full at full load.
The governor springs R are too stiff. The remedy is to replace
them by more flexible ones, which can at once be done by communicating with the makers. Before altering the weight of the
balls it should always be ascertained that any error in speed is
not due to one or the other causes enumerated.
No attempt should ever be made to increase the speed by screwing the throttle valve up to give the engine more steam. If this
is done the governor is put out of action, and when the load is
taken off, the engine will race dangerously.
THE STRAIGHT LINE ENGINE.—A superior example of a
strictly high-speed engine is the straight line engine designed by
Professor John E. Sweet, of Syracuse, New York, and constructed

by the Straight Line Engine Company of the same place.
The description of this engine and its parts cannot be better
given, perhaps, than in the language of its designer (the details
of construction of its balanced double-ported slide valve having
already been fully described with reference to the Ames Iron
Works engine, Figs. 3081 and 3082, that company using it under
license). Fig. 1, Plate XXVI., represents the single valve, and
Fig. 2, the double valve engine.
Figs. 1 and 2, Plate XXVIL.,
are, respectively, a vertical and a horizontal longitudinal section
of the double valve engine.
Figs. 1 and 2, Plate XXVIII., show the governor and the valve
motion.
The design, differing as it does from all others, admits of
some explanation. Any structure having considerable length and
breadth in proportion to its depth must be supported on three
self-adjusting points of support to be free from torsion when resting upon an unstable foundation. All strains go in straight lines,
and the plan of this engine conforms to these two leading ideas.
The design is believed to be consistent in that all boundary lines
are straight, ending in graceful curves; all cross sections of
stationary parts rectangular, with rounded corners ; and all moving arms and levers wide and thin, with the longest axis in the
direction of the greatest strain. It is believed that there are but
few points where the design can be improved by dispensing with
any of the features.
The governor, as shown, consists of a single ball linked to the
eccentric and connected to a spring by a metal strap, and so
located and weighted as to counterbalance the eccentric and its
attachments, and which controls the speed of the engine in this
way. When the speed of the engine reaches the point where the
centrifugal force of the governor ball overcomes the resistance of

the spring, the ball moves away from the centre of rotation, and
in doing so carries the eccentric nearer the shaft; shortens its
throw and the travel of the valve, and cuts off the steam admitted

to the cylinder.
The ball is of malleable iron, cast hollow and loaded with lead
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STEAM
and shot. Being heavy, locaicu some distance from the centre
of the wheel, and running at a high velocity, it has great centrifugal force and requires a strong spring to resist it. This forms
a powerful governor.
The pin upon which the ball swings is secured to an arm of the
flywheel and is hardened and ground, and the arm of the gover-

nor ball is bushed.

A large hole is bored in the centre of the pin

and plugged at the outer end, forming an oil chamber; small
holes drilled from this chamber to the wearing surfaces insure
thorough lubrication.
The metal band connecting the governor ball to the spring is
for the purpose of reducing the number of pieces, avoiding friction, and relieving the central pivot ofa large part of the strain.
Unless a shaft governor is practically balanced, the unbalanced
weight will constantly tend to move the whole system more or
less at each revolution, which tends to wear the joints, and under
certain conditions disturb the adjustment of the valve.
The speed of the engine can be changed to a slight extent by
increasing or reducing the amount of shot in the ball.
The valve motion has two peculiarities—the position in which
the eccentric plate is pivoted to the wheel, which gives a variable
lead to the steam admission, and the direct connection

eccentric and valve. The valve rod
and large on their wearing surfaces,
sating for wear, and the connections
steel bushings, interchangeable, both
they can be renewed and the joint

between

slides are of unusual length
with provision for compenare hardened and ground
in rod and on the pins, so
made new. The method of

securing the slide to the valve rod is showninthe cut. This delicate adjustment maintains absolute alignment and absolute secur-

ity, except from breakage. The method of securing the rod to the
valve admits of the valve being removed and returned without
disturbing the adjustment. The valve-rod packing is simply a
long Babbitt sleeve made in duplicate.
.
In the single-valve engines with the cut-off controlled by a
shifting eccentric, the most desirable results are m t accomplished.
As the cut-off occurs earlier, the compression is too great and the
release too early, and when taking steam nearly to full stroke the
compression is too little. In our arrangement, these difficulties
are, to a large extent, neutralized by so locating the pivot on which
the eccentric swings, as to give a more positive lead when the engine is taking steam three-quarters to seven-eighths of the stroke
and a negative lead at the short cut-off. This reduces compression and retards the exhaust.
In the double-valve engine the
variable lead also becomes desirable, because, as expansion runs

lower with short cut-off, the time and resistance of compression
has more influence in arresting the motion of the reciprocating
parts, and less lead is required than when the steam is released
at a higher pressure.
The valve, Fig. 2, Plate XXVIII, is a rectangular plate, quite
thin, and with five openings through it. It is made flat on its two
sides andis of uniform thickness. The valve works within an opening formed by the valve seat and a pressure plate and two distance
pieces placed above and below it. The pressure plate has recesses
in itopposite the ports in the valveseat, and the distance pieces are
made about two one-thousandths of an inch thicker than the
valve. The pressure plate, resting against the distance pieces,
relieves the valve of all pressure, and it works within its opening
the same asa piston valve. By the recesses in the pressure plate,
and the small openings through the valve, double ports are opened,
both for steam admission and exhaust. The valve being thin and
the distance pieces being exposed to the steam the same as the
valve, no trouble is experienced by having the valve bind by expansion. Over-pressure by water in the cylinder at starting is
relieved the same as by a slide valve lifting from its seat, and
while the valve is liable to wear down by riding on the lower
distance piece, it does not open a leak over the top, as is the case
with the piston valves. An allowance of about one-sixteenth of
an inch is made between the valve-rod coupling and valve for the
valve to wear down, after which, as wear

occurs, the lower dis-

tance piece can be raised up by thin packing pieces, so as to
restore the valve to its original position.
As wear occurs, it is but the work of an hour or two to reduce

the distance pieces and
:

VOL. I1.—56°

maintain

a steam-tight,
:

free-working
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valve. The advantage of a balanced valve is not simply that of
avoiding the loss due to friction (thus preventing wear), but it
admits the use of a large vaive and a large travel, giving ample
port openings both for admission and release of the steam.
The construction of the piston-rod packing and the crosshead
and details of the pop piston are shown in Plate XXIX.

The pop piston is a device designed to prevent the disastrous
results incident to a flood of water in the cylinder, which is liable
to occur in all steam plants, but more likely to be destructive in
engines of high speed and small clearance than in slow speed or
in engines with large clearance. We already know of a number
of cases

where

the engines

have

been saved

from

breakdowns,

which inevitably would have caused delays and several hundreds
of dollars of repairs.
The construction of the pop feature above mentioned consists
in forcing in tapering plugs from the inside of the piston with
such force as to require a pressure of 200 pounds to the square
inch to knock them out. In case more water reaches the cylin-

der than the clearance will admit, these plugs are driven in the
piston and the clearance increased to such an extent as will meet
the emergency.
This does not compel the stopping of the engine, as it may be allowed to run till stopping time without any
loss except that due to the extra clearance, after. which the plug

or plugs are driven back to place and the engine is restored to its
original condition—our idea being that until this accident happens, which may be soon or never, the engine is, in all essentials,

as simple and the same as if no safety device was introduced.
The relief is ample and instantaneous, and neither endangers the
engineer nor stops the plant. Provision is made to give the
engineer notice.and to care for the loose plugs.
The pistons of engines smaller than Io-inch cylinder have rings
sprung in, but for 1o-inch and above they are as shown, and vary
in nearly every particular from all other pistons used, The main
characteristic is that the packing rings are what we have designated ‘limited expansion”; that is, the rings are made much
too large for the cylinder, sprung in with considerable force, and
pinned in that position, and the outside turned a perfect fit to the
cylinder. After this, the pin-holes in the rings are filed to admit
of the rings being compressed, while not allowed to expand.
These pistons do not leak nor do they cut the cylinder, and, as
will be understood, run easier than pistons having their rings
forced against the surface of the cylinder. So far, there is no detail that has given us more satisfaction than this new departure
in piston construction.
,
The piston-rod packings are simply Babbitt metal bushings,
with reamed holes slightly larger than the rods, so as to be a free
sliding fit. They rest in spherical seats, and are free to move in
any direction. The bushings are made long and light, and are
held in place by a gland and screw cap. They prevent the leakage of steam by their length,
as the brief time the piston is making
a stroke is too short for the steam to work through. With perfect alignment between cylinder and guides, the piston rods pass
through the bushes without contact, and when this is maintained
the wear is imperceptible. Under less favorable conditions they
wear, but they can be compressed, when worn, so as not to leak

until they are worn out.
The crosshead is of steel casting with cast-iron wearing surface
on bottom ; it is threaded on the piston rod and secured by a half
nut and clamped by four binding bolts. The crosshead pin is a
hollow steel casting, hardened and ground and made fast to the
connecting rod, and turns in two adjustable

Babbitt-lined 3oxes

in the crosshead. The object of this is to secure lightness, extra
wearing surface, to prevent side swinging of the connecting rod
at the flywheel end, and to give ready means of oiling. The
long wearing surface of the crosshead adds greatly to its easy
running and durability.
When finished, they are scraped to the surface plate and made
parallel with the piston rod, and

the crosshead

pin is scraped

in

its bearings until it is positively level and square.
The crosshead is what is known as the slipper-guide sort, the
lower guide being adjustable in the vertical direction in a novel
way. It rests and is bolted upon two inclined planes. By loosening the bolts and adjusting the screw at the end, the crosshead
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may be readily raised or lowered to bring the piston rod in perfect alignment.
The method of oiling is by two fixed sight-feed oilers without
wicking. The oil from the metal points is taken off by metal
channels and conveyed to the crosshead pin, from which the drip
is conveyed to the lower guide, and all waste oil and water are
retained in the basin or conveyed away in an overflow pipe.
ALLIS ENGINE.—A 3,000 horse-power quadruple expansion
engine designed and constructed by the E, P. Allis Company, of

| tandem fashion with the larger cylinder near the crank, and the
right-hand engine consisting of the 26 and 60 inch cylinders
| similarly arranged. The fly pulley is 30 feet in diameter and has a
| face of 76 inches, carrying a pair of belts 72 inches wide super| posed. The two engines being set with cranks at go degrees, it
| follows that receivers are desirable between each two cylinders,
The course of the steam is as follows: From the boiler pipe B to
| cylinder 1, see Figs. 3162 and 3163.
Thence by the exhaust pipe
| through the valve v to the first receiver R. From this receiver it
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Milwaukee, Wisconsin, to furnish the greater part of the motive | passes to the pipe S to No. 2 cylinder, and exhausts by the pipe N
power at the Columbian Exhibition of 1893, affords an excellent | to the intermediate receiver I, from which it enters No. 3 cylinder

example of an engine possessing the capability to very greatly
vary the power of an engine to suit exceptional conditions with
economy throughout an extended range of motive power, the conStruction being illustrated in the figures from 3162 to 31654, as
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| through the pipe P. It then escapes to the third receiver L
| through valve k, and on by pipe Q to No. 4 cylinder, whence it
| escapes by the exhaust E to the independent air-pump and jet
| condenser Cc. The pump cylinder is 36 inches in diameter by 16

follows :
inches stroke, and it is more clearly shown in Fig. 3163. The
The cylinders are respectively 26, 40, 60, and 70 inches, with | actual coupling up of the pipes is a little more complicated, owing
stroke of 72 inches.
This engine is arranged as a pair, the left- | to additional valves such as Vv, which admits steam, if desired,

side engine consisting of the 40 and the 70 inch cylinders placed ' from No. 1 cylinder into the second receiver I, to admit live steam
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when it is desired to do so; but in ordinary working this valve
would, of course, be kept closed.
The valve at T would similarly admit boiler steam to No. 2
cylinder to turn the engine off its centre, if the right side crank
happened to be so placed and the engine at rest. The initial
steam pressure is 180 pounds, and the cylinder ratios, neglecting

valves, operate

353
in the manner indicated in Fig. 3165a, the rocker

arms seen at the rear of the large cylinder, Fig. 3165, being
merely to reduce the length and, consequently, the necessary
diameter of the connections to the rear cylinder.
Referring now to Fig. 3165a, we see that the wrist-plate connection operates in the usual way to move the hook E, which is
detached by the knock-off cam in the usual manner as indicated,
this knock-off cam being also upon a knock-off lever G seated upon
the bonnet in the usual way; but instead of this lever having only

the piston rod areas, are 1: 2.36: 5.32 : 7.24; ratios as moderate

as are commonly found with triple-expansion engines.

The valve motion, though essentially Corliss, embodies a modifi-

3rd REC.

2no REC.

Fig. 3165.

a slight motion due solely to the action of the governor, it has a
regular motion about the hood which is derived from the cut-off

cation of this by means of which the cut-off may be varied by the
governor from nothing to eleven-twelfths of the stroke. This will
be understood by reference to Figs. 3165 and 3165a.
In Fig. 3165 we have a view of the right-hand side of the engine
—see Fig. 31654 for enlarged view of cut-off. First there is the

eccentric, the connection 0, before referred to, being attached

second arm to this lever, K’, which is shown at the left of Fig. 31652,

and carries at its lower extremity a sliding block, which engages
with a slot in the knock-off lever G. The result of this arrangement is that the knock-off cam is made to travel about the hood
in such a manner that it is always near the tripping lever of the

usual Corliss motion, which is derived from an eccentric and trans-

mitted to the wrist plates in the usual manner, as indicated.

to

the lower end N of the lever K, which is pivoted at L, there being a

There

is, in addition to this, a cut-off eccentric to which the eccentric rod

h is attached ; this giving motion to the rocker arm shown, to
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which are attached the two connections ¢ g, these in turn moving
the rocker arms
/ /, to the upper extremities of which are pivoted
the triple-armed levers or bell cranks dd. The horizontal arms
of these two levers are attached by a vertical connection to the
governor, this connection being by a link which permits the rocking motion of the levers dd, while at the same time it turns these
upon their pivots in the upper ends of the rocker arms //, thus
advancing the upper or lower arms of the levers dd to vary the
cut-off.

The connections 0, 0, 0, 0, running back to the steam

hook, and is thus ready to act at any part of the stroke determined
by the governor in the manner indicated, and thus greatly extending the range of the cut-off.
To recapitulate, and referring again to the general illustrations,
Fig. 3163 is a plan, Fig. 3164 a left, and Fig. 3165 a right hanii

side elevation.
The exhaust from first to second cylinder passes
under the floor half-way, and then rises vertically through a livesteam-jacketed

receiver.

As seen in the plan, that from second

to third cylinder passes underneath diagonally to a similarly cen-
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STEAM
trally placea receiver, also jacketed with boiler steam, through
which it rises vertically, and then follows a line parallel to the centre
lines to join a branched overhead pipe. To the left of the junction is inserted a stop valve, by means of which the steam may be
either passed through the third and fourth cylinders in series,
making the engine quadruple expansion, or else may be split and
sent through the third and the fourth cylinders in parallel, making the engine triple expansion. The exhaust from third to fourth
cylinder

takes

a similar

rising through a
engine. It then
cross pipe already
pipe is, of course,
third intermediate

course, first under

the floor, and then

reheating chamber at the centre line of the
follows an oblique overhead path, joining the
mentioned beyond the stop valve. This exhaust
shut off when triple expansion is used. In this
receiver the jacketing steam is throttled down

to 50 lb. by passing a reducing valve.

The receivers are best seen in outside view in Fig. 3165; the
end elevation.
All three are of the same general construction,
which is unusual.
An upright cylinder is divided into three
chambers by two cross diaphragm plates cast with the body.
The upper and lower chambers are connected by vertical tubes
expanded into the cross plates, after the style common in surface
condensers.
The jacket steam is admitted into the middle chamber, in which it surrounds

and heats the tubes inside which the

steam passing from one to the next cylinder flows upward.
The condenser is seen in end elevation, Fig. 3163, standing to
the left hand of the engine. In this case the condenser is made
by the makers of the engine. It is Reynolds’ patent, and is an
‘‘independent” injection jet condenser. The condensing chamber forms an annular space surrounding the air pump, both inner
and outer cylinders being vertical, with the steam cylinder set on
top of them. The common stroke of steam piston and pump
bucket is 16 inches, while the diameters of steam cylinder and
pump are 16 inches and 36 inches. The vacuum obtained with 120
pounds boiler pressure and full engine speed is about 26% inches
of mercury.
The exhaust pipe has 24 inches internal diameter,
while that of the steam pipe is 8 inches. These and all the connecting pipes are covered with so-called ‘‘ magnesia.”
Both sides and ends of all four cylinders are jacketed. Live
steam is introduced into the jackets of the first and second
cylinders. It passes from the high-pressure cylinder jacket to
that of the third cylinder ; and in the jacket of the fourth cylinder
meets the two overflows from the jackets of the second and third
cylinders; these, however, being reduced to 50 pounds per square
inch pressure by a reducing valve before entering this last jacket.
Apparently. the object of this throttling is to evaporate some of
the condensed water formed in the other jackets. The cylinders
are also lagged with hair felt, encased by polished sheet steel.
The flywheel has twelve arms, is built in segments, and weighs
about sixty-seven tons.
he crankshaft is 21 inches in diameter in the wheel boss, and
17 inches at the journals, which are 28 inches long. The caps of the
main bearings are horizontal, and the box, or “shell,” is made in

four segments, the splits being at 45 degrees to the horizontal and
vertical, but running on parallel lines, so that the side segments
have parallel top and bottom surfaces, enabling them to be set in

horizontally for wear by set screws. These shells are of cast
iron, lined with hard Babbitt metal.
Both crankpin and crosshead pin are g inches diameter by
g inches long. The former has a brass box, Babbitt lined, while
the latter has a plain brass bearing. The connecting rod is
turned and swelled

in the centre, its crank end being strapped

according to common design, while the crosshead end is solid.
rhe crosshead is of cast iron of great depth, necessitated by the
long stroke, and has wedge-shaped slippers or shoes of cast iron,
with a lining of Babbitt metal on the bearing surfaces.
All the pistons are of cast iron, of the common plain hollow
pattern. They are each packed by a single cast iron ring, pressed
out against the cylinder surface by three low springs. The rings
are scarf-jointed at the splits, a brass tongue-piece being let in to
cover each side ofthe split.
An ordinary vertical spindle Porter governor controls the cutoffin the first and third cylinders. A hand control of exactly the
same pattern is applied to the cut-offs in the second and fourth

ENIGNES.
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cylinders. This control and the valve gear generally are illustrated in Fig. 31654. There are two eccentrics for each side of the
engine ; these lying, as may be seen in Fig. 3162, between the
main bearing and the flywheel. One of them is large, while the
one that performs the cut-off controlling work is small. The main
or large eccentric drives the two wrist plates A I, A 3 in reverse
directions through a rocking lever /, and a connecting rod ¢, between the plates. The exhaust valves are operated in the usual
manner.
The small eccentric operates the admission valves by
pawl hooks mounted loose on the valve stems, and the hardened
steel catch plates on these engage with similar plates on a boss
keyed to the valve stem, the pawl hook being pushed out, and the
valve tripped by cams on the ‘‘trip hub,” this latter being also
loosely mounted on the valve spindle.
The cams on the trip hub are of hardened steel. The trip hub
is oscillated to and fro by the small cut-off eccentric acting

through the rods 4, gg, 00. These two series of rods do not
form two direct chains of links, but act through a block in a
lever link, the position of the block in the link being directly controlled by the governor, which thus changes the range of oscillation of the trip hubs according to the speed of the engine. The
action is such as to make the cam on the trip hub recede, or run
away from, the pawl hook which it has to release, and the larger
the range of this receding motion the later does the release take
place. The action essentially depends upon the cut-off eccentric
being set on the shaft in advance of the main eccentric, and it is
very much altered in character by small changes in this angular
advance.
The trip hub carries a second cam, which comes into action if
the governor belt breaks, or if by any other means the governor
loses control, and the balls fall in. When this happens, this second cam holds the pawl hook entirely away from the trip plate
on the valve stem, so that this latter is not caught by the hook;
the valve is not opened, and no steam is admitted.
A TRIPLE-EXPANSION PUMPING ENGINE.—A triple-expansion
pumping engine constructed by the Nordberg Manufacturing
Company, of Milwaukee, Wisconsin, for the water works of Washington, D. C., is illustrated in the following figures.

The general design of the engine is shown in Figs. 3166 to
3204, from which it is seen that it consists of a horizontal tripleexpansion three-crank engine, driving three double-acting horizontal pumps, with outside packed plungers, the pumps being
coupled to the extended piston rods of the engine.
The steam-jacketed cylinders are respectively 16, 30, 45 inches
diameter and stroke 40 inches respectively ; cranks being set at an

angle of 120 degrees apart, the low-pressure crank Ieading.

The

course of the steam is as follows (see Figs. 3168, 3169):
From boiler pipe R into first cylinder; thence through exhaust
pipe B to first receiver C; from this receiver through pipe D to
second cylinder, and through exhaust pipe E to the second receiver
F ; from which it enters the third cylinder through nozzle G and then
exhausts through pipe H into the surface condenser. The second
and third cylinders have a passage cast into the jackets connect-

ing the steam inlet nozzle at the under side of the cylinders with
the steam chest at the top of the cylinders.
From the surface condenser the condensed steam is carried
through pipe L to the air pump, and from this discharged through
pipe N into the hot well, which is located under the condenser.
The feed pump takes its supply from this hot well through suction pipe Q and discharges through pipe R into the closed heater.
' Thecirculating pump for surface condenser take its water supply from the suction main through pipe J, the amount of water
being regulated with the valve in by-pass pipe I, delivers through
pipe M into condenser, in which, by means of deflecting plates, the
water 1s made to pass through its full length three times; it then
passes out through pipe K to the suction main.
The circuit of steam used for the reheating receivers and for
the cylinder jackets is as follows :
Steam first enters the jacket on the first cylinder;

leaving that,

enters jacket on second cylinder; leaving that, enters jacket on
third cylinder. and passing out throuzh a pipe is carried into the
steam separator.

Steam for reheaters 1s admitted by a valve, and through a p‘pe
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passes into first reheater ; leaves same and enters second rehe .ter
through a pipe and is then carried to
3166. Another drain pipe from the
upward and forward to the separator
point as the jacket drain pipe Vv.
From this separator Ss is taken the

35%

between the heater and the boiler. ‘rhis connection is not shown
in the illustrations.
The drain pipes from the receivers lead into expansion traps
exhausting into the hot well by means of a pipe, and the heater
drain is taken care of also by a trap to the hot well.
There are valves on the reheater piping to serve the pur-

the steam separator S, Fig.
second reheater is carried
S, and enters it at the same

steam necessary to run the

|

|

. 3168.

auxiliary pumps consisting of: air pump, circulating pump, feed
pump, jacket drain pump, and an air compressing pump.
Steam
pipe T (3168) leads to the steam cylinder, and the pipe
O takes
the exhaust from this cylinder to the heater. Pipe P (3166) runs

pose of admitting live steam into the first and second receivers;
respectively.
There are also discharge pipes to the pump chambers. The piston speed of this engine is 300 feet per minute,
The steam cylinders are fitted with equilibrium poppet valves;
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from this heater to both receivers, a check valve being placed on
this pipe at each receiver.
All hot water due to condensation in these heating circuits, and
for which the separator S becomes a receptacle, is led through
a pipe into the jacket drain
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discharges

the same

direct into the boiler feed pipe at a point past the heater; that is,
VOL. 11.—57.

the inlet valves located

above, and the exhaust valves below, the

cylinders. All the cylinders are steam-jacketed on barrels and
heads, and the receivers are provided with reheating tubes and
steam-jacketed bottoms.
The receivers are placed below the
cylinders, and located so as to make the steam passages between
them and the cylinders as direct and short as possible.
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The engine frames are of the girder type, the high and low
pressure frames having side cranks, while the intermediate frame

is provided with a centre crank, Fig. 3167. The shaft is, however, not built up, but is made in two sections: one carrying the
high-pressure crank and one crank for the intermediate cylinder ;
the other section carrying the low-pressure crank and a second

crank for the intermediate cylinder.

The crankpin for the inter-
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operates all the inlet valves, while the lower one operates all the
exhaust valves, the rods for the intermediate

and low-pressure

valves extending across the tops and bottoms of the respective
cylinders, Fig. 3183. The inlet valves of the high-pressure cylinder are under the control of a centrifugal governor, which is
geared to the main lay shaft in such a manner that the ratio of
gearing can be changed by a handwheel, and the pump run at
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Fig. 3171.

mediate engine is forced into the eye of one of these intermediate
cranks, while the other end of the pin is free, and carries a box
which

fits a slot in the other intermediate

Fig. 3174.

Fig. 3173.

Fig. 3172,

crank, Figs. 3171

to

3174. In this manner the two sections of the shaft are independent of each other, to a certain extent, to make up for any slight

different speeds, the maximum

speed being about 45 revolutions

per minute, This high-pressure cut-off gear is of a type designed
by Mr. B. V. Nordberg, and is illustrated by Figs. 3182 and
3183. By its use a range of cut-off from o to $ of the stroke can
be readily obtained. All the other valves are driven by revolving
cams and levers in an ordinary manner.
The valve gear actuating the inlet valves on these cylinders is
of a releasing type operated from a geared lay shaft, Fig. 3183.
It consists of an eccentric

for each valve, keyed to the lay shaft,

which is connected to the valve gear in such a manner as to obtain two distinct motions of different periods, one period being
about go degrees in advance of the other. To obtain this action,

Fig. 3175.

Fig.

3176.

difference in alignment. There are two flywheels ; one
section of the shaft, Fig. 3168.
As the room in whicl: the engine had to be installed
ited in width, it was necessary to set the cylinders as
gether as possible. The arrangement was, therefore,

on each

was limclose tomade to
drive the valve gear from the high-pressure side ; that is, to have
all the lay shafts located on that side, Fig, 3167.
The valve

Fig. 3177.

Fig. 3178.

gear is driven by means of a return crank and bevel wheels from
the crank of the high-pressure cylinder. The main lay shaft, lying
directly in the centre line of the engine outside of the high-pressure crosshead, receives the motion from the bevel wheels. This
shaft, in its turn, drives two other lay shafts held by brackets on
to the side of the high-pressure cylinder, a gear on the end of the
main lay shaft driving corresponding gears on the twoshafts on the
high-pressure cylinder. The upper one of the last-named shafts |
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Fig. 3180.

the strap is suspended on a radius rod a, Fig. 3183, the oscillation
of which produces the cut-off motion, while the point 4 of the
strap produces the valve-opening motion. The centre of the eccentric, the point J, and the point c, at which the eccentric strap
is connected to the radius rod, form a triangle. The suspension
point d@ is inside of this triangle. This makes the point 4 describe
a curve, the outline of which approximates that of a triangle.
The direction of rotation of the lay shaft is as shown by the arrow.

STEAM
while, of course, the path of the curve produced by 64 is in the
opposite direction. During the part of the motion when the
valve opens, the point 4 moves rapidly downward ; again, during
the part of the motion when the valve is on its seat, the motion
of point 6 is comparatively slow. During this part of the motion,
the curve produced by 4 very nearly approaches an arc of a circle
with its centre at point ¢ on the main lifting lever e /, so that this
lever stands still while point 4 passes the last mentioned part of
its path. The mechanism used for operating the valve consists
of the main lifting lever ¢/, which is pivoted at point fon the
dashpot plunger. The point g is free to move, and carries a trip
lever 4 gi, with its trip face at point 7 corresponding with another
trip face7 fastened on the lever g7 &.

This lever is pivoted on the bracket / bolted to the cylinder, the
point of suspension being directly opposite to the point g. Now
the lever ¢ 7% receives its motion from the radius rod by a projection d m cast thereon.

The motion of the point # is a little in
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The pump plungers are connectcd
rods by means

with

the extended piston

of bolted couplings, cast of steel.

As there isa

gate valve both on the inlet and discharge nozzles of each pump,
one of these pumps can be disconnected and overhauled while
the rest of the engine is running, by unbolting the coupling and
closing the valves on the inlet and outlet nozzles.

A surface condenser is used in connection with the engine, the
air pump and circulating pump of which are driven by an inde-

pendent auxiliary pumping engine, which also drives the boiler

li
»

advance of the crank, so that the oscillation of the lever g7 & is

aaa=ome

very nearly the same as the motion of the crank, only a little in
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advance thereof.

‘=

The point % of lever 4 ¢ is connected to a shaft

nm, held by the lever #0 to the governor, and by means of this
lever the governor controls the cut-off of the engine. The action
of this mechanism is as follows :
The lever ¢/, when the valve is on its seat, is elevated high
enough so the trips and 7 clear each other. During this part
of the motion the point # moves rapidly upward, bringing the
point 7 underz.
During this part of the motion, the point 4
passes through the part of its motion when the curvature of the
motion curve has its centre in ¢, so that the lever ¢/ stands still.
When the steel die 7 is well under the steel die z, the motion
of 4 is rapidly downward.
Point e descends and brings the
dies z and 7 into contact with each other. This makes g the
fulcrum of the lever ¢ /, which causes the point f to ascend
rapidly. In the meanwhile, the point
has passed its extreme,
and begins to go downward, drawing the die 7 out from under 2,
thus withdrawing the support of the lever ef. The spring P then
closes the valve, the lever ¢/ turning around ¢ asafulcrum.
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mechanism is duplicated for the other valve, the eccentric of
which is set exactly opposite to the one the motion of which we
have just described. It will be noticed that the two levers on the
shaft 2, which connect to the levers g and &, are of different
length and differently located. The object of this is to eliminate
the effects of the angularity of the connecting rod. The leverjg&
forms an oil receiver around the trip die 7, which is kept constantly
full of oil, into which the die z dips every time the valve is released.
One advantage of this valve gear is that the trip dies move at a velocity of about one-halfof that of the ends e and fof the lifting lever,
so that this valve gear can be run at higher speeds than valve
gears of the Sulzer type. The connection at the point fin the
dashpots also becomes very simple in this mechanism, requiring
no link (see Fig. 3184).
The exhaust valves are operated by
revolving cams in a well-known manner.

Gas

om

Fig. 3182.

feed pump, jacket draining pump, and air compressor for supplying the air chambers with air. The circulating pump, which is
shown in Fig. 3168, but which will be illustrated in more detail,
together with the jacket pump, takes its supply from the main
suction pipe of the pumping engine, and the overflow from the
condenser is returned to this suction pipe at a point nearer the
pumps than the inlet. To regulate the amount of water passed

through the condenser, a back flow or by-pass valve is used, which
can be operated from the floor. A similar valve is used to regulate the flow of water from the feed pump to the hoiler.
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In order to secure a good action of the jackets, the following
arrangement is adopted : Steam from the main steam pipe is admitted into the high-pressure jacket, and a drain pipe from the
bottom part of this jacket is led to the top of the intermediate
cylinder jacket. The drain from the bottom of the intermediate
jacket is passed to the top of the low-pressure jacket. Inthe same
manner, live steam from the main pipe is taken to the heating
tubes in the first receiver, Fig. 3169, and the drain pipe connected to-the heating tubes of the second receiver. The drains
from the low-pressure steam jacket, and from the second reheater,
are connected into one pipe which leads into a steam separator,
from which the steam cylinder driving the auxiliary pumping
engine takes its supply after the water has been eliminated. The
water drops to the bottom of the steam separator and is pumped
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pressure which is carried on all the steam jackets, Figs. 3169 and
3170. The low-pressure cylinder in particular had to be strengthened by means of pillars cast between the inner and outer shells
in such a manner as to form the least obstruction to the circulation of steam.

The cylinders are carried in front by the bell-shaped flange of
the frame, while the back ends are supported on cast iron brackets
bolted to the foundation, Figs. 3166 and 3167. In this manner
an open space is left under the cylinder, giving access to the
lower valves and the lower part of each cylinder. In order to
establish communication between the head jackets and the barrel
jackets, holes are drilled through from the outside of the cylinder
flange into the jacket space, communicating with others drilled

through the head flanges into the head jacket space ; these holes
are inch in diameter. Short gaspipe nipples were screwed into
the holes on the cylinder flange, to serve for holding the copper
gaskets used for making joints. All the cylinders are covered
with asbestos cement and magnesia, and are lagged with a jacket
of planished steel.
The steam-inlet valves on all cylinders are made of phosphorbronze,

with

seats

of the same

material

bolted

in, Fig.

3186.

The exhaust valves are made of steel, with seats of steel having a
taper fit in the cylinders, Fig. 3187. The piston rods are screwed
into the pistons and into the crossheads. The pistons are provided with self-setting cast iron packing rings and adjustable junk
rings, means being provided in the piston to adjust these rings in
case the bottoms of the cylinders wear. The valve stems, Fig.
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3190, are made of forged steel.
:
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Figs. 3175 to 3181 show the con-

necting rods.
All pins in the valve gear are made of hardened high carbon
steel running in hardened bushings ; pins and bushings being
ground toa fit. The long rod, transmitting the motion from lay
shaft to inlet, and exhaust valves of intermediate and low-pressure

Fig. 3183.

cylinders, are subject to tensile strain only. They are made of
rectangular section, quite thin. The low-pressure rods are guided
in slotted forks mounted on the intermediate-cylinder valve bonnets, Fig. 3168. The regulator is driven by means of friction
disks from the lay shaft, Fig. 3185. The arrangement consists of
one disk on the lay shaft, and one on the governor shaft, these
disks being double, and arranged by means of central springs to
pinch a third disk between them. This third disk is placed in the
centre

away by means of the jacket draining pump. The exhaust from
the auxiliary pumping engine cylinder is led to a closed tubular
heater, through which the feed water is pumped, Fig. 3167. This
heater has no outlet, so that no heat introduced can be wasted,

but all has to go into the feed water. The jacket draining pump
discharges the water of condensation into the main feed pipe at a
point between the heater and the boiler. By this means there is
insured a very rapid circulation of steam in the jackets and an
economical action of the apparatus.
At the lowest part of all the
steam Jackets there is a small valve by which steam can be blown
out into the atmosphere for the purpose of determining its quality,
and during the test, before the reception of the engine, this was
repeatedly done, and at all times the steam issuing from the
jackets appeared perfectly dry.
The steam cylinders are strongly ribbed to withstand the boiier
~

between

the other

two,

and is {inch

thick at the hub,

slightly tapering towards the circumference.
The rims of the double disk are tapered correspondingly, so
that they grip the central disk very firmly when the pressure of
the springs ison them. By changing the relative position of the
centre disks to the other two, the ratio of gearing between the
lay shaft and the governoris changed. This can be accomplished
by means of a handwheel located near the throttle valve.
A change of speed from Io revolutions per minute to 45 revolttions per minute can in this way easily be obtained.
The engine frames are cast in one piece. They are supported
by a base under the main bearing, and one running the full
length of the slides, which are of cylindrical type, bored out to fit

the crossheads. The main bearings are fitted with quarter boxes
lined with babbitt metal hammered in and bored, and the arrangement is such that, in case of wear, the proper conditions of the
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If the lining of the side shell
bearing can be always maintained
next to the cylinder should wear down, and the box be taken up

rods.

by means of the set screws, the centre

In these the boxes are parted, not in a plane at right angles to
the rod, but the adjustable box is fitted in a recess of the stationary
one, which Is perfectly cylindrical
This type of box has all the

of the shaft would move

The upper and lower boxes have
slightly towards the cylinder
sufficient play at right augles to the shaft, to allow them to adjust
themselves correctly to tha new position of the bearing after hav-

ing been taken up as just explained,

The intermediate and low

me

The connecting rods are of the Nordberg type (see Figs

3175 to 3181).

advantages of a bolted box, while
wear.

it is much

easier to adjust for
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pressure frames are bolted together
The second bearing for the
intermediate engine is mounted on a bedplate reaching under the
foot of the intermediate frame
This frame, as well as the second
bearing, is dowelled to the bedplate
A cast iron strut connects this second bearing with the intermediate frame, and a wrought iron bar is passed through this
strut, which thus takes up any strain in the plane of the piston

One of the flanges of the stationary box is screwed on, while
the other is cast on the box.
The keys used for adjusting the boxes for wear are cylindrical,
fitting the cylindrical recesses in the rod. One of the intermediate cranks is of the disk type, having just sufficient weight in the
counterbalance to be equal to one of the plain cranks
The crankpin is forced inte the disk which goes next to the
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intermediate frame, so that all stram resulting from the steam | the extended beamshaft. The air pump is Gtted with only two
pressure its taken by the frame,
and not by the second bearing. | sets of valves—ome set
on the bucket and one on a plate immediThe flywheels are made in halves, turned on rim and edges. | ately abowe. Itis single acting, 14-inch diameter by 12-inch stroke.
One of the rims is provided with a rack for barring.
The walves are of flexible rubber with curved bronze guards.
1

The pump chambers, Figs. 3191 to 3195,
are cylindrical, with | The steam cylinder is fitted with one single Corliss valve operated
the exception of the manhole
| by an eccentric and rocker arm from the crankshaft. <A centrif-

The valves are made of rubber, mounted on polygonal cages, | ugal governor regulates the speed of the auxiliary pumping

Fig. 3193.
by which arrangement
the greatest amount of valve area can be | engine.
obtained im the smallest space.

The feed pump is single acting, 4 inches m diameter by

6inch stroke.

It ts fitted with bronze

valves
and seats,

and is

Each cage is held in position by ome single bronze screw. The | provided with a back-flow valve by which its discharge can be
two pump chambers are tied together by means of stretcher rods, |regulated. Thecrculating
pump is of differential pattern, having
and the whole pump connected to the cylimders im the same man- | a bucket 9#; inches in diameter by 20-inch stroke, the plunger being
ner, the stretcher rods beimg located
in the centre line of the | 6} inches
in diameter. It 1s provided with robber valves moving

engine.
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lined stuffing boxes. The pump rods are made of hammered
open-hearth steel, incased im bronze linings. The auxiliary
pumping engine combines in one machine air, circulating, feed,
and jacket pumps, and air compressor.

Fig. 3195| A dutterfly valve, Fig. 3197. ts arranged by which pari of the
| water can be tureed back mto the suction, and thereby regulate
| the flow to the condenser. The jacket drammg pump, Figs. 3203
| amd 37024, ts single acting, and especially designed to pump hot

It is driven by a steam cylinder 8 inches in diameter, the piston | water. As the pressure of the jacket water is apprommately the

rod of which is directly connected to a single-acting air pump. | same as the boiler pressure, al] this pump has to do 1s to force

The crosshead of this air pump runs in a circular guide.

| the jacket water by the discharge valve.

There ts, therefore, no packing necessary for the plunger.

The

pump is designed without any suction valve, the water fowing

Ris

| ,
a

*
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:

|

—y
gig

|

Fig. 3197.

into the space between the plunger

and the discharge vaive,

which is mounted at the bottom of the pump directly in line with
| the plunger. When the plunger descends, it forces the water out
By means of two links its motion is transmitted to one end of | by the discharge valve. In this manner the piston rod of the

the beam. The other end drives the circulating pump, while the | pump 1s not exposed
to the water, but 1s surrounded
by steam.
connecting rod receives its motion from a point located about | A metallec packing ts used on this rod, which is kept oiled_
midway between the end of the beam and the pump centre. The
This pump works exceedingly
well, especially since a strainer

crank is located between the a'r and circulating pumps. The | has been put im its suction pipe to catch small particles of irom
flywheelis om the end of the crankshaft. The jacket
pump, feed | borings and sand from the sieam jackets.
Figs. 3198 to 3201 show the iced heater.
pump, and air compressor receive their motion from an arm on

364

MODERN

MACHINE

The surface condenser is or horizontal type, fitted with #-inch
brass tubes held in brass tubeheads by means of vulcanized fibre
ferrules, The water is arranged to pass through the condenser
three times. Spaces are left between the tubes so as to permit
the steam to easily reach the cooling surfaces, which are 670
square feet. The condenser is set in a slightly inclined position,
the highest point being the exhaust inlet. The arrangement of
condenser and pumps is shown in Figs. 3167 and 3168. The air
compressor is designed very much like the jacket pump; it is
single acting and without suction valve. Arrangements are made
whereby this compressor can be disconnected from the balance
of the auxiliary pumping engine. The construction of receivers
is shown in Fig. 3169. It will be seen from these that there is no
steam jacket on these receivers, except on the bottom. Into the
bottom are screwed a number of vertical wrought iron pipes provided with malleable iron caps on the top. This arrangement
entirely eliminates the effects of expansion on the reheater tubes,
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Circulating pump, differential type—diameter of buckets, 9 1%
inches by 20 inches; plunger, 64 incnes
pump, 3 inches in diameter ; active stroke,
Condenser, 436 tubes, 3 inch in diameter
cooling surface, 670 square feet.
Air compressor, 3 inches in diameter
stroke.

in diameter.
4 inches.

Jacket

by 8 feet free length ;

by 5 inches

active

Heating surface in feed-water heater, 76 square feet.
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Brass

Steam cylinders.

‘

‘

‘

%

Piston rods.
P
°
,
Main bearings
;
:
,
High and low pressurecrankpins
Intermediate crankpin .
;
Crosshead pins.
‘
‘
*
shoes
.
;

;
;
.

‘

Crankshaft

3)8 in.
82 in. by 15 in.
44 “° by af ‘
6+ °° by 4¢ ‘S
4th ‘* by 58 *
8% “* by 14 ‘
g4 in. in flywheel hub.

:

:

‘

Pump piston rods .
j
;
Auxiliary pump steam cylinde
Air pump
‘
:
;
;
:
Single acting feed pump

8,000 Ib. each.
10 in, in diameter
by 40 in. stroke.
32 in. in diameter.
8 in. by 12 in.
14 *° by 12 ‘
4 “° by 6°

.
’
;.
P
‘
:
Two flywheels, 10 ft. in diameter, weighing.
:
;
:
:
‘
‘
.
:
:
e
Pump plungers

;
,
‘
:

°

°
.

TABLE
SHOWING
COAL
CONSUMPTION
PER ACTUAL
HORSE-POWER
PER
HOUR
DURING
TEN
DAYS’
TRIAL OF A 5,000,000-GALLON PUMPING ENGINE IN
D. C.
U-STREET STATION, WASHINGTON,

16 in., 30 in., and

45 in.. by goin.
stroke.

Spring

Figs. 3203, 3204.

Figs. 3199, 3200, 3201.

and works exceedingly well. Traps were provided to drain the
interior of the receivers, but during the test these traps were found
entirely useless, as there was no sign of water in the receivers.
The leading dimensions of the engine are as follows :

ara

Resistance

Date
ji

a“ jlunger
oun

;

poe

ee la
a

Square Inch. | Deve-oved.

Sept.
27-28
28-2
29-30
30-1
Oct.
I-2
2-3

Moist

Coal

Actual Hore:
-0w

“Hour.

Combustibl

H

a Abel
;

oor tid

lb.

Ib.

153.50
153.50
153.70
152.80

313-91
313.72
311.77
311.10

1.66
1.57
1.58
1.63

1.54
1.43
1.44
I.50

153-75
154.30

312.36
316.93

1.61
1.56

1.46
1.47

3-4

154.66

317-75

1.56

1.37

4-5
5-6
6-7

154-43
154.53
154.88

312.72
315.02
319.67

1.59
1.57
1.52

I.42
1.42
1.38

Means

154.01

314.50

1.59

1.44

STEAM
The coal used contained 2} per cent. moisture, which, in above

table, is not deducted in calculating.

Deducting the moisture, the net combustible per actual (pump)
horse-power per hour is 1.4 |b.

The coal consumption in this table includes that used for driving independent air, circulating, boiler feed, and jacket draining

ENGINES.

305

Steam in high-pressure cylinder
‘**
intermediate-pressure cylinder
“*
low-pressure cylinder.
=
3
exhaust pipe
Steam superheated at high-pressure
chest
.
:
:
°
:

pumps,

°

;
‘
‘

:
.

221.5
131.8

‘*
‘*

16.25 **

Coal—George’s Creek, Cumberland.

TRIAL OF THE
NORDBERG 5,000,000-GALLON PUMPING
ENGINE IN TxolE U-STREET STATION, WASHINGTON,
D. C.

Engine.
Duration of trial

.

;

Revolutions, total

.

‘

;

;

°

‘

a
per minute.
:
‘
:
.
=
A and C pump
Indicated horse-power, high-pressure cy]linder
.
:
°
;
Indicated hare-power iatemnedinte pies.
sure cylinder .
;
‘
Indicated
horse-power, iowsvresure cylinder.
:
:
:
‘

paaieee horse-power, A and C pump
o
total, engine and
air and circulating pump
Indicated horse- power delivered in discharge main

.

s

and pump= 7.5 per cent.
Cut-off in oes cue cylinder
.
intermediate-pressure cylinder
low-pressure cylinder .

.

Ratio of cylinders—high pressure.
:
‘*
_~1ntermediate pressure .
—low pressure
Number of expansions
:
:
Displacement of air pump per indicated
horse-power per minute .
;
.
°
a6

664

66

3.636

66

:

Barometer
‘
:
‘
Vacuum in condenser
;
‘
,
;
Draught in chimney, inches of water
‘
Water in suction main, gauge
.
‘
°
a
delivery
s
‘
Initial pressure, high-pressure evlinder,
absolute
Initial pressure, intermediatensressare cylinder, absolute
:
;
‘
.
Initial pressure, low-pressure cylinder, absolute
Mean pressure, bivt-prcecare evlinder absolute.
;
°
Mean pressure, intermediate-pressure cylinder, absolute
;
:
Mean pressure, low-pressure cylinder, ies:
lute
,
‘
;
:
:
é
‘
Temperatures.

Air .
:
°
‘
Injection .
‘
:
Discharge
.
:
Hot well .
;
,
Feed-water at boiler .
Uptake.
:
é
Water in main .
,
VOL. 11.—58.

.
‘.
‘
é
;
;
:

°
:
:
;

°
:
:
é

:
:
.

66

-183 cub. ft.

Steam, boiler and enzine per gauge .
149-75 Ib.
‘*
first receiver, per gauge
34.2
second
2.9
(Gauges are 6 ft. above receivers.)
high-pressure jacket gauge
.
P
139-75
intermediate-pressure jacket gauge
low-pressure jacket gauge
reheater jacket gauge.

66

66

66

a6

6é

66

:

°

75995
468

Ib.
66

7:527
512.5

66

14.04

66

66

1.48

499.68
13,69

66

1.44
479.44

12.89

1.357

100 ‘* of dry coal

**

100 ‘* of combustible

66

246.97
:
é

71

4,117.30
257.33

per

.

;

2

;

j

‘

.

4
76,620. 5
4,878.78

indi-

indicated horse-power
.
.
Percentage of steam to engine eoadensed
in jackets and reheaters .
:
F
Steam passed through cylinders of eawine
and air and circulating pumps, total
Steam passed through cylinders of engine
and A and C pumps per hour
F
:
Steam passed through cylinders of engine
and A and C pumps per honr per indicated horse-power.
:
:
Total steam used by engine, A and C
pumps, jackets and reheaters per indicated horse-power per hour .
:
Water evaporated per pound of moist egal
Equivalent i
ee from and at 212
degrees.
Water evaporated Beepound of dry coal
Equivalent evaporation from and at 212
degrees .
;
Water evaporated per ‘sound of combustible
Equivalent evaporation from and at 212
degrees .
:
E.T.U. in wae evaporated, total
me
“
per hour
utilized by engine
B.T.U. in water utilized by engine per
hour.
:
;
:
:
:
B.T.U. in water utilized by engine per
minute .
B.T.U. per indicated horsepower per
minute .
:
:
:
.
°
:

**

76,624.5

3,951.54

hour

66

66

Per 100 lb. of moist coal

:
‘

per

,

cated horse-power .
°
;
Steam condensed in reheaters, total ;
7
a
per hour

8.184
26.16

Pressures.

aé

& 200 Ib.
24 per cent.

Evaporation.
Total. water evaporated in boilers.
*¢ steam used in calorimeter
;
n
**
to engine
:
‘
“
=
per hour .
:
Steam aa in jackets, total
.

ed

a6

Moisture in coal
:
;
Total dry coal consumed .
Ashes (5.85 per cent. of dry coal)
Combustible
‘
:
.
Moist coal consumed per hour ;
‘
we
as
per square foot oF
grate per hour
j
,
Moist coal consumed per indiested howe:
power per hour.
:
:
:
ey coal consumed per hour
per square foot ofaides
per hour
;
Dry coal consumed — indicated bone
power per hour.
Combustible consumed per our
“
per square foot of
grate per hour
°
:
Combustible consumed per Modicaied horse:
power perhour
.
‘
:
°

:

Indicated ene ateer in friction of engine

es

280.0

steam
:

Total coal consumed, moist

ga

381.75 deg.

6

‘

-74
10.53 per cent.
68,551.65

Ib.

4,284.48

12.36

66

13.81

9-344

10.1
g.55
10.36
10.18

II.005

66

80,005,479. 4
5 ,OOO, 342. 5
80,001
, 302. 9

5,000,081. 4

83,334.7
240.4

121,749,107 ft.-Ib.
Ce 3
124,870.879
“6
132,634,872
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in two forms,

steam chest, etc. The cylinder section is taken on one continuous ceutral plane, while the steam chest and valves are shown
upon two planes. The first, and nearest to the eye, extends from
the crank end of the cylinder to the fracture ai / f/f, and shows
the main valve in section through its centre. From the line of

viz.: with a flat slide vaive and fat cut-off vaive, and with piston

fracture ff/f to the head end of the cylinder, a lower plane is

rag7Syg.28s ft-lb.
*
130,290,270

©

‘

:
:

.
Par 1.c00,000 B.T.U.
** 1,000 Ib. of feed-water

y 1 ib. af ual bene as:
Efncienc
of boiler,
.
sumed to contain 13.200 B.T.U..

engine is mace

ENGINE.—This

TRE BUCKEYE

72.235 per cent.
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Pare
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sem

Inain valve.

he Main va.ve Vis a box or chamber seated at each end upon

STEAM ENGINES.
the cylinder-port faces and provided inside with a flat surface or
seat whereon the cut-off valve vw vw’ operates, the cylinder ports

being shown at 7’ #":

chest cover, and

passes into the back of the valve through

the

openings d, of which there are four (two at each end of the valve),
as seen in Fig. 3209. The main valve is filled with live steam

The cut-off valve consists of plates rigidly
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Fig. 3208.

connected by means of the stretcher rods 4 #' and rides within | while the exhaust passes outside its ends to the outlet.

The means

the main valve, its spindle passing through that of the main valve. | employed to regulate the pressure of the valve on its seat are as
The live steam takes the course denoted in Fig. 3208 by the | follows:
arrows, filling the chamber D, which is in one piece with the valve

The

inner wall of chamber D has at each end a hub

bored to
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receive equilibrium rings or valve-balancing pistons ; these con-

it is obvious that the steam in the pert, at the head end of the

sisting of a spider a whose arms are shown at a’, the follower ¢,
and packing ring é.
The spider has a guiding stem attached to its hub over which
the follower slips easily. The spring s holds the follower and
spider together and confines the packing ring ¢ in its proper
place.

cylinder, is acting on the underneath face of the main valve, and,
therefore, in a direction to lift the valve from its seat, while, at

the same time, the port on that end of the main valve permits the
steam to press upon the cylinder face, and the steam being within

the valve causes an equal area on the inside of the valve, and
opposite to the port, to be unbalanced, and, therefore, act also to
lift the valve.

The faces of the equilibrium rings or pistons a seat upon the
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Fig. 3209.

pack of the main valve, and, therefore, transmit to the valve what-

The area, however, of the annular

pistons is, as before stated,

ever steam pressure they receive.
The live steam, therefore,
proportioned so as to overcome these two tendencies and hold the
holds the valve to its seat by acting on the area enclosed within | valve to its seat sufficiently to keep it steam tight.
the circumference of the four equilibrium pistons a, and this area
It is obvious, however, that when the cylinder port is open to
iS SO proportioned as to overcome the tendency of the valve to lift the exhaust, and the cut-off valve covers the port in the main valve,
from its seat.
This tendency is due to the cylinder port and the
as is the case at the crank end of the cylinder, in Fig. 3208, the
port in the main valve, and is greatest at the moment of admission.
pressure upon that part of the valve that covers the cylinder port
With the parts in the position shown in Fig. 3208, for example,
is reduced to that of the exhaust, while the port in the valve is

STEAM

ENGINES.

of any counteracting pressure, hold the valve more closely to its

But this is provided

for by the relief ports or recesses, x x’, which, during that portion of the valve stroke in which it would otherwise be held to its
seat with more force than necessary, receive

steam, through

369

It will be seen that the face m of the main valve does not quite
reach the face of the hub g, and that the annular pistons, therefore, project through the bores of g, and this allows the main valve
to lift from the seat to the amount of the space at m, in case the
cylinder should receive a charge of water with the live steam.

filled with steam that is enclosed between the cylinder face and
the cut-off vaive; hence, the annular pistons would, in the absence

seat than is absolutely necessary at thatend.

:

After the water has discharged into the exhaust, the steam pressure returns the valve to its seat, and the spring 7 causes the
annular pistons to follow it up.

the

small hole shown to pass through the valve at 7, and this steam,
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3211.

acting on the face of the valve, relieves it of the undue pressure
referred to. The relief recess is equal in area to the cylinder port,

The cut-off valve is provided with an inclined plane at ¢, resting
upon a corresponding inclined plane provided on the main valve;

and is so located that it will be uncovered by the heel, or inner
edge, of the main valve face, just after the cylinder port, at that

hence it moves of its own gravity up to its seat on the main valve,

end, is closed against the exhaust, and before any considerable
compression pressure can arise in the cylinder.
The steam hole 7 is located to fill the recess at the proper time,
which is just after it has been covered, as above stated, by the
valve heel.

and its weight acts to cause it to seat itself fairly.
The mechanism for operating the valves is as follows :
Referring to the general view, Fig. 3212, and the cross sectional view of the frame and rock-shafts in Fig. 3213, the main
eccentric is fixed upon the crankshaft, and its rod R drives the
upper end of the main rocker (having journal bearing at 7’, in
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Fig. 3213).

At F’, Fig. 3213, it affords journal bearing for the

rod which drives the main valve spindle.
The

cut-off eccentric drives the rod S, which

connects

to the

that it may be moved around it by the governor, the construction
being shown hereafter in connection with the governor.
The
construction of the valve rods is such that the spindle for the cut-

lower arm s of the cut-off rocker; s is fast upon A, which has

off valve passes through that for the main valve.

journal bearing in the main rocker. The arm a is fast upon 4,
and provides at F’ journal bearing for the rod that drives the cut-

the other parts of the engine, their spindles, the rock-shaft, the

off valve.
The cut-off eccentric is a working fit upon the crankshaft, so

In Fig. 3214 we have the main and cut-off valves removed from
eccentrics, and the crank being represented by their centre lines.
For ease of illustration, the rods from the rock-shafts are shown

STEAM

ENGINES.

shortened, and as if connected direct to their respective valves,
which is sufficient for explaining the action of the mechanism,
while it renders it easier to illustrate the movements of the parts.

371

the same direction, until such time as the main eccentric f has
also passed the line of centres, after which the valves are operated
in different directions, until the cut-off valve crosses the line of
centres

on the other dead centre, at which

time the valves

will again move together, until the main valve has crossed
the line of centres at that end.
This occurs by reason of the positions of the eccentrics,
and of the employment of the cut-off rock-shaft, and will be
readily perceived, because, with both eccentrics on the same

side of the line of centres of the engine, they are both moving in the same direction, and as the cut-off rock-shaft s a
reverses the direction of motion

a

of the cut-off valve, while

the main valve moves on the same as if it were connected
direct to its eccentric, therefore, the valves move in opposite
directions. But when the cut-off eccentric has crossed its

2
————

line of centres, it moves rod S in a direction opposite to that

== —Yo
may
S SOOSSSS
=<

in which the main rod R is moving, and its rock-shaft reverses
the direction of motion of the valve; hence, both valves move

together until the main eccentric, as before stated, also
crosses the line of centres of the engine.
The proportions of the parts, in Fig. 3215, are for an engine
having a cylinder of 14 inches diameter and 24 inches stroke,
the throw of both eccentrics being 14 inches, giving to each
valve a travel of 3inches. These proportions give the latest points
of cut-off at five-eighths of the stroke, this being the latest the engines are designed to have.
FEarlier points of cut-off are effected
by advancing the cut-off eccentric.
We may, however, for the present, confine our attention to the

ae

WW QAy
Fig. 3213.

The rods R and S correspond to R and S in Fig. 3212, as is also the
case with the main and cut-off rock-shafts.
The crank is on the dead centre B, and revolves in the direction

denoted by the arrow. The main eccentric is at f, and the cutoff eccentric at ¢. The main valve is operated by rod F, which is
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3214.

driven by the upper end / of the main rovk-shaft. The cut-off
valve is operated by the spindle E, which is driven by the upper
arm a of the cut-off rock-shaft, which is pivoted in the main rock-

action of the mechanism when in position for the latest point
of cut-off, and in Fig. 3215 we have the position of the parts

shaft at A.

cut-off valves are moving in oppesite directions, and that its cut-off
eccentric is near the point at which it moves the cut-off valve

Since both eccentrics follow the crank in the direction of revo-

when

the cut-off is effected, and

it is seen

that the main

and
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lution, therefore, when the crank moves from the dead centre,
the valves move in opposite directions, the main valve opening
port J’ for the livesteam. As soon as the cut-off eccentric ¢ passes

most rapidly; hence it follows that the cut-off is effected rapidly. This construction permits of the employment of a very
short valve travel, thus reducing the duty of operating the

the line of centres of the engine, it operates the cut-off valve
in the same direction as the main valve, and both valves move in

valves.

As the main valve is driven by an eccentric that is fixed to the

MODERN

373
crankshaft,

its amount

of travel is constant,

and

MACHINE
its ends

pass

over the ends of its seat; and as the ends of the valve pass alternately over the ends of its seat, therefore at all points of cut-off the

s.

SHOP

PRACTICE.

open full at the third inch of piston motio.., remains full open up
to the eighth inch, and cuts off at the fifteenth.
For the crank end, the port is full open at the third inch,
remains open for 84 inches, and cuts off at fifteen.
The amount of compression is 14 inches at each end, the equali-

S

zation being effected by unequal laps at the two ends of the main
valve.
The exhaust opening is, it is seen, greater than the steam port
opening.
The lead, compression, cushion, and exhaust being governed
by the main valve, having a constant amount of travel, obviously
remain constant for all points of cut-off.
The steam port openings when the cut-off occurs at quarterstroke are shown in Fig. 3217, and the points of cut-off are, it is
seen, equalized.
Fig. 3218 illustrates the mechanism constituting the governor,
or speed regulator, which advances the position of the cut-off

AUT
NLA

ANA

eccentric upon

|
int za

)

levers, a a, are

pivoted at

which is in one piece with the cut-off eccentric, the latter being a
working fit on

tendency to wear the seat unevenly is avoided (this tendency existing when the stroke of a valve is decreased).

INA

In order that the cut-off valve may similarly pass over each end
on

the crankshaft.

When

the wheel

revolves,

the

centrifugal force generated by the weights a A and the levers a a
will cause these parts to move outwards, as denoted by the dotted
lines in the upper part of the figure. This causes the links B B to
advance the cut-off eccentric upon the shaft in the direction of
crank revolution, thereby hastening the point of cut-off, as has

Fig, 3217.

valve, the shoulders

Two

links B B, and these are attached, by ball and socket joint, to c,

Fig. 3216.

of its seat on the main

the crankshaft.

their ends 4 to arms of the governor-wheel.
Upon these levers,
and adjustable along their lengths, are the respective weights A A.
The ends of levers aa connect, by ball and socket joint, to the

the faces are

provided.

already been explained.
The outward motion of the arms @ a is resisted by the springs
F F, and it follows that when the engine is motionless, or is running too slow to enable the centrifugal force to overcome the tension of the springs, these springs will hold the cut-off eccentric at
the position in which it effects the cut-off at the latest point in the
stroke, the springs being under tension, and the weights a being
held against the wooden buffers at /.
The further the weights are situated from the pivoted ends of
the lever, the greater the effectiveness of the centrifugal force

Fig. 3218.
Fig. 3215 shows the port openings for the cut-off at § stroke,
and it is seen

that, for the head end B of the cylinder, the port is

generated by them at a given speed of governor revolution ; and
the turther out the levers swing, the greater the amount of centrif-

STEAM
ugal force generated, because the weights revolve in a larger circle,
and, therefore, at a greater velocity.
|
On the other hand, however, the outward motion of the levers
and weights can only occur by distending the springs F F, and the

power required to do this increases in proportion as the springs
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In the Buckeye engine, the resistance offered by the friction ot
the cut-off eccentric and valve gear is centripetal in its tendency.
This tendency is of greatest effect when the levers a a are at their
extremes of movement, and the auxiliary springs P P, Fig. 3218,
are employed to correct it.
These auxiliary springs are intended to start the levers out at
.the proper speed when the tension given to the main springs is
that proper to secure the best regulation during the outer half of
their range of movement, where it is mainly confined when the
engine is properly loaded. Under such an adjustment of tension,
it was found that the centripetal tendency of the resistance offered
by the cut-off valve and gear, being augmented in effect in an
increasing ratio from mid-movement inwards, in proportion to
the increasing acuteness of the angle formed by the links with the
eccentric ears, required more than the mean working speed to
overcome it, and the auxiliary springs are made of such force as
to just overcome this undue frictional centripetal tendency. They

are distended.
While the governor is at rest, the force of the springs is static,
but as soon as the parts revolve, this force becomes centripetal;
hence we have, so far as the weights and springs are concerned,
two opposing forces—one centripetal and the other centrifugal;
and the most perfect adjustment of the weights and spring tension
is that in which, at a given speed of revolution, these two forces
are equal in amount throughout the whole range of movement of
the springs and levers.
Now, suppose the parts are so accurately proportioned, and the
adjustment so correctly made, that this equilibrium of the opposing centrifugal and centripetal forces is established ; and if the
power required to operate the valve is equal in amount at all leave contact at mid-movement, where they are no longer needed,
points of cut-off, the action of the governor would be perfectly the above tendency being then at its minimum, Its increase from

A

Fig. 3219.

isochronal, or, in other words, it would maintain the engine speed
equal under all changes of load.
In the Buckeye engine, the travel of the valve is constant in
amourt for all points of cut-off, and the power required to operate
it is, therefore, equal.

But there is another element

to be con-

sidered, inssmuch as that the weighted levers act (as they move
to different positions) at a varying leverage to the eccentric, with
the following result:
When the weighted levers are in the positions in which they are
at the greatest leverage to the points of connection on the eccentric, they will obviously exert more force in proportion to the
centripetal force than they would when in their positions of least
leverage, and (assuming the power required to operate the valve
to be equal for all points of cut-off) the engine speed will increase,
because, in order to maintain a constant and equal speed, the
centrifugal force must, throughout the whole range of lever move-

ment, bear a constant and equal proportion to the total force
resisting it, this total force including the power required to operate the valve as well as that required to resist the tension of the
rings.
a

VGu. I2.—59.

mid-movement outwards is provided for in the tension of the main
springs, which is increased on that account to obtain a diminished
ratio of increase of spring force.
The range of lever motion is sufficient to regulate the speed
under all changes of load under all ordinary conditions of boiler
pressure, and it is obvious that the ratio of the centripetal to the
centrifugal force will remain the same whatever changes may
occur it. either the engine load or the boiler pressure.
To graphically illustrate the variation of the effective centripetal and centrifugal forces, and the use of the auxiliary springs,
let the line a A, in Fig. 3219, represent the length of the piston
stroke divided by lines representing points of cut-off at 4, 4, %, 4,
and § stroke. The vertical line a P is equally divided into lines
representing speeds.
Now, suppose that while the levers move from the inner to the
outer end of the range of motion, the distance of the centre of
centrifugal force from the centre of the shaft is doubled, and the
amount of centrifugal force will be doubled.
And if the total
spring tension, resisting the centrifugal force, is also doubled at
the same time, the two forces will increase in the same ratio, anj
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Fig, 3220.

the speed regulation will be isochronal.
Such regulation may be | tance from 4 to ¢ , at 4 cut-off by the distance c’, and at § cut-off
by the distance’c’’ from line 6 4’, and through these points we may
represented, so far as the centrifugal force is concerned, by a line
draw a curved line representing, in its curvature upwards, the
6 b' parallel to a A.
amount to which the centripetal friction would accelerate the
Now, suppose that the centripetal friction would accelerate the
speed at the earliest cut-off by an amount represented by the dis- speed ; this acceleration being represented, at } cut-off, by the
distance J’ c’ , at the earliest cut-off by the amount
bc, and at 3 cut-off by the distance 8’ c”.
This shows close regulation atand near ¢’, but near
» there will be a change of speed accompanying
changes of cut-off, and to remedy this, more spring
tension is required.
From

2
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rection, because, while the point of cut-off would

be

passing from c’ towards c’, the speed would be accelerating, whereas the engine load Is increasing, and its
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less tension, the diminution of spring force would be
more rapid, which would compensate for the increasing effectiveness of the centripetal friction.
By the application of the auxiliary springs PP, Fig.
3218, the speed may be cut down from c’ to &, This
will give stability of speed throughout all points of

'

|

it

}

yy

( STH

cut-off from

1, or c, to g, or J, leaving

a margin of

variation for points of cut-off between 4 and zero,
which margin is represented by radius @d ¢.
This

margin may, however,

be diminished, to any

required extent, by giving a spring tension that would
give the fastest speeds at the latest cut-offs, as represented by the line @@’, and on this line we may draw
the assumed frictional curve ¢¢' e’, corresponding to
line ¢ cc’, and it is seen that from

¢to

¢’ it is suff-

ciently isochronal, and by changing é e” to e’ @’, by
means of the auxiliary springs, the regulation becomes
sufficiently isochronal throughout the whole range of
cut-off.
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received with much favor in England, is shown in Figs. 3225 anc
3226, where it is shown in connection with a Corliss valve.
It comprises a double-beat valve, which governs the admission
of steam tothesteam chest. At the commencement of each stroke
of the piston this valve is raised positively by the action of an
eccentric ; the closing is effected by a trip gear under the control
of the governor, and the time of its occurrence depends on the
load of the engine. There is, of course, a second distributing
valve, which directs the steam alternately to each end of the cylin-

bian Exhibition.

A recent improvement in the design of this engine, and one that
is finding great favor, is shown in Fig. 3221 (frontispiece), which is
a triple-expansion engine arranged tandem, with the receivers
shown in position, and the passage of the steam throughout the
The valves for all three cylinders

are operated by one pair of eccentrics, the motion of the valve gear,
so far as the admission, expansion, etc., of the steam are concerned,
corresponding to that already explained with reference to the flatvalveengine.

PRACTICE.

The construction of the Proell cut-off valve gear, which has been

Fig. 3220 represents a triple-expansion engine of 1,250 horsepower, exhibited by the Buckeye Engine Company at the Colum-

engine marked by the arrows.

SHOP

MACHINE

der, and controls the exhaust.

One form of this gear is illustrated in the figures, but it also
takes many other shapes, according to the type of engine with
which it is employed. In the case before us the cylinder is vertical, as seen in Fig. 3225, and has a small valve chest cast on
one side near the base.
In this chest there works a Corliss
valve, shown in Fig. 3226 at v, operated directly and positively

Inthis improved engine, however, piston valves are

employed, the cut-off valve working inside the main valve.

An enlarged view of the reheater of the triple-expansion engine
shown in Fig. 3220 is shown in Figs. 3222 and 3223, from which
it will be seen that the live steam passes through a series of tubes
that are enclosed in tubes of larger diameter, the latter being

by an eccentric.

surrounded by the exhaust steam, which is thus reheated by the

This valve, it will be seen, unlike a slide valve,

requires scarcely any clearance to move in, and hence when the
Proell valve closes there is scarcely any steam between the two

live steam from the boiler.

Suitable drain pipes are provided for conducting away the
water of condensation.

valves.

The result is that the clearance space is practically no

a

~

Fig. 3224.

a valve that may be said to be telescopically connected, each part
being capable of self adjustment to its seat, taking up ‘ts wear,
while being not only a balanced but a double-ported valve. The

greater than with an expansion valve working directly on the back
ofa slide, while the cut-offis more sudden and there isless leakage.
This arrangement of valves is cheap to construct, and easy to
maintain in order.
A vertical tandem compound engine, designed for high speed
by Mr. J. C. Peache, is given in Figs. 3227 and 3228.
The
Peache engine is single acting, the balance of pressures on the
pistons being in one direction—namely, downwards—although
the arrangement of valve and the fact that the steam is admitted
to the upper side of the high-pressure and the under side of the
low-pressure piston at first suggests a double-acting envine.
The single-acting effect is secured by the device which Mr. Peache
terms the ‘controlling cylinder,” this term being applied to the
space comprised between the high and low-pressure pistons. It
will be seen that when the parts are in the position in which they
are shown in our section—namely, at the top of the stroke—the
capacity of this space is equal to that of the high-pressure cylin-

governor, Fig. 5, Plate XXXII., consists of a single moving piece

der; while, when

suspended upon one pivotal point.
?
The connection between the two cylinders in the tandem compound engine is shown in Fig. 6, Plate XXXII., from which it
will be seen that access t» the glands is free and unobstructed.

capacity is that of the low-pressure cylinder.
The steam contained in this controlling cylinder is thus compressed during the
up stroke, and expanded during the down stroke. As this enclosed
steam acts on the under surface of the high-pressure and the

Figs. 1 and 2, Plate XXX., represent the Ball centre-crank single

cylinder and the Ball tandem compound

engines, while Fig. 1,

Plate XXXI., represents the tandem compound with the bedplate

extended under the cylinders.
Fig. 3224 represents the centre-crank engine with automatic
lubrication.
Important features in the design and construction of this engine
are the construction of the slide valves, as shown in Plate XXXII.

The valves and ports are of the ordinary flat type working
between two flat faces, through both of which the steam is admitted
to the cylinder, as shown in Fig. 1, Plate XXXII., by the arrows.
The valve is in two pieces and provided with circular rings, one
fitting within the other and maintained steam tight by packing
rings, as can be understood from Figs. 1, 2, 3, and 4. This produces

the pistons are at the bottom of the stroke, its
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upper surtace of the low-pressure piston, the greater area of the
latter causes it at all times to exert a downward force on the combined pistons. Whether or not this downward pressure results
in a downward pressure on the crankpin depends upon the relation between the pressure of the steam enclosed in the controlling
cylinder and that in the lower end of the low-pressure cylinder
during the upstroke. By adjusting the quantity of steam enclosed
in the controlling cylinder, the pressure in that cylinder at the end
of the down stroke can be made to fall below that acting on the
under side of the low-pressure piston, and the inertia of the reciprocating parts can thus be overcome without throwing a strain on
the crankpin. The supply of steam to the controlling cylinder is
effected through a very small by-pass port (not shown in our section), which is momentarily uncovered by the high-pressure piston
at the top of its stroke.

Practically,

however, this port is found

to be scarcely needed when the controlling cylinder has once been
charged.
The action on the cylinder walls of the steam in this controlling
cylinder is interesting. Being compressed on the up stroke, it
heats the walls of the high-pressure cylinder to near the temperature of the steam which comes into contact with them during the
down

stroke, and thus produces, in this respect, over

the whole

cylinder, much the same effect as cushioning does to the piston
and cylinder cover surfaces of an ordinary engine.
The manner in which the distribution of steam is effected will
be readily understood from our section. There is, as will be
seen, a long piston valve, tubular at its upper part and carrying
three pistons. Steam is admitted between the upper and middle
pistons, while the exhaust from the upper end of the high-pressure
cylinder takes place over the top of the valve and down through
the tubular portion. Admission tothe lower end of the low-pressure cylinder takes place past the upper edge of the bottom piston
of the valve, while the exhaust escapes below.

The valve is worked from the head of the connecting rod by the
system of links and bell-crank lever shown, there being no eccentrics, and the spaces on the crankshaft between the cranks being
thus left free for use as bearings.
It will be noticed that the crankshaft is not placed under the
centre line of the cyiinders, but some distance to the front of the
engine. This causes the connecting rod to act at more favorable
angles during the downward, or working, stroke, and relieves the

pressures on the crosshead slide.
The crankshaft, connecting
rod, and crosshead guides are all enclosed in a chamber to which
the exhaust steam has access, but between the top of this chamber
and the bottom of the low-pressure cylinder a space is provided
for access to the glands, as shown.
There are many mechanical details about this engine which are
worthy of notice, but of these we can at present only speak briefly.
Thus the crosshead pin has a wearing surface of cast-iron, it consisting of a split cast-iron shell encircling a steel pin having a
coned head and a loose coned collar, by means of which the shell
can be set up tight in the jaws of the crosshead, thus making an
excellent job.

The piston rod, it will be seen, is screwed into the

crosshead, the part into which it is so screwed being split, and
being capable of being tightened up on the rod by a couple of
bolts.
By this means the clearances in the cylinders can be
adjusted for wear of the crosshead, connecting rod, or crankshaft bearings, without interfering with the latter. The governing is effected by a throttle valve, and in the case of the
engines at the Empire of India Exhibition the variations of
speed between full and no load is stated not to have exceeded
2 per cent.
The connecting rod is of cast steel, with white
metal bushes, and altogether the mechanical details of the engine
are well worked out, both to secure efficiency and economy in
manufacture.
A few particulars are given of a six hours’ trial of the first
engine of the type built, which was carried out at Colchester.
In this case the engine was run with steam at 130 lb. pressure, and the indicator diagrams which we reproduce were
obtained.
We are informed that the brake horse-power was found to
amount to 88 per cent. of the indicated horse-power, and that the
steam consumption was 22 |b. per indicated horse-power per hour.
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In this instance the cut-off was made late—as is necessary in
practice when a throttling governor is used.
Fig. 3229 represents a 400 horse-power tandem compound
engine,

by Messrs.

McIntosh

and

Seymour,

of Auburn,

New

York.
The prominent features of these engines are the gridiron valves
shown in Figs. 3230 and

3231, which

operate

crosswise of the

cylinders, and are driven by a valve motion which 1s positive
throughout.
The shaft governor shown in Figs. 3232 and 3233 regulates the
speed, and consists of centrifugal weights which vary the point of
cut-off by revolving the governor eccentric upon the shaft, and is
designed so that the centrifugal force of each weight is very great,
making the governor exceedingly powerful.
These forces are
opposed in a direct and frictionless manner by a plate spring
through hardened steel pins resting in cups at each end, so that
there is no friction or pressure due to these forces upon the pins
upon which the weights turn.
Dashpots are provided which
give stability to the governor.
The governor can be adjusted as to sensitiveness by changing the length of the pins
between the centrifugal weights and spring, these pins being
arranged to telescope for this purpose.
The speed is regulated by changing the weight of bushings in the centrifugal
weights.
The main bearings shown in Fig. 3234 are provided with cylindrical shells, which can be revolved around and taken out by simply jacking
up the shaft to take the weight off the bearings. It is
unnecessary to disturb other parts of the engine, and this feature
is particularly valuable when the armature of a dynamo is mounted
upon the engine shaft. These shells are made hollow for water
circulation, which can be used in case the bearings should warm
from dirt or other causes, to enable the engine to complete its run,
These bearings are provided with a positive feed self-oiling device.
Rings at the end of bearings throw off escaping oil into shields,
from whence it is conveyed to a large settling reservoir beneath
the bearing, provided with a gauge-glass for determining the
height of oil, A small pump driven from the valve gear
forces a continuous supply of oil from this lower reservoir
to one situated above the bearing, from which it is fed by
gravity on top of the bearing, keeping it constantly flooded
with oil.
BREAKDOWNS OF STATIONARY STEAM ENGINES.*—Having
been engaged during the last twenty years in the inspection and
insurance of factory engines, and having seen something of the
weaknesses and frailties leading to their breakdowns, it occurred
to the author to offer to the Institution a short digest of his experience on a subject which is naturally of much practical interest to
mechanicalengineers. The present paper is primarily statistical ;
but the statements of fact are interspersed with suggestions as to
their meaning, whenever the latter seems to have been ascertained. The statistics are derived from the last thousand breakdowns with which the writer had to deal previously to December
31, 1894. The number is no doubt small for forming the basis of
a statistical inquiry ; but the labor of searching more deeply into
the records of the past forbade its being exceeded.
These breakdowns have been analyzed and classified, in- order to show which
parts of the engines gave way first ; and then the breakdowns of
the different parts have been subdivided into groups, in order to
show as far as possible the various causes to which the breakages
of each of the several parts were due. In some instances, where
the causes of damage are well defined, the writer has ventured to
suggest the steps which should be taken to avoid them ; in others,
where they can less clearly be distinguished, it is left to the designers, makers, and

users

of steam

engines to draw

their own

conclusions from the evidence. The paper is not intended as a
treatise on steam-engine design ; but may be likened rather to a
mariner’s chart, whereon are marked the rocks and shoals round

which the wrecks lie thickest.
The results of the first analysis and classification are as follows :
* Paper read before the Institution of Mechanical Engineers, bv Mr.
Michael Longridge, of Manchester.
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TABLE

MACHINE
BROKEN

I.—PARTS. WHICH :APPEAR FO HAVE
FIRST, AND NUMBER OF CASES.

Valves and valve gear
Spurwheels .
‘
Air-pump motions
‘©
*
buckets and
Columns, entablatures,

.
.

Main shafts .

Connecting rods

;
°

‘
:

;
°

.
°

;

°

valves
‘
;
:
bedplates, and pedestals :

:
‘

213
124
121
88
86

:

'

,

49

.

:

j

:

:

;

.

°

,

:

:

:

:

zi

41

.

:

:

;

;

:

35

Parallel motions .
.
‘
Governors and governor gear

:

:
°

°
:

:
;

:
;

35
28

Piston rods .
‘
Piston-rod crossheads

:
;

:
;

:
;

;
:

‘
‘

‘
,

27
27

Pistons
_.
:
McNaught and main takes :
Flywheels.
,
:
Air pumps and sondensers ;
Cranks .
‘
;
:
‘
Gudgeons in beams
.
;
Crankpins
.
:
‘
°
Beams .
‘
‘
.

;
:
;
:
‘
:
:
‘

;
:
.
;
,
;
‘
;

,
‘
;
.
‘
‘
‘
:

:
;
‘
°
;
:
:
;

;
;
.
:
:
;
‘

22
22
19
13
“12
12
II
6

Slide bars.

,

;

:

,

:

5

Ropes .
:
°
°
Entire smash, no cause aacereined

‘
;

‘

Cylinders and valve chests

‘

:
.

F

P

Total number of breakdowns

‘

-

‘“K.

number of accidents which occur through the failure of bolts;
studs, split pins, and other fastenings, it might be expected that
the fastenings generally would have been assigned to a special
suit

the present purpose better to include the fastenings of each part
with the part itself. Thus the bolts securing piston covers to piscotters or bolts in

connecting rods are considered as parts of the connecting rods,
and so on,
Valves and Valve Gear.—The 213. breakages under this head
may be subdivided as in Table II.
VALVE

GEAR.

;
°

;
°

:
;

34
12

B. Eccentric straps broken:
Cause not ascertained
Weakness .
;
.
Various causes .
.

F
:
.

‘
e
;

.
°
°

II
8
5

:
:
.

—

C. Rocking shafts and levers broken :
Weakness, wear and tear, and causes not
ascertained
;
D. Nuts, cotters, and pins, for secuting valves to
spindles, got loose.
;
:
‘
:
E. Eccentric rods broken:
At screw threads
:
a
ee
;
Weakness

.

:

:

;

;

‘

21
9
5

Cause not ascertained

4
—

Carried forward.

24

23

‘

;

;

:

‘

;

7
6

:

:

:

5

.

:

;

:

22
213

had commenced

for con-

of valve gears, as regards
and workmanship of the

no fewer than 34 broke at
steel, and the appearance
showed that the fracture

at the bottom of the thread and had extended

gradually through the spindle. Doubtless, screw threads are
necessary for purposes of adjustment; but if used, they should
not be of the ordinary V-shape; gas threads are better, and round
threads are best. Moreover, the joints in the valve gear should
have adjustable brasses with large surfaces, to take up wear.
And above all, cross-bending

stresses, however

slight, should be

rendered impossible by the use of rigid and properly adjusted
guides.
The causes of the 24 breakages of eccentric straps in group B
were generally obscure. Some broke from heating ; two through
the valve motion getting jammed by foreign bodies; but most
from weakness, particularly weakness of the lugs or bolts by
which the two halves of the straps were joined together.
To weakness also were due most of the 23 breakages of rocking shafts and levers in group Cc, Or, if ‘‘ weakness ” be objected
to in the absence of definite proof or calculation, ‘inability to
bear the ordinary wear and tear of working ” may be substituted.
Of the 21 breakdowns in group D, caused by fastenings working
loose inside valve chests, 12 were traced to nuts coming off valve
spindles or to corrosion of screw threads, and five to cotters work-

Three were due to the breaking of buckles or bridles

from weakness ; and one tothe excursions of alump of iron, which

Cause or Nature of Breakage, and Number of Case.

A. Valve spindles broken :
Weakness of screw threads
Sundry causes.
,
‘

4
3
i

;

siderable improvement in the designing
both the strength and the arrangement
various fastenings.
Of the 46 valve spindles in group A,
screw threads.
Most of these were of
of the fractured surfaces nearly always

ing loose.
AND

II

abnormal stresses, it becomes evident that there is room

pinions had been included in the list. Therisk attending the use
of spur géaring, therefore, is not by any means to be estimated by
the proportion 124 per 1,000.
And, secondly, considering the

II.—VALVES

:

13

The results of the subdivision of this class are rather disappointing. The miscellaneous character of the parts included in it, the
uncertainty as to the stresses they had to bear, and the difficulty
of ascertaining all the circumstances attending their breakage, are
antagonistic both to brevity and distinctness.
Still something
may be learnt from it. As most of the breakages to which no
cause could be assigned were really due rather to inability to
endure the ordinary conditionsof work than to the action of any

it may be premised in the first place that the engine, as the word

TABLE

.

;

192
17

Total breakdowns of valves and valve gear

is used in the present paper, is limited by the crankshaft and the
wheels upon it. The spur pinion upon what is called in Lancashire the ‘‘second-motion ” shaft—that is, the pinion which is
geared with the driving wheel upon the engine crankshaft—is not
considered as a part of the engine. Jt is important to notice this
distinction, because the breakages of spurwheels would have been
much more numerous than stated in Table I. if the breakages of

tons are classified with pistons, the gibs and

Eccentrics broken

L. Sundry breakdowns

1,000

that it would

Brought forward
.
‘
.
°
°
F. Slide valves broken
‘
G. Eccentrics, nuts, cotters, or ether: fastenings
of valve motions, got loose
;
:

J. Brackets for Corliss valve spindles

It is unnecessary to discuss this list, as it represents merely the
preliminary sorting of the breakdowns into classes suitable for
closer examination. But before proceeding with this examination,

class ; but the author came to the conclusion

PRACTICE.

H. Brass pieces, pinned to valves for incheasing
the lap, had come off.
‘
‘
,
I, Trip motion of Corliss valve gear, brokers
Dashpot rods, from vibration
Other parts, cause not ascertained.
:

3
I

.

SHOP

18

132

had been bolted to the inside of a valve chest in order to reduce
its capacity. Probably the best way of fastening a slide valve to
its spindle is to thread it upon a plain tube a bare ,4 inch longer
than itself; to thread this tube upon the spindle ; and to secure
it by nuts screwed hard up against each end of the tube. If the
nuts be placed in recesses in the back of the valve, it becomes
absolutely impossible for them to get off the spindle. It is also
advisable to provide hand holes inthe valve chests or in the valvechest doors of large engines, in order to facilitate examination.
Of the 18 broken eccentric rods in group E, nine gave way at
the screwed ends by which they were attached
to the eccentric
straps ; exemplifying
the fatal effect of cross-bending stresses upon
\-threads. Nine broke in the body
of the rod without ascertained
cause,
|
The breakages of valves in group F were due, forthe most part,
to weakness.
In five instances the faces of common slide valves
were broken off from the exhaust hollow, probably through slamming against the cylinder face. In two the cast-iron jaws which
received the T-headed ends of the valve spindles were broken off.
Two valves having expansion plates on the back parted across the

STEAM
nearer or front portway ; the front piece, to which the spindle was
fastened,

became

detached

exhaust hollow was cast.
miscellaneous character.

from

the back

part,

in which

the

The remaining eight cases were of a

The 11 breakdowns resulting from the breaking loose of strips
of brass pinned to the edges of slide valves or ports need no
explanation. The remedy is evident.
SPUR GEARING.—lIn this class, as already explained, only the
driving wheels upon the engine main shafts were counted, the
driven wheels or pinions being excluded.
Had the latter been
counted also, the breakages of spur gearing would have been
nearly doubled.

Moreover, there were

many instances

in which

a wheel suffered a series of misfortunes, one following close upon
another, and all arising from the same cause.
In such instances
the whole series of breakages is counted as only one breakdown ;

ENGINES.
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of engines which turn rope drives through gearing is strong evidence of the danger of the arrangement.
For want of a more suitable expression, the 19 breakdowns in
group B have been ascribed to vibration. The cause is actually
wear and tear of a particular kind of segmental spurwheel working under particular conditions, which may be understood from
the following Table IV.
Except in two instances, where the teeth were cast upon the felloes or segments of the flywheel, the spur rims of all these wheels
were made in segments, generally machine moulded, which were
secured upon the outer circumference of the felloes by dovetails,
keys, and bolts, somewhat as shown in Fig. 3235. Ataaa
the felloes and spur segments in most cases were turned and bored to fit
each other. It will be seen that, except in the first instance, the
power transmitted was 1,000 indicated horse-power or more;

this also will make spur gearing appear less troublesome than it the speed at the pitch line was over 2,200 feet per minute ; and the
| teeth in the pinion were few in number, of great breadth.
.
really is.
The 124 breakdowns in this class may be grouped as follows :
Spur Gearing

TABLE

III.—SPUR

GEARING.

Cause or Nature of Breakage, and Number of Cases.
A. Backlash from belt or rope drums on second-motion shafts
B. Vibration due to high sneedh heats ieaa aDSaGlent
flywhee!, and small pinions
C. Excessive stress due to teeth Beaiae on ‘hee
corners and up to their points .
,
‘
:

D. High speed and irregular pitch
é
E. Bolts or pieces of broken teeth had got berween
wheels
:
‘
;
:
.
°
.
:
F. No evidence as to causes
é
:
:
:
:

19
16
II
10

9

G. Fractures from internal stress

‘

:

i

7

H.
I.
J.
kK.
L.

:
:
°
:
.
old w heels
:
:
.
:
‘
°

;
.
.
.

6
5
4
5
9

.

124

Insufficient or loose supports
Mortice wheels stripped
:
Putting new pinions to work with
Small size of pinions
.
Sundry causes and pure aceaent

j

23

Total breakdowns of spur gearing

;

J.1 group A, the word “ backlash ” is used in the extended sense
in which it is understood in Lancashire and Yorkshire, including
not only backlash proper, but also break of contact between the
working faces of the teeth of the two wheels when the driven
wheel overruns the driver without actual backlash.
To place rope or belt drums of any considerable size upon the
shafts driven by spur gearing is nearly always dangerous. Such
drums are often put upon second-motion shafts, to replace existing gearing or to drive additional machinery.
As they have
generally to be got into existing buildings where there 1s little
room to spare, there is often a great temptation to keep down
their width, and to adopt a high circumferential speed.
This alone is sufficient to make the pinion on the second-motion
shaft overrun the spurwheel on the main shaft of the engine : but
when, in addition, the ropes or belts bounce, as they sometimes

do if long, unless the engine has a powerful flywheel, the effect is
sure to be disastrous to the gearing. In fact, it may be safely
stated that heavy rope or belt driving should never be placed in
sequence to spur gearing, except after special investigation by a
competent engineer fully aware of the risk thereby incurred. The
conditions

necessary to success

are, first and

most

important, a

powerful flywheel on the engine crankshaft ; secondly, a fairly
uniform load, or a load which changes but slowly ; thirdly, slow
speed of ropes. It is true that, if the speed of the ropes be
reduced, their number and weight must be increased, but it must
be remembered that while the capacity of a rope to transmit
power varies at moderate velocities approximately as the speed,
its capacity for doing mischief, being measured by its energy,
varies as the speed squared.
Hence, although two ropes running
at 2,000 feet per minute may be required to transmit the same
power as one running at 4,000 feet, the two will have only half
the power of the one in respect of damaging the gearing. The
fact that 23 breakdowns have occurred among the limited number

Fig. 3236.
TABLE

IV.—SPUR

GEARING.

Nineteen Segmental-rim Wheels Driving Pinions.
CircumPower | ferential |Mean PresTransSpeed.
sure on

mitted.

| Feet per

Teeth.

Pitch of
Teeth

Breadth
of

‘

Teeth.

| Number
_of Teeth

,in Pinion.|

Minute.

Velocity
Ratio, or
Ratio of
Revolu-

_ tions of

Pinion and
Wheel.

1.h.p.

Ib.

in.

in.

700

2,250

10, 100

4.5

14!)

1,000

2,356

I.4,0GO

5.4

|iy

|
42

ne

©©

3.8

3-4

I ,O00

2,334

I.4,200

5.0

18

43

3.2

I ,00O
1,000

2,261
2,241

14,600
14,700

5.5
5.6

18
18

41
46

3-3
2.5

1,000

| 2,208

| 14,950

5.0

18

47

3.2

2,200
2,318
2,401

15,000
15,400
15,000

5.62
5.25
5.0

1S
16%
17

46
43
=i

3.4
3.0
2.9

5.0
| 5.3
5-75

17
18
IS

ay
43
46

2.9
3.1
3.1
3.0

I ,0O0O
1,080
1,100

1,100

| 2,406

15,100

I,100
1,130
1,150

2,410
2,242
2,320

15,050
16,600
16,300

a

|

|

18

50

2.3

I,150

2.320

| 16,350

5.75

1S

47

I,IgO

2.323

| 16,g00

ye

18

x

3.0

I,200

2.209

|! 17,900

5.0

Ig

52

3.0

I, 200

2,418

| 16,400

4335

Ig

1,220

2.2

|

5.0

184

1,360 | 2,325

18,200

| 19,300

435

18

;

§2

3.2

49

3.2

;

2.8

Moreover, in many cases the pinion teeth were made of such a

shape as to havea longer contact with the wheel teeth before and
after passing the pitch point. All these wheels failed in one or
two ways. Either the teeth were fractured, as shown at a a a, by
excessive pressure on their ends, owing to the crankshafts shifting
in their bearings or getting out of level ; or else the bearing of
the segments upon the felloes and against each other was ground
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away by jar, and the segments broke across, generally between
the end tooth and the end but one. It is not possible to describe
in detail the causes of this destructive jar, or the symptons by
which it may be detected ; it is preferable to avoid entirely the
use of wheels of this design under the conditions of large power
and high velocity ratio.
If it be absolutely necessary to use gearing under these conditions, the spur segments should be carried upon the arms of the
flywheel, as shown in Fig. 3236, at B and C, and not upon the felloes ; and the latter should have as large a radius as can be got
in between the crankshaft and the second-motion shaft, so that the
power of the wheel may be as great as possible.

To place the spur rim, whose velocity should be low, on the outside of the flywheel, whose velocity should be high, is contrary to
common sense. The number of teeth in the pinion should approach 60; and in order to obtain sufficient strength, with the fine
pitch which the division of the circumference of the pinion into as
many as 60 parts will frequently require, the spur rim and pinion
should be of steel. Contact should commence about half a pitch
before the pitch point, and should cease about a pitch beyond, so
that the work may be done rather in going out of gear than in
coming into gear. This means that the bearing of the teeth upon
each other should extend but little on each side of the pitch line :
in other words, that the teeth should beshort.

In no case should

their height exceed half the pitch. In some cases even shorter
teeth may be desirable, in order to gain strength and to diminish
wear ; for when wheels differ much in diameter, the sliding of the
teeth upon each other increases rapidly as their line of contact
recedes from the pitch line.
Short teeth may be narrower than longer teeth, and thus will
be less likely to suffer from concentration of the pressure on their
ends. Itis also a good plan in moulding the teeth to level the
wearing faces of the teeth of both wheel and pinion at the ends
which are at the bottom of the mould ; sothat, when

the wheels

are geared together, with the bottom face of one wheel opposite
the top face of the other, the bevelled faces of the wheel teeth will
be at the right or left hand end, and those of the pinion teeth at
the left or right hand end, thus preventing concentration of pressure upon the extreme ends of either. This is a better plan than
bevelling the ends of the teeth. When the number of teeth in the
pinion has to be reduced to 40 or less, double helical gearing
should be used ; but in this case, the length of the second-motion
shaft which carries the pinion should be short; and the shaft
should have a claw coupling at each end, in order to allow the
pinion to move from side to side, so as to distribute the load
equally upon each half of the double tooth.
Finally, the pedestals for the second-motion

shaft, and the fix-

ings which carry them, must be massive and rigid. It is well to
use wood keys behind these pedestals, in order to allow the wheels
to separate, should anything get between them.
The 16 breakdowns in group C are attributed to causes similar
to the last ; but with this difference, that the more serious evils

of heavy load and high velocity ratio were not both of them present. By keeping the shafts level, and the points and roots of the
teeth chipped, most of these breakdowns might have been prevented. Many steam users are quite satisfied to see a pair of
wheels with teeth polished from point to root, considering they
have reached perfection. This is all very well, so long as the
crankshaft can be held quite steady; but let an accident occur,
such as a hot neck or anything which will displace the wheels by
ever so little, and the result is sure to be disastrous.

In group D, containing breakages from high speed and irregular
pitch, 10 out of the 11 wheels had spur segments moulded from
patterns, instead of by machinery;

and in 3 of the ro the teeth

were cast upon the felloes, and were twisted and drawn, as they
generally are when cast in this way, by the contraction of the
mass of metal of which they form a part. In every instance the
speed was high, and in several cases there was more or less backlash or overrunning.
Out of the 10 breakdowns in group E, caused by bolts or broken
teeth getting between the wheels, 6 were caused by bolts used
for fastening spur segments.
In each instance the bolt passed
through the segment between the teeth, its head being counter-
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sunk ; and it was secured by a nut on the inner side of the felloe
or bracket to which the segment was attached. The bolts broke
at the screw threads, and the shanks, having nothing to hold
them back, were driven out by centrifugal force. Few wheels
have segments fastened in this way, but among the few were these
6 breakdowns.
Of the 7 wheels in group G which broke from internal stress,
6 were cast whole, of the following diameters : 6 feet ; 6 feet 10
inches; 8 feet 2 inches ; 9 feet 8 inches ; 10 feet; and Io feet 11

inches ; and one of Io feet 9 inches diameter was cast in halves.
When large wheels are cast whole, the bosses should be split at
least between each pair of arms, slotted out, and packed with
planed wrought-iron plates, the whole being afterwards secured
by strong wrought-iron hoops shrunk on each end of the boss.
A key should be fitted under each segment of the boss.
In the 5 instances in group K, in which the breakages have
been attributed to the small size of the pinions, the numbers of
teeth in the pinions were 29, 32, 34, 34, and 36.

possible to make

It is, of course,

wheels mathematically correct with less than

half these numbers of teeth ; but where one of the shafts is mov

able, like the crankshaft of an engine, pinions with so few teeth
cannot be used to transmit much power, except at speeds unsuitable for mill work, Such wheels should have double helical teeth,
as already described.
AIR-PUMP MOTIONS.—The 121 breakdowns of these parts may
be subdivided as in Table V. subjoined.
The breakages of air-pump motions are almost as difficult to
treat as those of valve gear. There is the same uncertainty as to
stresses, and the same

absence of detailed information

as to the

dimensions of the broken parts and as to the circumstances under
which the breakdowns occurred. The consequence is, that nearly
half the cases have been included in group a under the heading,

“weakness, wear and tear, or neglect.” At first sight it might
appear that there should be no difficulty in distinguishing between
the effects of these three causes ; in fact, it is otherwise.
TABLE

V.—AIR-PUMP

MOTIONS.

Cause or Nature of Breakage, and Number of Cases.
A. Weakness, wear and tear, or neglect
Air-pump rod crossheads broken
;
B
Levers, principally bellcrank, broken .
;
Crankshafts, cranks, rocking shafts or eccentrics, broken
:
Slides or slidebars broken

:
.

;
;

,

.

RB. Air-pump rods broken :
At cotter holes by driving cotters, or from
weakness at other parts .
‘
‘
‘
From various causes .
:
‘
‘
;
C, Fastenings getting loose :
Cotters coming out of top ends of bucket
rods

;

;

‘

,

;

:

°

Cotters coming out of other parts of motions.
Bolts breaking or getting loose .
‘
;
D. Breakages of eye bolts or rod ends at bottom
of trunks from wear
:
‘
,
,
E, Fastenings at bottom ends of bucket rods getting loose or breaking
.
‘
‘
:
F, Sundry breakages .
:
;
‘
°
‘

Total breakdowns of air-pump motions

20
17
II
3—

«at

15
6—

21

7

4
7—

18
14

12
5

,

The load on an air-pump bucket when the head valve opens
may be anything from Io lb. to 20 Ib. per square inch; for the first
a motion may be sufficient ; for the second, far too weak.
Again,
with the arrangement of links, bellcrank levers, and side rods,

commonly adopted for horizontal engines—and 46 out of the 51
motions in group A were of this kind—the distribution of the load
upon the different parts may be materially affected by improper

adjustment of brasses and cotters ; yet all evidence of the fact
may be destroyed on the occurrence of a breakdown. As regards
the crossheads, the author has sufficient data tosay that they were
generally too weak.
As regards the other parts mentioned in group A, there is not
enough information to decide which of the three causes—weak-

STEAM
ness, wear and tear, or neglect—was

most destructive.

All that

can be said about them is that they afford strong evidence that
many

air-pump

motions

are

unable

to correspond

with their

environment.
They need more attention than they commonly
receive, greater strength, larger bearings, cleaner and lighter
situations. One reason they are so often neglected is that they
often cannot be approached with safety while at work, and only
at the expense of a suit of clothes while standing. For factory
engines, where weight is of little consequence, the parts should
be calculated to bear a load of 20 lb. per square inch upon
the

bucket

with

a stress

of, say,

5,000 lb. per square

inch;

and the wide crossheads with side rods far apart, so common

in

horizontal engines, should, if possible, be done away with.

The second group, B, is important, because cotters are here met
with for the first time.

It contains 15 instances of rods broken at

the cotter hole. Cotters are often treated with slight consideration. This is unwise, because a little inattention will change a
cotter from a useful servant into an effective instrument: of
destruction.
For instance, if a cotter has not exactly the same taper as the
cotter hole, the stress

will be concentrated
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on the metal at the

edge of the cotter hole, where the material runs up to a sharp
edge. Again, ifthe cotter be not deep enough to be absolutely

cotter hole, being in the neutral position, may not suffer deformation.
Cotters occur also in the third group C; and it is worth noting
that 6 of the first 7 breakdowns in this group were caused by
cotters coming out of the top ends of air-pump bucket rods of
beam engines.
The fourth group, D, is more

satisfactory

to deal with, as it

teaches a definite lesson. Among the engines which have furnished the material for this paper there were certainly not many
more than 14 which had air-pump buckets driven by trunk motions,

possibly not even so many as 14; so that the figure in Table V.
shows that, if the trunk motions insured did not all of them break

down, at least a large percentage of them did, and some of them
more than once. The cause was the same in every instance—
accumulation of dirt in the bottom of the trunk, wear of the pin
connecting the rod to the eye bolt, or of the eyes in which the pin
worked, heavy knocking, and breakage.
The lesson taught is
that trunk motions should not be adopted, if there be room for
any other arrangement.
The fifth group, E, is also satisfactory, as showing clearly what
should not be done in the matter of fastening air-pump buckets
upon their rods. In all the 12 instances the buckets were slipped
upon the end of the rods, and secured against a cone or collar by

nuts or cotters or both on the under side. Thus the fastenings
could not be examined without drawing the buckets, and were
neglected till they got loose or broke, or disappeard by corrosion,
the edges of the cotter hole may be much enhanced if the rod be with the result that the buckets dropped off the rods, and were
pounded to pieces by the rod ends. The collar or the big end of
permitted to bend in the plane in which the cotter is driven. A
the cone should be at the extreme end of the rod, and the bucket
cotter should, therefore, be deep enough to be rigid, and should
be accurately fitted.
The cotter hole should be formed with all should be secured against it by a cotter, or preferably by a nut, on
its edges well rounded off, so as to increase the quantity of the upper side ; the same cotter or nut may also secure the guard
:
And, lastly, | if the bucket have a single valve. Or if plain cast-iron buckets be
metal available for bearing the maximum
stress.
the cotter should be driven in the plane at right angles to- used, they may be warmed and screwed firmly upon the ends
that in which bending of the rod is likely-to occur, so that the | ‘of the rods, which may then be riveted over.
VOL. Il. —61.
free from any tendency to bend, the same

concentration

of stress

upon the extreme edges of the cross-section will occur. And even
if the cotter be absolutely rigid and accurately fitted, the stress at
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the most careful usage | instance, if we take two cylindrical boiler shells, each 5 feet in
for a steam engine requires
obliaves boiler
and inspection, in the first case because
a good boiler
may be diameter, the first one made of plate } inch thick, and the second
destroyed very rapidly by careless usage, and in the second case twice that, or 1 inch thick, and if the first is equal to a safe workof go lbs. per square inch, then the second is equal to
because the durability of a boiler depends to a great extent upon ing pressure
a
safe
working
pressure of twice as much, or 180 lbs. per square
matters that are beyond ordinary control, and that in many cases
inch,
providing,
of course, that the riveted seams are of equal
do not make themselves known except in their results, which can
strength
in
each
case,
and that both boilers are allowed the same
only be discovered by careful and intelligent inspection. All that
the working engineer is called upon to do 5s, to use the boiler properly, keep it clean, and examine it at such intervals as the nature
of the conditions under which it is used may render necessary.
The periods at which a boiler should be cleaned and mspected
depend upon the quality of the water, whether the feed water is
purifed or not, and to a certain extent upon the design of the
boiler ; hence these periods are variable under different circumstances.

margin for safety ; hence we have :

Diameter
of boiler.

{| Thickness
of shell. | Safe working pressure.

5 feet.

+ inch.

5

I

6¢é

eé

|go Ibs. per square inch.
180

€«

6

ac

“é

“These principles (namely, that the strength of a boiler is, all

other things or elements being equal, inversely proportional to its
The horse power of a boiler is estimated in various ways, and diameter, and directly proportional to its thickness) afford us a
there is no uniform practice in this respect. Some makers esti- groundwork upon which we may lay down rules for determining by
mate a boiler to have a horse power for every fifteen square feet | calculation the strength of the solid part? of any boiler shell, and
of heating surface it possesses, while others allow but 12 square the bases of these calculations are as follows:
feet.
The heating surface of a boiler of any kind is the surface that
is exposed to the action of the fire on one side, and has water on

“If the shell plate of a cylindrical boiler is } inch thick, there is

the other ; hence the surface of the steam space is not reckoned as

heating surface, even though it may be exposed to the actinn of
the heat.
The effectiveness of the heating surface of a hoiler
obviously, however, depends upon the efficiency of the fire, anu this
depends upon the amount of draught, hence the estimation of horse
power from the amount of its heating surface, while affording
to
a certain extent a standard of measurement or comparison while
the boiler is not in use, has no definite value when the boiler is
Fs
erected and at work.
Fig. 3237.
Thus whatever amount of steam a boiler may produce under a
poor or moderate draught, it will obviously produce more under an
increased draught ; hence the efficiency of the same boiler depends to | one inch section of metal to be broken before the boiler can be
divided into two pieces, that is to say there is $ inch on each side
a certain extent upon the draught, or in other words upon the quantity of fuel that can be consumed upon its fire bars.
The amount of water required in steam boilers varies from 16
(bs. to 40 Ibs., per horse power per hour, and it has been proposed
to compute the horse power of boilers from the water evaporation,
taking as a standard 30 Ibs. of feed water at a temperature of 70
degrees, evaporated into steam at a temperature of 212 degrees, at
which temperature the steam is assumed to equal the pressure of
the atmosphere.
*« The strength of the shcil of a cylindrical boiler to resist a
pressure within it, is inversely proportional to its diameter and
directly, to the thickness of the plate of which it is formed.
‘‘For instance, take three cylindrical boilers each made of }
inch

plate, the first one

2 feet 6 inches

in diameter;

the second

twice that, or 5 feet in diameter ; and the third twice that again,
or 10 feet in diameter ; and if the 2 foot 6 inch boiler is fit for a safe

working pressure of 180 Ibs. per square inch, then the 5 foot boiler
will be fit for exactly one-half that amount, or go Ibs. per square
inch ; and the ten foot boiler will be fit for half the working pressure of the five foot boiler. hence we have:
a
Diameter of boiler shell. Thickness of plate. ‘Relative working pressure.
2 feet 6 inches.
§
Io

4 inch.

€¢
t 4

180 Ibs. per square inch.

€6é

6

“6

66

éé

6é

«¢

6¢

6«<

-e

ee

6

’

45

“The reverse applies to the thickness of the plate.
For
Se ee
ee es
* From ‘“‘Steem Balers.”

Fig. 3238.

of the shell, as shown in Fig. 3237. and the two together will mak
1 inch.

If we take a ring an inch broad, as, Say, at A in Fig. 3238

we shall obviously have a section of 1 square inch of meta/ to break
before the ring can be broken into two pieces.
* In the case of the riveted joints or seams other considerations
come
in, as will be shown hereafter.
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«The next consideration
ts, what ts the average strength of a ; botler shell plate in inches or decimal parts of 2. mech, and this
plate of boiler iron’ Now suppose we have a strip of boiler iron sum divided by the internal diameter of the bosler, m inches, gives
2 inches wide and } inch thick,
or, what is the same thing, a bar
the pressure (in Ibs. per square mech) at which the boiler shell will
of boiler iron 1 inch square, and that we lay it horizontally and pull burst.”
its ends apart until it breaks, how many Ibs. will it bear before
We have here only considered the strength of the solid plate of
breaking ? Now for our present purpose we may assume
this to | the shell, and may now consider the strength of the riveted jomts,
be 47,040 Ibs.. and if this number of Ibs. be divided by the diameter || because, as the boiler cannot be any stronger as a whole thar its
of the boiler in inches, it will give the bursting pressure im Ibs. for weakest part ts, and as the riveted jomts are the weakest parts of
any square inch in the ring, or any other square mch in the | a cylindrical boiler,* therefore
the strength of the riveted joint
eee
ee
| determines
the strength of the boiler.
“The reason for dividing by the diameter of the boiler is as fol¢ “‘ The strains to which a riveted jomt is subjected are as follows;
; lows : That acting to shear the rivet across its diameter
ts cailed
“Of course the steam pressure presses equally on all parts of the |the shearing strain. But the same strain acts to tear the plate
interior surface of the shell, and may be taken as radiating from | apart; bence, when spoken of with reference to the action on the
the centreof the boiler,as m Fig. 3239, which represents
an end | Plate, it is called thesearing strain.
| ** The same strain also acts to crush and rupture the plaie be| tween the rivet hole and the edge of the plate, and im this connection it 1s called the crushing strain.
|
«Thus, Fig. 3241 represents a single riveted lap jomt,
in which
of

“sy
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/

ee
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w=
=

Fig. 3239view
of a stripan inch wide,
of one half of a boiler.

Now leaving

the riveted seam out of the question, and supposing the shell to be
truly cylindrical, and the metal to be of equal quality throughout, it |
will take just as much pressure to burst the shell apart in one |
direction as it willin another, hence we may suppose
that the |
boiler is to be burst in the direction of arrow a, and it 1s the section |

Fig. 3241.

of metal at 4 6 that ts resisting rupture im that direction.
| the jomt at rivets A, B, and C is intact, the metal outside of D has
«Now suppose we divide
the surface agamst
which the steam | crushed, the rivets E, F have sheared, and the plate has torn at H,
| leaving a piece J on the rivets K L.
to find the amount of area acting on each division to barst the
“It is obvious that, since it 1s the same stra that has caused
sheil in the directionof arrow
a, we drop perpendicular lines,
as | these different kinds of rupture, the jomt has, at each location,
line ¢, from the lines of division to the line 5 4, and the length of | simply given way where it was the weakest.
the line divided off (by the perpendicular)
on the diameter repre- | “If a riveted
jomt was to give way by tearing only, the tndicasents the effectiveness of the area of that division to burst the bower
in the direction of arrow
a, thus for that part of the boiler surface
situatein the first division, or from4 to he
¢, the area acting to
burst the boiler in the direction of a is represented
by the length
presses into six divisions, by lines radiating from the centre C, and

of the line 2, while
the general direction
of the pressure
on this
part of the shell ts represented
by arrow m.
Similarly, for that part of the shell situate between vertical line

¢ and vertical line /, the general direction of the steam pressure ts
denoted by the arrow/, while the proportion of thts part that is
acting to sever the boiler in the direction
of a ts represented by
the distance a, or from the line ¢ to line / measured
on the line
bb.
‘« By carrying out this process we shall perceive that, although the |
pressure acts upon the whole circumference, yet its effectiveness |
in bursting the boiler in any one
direction is equal to the boiler
diameter. Thus m Pig. 3240, the
pressure acting in the direction
of the arrows a ‘and to burst the

boiler apart at 5 5) is represented
by the diametral line 4 5, while
the pressure actually exerted
upon the whole boiler shell 1s
represented by the circumference

of the boiler.

i

CLA

MN

I

ia
a
c
Fig. 3240.

Fig. 3242

tion would be that the proportion of strength was greatest im the
| rivets, which might occur from the plate being of inferior metal to
| the rivets,
or from the rivets being too closely spaced. If the rivets
(hae et and the plate remain intact, it would indicate insuf-

| ficient strength in the rivets, which might occur from faulty mate-

i rial in the rivets, from smallness of rivet diameter, or from the

| rivets being too widely
:
| * The object then. in designing a riveted jomt ts to have its re-

| *It may be here noted that the riveted jot of a flat plate is stronger
| than the flat surface of the plate, because at the joint the plate is doubled,

“To proceed, then, it will now be clear that the ultimate strength | Orcs piste Overi=p> (be other

“t the boiler mzcerial, multiplied by twice the thickness of the .

+ From ‘‘Sicem Bowlers.”
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sstance to tearing and shearing proportionately equal, whatever | practice
m the United States. itis a lap jomt, with a covermg
form of jot be employed.”
satiation
airgap rivets E and F are im singie and

should always be im excess of the plate section, whereas, in ordimary
Americam practice, for stationary cagine boilers,
the plate and rivet
percentages
are made equal.

C

SS

SSA

&

aS

WSEEV

\
.8

SRN

there is no difficulty
m obtaming a safficentiy
bagh percentage of
| Strength im the jomts, by using the ordimary doable riveted jomt,
but when we have to deal wath thnck planes, as im the case of large

.
_

bre

:

ne forms of trveted jommes employedm bosier work are 2s | marine boilers, as 1 imch or upwards, a more costly form of joimt
Ows :

,

Fig. 3242 represents a single riveted lap jotat. Fig.
3243 repre- |

sents 2 double riveted ap joint, chain riveted ; and Fig. 3244, 2 |
double riveted lap joimt, with the nwets arranged zigzag.
Fig. 3245 represemts 2 single and Fig. 3246 a double riveted
“

: SS
i a)

S&S [=e
iat

mustbe employed,
m order to obtam the required percentage
of

Fig. 3245

| Strength at the jomt; hemee the ordimary double riveted jomt is
replaced by varzous other forms as follows :
« First, a triple mgzag nveted ap jomt, such as shown m Fiz.

beekt pount, so called because the ends of the bosier plate abet to- |

The advantages of tine butt joimt are, first, that the boiler shell is |
kept more traly cy§imdirncal, amd the jomet is mot able to bend as it

does in the lap joints, im tine attempt of the boiler (whea under

pressure) to assume the fowm of 2 tree arcie, amd second that the

Fig. 32gh

aie

Slared
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ductile

ee

ee

a ae
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eee
apart, whereas, im a butt joint, the miwet mast shear om each side
of the plate, and therefore
in two places.
Pig. 3247 represents a form
of jomt muck used tm locomnotive

3248, of 2 cham mveted jor as m Fir. 3249, m both of winch the
thord row of mvets emables the mvet pitch to be mereased, thos
So
wile the thard row of mvets ako
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‘A double riveted butt joint with double straps is shown
‘in Fig.

«To
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find the distance between the rows oi zigzag riveted joints:

3250, and a treble with double straps in Figs. 3251 and 3252.

WV(Ip + 42) x (p + 4d)

‘Third. By various arrangements of the rivets in conjunction

Io

that is, multiply 11 times the pitch plus 4 times the rivet diameter,
by the pitch plus 4 times the rivet diameter, then extract the square
root and divide by to.
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Fig. 3249.
( ft

TESS
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with butt joints and double straps, with which it is not necessary,

at this point, to deal.

‘One of the great advantages obtained by the use of the
double strap is that of bringing the rivet into double shear (or in
other words, the rivet must shear on each side of the plate, or in

MSS
CANN

i

TESS

two places, instead of between the plates only, before the joint can

give way by shearing), and thus obtaining an increased calculated

|
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Fig. 3252.
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WeddedTo,

find diagonal pitch pid multiply the pitch 2 by 6, then add
4 and ‘divide by ro, thus:
a

AYITTIN

NHS
SS
S

Le
AU
A
CAL
NZZZA
STIS
wl
Z
\
ATT

ange

' -Fig. 3253 represents a‘form of high percentage joint, used upon
marine boilers of 10 to 14 feet diameter, and carrying from foo

Fig. 3250.

\N

strength of 13 times the ordinary or single shear, the rule being to
find the rivet strength in the ordinary way (as before explained),
and then multiply the result by 1.75.
‘‘The Board of Trade rules for spacing the rivets of these joints
are as follows:
‘Dimension E 1s the distance from the edge of the plate to the

I|
ZAM

LZ
|
RSS
VA

|

always measured from centre to centre of the rivets, and dimension fd is the diagonal pitch of the rivets.
“The rule for finding dimension E, whether the plates and rivets
are either of steel or iron, is as follows:
‘‘Multiply the diameter of the rivet by 3 and divide by 2, the

formula being as follows :

‘To

find the distance Vv between

riveted joints.

This

rivet diameter, and

distance
a more

must

:

= E.

the rows

of rivets in chain

SSIIISSS
\
LL,
ZZ
a
NS ZZ.

not be less than twice the

desirable rule

is four times the rivet

ZZ
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|
2
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centre of the rivet hole.
Dimension V is the distance between the
rows of rivets, dimension # is the pitch of the rivets, which is

3xd

:

Fig. 3253.
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Oe

diameter plus 1 divided by 2, thus:

q¢ +1
2

1 to 190 lbs. pressure of steam.
=

V.

The rivets are what are termed

unevenly pitched, or, that is to say, on each side of the joint, there
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are three ruws of rivets, of which the inner and outer rows are
wider pitched than the middle row.
*«The advantage gained by this spacing is that the shear of
the outer row of rivets is added to the plate section at the narrow
pitch, that is to say, if the plate section broke through the line of
rivet holes at the narrow pitch, it has yet to shear the outer row
of rivets before the plate can separate.”
Fig. 3254 represents a second example of joint with nvets unevenly pitched, this form finding much favor in recent practice.
The tour inner rows of rivets are spaced at narrow pitch and the
two outer rows are wide pitched.
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the strength of this joint is but 50 per cent. of that of the solid plate,
and we have as follows :
Strength <strength Twice
of maof rivet- the plate
terial. ed joint. thickness.

48000 x .50 x (.25 x 2)
36

x

Internal diam.
of boiler.

= 83} Ibs. = W.F.

Factor of
safety .

Here then we find that the working pressure of the solid plate
is double that of the riveted joint, and that the working pressure
of the boiler is 83 lbs. per square inch, notwithstanding
that the strength of the riveted joints is but 50 per cent.
of that of the solid plate.
Such a boiler would not, however, be used for a pressure of over 60 lbs. per square inch.
If the above-named boiler was double riveted so as to
bring the percentage of joint strength up to say 70 per
cent. of that of the solid plate, its working pressure would
be 116 Ibs. per square inch, thus:

“cma: (oldea pas.
48000 x .70 + (.25 x 2)
36
Internal diam.

«®

of boiler e

oN

x

116% lbs. = W.P.

Factor o
safety.

But in practice such a boiler would not be used for
pressures above about 75 lbs. per square inch, hence the
Shell plate thickness is still largely in excess of the requirements, and it may be remarked that plates less
than } inch thick are not used on account of the difficulty
of caulking them and keeping them steam tight.
SIA
SOS
SUA
OS MLN
hididkddidiiiiii¢hitis}diidii{ttitiitititt
On account therefore of the excessive strength of the
Shell plates in boilers of small diameter, butt straps are
Fig 3254.
rarely used in stationary boilers, while punching the rivet
holes and other inferior modes of construction are employed.
We may now consider the circumferential seams of the boilers for
+ ‘* The strength percentage
of this joint is calculated from three
points of view, as follows :
stationary engines, such boilers sometimes being of great length in
proportion to the diameter.
“First. The plate section at the wide pitched rivets.
In proportion as the length of a boiler (in proportion to its diame‘‘Second. The rivet section in one pitch.
“Third. The plate section at the narrow pitch plus half the ter) is increased, the construction of the circumferential or transverse seams, as they are sometimes called, becomes of more impordouble shear of the outer or wide pitched rivet.”
The steam pressures generally employed in the boilers of station- tance.
The strength of the circumferential seams is so much greater
ary engines range from about 60 to roo Ibs. per square inch, and
as a result of these comparatively low pressures less perfect forms
than that of the longitudinal seams that it is often taken for
o construction are employed than would be permissible if higher granted that they are sufficiently strong if made with a lap joint and
single riveted, but that such is not always the case will be shown
pressures were used.
The strength of the shell plate of boilers of small diameter is al- presently.
ways largely in excess of the requirements, and as a result the
In Fig. 3255 is represented a boiler composed of three strakes
(2.
é., three rings or sections), and it is clear that as the thickness of
strength of the joints may bear a very low percentage to that of the
solid plate, and yet give a sufficient factor of safety for the working
pressure.

O-.P. es

O

Take, for example, a boiler shell of 36 inches internal diameter

with a shell plate 3 inch thick, and allowing the strength of the material to be 48,000 lbs. per inch of section,

and

with a factor of

safety of 4, the working pressure will be 166 lbs. per square inch,
thus :

ofthe
ma-ness
xby
terial
2.
Seno

6664 Ibs. — bursting pressure.

Diameter of boiler.

By dividing this 666 by the factor of safety 4 we get 166% lbs. as
the working pressure of the shell plate independent of the riveted
jomt. Usually, however, such a boiler would not be used for a
pressure above about 60 Ibs. per inch, and this leaves a wide mar-

gin for the reduction of strength caused by the riveted josnts.
Suppose, for example, that a single riveted lap joint is used, and
* From ‘‘ Steam Botlers.”
+ From ‘‘ Steame Batlers.”

Fig. 3255.

the shell is doubled at the circumferential seams where the ends of
the middle strake pass within the end strakes, therefore the strength
of the lapped joint of the shell to resist rupture in a transverse direction, as denoted by the arrows A, B, is actually increased by
reason of the lap of the riveted joint.
But suppose this boiler to
be supported at the ends only, and the weight of the shell and of the
water within it will be in a direction to cause the middle of the
boiler to sag down, and therefore places a shearing strain on the
rivets of the circumferential seams.
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Moreover, tue temperature of the outside of the boiler cannot be | safety is made.
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These additions to the factors of safety with

made or maintained uniform, because the fire passing beneath the | reference to the longitudinal as compared io the transverse seams,

bottom
of the boiler first will keep it hotter, causing it to expand | are given in the following
table :
more, and this expansion acts to shear the nvets of the circumferential seams. In proportion as the heat of the fire varies in in-

tensity, the amount of the expansion will vary, and the consequence
s that the circumferential seams may get leaky or the joint may

ls

Nagare ef the deviation in the construction or workmanship.

multiplying the area of the end of the boiler by the working press-

$2 5

<2
(282

<
425

(Zs2

223

3S

oe

pressure 60 [bs. per square inch, and that there are
seam

50 rivets, each § inch in diameter,

Holes drilled before
TI
Holes punched
after bending

Since watcha wun ss eee ee
..... Seta
ctes ketarr Sacer

Holes punched before bending.............. ee

canis

Jomts lapped and double riveted instead of having double

Dbwit strane - 665452 e sos aeaces eeeseen Otte Ga

The area of a circle 36 inches in diameter = 1017.87 square inches.

Joints double riveted but have single butt

The area of a rivet ? inches in diameter = .4417 square inch.

<

fair and good........2..222022
06 eeeeee 75-2
out of place after bending...........-.-.-

and we proceed as follows:

15

|

3
3

15
15

oh

Joints single riveted and have a single butt strap ....... | T.0

Then

,

ee

ae ees

| .2

.2

PEEL

An addition of .25 is also made to the factor of safety, when the
strakes are not entirely under or over.
In Fig. 3256 for example,

at oT BR cae 2765 Ibs. per cross-sectional square inch of rivet.
50 x .4417
Area of
each rivet.

By multiplying the area of the boiler end by the working pressure, we get the total steam pressure acting to shear the rivets, and

by multiplying the number of rivets by the area of one rivet, we
get the total area resisting the steam

-2

ech.

straps........ on

Jomts lapped and single riveted ................0.2-6-- | r.0

Number
of rivets.

332

<

Suppose, for example, that the diameter of the boiler is 36 inches,

wh

ss

eae

ure, and dividing by the cross-sectional area of all the rivets in one
circumferential seam.

in each circumferential

1

| $8

work, especially in boilers that zre long in proportion to their diameers. It is clear, therefore, that for the very best construction at
east a double riveted circumferenual joint should be employed.
Leaving these considerations out of the question, however, we
may find the amount of stress on the circumferential seams by

the working

l=e

we

pressure, and then by divid-

ing the one quantity into the other, we get the shearing stress per

Fig. 3256.

square inch of rivet section.
In the case of longitudinal seams, we have as follows, the pitch
being say 2} and the rivets 3.

strake } is witnm or under strake a at one end and strake
¢ at the
other end, hence 4 is entirely
under ; strake
c is over 4 and d, and

Diameter
of boiler
im imches.

36

therefore entirely over ; while strake d is under ¢c, and over ¢, and
therefore not entirely under nor entirely over.
When the rivet holes are punched they do not match properly,

Steam
= Pitch.
pressure.

x

60

2
Rivets in
one pitch.

x

x

.4417

cds = 5196 Ibs. per square inch of rivet area.

and unless the holes are punched somewhat smailer than the re-

quired size and reamed out afterwards, some rivets receive more

Area of
rivet.

stress than others, and may consequently shear in detail. It is
customary, however, to punch the holes for ordinary stationary
boilers, and it is with seams having punched holes therefore that
we have at present to deal.
In the United States the rivet diameter anc plate percentages are,
in the boilers of stationary engines, usually made equal, and the
reasons advanced both for and against this are as follows :
First, in favor of a greater plate percentage than rivet section, it
is advanced that the plate gets thinner by wear, whereas the rivet
does not, hence the wear reduces the plate section ; that the plate
is weakened by the punching process, and requires a greater percentage to make up its strength as compared to the rivet; that the
rivets are usually of better material than the plates.

[t is seen, therefore, that the stress placed by the steam pressure on the transverse seam
on

the longitudinal seam.

is about one-half of that it places
But, as before remarked, the trans-

verse Seam is subject to racking strains, from which the longitudinal seams are exempt; thus, for example, the expansion of the
boiler diameter, whether uniform or not, does not strain the longitudinal seam, whereas it may severely strain the transverse seam.

The English Board of Trade rules, in assigning values to the
various constructions and qualities of workmanship, assign a certain value, in the form of an addition to the factor of safety, which

‘akes into account the difference in the stress upon the transverse
and longitudinal seams, the quantities in each case having been
determined both from experiment and from experience.
A comparison of the different values may be made as follows :

The rules take a boiler shell made of the best material, with all

the rivet holes drilled after the strakes are rolled

into shape and

put together, with all the seams (both longitudinal and transverse)

fitted with double butt straps each at least five-eighths of the
thickness of the shell plates they cover, and with all the seams at
least double riveted, with rivets having an allowance of not more
than 75 per cent. over the single shear, and provided that the
boilers have been open to the inspection of their surveyors during

the whole period of construction, and say that such a boiler shell
shall be allowed a factor of safety (divisor of seam strength) of 5.

In favor of a greater rivet section

than plate section, it is ad-

vanced that the shearing strength of iron is but about four-ntths o!
the tensile strength, and that with equal plate and mvet sections the
: rivet is therefore the weakest ; that with punched holes the nvets
may be sheared in detail, and that the mvets may be sheared
gradually by the working of the joint from varying expansion and
. contraction.
| From these premises the assumption is drawn that the weakening
: of the plate from being punched and from corrosion about offsets
the excess of the tensile over the shearing strength, and that it is
best therefore to employ such a pitch that the area of the rivet and
: of the metal left between the rivet holes shall be equal.
In order to do this the diameter of the rivet must be determined,
|!

But for every departure from this, which they deem the best mode | and the following are the proportions given by the various author-

of construction, a penalty in the shape of an addition to the factor of ! ities named :
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TABLE OF THE DIAMETERS OF RIVETS FOR VARIOUS THICKNESSES.
OF PLATES WITH SINGLE RIVETED
DIAMETER

LAP JOINT.©
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inches, the two. are shown. to be equal.
_ We may now. place the various rivet diameters and the pitches
|that:
wilk make.the rivet area and plate area in a single riveted joint
:equal. in a. table as follows :

OF RIVETs.

|B) eB) el ble

PIE

o

0%

‘Here then we.find the area of plate left between the rivet holes to
be:6.0L-square.inches, and as the area of. the rivet is 6.01 square

Diameter of Rivet.

dee.
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From the above it is seen that with thin plates the diameter of
rivet employed is about twice the thickness of the plate, whereas
as the thickness of plate increases the proportion of rivet diameter
decreases, and the reasons for this are, first, that with rivets twice
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The rivets in double riveted lap joints, and in butt strap joints

the thickness of thick plates and pitched so as to equalize the rivet
and plate sections the pitch would be too great to permit of the
seams being, caulked steam tight.

having a single cover, are spaced alike, because in both cases there
are two rivets in one pitch, and the rivets are in single shear.
As there are two rivets in one pitch (instead of only one as
The diameter of the rivet having been determined, the rivet area
in a single riveted joint), therefore the percentage of rivet section
and area of plate left between the rivet holes may be made equal | is doubled, and the plate section must therefore be doubled if the
by determining the pitch by the following rule:
|
plate and rivet sections are to be made equal, and the rule for findRule.—To the area of the rivet divided by the plate thickness
ing the required pitch is as follows:
add the diameter of the rivet, and the sum so obtained is the pitch.
Rule.—To the amount of rivet area in one pitch, divided by the
The correctness of this rule may be shown as follows :
thickness of the plate, add the diameter of the rivet.
Suppose the rivet diameter to be ¢ inch = decimal equivalent
Example.—Let the plate thickness be as in the last example 7%,
.875, and its area will be .6013 square inch. Suppose the thickness
decimal equivalent = .5625, and the rivet diameter be ? inch =
of the plate to be ,4, = decimal equivalent .5625, then by the rule:
decimal equivalent .875, the area of one rivet being .6013 square
inch, and the pitch is calculated as follows:
Rivet area.

Plate thickness= .5625).6013(1.0689

5625

-6013 = area of one rivet.
2 = the rivets in one pitch.

38800

Plate thickness == .5625)1
. 2026(2.1377

33750
50500
45000
55000

I.1250

7760

2.137
.875 = rivet diameter.

21350

3.012 = pitch.

5625

§0625

16875

To this 1.0689 we are to add the rivet diameter, thus:

43750
39375

oo

1.0689
.8750 = rivet diameter.
1.9439 = pitch of the rivets.

43750
39375
4375

ae

We have thus found the required pitch to 1.9439 inches, and as
the joint is single riveted there are two half rivets or one whole one
to one pitch, and if we subtract the diameter of the rivet from the
pitch we shall get the width of the metal or plate left between

We find, therefore, that the pitch is 3.012, or 3 inches (which is

near enough ‘for practical purposes), and we may now make it
clear that this is correct,

the rivets, thus:

1.9439 = pitch of rivets.
.8750 = diameter of rivet.
1.0689 = distancé in inches between the rivets.

Ree=; >

It now we multiply this distance between the rivets by the thickness of the plate, we shall get the area of the plate that is left between the rivet holes, thus:

1.0689= width of plate between rivets.
_.5625= thickness of plate.

53445
21378

Area of plate

04134

between

§3445

rivets =

.60125625

--

Fig. 3257.

“In Fiig. 3257 the joint is shown drawn one-half full size, and the
| length A of plate left between the rivet holes measures (as nearly
as it is necessary to measure it) 28 inches, or 2.156, and if we
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zigzag riveted joint.
We may now consider the diagonal pitch of the rivets, using the
rule below.
The pitch
x 6, + 4 times the rivet diameter
ana":

7-7Wo
Brae7
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Placed in formula, the rule appears as follows, @ representing
the rivet diameter, and 7 the pitch.

multiply this by the thickness of the plate = .5625 inch, we get
1.2 square inches as the area of the plate left between the rivet
holes.
Now there are two rivets in a pitch (as one-half of B, one-half of
c, and the whole of F), and as the area of each rivet is .6, therefore the area of the two will be 1.2, and the plate section and rivet
section are shown to be equal.
The area at a is obviously the same as that at A, because the
pitches of both rows of rivets are equal, this being an ordinary

STEAM

y (11p + 4d) (p + 4@)
IO

= distance V between

the rows of rivets

As this rule involves the extraction of the square root of the
sum of quantities above the line, and as in determining the diagonal pitch, we have already determined the distance V, it is unnecessary to our purpose to carry out this latter calculation, as it
is easier to find the diagonal pitch, and then, after drawing the
joint, the distance between the rows of rivets can be measured if

it is required, as it might be in finding the length of plate required
to roll into a strake for a boiler of a given diameter and having a
double riveted lap joint.
We may now consider chain riveted joints in comparison with
zigzag riveted joints, which is especially necessary, because it has
been assumed by some that the second row of rivets in a chain
riveted joint added nothing to the strength of the joint.

;

= the diagonal pitch fo,

In this example the pitch has been found to be 3 inches, hence
we have
875 = diameter of rivet.
4 =

constant.

3-500

3 = pitch of the rivets.
6 = constant.

18
3-5 = rivet diameter multiplied by 4.
10)21.5(2.15 = the diagonal pitch.
20
7

10
50

Fig. 3258.

The diagonal pitch, that is, the distance Zp, Fig. 3257, is there-

Fig. 3258

represents

a chain

riveted joint,

having the same

thickness of plate, rivet diameter and pitch as the zigzag riveted

fore found to be 2.15, or 24 inch full.
The amount of metal left between

the rivets, measured on the

joint in Fig. 3257, and it will be seen that the plate

sections

at A

diagonal pitch, is twice the dimension
ness of the plate, and as this (with the
as above) always exceeds the pitch A
fails, it will be along the line a, and

H multiplied by the thick- and at a are the same in the two figures, and as there are four
half rivets, which are equal to two rivets, in one pitch, therefore
diagonal pitch determined
or a, therefore if the plate _the strength of the two joints is equal.
Each joint can be as efficiently caulked as the other, as the rivet
not through the diagonal
spacing is the same and the edge of the plate is the same distance
pitch.
We may now consider the total amount that the plates overlap from the rivets in both cases.
The pitch of the rivets is obtained by the same rule as for zigin a double riveted lap joint zigzag riveted, this amount being

twice the distance E, added to the distance Vv between the rows
rivets.
|
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Fig. 3259.

The distance E, Fig. 3257, is usually made one and a half times
the diameter of the rivet, this being found to give sufficient
strength to prevent the edge of the plate from tearing out and to
prevent the rivet from shearing the plate out to the edge, rupture
not being found to occur in either of these directions.

The rule for finding the distance v, when the diagonal pitch has
been determined by the rules already explained, is as follows:
Rule.—To the pitch multiplied by 11, add 4 times the rivet
diameter, then multiply by the pitch, plus 4 times the rivet
diameter. Then extract the square root and divide by 10.

VOL. 11.—Oée

for this there are two rules, the first being that it shall not be less
than twice the diameter of the rivet, which would leave a dimension

at H in the figure equal to the diameter of the rivet. The second
rule is that a better proportion than the above is to multiply the
diameter of the rivet by 3. This makes the dimension at H equal
to twice the rivet diameter.
When the joints have double buttstraps, the rivets may be spaced
as wide as the necessity for tight caulking will admit, because, on

account of the rivets being in double shear, the rivet percentage
exceeds the plate percentage.
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The allowance for the rivets being in double shear is 75 per
cent., or in other words, a rivet in double shear is allowed 1.75
times the area of the same size rivet in single shear.
STATIONARY

ENGINE

BOILERS.

The simplest form of horizontal boiler is the plain cylinder boiler,

an example of which is given in Fig. 3259, and which is largely
used in iron works and coal mines.
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A water tube is one in which the water is inside and the fire
outside, as distinguished from a fire tube, in which the fire passes
through the tube and the water is outside.
A water tube is
stronger than a fire tube, because the former is subject to bursting
pressure and the latter to collapsing pressure.
Vertical boilers are internally fired, and in the ordinary forms
have no return tubes or flues, examples of those used for small
stationary engines being given as follows.
Fig. 3261 represents an ordinary form with vertical tubes. The
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upper ends of the tubes here pass through the steam space—a
condition that under the moderate pressures and fring that this
As the bottom ot this boiler gets thinned from wear, the boiler is -class of boiler is subjected to is of less importance than it is in
_ boilers having higher chimneys and therefore a more rapid
turned upside down, thus prolonging its life.
Furthermore, the
Fig. 3260 represents an internally fired flue boiler, known as the draught, and using higher pressures of steam.
small diameters and lengths or heights in which these boilers are
Boilers of this class are easily cleaned, because the whole interior
can be readily got at to clean.

made

give them

ample strength with shells and tubes of less
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Cornish or Lancaseire boher.
“ihe turnace is at one end of the
There is
Hues, the fre passing through them to the chimney.
here obviously more heating surtace than in the plain evlinder
boiler, but somewhat less taciity tor cleaning.
The Gatloway boiler is of this class, but has vertical water tubes

Fig. 3262.

placed at intervals in the flues. These water tubes are wider at thickness, while the condition of tube ends with steam on one side
the top than at the bottom.
They serve to break up the body of i and fire on the other is permissibie without the injurious ettects
heat that passes through the flues, and increase the heating surface , that ensue under rapid combustion and high pressures.
The crown sheet of the fre boxes or furnaces of this class of boiler
while extracting more of the heat and promoting the circulation of
the water in the boiler.

is very effective heating surtace, first, because of the great depth
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(and therefore weight) of water resting upon it insuring constant
contact between the water and the plate, while there is no danger

of the crown sheet burning from shortness of water.
A similar boiler, but with the upper ends of the tubes below the
water level, is shown in Fig. 3262.
From

the small diameters of these boilers, the flat surfaces

not stayed
serves that
A return
The whole

are

except to the extent that the holding power of the tubes
end.
flue vertical boiler is shown in Figs. 3263 and 3264.
of the surfaces having contact with the fire also have
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In boilers of this class, a majority contain water tubes, which,
when properly arranged, promote rapid evaporation and circulation.
A boiler with Fze/d tubes is shown in Fig. 3265. It consists of
an outer shell and a cylindrical fire box, from the crown sheet of
which a number of Field tubes are suspended in the fire box or
combustion chamber.
Fig. 3266 is a sectional view of a Field tube, the construction
being as follows :
The outer tube, which is expanded into the tube plate, is enclosed
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Fig, 3263.

Fig. 3264.

contact with the water, and the height of the crown sheet removes ‘at its lower end, and has at its upper end in the water space of
it from the intense heat of the fire.
It is stayed to the top of the |the boiler a perforated mouth piece, from which is suspended an
boiler.
The fire box or combustion chamber being taper increases inner tube that extends nearly to the bottom of the outer tube.
As the outer tube is bathed in the fire, steam is generated very
the effectiveness of its sides as heating surface, since the heat in its
rapidly,
and a thorough and rapid circulation is kept up, the water
vertical passage impinges against it.
passing
down
the inner and up the outer tubes, as denoted by the
The products of combustion pass from the top of the combustion
arrows.
chamber through short horizontal flues, which enter an annular
The outer tube is spread out at the upper end to a slight cone,
Space surrounding the lower section of the boiler, and from this
space vertical flues pass to a corresponding space at the bottom of so that it cannot be forced out of the tube sheet by the pressure,
and as it hangs free, there is no liability for it to loosen or get
the boiler.
leaky from expansion and contraction.
The passage of the steam generated at the sides of the combusFrom the great amount of heating surface obtained with these
tion chamber is facilitated by the taper of the chamber, which gives
tubes,
the fire box may be kept at a minimum diameter for the
increased room for the steam as it gathers in ascending.
Vertical boilers for high pressures, as from 60 to 120 lbs. per duty, while sti!l leaving a wide space for the water leg, which
facilitates the circulation.
inch, are represented in the figures from 3265 to 3260.
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The damper, which is suspen‘led in the uptake, spreads the fire | they are under a bursting strain, whereas a fire tube is under colsideways.
lapsing pressure.
A design of high rate boilers, in which the uptake does not

come into contact with the water, and water tubes are employed,

is shown in Fig. 3268.

In the fire box is an inclined tube which

promotes the circulation, and is very effective heating surface, and

sil
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in the combustion chamber are a number of vertical water tubes.
Two manholes give access for cleaning purposes.
The efficiency of the heating surface in this class of boiler is

| increased from the fact that, as the heat does not pass direct
through the boiler,

it impinges

against the surface.

In Fig.

Fig. 3265.

Fig. 3267 represents the arrangement of Field tubes in a
boiler.
A boiler of this form may for a given capacity be made lighter
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3269, for example, the exit from the spherical fire box is on one
side of the boiler, and the uptake on the other, the heat passing
from the fire box into a combustion chamber, and thence through
the horizontal fre tubes to the uptake.
The crown sheet is here stayed by gusset stays, but if made
spherical, as in Fig. 3270, the stays may be omitted.

and smaller than in any other of the ordinary forms, while the
rapid circulation acts to keep the tubes clean.
The inner tubes may be thin, because they are under pressure
both inside and out, while the outer tubes may be thin, because

tubular boiler constructed by the Hartford Steam Boiler Inspection and Insurance Company. This class of boiler has found much
favor in the United States. It is an externally fired, return tube
boiler, the fire passing beneath the boiler and returning through
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Figs. 3271, 3272, and 3273 illustrate a 60-inch horizontal

return
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of the boiler,

whence it passes through the drum to the
chimney.

|

Se

if

i

-l | | | |
one Fs

|

'

oe

LR:
a

ta

Fig. 3269.

is supported on the brackone,

ee ee ee

i

Zita

.

‘tii rrr

071s
—-—

Hl

i

mci!

me

LD
bbabedebehsde!
jt
Lo perd tL te EL Ede! |
—_
-— -~+ — —[Eee

Fig. 3270.

‘

LY

of LL)
Lf
z

og

,

an
a2

4

Og
lp

DOPE

asaee

‘

a “Lo,Z‘he
;

é

Wh:
;

J
j

oe
%
“ay
va
ei A

8oF.
ROG)
OPS

4 oh

.

ww ow)

A

_.
‘

.
en
“e

vig

a

“4
fey 4

ch

;

/

y

;

TI Gp! OLE

%

eee

ee

,

alee

.

“28%
ren
Fe
Tiehsoaes

eee

.

le

>

ee ee ee

cee ce ans eee wes ee ee

ie 4

Se

4

SG

GORE
pally

SD

ah

SSD

Pea
LEGA

SD

YU :WY

ee

bn care cee ee ee oT

oe

Ld

te

a

\.

RK

IV

YE
i
ee

il;

/

fe
L}

oe eo

on the plates P’ imbedded in the brickwork, This allows the boiler to expand
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B, resting on an
iron plate imbedded in the brickwork,
an? the back ones on rollers which rest

OeEO ES

The boiler

ets B, B, the front

MODERN

394

MACHINE

and contract endways under variations of temperature
racking the brickwork.
A, A, etc., are for holding the brickwork

together.
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prevent cracking of the brickwork.
The tubes are arranged in
vertical and horizontal rows and are equally spaced through-

without

The blow-

out.

off pipe C is for emptying or blowing down the boiler. The feedpipe F enters the front end of the boiler, passes along it, and then
crosses over. A pipe H from the steam space of the boiler sup-

Fig. 3274 represents the front end, and Fig. 3275 a longitudinal
sectional view of the front end of a boiler of this class. In this
case, however, the pipes for the water gauge pass direct into the
boiler,

plies steam to the steam gauge G, and to the upper end of the
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Fig. 3273

gauge glass, which is on the casting K. The lower end of the
gauge glass receives water from a pipe which passes into the
water space of the boiler; at J are the three gauge cocks for
testing the height of the water in the boiler.
The manhole affords ingress into the boiler for inspecting and
for scaling or cleaning it, the nozzles being for a safety valve. At
E is a hand-hole for washing out and cleaning the boiler. Pisa
damper in the fire door for admitting air above :he fire bars, and
R is a damper for regulating the draught.
In the brick walls that support the boiler there are air
spaces to prevent the conduction of the heat through and

In some practice the tubes are arranged as in Fig. 3276, being
wider pitched or spaced in the middle of the boiler to increase the
circulation of the water in the boiler.
Another arrangement is shown in Fig. 3277, the tubes being
staggered or arranged zigzag. This permits of the employment
of a greater number of tubes, but does not afford such free circulation of the water.
Fig. 3278 represents an arrangement where the tubes are in
rows both vertically and horizontally.
Fig. 3279 represents a boiler by the Erie Iron Works, the de-

tails of the setting being as follows:

Fig.
3275.
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Fig. 3283.

Fig. 3282.

Fig. 3280 is an end view of the setting with the brickwork in

Whereas when this plate or casting ex
tends to the middle only of the boiler it is said to have a hali
have a “ full arch front.”

section.

Fig. 3281 side view of the boiler and setting.
arch front.
Fig. 3282 a front end view of the boiler, and Fig. 3283 4 ground
Figs. 3284, 3285, 3286, and 3287 show the setting for a half arch
plan of the brickwork. When the front plate of the boiler setting | front boiler, the dimensions of the settings of both these boilers
mtends above the middle of the boiler 9 as in Fig. 3279, it is said to | being given in the following tables:
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NoTeE.—In setting ‘* Standard ” boilers, the side walls should be so built that the longitudinal seams of the shell will be protected from the fire.
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THE

EVAPORATIVE

EFFICIENCIES

OF

BOILERS.

*«« Many tests have been undertaken to ascertain the evaporative power of different classes of boilers in actual work; but few
of these are of any value, owing to the unreliable means usually
employed to measure the quantity of water evaporated. The easiest method, and consequently the one most frequently adopted, is
to measure the quantity by the difference of its height in the watergauge glass at the beginning and end of the trial, and also at intermediate stages. This method is very rude and uncertain, since
there can be little doubt that in many boilers at work the surface
of the water is not level, but is usually higher over the furnace, or

where the greatest ebullition occurs.
The difference in height at
any moment will greatly depend upon the intensity of the ebullition, which is ever varying during the intervals between firing.
With mechanical firing the difference of height is probably reduced
to a minimum.
‘‘The meters employed for measuring the water are sometimes
not trustworthy.
The only sure method of ascertaining the quana’

* From “‘A Treatise on Steam Botlers,” by Robert Wilson.

tity of water evaporated is by actual measurement with a cistern
The quanor vessel whose cubic contents are accurately known.
tity of water in the boiler before and after the trial should be
measured at the same temperature, which should not exceed 212°
to insure accuracy.
But even when the amount of water introduced and the quantity passed off from the boiler are accurately
ascertained, there yet remains a doubt as to how much

actually evaporated, and how much
ing, unless

the trial has been

has been

may have passed off in prim-

conducted

with the boiler open

to

the atmosphere, which appears to be the only condition under
which accuracy can be insured, unless a suitable apparatus can be
provided for accurately measuring the weight and temperature of
all the steam and water given off, when the boiler is working above
atmospheric pressure.
“There are very few boilers that do not prime more or less, and
the quantity of water passed off in this manner is sometimes very
considerable, and

has led to the impossible

results of 16 and

17

lbs. of water evaporated per Ib. of ordinary coal in locomotive and
Externally fired
water-tube boilers being seriously recorded.
boilers, that have given the moderate result of 5 lbs, of water per
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ib. of coa) at atmospheric pressure, have shown the unexpected
result of 10 and 12 lbs. of water evaporated at 40 lbs. pressure.
In fact, unless the amount of water passed over with the steam by

priming or foaming, when working under pressure, can be accurately ascertained, the evaporative results are not to be relied upon,
however careful in other respects the trial may have been conducted.
It is customary to give the quantity of water evaporated
from and at a temperature of 212°, or the boiling point at atmospheric pressure, to which the results of evaporation are reduced.”
The quantity corresponding to any temperature of feed water
and working pressure can readily be found with the aid of the
annexed table, taken from 7he Encyclopedia Lritannica, wherein
are presented the relations of the properties of steam, as now
accepted by the best authorities,
TABLE

GIVING

THE

PRESSURE, TEMPERATURE,
STEAM.

Total press- Gauge press-|Sensible
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=

AND

VOLUME
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Total press-

| Relative volof ium of steam
tem- Total heat in |Weight
compared
one cubic
rature in | degrees from
with the water
foot of

|Gauge press- Sensible
ure or press-

ure per square
inch measured ure above atfrom avacusa
a
IDs.

|

ahrenheit | zero of Fahrenheit.

degrees.

steam.
Ibs.

from

which

it

46.
4748.
4950.

OF
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Here we see that at 212° the total quantity of heat in the steam
is 1178.1", which gives a difference of 966.1°..
This heat, usually
termed

latent, is absorbed

in performing

the work

CARE

AND

MANAGEMENT OF
ENGINE BOILERS.

STATIUNARY

The first thing to do in taking charge of a stationary enging .
from ‘which it
boiler is to know from personal inspection that the safety fittings
was evapoand the boiler-feeding apparatus are in good order.

1222.0
1222.2
1222.3
1222.5
1222.7
1223.5
1224.2
1224.9
1225.7
1226.4
1227.1
1227.8
1228.5
1229.2
1229.8
1231.1

1232.3

FRACLCE.

of expanding

the particles of water from the liquid to the gaseous state. Now,
suppose the water is evaporated at 60 .bs. pressure, the steam will
have a temperature of 307°, and a total heat of 1207°. If the feed
has been introduced at 60°, it is evident that 1147° of heat have

The safety valve is the first thing to inspect, as it is liable to stick
in its seat, especially in cases in which it is set at a greater press.
ure than is got up in the boiler, because in that case it is not
lifted from the seat and in time sticks fast there.
In such cases it is proper to lift the valve at least once a day
while steam is on. For this purpose a cord may be attached to
the lever, passing over a pulley directly above the lever, and thence
to some convenient place near the boiler, but where it is not liable

to get caught and pulled accidentally.
Before lighting the fire, see that there is sufficient water

boiler.

in the

If there is a gauge glass on the boiler, it should show

three-quarters full, or three-quarters of a glass, as it is called.

The gauge glass may show a false water level, and to be sure

that such is not the case, open the top gauge cock and the cock at
the bottom of the gauge glass, letting the water run through the

gauge glass. Open and close the cock below the gauge glass two
or three times to see that the water comes to the same level each
time.
If the steam pressure has been allowed to fall in the boiler without any of the cocks being opened, there will be a partial vacuum in the boiler, and air must be let in before the true water level
will be shown either by the gauge glass or by the gauge cocks.
Opening the upper gauge cock will let in the air, and it should
not be closed again until enough steam has been got up in the
boiler to expel the air again, or in other words, until steam begins
to issue from it.
The grate bars and ash pit should be cleaned of clinker, ashes,
etc., and it should be seen that the tubes are clear of ashes, etc.,

before the fire is laid; if the grate is a shaking one, the lever should
be applied to see that the grate will shake properly.

been imparted. As the amount evaporated is inversely proporTo LIGHT THE FIRE.—In the case of anthracite or hard coal,
tional to the quantity of heat required, we have 1147 + 966 = 1.2. as it is sometimes termed, first cover the bars with a thin layer of
Multiplying by this factor, the quantity evaporated at 60 lbs. press- coal and then put in pieces of lighted greasy waste (if it is at hand)
ure from 60°, we obtain the amount that would be evaporated at distributed about the furnace, taking especial care to light the fire
212° by the same quantity of fuel.
at the fire-door end and in the corners, because the fire will spread
By the same table can be ascertained the comparatively small from the front end towards the back easier than it will from the
increase of heat required to evaporate water at higher pressures.
back end towards the front.
Suppose we take water evaporated at 45 lbs. pressure from a feed !
The fire should light from the bottom and not from the top,
temperature of 60°, then each lb. of water will require 1202.7 —
hence the thinnest pieces of the wood should be put in first.
60 = 1142.7° for its conversion into steam. If we take the pressIf there is any soft coal at hand, a small quantity of it will accelure at 100 Ibs., we shall have 1216.9— 60 = 1156.9° as the quanerate lighting the fire, as it burns easier and quicker than hard
tity required. The difference between these two total quantities coal.
is only 14.2°, and is so small as to be scarcely worth considering.
Before putting on the coal the wood should be well lighted, the
Leaving out of account the loss due to the slight reduction of the bottom portion of it having ceased flaming.
conducting power of the material, the increased amount of heat
This causes the lighted wood to spread over the bars and the
required for the higher pressure will be only 25 of the total heat fire to light evenly.
required at 6o lbs. With an evaporation of 7 lbs. of water from 1
Charge the coal lightly, first covering the places that have burned
lb. of coal, it will be obtained by using ;4; more fuel, or about 1 up the most.
Ib. in about 556 lbs., a quantity not appreciable to the ordinary
FIRING.—The fire door should be kept open as little as possible,
modes of weighing coal. The economy is then manifest of using as it admits cold air that is detrimental to the combustion, as
well
steam of high pressures when at the same time advantage is taken
as to the draught, hence firing should be done quickly.
of the facilities it offers for working the steam more expansively
A good fireman will maintain as even a temperature as possible
to the engine cylinders.
in the fire box by charging the coal lightly and quickly.
The saving that may be effected by heating the feed water may
Some firemen will, after the fire is at its proper depth all over the
be shown as follows :
grates, charge the fire in the front end, that is, at the fire-door end,
If we take the normal temperature of the feed water at 60°, the and push it back as it burns up, to keep
up the thickness of the fire
‘emperature of the heated water at 212°, and the boiler press- at the back.
ure at 20 Ibs., the total heat imparted to the steam in one case is
The thickness of the fire depends upon the size and kind of coal.
1192.5° — 60° = 1132.5°
With small coal a fire from 4 to 6 inches deep will answer, while,
and in the other case 1192.5° — 212° = 98o.5°
if the lumps are five or six inches in diameter, a fire from a foot to
the difference being 152°, or asaving of 152°
15 inches deep may be maintained, as is done in some locomotives.
1132.5°
The object is to have the fire thick enough to prevent it from
which is 13.4 per cent. If the pressure be taken at 1. .us., in- burning through in spots or
letting cold draughts of air pass
stead of 20 Ibs., the saving will be 13.1 per cent. showing a slight through it.
diminution in the economy effected by heating the fead water when
The sides of the furnace require particular attention, not omy bea high boiler pressure is employed.
cause cold air is more likely to get through there, but also in boil-
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ers having tire boxes the cool sides of the box keep the temperature
of the fuel down, hence a thicker fire is necessary around the sides
chan in the middle of the furnace or fire box.
Three things are to be considered in cleaning a fire—first, that
the boiler pressure will fall during, and for a short time after, the
cleaning ; second, that the depth of fire will be diminished by the
cleaning; and third, that the temperature of the fire will fall during the cleaning.
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DRAUGHT.—The draught should be decreased while the fire is
being cleaned, but the damper should never be entirely closed,
.
as this might cause an explosion in the fire box and tubes.

During a temporary interruption, as in the case of the engine
stopping, partly close all the dampers, as it is wasteful to make

steam and blow it off through the safety valve.
Clinker Hook

SHAKING

GRATE

or Devil's Claw

BARS.

When a furnace has shaking grate bars, the cleaning of the fire
is greatly facilitated, and with bars that shake singly (and good
coal) the fire is often not disturbed during the day, except to shake
the bars occasionally, passing the poker through it and using the
hoe to keep it evenly spread.
If the grate shakes in sections, more cleaning will be required to

Fig. 3291.

COMBUSTION.—A blue flame is evidence of incomplete combustion, but there may be a blue flame and imperfect combustion
at the back end of the furnace, and a white flame and perfect
combustion at the other end.
This is likely to occur with heavy firing near the fire door, and
a thin fire at the tube sheet end of the fire box.

Slice Bar

In this case

the

unconsumed gases produced near the fire door (as evidenced by
the blue flame) are consumed in passing over the bright fire at
the tube plate end of the furnace.

|

Fig. 3288.

AT NIGHT.—Always leave plenty of water in the boiler when

break up the clinker, while, if the bars do not shake, the cleaning
assumes greater importance.
Before cleaning, therefore, see that there is sufficient water in
the boiler, that it need not be fed while cleaning, nor just after

leaving it for the night, not only to allow for any leak, but also

because it gives a fair start in the morning and more time to
remedy any defect in the feed pump if it arise.

cleaning the fire.
Prepare for cleaning by having a thick fire on the grate, so that
after cleaning it will burn up quickly, and let the cleaning be done
as quickly as possible.
The tools used for cleaning the fire are the slice bar, Fig. 3288,

Rake

Fig. 3292.

By plenty of water, very nearly a full gauge is meant,
is no gauge glass to the boiler, let the water stand
second or middle cock.
The usual method of leaving the fire for the night is
There is an element of danger, however, in banking a

Fig. 3289.

which is pushed along the top of the fire bars to loosen up the fire,
and let the ashes fall through the bars.
The hoe, Fig. 3289, which is used to push the fire to the back
of the furnace and to pull it forward. The poker, Fig. 3290, which
dislodges any clinker that may be between the bars, and lets the
ashes fall through.
The

clinker

hook

or devil’s

claw, Fig. 3291, which

is used to

haul clinker out of the fire, and the rake, Fig. 3292, which is used
to spread the fire evenly over the bars after it is cleaned.

Poker

V

Fig. 3290.
[n cleaning a fire, first use

the slice bar to loosen

up the fire

and let the ashes fall through, and also dislodge clinkers from the
surface of the bars. Then pushthe fire to the back of the furnace.
Next use the poker to clean out clinker from between the exposed
part of the bars. Then with the hoe pull a part of the fire forward
and pull out the clinker that may be in this part, doing so with the
hoe as far as possible, as that will save time, but if it should be
necessary, use the clinker hook.
Then pull forward a second portion of the fire, and spread it
on the bars, removing the clinkeras before. When all the fire has
thus been cleaned, use the rake to spread it evenly over the bars,
and put on alight charge of coal, covering the brightest parts of the
fire first, and taking care that no part of the fire bars is left uncovered.

The cleaning should be done quickly.

or if there
above the

to bank it.
fire, unless
it is done to suit the circumstances, because steam may generate
very rapidly, and perhaps more rapidly than the safety valve can
carry it off.
A safe method is to clean the fire, leaving the clinker and ashes

covering the front half of the grate and the fire piled up on the
back half.
The damper and ash pit door should be closed tight, the fire
door open, and the fire well covered with fresh coal, choosing
small rather than large coal.
If this method is found not to keep up the fire sufficiently, the
same plan may be employed, except that the ashes and clinker
may be removed, and if this still leaves too cold

a boiler, and

too

poor a fire in the morning, the fire may be left spread over the
grate, but heavily covered with fresh coal, the draught being
stopped as much as possible by closing the dampers and opening
the furnace door.
To further insure safety, the weight on the safety valve lever
should be pushed towards the valve, so as to cause the safety valve
to blow off at a less pressure than during the day.

IN THE MORNING.—In starting up a banked fire in the morning,
first close the fire door and open the damper, so as to give the
fire all the draught possible, and let it burn up a little; then, if it
has been piled up at the back of the furnace, clean out the ashes
by passing the T bar beneath the fire, and spread it over the grate,
letting it burn up a little before making up a fire.

BOILER-FEED.—The fireman should endeavor, if possible, to so
regulate the boiler feed that it is kept going as nearly continuously
as possible while maintaining a uniform quantity of water in the
boiler, and this, with uniform firing, will give the greatest economy.
When pumps are used to feed with, the amount of the lift of the
valves can be regulated by a screw, so as to vary the amount of
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water the pump will deliver, and in this case it is comparatively
easy to set them so that the pump may be kept going without
putting too much water in the boiler.
When injectors are used, however, the feed will be intermittent,
and a uniform quantity of water in the boiler is best obtained by
feeding at short intervals, stopping the feed when the fire door is
opened much, as when cleaning the fire.
If the feed water is dirty, the gauge glass should be kept clean
by first shutting off the upper cock and opening the lower one, so
as to let the water blow through the lower cock, and then shutting
off the lower cock from the boiler, and opening the upper one,
which will let the steam blow all the water out of the glass. This
should be done two or three times a day, so as to keep the holes
in the boiler and those in the cocks from closing up with fur or
scale.
If the water falls in the glass, or if the gauge cocks show the
water to be falling, notwithstanding that the feed pump has
been started, it is evident that the pump is not working.
This may occur from a stuck valve, a leak in the suction pipe,
from the feed water being too hot, or from the pump failing to
start in action from leaky or choked valves.
A stuck valve may generally be relieved by striking a few blows
on the outside of the pump with a hammer and a block of wood,
or if this does not answer, with the hammer only. Check valves
are the ones most likely to stick.
If a pump fails to work by reason of the feed water being too
hot, the remedy is to open the pet cock to let the steam out of the
pump, but if this does not succeed, cold water may be poured on
the outside of the pump, which will start it, after which, in most
cases, the pump will keep going and the pet cock may be closed.
If the suction pipe has a joint, a leak there will impair the action
of the pump, and, if the leak is great enough, will stop it ; the rem-

edy is to make the joint tight.
Plunger pumps sometimes fail to act because the plunger has
worn so small in diameter that there is sufficient air between the
plunger and the pump barrel to expand and compress without lifting the valve ; the remedy is obviously a new plunger of as large
diameter as the pump gland will admit of, boring the gland out to
admit the new plunger.
All the impurities in the water are left in the boiler when the
water has evaporated, and it is obvious these impurities must be
blown off or they will form scale on the internal surface of the
boiler and the external surface of the tubes or flues.
This scale obstructs the passage of the heat from the iron to the
water, and if let get thick enough will cause the iron to rapidly
burn out.
To prevent the formation of scale, two principal methods are
employed, one being to purify the feed water, and the other to occasionally blow the impurities out of the boiler.
Feed-water heaters generally serve also as purifiers, and their
effectiveness is increased in proportion as the water can pass quietly through them, and has a large area on which the impurities

can settle. Horizontal heaters have the advantage that they have
a large settling area, and a less distance for the impurities to fall
through. The water-gauge glass and the lower gauge cock are
usually set so as to have a margin of about three inches of water
above the tubes or crown sheet of the fire box, hence if it is known
that the water is but just below the bottom of the gauge glass or

gauge cock, there is no positive danger, although it is improper to
let it get so low.
If the water is out of sight, and it is not known exactly how low
it is, then it is dangerously low, and every minute

is of vital im-

portance.
Should the water get dangerously low in the boiler, the most
dangerous thing to do is to lift the safety valve or pump in cold
water, especially if it is not known how much water there is in the
boiler.
As quickly as
sand, or anything
close the draught
damper open.
Leave all the
feed.

possible cover the fire with ashes, coal, earth,
that is at hand that will smother the fire, then

to the fire, leaving the fire door and the chimney

steam outlets just as they are, and also the

SHOP

PRACTICE.

PRIMING.—Priming, which is also called ‘ foaming,” is that
the steam carries up water into the steam space.
This may
arise from several causes, but it is well known that what will stop
priming in some cases will cause it in others.
The known causes of priming are—first, too little room for the
steam in the boiler, and it follows that a high water level may
cause priming; second, it may be caused by a difference of temperature between the water and the steam in the boiler. Suppose,
for example, that the pressure of the steam and water in the boiler
is 160 lbs. by gauge, and its sensible temperature will be 370
degrees. Suppose then that enough steam is permitted to escape
from the boiler to reduce the steam pressure to 140 lIbs., and its
temperature will be reduced to 361 degrees. But the water will
remain at 270 degrees, and the result will be that it will pass into
steam so rapidly that it will carry up the water and hold it in
suspension among the steam. The water will pass with the steam
into the engine cylinder, and the boiler will be said to “ prime,”
“foam, or ‘work water.” The same thing may happen if the
water is heated very rapidly.
Priming is wasteful because it rapidly empties the boiler of its
water, and dangerous because it may cause the piston to knock
out the cylinder head or cover.
When the safety valve blows off, priming may be induced, especially if the engine is at work, because in this case the boiler is
being forced, or, in other words, is making steam more rapidly
than it is designed to do, and the passage of so large a body of
steam through the water is apt to lift it.
Muddy water will sometimes cause foaming or priming, as will
also insufficient circulation of the water in the boiler or sometimes
the presence of grease or oil.
Priming may be detected from the discharge of water with the
steam when the gauge cock is opened, the steam looking white
and fluttering as it escapes, and also by violent motion of the
water in the gauge glass, or by a thump or pound at the ends of
the piston stroke.
To stop priming, the steam from the boiler should be decreased
by slackening the speed of the engine, or if necessary, by stopping
it.

The true water level can then be seen, and if there is too much

water in the boiler some of it may be blown off, while if the
quantity of water in the boiler will permit it, the feed may be put
on.
If the boiler has a surface blow-off cock, or a mechanical boiler
cleaner, it is best to blow off from that, as it carries off the scum

at the same time as relieving the boiler.

To prevent priming, a steady and uniform rate of boiler feed, the
use of pure water, a clean boiler, and steady firing are the best
means, turning on the steam slowly so as not to violently disturb
the water in the boiler.
The engine as well as the boiler requires attention when the
boiler primes. Thus the cylinder cocks should be opened to let
out the water from the cylinder and prevent breakage of the cylinder cover.
SCALE IN BOILERS.—The steam leaves behind it all the impurities that the water contained, and these impurities deposit in
form of mud and scale, which must be got rid of because it causes
aloss of fuel, and if allowed to get thick enough will cause the
boiler to burn.
The use of boiler compounds or scale preventatives may be resorted to with advantage, providing they are of a nature to suit the
water, but mechanical cleaning must also be resorted to at periods
determined by the nature of water.
Boilers are cleaned in two ways—first, by blowing off the impurities before they have formed into scale; and second, by removing
at certain intervals whatever scale has formed.
Blowing down may be done in two ways—first, from the surface
of the water by means of mechanical cleaners; and second, by
blowing out from the bottom of the boiler.
The first draws off the impurities as they are thrown to the surface, the second draws them off after they have become more con-

densed and sink to the bottom.
How often a boiler should be blown

down depends upon the
kind of water fed to the boiler ;where purifiers are used, less blowing down is obviously needed.
==
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After all the water is blown off, take out all the mud plugs and

being used, as during dinner time, letting the water blow down about

the man-hole and hand-hole covers, and wash out the boiler under

a quarter of the glass, or from the upper to the middle gauge cock.
As no steam is being used, the feed can then be put on to restore
the quantity of water without reducing the temperature of the boiler
somuch.
The feed should be gradual and the fire regulated to
keep the steam pressure even.
How often a boiler should be washed out and cleaned depends
upon the quality of the water it uses, and varies from about once
a week to once a month, according to whether bad and unpurified
water or purified water is used.

as much water pressure as can be had, directing the hose so to
reach all parts of the boiler and tubes, and continuing the washing
until the water leaves the boiler clean.
Then with a wooden hoe on a piece of gas-pipe of small diameter
for a handle, and small enough to pass through the hand-hole, draw
all the loose scale to the hand-hole and remove it, letting the water
run slowly, so as to carry the small pieces of scale towards the
hand-hole as fast as the hoe disturbs it.
Then get inside the boiler, and a few blows with a light ballpened hammer will loosen the scale, and a steel scraper will re-

The first thing to do is to draw the fire, leaving the chimney
damper open and closing all the other dampers so that as little
cold air as possible can get into the boiler, while the heat can pass
away up the chimney.
Let the steam and water all remain in the boiler until there is a
gauge pressure of about 5 Ibs. in the boiler.
Then open the blow-off cock and let out the water.
If the water

is blown off under a high pressure, then after the waste is all out
the iron is hot enough to dry up the scale, making it hard and very
difficult to remove,

move

more, which

must

be washed down and drawn

out with a

hoe.
After the cleaning and scaling are complete, the engineer, with
lamp in hand, should carefully examine the interior of the boiler
and of the fire box, paying especial attention to the stays to see
that they are not broken.
The hammer test should also be applied. It consists of sounding
the boiler by light blows given by a light ball-pened hand hammer, the sound indicating defective places,

Cuarprer XXXV.—THE

STEAM

ENGINE.

HE high pressure steam engine, in whatever form it exists, consists of a frame or bed plate carrying two distinct mechanisms,
first, the driving or power-transmitting mechanism,
and second,
the walve gear or valve motion, and to these
are added such other
mechanisms as the nature of the duty the engine is to perform
may require.
The most prominent of these additional mechanisms is a governor for regulating
the speed at which the engime is to ran;

An engine bed or bed plate ts a frame that 1s seated
or bedded
to its foundation along its whole length.
An engine frame is seated to its foundations at two or more
places, bat not continuously throughout its length.

nearly al] steam engimes require a governor in some form or other,
while for electnc hghung and some other purposes it constitutes

Cylinders are secured to the engine frames m three pmacipal ways, as follows: by bolting them down to the bed
plate; by bolting
them to one end of the bed plate, so that they
may expand and contract without springing the bed plate;
and in vertical engines, by bolting them to the top
of the
frames.
The bores of cylinders require to be parallel, so that the piston
rings may fit
to the bore without requinng
to expand and contract
in diameter at different parts of the stroke.
Cylinders are designated for suze by the diameter of the cylinder

the main feature in the design of the engine.
In a locomotive the air brake and the sand box are elements not
found in other engines.
In a jet condensing engine, the condenser
and injection water,
or condensing
water mechanism, 15s a part of the engine.
In a surface condensing engine, the air pumps and circulating
pumps are a part of the engine.
In marine engines there are mechanisms for turning
the engine
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around when no steam S up; for moving the reversing gear | bore and the length of the stroke; thus, a 10x 12 cylinder
has a
quickly, and for varying the point of cut off, and therefore the | piston of ten inches diameter and 12 inches stroke.
amount of expansion, and various other and minor mechanisms.
| The wear of a cylinder bore is ‘if the engine is kept in proper
Refernng now to the smplest form of high pressure stationary | ine and the piston rings, or packing mngs as they are some

steam engine, such as represented in Figs. 3293, 3294, and 3295. | times termed, fit to the bore with an equal pressure throughout the
rts valve gear or valve motion consists of the eccentric and

its | strokc) greatest near the middle of the length and least at the

strap, the eccentric rod, the valve rod guide a, the valve rod or |ends of the stroke. But when the piston rings are set out by the
valve spindle, and the valve v. these parts controlling the admis- | steam pressure, and the point of cut off occurs early in the stroke.

ston of steam to one side of the piston, and the exhaust from the | the wear may be greatest at the ends of the cylinder bore. because
other.
_of the pressure of the steam diminshing dumng the expansion.
The prston, paston rod. cross head, connecting rod, crank, crank | The counterbore of a cylinder is a short length at each end of
shaft, main shaft or driving shaft, and the fly wheel constitute the | the cylinder, that is made of larger diameter than the rest of the
driving or power-tramsmittmg mechanism.
| bore, so that the piston head may travel completeiy over the workThe steam sde of the piston is that against which the steam‘js | ing bore, and thus prevent
the formation of a shoulder at each end
pressing,
gs ude $ in Fig. 3295. Tre exhaust
side, E, of the pis- | of the cylinder. Such a shoulder forms when there is.a part of the
ton ts thaton which the steam is passing out or exhausting.
‘bore over which the piston does not pass. The length of the
The governor tor a common D valve engine regulates the en- | counterbore should exceed the amount
of the taper on the connectgine speed by varying the opening
in the bore of the pipe through | ing rod key, so that as the connecting
rod length alters from the
which the steam passes from the boiler to the steam chest, leav- | wear, the piston shall not strike the cylinder head.

ing a wider opening im proportion as the engine runs slower, and

= The clearance of a cylinder is the amount of space that exists

reducing
the opening when
the engine runs faster. Assuming the | between the face of the piston when it 5 at the end of its stroke
engine to berunning at itsslowest, or itsload tobeso great that |and that ofthe valve when it covers the port, the piston being at

a fall supply of steam ts required in order to keep the engine up | the end of the stroke, and as this space exists at each
end of the
to its proper speed. and the governor will be open at its widest, so |cylinder, the total clearance for a revolution is twice the above
chat ali the further action the governor can have is to reduce the | amount.

steam pipe opening, and thus cause the pressure in the steam chest | The clearance at the crank end of the cylinder 3sreduced
by the
to be less than that im the steam pape.
" piston rod passing through it.
This action ts called wire-drawing the steam, and the governor | The amount of clearance may be measared by the following
ss called a tmrottlmg zov-rnor.
| method, which has been given by Professor John E. Sweet -

THE
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See that the piston and valves are made tight, and the valves
disconnected; arrange to fill the clearance spaces with water
through the indicator holes, or holes drilled for the purpose.
Turn the engine on the dead centre; make marks on the crosshead and guide that correspond; weigh a pail of water, and from
Weigh the remaining water, so as
it fill all the clearance space.
Then weigh out exactly the same
to determine how much isused.
amount of water, turn the engine off the centre, pour in the second
charge of water, and turn back until the water comes to the same

Make another mark on the
point that it did in the first case.
these marks is exactly what
between
distance
the
cross head, and

ii
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pipe of the engine, the oil being distributed over the surfaces by
the steam.
Cylinder oilers sometimes have a pump to force the oil in, and
in others the steam

in the oiler condenses, and the water thus

formed floats the oil over the
through which the oil gradually
In other oil feeders, the feed
minishing the opening through
cup to the steam pipe.
Sight oil feeders are those in
in which the passage of the oil
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you really wish to know ; thatis, itis just what piston travel equals
the clearance.
This gives the proportion that the clearance space

bears to the space in the cylinder occupied by the steam at the end
of the piston stroke. Thus, if it takes one pound of water to fill
this space, and to admit the one pound of water the piston must
ye moved one inch, then the clearance bears the same relation to
the capacity of the engine as one inch bears to the stroke of the
piston. Thus, under these circumstances, in an engine of ten-inch
stroke, it would be said the engine had ten per cent. clearance.
When a cylinder is to be rebored, the boring bar should be set
true or central to the circumference of the counterbore, so that the
bore of the cylinder may be brought to its original position with
reference to the bore of the stuffing box.

Cylinder cocks are employed at each end of the cylinder to let
out the water that condenses from the steam when admitted to a
cold or partly cooled cylinder.
The two cocks are usually connected together by a rod, so that both may operate together.
Cylinder relief valves are valves at each end of the cylinder to

relieve the cylinder from the charges of water that sometimes enter
from the boiler with the live steam.
Steam ports give a quickeradmission in proportion as their length
is increased,

and this reduces the amount of valve travel, and are

sometimes given a length equal to the diameter of the cylinder bore.
The bottoms of the steam ports are sometimes so placed as to be
below the level of the cylinder bore, so as to drain off the water of
condensation of the steam.
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Cylinders require lubricating, both to avoid friction and wear of
The
the cylinder bore, as well as of the valve and valve seat.
amount of lubrication required depends upon the degree of tightness of the piston rings, upon the speed of the piston, upon the
amount of pressure of the valve to its seat, and upon the method of
operating the side valve.
Cylinders with releasing valve gears require freely lubricating,
because the closure of the valve depends upon the dash pot, and
undue friction retards the closing motion.

The less the movement of the valve at the moment of its release,
the easier it is to move it, because the friction is less, and less lu-

brication is required.
Cylinders are lubricated by automatic oilers placed on the steam

|
Rule to find the required area of steam port.
Multiply the area in square inches of the piston, by the num:
,
— ber opposite to the given piston speed in the following table :
|
Number by which to mulSpeed of piston in
feet per minute.

|

tiply the piston area.

LOO. Ga-3 oa oh BA: Bee
ee ees . + .0.02
BOO Oe Ee
ie Oa
ane ein ee
ee 0.04
200i
6st og eae Rees Oe eens 0.06
BOO Gs, Sais 8 See bed: OR hares Me BORO oe
ES 0.07
500s. 224 ches
oe tae oe
e sea ees 0.09
GOO 3 3ii.3:95 5h heh ae CAG
Me ee
ee O.I
POO oe wieg Forbin chs baa ee
ee ee 0.12
BOO syed Oda ceeews ae Leesa Sane Soe eee 0.14
Q00m.
cees are base
See tn
aS ieee 0.15
F000 558 beshocb Ga wie ede Me ek eS Ss Sates 0.17
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The cylader exhasst port mest be open when the valve is at ||air space, and that undoubtedly accounts for the efhiency of these
the end of its travel, to am amount equal to the width of the steam
port, bat what this width will be im any gives case depends upon
the with of the bridges, the amount of the stcam lap and the
travel of the walve, 2s will be explaieed with reference to the side
valve.
Jacketed cyladers are those im which there is a space around
the cylander that 5s filled with hve stcam.

that 5 the non-coe| different materials. It is theam probably
| dector; bet it should be kept quiesceat instead
of being allowed
valec until the
lntie
very
of
5
itself
space
am
The
cresbte.
| to
| crosistoe
5 prevented.

THE

PISTON.
;

The object of jacketing is to prevent the loss of heat from the | ‘Im calculating the power of am engine it1sthe piston speed that

steam within the cylinder by radiation. §The stcam im the jacket | 5 taken into account, and not the length of the stroke, the latter
should be recerwed direct from the boiler, and should not be drawn |
from the jacket into the steam chest becamse the jacket reduces |

Ms temperatere aed condenses it.

sidan

tanmelas Seen oe Go

etormle,

The water of condeasation of a steam jacket should not be |short strokes for piston speeds from 400 to 800 feet per minute.

allowed to accumulate ia any part of the jacket, bat should draim | The Porter Allen engine has been ren nosselessly at 1,100 fect
off and pass back to the boiler. To render the jacket as effect- | per mmeuteive as possible, it should extemd from end to end of the cylinder, |

[im determing

:
the stroke of am engme the natere of the valve-

the exhamst steam pipe Ieadimg directly away, so as to have as |operating mechanism istaken imto account.
Eetle communicatiom with both the crimder and the packet as pos-

In releasing mechanisms, or those m which comnechon betecen

sable.

the eccentric rod and walve spundie ss broken im order to permit

The jacket should have opem commanication with the boder at | the walve to close quickly, too high a speed of revolution may
all Gmecs. so 25 to have the pressere im the jacket at the same | Camse the tippimg mechaesm

to fall t act, hence 2 high ps-

being kept | toa speed 1s obtamed by means of employimg a comparatively long
pressure 2s that im the steam chest, while the cylinder

hot, it will be ammecessary to blow steam through im onder t | stroke

waren the cvlimder whee starting the engiee. The sicam should | In positive valve gears, of those m which the valve 5 controlled
enter the jacket at the highest pomt, so as to prevent the acce- throughout the whole of Hs movement by the eccentric, the valve
on
jacket Or, if the steam 5 admitted | mechanE=@ may operate quicker without danger of misung, hence
of air im the
mulati
at some other poimt, it showld be so arranged as to permit its | the postom speed may be greater.
When the stroke equal the diameter of the cylinder bore, the
thorowzk crosiatiom im the packet. 4When a pocket 5 esed, the
metal of the cylinder body should be 2s thin as possible, because | cylinder presents the least amount of exposed surface im proportion

the tramsmission of beat throwzh the metal is, both im time and |to its cubical contents.

| ‘To obtaim the same amount of expansion im a short as in 2 long
quantity, teversely as the distamce of thackeess passed through.
The steam im the jacket should be as dry as possible, so that all | stroke engine, the steam mest be expanded through an equal prowet steam adenstted derimg the live stcam period may be evap | portion of the stroke; thes, if the steam 5s cat off at half stroke m

oxated by the beat received from the steam im the jacket. The owt- | both cases, the amount of this expanssoa will be equal.
sade of the jacket should be thoroughly protected from coolmg
Pistoms are made am easy ft to the cylinder bore, a steam-tcht
by bemeg lagped or Cothed with felt or some other material that | f& between the two being obtained by meaars of the peston rings.
5S a poe-condactor of heat.
From experiments made by Mr. Charies A. Sanith, of St. Lows,
it was found that the amount of variation of temperature that
occanwed Curing the stroke ais cme
et ae
ey
proportzomal
to the speed of cmgiee revolstiou,
which shows the

Solid psstoms are provided with smap pssion mngs.
|
A smap poston neg 5 one that s larger m diameter than the
| cyineder bore, and is dosed im to get it mto the cylinder, while it
| epee on as owe speine Sateen foe msSttothe Cyne Dare,
=havmg no supplementary rings or springs to force it out

advantages of jacketimg cylinders and of agving them, as weil 2s

Pstom

mngs that are expanded

by saopplemeniary

spmms

the advantage of a high rotative speed.
should be tapermg m thockness, the thackest part bemg opposit¢
A lagged cylinder & one Glothed, which is sometnmes done with | to the split, and the thinnest at the spbt. Ths causes the mng to
wood or metal strips, leaving am air space arownd the cyimder, | conform itself wo the cylinder bore, and makes it st more eveniv

while m others ths space 5s flied with felt or some mop-condsact- | around its whole circumference. These mmgs are made Larger m
ep uaaterml
dzameter than the cylinder bore, m proportion of about ¢ mch per
Expermests

made by Charies E. Emery gave the following | foot of diameter, the split bemg dosed when the mg

geacral resalts:

The thackeess of the popes and of the moe-con- | mto place m the cylinder.

5 sprung

Bat if made of brass, the spit must be

d@acties saatertal was kept comstant.
| left opem cnough to allow for the expansion, of otherwise the
Hair felt was the best non-conducting material ofalllthose tested, |ring expanding more than the cylinder will sexe and cut single.
amd the waker of a thockeess of two mckes of ham felt was taken as
The split of a pestoa mng should be placed on the bottom of the
wmity and the maxmmum.
|pastom (in a horizontal engine), sothat the piston bead. im resting

The vale oftwoimches ofmineral wool as2 mon-comductor was ,omthecylinder bore, will cover uptheopening ofthering.
0.832 of aor iit ; two imches of mineral wool and tar was 0.715. | When two or more nngs are emplovwed, the splits may be placed
Two mechs of sawdust,
068; two mches of a cheaper grade of =on the lower half of the cylinder, so 25 to cover wp them splits as
mineral wool, 0676: charcoal, 0.632 ; two mches of pmme wood,
mach
as possibic.
across the cram. 0.553 ; two anches of loam,0.55.
Ths
was from
The follower of a peston 5 a plate of oower that 5 emplored to
the Jersey thats. amd almost al wegetable fibre mot wet become com- hold the potom nmgs m place, and the pestom mmgs should be so
pact. Siaked Iome from the ges works. expressed decmmally, with |fitted that the follower should be bolted firmly up, or otherwise
haw felt 2s wmv.

0.48 = coal ashes,
0.345 - coke. only 0.277, the - the bolts may come loose and work out, and getumg between

the

same 25 used for feel: two imches of air space. only 0.136. which 'pestom and the cylinder cover. may camse the pestom to knock the
dashes
2 great many poople’s
hopes, amd & 25 mtcrestimeg 25 amy | cvlimder cover out.
part of tke dita: two meches of asbestos,
0.363; two mehesof
Piston followers are mecessary when the rimgs are set out by
Westerm coke. about the same as the othe: coke; two mches
of | sprmgs or other parts adjestable withm the pston bead Snap
gas house charcoal, 0.47petoa mngs, however. permit the use of a solid psston, dispensing
These are werv interesting, partaoelarly so ths matter of am am | with the meed for 2 follower.

space. [Wt has berm supposed that am am space around a pape is 2s | ‘The effectiveness of a psstom rimg may be tested, when the congood 2s amuvthems we cam have. The fact is, comrection or circela- | straction of the engine will permaut it, by dsscommccting
the valve
thom takes place; the ax = cooled om one sade of the space, de- | for the head end. settmy & so that it cowers the port. and thea
sceads, and mses ow the other, aad m 5 mccessary to becak up the j takieg off the cylinder cover a the bead end and admitting
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steam through the crank end steam port, when any leak in the
piston rings will be seen by the escape of the steam.
THE

PISTON

ROD.

Piston rods should be of slightly diminishing

diameter at the

ends, so that the wear shall not leave a shoulder at each end of the
rod.
In determining the diameter of the piston rod, allowance is
made for turning it occasionally in the lathe to restore its parallelism, the wear reducing its diameter more in the middle than at

the ends. The diameter of a piston rod is found in practice to
range between one-sixth and one-tenth the diameter of the cylinder bore.
Steel piston rods wear better than those of wrought iron, being
free from scaly seams which are apt to cut the packing and cause
the rod to wear in grooves.
The best method of securing a piston rod to a piston head and
to the cross head is by a taper seat and a key, so that no nut is
needed, and the cylinder cover need not have a recess to receive
the nut when the piston is at the end of the stroke, and the
amount of clearance is correspondingly reduced.
Piston head keyways are sometimes given so little clearance
that the key completely fills the keyway when driven fully home.
This prevents the edges of the keys from bulging into the clearance space in the keyway, which action is apt to cause the key to
loosen in time. The key should havea
safety pin at its small
end.
When piston rods are threaded into the cross head, or into the

piston, the threads are made an easy fit, and taper seats or split
hubs secured by clamping screws are relied upon to keep the rod
true to the cross head or piston, it being found that the screw alone
cannot be relied upon for this purpose.
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When guide bars are shaped thus _f the cross head is provided
with gibs (usually of brass composition) to take up the wear.
In either case care must be taken to make the adjustment correct, and thus keep the piston rod in line. The shoes or gibs
should not bear hard upon the guides, but be an easy sliding fit
without lost motion.

Cross head pins should be kept eased away on the two parts of
their circumference which are within the connecting rod brasses

or boxes

and near the joint faces of the same.

because the wear is greatest on

ROD

PACKING.

Piston rod packing, of fibrous or similar material, should be
cut in rings that will not quite fully envelop the piston rod, and
the first ring should be placed with its split upwards.
After two
or three rings have been inserted, each having its split at a different part of the bore, so as to ‘‘ break joints,” the gland should
be screwed up enough so as to carry the packing home to the
back of the stuffing box. This process should be continued until

the stuffing box is filled for about two-thirds of its depth, when the
gland may be screwed home.
The gland should be screwed up quite evenly, so that the packing in the stuffing box shall be compressed equally all around the
rod, and will not cause the gland to bind on the rod or in the
stuffing box bore.
The wrench should be applied first to one nut, giving it a turn
or two, and then to the other, and after the gland is firmly home
the nuts should be eased back about two turns.
When a gland requires packing, it is proper to take out all the
old packing that has become hard and set.
A leak in piston rod packing may sometimes be remedied by
taking out three or four rings of the packing and reversing it.
If the packing is tightened up while the engine is running, it
should be done very gently and evenly, as a very little screwing up
may stop the leak, while excessive screwing produces undue friction.

Piston rods are in some of the most advanced practice packed
with metallic packing, or packing composed of soft metal.
In
some forms of metallic packing the construction is such that the
gland and packing do not attempt to restrain the line of motion of
the piston rod, this duty being left to the guide blocks and guide

bars, where it properly belongs.
THE

CROSS

HEAD.

In engines having Corliss frames, the cross head is provided
with shoes and adjusting screws, to take up the wear.

This is necessary

of the boxes, and the

pins are apt to wear oval. In some engines, the surface of the
pin is cut away, but if it is not, and the pin can be revolved in the
cross head, it is a good plan to give it half a turn occasionally,
which will keep it round.
THE

GUIDE

BARS.

The guide bars of an engine require to be set exactly in line
with the axis of the cylinder bore, so that they may guide the piston to travelin a straight line. They should be an easy sliding fit
to the cross-head guide.
The top bar is more difficult to lubricate than the bottom one,
especially when it receives the most pressure, as is the case when
the top of the fly-wheel runs towards the cylinder. :
Cast iron guide bars wear better than either brass, iron, or steel
ones, so long as they are properly lubricated.
The face of each
guide bar should be cut away, so that the ends of the cross head
guides will travel past it. This will prevent a shoulder forming at
the ends of the bar as the face wears away.
Such shoulders are
apt to cause a knock as the connecting rods are lined up, because in the lining the connecting rod is restored to its original

length, and the path of the cross-head guides along the bars may
be altered.
THE

PISTON

the crowns

There are

two

CONNECTING

ROD.

principal kinds of cofinecting rods, the “ strap

ended ” and the “solid ended.”

The solid ended wear the best,

but are more difficult to get on and off the engine.
Connecting rod straps are secured to the stub ends (as the ends
of the rod are called), either by bolts or by one or two gibs, and
the brasses are set up by a taper key or wedge.
The taper for connecting rod keys is about an inch per foot.
The angularity of a connecting rod is a term that applies to

its path of motion, which is (during all parts of the stroke except
on the dead centre) at an angle to the line of engine centres.
The
effect of this angularity is to cause the piston motion to be accelerated at one part of the stroke and retarded at another, thus causing
the point of cut-off to occur at different points of the two strokes.
The direction of the variation is to cause the point of cut-off to
occur later on the stroke when the piston is moving from the head
end of the cylinder towards the crank.
The amount of variation caused in the two points of cut off by
the connecting rod depends upon the proportion that exists between the length of the crank and that of the connecting rod, and
is less in proportion as the length of the connecting rod is greater
than that of the crank.
An ordinary length of connecting rod is six times the length of
the crank, or stx cranks, as it is commonly termed.
Fig. 3296 represents a cylinder, piston and rod, cross head, connecting rod, and crank.

The piston J is shown in the middle of the cylinder, the cross
head at E, and the crank pin at B, instead of being at G’, as it would
but for the connecting rod, or if the connecting rod was infinitely
long.
Now take a pair of compasses and set it from 4 to E, and then
try it from @to D, and from ¢ to F, and it will be seen that the
three cross head positions D, E, and F correspond correctly to the
three piston positions a, 4, c. Then take a pair of compasses

and set them to the length of the connecting rod (from E to B) and
try them from D to A, from B to E, and from C to F, and it will be
seen that crank pin positions A, B, and C correspond to cross head

positions D, E, and F, and therefore that the crank is not at half

MODERN

408

MACHINE

stroke when the piston is m the middle of the cylinder. Take
these same compasses, and resting one point at (G’) mark the arc H,
and that is where the cross head would be when the crank was at
(G').

Now then we see that the connecting rod causes the piston

to move slower while running from a to 4 than it does while running from 6 toc.

THE

D SLIDE

VALVE.

The various events which are governed by the D slide valve of
a steam engine are as follows:
The live steam period is that during which the steam is admitted

SHOP

PRACTICE.

Steam lap is the distance the steam ends (or the steam edges as
they are called) A, B overlap the steam ports, this distance being
shown on the ends of the valve at ac. If the valve had no steam
lap, its steam edges would just cover the ports, as denoted by the
dimension W.
Exhaust lap is the amount the exhaust cavity Z overlaps the
bridges ¢ ¢’, as at 2, 7.
Unequal steam lap is given to cause the point of cut off to occur
at equal points in the piston stroke ; thus in the figure there is
more steam lap at the head end than at the crank end of the
valve. But unequal lap could also be given in order to greatly

a
‘<.

nee

we

-°

Fig. 3296.

from the steam chest into the cylinder and the steam admitted
during this period is termed /ive steam.
The point of cut off is that at which the valve closes the steam
port, and the admission of steam into the cylinder is stopped, hence
the point of cut off is at the end of the live steam period.
The period of expansion is that during which the steam is allowed to expand in the cylinder, and therefore begins at the point
of cut off, and ends at the point of release.
The point of release is that at which the valve opens the port
and permits the steam to escape.
The point of compression is that at which the exhaust port is
closed, which occurs before the piston has reached the end of its
stroke; the steam that has not passed out of the cylinder is therefore compressed, the compression continuing until the valve opens
for the lead.
The lead of the valve is the amount the port is open to the live
steam when the crank is on the dead centre.
The point of admission is that at which the port opens for the
live steam to enter, and it follows that the lead and compression
both act as acushion, arresting the motion of the piston when it
reaches the end of the stroke.
Cushioning begins, however, at the time the exhaust port is
closed enough to arrest the escape of the steam, while compression begins when the valve has closed the exhaust port.

vary the points of cut off for the two piston strokes, ir such was
desired.
Unequal exhaust lap may be given to equalize the point of release, or to equalize the points of compression.
The head end of the valve (or of the cylinder) is that which is
furthest from the crank shaft, the other end, or that nearest to the

crank shaft, being termed the crank end.

THE ACTION

OF A COMMON

SLIDE

The action of a common slide valve may be traced as follows:
Port a2, open to the amount
of
the lead.

Port a, full open for the
admission.

The construction of a common slide valve is shown in Fig. 3297,
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Fig. 3297.

in which the valve is shown in its mid-position. P P are the cylinder steam ports (as the openings through which the steam passes
from the steam chest to the cylinder are termed), and at x is the
cylinder exhaust port, through which the steam escapes from the
cylinder. Z is the valve exhaust port or exhaust cavity.
The lip of a valve is the width of its flange face, or the distance
L, which is measured from the steam edge A to the exhaust cavity
z. At the other end of the valve, H is the lip extending from the
steam edge B to the exhaust cavity.

VALVE.

Valve opening
port a, for the
exhaust.
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BALANCED VALVES.

Port 2, full open for the
exhaust.

A balanced valve is one in which means are employed to relieve
the back of the valve of the steam pressure, and thus prevent its
being forced to its seat with unnecessary pressure.
In some of the most successful balanced

valves

this 1s accom-

plished by providing a cover plate, which may be set up to exclude
the steam from the back of the valve which works (a sliding fit)

Suppose the port @ to be at the head end of the cylinder and
open to the amount of the lead with the crank on the corresponding dead centre, and if the valve travel be made equal to twice the
lap and the lead, the various positions of the valve will be as
marked in Figs. from 3298 to 3302; the event corresponding to each
valve position being stated in the figures.
DOUBLE

PORTED

VALVES.

The term fort applies strictly to the area of opening of the
steam passage where it emerges upon the valve seat. The term
steam passage includes the full length of the opening from the

cylinder bore to the face upon which the valve is seated.

A double ported steam port is one in which there are Awo openings or steam ports, leading into one steam passage.
A double ported valve is one in which there are two ports a¢ cach
end of the valve. These two ports in some cases admit steam to
a single cylinder port, and in others to two steam ports, terminat-

ing 1n one steam passage.

A griddle valve is one that has two or more ports
at each end
upon a seat that has two or more ports for each steam passage.
Double ported valves are-employed in some cases to increase
the admission of live steam to the cylinder, and in others to increase the exhaust openings also. The effectiveness of a double
ported valve is mainly valuable at the beginning of the stroke, and

is especially valuable in cases when_the
minished to hasten the point of cut off,
outer edges of the valve do not open
width, and a single port is apt to wire

travel of the valve is di-.
because in such cases the

the steam port to its full
draw the steam.
By the

employment of more than one port, or several ports, a sufficient
admission may be obtained with less valve travel.

Fig. 3304.
between the valve face and the face of the cover plac. Sucha
method of balancing is sufficiently effective for all practical purposes, if the following conditions are observed: The valve rod
must be accurately guided so as to avoid side strains ; the valve
must fit accurately to its seat and to the cover plate, and the
adjustment so made that the valve slides freely at first, being
steam tight, and yet allowing room for lubrication to enter. When
the travel of a valve, balanced by a cover plate, is varied to alter

the point of cut off, the construction must be such that the ends of
the valve at the shortest stroke pass over the ends of the seat and
cover plate faces, or otherwise the middle of the seat and cover
plate faces will wear hollow.
The Buckeye, Porter-Allen, and Straight-Line Engines are examples of practically balanced valves. The first of these has a
balancing device that follows up the wear; the second has an
adjustment whereby the cover plate may be set up to take up
the wear ; and in the third the wear is reduced to a minimun, by
accurately fitting and guiding the parts.
The construction of the valve in the Straight-Line Engine is
shown in Fig. 3304, in which B represents the cylinder bore ; the
valve v rests on a parallel strip , and on its top rests the parallel strip m, the pressure relieving plate P is set up firmly against
the pieces # 2, whose thicknesses are Such as to leave the valve a
working fit between the faces of R R and of P.

The Allen double ported valve is one in which the second port
increases the port opening for the admission only, as shown in
Fig. 3303, in which the valve is moving in the direction of the arrow; the port K will receive steam through the opening at g, and
from a port passing through the valve, the steam entering it as

shown by the arrow.

The second port forms part of the lap of the

~alve, and enables the travel to be short enough to be cut off at
early points in the stroke, without employing so much steam lap as

to widely distort the points of cut off, this latter being a defect of
the D valve.
Webb's patent slide valve is circular, and is so arranged as to be

tree to revolve in the hoop of the valve rod, the effect being that
the valve moves around, or to and

fro in the hoop, without

any

special mechanism to produce such movement, and the result is,
that the valve and port facings wear smooth and even without
any tendency to become grooved.
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or spindle as a centre, its face moving in an arc of a circle, and its
action will be the same as a flat valve having the same proportions.

by shifting the position of the eccentric that operates the cut off
valve, but it is usually done by means of moving the valve by a
right and left hand screw,such as shown in Fig. 3306. The cut off

Fig. 3304@ represents

Instead of the valve sliding on a flat face, it may work upon a shaft
a valve v of this construction, whose shaft

eccentric is set ahead of the main eccentric, so that the cut off

is at S, A being an arm fast on S, and driven by the eccentric rod

valve will close the ports before the main valve would do so; thus,

R. To find the necessary amount of travel for such a valve, we
draw lines, as fg, from the inner edges of the steam ports, through
the centre of the shaft S, and also draw an arc through the centre
of the eye of arm a, and where lines / g cut the arc, as at d and ¢,
are the extremes of motion of A.

in the figure the cut off valve is shown to have effected the cut off
for port a by the time the main valve has fully opened port a, and is
reversing its motion. If the engine requires to reverse its motion,
the cut off eccentric is set exactly opposite to the crank, but otherwise, it may be set 8 or 10 degrees either ahead of or behind the
crank, but if set too little ahead of the crank, the port may reopen
after the cut off has been effected.
Gonzenback’s cut off valve is constructed as in Fig. 3307, the
steam chest having two compartments. A, A are the cylinder

PISTON

VALVES.

A piston valve acts the same as a flat or plain (D) valve, having
the same amount of lap lead and travel. In Fig. 3305 we have a
cylinder with a flat valve on one side and a piston valve on the
other, the head end ports being about to take steam, and it 1s seen
that the eccentrics occupy the same positions for the two valves.

steam

ports, C the main

valve, and

E the cut off valve, whose

ports (as G) are made wider than the ports F.
Reducing the travel delays the point of cut off in the Gonzen-
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Fig. 3305.

The steam ports are, for the piston valve, annular grooves provided in the bore in which the valve fits. The piston valve is balanced because it receives its steam pressure on the ends, but it will
not follow up its wear as the flat valve does, hence it is liable to
leak.

SEPARATE

CUT

OFF

VALVES.

Meyer’s cut off valve is constructed as shown in Fig. 3306, M being
the main valve, and wv wv the two cut off valves, whose sole duty is to
cut off thy steam at an earlier point than the main valve would do.

back valve, whereas in the common slide valve it gives an earlier
cut off.
THE ECCENTRIC.

When a single eccentric is used, it is simply termed ¢he eccentric. Ifa cut off valve (or two cut off valves) are used upon the
engine, then the eccentric that works the main valve is called the
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If the engine is to have a fixed point of cut off, or, in other words, if

main eccentric, while that which works the cut off valve or valves
is called the cut off eccentric. The main valve is that which works
on the cylinder face ; the cut off valve is that which effects the cut
off.
A shifting eccentric is one that is moved across the shaft so as
to alter its amount of throw, and, therefore, the amount of valve
travel, the effect being to vary the point of cut off.
In engines where a constant amount of lead is given, or in other

the cut off is always to occur at some

one particular point in the

words, when the eccentric position is intended to be fixed, the ec-

stroke, the valves may be set to do so, and equalize the points of
cut off.

centric should be secured to the crank shaft by a feather or key
sunk into the crank shaft so as to prevent the eccentric from moving, while enabling it to be taken off and replaced without re-
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Fig. 3306.

Variable points of cut off with the Meyer’s valve may be obtained
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It may have been noticed that the diameter of the eccentric does
quiring any operations to adjust its position with relation to the
not affect the case, the distance B D, or the diameter of the circle
crank.
The feather should fit tight on the sides, as well as on the top | described by the centre of the eccentric, being that which deterand bottom, and may have a slight taper on the sides, which will mines the amount of valve motion in all cases. This being the
make it easier to fit the featherway or keyway to the feather, and
easier to put the eccentric on or take it off.

By this means the eccentric cannot shift, and may be replaced
after being taken off without having to set the whole valve motion over again.
When the amount of valve lead or of compression Is varied to
suit the speed at which the engine is to run, or to aid the counterbalancing of the engine, a feather cannot be used because it
will not permit the eccentric to be moved to effect the adjustment.
Set screws possess disadvantages, inasmuch as that the point of
the set screw may leave an indentation, which, if the eccentric is
moved a trifle, may cause the set screw point to fall back into the

-

old indentation, thus rendering it difficult to make a small adjustment of eccentric position.
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Fig. 3308.

An eccentric is the exact equivalentof a crank having the same
amount of throw, as may be seen from Fig. 3308, in which the
outer dotted circle represents the path ofthe crank and the inner
one the path of the centre of the eccentric. A small crank is
marked in, having the

same

throw as the eccentric has, and the

motion given by this small crank is precisely the same as that
given by the eccentric whose outer circumference is denoted by the
full circle.

Fig. 3300.

Considering the motion of both the crank and the eccentric,
therefore, we may treat them precisely the same as two levers,
placed a certain distance apart, revolving upon the same centre
(the centre of the crank shaft), and represented by their throwlines.
In Fig. 3309, let the full circle E E represent an eccentric upon a
shaft whose centre is at C, and let the centre of the eccentric be at
e. The path of revolution of the eccentric centre will be that of
the dotted circle whose diameter is B, D. As the eccentric is in
mid-position (¢ being equidistant from B and D), the valve will be
in mid-position as denoted by the full lines at the bottom of the
figure. Now suppose the eccentric to be revolved on the centre C,
until its centre moves from éto V, its circumference being denoted by the dotted circle a a, and if we draw from V a vertical

case, we may use the circle representing the path of the eccentric
centre for tracing out the valve movement without drawing the

full eccentric, and the diameter o that circle will of course equa

the full travel of the valve.
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line cutting the line B, Dat f, then from C to / will be the distance the eccentric would move the valve, which would then be in
the position denoted by the dotted lines at the bottom of the figure.
It becomes clear then that if we suppose the eccentric to have

moved from mid-position to any other position, we may find how
much it will have moved the valve by first drawing a circle representing the path of the centre of the eccentric, next drawing a line

(as B D) through its centre, and then drawing a vertical line as (C ¢)
through its mid-position and also a vertical line from the eccentric
centre in its new position, the distance between these two vertical

lines (as distance C fin the figure) being the amount the eccentric
will have moved the valve.
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The position of an eccentric upon a shaft is often given in degrees of angle, which is very convenient in some cases. Ifa valve
has no lap or lead, the eccentric will stand at a right angle or
angle of go degrees when the crank is on the dead centre.
The division of a circle into degrees may be explained as follows:
Suppose we take a circle of any diameter whatever and divide its
circumference into 360 equal divisions, then each of these divisions will be one degree. The number 360 has been taken as the
standard, and this being the case, there are 360 degrees in a circle,
in a quarter of a circle there will therefore be go degrees, because
go is one quarter of 360. By means of dividing a circle in degrees
therefore we have a means of measuring or defining any required
portion of it.
In Fig. 3310 the degrees of a circle are applied for defining the
relative positions of a crank and an eccentric. As the zero position

PRACTICE.

If the amount of valve travel is given, however, all the other
elements may readily be found by the following construction:
Suppose that in Fig. 3311 a D valve is to be designed to cut off
the steam when the piston has travelled from position B’ to R,' or
at three-quarters of its stroke. Then to find the position the crank
pin will be in when the cut off occurs, we draw a circle, B D, repre-

senting the path of the crank on the same scale that the length of the
piston stroke is represented.
The straight line from B to D will,
therefore, represent the piston stroke without drawing the piston
or cylinder at all (this being done in the figure to make the explanation clear).

When

the crank is on its dead centre, B, the piston,

will be at B’, and the valve in the position shown (supposing it to
have no lead). As soon as the crank and valves begin to move,
the steam will enter steam port a, and to find where the crank wil]
be when the piston is at three-quarters stroke, and is, therefore,
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Fig. 3311.

of the crank is on a dead centre, it is so placed in the figure, while
as the zero position of the eccentric (which is for a valve having no

circle representing the path of the eccentric centre has its 0 or

in position R', we marka point at R three-quarters of the distance
from B to D.
Then, taking no account of the length of the
connecting rod, we draw a vertical line y from R to the circle,
and this line gives at H the position the crank will be in when the

zero point at go degrees from the crank.
tric centre stood at w and the eccentric

piston is at R.
We have so far, therefore, that while the piston
travels from B’ to R’, the crank will travel from B to H. Now, it

steam lap) is at 90 degrees from the crank, therefore the dotted
Now suppose the eccenthrow line at ¢ v, and it
will stand at 30 degrees from o, hence the angular advance of the

will be found that if we set a pair of compasses from B to F, which
eccentric is in this case 30 degrees, or in other words, it is 30 de- is half-way from B to H, and then rest the compasses at D, and
grees in advance of its zero position, or the position it would occupy
mark an arc v, then a line from vy to the centre of the crank will
when the crank is on the dead centre and the valve has no lap and give us the proper position of the eccentric. As the centre of the
no lead.
crank pin and also the centre of the eccentric both travel in a circle,
If we measure the distance apart of the crank and the eccentric
we may, therefore, take a circle having a diameter equal to twice
in degrees, we find it is 120 degrees, hence place the crank where
the throw of the eccentric, (or, what is the same thing, equal to
we may, we can find the corresponding eccentric position because it the full travel of the valve), and let it represent the paths of
is 120 degrees ahead of the crank. The sign for degrees is a small
both the eccentric centre and the crank pin centre, the latter
~ placed at the right hand of the figures and slightly above them; | being drawn to a scale that is found by dividing the length of the
thus, thirty degrees would be written 30°.
piston stroke by the travel of the valve; thus, if the travel is 3 inches
and the stroke 30 inches, the diameter of a 3 inch circle will repre-

FINDING

THE

WORKING RESULTS
D SLIDE VALVE.

GIVEN

BY A

Although not strictly within the line of duty of an engineer or

engine driver, he is nevertheless sometimes called upon to find out

how a valve of given proportions will dispose of the steam, or what
proportions to give to a valve to accomplish certain results.

This is easy enough when either the travel of the valve or the
amount of the lap and the width of the port are given, but if the
width of the port alone is given, and all the other elements are to
be found, it becomes a more difficult problem.
An engineer, however, is rarely called upon to solve the question

from this stand-point, which properly belongs to the draughtsman
or engine designer.

sent the valve travel full size, and the piston stroke one-tenth full
size, because 30 + 3 = 10. It has been shown on page 376 that
the length of the connecting rod affects the motion of the
piston by distorting it, and it is necessary to take this i.:to account
in constructing the actual diagram, which may be done as follows :
The valve travel and point of cut off being given, to find the required amount of lap, there being no lead, draw a circle equal in
diameter to the travel of the valve, and draw the line of centres

B

D, Fig. 3312; mark on the line of centres a point R, representing
the position the piston is to be in at the time the cut off is to take
place.
Set a pair of compasses to represent the length of the connecting rod on the same scale as the circle
BD represents the path
of the crank; thus, if the connecting rod is three times the length
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of the stroke, the compasses would be set to three times the diame-
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One half of its motion will be to open and one half to close the

ter of the circle B D.
A straight line fromB to D and passing through the centre C of

port, so that we may by means

of the arcs at F get the point F,

which is midway between Band

H, and with the compasses set

the crank will represent the line of centres of the engine, which

from

Bto

F, mark

from D the two arcs V and v’ whose distance

apart will obviously be the same as from B to H.
Then

from Vv to Vv’ draw the line Pp, and from this line to the

centre C of the crank shaft is the amount of steam lap necessary
for the valve, while from this line (P) to D is the width of the steam
port.

The proof of the diagram is as follows:
When the crank is on the dead centre, the centre of the eccentric is at V, its throw line being represented by the line from v
to C, and the valve is about to open the port as shown in the
figure.
While the eccentric is moving from V to D, the valve will move
in the direction of the arrow and will fully open the port, while the
crank pin will move from B to F.
Then, while the crank moves from F to H, the eccentric will have
moved

the valve

to the position

it occupies in the figure, having

closed the port and effected the cut off.

~ee

Fig. 3312.

must be prolonged to the right sufficiently to rest the compasses
on it and draw the arc y, which will give at H the position of the
crank when the piston is at R, and the cut off is to occur.
We have thus found that the amount of circular path the crank

will move through from the dead centre to the point of cut off is
from 8B to H, and as the eccentric is fast upon the same shaft, it
will, in the same

time, of course,

move

through the same

part

of a circle.
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Fig. 3314.

We have here found the amount of lap and the position of the
eccentric necessary for a given point of cut off when the latter is
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Fig. 3313.

’

given in terms of the piston stroke. If, however, the point of cut
off had been given in terms of the crank pin position, we might
find the required amount of lap at once, by simply drawing a
line from the centre B, the point to H where the crank pin is to be
when the cut off occurs.
From this line we could then draw the dotted circle G, and just
meeting the line P, which would give the eccentric position.
To find the piston position, the arc Y would require to be drawn
by the same means as before.
If the valve is to have lead, the diagram may be constructed as in
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Fig. 3313, in whicn we circle has a diameter equal to the travel _at V’ the eccentnic position at the point of cut off. Then with wr
of the valve
and the cut off is to occur when the piston is at R and compasses set to the points V V, we may mark from B an arc, locating at H the position of the crank at the point of cut off, and
the crank at H.
from this, with compasses set to represent the length of the conWhen the valve is at the end of its travel and has fully opened
necting rod on the same scale as the circle represents the path of
the port, the eccentric will
be at D, hence from D we markan arc G
the
crank, we may, from a point on the line of centres, mark an
distant from D to an amount equal to the width of the steam port,
arc Y giving at R the piston position at the point of cut off.
drop the vertical #e from G, and at its lower end V is the position
When, therefore, the lap is given, we mark it from the center Cc
of the eccentric centre at the point of cut off. Then draw a line P,
distant from #¢ equal to the lead, which will give at V the position of the crank shaft, and find the other elements from it, whereas,
of the eccentric when the crank is on the dead centre, and the when the lap is to be found, we mark the width of the port from
valve is open to the amount of the lead. The lap is obviously the the end D of the valve travel, and find the other elements from
that.
distance from the centre C of the crank shaft to the arc G.
We have here found all the points necessary except the point at
A proofof all the constructions is given in Fig. 3314, in which
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Fig. 3315-

which the valve will open the port for the lead, and this we may

find by setting a pair of compasses to the radius B H (or to radius

VV, as both these radii are equal), and from Vas a centre, mark at

A anarc, whica will give the crank pin position at the time the port
first opens for the lead, or in other words it will give the position.
The proof of the construction is, that if we set the compasses to
the distance between the crank pin position on the dead centre and
the point of cut off ‘or from Bto H), we may apply the compasses to
the points V, V, which

represent the eccentric

position

when

the

the letters of reference correspond to those in the previous figures,
and the positions of the parts are marked in degrees of angle.
To find the piston position at the point of cut off, measured in
inches, of the piston stroke it must be borne in mind that as the
circle B D represents the full travel of the valve, the diagram
gives all the positions of the eccentric and valve full size, but that
as it represents the crank path ona
reduced scale, therefore we
must multiply the measurement on the diagram by that scale.
| Suppose, for example, that the piston stroke is 10 inches, and the

ae.
eS
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port is opened to the amount of the lead, and when the cut off occurs. _ valve travel 2} inches. and the circle being 2% inches in diameter,

If the point of cut off only is to be found, we mark from c, Fig.
3314, an arc G representing the amount of valve lap and arc § representing the lead. <A verticai P gives the eccentric position V when

is, when considered with relation

to the eccentric motion, full size,

but when considered with relation to the piston or crank motion,

| it is only } the size, hence to find the piston position at the time of

the crank ts on the dead centre at B, and a vertical m from G gives | cut off, we must multiply the distance from B to R by 4.
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In full gear, however, the bottom eccentric rod has bet a very
shght effect mdeed on the motion of the valve because both the

The ordinary mechanism employed to enable a stationary engine | link hanger
and the link block will permit the imk to swing on
to be reversed or run in either direction 1s the Stephenson link | centre of the lmk block pin asa pivot. If now we turn to Fig.
motion. Other forms of link motion have been devised, but the |3316 for the full gear backward, we shall see that these conditions
Stephenson form has become almost universal.
‘are reversed and the backward eccentric becomes the effective
Fig. 3315 represents this link motion or reversing gear with the | one, bemg m Ime with the valve spindle. Byshifting
the link
parts in position for the full gear of the forward motion, and Fig. | from one gear to the other, therefore, we have merely changed the
3316 represents it in full gear for the backward motion.
| direction in which the link will move the valve, and, therefore, the
The meaning of the term full gear is that the parts are in the” direction in which the engime would run.
position in which the steam follows the piston throughout the
In Fig. 3315 for the fall gear the parts are shown in position,
longest or greatest part of the stroke. When m full gear the link | with the psston at the crank end of the cylinder, and the crank
motion operates the valve almost precisely the same as if the eccen- _ pin on the dead centre, and the eccentrics must be set as shown in

ee LLY
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Pig. 3316.

tric rod was attached direct to the valve spindle and no link motion
was used.
Besides enabling the engine to run in both directions, however,
the link motion provides a means of reducing the amount of valve
travel and thus causes the live steam to be cut off earlier m the
piston stroke, thus using the steam more expansively. This ts
done by moving the reversing lever more upright,

the cat, the eccentric rods bemg open and not crossed. When,
_ however, the crank is on the other dead centre and the pstston at the
‘ head end of the cylinder, the rods will cross each other, and it is

_mecessary to remember that the rods should be open when the
| ‘psston ts at the crank end of the cylimder. If, however, the runnmg gear contams a rock shaft, or rocker (as is the casem

the earliest _ Amentcan locomotives), then these conditions are reversed, and the

point of cut off being obtained when it is upright and the latch is - eccentric rods will cross when the psston ts at the crank end of the
in the notch marked O on the sector in Fig. 3315. If with the | cylinder.
engine standing sull we move the link motion from full gear forward to full gear backward and watch the valve, we shall find
that the valve
lead increases as the reversing lever approaches
the upright position, or mid gear as it is termed, and that after
passing that point it gradually diminishes again, the valve being

| In setting the slide valve of an engme having
2 link moton,
| there are two distinct operations. Fast, to put the crank on the
| respective dead centres, which will be fully described om page 394,
| and need not be repeated: and second, to set the eccentrics
in
| them proper positions on the shaft, and correct,
if mecessary, the

so set that
the lead is the same for full gear forward as itis fer lengths of the eccentric rods. The crank being on the dead cenfull gear backward.
tre, with the piston
at crank end of the cylinder, the eccentric shouid
The reversing lever is used to move the link into the required be moved around on the shaft by hand until there is the desired
position and to hold it there (the end of the latch fitting into the | amount
of lead at the crank end port, and temporarily fastened
notches
in the sector being the detaining or locking device}; as_ there, a set screw usually being provided (ir. the eccentric) for this
the link is suspended by its saddle pin $ and the lnk hanger,
purpose. The lead
is best measured with a wedge, w, Fig. 3315.

therefore
its motion is to swing or partly rotate on the pin S,and The crank is then put on its other dead centre, and the lead for
at the same time ending in the arc of a circle whose centreof the head end port ts measured. If the lead ts to be made equal
motion is in the pin at the upper end of the link hanger which is_for the two ports (as is usually the case in horizontal engines) and
pivoted to the lower arm of the lifting shaft (whick issometimes it is found to come so, the valve setting for the forward gear is

termed the tumbling shaft). It will clearly
be seen that with the complete. If the lead is not equal, the forward eccentric rod or
position
the parts occupy in Fig. 3315, and the crank motion be-|| else the valve spindle must
be altered soas to make the lead equal.
ing in the direction of the arrow, the forward eccentric will move _ In some engines adjusting screws are provided for the purpose of
the topofthelinktothe right and therefore thevalve will move |regulating the length ofeither theeccentric rodorelseof theslide

to the right, while the backward eccentric will move the bottom | spmdle;
end of the !:nk to the left.

it does not matter which is altered. The lnk motion

is then put dafull: pear for’the backward motion. and; eah the
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crank on the dead centre (it does not matter which dead centre),
the eccentric is moved by hand upon the crank shaft until there
is the required amount of valve lead. The eccentric is then
fastened on the shaft and the crank put on the other dead centre,
and the lead tried for the other port, and made equal by lengthening or shortening the backward eccentric rod. It is to be noted
that altering the length of the eccentric rod or of the valve spin-
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which one end of the spring is attached, the other acting on an
arm that projects into a slot in the governor spindle. It is obvious
that the speeder can be adjusted while the engine is running.
In Fig. 3319 the governor is shown with the speeder and Sawyer’s valve, the latter enabling the governor valve to be opened
or closed without affecting the rise and fall of the governor balls,

which is done by operating the arm shown on the right, whose

dle makes it necessary to reset the eccentric, as it affects the
amount of lead at both ports; hence, if any alteration of rod length
is made, the whole process here described must be repeated after
each alteration of rod length.
FLY

BALL

OR

THROTTLING

F
Pr

‘we

GOVERNORS.

An isochronal governor is one in which the two opposing
forces are equal throughout the whole range of governor action,
or, in other words, equal, let the vertical height of the plane in
which the balls revolve or swing be what it may.
A dancing governor is one that acts spasmodically. Such an
action may occur from undue friction in the parts of the governor
or of its throttle valve.
The friction offers a greater resistance to starting the parts in
motion than it does to keep them in motion after being started ;
hence, the parts are apt to remain at rest too long, and to move too
far after being put in motion.

~

amey
Aare

Rule to find the number of revolutions a governor should make.
Divide the constant number 375.36 by twice the square root of the
Fig. 3319.
height of the cone in inches. The quotient is the proper number of revolutions per minute.
ends are provided with loops, so that a cord may be attached, enExample.A governor with arms 30} inches long, measuring
abling the engineer to operate the governor from a distance.
from the centre of suspension to the centre of the ball, revolves,
The safety stop or stop motion is shown on the right, Fig. 3320.
It acts to close the governor valve and stop the engine in case
in the mean position of the arms, at an angle of about thirty degrees with a vertical spindle forming a cone of about 263 inches | the belt that drives the governor should get off the pulley or break.
high. At what number of revolutions per minute should this This stop motion consists of a pulley suspended by a rod, and ridgovernor be driven? Here the height of the cone being 26.5 in- ing on the belt which supports its weight. Should the governor
ches, the square root of which is 5.14 and twice the square root
belt break, this pulley falls and severs the connection between the
valve and the governor, closing the valve, and holding it closed.
10.28, we divide 375.36 by 10.28, which give us 36.5 as the proper
number of revolutions per minute at which the governor should be Fig. 3321 shows the governor in section to expose the construction
driven.
)
of the valve. The valve Vv is what is termed a poppet or poppet
The construction of the Pickering governor is as follows :
valve, which is balanced, because the steam entering at I, and takIn Fig. 3317 it is shown in its simplest form, and in Fig. 3318 ing the course denoted by the arrows, acts equally on both ends of
the valve and does not press it in either direction, while as the
steam surrounds the valve it is not pressed sideways.
At B is a gland or stuffing box to keep the spindle or rod steamtight. At a is the slot for receiving the arm from the speeder and
from the stop motion.
P is obviously the driving pulley, imparting motion to the bevel
wheels G, which drive the outer spindle S, the inner spindle s’ being connected to A. The balls are upon mbbon springs D, which
are secured at their lower ends to a link fast to the spindle Ss.
The centrifugal force generated by the balls causes them to move
outwards, their upper ends pulling down the cap to which they
wine

are secured, and this cap operates the valve.
Governors of this class are sometimes termed /7y-dal/ governors.
STARTING

A

PLAIN

SLIDE-VALVE

ENGINE.

The method to be pursued before starting a plain slide-valve engine depends upon what the engineer knows about the condition

Figs. 3317, 3318.
with the driving pulley and speeder (or engine speed regulating
device) attached.
This speeder consists of a spiral spring whose
tension may be adjusted to more or less resist the rise of the governor balls, and thus enable the engine to run at a greater speed
for a given amount of rise of the governor balls, hence by increasing the tension the engine speed is increased.
THE

SPRING

ADJUSTMENT.

The adjustment of the spring tension is made by a worm actuating a worm wheel on a rod passing through the spring, and to

of the engine.
If he knows

the engine is in proper running order, all! that is
necessary is to first attend to the oil cups and start them feeding.
Then, if it is necessary, move the crank into the required position
to Start it easily : open the waste water cocks to relieve the cylinder of the water that will be condensed from the steam when it
enters a cool cylinder, and turn on the steam ; giving the throttle
valve enough opening to start the engine slowly.
The best position for the crank pin to be in to enable its starting
easily is midway between the horizontal and vertical position (or,
in other words, at an angle of 45° to the line of centres) and inclining toward the cylinder, so that when the engine moves the piston
will travel toward the crank shaft.

There are two reasons why this is the best position fo: starting.

THE

STEAM

The first applies to all engines because there is a greater piston
area for the steam to act on when the piston is moving toward the
crank than there is when it is moving away from it. This occurs
because the piston rod excludes the steam from a part of the face
of the piston. The second applies to all plain slide-valve engines
whose slide valves have equal laps and both steam ports of equal
widths, because the live steam follows further on the stroke

when the piston is moving toward the crank than it does when it
is moving away from it, and it follows that more piston power is
developed, and the engine is less likely to stop when passing the
dead centre.
When first taking charge of an engine, it is proper, before starting it, to ascertain that it is in fair working order.
A complete examination of an engine should include atest of the
fit of the piston to the cylinder bore, of the cross head to the guide
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Take off the cylinder cover and also the follower from the piston
head, and see that the piston rings are set out to fit the cylinder
bore but not to bind it tight. Then bolt the follower up firmly in
place again.
Take off the connecting rod and move the piston until it touches
the cylinder cover at the other or crank end of the cylinder, and
then draw a line across the side face of the cross head guide and
on the guide itself.
Put on the cylinder cover and push the piston back until it abuts
against it, and then make another line on the cross head guide and
the guide bar, and these two lines will show the extreme positions to
which the piston can be moved when the connecting rod is disconnected.
Next put on the connecting rod, carefully adjust the keys or
wedges, so that the bores of the brasses fit easily to the crank pin
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bars, of the connecting rod brasses to the crank pin and cross head
journals, and of the crank shaft to its bearings.
It would also include a testing of the alignment of the crank shaft and of the
guide bars, as well as the set of the valves and the adjustment of
the governor.
The least examination

and cross head pin, seeing that the oil holes are clear, and that
oil will feed properly to the journals.
In making this adjustment it is a good plan, if there is any end

play of the brasses on the crank pin, to set up the key or wedge
until the rod can just be moved by hand on the pin, by first pulling

permissible with a due regard to safety
would be to move the engine throughout at least one full revolution by hand, «and to see that the connecting rod brasses and the
main bearings do not fit too tight to their respective journals, and

the rod to one end of the pin, and then pushing it to the
other.
In putting on the rod, it will be necessary to move the piston a
trifle towards the crank.

to then start the engine slowly by giving it only enough steam to
move it, keeping the hand on the throttle valve so as to be able to
shut off steam instantly should it become necessary.

it is a good plan to drive the key home until the brasses are known

cA. thorough examination should be made in the follcwing order:
First, slightly loosen the nuts on the crank shaft bearings and
alsc «he connecting rod keys.
Then move the fly wheel around until the crank points straight
to the cylinder, which will bring the piston up to the outer end of

the cylinder bore.

In making the adjustment of the crank pin fit to the rod brasses,
to bind the crank

pin, and then

mark a line across the side face

of the key and fair with the top face of the connecting rod strap,
to then slacken back the key enough to ease back the brasses to a
proper fit, and then mark another line on the key.
The first line will form a guide as to how much to slacken back
the brasses to adjust the fit, and the second one will form a guide
as to how much the key is moved when making a second adjust-
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ment, if one should be found necessary after the engine has been
running.

Similarly in adjusting the main bearing boxes to the crank shaft,

either the nuts, or what are called leads, may be taken to adjust

the fit. Leads are necessary when the joint faces of the brasses
do not meet, but are left open so that the wear can be taken up
while the engine is running.
It is better, however, to let the brasses abut together, so that it
may be known that the fit is correct when the nut is screwed firmly
home.
The method of taking a lead is as follows: The top brass is
loosened, and between the joint faces of the brasses or boxes on
each side of the shaft a piece of lead wire is inserted. For a
shaft of, say, four inches in diameter, the lead wire will be about

ts inch in diameter, or for 10 inch shaft the wire should
in diameter, and should be as long as the brass. The
then screwed firmly home, and the wire will be squeezed
the brasses and thus flattened on two opposite sides, the
showing how far the joint faces of the brasses are apart
bore grips the journal.

be } inch
nuts are
between
thickness
when the

A liner, fit strip, distance piece, or shim (all these names mean-

ing the same thing) is a strip of metal placed between the joint
faces of the brasses to hold them the proper distance apart to
make a working fit of the journal and brasses, when the latter
are firmly bolted up.
The fit of the top brass therefore depends upon the fit strip being
of the proper thickness from end to end.
Now the lead wire is the gauge for the thickness of the fit strip,
the latter being made a trifle thicker than the flattened sides of
the lead.
If the lead is thicker one end than the other, or if one lead is
thicker than the other, the fit strips must be made so, and the

leads must be marked so that it may be
were placed between the brasses so that
be on the proper side of the brass, and
the crank.
Another method that is adopted in the
to screw

known which way they
the proper fit strip may
the proper end towards
case of large brasses is

down the nuts until the brasses bind

the journal, and

then make a mark on the nut and onthe bolt thread. The nut is
then slackened back as much as the judgment dictates, and a note
made of how much this is, the marks forming a guide.
As the wear

takes

place, and the nuts screw

farther down,

a

new mark is made on the nut, so that it may always be known
how much to screw up or unscrew the nut, to make a light adjustment.

To avoid heating, it is a good plan to press some tallow into the
bottom or in one corner of the oil cup, and then pour in the oil
used for ordinary lubrication. So long as the bearing remains
cool, the oil will feed and the tallow remain.
If the bearing heats, the tallow will melt, and, having a heavier

body, will give a more suitable lubrication.
To find if the connecting rod is of the right length
should do, an equal amount of clearance (or space
piston and the cylinder cover) at each end of the
the fly wheel a trifle in either direction, and then
until the crank

is on the dead

centre, and
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suitably altering the length of the eccentric rod, but when the lead
is equal for the two ports, its amount must be regulated by moving
the position of the eccentric upon the crank shaft.
|
SQUARING A VALVE.—A method not uncommonly pursued in
setting a valve is to what is called sguare i¢ before trying it.
This squaring process consists in so adjusting the length of the
eccentric rod that the valve travels an equal distance over or past
the steam edge of each steam port; but since the valve does not,
when set to give equal lead, travel equally past each port, therefore
the work done in squaring a valve is all thrown away, and may result in altering the eccentric rod from its proper length to an 1mproper one, necessitating that it be altered back again in order to
set the lead right.
The proper method is to adjust both the length of the rod and
the position of the eccentric, by testing the lead at once, lengthen-

ing the eccentric rod to increase the lead at the crank end, or vice
versa.
Each alteration of eccentric position may render necessary an
alteration of rod length, or vice versa, each alteration of rod length
may render it necessary to alter the eccentric position, hence the
lead should be tried at both ends of the cylinder after each alteration of either rod length or eccentric position.
In vertical engines the weight of the crank shaft causes it to
wear the bottom brass or part of the bearing box the most, thus
lowering its position, while the eccentric straps and pins wear
most in the same direction ; hence the wear increases the lead at

the head end of the cylinder when the latter is above the crank, and
at the crank end when the crank is above the cylinder.
When the cylinder is above the crank, the weight of the piston,
cross head and connecting rod is counterbalanced at the end of
the downward piston stroke by giving the crank end port more
lead ; but when the cylinder is below the crank, it is the head end
port that must be given increased lead to prevent a pound or knock,
or to allow for the wear downwards of the parts.
After an engine is started, the pet cocks should (if they are not
automatic) be closed as soon as dry steam issues, and if this cannot
be seen, it may be assumed to occur after the engine has made

about 20 revolutions.
The parts that will then require particular attention are the
crank pin, main bearings, cross head guides and the pump, if
there is one. The former must be kept properly lubricated, so
that they may not get hot and the cylinder lubricator (which is
usually placed on the steam pipe) must be set to self feed properly.
If the crank shaft bearings should begin to heat. loosen the cap
bolts and lubricate more freely, or, if it is at hand, some melted tal-

low may be applied with the oil, as a heavier lubricant may stop
the heating.
The crank pin requires the most attention and is the most difficult to keep cool and to examine, because of its circular path rendering it difficult to feel it.

to give, as it
between the
stroke, move
move it back

draw a line across

the

cross head guide and guide bar, and the distance between this
line and that drawn when the connecting rod was disconnected,
shows the amount of clearance at that end of the cylinder. Then
move the crank pin over to its other dead centre, and mark a line
across the cross head guide and the guide bar, and the distance
between this line and that drawn before the connecting rod was
put on will show the clearance at this end of the cylinder.
If the clearance is not equal for the two ends, it should be made
so by putting liners behind the connecting rod brasses so as to
lengthen or shorten the connecting rod (according as the case may
require), and equalize the clearance, while at the same time bringing the connecting rod keys up to their proper heights.
To test the set of the valve, the steam-chest cover must be taken

off, the crank placed alternately on each dead centre, and the lead
measured for each port.
An unequal or an equal degree of valve lead may be given by

This may be done, however, in two ways,

first by standing at the end of the engine bed and gradually extending the hand, until the end of the rod meets it as it passes, and,
second, by placing the hand on the connecting rod as near to the
end of the guide baras possible where its motion is diminished and
moving the hand towards the crank pin, by which means the end
of the crank pin may be approached gradually.
If the end of the rod is hot, the engine speed should be reduced
or the engine should be stopped so that the connecting rod key or
wedge may be eased back and the oil feed made more copious,
Then, after the engine has been stopped

for the night, the brasses

should be taken out and any rough surface, either on the brasses or
on the pin, smoothed down with a file.
Hot crank pins may occur from several causes, but by far the
most common ones are from improper oiling, or from the engine
being out ofline.
A heavier oil will often stop, or at least modify, the heating, but
its cause should always be discovered and remedied.
Engines that are used out of doors or are exposed to temperatures below the freezing point must be left so that steam leaks may
not condense in any of the parts or pipes and burst them.
Leaky throttle valves may, for example, cause water to accumu

THE

STEAM

late in the steam chest and freeze, perhaps bursting the steam-chest
cover.
To prevent this let the engine stand with the crank just past the
dead centre, so that the steam port will be open, and open the
waste water cocks on the cylinder, and also on the steam

chest if

there is any.

If the cylinder is jacketed all the drain cocks for the jacket should
also be opened.
A leaky check valve may cause the steam to condense in the
pump and freeze it up solid or burst it or the pipes. To avoid
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The displacement of a piston pump is found by multiplying the
area of the pump bore by the length of the piston stroke.
The displacement of a plunger pump is less than the above, by

reason of there being a certain amount of clearance or space between the circumference
bore.

of the plunger and that of the cylinder

It is desirable to keep the clearance space in all pumps as small

es a
ieue ue

this, open the pump pet cock.
Open all the drain cocks on the heater and water pipes.
If the water is left in the boiler all night it is liable to freeze.
To prevent this leave a well banked fire.
In extreme weather remember that on exposed engines the oil,
if of such quality as sperm or lard oil, may freeze and prevent
feeding until the bearings get hot and melt the oil.
To prevent this use a lighter oil, as, for example, a mineral oil.

'

ease
Q

Or, in case of freezing, melt the oil in the cups with a piece of wire

i

:

,
Toon

made red hot while getting up steam in the morning.
A good plan to prevent oil from freezing and yet have a good
quality of oil is to mix two parts of lard oil with one part of kerosene.
Portable engines should stand as nearly level as possible, so that
the water will stand level above the tubes and crown sheet of the
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of the bottom of the stream, where it is liable to be choked.

When the exhaust steam is used to feed the boiler, do not open the
valve that lets the exhaust steam into the feed-water tank until a
little while after the engine has started, because the oil fed to the cylinder will otherwise pass into the feed tank and may cause priming.
In engines having plunger pumps for feeding the boiler it is essential to keep the plunger properly packed, as a leak there impairs
or stops the pump from acting.
A gauge glass may be cleaned when the engine is cold by shutting off the cocks leading from the boiler and filling the glass with
benzine, allowing it to stand two hours; the benzine must be let
out at the bottom of the glass tube, and not allowed to enter the
boiler.
In starting a new engine be careful to let the bearings be slightly
loose.
At first give only enough steam to just keep the engine going,
and keep the hand on the throttle valve ready to shut off steam instantly if occasion should require.
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fre box.

When feed water is drawn from a natural supply, as from a
stream, the strainer at the end of the suction pipe should be clear

ae

nee?

as the conditions will allow, especially if the pump is liable to lose
its water.
Losing the water means the falling of the suction water back
into the source of supply, which may occur when

the engine has

to stop temporarily, and there is a leak in the suction valves.
Rotary pumps are those in which the piston revolves, an example of the most successful form of rotary pump being shown in
Fig. 3322, which is that used by the Silsby fire engine.
The advantage possessed by a rotary pump is that it keeps the
water passing through the suction in a continuous and uniform
stream, as it has no valves.

It may therefore be run at a high velocity or attached direct to
the engine shaft.
If a rotary pump leaks, the efficiency is not impaired so much as

PUMPS.
a,
a

Pumps are divided into the following classes :
Lift pumps, in which the water flows freely away from the pump,
which performs lifting duty only.
Force pumps, which deliver the water under pressure.
Plunger pumps, in which a “ plunger,” or ‘‘ram,” as it is some-

es

times termed, is used.

Piston pumps have a piston instead of a plunger.

—_<“~//
7,

A double acting pump is one in which water enters into and is

delivered from the pump at each stroke of its piston or plunger,
or, in other words, one in which, while water is being drawn in at
one end of the pump, it is also being forced out at the other.
A single acting pump is one in which the water enters the pump
barrel during one piston or plunger stroke, and is expelled from
the pump during the next stroke, hence the action of the suction
and of the delivery is intermittent, although the pump is in continuous action.
For very heavy pressures plunger pumps are generally used, the
plunger being termed a ram.
The advantage of the plunger or ram is that it gives a positive
displacement, whereas in a piston pump a leaky piston permits the
water from the suction side to pass through the leak in the piston,
to the delivery side.
Piston pumps possess the advantage that there is less difference
between the contents of the pumpand the displacement than is the
case in plunger pumps.
VOL. 11. —66,

a

SO

OSA

Fig. 3323.

in a piston or plunger pump, all that is necessary being to run the’
pump at a high speed.
The principles of action of a pump may be understood from Fig.
3323, which represents a single acting plunger pump shown In section, and with the suction pipe in a tank of water, the pump being
empty.

The surface of the water in the tank has the pressure of the atmosphere resting upon it, and as the pump is filled with air, the
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surface of the water within the pipe is also under atmospheric
pressure.
Now suppose the plunger to move to the right, and as nomore air
can get into the pump, that already within it will expand, and will
therefore become lighter, hence there will be less pressure on the
surface of the water within the suction pipe than there is on the
outside of it, and as a result the water will rise up the pipe, not because the plunger draws it, but because the air outside the pipe
presses it up within the pipe.
The water inside the pipe will rise above that outside in proportion to the amount to which it is relieved of the pressure of the air,
so that if the first outward stroke of the plunger reduces the pressure within “xe pump from 15 Ibs. to 14 lbs. per square inch (15 lbs.
per square inch being assumed to be its normal pressure), the water
will be forced up the suction pipe to a distance of about 2} feet,
because a column of water an inch square and 2} feet high is equal
to 1 lb. in weight. In Fig. 3324 the pump plunger is shown to
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Fig. 3325 shows the plunger making a delivery stroke, the suction valve being closed, and the delivery valve open where it will
remain until the plunger stops.
To regulate the quantity of water the pump will deliver in cases
where it is necessary to restrict its capacity, as in the case of maintaining a constant boiler feed without pumping too much water in
the boiler, the height to which the suction valves can lift must be
restricted, so as to limit the amount of water

that can

enter the

pump at each drawing stroke.
The delivery valve should lift no more than necessary to give a
free discharge without causing the valve to seat with a blow; but
if the pump has a positive motion, the delivery vaive must open
wide enough to let the water out, or pressure enough may be got
up in the pump to break it.
A check valve is merely a second delivery valve placed close to
the boiler and serving to enable the pump to be taken apart if
occasion should arise, without letting the water out of the boiler.
The lift and fall of both valves act to impair the capacity of the
pump. Thus, while the suction valve is falling to its seat, the water
already in the pump passes back into the suction pipe, and similarly, while the delivery valve is closing, the delivery water passes
back.
A foot valve is virtually a second suction valve placed at the
bottom or foot of the suction pipe.
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Fig. 3324.
have moved enough to have

permitted the water to rise above the

suction valve, and it will continue to rise and enter the pump barrel as long as the plunger moves to the right.
When the

plunger stops, the suction valve will fall back to its

seat and enclose the water in the pump; but as soon as the plunger
moves back to the left hand and enters the barrel pump further,
the delivery valve will rise, and the plunger will expel from the
pump a bcdy of air or water equal in volume to the cubical contents

of the plunger, or rather of that part of it that is within the barrel,
and displaces water.

If the plunger was at the end of its first stroke to the right and
the pump half filled with air, then this air will be expelled from the
pump before any water is; whereas if the pump was filled with
water, the latter only will be delivered.
Now suppose the first plunger stroke reduces the air pressure
from 15 to 14 lbs., and that the second drawing stroke of the plunger reduces the air pressure in the pipe to 13 pounds per inch, the
water will rise up it another 2} feet, and so on until such time as
the rise of a column of water within the pipe is sufficient to be equal
in weight to the pressure of the air upon the surface of the water
without ; hence it is only necessary to determine the height of a column of water that will weigh 15 lbs. per square inch of area at the
base of the column to ascertain how far a suction pump will cause
.water to rise, and this is found by calculation or measurement to
be a column nearly 34 feet high.

It is clear then, that however high the pump may be above the

level of the water, the water cannot rise more than 34 feet up the
suction pipe, even though all the air be excluded from it and a
perfect vacuum formed, because the propelling force, that is, the
atmospheric pressure, can only raise a column of water equal in
weight to itself, and it is found in practice to be an unusually good
pump that will lift water thirty feet.

Fig. 3325.

The capacity of apump is from 70 to 85 per cent. of the displacement of the plunger or piston, and varies with the speed at
which the plunger or piston runs.
If a pump runs too fast, the water has not sufficient time to follow the piston or plunger, especially if the suction pipe has bends
in it, as these bends increase the friction of the water against the
bore of the pipe.
The speed of the piston or plunger should not exceed such as
will require the water to pass through the suction pipe at a speed
not greater than 500 feet per minute, and better results will be
obtained at 350 feet per minute.
An air chamber placed above the suction pipe of any pump
causes a better supply of water to the pump by holding a body of
water close to it, and by making the supply of water up the suction pipe more uniform and continuous.
Air chambers should be
made as long in the neck as convenient, so that the water in passing through the pump barrel to the delivery pipe could not be
forced

up into the chamber, as, if such be the case, the air in the

chamber is soon absorbed by the water.
Belt pumps are more economical than independent steam
pumps, because the power they utilize is more nearly the equivalent of the power it takes to drive them, whereas in steam pumps
there is a certain amount of steam, and therefore of power, expended in tripping the valves and in filling the clearance spaces in
the cylinder. Furthermore, the main engine uses the steam expansively, whereas the steam pump does not.
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‘This pipe passes beneath the lagging until it reaches the smoke
box, which is done to keep it warm and prevent the oil from freezing, while the steam pressure enables the oil to feed against the
steam pressure in the steam chest.
end is firmly bolted to the engine cylinders, which are in turn
The slide valve is balanced by means of strips let into its back,
bolted to the frames, while at the back end the boiler is suspended
by the links B (one at each end of the fire box on each side of the and bearing against a plate fixed to the steam chest cover.
The frame on the side of the engine shown in the engraving is
engine).
‘he starting bar is shown in position to start the engine, and it shown broken away from the yoke A to the fire box, so as to exis seen that the rod a and bell crank 4 are in such a position as to pose the link motion to full view, the shaded portion of the frame
open the valve T, and thus admit steam from the dome to the pipe being that on the other side of the engine.
The yoke or brace A carries one end of the guide bars. The
e, whence it passes through pipes/, 2 and 7 into the steam chest
safety valve S may be raised to see that it is in working order, or
2, the slide valve v distributing the steam to the cylinder. The
exhaust occurs through the exhaust port @, whence it passes up to regulate the steam pressure, by the lever 0, which has a ratchet
tongue engaging with the notches at Z/.
the exhaust pipe and out at the smoke stack.
In addition to the safety valve with spring balance, however, a
The boiler is fed with water as follows:
pop safety valve is employed on the part of the dome that is
The feed pipe from the tender supplies water to the injector,
shown broken away, the construction of this pop valve being
i

Fig. 3326 is shown a modern freight locomotive, the construction being as follows :
For generating the steam we have the boiler, which at the front

shown in the outside view, Fig. 3326a, and

33264, the casing being removed
seat B is a recess a, and

threaded

ring c’.

When

confined

in the annular

upon

a sectional view, Fig.

from the latter.

In the valve

the circumference of the valve

is a

the valve lifts, the steam is somewhat
recess

of the valve, and the extra valve

area thus receiving pressure causes the valve to lift promptly and
the steam to escape freely. The degree of this action is governed
as follows:
The sleeve C’ is threaded upon the upper part of the valve, so
i

that by screwing

it up or down upon

the valve the amount

of

opening between the annular recess a a, and the lower edge of
the sleeve C’ C,, is increased

or diminished

at will; the less this

i

' :7
f)

‘

ca nih

‘esi
Th

INAS

Fig. 33262.

TRAM
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which is forced by the injector through the feed pipe to boiler and
into the latter.
In the figure the parts are shown in position for the engine to
go ahead, hence the reversing gear is in the extreme forward
notch of the sector, and the valve gear is in full gear for the forward motion.
The lever 7 is for opening and closing the cylinder cocks, which
are necessary to let the water of condensation out of the cylinder
when the engine is first started and the cold cylinder condenses
the steam.
To supply steam to the injectors (of which there are two, one on

each side of the engine) and to the steam cylinder of the pump,
there is a steam pipe leading from the dome to the steam drum,
the pipe K supplying steam to the injector, and pipe J supplying
steam to the steam cylinder of the air pump. The pipe for supply-

,

oe,

HIT?
“ah
74
Ge

Fig. 3326.
opening, the more promptly the valve will rise atter lifting from its
Seat.

ing oil to the slide valve and cylinder is furnished with a sight

To secure the sleeve
the screws L, L seat in
In many engines pop
levers are provided by

or ring in its adjusted position, the ends of
notches cut in the upper edge of the sleeve.
valves alone are used, and in some cases
means of which the pop valve can be raised

feed oil cup, the oil being carried by steam from the steam drum.

from its seat to test if it is in working order.
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3326 for a freight locomotive, the eccentric rods in this case being
straight, as there is no wheel axle in the way.
The injector for feeding the boiler is the same as that shown on
the freight locomotive.
The ash pan is provided with two dampers, one at each end, and
the front one is operated by the bell crank a c.

Referring again to Fig. 3326, H is the handle for operating the
injector, and w a rod for opening the injector overflow.
We now come to the automatic

PRACTICE.

air brake; steam for the steam

cylinder of which, is received from the steam drum through the
pipe J, passing through the pump governor, or regulator G. The
exhaust pipe for the steam cylinder of the air pump passes into the
smoke box. The air cylinder receives its supply of air through
the small holes at 4, 4, and delivers it through the pipe C into the
air reservoir or tank, from which it passes through the tank pipe
up to the threeway cock or engineer’s brake valve, whose handle
is shown at M. The brakes are kept free from the wheels and out
of action so long as there is air pressure in the air reservoir and in
the train pipe, hence the normal position of the handle M is such
as to let the air pass from the air reservoir up the pipe x and into
the train pipe. When the brakes are to be applied, handle M is
moved so that there is an open connection made between the
train pipe and the fife fo open air, which releases the air pressure
and then puts on the brakes not only on each car, but also on the
engine, because the engine brake cylinders receive their air pressure from the pipe shown leading to the train pipe. From the tank
pipe x a pipe / leads to the top of the pump governor G, whose
action is to shut off the steam from the steam cylinder of the air
pump whenever the pressure in the air reservoir or tank exceeds

The sand boxes are here fastened to the frame, both sand valves

being operated by the lever 7, which at its lower end connects to
a rod, #, which at its back end connects to an arm, Z, on a shaft

that extends
ing to rod #,
necting with
The steam

across the fire box and connects to a rod correspondbut situated on the other side of the engine and conthe other sand valve.
pump for the automatic air brake is on the other side

of the engine, and

the air reservoirs, of which there are two, are

horizontal and situated beneath the front end of the boiler. The air
pipe to the triple valve here connects to the front pipe of the three
beneath the triple valve, the middle pipe being that which is open to
the atmosphere, which is the usual construction. The engine brake
receives its air from a pipe on the other side of the engine which
feeds the pipes G, Vv, for the brake cylinder shown in the figure.
When the engine is running backwards, the train brakes are operated through the medium of the ‘‘ pipe to air brake and to front
end of engine” which is shown broken off.
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Top-0f=Boiler
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Rod to Sand Valve

Fig. 3327.

70 lbs. per square inch.

air pressure gauge.

A small pipe leads up from pipe 4 to the

:

For regulating the draught of the fire there is a damper door
at each end of the ash pan, and to increase the draught, a pipe
leads from the steam drum into the smoke box, where it passes up
alongside of the exhaust pipe, its end being shown at Z. This is
called the d/ower, and its pipe is on the other side of the engine.
The plate shown at P, P in the smoke box checks the draught in
the upper tubes, and therefore distributes it more through the lower
ones,
There are two sand valves, both of which are operated by one rod,
the construction

being shown in Fig. 3327, which is a plan show-

ing the bottom of the sand box broken away to expose the gear
for moving the valves. The two valves 7, vy for the sand pipes
are on raised seats ¢, ¢, and are fast on the same shafts as the
segments s, s, but the valves are obviously above, while the seg-

ments are beneath

the bottom of the sand box.

The gear wheel

W is pivoted to the under side of the bottom of the sand box, and
the arm L is fixed to the wheel.
At /are pieces of wire, which,
being fast in the spindle, revolve with it and stir up the sand

when the valves are moved.
As shown in the figure, the two
sand pipes a, @ are open, but suppose the rod is moved endways
and

L will

revolve

w, which will move s, s and

the valves wv, 7,

causing the latter to move over and cover the pipes a, a, and shut
off the sand from the pipes.
Fig. 3328 represents an American passenger locomotive with a
steam reversing gear, or in other words, a reversing

gear that is

operated by steam.
The link motion is substantially the same as that shown in F ig.
wv

The construction of the steam reversing gear is shown in Fig.

3328a.
Ais asteam cylinder and B a cylinder filled with oil or
other liquid. Each of these cylinders has a piston, the two being
connected together by their piston-rods Cc’. These rods are also
connected to a lever D E F, which works on a fulcrum E. The
lower end of the lever is connected to the reverse rod FG, the front

end of which

is attached

to the vertical arm of the lifting or re-

verse shaft. It will readily be seen that if the piston in B is free to
move and steam is then admitted to either end of the steam cylinder A, the two pistons will be moved in a corresponding direction,
and with them the lever D E F, and the other parts of the reversing
gear. A valve, 1, is provided, by which communication is opened

between the cylinder A and the steam inlet pipe. Another valve, I,
is placed between H and the cylinder a, by which the steam may be
admitted either into the front or back end of the cylinder.
It will
be apparent, though, that if the piston in A is thus moved, and the
reverse gear placed in any required position, some provision must
be made to hold it there securely. This is accomplished by the
oil cylinder and piston pn. To it a valve, J, is provided, by which
communication between the front and back ends of the cylinder
may be opened or closed. It is evident that if the piston B is in

any given position, and both ends of the cylinder are filled with
liquid, the former will be held securely in that position if the liquid
in one end cannot flow into the other. If, however, communica-

tion is opened between the two ends, then, if a pressure is exerted

on the piston B, it will cause the liquid to flow from one end of the
cylinder to the other, and thus permit B to move in whichever direction the pressure is exerted.
R is the reverse lever, made

in the form of a bell crank, the

4
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short end of which works in a
slot ¢c, in the upper end of a
shaft or spindle @. This shaft
is inclosed by a tubular shaft s,
to which the fulcrum of R Is
The tubular shaft
fastened.
has an arm J.
The reverse

\

K:

movements, the

lever has two

one to raise the end up, and
the other to turn on the axis

Cylinder
Steam

of the tubular shaft. The arm
6 on the latter is connected by
a rod, f, with the valves J
and H. The lower end of the

shaft @ is connected

with a

bell crank, 7%’which, in turn, Is

connected

by a rod, & 7, with

the

1.

valve

Therefore,

by

turning the lever R so as to

partly revolve the shaft s, the
valves J and H may be opened
or closed, and by moving the
lever R up or down, the valve I

is moved to admit steam to the
front or back end of Aa. To
reverse the engine, therefore,
the lever R is turned so as to
open the valves
Jand H. This
cation
opens communi
between
the opposite ends of B, and
H

admits

steam

to

I.

Now,

by reversing the end of the reverse

lever

moved so as
to either end
in which will
gear to the
When

R,

the

I is

valve

to admit steam
of A, the pressure
move the reverse
desired position.

(()
Cylinder

Q)
Big.
33282.

this is done, the valves

This preJ and H areclosed.
vents the fluid in B from flowing from one end o: the cylinder to the other, and

thus

se-

curely locks the piston B in the
position it may happen to be in,
and at the same time the
valve H shuts off steam from
the cylinder A.
The bar K is graduated, as
shown in the plan of R, K, to
indicate to the locomotive runner the position of the reversing
gear.
This apparatus enables the
reversing gear to be handled
with the utmost facility, and
with almost no exertion on the
part of the engineer. The engine can be reversed almost

|
re
ee
:e |

instantly, and it can be graduated with
precision.
THE

the most
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LINK MOTION AND
REVERSING GEAR.

The link motion of an American locomotive is shown in
Figs. 3329 and 3330.
In Fig.

Gy
|

—)

£4£&
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~~S |,ay

3329 it is shown in full gear
for the forward gear, or in
other

words,

so

as

to

place

the engine in full power fe
going ahead,
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Fig. 3331.

The meaning of the term full power is that, with the link motion

position the engine is at its least power, the cut off occurring at its

in full gear, the steam follows the piston throughout very nearly

earliest point, and in Fig. 3332 it is shown
backward motion.

the full stroke.
In Fig, 333! the link motion is shown in mid gear, in which
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gear proper cv..-ists of the reversing lever, the segment, the reach
rod, the tumbling shaft, and its counterbalance rod and spring;
while the link motion proper consists of the eccentrics and their
rods, the link, the link block or die, the suspension link s, the
rock shaft and the rod p Pp. These, however, are terms applied for
shop purposes, so as to distribute the work in sections to difterent
men, it being obvious that a complete link motion includes the
reversing gear, the eccentrics, the link and its block, the rock shaft,

This mechanthe rod Pp Pp, and the valve and its spindle or stem.
ism, as a whole, may also be called, and is sometimes called, the

valve gear, because it is the mechanism or gear that operates the
slide valve.
The link motion may be moved from full gear forward to full
gear backward or to any intermediate position, whether the engine
is running or at rest, but is, when

the engine

is running, harder

to move from full gear forward toward back gear, and easier to
move from full gear backward toward mid and forward gears,
which occurs because of the friction of the eccentrics in the straps,
and it follows that this will be the case to a greater extent in proportion as the revolutions of the eccentrics are increased.
If in a properly constructed link motion we move the link from

Steam

425
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the tumbling shaft.

To regulate the proper amount of counter-

balancing, the nuts at # are provided, these nuts regulating the
amount of tension on the spring s s.
The forward eccentric E is that which operates the valve when
the link motion is in full gear forward, as in Fig. 3329, and the
backward eccentric is that which moves the valve when the link
motion is in back gear, as in Fig. 3332.

This occurs
nearest in line
ing the valve.
valve is almost

because it is the eccentric rod that is in line or
with the link block that has the most effect in movWhen the link is in full gear, the motion of the
the same as though there was no link motion and

the eccentric rod was

attached direct to the rod P P, the difference

being so slight as to have no practical importance.
This will be
seen by supposing that we were to loosen the backward eccentric
F upen the shaft and revolve it around the shaft by hand, in which
case it would swing the lower end of the link backward and for.
ward with the centre of the link block as a pivot or centre of motion, the forward eccentric rod rising and falling a trifle only, and

therefore moving the rock shaft to a very slight amount.
Let it now be noted that the suspension link not only sustains
the weight of the link and eccentric rods, but also compels the

Chest

Mon
a12
End
Head

ms my TED
a
LEED

{IE
Pfema
CELE

iaHM

Fig. 3333.

full gear forward to mid gear when the engine is standing still,
and watch the valve, we shall find that the lead or opening at /
gradually increases ; and if we then move it from mid gear to full
gear backward, the lead will gradually decrease and finally become

the same as it was in full gear forward.

The construction of the

parts is as follows :

Referring to Fig. 3329 (full gear forward), the segment is fixed
in position and the reversing lever is pivoted at its lower end. rv
is a bell crank, which is pivoted to the reversing lever and to which
the latch rod is pivoted at its upper end. The spring acts on the

end of ~ 7, and thus forces the tongue of the latch into the notches
on the sector as soon as the tongue comes fair with the notch and
vr vr is released from the hand pressure. As the reversing lever is
moved over from full gear forward, the reach rod moves the
tumbling shaft, whose lower arm? (through the medium of the
suspension link §) lifts the link and brings the centre of the saddle
pin nearer to the centre of the pin in the link block, which reduces
the amount of motion given to the lower arm (B, Fig. 3331) of the
rock shaft, and therefore reduces the amount of valve travel, thus

causing the point of cut-off to occur earlier in the piston stroke.
The

weight of the eccentric rods, the link, suspension

link s.

and the tumbling shaft arm 7, is counterbalanced by the counter.
balance spring in the box s s whose rod attaches to the lug yg on
VOL. I1.—67.

centre of the saddle pin to swing (as the link is moved by the
eccentrics) in an arc of acircle of which the centre is the upper
end of the suspension

ward
could
if the
ward

link.

Suppose,

therefore,

that

the back-

eccentric rod was to break, or was taken off and the engine
still run forward, but no motion would be given to the valve,
link was placed in mid gear, because in that case the foreccentric rod would simply swing the link on the centre of

the link block asa pivot.

Now, suppose the forward eccentric rod

was to break or be taken off, and

the engine

may be made to go

ahead by setting the backward eccentric fair with
eccentric and connecting its rod to the upper end of
Similarly, if the engine was running with the smoke
the train and the link motion in backward gear, and
eccentric

rod was

to break, we

the forward
the link.
stack toward
the backward

may take it off, shift the forward

eccentric so that it comes fair or stands in line with the backward eccentric and connect its rod to the lower end of the eccentric and with the link motion in backward gear, the engine would
still haul the train.
If the reach rod was to break, the tumbling shaft could be held
in position by loosening the cap bolts of the tumbling shaft journal
and putting between the cap and the tumbling shaft journal a
piece of metal, which, on bolting up the cap screws again, would

firmly grip the shaft and prevent it from moving,

MODERN
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SETTING THE SLIDE VALVES OF A LOCOMOTIVE.—The principles
o: designing, and the action of D valves, such as are used upon locomotives, have been so thoroughly explained with reference to
stationary engines, that there is no need to repeat them in connection with the locomotive, and we may proceed to explain how to
set the valves of a locomotive.
In doing this, there are two distinct operations, one of which is to place the crank alternately
exactly on its respective dead centres, and the other is to set the
position of the eccentrics, and get the eccentric rod of the proper
length. These two operations comprise all that require to be
done to set the valves, under ordinary and workmanlike conditions ;
hence we may proceed at once to explain the operation.
The first thing to be done is to put the erank pin on a dead cen-

SHOP

PRACTICE.

In which direction the wheel should be moved while placing the
crank on the dead centre depends upon the condition of the engine,
as will be explained presently, the assumption being at present that
the engine is in thorough good order, in which case the wheel
should (while placing the crank on the dead centre) be moved in
the direction of the arrow in the figure.
The object is under all conditions to bring the working surfaces
to bear (while setting the valve) in the same way as they will bear
when the engine is actually at work.
Having placed the crank on the dead centre, and thus completed
the first operation in valve setting, we may turn our attention to the
second, viz., correcting the lengths of the eccentric rods and set-

ting the valve lead.

Almost all writers who have dealt with this

tre, and it does not matter which one.
In Fig. 3333 it issupposed that the piston is tobe at the head end

part of the subject have fallen into a very serious error, inasmuch
as they began the operation by what they call sguaring the valve.

of the cylinder when the crank is on its corresponding dead centre.
The first thing to do is to put the reversing gear in full gear
eccentric, and see if its rod is of

This means so adjusting the length of the eccentric rod that the
valve will travel an equal distance each way from its mid position,
so that if the engine wheel is revolved and the extreme positions

proper length.
The next thing to do is to move the wheel so that the crank pin

from the edges of the steam ports, or, what is the same thing, from

forward, so as to set the forward

is nearly on the dead centre, and then take a tram (such as shown

in the figure), pointed at each end, and mark on the splash plate,

or any other convenient place, a centre punch dot in which the
point 4 of the tram can rest.
Next, from the centre of the axle as
a centre, mark arcs or portions of circles a, a.
This being done,

point 4 of the tram is rested in the centre punch dot before referred to, and with the other end a line ¢ is marked, a straight
edge is then rested against the ends ee of the cross head, and a
line @ is marked on the guide bar, this line being exactly even or
fair with the end e e of the cross head.
We

then move

the wheel in the direction of the arrow, and as

soon as we begin to do so, the cross head
away from the line d on the guide bar.
pin has passed its dead centre, the cross
to the right, and as soon as the end ee

will move to the left and
But as soonas the crank
head will begin to move
comes again exactly in

line with the line d@ marked on the guide bar, we must stop moving

of the valve marked by a line, these lines will measure

equally

the centre of the cylinder exhaust port. This procedure is entirely
erroneous, because, on account of the angularity * of the eccentric
rod, the valve cannot, if equal Jead is to be given to the valve, travel
equally beyond the two steam ports, and if the eccentric rods are
so adjusted for length as to sguare the valve, they are made wrong.
The valve lead, and the lead only, it is that determines the length of
the eccentric rods. Suppose that, as is generally the case, the lead
is to be equal, or, in other words, that there is to be as much valve lead

when the piston is at one end of the cylinder as there is when it is at
the other, and if we make the eccentric rods of such a length that
the valve travels equally on each side of the steam port, there will
be less lead at the head end port than there is at the crank end
port. The proper method, therefore, is (as soon as the crank is on
the dead centre and the link in full gear, as in Fig. 3334) toset the
eccentric so as to give the desired amount of lead, and then give
the wheel a half revolution, the lower end of the tram falling into
the centre punch dot at s, when the crank pin will be on its other
dead centre and ready for the lead to be measured again. If the
lead is equal at each end, one eccentric rod is of the right length,
and all we have to do is to set the eccentric so that the right
amount of lead is given.
We now turn our attention to the backward eccentric and its
rod, putting the reversing lever in full gear for the backward motion, and putting the crank on the respective dead centres, and testing the lead for both ports as before, and when the required amount
of valve lead is given the valve setting is complete.
In some practice the wheel is blocked up on the pedestal guides
while setting the valves, but a more correct method is to let the
engine rest on the rails and push it back and forth with a crowbar
to revolve the wheels when putting the crank pin on the dead centre. The best thing to measure the lead with is a wooden or
leaden wedge having but a slight degree of taper, as say 3%; or }
inch in a length of four inches. We have in this example of valve
setting supposed the parts to be of the proper dimensions, as they
would be in a new engine or in an engine that had been running
and merely had a new valve or a new eccentric put In.
But suppose the notches were not cut in the sector, and we have
then to mark them off while setting the valves. All the difference
that this makes to the operation is that we must clamp the reversing lever to the sector while setting the valve, taking care to so
clamp it that there is the same space between the top end of the
link block and the end of the link slot in the full forward gear as
there is between the bottom end of the link block and the end of
the link slot when the engine is in full backward gear. In this

the wheel, and again resting the point 4 of the tram in the centre
punch mark before mentioned, we move its other end so as to
mark a second line, which will be the line or arc 7
The next thing to do is to mark a fine centre punch dot, where
c and f cross the arc or line a, and then find the point 2 midway
between f/ and c, and mark a fine centre punch mark there. This
being done, we must move the wheel back into the position it
occupies in the figure, and then slowly move it in the direction of
the arrow, until with the end 4 of the tram resting in the centre
punch dot, the other end of the tram will fall dead into the centre
punch dot at g, at which time the crank pin will be exactly on the
dead centre.
During this part of the process we have nothing to do with anything except getting the crank pin on the dead centre, but there is
one point that requires further explanation, as follows :
In this operation we have first put the crank on one side of the
dead centre and then put it to the same amount on the other side
of the dead centre, both being improper positions ; but by finding
the mean or mid position between the two, we have found the
»proper position. In doing so, however, we have moved the wheel,
the wheel has moved the connecting rod, and the connecting rod
has moved the piston. But in the actual running of the engine,
this order of things will be reversed ; for the steam will move the
piston, the piston will move the connecting rod, and the connecting
rod will move the crank and therefore the wheel.
The difference between the two operations is this : Suppose there
is lost motion or play between the connecting rod brasses and the
crank pin, or between the connecting rod brasses and the cross head
pin, and then if we move the wheel in the direction denoted by the
arrow, we take up this lost motion, so that if the tram was fair with
the centre punch at g and steam was admitted to the piston, then
there would be no lost motion to take up, and assoon as the piston
moved the crank pin would move.
But if we moved the wheel in
the opposite direction to that denoted by the arrow, then we are
placing any lost motion there may be in the opposite direction, and

the end of the link slot ; hence it is a good plan to move the wheels
around and to so regulate the length of the reach rod and the position of the reversing lever on thesector, that when the link block is
at the highest point in the link slot for the forward gear and at the

if steam were turned on, the piston and connecting rod might move
before the crank and wheel moved.

*See page 375, Vol. II., for the meaning of angularity.

connection it is, however, to be remarked

that when the link is

in full gear, either forward or backward, and the crank is on the
dead centre, the link block is not at the end of its motion toward
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equal distance from the end of the link slot.
The setting for an Allen valve is the same as that for an ordinary one, but in determining the amount of the lead it is to be
borne in mind that it is virtually twice as much as it measures at
the port because there are two openings for the steam.
This
will be seen from Fig. 3335,in which the valve is open to the
amount of the lead at f’ But the steam also enters at ¢, and
passes through the port in the valve and into steam port a.
We have now to call attention to the fact, that the eccentric
rods, when properly connected, are, in an American locomotive,

crossed when
IRIAN

the piston is at the crank end of the cylinder.

In

Fig. 3334, the piston is at the head end of the cylinder, and the
rods are open.
In Fig. 3336, however, the crank pin is supposed
to be at B, and the eccentric rods are crossed, F being the forward

and E the backward eccentric.

THE INJECTOR.
The injector shown in the general view of a freight locomotive,
Fig. 3326, is that constructed by William Sellers & Co., and there
are two, one on each side of the engine. The details of its con.
struction are as follows:

©
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usr
mutT

Fig. 3337 is a side elevation, Fig. 3338 a section on a vertical
plane, Fig. 3339 a section on a horizontal plane, Fig. 3340 an
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end view of the injector at the right-hand side of the engine, and
Fig. 3341 a plan of the injector on the left-hand side of the
engine.
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This

injector is self-contained, or in other words, it has both

steam and check valves, so that it can be connected directly without other fittings, although, of course, it is generally desirable to
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place another stop valve in the steam pipe, and a check valve in
the delivery pipe, so that the injector can be taken to pieces or disconnected at any time. Another important feature of this injector
is, that it is operated by a single handle, and that the waste valve
is only open at the instant of starting.
Referring to Fig. 3338, A is the receiving tube, which can be
closed to the admission of steam by the valve x. A hollow spindle
passing through the receiving tube into the combining tube is
secured

to the rod

B, and the valve x is fitted to this spindle in

such a way that the latter can be moved a slight distance (until
the stop shown in the figure engages with valve xX) without
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raising the valve x from its seat. A second valve W, secured to
the rod B, has its seat in the upper side of the valve x, so that it
can be opened (thus admitting the steam to the centre of the
spindle)

without

raising the valve X from its seat, if the rod B is

not drawn out any farther, after the stop on the hollow spindle
comes in contact with the valve x. Dis the delivery tube, O an
overflow opening into space C, v the check valve in delivery pipe,
and z the waste valve.
The upper end of the combining tube

has a piston N N attached to it, capable of moving freely in a
cylindrical portion of the shell M, M, and
the lower end of the combining tube siides
in a cylindrical guide formed in the upper
end of the delivery tube.
The rod B is connected to a cross head
which is fitted over the guide rod J, anda
lever H is secured to the cross head. A rod
W, attached to a lever on the top end of the
screw

waste

valve,

passes

through

an

eye

that is secured to the lever H; and stops T,
Q control the motion of this rod, so that the

waste valve is closed when the lever H has
its extreme

“Sy
WECE

outward

throw,

and

is opened

when the lever is thrown in so as toclose the
steam valve x, while the lever can be moved

between the positions of the stops T, Q without affecting the waste valve. A latch F is
thrown into action with teeth cut in the upper
side of the guide rod J, when the lever H is
drawn out to its full extent and then moved
back: and this click is raised out of action
as soon as it has been moved im far enough
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in the

figure, for the purpose
of securing a continuous jet when the injector and its connection are exposed to
ij shocks, especially such
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to pass the last tooth
onthe rod j. Anair
vessel is arranged in
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as occur in the use of

the instrument on locomotives.
The
manipulation
required to start the
injector is exceedingly

simple—much moreso in practice, indeed, than it can be rendered
in description.
Moving the lever H until contact takes place between valve X and stop on hollow spindle, which can be felt by
the hand upon the lever, steam is admitted to the centre of the

an ejector or steam siphon.
As soon as solid water issues
through the waste orifice P,
the handle

H may

be drawn

out to its full extent, opening
the steam valve x and closing
the waste valve, when

x
SS

Ss

the ac-

tion of the injector will be
continuous as long as steam
and water are supplied to it.
To regulate the amount of
water delivered, it is necessary
only to move in the lever H
until the click engages any of
the teeth on the rod J, thus di-

minishing the steam supply,
as the water supply is_ selfregulating. If toomuch water
is delivered,

some

of it will

escape through 0 into C, and,
pressing on the piston N N,
will move the combining tube

On

away from the delivery tube,
thus throttling the water supply ; and, if sufficient water
is not admitted,
a _ partial
vacuum will be formed in C,

and the unbalanced pressure
on the upper side of the piston
N N will move the combining
tube toward the delivery tube,
thus enlarging the orifice for
the admission of water. From
this it is evident that the injector, once started, will continue to work without any further adjustment, delivering all
its water

Fig.
spindle, and, expanding as it passes into the delivery tube D and
waste orifice P, lifts the water through the supply pipe into the combining tube around the hollow spindle, acting after the manner of

to

the

boiler,

the

waste valve being kept shut.
By
placing the hand on the
3389.
starting lever, it is easy to tell
| whether or not the injector is working ; and, if desired, the waste
| valve can be opened momentarily by pushing the rod w, a knob on
| the end being provided for the purpose.
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cylinder, but

by operating wheel 8 to unscrew spindle 9, valve Io is permitted to
open and let the steam pass through A and Bto the steam cylinder
which operates, forcing air into the reservoir and thence into the
train pipe. A pipe from the train pipe connects to the upper end

Figs. 3342, 3343 and 3344 represent the Westinghouse automatic

air brake applied to an engine and tender, and in the following
figures details of the construction of various parts are shown.
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Fig. 3345.
The pump governor, which is shown at G in Fig. 3326, of a | of the pump governor, hence air from the train pipe passes around
modern freight locomotive, is shown in section in Fig. 3345.
the stem 14 to the upper side of the thin diaphragm 18, which
The pump governor is employed for the purpose of cutting off

is held in its position by the spring 12 with a force sufficient to
the supply of steam to the pump when the air pressure in the train | enable it toresist, without moving,a pressure of 70 Ibs. per square
pipe exceeds a certain limit, say 70 Ibs. per square inch.
| inch. But when the pressure exceeds 70 lbs. per square inch it
Its operation is as follows:
forces the diaphragm down, pushing down valve 13 and allowing the
When valve to is (by means of nand wheel 8) screwed home to | steam in A to pass up through valve 13 and out of the exhaust pipe
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THE LOCOMOTIVE.
A side view of the driving wheel brakes is shown

6. The steam pressure in A being thus reduced, that in B acts on
the under side of the valve, causing it to rise and seat itself and thus
cut off the supply of steam to the pump.

in Fig. 3347

The brakes are, it 1S seen, susand an end view in Fig. 3348.
pended by links so that their weight tends to keep them frem the

When the pressure in the train pipe is diminished by the brakes
being applied, the diaphragm is restored to the position it occupies
in the figure by the action of the spring 16. Then valve 13 Is
‘seated by the spring 12, and the steam pressure accumulates on the
upper end of valve ro, forcing it down and letting the steam from
A into B and thence into the steam cylinder, starting it into action,

CT OP

NNN RS

which continues until the pressure in the train pipe exceeds 70 Ibs.
per square inch.
The use of this governor not only prevents the carrying of an
excessive air pressure in the train pipe, which may result in entirely
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preventing the wheels from revolving and causing a flat place to
wear

on

the wheel

tire, but it also causes

the accumulation

of a

surplus of air pressure in the main reservoir, while the brakes are
applied, which insures the release of the brakes without delay. It
also obviates the unnecessary working of the pump when the
desired air pressure has been obtained.
A sectional view of the steam and air cylinders is shown in Fig.
3346, the construction being as follows :
Steam is distributed to the steam cylinder by means of a piston
valve, composed of three pistons, marked 16, 14, and 20 respecoe7pee
tively, the steam entering between pistons 16 and 14, and, in the
TO
positions in which the parts occupy in the figure, steam can pass BOILER a Yj
ASS
through the bushing 18 and beneath the steam piston 7, propelling it upwards until the bottom of the hole in its piston rod strikes
the end of rod 12, and raises it and valve 13. The chamber 23,
in which valve 13 works, receives steam through a suitable port
from the steam space between valves 14 and 16; and the steam
from chamber 23, it is that (in the positions the parts occupy in
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the figure), acting on the area

of the large valve
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20,

holds the valve down against the pressure on the bottom face of
piston 14 of the valve.
As soon, however, as the piston rod 7
strikes and raises rod

12 and valve 13, the steam is exhausted from

the top of piston 20 of the valve, and the steam beneath piston 14
of the valve raises the valve, opening the lower port in the sleeve
18 for the

exhaust,

and piston

14 admits

steam

fronts

to the upper

side of the steam piston 7. The construction of the air cylinder
differs somewhat from that shown in the freight locomotive, Fig.
3326, this air pump corresponding with that shown on the engine
and tender, Fig. 3342. A detail list of the parts may be given as
tollows;

No.

No.

2. Steam cylinder had (with;
21. Piston rings,
reversing cylinder, piston, |22. Reversing cylinder cap.
and valve bushes).
23. Reversing valve bush.
3. Steam cylinder with main 24. Reversing valve cap.
25. Piston rod nut.
valve and bushes).
4. Centre piece.
26. Piston packing gland.

ee

tit

i

5. Air cylinder (with lower dis- 27. Piston packing nuts.
charge valve).
6. Air cylinder head.
7. Steam piston and rod.
8. Air piston.

28.
29.
30.
31.

Packing glands.
Right chamber cap.
Left chamber cap.
Air valve bushing.

g. Piston rings.
10. Steam piston plate.
11, Steam piston bolt.

32. Air valve.
33. Air valve.
34. Air valve.

12.
13.
14.
15.

35.
36.
40.
42.

Reversing rod.
Reversing valve.
Piston valve.
Piston valve rings.

Delivery union.
Exhaust steam outlet.
Steam cylinder gasket.
Top air-pump gasket.

16. Piston valve rings.

43. Bottom air-pump gasket.

17
18.
19.
20.

44. Waste water pipe.
46. Exhaust union stud.
49. Air exhaust union stud.

Upper valve bushing.
Lower valve bushing.
Reversing piston casing.
Reversing piston.
VOL. 11.—68,
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wheels. Ti.e brake piston rod carries at its end two links which
attach to the arms attached to the brakes, The ends of these arms
being curved roll together, the arrangement forming in effect a rolling toggle joint.
The construction of the piston of the driving
wheel brake is shown in Fig. 3349.
The piston is made air tight
by leather packing indicated by 11, held out by a spring 12, The
piston rod packing, 7, is leather held in place by the cap 6 and the
spring 8. The air for operating the brake enters below the piston.

SHOP
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the track as it is to be with the engine, and there is no field of engine driving or running in which more scope is permitted to the
engineer to exercise judgment and skill in his management, so as to
effect economy in fuel consumption.
The quality and size of the coal is another element that requires
attention and observation on the part of the engineer, in order that
his train may keep its time and the fuel consumption be kept down.
GETTING

LOCOMOTIVE

RUNNING.

loose, and some

ENGINE

READY.

The first thing to be done in getting ready for a trip is to see that

The engineer’s duty in running a locomotive is more: arduous
and requires more watchfulness than any other engine running,
because of the peculiarities attending it. In the first place, the
jolts and jars to which the engine is subject are liable,to cause
nuts, pins, etc., to come

THE

of the parts to become

disconnected and cause a breakdown of the engine.

there is sufficient water in the boiler, so that if there is not, there is

time to supply the deficiency.
If the boiler is cold it may be that the condensation of the
in cooling may have left a partial vacuum in the boiler, and
be necessary in that case to open the top gauge cock and let
so that the water will come to its proper level in the gauge
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Fig. 3347¢

This renders necessary a careful examination of the engine,
which should be made both before and after each trip.
In the second place, we have that the amount of load the engine
has to pull varies with every varying grade in the railroad track,.
and the variation is so great that on some descending grades the
engine may require no steam whatever, while on ascending grades
the utmost power attainable from the engine may be required. In
firing, feeding the pumps, oiling the parts, and determining the
depth of water in the boiler, the grade and the length of each
grade has an important bearing, and so has the weather, since it

Similarly, in filling the boiler, it may be necessary to opena gauge
cock to let the air out.
The lower cock of the gauge glass should be opened to let the
steam blow through if there is pressure on the boiler, or to let a
little water out if there is not.
The safety valve should next be examined and moved to see that
it works properly and does not stick to its seat.
Before laying the fire the fire bars and ash pan should be cleared

is Clear that between the heat of summer and the blizzards of win-

that the tubes, etc., are clear of ashes.

ter there is a wide range of the conditions under which the engine
runs.
In former times, from the less perfect construction of locomotives,
the engineer’s duties were greatly enhanced from breakdowns,
which are comparatively rare with modern locomotives, and there
is promise that from improved construction and safeguards they
will become less frequent in the future.
It is as important for the locomotive engineer to be familiar with

In laying a new fire an ample supply of lighting material should
be used, disposing it so that the fire will light evenly and not in
spots, and a good layer of wood should be evenly distributed over
the bars, the thinnest pieces being at the bottom as they will lighé
easiest, and it is necessary to light the fire at the bottom, so that

of ashes and clinkers, and the grate bars tried with the shaking
levers to see that the grates will shake properly. It should be seen

the heat from the wood that is first lighted shall pass through that
to be lighted.
The wood should be kept burning without coal until tne lower
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stratum as ceased to blaze and covers the bars, while there is an

even layer of blazing wood above it.
The quantity of coal to be fed at a time, and the depth of fire to
be kept, depends upon the size of the coal, because the larger the
coal the less it obstructs the draught, and the thicker the layer required in order to prevent currents of air from passing through

without entering into combination with the gases from the coal.
If the coal is mixed, containing

lumps, they should

the firing, which will be welcome to an earnest or ambitious
fireman.
The engineer should examine, with a wrench in hand, the bolts
and nuts about the trucks and axle boxes, as these are apt to become loose and come off on the road. A proper construction would

remedy this defect almost entirely, and by a proper construction
is meant the more frequent employment of split pins, colters, and
other similar safety appliances now omitted for the sake of econ.
omy of manufacture.
Nothing in the future of the locomotive is more certain than
improvement in this respect, and nothing is more urgently needed,
as any engineer will become satisfied if he will gather up along a
mile of ordinary railroad the nuts and washers that lay along the
track.
The eccentric straps and the pins in the link motion require an
examination, which may be done while oiling the parts of the
engine.
The oiling requires careful attention ; first the cups themselves
sometimes become loose, an argument in favor of having, wherever possible, the cups solid on the parts, as done in European
practice.
Oil holes are apt to get choked by gumming, which is that the
oil in time forms into a brown gummy substance that fills the oil
hole. Perfect lubrication does not imply wasteful lubrication by
any means, but a wasteful use of oil is probably less expensive than
insufficient lubrication.
A thorough engineer will use no more oil than is necessary; he
will leave nothing to conjecture or chance, but know from personal
inspection that his engine is in complete working order, and to
this end the lubrication of the working parts is a vital element.
After having oiled the eccentric straps, the link motion and the
reversing gear beneath the engine, the reversing lever and the
parts above the frame must be oiled, and the reversing Jever

be

moved back and forth several times, from end to end of the sector

broken.
The first layer of coal should be enough to cover the fire to a
depth of about two inches, which will permit of a good draught.
This will get well alight while the wood is still serviceable, and a
second layer may be applied of another two inches. The third
feeding should be given with a view to have a greater depth of fire

or quadrant, so as to distribute the oil throughout the joints and
working surfaces.
The axle boxes require careful attention in oiling. In English
practice, tallow is packed in the corners of the cavities of the top
of the box, so that if the box should begin to heat the tallow will

at the sides than

usual, which will often stop the heating.
The connecting and coupling rods then require attention, the
cups being filled and the lubrication adjusted.
When steam is up the gauge glass should be blown through

at the middle

large
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A steady fire is better than one that is forced, because the combustion is more perfect and less clinker is formed, hence less cleaning will be necessary, and the fire door will not be kept open so
long to let in cold air. This is important because a steady temperature in the fire box promotes its durability, as well as giving
a uniform boiler pressure.
The strains placed upon a fire box
by a fierce fire suddenly cooled by a heavy charge of coal or of
cold air from an open fire door are highly destructive.
Furthermore, the greatest economy of fuel is attained by keeping the boiler pressure up, and using the steam expansively by
hooking up the links to shorten the point of cut-off.
A safety valve steadily blowing off steam, whether the engine
is running or not, is a sign of bad firing and wastefulness.
It is the fireman’s duty to attend to the fire, but nevertheless a
careful engineer will be as much interested in proper firing as in
his own duties, and as the engineer has more experience than the
fireman, he is warranted in exercising an ordinary supervision on
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of the fire box, because

the cool

sides of the box prevent perfect combustion, and currents of cold
air are more apt to find their way through the sides than in the
middle of the fire box.
Banking a fire consists of piling it up at the back half of the fire
box and covering it up with green coal, so that it may keep alight
and keep the boiler hot without increasing the steam pressure.
The air passing through the uncovered half of the fire bars prevents rapid combustion and a dead fire is maintained.
In starting up a banked fire, the first thing to do is to clean it
of ashes, clinker, etc., shaking

up the bars

to see

that they will

work properly. The fire is then spread evenly over the bars, and
wood fed to enliven the fire and promote the draught.

The blower or blast pipe is then set going, and coal gradually
fed a little at a time, evenly distributed, covering those parts the
most where the fire burns through the most brightly.

melt, and afford extra

lubrication

with

a heavier

lubricant

than

again, and it will be found that the water stands higher in the
glass than it did before the boiler was under pressure.
The packing of the piston and of the pump glands, if the engine
has pumps, should be known to be properly set up, bearing in
mind that a leaky pump gland lets air into the pump and impairs
its action.
The sand box should contain dry sand, as wet sand will net
feed properly.
If steam Is raising too rapidly, close the lower damper to reduce

the consumption of fuel and save blowing cff steam through the
safety valve, which should always be avoided as much as possible.
Before starting the engine, open the cylinder cocks and keep
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them open until the sound discloses that dry steam, and not steam
and water, is issuing.
Open the throttle enough to start the engine easily and not with
a jump, and be prepared to shut off steam instantly if a blow in
any part of the engine should indicate an obstruction to its working.
In starting a train, the reversing lever is put in the end forward
notch and the cylinder cocks opened. Then the throttle is opened
a little at first, so as to avoid starting with a violent shock that

might break the couplings.
If in starting (or in ascending gradients) the wheels are forced
to slip, the sand lever should be operated, a slight sprinkling of

sand serving better than a heavy one. If the sand is damp, it will
fall in lumps and not distribute evenly as it should do, while at
the same time a great deal more sand will be found necessary.
When the train is fairly under way, the aim should be to maintain full boiler pressure, so as to keep up the required speed with
the links hooked up to work the steam as expansively as possible,
bearing in mind that the higher up the links are hooked the more
expansively che steam is used, and that therefore less steam is
used to do the work and the boiler pressure can be kept up easier.
To understand this clearly, let it be supposed that the steam
pressure in the boiler is go lbs. per square inch, and that the piston area is 400 inches, and the total pressure impelling the piston
will be 36,000 Ibs.; if this follows the piston for 22 inches, the power

becomes 792;000 inch lbs. per
Now suppose the pressure
multiplied by the piston area
piston, and this would require

stroke.
is 150 lbs. per square inch, and this
(400) gives 60,000 lbs. impelling the
to follow the piston but. 13.2 inches in

order to give 792,000 inch lbs.

In the one case we have 22 inches,

and in the other 13.2 inches of the cylinder to fill with steam.
Of
course it will take more fuel under the heat of firing to keep the
pressure up to the 150 lbs.; but on the other hand, when the steam
is cut off in the cylinder there will be 160 lbs. per square inch in it,
and all the work that this does in expanding is gained during the
rest of the stroke, so that the required amount of power would be
obtained by cutting off earlier than at 13 inches.
The water should, under ordinary conditions, be kept at an uniform
level in the boiler. Steam can of course be made quicker with
a small than with a large quantity of water, but the smaller the
quantity of water the more the steam pressure is liable to fluctuate,
and the closer the firing must be attended to.
Furthermore, the more water there is in the boiler, the greater
the safety, because the longer the boiler can go without feeding,
and, if the pumps or injectors, as the case may be, should act im-

perfectly, there is more time to get them working properly.
In testing the water level, the gauge glass alone is not to be entirely depended upon, hence the gauge cocks should be opened.
The water should not be allowed to go below the middle gauge
cock.
It is obvious that when the water is below a certain gauge cock,
the gauge glass only can give any information as to how far it is
below it, hence it must be used for this purpose.
When using it, it should be blown through by opening its lower
.cock, and if there is any doubt about its showing the proper water
level it should be blown through two or three times, watching the
level of the water in the glass at each trial.
A constant boiler feeding is the best, as it is more conducive to
a uniform boiler pressure and temperature.
The fire should be fed in small charges, the fire door being kept
open as little as possible, because a high temperature in the firebox is necessary to perfect combustion.
are given at once, then for some

If heavy charges of coal

time the fire box will be cooled,

and then, as the fire burns through, a fierce heat will be generated.
This alternate heating and cooling is very destructive to the fire
box and the tubes, as it causes an expansion and contraction that
rack the joints and seams.
There are several ways of firing, each having its advocate.

the following points, however, there is no dispute.
combustion is the most perfect, because it produces
which saves fuel and also saves a large amount of fire
therefore of admission of cold air to the fire box. A

Upon

First, a slow
less clinker,
cleaning and
high temper-

SHOP
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ature is necessary to combustion, and the temperature o: the fuel is
most difficult to keep up at the sides of the fire box.
By light and frequent firing the bright fire will never be covered
up, hence the temperature will be maintained.
This favors an
even distribution over a large surface of the fire of each shovelful
of coal. But if at any point the draught is lifting the fire, and
small bright pieces of fire are lifting up, it is an evidence that the
fire is thinnest there or else that the bars are cleanest there.
In either case, an extra amount of coal is required at that spot.
Some engineers will charge one side of the fire box lightly and

then the other, this being done so as to keep up the temperature in
the fire box.

Others will fire first the front and then the back of

the box, which

answers the same

purpose, but in no case should

the charge be heavy.
A fireman may become so accustomed to the road and his engine, that under some conditions he may fire when he reaches
certain points on the road, regulating it like clockwork.

On atrip from Philadelphia to Reading, on an engine having a
Wooten fire box (whose special feature is a large fire box, which
enables slow combustion), the firing was conducted as follows :

The fire was was not fed or touched until just before reaching
Bridgeport, 18 miles from Philadelphia, when a thin layer of coal
was spread evenly on the fire. Eleven miles were then made without
opening the fire door, the next firing taking place just before reaching Phcenixville.
Ten miles were run before the next firing, which occurred just
before arriving at Pottstown.
|
The next firing occurred at Bordenboro’, three miles from Pottstown. The remaining 8 miles were made without firing. The
steam pressure did not vary more than Io Ibs. per square inch
during the trip.

On a trip from New York to Philadelphia by the lightning express train the firing was conducted as follows :
The coal was anthracite and in lumps from 5 to 7 inches in
diameter; at one end it reached up to the level of the fire door,
while at the tube plate end of the fire box it was about 6 inches
deep.
The grate bars were constructed to shake in three sections, and
shaking the bars to clear out the fire caused it to feed forward of
itself, and the combustion of the coal caused it to break up into
lumps about 2 inches in diameter at the tube plate, where the fire
was much brighter than at the fire doorend. The steam pressure
varied about ro lbs. during the trip.
We now come

to the best times to fire, to feed, and to oil the

valves, and this depends on the level of the road.

On a level road these matters could be attended to with regularity, but as the engine has most work to do in ascending inclines, it is necessary to prepare for such emergencies :—First,
by having a good fire prepared, so that the fire door may be
kept closed as much as possible while the engine is ascending;
second, by having plenty of water in the boiler, so as to keep
steam, without feeding any more than possible when the engine
is calling for more steam, by reason of the reversing lever being
put over towards full gear.
The speed is kept well up before reaching the incline, and the
reversing lever moved forward a notch or two ata time to maintain the speed, while at the same time moving the sand lever to
feed the sand as soon as the engine speed shows signsof reducing.
ACCIDENTS

ON

THE

ROAD.

The accidents to which the locomotive is most liable when
running upon the road, and the course to be pursued by the
engineer to enable him to take the engine to the depot or complete
the trip, are as follows :
KNOCKING OUT THE FRONT CYLINDER HEAD OR COVER.—This
arises from various causes, such as a breakage of a connecting rod
strap, or of a piston rod or cross head. It is the practice of some locomotive builders tocut in the cylinder cover flange asmall groove
close to the part that fits the cylinder bore, so that the cover shall
break

out in the form of a disc, leaving the cover, flange, bolts,

and nuts intact, and diminishing the liability to break the cylinden
itself as well as the cover.

THE

LOCOMOTIVE.

The provisional remedy for this accident is to take off the connecting rod (on the side of the broken cover) and also the valve
motion, either at the rock shaft arm or by taking down tke eccentric rod straps. Then place the valve in the centre of its travel
so that it shall cover and enclose both the cylinder steam

ports and leave the exhaust port open.

Then

block the cross

head firmly on the forward centre, and go ahead with the other
cylinder.
HEATING OF PISTON RODS.—This the engineer can often discover
by sight, or by smelling it from the cab. The remedy is to stop
the engine and slack back the gland until the steam from the
engine cylinder leaks freely through the packing. Then apply a

little extra lubrication or water while running slowly.
BREAKING OF A PISTON RoOD.—If the piston rod breaks, but
does not knock out the cylinder head or cover, pursue the same
course as directed for breaking the cylinder cover, taking the additional precaution to block the piston, which may be done by
fitting pieces of wood between the guide bars, making the

pieces long enough to fit between

the cross head

and guide

yoke.
The cylinder or waste water cocks on the side of the accident
must also be opened, to prevent any leakage of steam past the
slide valve from getting into the cylinder and driving the piston
against the cylinder cover, and breaking the cylinder cover or
even the cylinder itself.
If the

piston rod

breaks

from

the cross

head,

it is safest

to

remove it from the cylinder, though this is unnecessary, if it be
securely blocked against the cylinder head so that it cannot move,
though steam may leak in on either side of it.
BREAKING A CRANK PIN.—This is a somewhat frequent accident, but seldom takes place on both sides of the engine at once.
The remedy is to take off all the parallel or coupling rods, and
if it is the crank pin on the driving wheels which breaks, take off
the connecting rod also, and securely block the cross head, disconnecting the valve motion as before directed, and opening the
cylinder waste water cocks. In the case of this accident occurring, it is absolutely essential to take off the parallel rods on both
sides of the engine, or otherwise the crank pins on the other side
are apt to break.

THROWING OFF A WHEEL TIRE.—In this case the best plan is to
block the tireless wheel entirely clearof the track, which may be
done by putting a block of wood into the oil cellar of the driving box,
and then tow the engine to the repair shop;

for if the engine is run

to the shop, and the wheel touches the rail, it will impair its diameter for the proper size of tire.
THROWING OFF A DRIVING WHEEL.—This is not a common accident, but nevertheless it sometimes occurs ; they break usually
just outside of the driving axle box. In this case take out the driving
box and fit in its place a block of wood affording journal bearing
for the axle. Let this block rest on the pedestal cap, holding the
axle up in the centre of the pedestal. Then secure the piston and
disconnect the valve gearing and open the cylinder cocks as before,
and the engine can be run slowly to the repair shop without
danger of further accident, or, if convenient, it can be towed by

another engine.

BREAKING A SPRING OR SPRING HANGER.—Lift the engine with
the jacks until the driving wheel axle box is about in the centre of
the pedestal, and put any convenient piece of iron across the top
of the driving axle box and between it and the engine frame, thus
taking the weight of the engine on the frame instead of on the
spring. Place also a block of iron between the end of the equalizing bar and the top of the engine frame, so as to prevent the movement of the equalizing bar, and to allow the spring at the other end
of the equalizing bar to operate without moving the said bar.
Every engineer should carry in his tool box pieces of metal suitable
for this purpose, because this is a frequent accident. It does not,
however, materially affect the working of the eagine, and should
not delay a train more than a few minutes.
BURSTED FLUES AND TUBES.—These are usually plugged by

tapering a piece of pine wood and driving it into the bursted tube
by means of an iron bar. Taper iron plugs are often carried, and
then driven into the end of the tube after the wooden one has been
driven in. To enable this job to be done, it is necessary to thickly

435

cover the fire with green coal, which operates to cool the tubes
and prevent the loss of the water in the boiler. Sometimes careful engineers prepare for use pine plugs turned slightly taper, and
a little slack, for the inside of the tube. In case of leak, this plug
is inserted in the flue, and driven along it until it covers the fracture, the expansion due to its saturation causing it to become
locked in the tube.
SLIPPING OF ECCENTRICS.—Place the reverse lever in the forward notch of the sector. Place the crank on its forward dead
centre, as near as can be judged by the eye, and loosen the set
screw of the forward

eccentric, that is to say, the eccentric which

connects to the upper end of the link. Move that eccentric round
upon the axle until the slide valve leaves the steam port at the
front end of the cylinder open to the amount of required valve
lead. In moving the eccentric round upon the shaft, move it in
the direction in which it will rotate when the engine is running
forward, so as to allow for and take up any lost motion there may
be in the eccentric straps, in the eccentric rod eyes and bolts, and
in the other working parts of the valve gear; for if the eccentric
was moved backward, all such lost motion would operate to vitiate

the set of the valve.
The eccentric
fastens its set screw securely.
If the backward

eccentric

being placed as directed

is the loose one, <hrow

the reverse

lever to the backward notch of the sector, lifting the link up so
that the eccentric connected to the lower end of the link may be

approximately adjusted by moving it around

upon the axle in the

direction in which it will rotate when the engine is rnnning backward, until the back cylinder port is open to the amount of the
valve lead. Another very ready plan of temporarily adjusting the
eccentrics 1s as follows: Place the reverse lever in the end notch
forward, and place the engine crank or driving crank pin as near

on a dead centre as the eye will direct, and open both the cylinder
waste water cocks. Then disconnect the slide valve spindle from
the rocker arm, and move the slide valve spindle until the opening
of the cylinder steam port corresponding to the end of the cylinder
at which the piston stands will be shown by steam blowing
through the waste water cock at that end of the cylinder; the
throttle valve being opened but a trifle, to allow a small steam
supply to enter the steam chest and cylinder, for if much steam is
admitted, it may pass through a leak in the piston and blow.
through both the waste water cylinder cocks.
The position of the valve being thus determined, the eccentric
must be moved upon the driving axle until the valve spindle will
connect with the rocker arm without being moved, or moving the
valve at all.
HoT AXLE BOXEs.—If not convenient to reduce the speed of
the engine, or if that and free lubrication do not cool the box, a
plentiful supply of cold water should be administered, it being well
to have at hand a small hose pipe, by means of which water from
the tender tank can be used. If the brasses have Babbitt metal in
them

and it should

melt, it is better, if possible, to cool the axle

box while the engine is moving, which will injure the journal less
than if the journal is stopped to cool the box, because in the latter

case the brass or box is apt to become soldered to the journal of
the axle, and when the engine is again started, the cutting or
abrasion will recommence with extreme violence.
BREAKING A LIFTING LINK OR THE SADDLE PIN THAT CONNECTS THE SLOT LINK TO THE REVERSE SHAFT.—Cut a piece
of wood

and tie it into the slot of the link, over the link block or

die, making it of a length to keep the link in the position for hauling the train. Then fasten another piece of wood in the link slot
beneath the sliding block or die, thus securing that die in the proper position for the engine to go ahead. In this case, the engineer
must be careful in stopping, as he cannot reverse the engine on
the crippled side.
Secondary accidents are almost sure to occur if a disconnected
piston is not securely blocked in the cylinder, or from blocking
the piston aright and attempting to let the slide valve run, or from
attempting to run with the parallel rods on one side only disconnected. There are numerous accidents, which only common
sense and a familiarity with the locomotive can provide a temporary remedy for, but those here enumerated are by far the most
common,
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cross head as a guide, make

on the side of the guide a Jine v’.

Then put on the cylinder cover at the head end and push the piston up against it and mark a line L. Then when the connecting
rod is put on again, the wheels may be moved around if the engine
is Jacked up, or, if not, the engine may be moved along the rails
with a pinch bar, and the clearance will be equal when the cross
head (at the ends of the stroke) comes within an equal distance of

When the wedges of the axle boxes are to be adjusted for fit to
the pedestal shoes, the engine should be moved until the coupling
rods on one side of the engine are in line with the piston rod, because in this position the rod will, to a certain extent, act as a
guide in keeping the axles parallel to each other, and at a right
angle to the line of engine centres.
Bear in mind that the distance from the centre to centre of axle
boxes must be the same as the distance from centre to centre of
the crank pins, and that when the coupling or side rods are in line

the respective lines L',L when the crank is on the dead centres, and
it is well to adjust the wedges w W’ so that the cross head does
travel within an equal distance, and mark on the guide bar two
more lines, one at each end of the bar.
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Fig. 3350.
with the piston rod, they act to resist the axle boxes from being | These lines are a permanent guide in setting up the shoes or
set up too close together.
| wedges, and lining up the connecting rods, and coupling or side
rods, because it is clear that from the method employed in marking
The importance of a proper adjustment of the axle boxes, coupling boxes, and connecting rods cannot be overestimated, and it them the distance between the end of the cross head, when at the
is necessary therefore to explain it thoroughly.

In Fig. 3350, then,

s, $ represent two wheel axles, whose boxes are between their
wedges. AtS, S’ are the screws for setting up the shoes or wedges
Ww and w’ respectively.
The axles are shown on the line of centres C, C of the engine, the piston being at the head end of the
cylinder, and the crank pins on the line of centres as denoted by
the small black circles. The wedges w and w’ are shorter than
the leg of the pedestal, so that they may be set up by the set screws
S and S’, and take up the wear.
In some engines the wedges V and V' are also shorter for the
Same purpose.
Now it is clear that setting up the screws S and S'
will move the axles s, s’ to the left, and this will alter the clearance

between

the piston when it is at the end of the stroke and the

cylinder cover.

It is clear that the distance between the centres of the two axles
must be the same as the distance between the centres of the two
crank pins, or else the frame will be subjected

to a great strain,

tending to break the crank pins and the side rods.
In order to keep the clearance equal and to know when it is
equal, it is necessary, at some time when the cylinder cover at the
head end is off, to disconnect the connecting rod and push the piston clear up against the left hand cylinder cover, and from the

end of its stroke, and the line L, and that between
~~

the face of the

piston and the cylinder cover, will be equal.
A proper adjustment, therefore, should be made as follows: The
piston should be at the end of its stroke, the crank pins being on
the line of centres.
Screw S should be operated to set up the wedge w, taking up the
wear of the sides of the box, and bringing the edge of the cross
head the proper distance from the line L. The connecting rod
brasses should then be set up to fit the pins, and the screw S’ operated to set up wedge W’ to have easy contact with the side of its
axle box.

If, however, there has been so much wear

on

the axle

boxes that they are still too loose between the wedges, both wedges
may be set up to take up this wear, since it is more important to

| have

the axle boxes a proper fit between the wedges than it is to
maintain an exactly equal amount of clearance at each end of the
cylinder.
The engine will then be in proper tram on this side, or, in other
words, the distance from the centre to centre of the crank pins will
be the same as that from centre to centre of the axles.
On the other side of the engine the process is the same, the engine being moved until the crank pins are on the line of centres c
C and the wedges set up according to the lines.

CHAPTER

XXXVII.—THE

MECHANICAL

POWERS.

WHEELS,
OWER is distinguishable from force or pressure in that the
term power means force or pressure in motion, and since
this motion cannot occur without the expenditure of the force or
pressure, power may, with propriety, be termed the expenditure
of force or pressure.
If we suppose a piston to stand in a vertical cylinder sustaining
a weight upon its surface and compressing the air within the cylinder, so long as there is no motion no work is done, as the term
‘‘work”’ is understood in a mechanical sense, and the weight
merely produces a pressure.
If, however, the weight be removed,
the compressed air will force the piston upward, performing a certain quantity of work which may best be measured by the amount
of power exercised or expended.
The mechanical value of a given amount of power cannot be
either increased, diminished or destroyed by means of any mechanical device or appliance whatsoever through which it may be
transmitted.
It may be concentrated, as it were, by decreasing the amount of
its motion.
It may be distended, as it were, by increasing the
distance through which it moves, or it may be expended in giving

or producing motion, but in either case the amount of duty or work
done is the exact equivalent of the amount of power applied.
A gain or increase in speed is not, therefore, a loss of power, but
merely a variation in the mode of using or utilizing such power.
For instance, I lb. moving through a distance of I2 inches in a
given time represents an amount of power which may be employed

either as I lb. moving a foot, 2 lbs. moving six inches, or } lb.
moving through 24 inches, in the same space of time, the amount
of the power or duty remaining the same in each case, the method
of utilization merely having differed.
It is an inexorable law of nature that power is concentrated in
proportion as the amount of its motion is diminished, or distended
in precise proportion as such motion is increased.
.

at the end B the power is 4 lbs. moving 2 inches; we have, therefore, reduced the weight in the same proportion that we have increased the distance moved through.
Suppose now that the lever is moved to the position denoted by
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Fig. 33£2.

the dotted line M M, and the leverages will be altered; that at end
A becoming that denoted by the distance from F to the vertical
C, and that for end B being denoted by the distance from F to the
vertical D.
This occurs because we are dealing with gravity, which always
acts in a vertical line.
A crow bar isan excellent example of the application of the
lever. In Fig. 3352, for example, we have a I lb. weight on the
long end of the lever, and as we are dealing with a weight, the
effective length of the long end of the lever is from the fulcrum /

to w, which is divided into 10 equal divisions.

from a shaft or drum, whose
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Suppose, for example, that in Fig. 3351 L is a lever having its
fulcrum at F, which is 4 inches from end A, and 8 inches from end
B, and (leaving the weight of the lever out of the question) if we
place an 8 lb. weight on A it will just balance 4 lbs. at B.
If the lever is moved, the amount of motion will be twice as much
at end RB as it is at end A.
If we apply the power at A, the lever has become a means of
converting 8 lbs. moving a certain distance into 4 lbs. moving

twice that distance, and nothing has been either gained or lost.
If we apply the power at B, the lever has merely been used as

a means of converting 4 lbs. moving a certain distance into 8 lbs.
moving one half that distance, and nothing has been gained or lost.

The short end of

the lever is from / to Z, which is equal to one division, hence the
I lb. is balanced by the Io lbs.
|
A simple method of distending power is by means of pulleys or
gear wheels.
Suppose, for example, that in Fig. 3353, we have a

i
ee

GEAR

Suppose that end A was moved an inch, and the power at that
end will be 8 inch pounds or 8 lbs. moving an inch, whereas

)

i

PULLEYS,

ETC.

weight of 12 lbs. suspended

XN

ad

LEVERS,

Fig. 3353.

radius @
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is 10 inches, and that on the same shaft there is a pulley, whose
radius 4 is 20 inches, and the two weights will balance each other.
In this case the falling of either weight would not effect the
leverage, because the distance of both weights would remain the
same from the centre of the shaft. The leverage of the 12 lbs. is
denoted by the line a, and that of the 6 lbs. by 4.

SHOP

to twice 64.4, which is 128.8 inches.

centrate or to distend power, but do not vary its amount.

Suppose we have two shafts, on the first of which are two pulleys, B and C, Fig. 3354, while upon the second there are two pul-

To

recapitulate, then, we

have as follows:

The weight gives ro Ibs. moving through 32.2 inches.

Pulley B

So far as the transmission of power is concerned, therefore, pul-

leys are in effect revolving levers, which may be employed to con-

PRACTICE.
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That the amount of power is equal in each case, may be shown
as follows:
For Cc, § lbs. moving through 64.4 inches is an equal amount
of power to Io lbs. moving through 32.2 inches, because if we suppose the first pair of pulleys to be revolving levers, whose fulcrum
is the centre of the shaft, it will be plain that one end of the lever
being twice as long as the other, its motion will be twice as great,
and the § at 1o{ inches just balances
fulcrum, as in the common lever.

10, at 54 inches from the

In the case of D we have the same figures both for weight and

motion as we have at Cc, because D simply receives the weight or
force and the motion of c.

In the case of E, we have the motion

of the weight multiplied four times; for the distance E moves is
128.8 inches, which, divided by 4, gives 32.2 inches, which

is the

amount of motion of the weight, hence the I0 lbs. of the weight
is decreased four times, thus 10 lbs. -- 4 = 24 lbs., hence the 24

lbs. moving through 128.8 inches 1s the same amount of power as
10 lbs. moving 32.2 inches, and we may concentrate or convert
the one into the other, by dividing 128.8 by 4, and multiplying the
23 lbs. by 4, giving 10 lbs. moving 32.2 inches.
If, therefore, we make no allowance for friction, nothing has
been lost and nothing gained.
Thus far, we have taken no account of the time in which the
work was done, more than as one wheel is caused to move by the

Fig. 3354.

leys Dand E. A belt H, connecting C to D. Let the pulleys have
the following dimensions:
If we take the first pair of wheels B and C, we have that the
velocity will vary in the same ratio or degree as their diameters
vary, notwithstanding that their revolutions are equal.
Radius.

B = _ 5} inches.
C

—=

D

—

E

—

ro}

Diameter.

10} inches.

Circumference.

32.2 inches.

sé

2

«<

64.4

6¢

7

66

sat

sé

47.

66

15}

66

«6

95.

66

The velocity is the space moved through in a unit of time, and as

other, and all of them by the motion of the weight, they must all
have begun and also have to move at the same time.
Suppose,
then, that the time occupied by the weight in falling the s2.2
inches was one minute, and the amount of powcr obtained may
be found by multiplying the lbs. of the weight by the distance it
moved through in the minute, thus to lbs. moving 32.2 inches in
a minute gives 32.2 inch lbs. per minute, being the amount of
power developed by the Io lb. weight in falling the 32.2 inches.
We may now convert the power at each pulley perimeter or
circumference into inch pounds by multiplying the respective lbs.
by the distance moved through in inches, as per the following
table ;
Weight at B
66

it is the circumference of the pulley that is considered, the velocity

“

of the circumference is that taken; thus, if we make a mark on the
circumferences of the two pulleys, B and C, Fig. 3354, the velocity

of that on C will be twice that upon B, or in the same proportion
as the diameters.
Let there be suspended from the circumference of B Io lbs.
weight, and let us see the degree to which this power will be distended by this arrangement of pulleys, supposing the weight to
rotate B, and making no allowance for the friction of the shaft.

Suppose the weight to have fallen 32.2 inches, and we have 10
Ibs. moving through 32.2 inches, this power it will have transmitted to pulley B.
To find what this becomes at the perimeter of C, we must reduce the number of lbs. in the same proportion that the perimeter of C moves faster than does that of B; hence we divide the
circumference of one into the other, and with the sum so obtained
divide the amount of the weight; thus, 64.4 (circumference of Cc)
++ 32.2 (circumference of B), = 2; and Io lbs. + 2 = § lbs., which,
as the circumference of C is twice that of B, will move twice as fast

as the Io lbs. at B, hence for C we have § lbs. moving through
64.4 inches.
Now C communicates

this to D by means of the belt H, hence
we have at D the same 5 lbs. moving through 64.4 inches.
Now E moves twice as fast as D, because its circumference is
twice as great, and both are fast upon the same shaft, hence the §

Ibs. at D becomes 2} Ibs. at E, but moves through a distance equal

=

oa

o,

yp

SE

10

Distance moved.
,
Inches.

x

32.2

=

Inch Ibs. of power.

322

5

x

64.4

ae

5

x

64.4

=

322

322

24

x

128.8

=

320

If we require to find the power in foot lbs. per minute, we
divide by 12 (because there are 12 inches in a foot), thus 322 inch
lbs. + 12 = 26.83 foot lbs. per minute.
Now suppose that B was moved by a belt, with a pull of Io lbs.
at its perimeter, and made I0o0 revolutions in a minute instead of
one, then the pull at the perimeters of C, D, and E would remain
the same, but the motion would be I00 times as great, and the
work done

would therefore

be increased

one hundred

fold.

It

will be apparent, then, that the time is as important an element
as the weight.
The velocity and power of gear wheels are calculated at the pitch
circle.
Now suppose the gear A in Fig. 3355 has 30, gear B 60, gear C
Io and gear E 80 teeth, and that 5 lbs. be applied at the pitch
circle of A; to find what this 5 lbs. would become at the pitch
circle of E, we multiply it by the number of teeth in B and divide
it by the number of teeth in C, thus:
At pitch of circle
A
Number of teeth in B

Lbs.

5
60

Number of teeth in c 10)300
2e
Answer, 30 lbs. at the pitch circle of ©
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Now suppose that on the shaft of A there is a pulley 20 inches
in diameter, and that on this pulley there is a belt exerting a pull

of 5 lbs., while on the shaft of E there is a pulley 16 inches in
diameter, and to find how much this latter pulley would pull its
belt, we proceed as follows:
2)20

= Diameter of pulley on a,

Io
Number of teeth nA

m=

= Radius of pulley on a.
= Pull on pulley a.

30)50= Pull at centre of shaft of A.
1.666
60 = Number of teeth on B.

Number of teeth on C

= 10)99.960 = Pull at axis of shaft of 3.

9-996

80 = Number of teeth on E.

Radius of pulley on shaft of £8)799.680
99-96

Pull at axis of shaft Ez.
Pull at perimeter of last pulley.

We have in this case treated each pulley as a lever whose length
equalled the radius of the pulley, while in the case of the wheel we

have multiplied by the number of teeth when the power was trans-

Fig. 3355.
mitted from the circumference to the shaft, and divided by the
number of teeth (the number of teeth representing the circumference) when the power was transmitted from the shaft to the
teeth.
We thus find that power is composed of three things, first, the
amount of impelling force; second, the distance that force moves
through; and third, the time it takes to move that distance.
If we take a number

of pulleys, say four, and arrange

them one

after another so that they drive by the friction of their circumferences, then the amount of power transmitted by each will be equal

and the velocities will be equal, whereas, if we arrange them as in
Fig. 3354, the power will be equal for each, but the velocities or

space moved through in a given time will vary.
What is known as the unit of power is the foot lb., being the
amount of power exerted in raising or lifting one lb. one foot, and
from what has already been said, it will be perceived that this is
the same amount of power as 12 lbs. moving a distance of one
inch.
Watt determined that the power of a horse was equal to that
necessary to raise 33,000 lbs. one foot high in a minute, and this is
accepted, in English speaking countries, as being a horse power.
An engine or machine has as much horse power as it has capacity to lift 33,000 lbs. a foot high in a minute.
CALCULATING

TRE

HORSE

POWER

OF AN

ENGINE,

The horse-power of an engine may be calculated as follows:
Rule.—Multiply the area of the piston by the average steam
pressure upon the piston throughout the stroke, and by the length
VOL. 11.—69.
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of the stroke in inches, which gives the number of inch pounds re-

ceived by the piston from the steam during one stroke.
As there are two piston strokes to one revolution of the engine,
we multiply by two, and thus get the number of inch pounds received by the piston in one revolution.
By multiplying this by the number of revolutions the engine
makes in a minute, we get the number of inch pounds of power
received by the piston in a minute.
By dividing this by 12, we get the number of foot pounds the piston receives per minute, and dividing this by 33,000 lbs. we get
the horse-power of the engine.
It has already been stated that Watt determined that a horse
was capable of exerting a power equal to the raising of 33,000
Ibs. one foot high in a minute, hence, having foot pounds of the
engine per minute, dividing them by 33,000 gives the horse power.
This gives the amount of power received by the piston, but it is
evident that the engine cannot exert so much power, because part

of it is expemded in overcoming the friction of the moving

parts of

the engine.
The amount of the piston power expended in overcoming

the
friction depeuds upon the fit of the parts, upon the lubrication and
the amount of the load.
Thus, the friction of the cross head guides, of the cross head pin,
of the crank pin and of the crank shaft bearings will increase with
the amount of resistance offered to the piston motion.
The average pressure on the piston is a difficult thing to find,
however, for several reasons.
First, because the pressure in the cylinder may, during the live
steam period, vary from that in the steam chest because of the
ports being too small or from the passages being choked from a
defective casting.
Second, because the steam is wire drawn during the time that
the slide valve is closing the port to effect the cut off.
Third, because the live steam in the port and passage at the time
the cut off occurs gives out some power during the period of expansion.
Fourth, because there is some condensation of the steam in the
cylinder after the point of cut off, and there is no means of finding
by calculation how much loss there may be from this cause.
During the live steam period there is also loss from condensation
in the cylinder, but this is made up for by steam from the steam
chest.
Fifth, the loss from condensation after the cut off has occurred
will vary with the speed of the engine, and is greater in proportion
as the piston speed is less, because there is more time for the condensation to occur in.
Sixth, there is some pressure on the piston between the time that
the exhaust begins and the piston ends its stroke.
Seventh, because the compression absorbs some of the piston
power.
Assuming the average pressure on the piston to be known, how.
ever, we may calculate the horse power as follows:
Example.—What is the horse power of an engine whose piston
is 20 inches in diameter, and stroke 30, the revolutions per minute
being 120, and the average pressure on the piston 60 lbs. per

square inch?
Diameter of piston 20
Diameter of piston 20
Diameter of piston squared 400

7854

400

Area of piston = 314.1600
60
lbs. pressure on piston 18849.60
30
565488.0

2
£2)z130976
94248
120

(_&&§ these two ciphers neglected.)
average steam pressure.

(4&9 this cipher neglected.)
length of stroke in inches.
inch lbs. per stroke.
two piston strokes per revolution.

_—inch Ibs. per revolution.
foot lbs. per revolution.
revolutions per minute.

1884960

94248
11309760

foot Ibs. per minute.
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represents the length of the lever, shall stand parallel with the
surface of the platform of the scale.
To test the horse-power, we proceed as follows:
Suppose the pressure of the end of the lever on the scale is found
by the weight on the scale beam to be 540 lbs, the diameter on
which the brake blocks act being 3 feet, the length of the
leverage being 5 feet 3 inches, as marked, and the engine making
150 revolutions per minute, and the calculation is as follows :

$9000)11309760(342.72 = horse power of engine
132000

89760

66000

540

Ya working out the calculation, the ciphers that are decimals

Ibs.
on scale.

5.25 leverage
im feet.

and are on the nght hand are neglected or taken no account of,
because they represent no value and may therefore be discarded.

27 oO
108o

2700
radras
of
pelley
in
feet
1
~5)2835
.00( 1890 Ibs. at pulley perimeter.
Again the Ibs. pressure on the piston is |

Thus the area of the piston is 314.1600 inches, the two nght hand |

ciphers having no value.
18849.60 Ibs., and

_15

the nght hand cipher, having no value, its dis-

carded The inch lbs. per stroke is 565483.0, and the decimal cipher,
representing nothing, ts discarded when multiplying by the 2.
We have in this case taken no account of the fact that the piston rod prevents the steam from acting against a part of the piston |
area during one stroke; hence for correct resultswe must subtract |
from the area of the piston one half the area of the piston rod.
The horse power thus obtained is that which the engine re- |

3-1416

3 diameter of pulley in feet.
9-4248 crcomference of pulley in feet.
150 revolutions per mimute.
4712400

ceives from the steam, and is more than the engine is capable of
exerting to drive machinery, because a part of this power is consumed in overcoming the friction of the working parts of the

94748

engine.

TESTING

1413. 7200 veloaty of pulley perimeter.

THE

HORSE

POWER

OF

AN

1890

ENGINE.

and accurately obtained by means of a pair of scales, and a brake,

as shown in Fig. 3356, which is constructed and used as follows :
On the crank shaft of the engine 1s a pulley enveloped by a fincwhich consists of an iron band, to which

peri

:

1130976
E4I372
26719G0.So0 foot Ibs. per minute.

The useful horse power of a stationary engine may be readily

tion brake,

pounds at pulley

12723480

$3000)26'7
1990. Sa(S0.9
20.3000
31gg08
2g7000

wooden

blocks are fastened.
The ends of the iron band do not meet,
but are secured together

BES
ia

by a bolt as shown.
By screwing up the bolt the wood blocks are brought to press
against the circumference of the wheel.

Answer, 50,4; horse power.

In this calcunation
we have nothing to do with the size of the

Qj
ini

WE
:

;

y ~~
1;

+4

Fig. 3956.
This forms a friction brake that would revolve with the wheel,
were it not for two arms that are secured to the brake, and rest

cylinder or the steam pressure, because the scale beam tells us
how many Ibs. the brake exerts
on the scale, and we treat the brake
and brake pulley as levers.
Thus by multiplying the [bs. on the

The principle of action of this device is that the amount of fricton between the brake and the wheel is weighed upon the scales,
and this amount, multiplied by the velocity of the wheel at its circumference and divided by 33,000, is the horse-power of the engine.
It ts necessary, in arranging this brake, to have its end rest upon
the scale at the same height from the floor as the centre of the
crank shaft, so that the line marked 5’ 3" (5 feet 3 inches), which

scale by the leverage of the brake arm we get the number of Ibs.

at the other end upon a block placed upon a pair of scales.

exerted at the centre of the crank shaft, and by dividing this by the

radius of the brake pulley we get the number of Ibs. on the ctrcumference, or, what is the same thing, the perimeter of the brake
pulley.
By multiplying the circumference of the pulley in feet by the
revolutions per minute, we get the speed at which the pounds

travel, and by multiplying this speed by the number of Ibs. we get

THE
the foot lbs. per minute,
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by 33,000, gives us the

which, divided

all placed under the same friction as they would be if it was a circular saw, or some other piece of machinery or machine that the
engine was driving.

Among

VALVE

CALCULATIONS.

the most frequent questions

asked

in an

engineer’s

examination are those relating to the safety valves of boilers.
These questions may be easily answered from a study of the following:
The safety valve is a device for relieving the boiler of steam after
it has reached a certain pressure.
This it accomplishes by letting the steam escape after it has
reached the required pressure.
At what pressure the safety valve will blow off depends upon the
position of the weight on the safety valve lever.
The calculations referring to this part of the subject are, finding
how much weight will be required to be placed at a given point on
the lever, in order, with a given sized valve, to blow off at a given
pressure.
Finding the position on the lever of a given amount of weight, in
order to blow off at a certain pressure.

Weight on valve.

Valve area = 8 ) 32

4 = pressure valve will hold.

But suppose we put the weight on the lever, in the position
shown in the figure, which is six times as far from the fulcrum F of
the lever as the valve is, and its effect on the valve will be six
times as great as it would if placed directly upon the valve, so that

leaving the weight of the valve and of the lever out of the question (as is commonly done in engineers’ examinations), we may
find out what pressure the valve will hold, as follows:
Rule.—Divide the length of the lever by the distance from the
centre of the valve to the centre of the fulcrum.
Multiply by the
amount of the weight in lbs., and divide by the area of the valve.
Example.—The area of the valve is 8 inches, the distance from

Finding, with a given sized valve and a given weight, how to
mark off the lever and where the notches must be cut for given
pressures.
In each of these calculations there are three elements: first, the
area of the valve and the steam pressure, which constitute the
effect of acting to lift the valve ; second, the amount of the weight
and its position upon the lever, which acts to keep the valve
closed ; and third, the weight of the lever and of the valve, which
act to keep the valve closed.
In Fig. 3357 we have a drawing of a safety valve shown in sec-

tion, and
steam the
weight of
To find

AAT

ter from which the valve area is to be calculated will be that denoted by D in the figure, and cannot in any case be less than this.
But if the smallest end of the valve cone is of larger diameter than
the smallest end of the seat cone (which should not, but might be
the case), then it is the smallest diameter of valve cone that must
be taken in calculating the area, because that is the area the steam
will press against.
Now suppose we rest a 20 lb. weight on the top of the valve that
is on the point denoted by I, and there will be 32 lbs. holding the
valve down, thus, weight of valve 2 lbs., of lever 10, and weight
added, 20 lbs., and to find how much pressure this would hold in
the boiler, we divide it by the valve area, thus:

effective horse power of the engine.
This effective horse power is correct, because in loading the engine by the brake the crank pin, the cross head guides, etc., are

SAFETY

POWERS.

the centre of the fulcrum to the centre of the valve is 4 inches, and

the distance from the fulcrum

to the point of suspension of the

weight

is 40 lbs., what

24 inches, the weight

pressure will the

valve hold ?
Length of lever.
From fulcrum to valve, 4)24

6
40 amount of weight.
Area of valve,

if there was no weight upon the lever, the pressure of
valve would hold in the boiler would be that due to the
the valve and of the lever upon the valve.
out how much this would be, we would have to put the

8)240

30
Lbs. per square inch the valve will hold = 30.

The philosophy of this is clear enough when we consider that as
the weight is six times as far from the fulcrum as the valve is, and
each I lb. of weight will press with a force of 6 lbs. on the valve,

valve itself and the pin @ on a pair of scales and weigh them.

hence the 40 lbs. will press 240 lbs. on the valve, and as the valve

has 8 square inches, the 240 becomes 30 lbs. for each inch of area.
Example.—The area of a safety-valve is 8 inches, the distance
from the fulcrum to the valve is 4 inches, and the weight is 40 lbs.,
how far must the weight be from the fulcrum to hold in the boiler

a pressure of 30 lbs. per square inch?

j

|

In. lbs.

From fulcrum to valve, 4)40 amount of weight.
10

Area of valve,

Fig. 3357.

10)240

Then put a piece of string through the hole at a in the lever,
and see how much it weighed when suspended from that point.
Suppose the valve and pin to weigh 2 lbs. and the lever (suspended by the string) 10, and the total will be 12 lbs.
Next we find the area of the valve, and suppose this to be 8
square inches; then we may find how much pressure the valve
would keep in the boiler, by dividing the area of the valve into the
weight holding the valve down, thus:
Weight of valve and pin,
‘c
lever,

8 square inches.

Pressure required, 30

Lbs.

2
10

Area of valve, 8 ) 12
Pressure the valve would hold, 1.5 Ibs.

The area of the valve is that part of its face receiving the steam
pressure when the valve is seated, so that if the smallest part of the

valve diameter is equal to the diameter of the seat bore, the diame-

24

Answer = 24 inches from the fulcrum.

Example.—The diameter of a safety valve is 4 inches, the distance from the centre of the fulcrum to the valve is 3 inches, a $0

lb. weight is 30 inches from the fulcrum, what pressure will the
valve hold?
3 diameter of valve.
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preserved without increasing the pressure under which it boiled,
and without losing any of its heat, it will have a temperature the

Io

same as that of the water from which it was boiled, which is a tem-

50 = weight
Io = leverage of weight.

area of valve, 7.068)500.000(70.7=
Ibs. pressure per sq. in.

49476

52400

49476
2924

perature of 212°, so that neither the steam nor the water account,
by the thermometer, for the 966° of heat that entered the water
after it boiled, hence the 966° became latent, constituting the
latent heat of the steam when boiled from and at a temperature
of 212°.
The total heat of steam is the sensible heat, or that shown by
the thermometer, added to the latent heat;

HEAT.

The heat unit, or the unit whereby heat is measured, is the
quantity of heat that is necessary to raise I lb. of water from its
freezing temperature (which is 32° Fahrenheit) 1°, and this unit is
sometimes termed a ¢hermal unit.
The reason that some specific temperature, as 32° Fahrenheit,
is taken, is because the quantity of heat required to heat a given

quantity of water I° increases with the temperature of the water;
thus, it takes more heat to raise 1 lb. of water from 240° to 245 °

hence the heat neces-

sary to evaporate water into steam at a temperature of 212° (which
corresponds to a pressure of 14.7 lbs. per square inch) is 212° +
966°, which is 1178°, and these, therefore, are the number of degrees
that must be imparted by the coal to the water, in order to form
steam at a temperature of 212°.
WATER.

Water is at its greatest density when at a temperature of 39.1°
Fahrenheit, that is to say, it occupies its least space and weighs
the most per given quantity (as per cubic inch) when at that tem-

than it does to raise it from 235 to 240, although the temperature
has been raised 5° in each case.
The whole quantity of heat in water or steam is not, however,
sensible to the thermometer, or, in other words, is not shown by
that instrument.
The heat not so shown or indicated is termed
latent heat.

At a lower temperature water expands, its freezing point being
32° Fahrenheit, below which it forms ice. The weight of a cubic
foot of water when at its maximum density (39.1) is 62.382 lbs.

Water obtains latent heat while passing from a solid to a liquid
state, as from ice into water, and while passing from a liquid to a

thus, while

gaseous state, as while passing from water into steam, and the
existence of latent heat in steam may be shown as follows:
If we take a body of water at a temperature above freezing, and
insert therein a thermometer, the decrease in the temperature as
the water becomes frozen will be shown by the thermometer.
If,
then, its temperature being say at zero, heat be continuously imparted to the ice, the thermometer will mark the rise in temperature until the ice begins to melt, when it will remain stationary at

32° so long as any ice remains unmelted, and it is obvious that
all the heat that entered the water from the time the ice began to
melt until it was all melted became latent, and neither sensible to
the sense of feeling nor to the thermometer.
Similarly, if the
water, after the

ice is all melted, be heated

in the open air, the

thermometer will mark the rise of temperature until the water
boils, after which it will show no further rise of temperature, although the water still receives heat. The heat that enters the
water from boiling until it is evaporated away is the latent heat
of steam.

The latent heat of water is 143° Fahrenheit, and that

of steam when exposed to the pressure of the atmosphere, or under
an atmospheric pressure of I5 lbs. (nearly), is 960°, which may be
shown as follows:
If a given quantity of water, as say I lb., has imparted to it a
continuously uniform degree of heat sufficient to cause it to boil
in one hour, then it will take about 5} more hours to evaporate it
all away, hence we find the latent heat by taking the difference in
the amount of heat received by the water, and that shown by the
thermometer thus:

Temperature by thermometer at boiling point...
Less the temperature of the water at first.......

212
32

Heat that entered the water in the first hour....
Hours that the water was subsequently heated. .

1So
54

|

One-third of 180....... ee

Heat that entered the water during the 5 hours

=

90060
960 degrees.

This, however, is not quite correct, as it would take slightly
more than 5 hours to boil the water away, and the heat that
entered the water after it commenced to boil would be about 966
degrees.

If the steam that arose from the water while it was boiling were

perature.

Water also expands as its temperature
it is heated

from I to 1.04332.

from

39.1

is increased above 39.1°;

to 212°, its volume

increases

The expansion for each degree of heat added

to its temperature increases trom 0 at 40° Fahrenheit to .0043 at
212°.
The rate of expansion of water at a temperature above 212° is
unknown.

STEAM.

At every temperature above freezing point water passes from the
liquid into a gaseous state, the gas being termed steam. While
water is below its boiling point its evaporation occurs at its surface
only; but when its mass is heated to boiling point, and additional
heat 1s imparted to it, evaporation occurs from the water lying
against the surface from which it receives the heat, and an ebullition is caused by the vaporized water passing through the mass,
the ebullition being what is known as boiling.
The temperature at which water boils depends upon the pressure acting upon its surface, the boiling point being at a lower temperature in proportion as the pressure is reduced; thus waterat the
top of a mountain, where the pressure of the atmosphere is less
than at the sea level, would boil at a lower temperature than 212°,
which is the boiling point when the atmospheric pressure is 14.7
lbs., which

it is assumed to beat the sea level.

Conversely, the boil-

ing point is raised in proportion as the pressure upon its surface
is raised, whether that pressure consists of air or of steam.
As,
however, the pressure is increased, the boiling point is at a higher
temperature.
So long as the steam is in contact with the water
both are at the same temperature, as denoted by the thermometer
(although they do not contain the same quantity of heat, as will
be shown presently), and the steam is termed saturated steam.
The pressure of saturated steam cannot be either increased or
diminished without either increasing or diminishing its temperature, hence there is a definite relation of pressure to temperature,
which enables the pressure to be known from the temperature, or
conversely, the temperature to be known from the pressure.
But
if the steam be separated from the water and heated, it may be what
is termed superheated, which is that it may be surcharged with
heat or contain more heat than saturated steam at the same pressure. Such additional heat, however, is latent.

The pressure of steam is the lbs. of force it exerts upon a given
area, aS upon a Square

inch.

In non-condensing

engines

the ef-

fective pressure of the steam is its pressure above that of the atmosphere, because the exhaust side of the piston being exposed to
the atmosphere receives the atmospheric pressure, which must be
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overcome by a corresponding pressure of steam on the steam side
of the piston, and this pressure is not, therefore, available for pro-

ducing work or power in the engine.
In condensing engines, however, the exhaust side of the piston
is (as nearly as practicable), relieved of the atmospheric pressure,
and assuming a perfect vacuum to be formed, the whole of the steam
pressure is exerted to propel the piston, in which case the steam
pressure is termed the adsolufe pressure.

In considering

the

weight

or

density

or the

expansion

of

steam, its absolute and not its effective pressure must obviously be

taken.
What is termed dry steam is saturated steam that does not contain what

may be termed

entrained water, which is water held

suspension in the steam, which

the water through which

in

may be caused by the surface of

the steam

is allowed to rise being too

small in proportion to the volume of steam formed, in which case
the rapid pass.ge of the steam through the water causes it to carry
up water with it and hold it in suspension, this action being termed
foaming or priming.
Suppose, for example, that a boiler be filled with water up to
the bottom of the steam

require to find exit from

dome, then all the steam formed

the water

within

would

the area of the dome,

and the violence of the ebullition would cause foaming.

Obviously,

then, to obtain dry steam there must be provided a sufficient area
of water surface for the steam to pass through.
But water so entrained 1s evaporated into steam, if the steam
is wire dra ‘n, that is, allowed to expand and reduce in pressure.

THE

EXPANSION

OF

STEAM.

A cubic inch of water, when evaporated into steam at a pressure
of 14.7 lbs. per square inch, occupies as steam a space or volume
of 1644 cubic inches, and its weight will be equal to that of the
water from which it was evaporated.
If additional heat be imparted (after its evaporation into steam),
such additional heat becomes latent and does not cause an increase
of sensible temperature or of pressure.
The weight of a given volume of steam, therefore, bears a defi-

nite and constant relation to the pressure and sensible temperature
of the steam, so that the pressure or the sensible temperature being known, the weight of a given volume, as say a cubic foot, may
be known therefrom.
Or the weight of a cubic foot of steam being known, its sensible temperature and pressure may be known
therefrom.
This would not be the case if steam expanded by heat. Suppose, for example, we have a cubic foot of steam at any absolute
pressure, as say 15 pounds per square inch, a cubic foot weighing
.0387 of a lb., and itssensible temperature will be 213°. Now it
is evident that the weight will remain the same whatever the
amount of heat that may be imparted to the steam. Now if the
steam were maintained within the cubic foot of space, and was
capable of expansion by the absorption of additional heat, its pressure would increase and its weight remaining the same, there would
be no definite relation between the weight and the temperature
and pressure.
But if the cubic foot of steam were allowed to expand so as to
occupy more space, then additional heat is necessary to prevent its
condensation.
The relation between the temperature, pressure, and weight of
steam is not quite proportional to the volume, because steam is not
a perfect gas, and does not, therefore, strictly follew Marriotte’s
law.
A perfect gas is one that during expansion or compression follows the law laid down by Boyle and Marriotte, this law being that,

if maintained at a constant temperature, the volume is inversely
proportional to the pressure.

For example, the quantity of gas that, if confined in a cubic
inch of space, would

give a pressure

of 80 lbs. per. square

inch,

would give a pressure twice as great (or 160 lbs. per inch of area),
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inches of space, assuming, of course, that the temperature remains the same.
Since, however, if a gas be compressed, its
temperature

is increased

by reason of the friction of the particles

moving one upon the other, the law of Marriotte may be better
explained as follows:
Suppose we have three vessels, A, B, and C, filled with a fluid
which isa perfect gas, the temperatures being equal. Let the
pressure be: A 40, B 80, and C 160 lbs. per square inch, then 2
cubic inches of the fluid in B will weigh the same as 4 cubic
inches in A, because that in B is at twice the pressure of that in
A, and the 2 cubic inches in B will weigh the same as I cubic
inch in C, because its pressure is one-half that of C, or, what is
the same thing, whatever number of cubic inches of the fluid inC
it takes to weigh a pound, it will take twice as many in B, and
four times as many in A to weigh one pound.
But steam is not a perfect gas, as is evidenced by the fact that
its volume does not increase in a ratio inverse to its pressure. For
example, if acubic inch of water be evaporated into steam at a
pressure of 14.7 lbs. per square inch, its volume will be 1644 cubic inches, and its temperature 212° Fahrenheit.
But if the cubic inch m. water be evaporated into steam at twice
the pressure, which is 29.4 lbs per square inch, its volume will be
838 inches.
The volume then is not inversely as the pressure, although the
actual quantity and weight remain the same, as is proven by the
fact that if the steam at either pressure were condensed it would
pass back into the cubic inch of water from which it was generated.
This may be accounted for in the difference in the boiling point
of the water in the two pressures, or in other words, by the difference inthe temperatures; thus the boiling point of the water at a
pressure of 14.7 lbs. is 212°, while that for the pressure of 29.4 is

increased about 38.4 degrees, and the steam is at the
sure expanded by these 38.4 degrees of heat, which
pressure, although not affecting its actual quantity or
The amount of this expansion may be estimated as
Taking the 1644 cubic inches, and supposing

higher presadds to its
weight.
follows:

the steam

to be

a perfect gas, we divide it by 2 to obtain half the volume, 1644 +
2 = 822.
If then we subtract this 822, which is the volume of the steam
if it acted asa perfect gas from the 838 it actually occupies, we get
16 (838 — 822 = 16), which

is the number of cubic inches of ex-

pansion due te the increase in the boiling temperature.
THE

CONVERSION

OF

HEAT

INTO

WORK.

When steam performs work a certain portion of the heat it contains is converted into work, the steam simply being a medium

of

conveying the heat into the cylinder in which the motion of the
piston converts this proportion of heat into work.
It has been
proven that a given quantity of heat will pass into a given quantity of work, and conversely that a given quantity of work is convertible into a given quantity of heat, and it has also been proven
that so much heat is convertible into so much work, independent of
the temperature of the heat during its conversion into work, power,
or energy, all three of these words being used to imply pressure,
force, or weight in motion.
The accepted measurement of the conversion of heat into work
is known as oule’s equivalent, Foule having determined that
the amount of power exerted in raising 772 lbs. one foot is the
equivalent of the amount of heat that is required to raise the temperature of 1 lb. of water when at or near its freezing point (that
is, at a temperature of 32°) one degree.
This is called the mechanical equivalent of heat, being merely
the quantity of heat necessary to do a certain amount of work, but
having no relation to the time in which that work was done.
The conversion of heat into work and of work into heat may be
demonstrated as follows: Suppose a cylinder to be so situated that

if confined in one-half the space, that is, if compressed into one-

heat can neither be transferred to it or from it, and that saturated

half of a cubic inch.

steam be admitted under the piston so as to fill one-half of the
cylinder at a pressure of 50 lbs.

expand

Conversely, if the cubic inch was allowed to

until its pressure was 40 lbs, it would occupy 2 cubic
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Suppose then that we raise the piston from an independent application of power, the steam simply expanding to fill the space
given by the piston, but not exerting its force to move the piston.
Now suppose the experiment is repeated, permitting the force
of the steam to lift the piston, and the temperature of the steam
will be less in the second than it was in the first, proving that in
the second experiment a certain portion of the heat in the steam
was converted into the work of raising the piston.
If we desire to reconvert the work into heat, we may force the
piston back again to its original position, and its temperature will
be restored to what it was before we allowed it to raise the piston.
It is here, of course, assumed

that there is no friction in moving

the piston in the cylinder.
The apparent or external work performed by steam in expanding
and moving a piston against a given resistance is measurable by
multiplying the amount of the resistance against which the piston
moved by the distance it moved through, thus:
Suppose a piston weighs 100 lbs. and had resting upon it a
weight of 50 lbs., and that it be raised by the expansive action of
steam a distance of a foot, then, since the total resistance it moved

against would be (supposing it to move frictionless in the cylinder)
150 lbs., and since the amount cf motion was

I foot, the external

or apparent amount of work performed by the steam will be 150
foot lbs., or 150 lbs. moved I foot.
But in expanding, the steam has performed a certain amount of
what is called zm¢ernal work, that is to say, its particles or atoms
have done work in expanding, and this work has been done at
the expense of some of the heat

in the steam, so that the loss of

heat due to the motion of the piston is the amount of heat converted into work in moving the piston against the piston resistance,
added to that converted into the internal work due to the expansion
of the steam.
It is because of this internal work that the steam in expanding
does not strictly follow Marriotte’s law.
The mechanical theory of heat is, that the atoms of which bodies
are composed are at absolute rest when at a temperature of 461.2°
below the zero of Fahrenheit, which is supposed to be absolute cold,
and at any degree of temperature above this the atoms are in motion;

the extent

and force of their motion

determines

what we

know as the temperature of the body.
Atoms are capable of transmitting their motion to adjoining
atoms of the same or of other bodies, losing, of course, the amount
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of motion they transmit, and it is in this way that heat is conveyed
from one to another part of the same body, or from one body to
another, this being known as the heat of conduction.
But heat may be conveyed by means of what is known as radiation, and also by convection.
Thus, the air surrounding a heated body becomes

heated, and

by reason of its expansion it then becomes lighter and rises, a fresh
supply of cooler air taking its place, becoming in turn heated, and
again giving place to cooler air ; the heat thus conveyed away by
the fluid or air is conveyed by what is termed convection.
Heat also passes from a body in straight lines or rays, which do
not heat the air through which they pass to their own temperature, but do impart that temperature to a solid body, as iron or
water; the heat that passes from a body in this manner is termed
radiant heat, or the heat of ~adtation.
In the cylinder of a steam engine, therefore, the heat contained

in the steam is disposed of as follows:
A certain portion of it is converted into work through the medium of the piston.
Another portion is conveyed away by the walls of the cylinder,
this portion including the heat of convection and that of radiation.
Yet another portion is converted into internal work. Referring
to the latter, suppose that steam is permitted to expand and its
atoms will be in motion, which motion has been derived at the ex-

pense of or from the conversion of a certain quantity of heat.
The amount of the heat so converted obviously depends upon
the amount of the motion.
Suppose, for example, that steam is
generated in a closed vessel as in a steam boiler, and that a certain
pressure having been attained, the steam is permitted to pass off
as fast as it is formed from the boiler, then the amount of atomic
motion will remain constant, because the pressure remains constant; but suppose instead of the steam passing off, it be confined
within the boiler, then the pressure will increase and there will be
a greater resistance to the motion of the atoms, hence their motion will be less, and less of their heat will therefore be converted
into atomic motion, and, as a consequence, more of it will exist in

the form of sensible heat; hence while the pressure of steam continues

to increase, its heat is increased, not only by reason of the

heat it receives from the furnace, but also by reason of that abandoned by the steam, because it is prevented by the pressure, from
expending it in atomic motion.

CuHarpTeER
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fee indicator is an instrument which marks or draws a figure,
or diagram as it is called, which shows the pressure there is
in the cylinder at every point in the piston stroke, while it also
shows the resistance offered by the same body of steam to the
piston on its return stroke.
From the form of this figure or diagram, the engineer is enabled to discover whether those parts of
the engine whose operation regulates the admission of the steam
to and its exhaust from the cylinder are correctly adjusted.
From the diagram the engineer may find the average or mean
effective pressure of steam on the piston throughout the stroke,
for use in calculating the power of the engine.
He may also locate the point of cut off, of release, the amount of
back pressure, the degree

INDICATOR.

In the figure a piece of paper (or card, as it is commonly called)
is shown in place upon the drum with a diagram upon it.
The Thompson Indicator is shown in Fig. 3359, and in section
in Fig. 3360.

of perfection of the vacuum in a con-

densing engine, and the amount of compression.

From the area of the diagram the engineer may also estimate
the quantity of steam that is used, and supposing it to be dry
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The Tabor Indicator is shown

in Fig. 3361, and in section in

Fig. 3362.

A
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Both are made with the piston and parallel motion as light as
possible, in order to enable the taking of diagrams at as high a
speed of engine revolution as possible.
Each consists of a cylinder and piston, the bottom surface of the

oy
2]

latter being in communication

with the bore of the engine cylin-

Fig. 3358.
steam, he may calculate

the amount

of water used

to make the

steam, and assuming one pound of coal to evaporate so much
water, he may calculate the amount of coal used to produce the
steam.
The indicators commonly used upon steam cylinders contain two
principal mechanical movements ; first, a drum revolving the piece
of paper upon which the diagram is to be marked, and second, a

piston and parallel motion for moving the pencil to mark the diagram upon the revolving paper.
The drum is given a motion that, to insure a correct diagram, is
exactly timed with the piston motion.
The pencil is given a vertical movement ; this movement must
bear a constant and uniform relation to the pressure of the steam
in the engine cylinder.
An indicator may be attached to each end of the cylinder or in
the middle, with a pipe passing to each end of the cylinder, as in
Fig. 3358, but an indicator of the usual construction and such
as here referred to, can take a diagram, or card as it is sometimes
called, from but one end of the cylinder at a time. The stop valves
A and B are used, so that

the communication

between the indica-

tor and one end of the cylinder may be shut off while a diagram Is
being taken from the other end, while both ends may be shut off
when the indicator is not being used.

Fig.

3360.

der, so as to receive whatever steam pressure there may be in
the cylinder.
This indicator piston receives, on its upper surface, the pressure
of a spiral spring, which acts to resist the steam pressure.
The indicator piston rod actuates an arm or line on the end of
which is a pencil, which, by means of a parallel motion, is caused
to move in a straight line.

The paper or card being in place upon the drum, and steam let
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into the indicator, the pencil lever is moved until the pencil touches
the paper as lightly as possible, and as a result of the combined
movements of the pencil and drum, the diagram is marked, its
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ing to propel the piston, while after E is reached, whatever steam
pressure there may remain in the cylinder acts to retard the piston.
The line from D to E is therefore the exhaust line, and that from

E to A is the dack pressure line or counter pressure line.
In this example it has been supposed that while the piston was
moving from position 3 to the end of its stroke, and the pencil from
D to E, the indicator piston would have a steam pressure on it
equal to atmospheric pressure, hence the line from E to A, in this
case, represents the atmospheric line, and also the back pressure

in ing
pe

line.
The atmospheric line is aline drawn when there is no steam
admitted to the indicator, and represents a pressure above a perfect vacuum equal to the pressure of the atmosphere.
Its use is
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form being illustrated in Fig. 3363, which represents a diagram
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placed above a cylinder, and the engine piston in three positions ;
first at the beginning of the stroke; second, at the point of cut off

(which is supposed to be at one-third of the stroke) ; and third, at
the point of release where the valve first opens the port for the
exhaust. For convenience, the diagram is shown as long as the
cylinder, but the actual diagram usually measures about 24 inches
high and 4} inches long.
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Supposing the cylinder to be filled with air, and the engine piston in position 1, and the indicator piston would be at the corner
A of the diagram ; but if steam were admitted, the pencil would
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rise vertically, marking the line .from aA to B, which is therefore
called the admission line, or by some, the induction line.
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Fig. 3362.

If on reaching B the pressure was enough to move the engine
piston, that piston and the indicator drum would move simultaneously, and as long as live steam was admitted the line from B to C
would be drawn, hence this is called the steam line, its length
denoting the live steam period.
The cut off occurs when the engine piston is in position 2, and
the indicator pencil at C.
From this point the pencil will fall, in proportion as the steam
pressure falls from expansion until the exhaust begins, the piston
then being in position 3, and the pencil at D.
The line from C to D is therefore called the exfansion line or
expansion curve, and the point D the point of release or point of

exhaust.
We have now to explain that in reality the whole of the remainder of the line of the diagram

is, in reality, the exhaust

line, yet

there is a difference between the part of the line from point D to
the end E of the diagram, and that part from E to A, inasmuch

as

that during the period of exhaust from D to E, the pressure is help-

to show the amount of back pressure, and in a condensing engine
to show the degree of vacuum obtained.
It also forms a line wherefrom the line of perfect vacuum, or
that of full boiler pressure, may be marked.
The steam pressure at any point in the stroke is denoted by the
height of the diagram above the atmospheric line, but the steam
pressure thus taken is obviously above atmospheric, and is thus
the same as the pressure of a steam gauge, which is also above
the atmospheric pressure, and therefore represents the pressure
that produces useful effect in a non-condensing engine.
This is what may be called a theoretical diagram, because, first,
it supposes the steam not to be admitted to the cylinder until the
piston was at the end of its stroke, and to attain its full pressure
in the cylinder before the piston lead begins to move, whereas, in
order to attain a full steam pressure at the beginning of the stroke,
the valve must have lead.
Second, it supposes the cut off to be effected simultaneously,
whereas the valve must have time to move and close the port, and
during this time the steam pressure will fall, and the curve C of
the diagram will therefore be rounded more or less according to
the rapidity with which the valve closed.
Third, it supposes the steam to have exhausted down to atmospheric pressure by the time the piston had reached the end of the
stroke, whereas the piston will have moved some part of the
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The atmosphere would then exert a pressure of about 144 |bs.

back or return stroke before the steam will have had time to ex-

per square inch on one side of the piston, and if we slowly admitted
haust down to atmospheric pressure ; and,
Fourth, it supposes the steam to remain at atmospheric pressure steam again, it would have to get up a pressure of 144 Ibs. per
until the piston arrives at the end of its return stroke, whereas the square inch before the atmospheric pressure would be countervalve will begin to close the port and cause the steam remaining balanced and the piston be in equilibrium.
But the steam gauge would at this time stand at zero, and not
in the cylinder to compress before the piston has completed its reshow that there was any steam in the cylinder, because the zero
turn stroke.
In practice the diagram will, under favorable conditions, accord of the steam gauge is atmospheric pressure.
When, therefore, the steam gauge showed a pressure of 2o lbs.
nearer to the shape shown in the lower part of Fig. 3363, in which
the closure of the port for the cut off is shown by the curve at F. of steam in the cylinder, there would actually be a pressure of
At-the point denoted by g the valve began to close, and at the point | 34% Ibs. of steam per square inch.
The clearance line and the vacuum line must both, therefore,
denoted by 4 the cut off was completely effected, and the exbe marked on the diagram when the quantity of steam used is to
pansion curve began.
The curve beginning at D is caused by the gradual opening of
the exhaust port.
The height of the line of back pressure above the atmospheric
line shows the amount of back pressure.
At the point m, where the back pressure line rises into a curve,
the valve had closed, shutting in the cylinder a portion of the exhaust steam, which is afterwards compressed by the piston.
This curve is therefore called the compression line or compression curve. The point at which it begins cannot be clearly seen
when the exhaust port is closed slowly.
The compression curve ends at f, where it merges into the admission line, but the exact point where the compression ends and
the admission begins cannot always be located, this being the case
Fig. 3364.
when the port is opened slowly or the compression extends through
a large portion of the stroke.
be computed from the diagram, and also when the proper or theoThe admission line is, however, in most cases nearly vertical
retical expansion curve is to be marked on the diagram.
when the vaive has lead, because the valve opens the port quickly
This is clear, because in finding the expansion curve for a given
while the engine piston is moving at its slowest.
volume of steam the whole of its volume must be taken into acA diagram as drawn by the indicator does not account for all
count, and this whole volume is represented by the area inclosed
the steam that is used in the cylinder, however, as will be seen |
within the clearance line, the steam line, the expansion curve, the
from Fig. 3363, because, as the paper drum of the indicator receives
exhaust line, and the line of perfect vacuum, or line of no pressure.
its motion from the engine cross head, its length represents the
The atmospheric line should be drawn after the diagram has
length of the piston stroke, whereas, there is a part of the cylinder
| been taken, and while the indicator is hot, as the expansion of the
bore between the piston (when it is at the end of the stroke) and |
indicator affects the position of this line. It is drawn with the
the cylinder cover that is filled with steam as is also the steam
steam shut entirely off from the indicator, whose piston therefore
passage.
has atmospheric pressure on both sides of it.
This steam performs no useful work during the live steam period, |
Whether the engine ts condensing or non-condensing, the same
but obviously expands during the expansion period, and therefore
amount of steam (all other things being equal) is used, the only
affects the expansion curve, and must be taken account of in calcudifference being that in a condensing engine a greater portion
lating tne consumption of steam, of water, or of coal from the diaof the steam is available for driving the piston.
gram, or in marking in the true expansion curve.
If the condenser produceda perfect vacuum, the whole of the
In calculating the horse power, however, it may be neglected, as
steam would be utilized in propelling the piston.
~~

—_—

it does not enter into that subject.

But in any calculation involving the amount of steam used, the
clearance must be marked in by a line at a right angle to the admission line and distant from the nearest point of the admission
line to an amount that bears the same proportion to the whole
length of the diagram as the clearance does to the whole contents
of the cylinder.
The clearance line is shown atL, L’, in Fig. 3363, its distance from
the admission line representing the amount of clearance which includes the contents of the steam port and passage, as well as that
of the cylinder bore that is between the cylinder cover and the piston, when the latter is at the end of the stroke.
A method of measuring the amount of clearance has already
been given with reference to stationary steam engines.
A diagram for a condensing engine is shown in Fig. 3364, which
corresponds to Fig. 3363, except that the line of perfect vacuum
or no pressure is marked in.
It represents a perfect vacuum, and must be marked on all dia-

grams from which the consumption of steam is to be calculated,
because the quantity of steam used obviously includes that which
is used in counter balancing the pressure of the atmosphere.
Learners often get confused on this point, hence it may be more
fully explained as follows :
Suppose the engine piston to be blocked in the middle of the
cylinder, and has on one side of it a pressure of 20 lbs. of steam
by steam gauze, and on the other the pressure of the atmosphere,
and we might pumn out the steam, thus leaving the cylinder empty
on that side of the piston.
VOL. 11.—7Z@

The “line of no pressure,” or of perfect vacuum, is marked

as

far below the atmospheric line as will represent the pressure of
the atmosphere, which is, at the sea level, about 14.7 Ibs. per
square inch when the barometer stands at 29.99 inches.
THE

BAROMETER.

A barometer is an instrument for denoting the pressure or
weight of the atmosphere, which it does by means of a column of
mercury inclosed in a tube, in which there is a vacuum, which may
be produced as follows :
A tube having a parallel bore and closed at one end is filled
with mercury, and while the finger is placed over the open end of
the tube, it is turned upside down and inverted in a cup of mercury
that is open to receive the pressure of the atmosphere.
The finger is then removed from the end of the tube and the
mercury will fall, leaving a vacuum at its upper end.
The pressure of the atmosphere on the surface of the mercury in
the cup forces the mercury up the tube, because the surface of
the mercury in the tube has no atmospheric pressure on it, the
action being the same as that already described with reference to
the principles of action of a pump.
The weight of the atmosphere is equal to the weight of that
part of the column of mercury that is above the surface of the
mercury in the cup, hence lines may be drawn at different heights
representing the weight of the atmosphere, or of any other gas,

when the column of mercury stands at the heights denoted by the
respective lines,
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A spring that is strong enough for a given pressure may be used
for any less pressure.

But as mercury expands by heat, a definite degree of temperature must be taken in marking a column, to represent the weight,
this temperature being 32” Fahrenheit.
Similarly, as the weight of the atmosphere varies, according to
the height at which it is taken from the surface of the earth, a
definite height must be taken.
The sea level is that usually taken, the mean or average atmosphere (at that level) being 14.7 lbs. per square inch.
For higher altitudes, the mean atmospheric pressure in lbs. persquare inch may be found by multiplying the altitude or height
above sea level by .00053, and subtracting the product from 14.7.
Each pound on the square inch is represented by a height of
2.036 inches of mercury, hence the height of a column of mercury
at a temperature of 32” that will balance the mean weight of the
atmosphere is 29.92 inches, and to avoid fractions, it is usual (for
purposes not requiring to be very exact) to say that the atmospheric pressure at sea level is represented by 30 inches of mercury.
The atmospheric pressure is also, to avoid using fractions, taken
roughly at 15 lbs. per square inch at sea level.
Each 2 inches of mercury will, under these conditions, represent 1 lb. of pressure.
Vacuum gauges are based upon the same principles and subject
to the same variations as to altitude as mercury gauges or the
barometer.
To find the absolute pressure, or pressure above zero, or a perfect vacuum, we may add the pressure of the boiler steam gauge
to that shown by the mercury gauge or barometer.
In Fig. 3364 the line of no pressure is marked at 15 lhs. per
square inch below the atmospheric line of the diagram, the atmospheric pressure being for convenience taken as 15 lbs. above a
perfect vacuum.
The line of no pressure serves as a guide in showing the effectiveness of the condenser, as well as for computing

PRACTICE.

The height of the diagram

will, however, be less, and

accuracy

is best secured by having the diagram up to the limit of about 24
inches, using a spring that is light enough to secure this result.
Diagrams of high speed engines, however, will have their lines
more regular in proportion as a stronger spring is used.
This occurs because the spring, being under more tension, is less
liable to vibration.
An indicator requires careful cleaning and oiling with the best
of oil, as the slightest undue friction seriously impairs the working
of the instrument.
Instructions upon the care of the instrument, and how to take it
apart, etc., are usually given by the makers of the indicator.
There are various methods of giving to the paper drum of the
indicator a motion coincident with that of the engine piston, but
few of them give correct results.
Reducing levers, such as shown in Fig. 3365, are constructed as

follows :
Fig. 3365 represents a reducing lever with the indicators

at-

tached. AC isa strip of pine board three or four inches wide and
about one and one-half times as long as the stroke of the engine.

the volume of

steam used, but is not necessary in computing the horse power of
a non-condensing engine, because the gauge pressure has its zero
marked to correspond with the atmospheric pressure.

{n computing the consumption of steam or water from the diagram, therefore, both the clearance line and the line of no pressure
must be marked on the diagram, and lines of the diagram extended so as to include them, thus accounting for all the steam
that leaves the steam chest from the piston stroke.
Indicator springs are varied in strength to suit the pressure of
steam they are to be used for.
The scale of the spring is the number of Ibs. pressure per square
inch represented by a vertical motion of the pencil; thus, a 4o lb.
spring is one in which a pressure of steam of 40 Ibs. per square
inch would cause the piston to rise an inch above the atmospheric
line of the diagram.
The strength or tension of the spring is so adjusted as to cause
the diagram to be about 24 inches high, let the steam pressure be

what

it may.

,
,

‘
,

The following are the scales of springs of the

Thompson and Tabor indicator.
THOMPSON

Fig. 3365.

INDICATOR.

Scale of

Used for pressure above atmosphere if not

spring

more than

15 Ibs

21 Ibs. per square inch.

20

38

é¢

C6

6
94

e¢

143

«6

C6

é¢
es 66

60

6é

TABOR
10

lbs.

66

66

6<6

6¢

66

6¢

66

66

é¢

66

ae

INDICATOR.
14

6

66

66

6

I2

66

20

66

66

6e

«6

16

e¢

20

66

¢

«¢

6¢

a

6

Z 66

a.

6

66

‘

*

rie

“eé

66

66

6¢

sé

7

66

64

66

66

6e

40

66

80

a!

6¢

sé

66

48

.

96

66

C6

6¢

ae

100

66

ef

66

€é

60

50

6

120

64

66

66

66

64

6é

128

6é

€4

¢

Cr

80

é¢

160

és

66

“6

66

It is hung by a screw or small bolt to a wooden frame attached
overhead. A link C one-third as long as the stroke is attached at
one end to the lever, and at the other end to a stud screwed

into

the cross head, or to an iron clamped to the cross head by one of the
nuts that adjust the gibs, or to any part of the cross head that may
be conveniently used. The lever should stand in a vertical position when the piston is at the middle of the stroke. The connecting link c, when at that point, should be as far below a horizontal
position as it is above it at either end of the stroke.

The cords

which drive the paper drums may be attached to a screw inserted
in the lever near the point of suspension; but a better plan is to
provide a segment, A, B, the centre of which coincides with the
point of suspension, and allow the cord to pass around the circular
edge. The distance from edge to centre should bear the same proportion to the length of the reducing lever as the desired length of
diagram bears to the length of the stroke. On an engine having a
stroke of 48 inches, the lever should be 72 inches, and the link c 16
inches in length, in which case, to obtain a diagram 4 inches long,

the radius of the segment would

be 6 inches.

It is immaterial
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what the actual length of the diagram is, except as it suits the
operator's fancy, but 4 inches is a length that is usually satisfactory. It may be reduced to advantage to 3 inches at very high

stretches of cord. If the motion must be carried a long distance,
strips of wood may often be arranged in their place and operated

speeds.

with direct connections.

The cords should leave the segment in a line parallel with

the axis of the engine cylinder.
The pulleys over which they pass should incline from a vertical
plane and point to the indicators wherever they may be located.
If the indicators

and the reducing lever can be placed so as to be

in line with each other, the pulleys may be dispensed with and
the cords carried directly from the segment to the instruments, a
longer arc being provided for this purpose.
The arm which holds

the carrier pulleys on each indicator should be adjusted so as to
point in the direction in which the cord is received.

Whatever plan is followed, it is desirable to avoid the use of long

linen cord, a little in excess of

one-sixteenth of an inch in diameter, is a suitable material

for in-

dicator work.
To take a diagram, a blank card is stretched smoothly upon the
paper drum, the ends being held by the spring clips. The driving cord is attached and so adjusted that the motion of the drum is
central.
For convenience two diagrams, one from each end of the cylinder, may be made on the same card, as shown in Fig. 3368.

In all arrangements of this kind the reduced motion is not mathematically exact, because

Braided

TESTING

THE

EXPANSION

CURVE.

the leverage is not constant at all points

of the stroke.

Pantagraph motions have been devised for overcoming these defects. Two forms have been successfully used, which, if well made,

well cared for, and properly handled, reproduce the motion on the
reduced scale with perfect accuracy.
They are shown in working
position in Figs. 3366 and 3367.
Fig. 3366 represents the manner of attaching the pantagraph
motion, or /azy tongs, as itis sometimes called, when the indicators

The usual manner of testing the expansion curve of a diagram
is to compare it with a curve representing Marriotte’s law for the
expansion of a perfect gas.
A theoretic expansion curve
that will accord with Marriotte’s law may be constructed on the diagram by the following
method :
The diagram, as drawn by the indicator, will have the atmos-

KA
Fig. 3368.

pheric line upon it, and from this as a basis we may mark in the
line of no pressure or line of perfect vacuum.
Fig. 3360.

are applied to the side of the cylinder. It works in a horizontal
plane, the pivot end being supported by a post B erected in front of
the guides, and the working end receiving motion from an iron attached to the cross head.
By adjusting the post to the proper height and at a proper distance in front of the cross head, the cords may be carried from the
cord pin C to the indicators, without the intervention of carrier
pulleys.

If the indicators are attached to the side of the cylinder, the simlest form of pantagraph shown in Fig. 3367 may be used, The
working end A receives motion from the cross head, and the front

piece B is attached to the floor.

The cord pin Dis fixed in line be-

To do this we draw, beneath the atmospheric line, a line as
far beneath it as will represent the atmospheric line, on the
Same scale as the spring used, in the indicator, to draw the diagram.
Suppose, for example, that a 30 lb. spring was used, and assuming the atmospheric pressure to be 15 lbs. per inch, then the line
of no pressure would be drawn half an inch below the atmospheric
line, because 15 lbs. pull on the spring would cause it to distend
half an inch.
The clearance line must then be drawn in, according to directions

that have already been given.
The next thing to do is to divide the length of the diagram into
any convenient number of equal parts, by vertical lines parallel
to, and beginning at, the clearance line, as shown in Fig. 3369.
These lines are numbered as shown, ten of them being used
because that is a convenient number, but any other number would
do.
We next decide at which part of the diagram its expansion
curve and the test curve shall touch, and in this example we have
chosen that it shall be at line ro.
We have now to find what pressure the length of line Io represents on

Fig. 3367,

pressure

tween the pivot and the working end, and the pulleys E, attached
to the block C, guide the cords to the indicators.

The indicator rigging that gives the best results at high speeds
is a plain reducing lever like that first described, provided at the
lower end with a slot that receives a stud, screwed into the cross
head.
The length of the lever should be one and one-half times

the engine stroke, as given on the preceding page.

the scale of the indicator

spring, which

in this case we

will suppose to be 25 lbs., the line measuring 33 of an inch, and a
30 lb. spring having been used to draw the diagram.
Next multiply the pressure (25 lbs.) by the number of the line (10), and divide
the product (250) by the number of each of the other lines in succession, and the quotient will be the pressures to be represented
by the lines.
For example, for line g we have that 250 divided by 9 gives
27.7, hence line g must be long or high enough to represent a
of 27.7 lbs. above a perfect vacuum, or in this case 23-1

of an inch.
For line 8 we have that 250 divided by 8 gives 31.25 lbs., hence
line 8 must be high enough to represent a pressure of 31.25 Ibs.
above a perfect vacuum.
The atmospheric line is, in this case, of no other service than to
form a guide wherefrom to mark in the line of no pressure, or of
perfect vacuum.
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take the case of line 5, and 250 divided by 5 gives 50,

hence the height of line 5 must represent a pressure above vacuum
of 50 lbs.
Having carried this out for all the lines from line 10 to line 1,
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Any other point might have been chosen for the point of coincidence ; but a point in that vicinity is generally chosen, so that
the result will show the amount of power that should be obtained
from the existing terminal.

This

point is 3.3 inches

from the

clearance line, and the volume of 25 pounds 996, that is, steam of
that pressure has 996 times the bulk of water.
Now if we divide the distance of A from the clearance line by
996, and multiply the quotient by each of the volumes of the other
pressures indicated by similar lines, the products will be the respective lengths of the lines measured from the clearance line;
the desired curve passing through their other ends. Thus, the

Fig. 3369.

we draw in the true expansion curve, which will touch the tops of
all the lines.
Another method of drawing this curve is shown in Fig. 3370.
Having drawn the clearance line B C, and vacuum line DC, as
before and chosen where the curves shall touch (as at a), then
draw from @ a perpendicular a A.
Draw line A B, parallel to the vacuum line, and at any convenient height above or near the top of the diagram.
From A draw a C, and from @ draw a 6 parallel to D c, then
from its intersection

with AC, erect the perpendicular 4 ¢, locat-

ing on A B, the theoretical point (¢) of cut-off.
From a number of points on A, B (which may be located without regard to equally spacing them), such as E, F, G and H, draw
lines to Cc, and also drop perpendicular lines, as E ¢,F f,G g, H 2.
From the intersection of E C with Jc, draw a horizontal line toe.
From the intersection of F C with 4c, draw
a horizontal line, and so on; and where these horizontals

quotient of the first or 25 lb. pressure line divided by 996 is
.003313 ; this, multiplied by 726, the volume of 35 Ibs. pressure,
gives 2.4, the length of the 35 Ib. pressure line; and so on for
all the rest.
|
The application of either of the above curves will show that
some diagrams are much more accurate than others, even though
taken from engines of the same design and quality of workmanship.
As a general rule, those from large engines will be more correct
than from small ones, and those from high more correct than from
low speeds, and in either case efficiently covering the steam pipes
and jacketing the cylinder, to prevent condensation, will improve
the diagram.
The character of the imperfection in the expansion curve, shown
by the application of a test curve, is generally too high a terminal
pressure for the point of cut off, the first part of the curve being
generally the most correct, and nearly all the inaccuracy appearing in the last half.
The usual explanation of this is, that the steam admitted during
the live steam period condenses because of having to heat the cylinder, and that this water of condensation re-evaporates during
the latter part of the stroke when this water of condensation is at
a higher temperature than the expanded steam, and thus increases
the pressure.
A leaky admission valve may generally, however, be looked for
(or else wet steam), if the expansion curve rises much during its
lower half.
TO

CALCULATE

THE

HORSE
GRAM.

POWER

FROM A

DIA.

In calculating the horse power of an engine, the only assistance

given by the indicator is, that it provides a means

F

B

G

of obtaining

H

A.

cut the verticals (as at ¢, f, g, #) are points in the curve,
which begins at c, and passes through e, /, g, 2, to a.
But this curve does not correctly represent the expansion of steam. It would doso if the steam remained or
was maintained at a uniform temperature ; hence it is
called the isothermal curve, or curve of same temperature.
But in fact steam and all other elastic fluids fall in temperature during their expansion, and rise during compression, and this change of temperature slightly affects the
pressure.
A curve in which the combined effects of volume and
resulting temperatures is represented is called the adiabatic
curve,

or curve

of no

transmission;

since, if no heat

is

transmitted to or from the fluid during change of volume,
its sensible temperature will change according to a fixed
ratio, which

will be

the

same

for the same

fluid

in all

cases.
A sufficiently close approximation to the adiabatic curve
to enable the non-professional engineer to form an idea of
the difference between the two may be produced by the following
process:
Taking a similar diagram to that used for the foregoing illustrations, as in Fig. 3371. Fix ona point A near the terminal,
where the total pressure is 25 pounds. As before, this point is
chosen in order that the two curves may coincide there.

Fig. 3370.

the average
stroke.

pressure

of the

steam

throughout

the

piston

There are two methods of doing this, one by means of a planimeter or averaging instrument, and the other by means of lines
called ordinates.
The ordinates or lines are drawn at a right angle to the atmos:
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pheric line, as snown in Fig. 3372, and each line is taken to represent the average height or length of one-half of the space between
itself and the next lines.
Suppose, for example, that we require to get the area of that
part of the diagram that lies between the dotted lines in the figure,
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diagram, will be 60 lbs. per square sich. Or in other words, each
inch in the height of the ordinate represents 30 Ibs. pressure per
square inch.
The mean effective pressure having been found, the indicated
horse power (or I. H. P. as it is given in brief) is found by mults-

Fig. 3371.
and it is clear that the average height of this part of the diagram
is represented by the height of the full line between them.
Any number of ordinates may be used, and the greater their
number the greater the accuracy obtained. It is, however, usual
to draw Io.

plying together the area of the piston (minus half the area of the
piston rod when great accuracy is required) and the travel of the
piston in feet per minute, and dividing the product by 33,000, an
example having been already explained.
It is to be observed, however, that when great accuracy Is re:

The end ordinates a and D, in the figure, should be only half | quired a diagram should be taken from each end of the cylinder,

Fig. 3372.
the distance from the ends of the diagram that they are trom the
next ordinate, as will be seen

when it is considered

that the ord:-

nate is in tle middle of the space ii represents.
The ordinates being drawn their iengths, are added together, and
the sum so obtained is divided by the number o! ordinates, which
gives the average height of the ordinates.
Suppose, then, that the average height of the ordinate is two
inches, and that the scale of the spring of the indicator that took
the diagram was 30 |bs,, then the average pressure, Suwa by tne

as the mean effective pressure at one end of the cylinder may vary
considerably from that at the other.

This will be the case when a singie valve is used with equal lap,
because, in this case, the point of cut off will vary on one stroke as
compared with tne other, whicn occurs by reason of the angularity
of the connecting rod.
When

cut off valves or two admission valves are used, it may oc-

cur from improper adjustment of the valves.
It occurs in all engines, because on one side ot the piston the piston rod excludes the
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from the piston face, unless, indeed, the piston rod passes

in proportion as the cut off is earlier, the proportionate loss from

through both covers, in which case the rod area must be subtracted

condensation during the live steam period is greater, because a
greater length of the cylinder bore is cooled during the expansion

steam

from the piston area.

If the expansion curve in a diagram from a non-condensing engine should pass below the atmospheric line, then the mean effective pressure of that part of the card that is below the atmospheric
line must be subtracted from the mean effective pressure of that
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variable with the point of cut off, and increases in proportion as
the live steam period diminishes ; hence to find the actual water
or steam consumption per horse power per hour, diagrams would
require to be taken continuously from both ends of the cylinder
during the hour ; assuming, however, that the point of cut off remains the same, that the amount of compression is constant, that
the steam is saturated, and neither wet nor superheated, steam
and the water consumption may be computed from the diagram
as follows :
WATER CONSUMPTION CALCULATIONS.—An engine driven by
water instead of steam, at a pressure of 1 lb. per square inch,
would require 859,375 lbs. per horse power per hour ; the water
being of such temperature and density that 1 cubic foot would
weigh 624 lbs. If the mean pressure were more than 1 Ib., the
consumption would be proportionately less; and, if steam were
used, the consumption would be as much less as the volume of
steam used was greater than an equal weight of water. Hence,
if we divide the number 859,375 by the mean effective pressure and
by the volume of the terminal pressure, the result will be the theo-

fy lti,

Le

period, and it has more time to cool in.
Whatever steam is saved by the compression, from the exhaust,
must be credited to the engine in calculating the water consumption from the indicator card or diagram, since it fills, or partly fills,
the clearance space.
In engines which vary the point of cut off, by varying the travel

retical rate of water consumption in pounds per I. H, P. per hour.

yl|
i ih

|
iml

Fig. 3373
part that is above the atmospheric line, because the part below
represents back pressure or pressure resisting the piston motion.
The planimeter affords a much quicker and more accurate
method of obtaining the average steam pressure from a diagram.
Coffin’s averaging instrument or planimeter is shown in Fig.
3373.
The diagram is traced by the point 0, and the register
wheel gives the area of the diagram.

A quick method of approximating the mean effective pressure (or
M. E. P. as it is called) of a diagram is to draw a line a 4, in Fig.
3374, touching the expansion

curve at a, and so inclined that the

space eis, as near as the eye can judge, equal to the space d@. Then
the line f drawn in the middle of the diagram, and measured on
the scale of the spring that was used to take the diagram, repre-

sents the mean effective pressure, or M. E. P. of the diagram.

' CALCULATING THE AMOUNT OF STEAM OR WATER
USED.
The amount of water evaporated in the boiler is not accounted
for by an indicator diagram or card, and the full reasons for this
are not known.
It is obvious, however, that the loss, from

the steam

being un-

duly wet or containing water held in suspension, is not shown by
the diagram, and this amount of Joss will vary with the conditions.
Thus the loss from this cause will be less in proportion as the
point of cut off occurs earlier in the stroke, because, as the
water is at the same temperature as the steam, it will, as the tem-

perature of the steam reduces from the expansion, evaporate more
during the expansion period, doing so to a greater extent In proportion as the cut off is early, on account of there being a wider
variation between the temperature of the steam at the point of cut
ott and at the end of the stroke. On the other hand, however,

Fig. 3374.
For the terminal pressure we may take the pressure at any con:
venient point in the expansion curve near the terminal, as at A,
Fig. 3375, in which case the result found must be diminished in the

proportion that the portion of stroke remaining to be made, A a,
bears to the whole length of the stroke @ 6, and it may also be
diminished by the proportion of stroke remaining to be made after
the pressure at A has been reached in the compression curve at B.
In other words, A B is the portion of the stroke a 4, during which
steam at the pressure at A is being consumed.
Hence the result
obtained by the above rule is multiplied by a B, and the product
divided by a 2.
To illustrate, suppose the mean effective pressure of the diagram
to be 37.6 lbs., and the pressure at A, 25 Ibs., of which the volume

is 996.

859,375
37.6
x 996 = 22.94 pounds water per I. H. P. per hour,
the rate that would be due to using an entire cylinder full of steam
at 25 pounds pressure every stroke. But as the period of consumption is represented by B A (6 a being the stroke), the following correction is required:
Then

22.94

x 3-03

3.03 inches being the portion B A, and
3.45 inches being the whole length 4, a. This correction allows
for the effects of clearance as well as compression, since, if more

3-45"

— 20.15;

THE

INDICATOR.

453

caused by a leaky piston, by a valve that leaks on the exhaust side
but not on the steam side, or if the exhaust valve is separate from
the steam valve, it may leak while the steam valve is tight.
It may also be caused by the cylinder being unduly cooled, as
from water accumulating in a steam jacket.
There are many defects in the adjustment of the valve gear, or
of improper proportion in the parts, that may be clearly shown by
a diagram, while there are detects which might exist and that
Would not be shown on the diagram.
It is possible, for example, that a steam valve and the engine
load diagrams would be
piston may both leak to the same amount, and as a result the exhave but little practical
pansion curve may appear correct and not show the leak.
with tests of actual con- |
Insufficient vaive lead wouid be shown by the piston moving a
the amount of loss under
certain portion of its stroke before the steam line attained its great-

clearance had existed, the pressure at A would not have been
reached till later in the stroke, and the consumption line B A
would have been longer.
But such a rate can never be realized in practice.
Under the
best attainable conditions, such as about the load indicated on the
diagram, or more on a large engine with steam tight valves and
piston, and well protected cylinder and pipes, the unindicated loss
will seidom be less than Io per cent., and it will be increased by
departure from any of the above conditions to almost any extent. _
It will increase at an accelerating ratio as the load is diminished, |
so that such

calculations applied

to light

deceptive and misleading; in fact, they
value, except when made for comparison
sumption for the purpose of determining
certain given conditions.
DEFECTIVE

est height in Fig. 3376, in which

DIAGRAMS.

In seeking the causes that may produce a defective diagram, the
following points should be remembered :

from a upwards, the admission

line, instead of rising vertically, is at an angie to the right. showing that the piston had moved a certain portion otf its stroke before
full pressure of steam was admitted.
That too small a steam port or steam pipe did not cause this
defect may be known from the following reasoning :

VOLUMES

— 257

raeK)

Fig. 3375.
The indicator must be kept in perfect order, thoroughly clean
and well lubricated, so that its parts will move freely. It should
always be cleaned throughout after using.
The motion of the indicator drum should be an exact copy, on
a reduced scale, of that of the piston at every point in the stroke.
The steam pipes from the cylinder to the indicator, if any are
used, must be large enough to give a free and full pressure of
steam, and care must be taken that the water of condensation does
not obstruct them or enter the indicator.
The cord should be as strong as possible, or if long, fine wire
should be substituted.
The pencil should be held to the card with just sufficient force
to make a fine line with a sharp pencil.
The diagram should be as long as the atmospheric line, any
difference in this respect showing unequal tension of the cord,
probably from unequal pressure of the pencil to the paper or card.
A fall in the steam line could arise from too small a steam

pipe,

and this could be tested by a diagram taken from the steam chest.
It could also occur from too small a steam port or an obstructed
steam passage as well as from a leaky piston.
An expansion curve that is higher than it should be may arise
from a leaky valve, letting in steam after the cut off had occurred,
or if at the later point of expansion curve, it may be caused by
the steam being wet or containing water, which evaporates as the
temperature falls from the expansion.
An expansion curve that is lower than it should be may be

The

port opened when

the pencil was at A, which

shows

that

the valve had lead. At this time the piston was near the dead
centre and moving slower than it was when the pressure reached
its highest point on the diagram, and since the steam line 1s fairly
parallel with the atmospheric line. it shows that the port was large
enough to maintain the pressure when the piston was travelling
fast, and therefore ampie when the piston was moving slow.
The remedy in this case 1s to set the eccentric back.
With less compression the point A would be lower.
Excessive lead is shown in Fir. 3377 by the loop at A, where the
compression curve extends up to the steam line. and the lead carries the admission line above it, because of the piston moving
against the incoming steam.
To mark in the theoretical compression curve, the vacuum line
and the clearance line must be Urawn in as in the figure, and ordinates must be drawn.
According to the diagram, in Fig. 3377, the compression is
clearly defined to nave begun atc, and at that time the space filled
by steam is represented by the distance from C to the clearance
line.

The pressure above vacuum

‘or total pressure) of the steam

in the cylinder when the compression began is represented by the
length or height of the dotted line 1.
Now suppose the piston to have moved from the point C, where
compression began, to line 2 (which 1s midway between line 1 and
the clearance

line), and

as

the

compressed

steam

occupies

one-

half the space it did when the piston was at C, therefore the steam
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pressure will be doubled, and line 2 may be drawn making it

actually began, and ending where the compression line joins the

twice as high as line I.

admission

Line 2 is now the starting point for getting the next ordinate,
and line 3, must be marked midway between line 2 and the clear-

points represents the length of the cylinder bore filled by the compression.

line, and

the horizontal

distance

between

these

two

aom

ows
LS.
SS
OL
wa
on
—

Fig. 3376.

ance line, and twice as high as line 2, because at line 3 the steam
will occupy half the space it did at line 2. Line 4 is obviously
midway between line 3 and the clearance line.
Through the tops of these lines we may draw the theoretical
compression curve, which is shown dotted in.
To find the amount of steam actually saved by the compression,
we have to consider the compression curve only, beginning at the
point of the diagram where it is considered that the compression

Fig 3377.
To find the average amount to which the steam is compressed,
we must draw within this length of the diagram, and within the
boundaries of the. compression curve, and the line of no pressure
ordinates corresponds to those given for finding the average
shown pressure of a diagram, as explained with reference to that
subject, taking care to have the end ordinates spaced half as wide
as the intermediate ones, as explained with reference to Fig. 3372.

CHAPTER

XXXIX.—AULOMATIC

he automatic cut off engine is one in which the valve gear is
so acted upon by the governor as to keep the speed of the engine uniform under variations of the load the engine drives, and
notwithstanding variations in the boiler pressure.

This

it accom-

plishes by varying the point in the piston stroke at which the live
steam is cut off.

This is economical because it enables the engine

to use the steam more expansively than is possible with engines
having throttling governors, which govern the engine speed by
wire drawing the steam.
There are two principal forms of automatic cut off engines, first,

those in which the steam valve spindle or rod is released
parts that move it to open for admission, while dash pots,
or springs close the valve to effect the cut off; and second,
which the travel of the valve is varied so as to alter the
cut off.
The first usually employ

fly ball governors which

from the
weights,
those in
point of

actuate cams
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vaives. These valves, it will be seen, extend crossways of the
cylinder and are circular.
In the figure the valves are shown in
the position they would occupy when the piston was at the crank
end of the cylinder, as in the figure.
The principles of a Corliss valve gear will be understood from
the following, which is derived from a book by the author of this
work, and entitled Modern Steam Engines.
In 3379 and 3380 the valve gear (which is the distinctive
feature of the engine) is represented with the parts in the position
they occupy when the cut off occurs at half stroke, the piston having moved from the head end of the cylinder. In Figs. 3381 and
3382 the parts are shown in position with the crank on the dead
centre and the piston at the crank end of the cylinder, valve z
having opened its port to the amount of the lead.
Referring to Fig. 3379, motion from the eccentric is imparted by
the rod M to the wrist plate y, to which are connected the rods
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or stops to trip the valves for the steam cylinders. The second
usually employ wheel governors or speed regulators, as they are
sometimes termed.
The distinctive features in the action of the first, of which the Corliss engine isthe most important, is that as two admission and two

vided

exhaust valves

open the port for admission ; second, that for closing the valve to

are used, therefore

the amount

of the valve

lead,

the point of exhaust and amount of the compression remain the
same at whatever point in the piston stroke the cut off may occur;
whereas

in the

second,

the

lead

increases,

the

cut

off occurs

C, Cc’, for operating the admission valves, whose shafts are seen at
S, Ss’, and the rods F, F’, for operating the exhaust valves, whose
shafts are seen at T, T’.

The

mechanism
into three

for the steam or admission

elements:

first, that

valves may be di-

for operating

the valve

to

effect the cut off; and third, that which determines the point in the

stroke at which the cut off shall occur.
The first consists of the rod M, wrist plate y, and the rods Cc

earlier, and the compression increases in proportion as the cut off
occurs earlier in the piston stroke. In this class of engine the
steam valve travels as quickly when opening the steam port fora
short and early period of cut off as it does for a late one, hence the
amount of steam port opening is as full, with reference to the
piston motion, for an early as it is for a late point of cut off. In
other words, there is the same amount of steam port opening for
the first, second, tnird, and fourth inch of piston motion, let the
point of cut off occur at whatever point in the piston motion it
may.
In engines which vary the point of cut off by reducing the
travel of the slide valve, this is accomplished by using double
ported valves or griddle valves.
Fig. 3378 represents the arrangement of the valves in a Corliss

keeping the ends 7 of latch links w, w' against the hubs and cams
of a, a’.
Referring now to the valve mechanism at the head end only,
suppose the piston to be at the head end of the cylinder, and latch

engine, V and Vv’ being the steam valves and v? and v® the exhaust

block e will be seated in the recess provided in @’to receive it, and
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and c’, which operate the bell cranks 7 x,7' v' which are loose on
the valve shafts s,s’.
Upon the ends of bell cranks 7 x, 7’ r,
are pivoted latch links #, wz’, which have in them a recess fc. the
latch blocks, of which one is seen at ¢ (the rod R’ and its connec-

tion with the valve stem being shown broken away to expose ¢ to
view). During the admission the latch block abuts against the
end y of the recess w and is tripped therefrom by the cam #'.
The ends of arms g of the latch links abut against the hub of the

arms @, a, upon which are cams #, n’, and at a, a’ are springs for
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as the bell crank moves, the latch block will be raised by the
latch link, which is carried by a crank arm corresponding to that
seen at x at the crank end of thecylinder, and as this crank arm

cupy at the instant the cut off is to occur, theretore the ca... .,
has just tripped the latch link, and the end of ¢ has just left contact with the end y of the recess w in the latch link #’.

is fast upon the valve spindle, the lifting of ¢ will open the valve

The point in the stroke at which the tripping of #' from ¢
will occur and effect the cut off is determined by the governor,
because @’ is connected to the governor through the rod G. In
proportion as the governor balls rise, @’ is moved from left to

for admission.

As soon, however, as the end g of the latch

link

meets the cam #’, the latch link will be moved so that the end y of
its recess will leave contact with the latch block e and the dash pot
will cause rod k’ to descend instantaneously and close the valve,
thus effecting the cut off.

right, and the end of cam #’ meets g earlier, or, vice versa, in proportion as the governor balls fall, the arm @’ is moved”to the left.

)

7.

\v

fh

—_—

AUN

Fig. 3379.

The period of admission, therefore, is determined by the amount
of motion the latch link x#’ is permitted to have before its end
£ meets the cam ~’, which trips the latch link, and therefore frees ¢

from the latch link recess.
The point at which the cut off will occur, therefore, is determined by the position of the cam 2’, because if 2’ is out of the
way, the end g of the latch link will not meet it, the latch link
will not disengage from the latch block e, and the cut off would be
effected by the lap of the valve, and independently of the dash
pot. As in Fig. 3379 the parts are shown in the positions they oc-

g will meet the end of cam »’ later, and the point of cut off will be
prolonged.
We now come to the means employed to close the valve quickly
and without shock when the latch block is released from the latch
link.

Keferring then

to the crank end of the cylinder, the latch

block for that valve is carried upon arm x, to which is attached the
rod R from the dash pot piston (the arm corresponding to x, but
at the head end being shown removed to expose the latch block
to view). We may now turn again to the head end of the cylinder, rod R' corresponding to rod R at the other end, and it is seen

-
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w
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that R connects to a dash pot piston #’ having a stepped

CUT
diame-

ter, the lower half fitting into bore H’, and the upper half fitting
into a bore H.

The piston 7’ fits the bore H’ and

fills it when the

rod R'is at the bottom of the stroke, hence as #' is raised there is
a vacuum in H that acts to cause 7’, and therefore R’ and z, to fall
quickly and close the valve the instant the latch block is released
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ing it, after which the remaining air in H can only find exit through
the opening left by the end of the valve s’, and this amount of
opening is so regulated by the adjustment of s’ that a certain
amount of air cushion is given, which prevents #’ from coming to
rest with a blow. The head of valve s’ is milled or knurled, and
a spring ¢’ fits, at its end, into the milled indentation, thus holding
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Fig. 3380.

from the latch link.

To prevent the descent of rod R and piston

pf’ from ending in a blow, a cushion of air is given in H by the following construction :
At S and S’ are valves, threaded to screw and unscrew, the ends
forming a valve for a seat entering H.
As the rod R’ and its piston #’ descend, the air in H finds exit
through a hole at / until that hole is closed by the piston #’ cover-

it in its adjusted position. The under surface of the upper part of
p’ is covered by a leather disc, while the part that fits in H’is kept
air-tight by a leather-cupped packing.
The connection of the cam arms @ and d@’ with the governor is
shown in Figs. 3381 and 3382, in which the parts are shown in the

position they would occupy when the crank is on the dead centre
and the piston at the crank end of the cylinder. The rod G’ com
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nects the cam arm @’ with the upper end of lever A, which is con-

nected to the governor and vibrates on its centre as the governor
acts upon it.
Now suppose the speed to begin to diminish, and the governor
balls to fall, and the direction in which A will move will be for its

lower end to move to the right, thus moving d to the right and
carrying its cam away from the end of the latch link, which will
therefore continue to open the port for a longer period of admission. Or, referring to Fig. 3381, it is plain that, if the governor
balls were to lower from a reduced governor speed, G’ would move
to the left and cam ”' would be moved away from contact with the
end g of the catch link, which, not being tripped, the admission
would continue. On the other hand, suppose the governor balls to
rise from an increase of governor speed, and @’ (Fig. 3379) would
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haust valves are employed, the point of release, and (as the same
valve edge that effects the release also effects the compression)

therefore that of the compression, may be regulated at will by ad.
justing the lengths of the rods F, F’, Fig. 3379, which have at one
end a right and at the other a left hand screw, so that by turning

back the check nuts and then revolving the rods their lengths will
be altered.
Similarly the amount of admission lead may be adjusted by an
adjustment of the lengths of rods Cc, C’, which also have right and left

hand screws.
Referring now to the admission valve v, it is seen
that its operating rod C is at a right angle to bell crank 7,7, hence
the amount of valve motion will not be diminished to any appreciable extent by reason of the wrist plate end of rod C moving in an

arc of a circle, and the point of attachment of rod C to the wrist
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ye moved to the right, and the cam ”’ meeting g earlier, correspondingly hastening the cut off.
The governor is driven by a belt from a pulley on the crank
shaft to the pulley w, Fig. 3381, whose shaft conveys motion to the
governor spindle through the medium of a pair of bevel pinions
in which v represents (referring again to Fig. 3378) the steam or
admission valve for the crank end port, and v' that for the head
end port, while v? is the exhaust valve for the crank

end, and v°

that for the head end of the cylinder. All four valves are shown
in the positions they would occupy when the crank was on the
dead centre and the piston at the crank end of the cylinder, hence
the valve positions shown correspond to the positions the parts of
the valve motion occupy in Fig. 3381.
The faces of the valves are obviously arcs of circles of which the
axes of the shafts s, s’ are the respective centres. Valve vw has
opened

its port to the amount

of the lead, which in this class of

engine varies usually from ,', to about ,); inch.

As separate ex-

plate is such that, during the admission, the valve practically gives
as quick an opening as though rod C continued at a right angle to
ry. But, if we turn to valve vw’, which has closed its port and covers
it to the amount of the lap, we find that bell crank » and its operating rod C’ are in such positions with relation to the wrist plate,
that the motion of the latter will have but little effect in moving the
bell crank 7’. This is an especial feature of the Corliss valve mo.
tion and is of importance for the following reasons :
The lap of the valve (which corresponds to the lap of a plain
D slide valve) is usually, in this class of engine, such as to cut off
the steam at about { stroke, but the adjustment of the cam
position is usually so made that, from the action of the governor,
the latest point of cut off will occur when the piston has made3
of its stroke, the range of cut off being from this to an admission
equal to the amount of the lead.
As the eccentric is fixed upon the shaft, the speed at which the
valve opens the port for the admission is the same for all corr®™

AUTOMATIC
sponding piston positions.

CUT

Thus suppose the piston has moved an

inch from the end of the stroke, and the valve speed will be the
same, whether the cut off in that stroke is to occur at quarter stroke
or half stroke, and as the valve continues to open the port until it is
tripped, therefore, at the moment it is tripped, the direction of valve

motion must be suddenly reversed.
As the duty of its reversal falls upon the dash pot, it is desirable to
make this duty as light as possible, which is accomplished by the
wrist motion, which acts to reduce the valve motion after the port
is opened a certain amount for the admission.
We have, therefore, that during the earlier part of the admission,
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jority of them vary the point of cut off, by means or shifting the eccentric across the shaft, so as to reduce

the eccentric throw, ana

therefore the valve travel. This causes the valve to cut off the
steam earlier.
The eccentric, instead of being fixed upon the crank shaft, has
an elongated bore, and is hung on an arm that is pivoted at its
other end after the manner of a pendulum.
This arm is called
the eccentric hanger.
A wheel governor is usually employed to shift the eccentric
across

the

shaft.

In some

cases, however, two

valves

are

em-

ployed, one effecting the admission, the release, and the compres:

the port opening is quick because of the eccentric throw being a | sion, and the other the cut off.
When two valves are employed, the lead, the point of cut off,
maximum, while during the later part of the port opening, this
the
point of release, and the point of compression may be main.
rapid motion is offset or modified by the wrist motion, thus lessening the duty of the dash pot and enabling it to promptly close the tained equal for all points of cut off ; whereas, when a single

valve is employed, the lead, the point of release, and the compres

valve,

———

oN

Fig. 33822.

The range of governor action, so far as the governor itself is | sion will vary with the point of cut ofl, or, in other words, will oe
is obviously a constant amount, because a certain
different for every different point of cut off.
amount of rise and fall of the governor balls will move the cams
The general principles upon which a wheel governor is cona given amount. But the range of cut off may be varied as fol- structed is, that two weights or weighted levers in moving outconcerned,

lows:

At

Z, Z’, are

adjustment

nuts, by means

of which

the

lengths of rods G, G’ may be varied.
Lengthening rod G obviously moves arm d and its cam # further from the end of the latch link #, and therefore prolongs the
admission period.
Shortening the rod G’ causes cam 7’ to move around and away
from the leg g of the latch link, and prolongs the admission.
The adjustment of the lengths of G and G’ may therefore be employed for two purposes; first, to prolong the point of cut off, and
maintain the speed when the engine is overloaded, or to hasten the

wards from the engine shaft, from the action of centrifugal force,
move or rather shift the eccentric across the shaft, reducing its

throw, and therefore by reducing the travel of the valve hasten the
point of cut off and reduce the power of the engine.
In the governor of the Buckeye engine, the centrifugal force may

point of cut off for a given engine speed, and thus adjust the en-

be varied by increasing or diminishing the distance of the weights
from the pivots of the arms on which they swing.
This is shown in Fig, 33824, in which it is seen that the weights
A are adjustable along the arms a, a. The points of attachment
d, a@ of the springs to the weight arms are also adjustable.
When reversing is done, by shifting the eccentric across the

gine for a lighter load.

shaft, the lead cannot

HIGH

What
run at
making
engines

SPEED

AUTOMATIC

CUT
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are termed high speed engines are those whose pistons
a velocity of more than about 600 feet per minute, some
as high as 800 or goo feet in regular work. High speed
are usually provided with an automatic cut off, and a ma-

be kept equal, but will, if the eccentric is

swung from a pivot that is on the line of centres, when the crank
is on a dead centre, be greater at the head end than at the crank
end of the cylinder. The discrepancy may, however, be equalized
by swinging the eccentric from a pivot that is not on the line of
centres at a time the crank is on a dead centre.

But this equalization will only exist at some one point in &
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eccentric position, or in other words, if the eccentric is shifted
across the crank shaft, simply to reverse the engine, and not to
vary the point of cut-off, it will naturally be moved, in reversing

the engine across the shaft, to a given and constant amount, and in
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It is better, in this case, to so locate the point of eccentric
hanger suspension as to let the lead be the most at the head ena
cylinder port, because the piston travels fastest at that end of the
cylinder, and therefore requires more lead, in order to cushion the
piston.
A construction for shifting the eccentric across the shaft is shown
in Fig. 3383, in which D, D is a disc, having at 4a pivot for the
eccentric hanger. The amount the throw line of the eccentric
must be shifted to reverse from full gear forwards to full gear
backwards is from the line 4 ¢ to line 4 x’, and the shifting is done
by two racks F and J, having teeth at an angle of 45° to their
lengths.
F is fast to the eccentric, and J is carried in a sleeve

that slides along the shaft, and sliding it moves the eccentric
across the shaft by reason of the teeth of one rack being at a right
angle to those of the other.
It is obvious that the eccentric may be moved around the shaft
in place of across it, the distance its throw line requires to be

moved being the same in either case.
To shift an eccentric so as to reverse the direction of engine
revolution, all that is necessary is to place the crank on either dead
centre and measure the amount of valve lead. Then loosen the
eccentric from the crank shaft, and while the crank is stationary,
move it around upon the shaft until it has opened the port full,
and nearly closed it again, leaving it open to the same amount as
it was before the eccentric was moved, or in other words, open to
the amount of the lead.
Fig. 3384 represents a side elevation of a high speed wheel governor engine, designed and constructed by the Straight Line
Engine Company of Syracuse, New York, the construction of the
governor being shown in Fig. 3385, in which R is the eccentric rod,

the eccentric being carried in a lever strap pivoted at A, and connected

Fig. 3383.

this case, the pivot on which its hanger is hung may be so located
with reference to the line of centres and the crank (the latter
being on a dead centre when the point of suspension of the eccentric hanger is found) that the lead is equal for both the backward
and forward gears.
But if the eccentric is shifted across the shaft to vary the point
of cut off as well as to reverse the direction of engine revolution,
the lead cannot be kept equal.

.

at B to two links C and D, the former of which connects

the spring E, and the latter to the weighted lever F. The centrifugal force generated by the weighted end of F endeavors to move
the eccentric

inwards, and thus reduce its throw, which

a

(=

*

Se

!
Bie

reduces

the valve travel and hastens the point of cut off.
On the other hand, the tension of the spring E acts to move the
eccentric in the opposite direction, and maintain the full throw of
the eccentric and maximum point of cut off. Thesetwo forces are
so calculated in the design and proportion of the parts that under
a maximum load the engine will run at its proper speed, while, if
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the load decreases, the action of F will hasten the point of cut off
enough to allow for the decreased engine load, and thus keep the

engine still going at the same speed.
Other novel and interesting details

in the construction

of this

engine are 2s follows:

The

two

arms

forming

the frame

are

cast

with

and

run

in
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line not mentioned above, that of making the cross head pin fast in

the connecting rod, is used in this engine also, but in a somewhat
different form. As will be seen by Fig. 3387, the pin is made much
larger, and this allows of its being made of ‘‘steel casting” and
cast hollow with cross bars at each end for centring. These pins
are held in the rod by a binding screw which catches in a groove

i\

Fig. 3385.
straight lines from the cylinder to the two main bearings, and rest | that is milled around one-fourth of its circumference. After the pin
upon these seif-adjusting points of support.
is placed in the rod and the binding bolt is inserted, the pin is preThere are two fly wheels, both between the main bearings, and | vented from working out endwise, and the binding bolt prevents it

one of which carries the governor so that the centre of the valve | from turning ; but when the binding bolt is slackened, the pin can

is brought in line with the centre of the eccentric.
In order to simplify the explanation, the mechanism has been

be rotated one-fourth of a revolution. The scheme is as follows :
After running the engine for a while, the engineer is instructed to

Fig. 3386.

separated into three separate sections.
Figs. 3386 and 3387 show
slack the binding bolt, give the pin a quarter turn and bina n fast.
such of the details of the parts between the cylinder and crank as _ By repeating this, the pin can be kept more nearly round, probably,
are peculiar to this engine.
The cross head is of the slipper _ than by any other plan. Byreferring
again to Fig. 3386, it will
be seen
guide style, and the illustration, Fig. 3386, shows the simple
that the plan for taking up the wear in the cross head pin bearings
method adopted for adjusting the guide io the proper height to ' is simply that of setting up the common half box, and the endurmaintain the alignment. Another feature peculiar to the straight |ance of the arrangement,
with the hardened and ground steel pin
VoL. 1.—72.
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The lower tube sheet c’” is perforated by all the tubes; the
heavy lines showing the coil tubes in fire box, the others are smoke
tubes. The upper tube sheet@ has holes only for the smoke tubes.
The smoke or draught tubes are shown at e¢,"’e,” ¢"'; these also answer the important purposes of drying and superheating the steam.

running in babbitt lined boxes of double the ordinary size and
iength, must be satisfactory.
The drop oil cups for lubricating the cross head pin are located

F’, F’, F” are the sectional coil tubes, the main feature of this

boiler. They are in the form of a spiral coil, the spiral bend being
enough to leave room for five others of the same size between, so
that there are six of these coils in each circular row. The number
of rows is determined by the size of the boiler and the amount of
steam required.
Each coil is connected with the lower tube sheet by screw joints,
all right hand, that require no fibrous or elastic packing, an angle
elbow being used to get the short bend at the end. The tubes
then make about one turn around the fire box, and are joined to
the side sheet of the same, with the same union used at its upper
Fig. 3387.

so as to have the drop “picked ” off just as the cross head completes its stroke at the cylinder end, and while it is travelling at its

Ny

end, which makes a joint that never gets loose from any kind of
work it may be subjected to. These unions or couplings are
made of different kinds of metal, and put together so that no two
pieces of iron come in contact to corrode and stick together; and
should it, from any cause whatever, become necessary to take
these coils out, it can be done, and the same tubes replaced with-
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Fig. 3388.
slowest speed. The oil, as it leaves the wearing surfaces of the
pin, is conveyed to the lower slide.
Figs. 3388 and 3389 show the parts that connect the eccentric

with the valve. The method of connecting the rod to the eccentric
strap is convenient. The lower joint in the eccentric strap is set
up tight, metal to metal, and the upper joint left open } of an inch.
STEAM

FIRE ENGINE.

In a steam fire engine the prime requisites are rapidity of getting
up steam and efficiency with lightness, economy of fuel being a secondary consideration,
)

——

out destroying any part of them, or damaging any piece so that it
could not be used again.
G", G’ is the ornamental dome or covering for the upper end;
g",g" is the smoke bonnet and pipes for concentrating the hot escaping products of combustion for the purpose of making a draught
of air through the fuel. H” are grate bars, andi” firedoor. J’;J’’is
the water line. The height has been determined by experiment, yet
should be varied a little to get the best drying effect of the coal. A

coal that makes a flame would call for a higher range of the
water line, while coal that produces heat without the flame would
call for a lower range; this the engineer will soon find. The work-

ing of the boiler is as follows: The fire being started in the fire
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Fig. 3390 is a general view of a steam fire engine constructed
by the Clapp & Jones Manufacturing Company.
Fig. 3390@ is a longitudinal section through the boiler and one
steam cylinder and pump.
The construction of the boiler is shown in Figs. 3390a and 3391,
the former being a vertical section of the engine and boiler bearing
the steam pipe and exhaust pipe shown in place, and one of the
draught tubes shown in section, and the latter a vertical central
section.
The outside shell is represented

the whole length of the boiler.

at a”, a”.

This

shell extends

The fire box sheet 5”, 6 is less in

length, extending only to the lower tube sheet.

box, as soon as the water in the coils begins to heat circulation
commences from natural causes (nor is it at any time necessary to
use a hand pump or any other artificial means for keeping it up),
the heated water passing up in the steam drum, and the colder

water from the leg and drum taking its place, as is shown by the
arrows in the leg, till the whole is heated to the steam making
temperature. At this point steam pressure begins to show, which
goes up very fast, as the water is all so near the steam temperature. Of course, it is better to carry the water at about the height
shown, as a uniform pressure of steam is easier maintained, which

is always desirable; yet the limit of safety is not reached till the
water is nearly all out, or so long as it is not below the cannection
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of the coils in the leg ; and even at this point the only danger is in
the damage to the coils from the heat when there is no water to
protect them.
In Fig. 33914, one engine and pump is shown in side elevation,

and the other in section, the cranks being at a right angle, one to
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upon which are the two fly wheels and the eccentrics for the steam
valves.
It will be seen in the longitudinal section, Fig. 3390a, that the
steam valve face is a segment of a circle and therefore answers,

so far as the distribution of the steam is concerned, to a simple D

Te

Fig. 3390.

the other. A yoke from the piston rod spans the crank, so that
the steam and pump pistons are in line and directly connected.
From the lower end of this yoke, a rod connects to the crank shaft

slide valve, which exhausts through the pipes m, g.
pipe # enters the bottom of the steam chest at 7’.
The two main pumps a are made in one piece,
composition ; one of them is shown in section. The
solid piece of brass, as well as the cylinder in which it

The steam

entirely of
piston is a
works, but

are made of different composition, one hard, the other soft, to pre-

J

| i"
4
e
I

vent cutting. The valves are of India rubber; the discharge valve
is a ring, one for each end of the pump, as shown at 4, Fig. 33914.
One is shown open, while the other is closed. They are held in
place by grooved rings of brass; these rings fit in grooves in the
rubber, which, when they are put in the pump, and their set screws
are in, with their points in the grooves in the brass rings spoken
of above, the discharge valves are complete for work.
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The suction valves are shown

at K on

Fig.

3391a@,

and

will

be easily understood. They are of a design for this special use and
place, which is around the pump cylinder in a circular chamber.
The water ways covered by these valves are long and narrow,
or
*
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one

valve covering two of these openings, they being held in place by
two studs that go through the centre part of the valve, a wire
going through these studs, and close to the back of the valve which
keeps it up to the seat, the only spring to either of these valves being
the elasticity of the rubber. The opening and connection D, D 1s
the inlet to the pump, and where the suction hose goes on, there
being a pipe or chamber with branches for the two air chambers,
and at each end is a discharge gate and a connection for the
leading hose. The part dis the feed pump for the boiler supply,
e is the air chamber on the pipe that leads to the boiler to ease off
the shocks caused by the plunger striking the water, when the
pump does not fill. It is drawn broken off to show the upper
part of the pump barrel and stuffing box. The pipe / is the feed
water pipe from the pump to boiler, shown from different points in
Figs. 3390@ and 3391a. g is what we call the suction pipe to the
feed pump.
It connects to the main pump in the discharge part
of it.
A piece of hose pipe connects to the boiler at a pomt just avove
the water line, so that hot water or steam (according to the height
of the water in the boiler) may be applied to any part that may
have become frozen.
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Heaters are almost universally used in connection with steam
fire engines to keep the water hot, and in many cases to keep a few

fire be close at hand. This boiler has an advantage for this kind
of heating ; the circulation is so perfect and free that all the water
in it is heated alike ; so when the fire is lighted the steam starts

pounds pressure to shorten the time of going to work should the
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immediately up, instead of having to wait till some cold water has
been heated that had not been reached by the very limited circulation in them, there being some parts that the circulation produced
by the heater does not reach, leaving, of course, this water cold.
he arrows K” (Fig. 3391), show the direction of the circulation
when working with fire in the fire box; those marked L” show

the direction of it when on the heater which is directly opposite.

OFF
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The outside pipe connected at about the water line is the outlet
from the heater, and the inlet to the boiler, which carries the heated

water over the crown sheet, where, as it gets cooler, it enters the

coils, descends into the leg, and from there to the pipe near the
bottom of the boiler; this pipe leads to the heater, so that the water
is kept moving just in proportion to the heat given it ; any kind
of a heater can be used with the same result.
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ENGINES.

Mie
engines are made in the following forms :
1. With a single or with two cylinders receiving live steam
from the boilers, and exhausting into the atmosphere. These are
termed high pressure engines, let the steam pressure be what it
may. They are also, and more properly, termed non-condensing
engines.

2. The addition to each high pressure cylinder of a low pressure
cylinder constitutes a compound engine, and if the engine has also

In the small sizes, such as are used for launch engines, it is

the power required to move the links is small enough to permit

simply a non-condensing engine, with a link motion for varying the

a condenser, it is a compound condensing engine, an example being shown in Fig. 3392a@, which represents an engine in which the
link motions are employed to vary the points of cut off of both cylinders, as well as to reverse the engine. The engine being small,
of their operation by hand, by means of the hand lever L, which is
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Fig. 3392.
point of cut off as well as for reversing purposes. Fig. 3392 represents an engine of this class constructed by Chas. P. Willard & Co.
The cylinder is what is called “ inverted,” meaning that it is
above the crank shaft.
The slide spindle or valve rod passes through a guide and con-

secured to its adjusted position on the sector T by the small lever
nut shown on the side of the lever. The lever L operates a shaft
D which shifts both link motions. The air and circulating pumps
are at the back of the condenser, being operated from the beams

nects direct to the link block or die, as it is sometimes called.

which drives the air and circulating pumps.
The steam from the high pressure cylinder exhausts into a receiver or chamber between the two cylinders, and from which the

The thrust block is provided in the bearing of the crank shaft,
and consists, as seen in the sectional view, of a series of collars on

the crank shaft bearing.

B, B, each beam

connecting

to rods J which

low pressure cylinder receives its steam.

connect

to rod c,
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The exhaust from the low pressure cylinder passes into the con- |

!

ia

denser, where it is condensed, leaving a partial vacuum on the ex-

haust side of the low pressure piston.
Figs. 3393 and 3394 show the arrangement of the pumps on a
pair of compound engines for a dredger. The steam from the
low pressure cylinder passes into the body of the condenser with
which the air pump is in communication, as shown in the end ele-

|

:

— ai

— ~~

.

vt rn

vation. Ata is the foot valve of the condenser. The piston of the
air pump has a similar valve, and at ¢ is the delivery valve.
The circulating pump is shown in the back elevation (Fig. 3394),
being a piston pump which forces the water through the tubes of
the condenser.
There are two principal methods of compounding, in one of
which the two cylinders are placed one above the other, with their
axes in line, and both pistons connecting to the same crank, while
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in the other the cylinders are side by side, and each connects to its

n

ar
own crank, the two cranks usually being at a right angle.
When one cylinder is placed above the other, as in Fig. 3395, R | iM
being the high pressure and s the low pressure piston, no re- |
ceiver is employed, the steam passing direct from the high pressure | [iam
mr
cylinder through the pipe P to the low pressure steam chest c.
The high pressure steam valve v and the low pressure valve V are | Wl
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on the same stem, a cut off valve v’ being provided for the high | W
pressure cylinder.
.
S
press3. Triple expansion engines have three cylinders, a high
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ure, an intermediate, and a low pressure cylinder.
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In a triple expansion engine the intermediate cylinder receives
the steam that is exhausted from the high pressure cylinder, and
expands it further. The low pressure cylinder receives its steam
from the exhaust of the intermediate cylinder, and exhausts into
the condenser.
In the illustrations from Fig. 3396 to Fig. 3406 are represented
the triple expansion engines of the steamship J/a/adete, constructed
by Messrs. Hall, Russell & Company, of Aberdeen, Scotland. Fig.
3396 Is a cross sectional view of the vessel showing the engine and its connections, and Fig. 3397 a similar view, showing

[hee
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deed
pe
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eee

| the boilers. Fig. 3398 isa back elevation of the engine, showing
| the boilers also, and Fig. 3399 a plan of the same.
Fig.
3400 is a sectional view, and Fig. 3401 an end view of
' the boilers. Fig. 3402 is a plan, Fig. 3403 an end elevation, and
| Fig. 3404 a front elevation, partly in section, of the engines.
H P
: is the high pressure cylinder, 1c the intermediate cylinder, and L
, p the low pressure cylinder. The high pressure cylinder has a
| piston valve, the steam chest beingshown at a. The intermediate
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nects (by a rod corresponding to rod K in Fig. 3403) to each link
motion ; hence all the links reverse together, and the ratio expansion of one cylinder to the other cannot be varied, or in other
words, the point of cut off will be alike tor each cylinder, let the
link motion be shitted to whatever position it may.
The beam s, Fig 3403, for working the air, circulating and feed
pumps, is driven from the cross head of the intermediate cylinder.
The boilers are ot the Scotch pattern that is usually employed
for high pressures, as 160 or more Ibs. per square inch, and have
Fox corrugated furnaces and stay tubes.
Each cylinder requires a starting valve ‘which is sometimes
cailed an auxiliary valve or a bye pass valve), which is used to
warm the cylinder betore starting the engine, and also + when there
is nO vacuum in the condenser) to admit high pressure steam when
the high pressure piston is on the dead centre, in which casc, there
being no vacuum and no admission of steam to the low press-

hull
1

A

that may be

a small engine, which may be connected or disconnected at will to

,

|

with a link motion

H, and through the lever J and rod K shitts the link L, one pair ot
eccentric rods being shown at N and P.

;
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valve is provided

used for varying the point of cut off (and therefore the expansion)
as well as for reversing purposes.
The link motions are all shitted from one shaft, which may
be operated by hand or by steam, the construction being as follows :
For shifting by hand, the wheel W ts operated,
its shaft having a
worm

.
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cylinder is provided with a double ported flat valve as shown at B,
and the low pressure cylinder is provided with a similar valve
whose weight is counterbalanced by the small piston at E; at F are
the relief valves for relieving the cylinders of water.
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cylinder, the engine

would

not

have

sufficient

power

ENGINES.
to

start.

In some cases the high pressure cylinder has no starting valve,
the reversing gear being used to admit steam to one end or the
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Each cylinder is provided with a relief valve, both at the top and
at the bottom, to relieve the cylinder from a heavy charge of water,
such as may occur if the boiler primes heavily.
Each cylinder is also provided with drain cocks, to permit of the
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other of the high pressure piston, and the starting valve being | escape of the ordinary water of condensation in the cylinders when
used to admit enough live steam to the low pressure cylinder to the engine is started, and also for use if the boiler primes.
compensate for the absence of the vacuum.
The low pressure relief valve also prevents the accumulation of
When the vacuum in the low pressure cylinder is maintained
too great a pressure in the low pressure cylinder, which, from its
while the engine is standing still, its starting valve obviously need
large diameter, is not strong enough to withstand high pressure.
not be used, except for warming purposes, beiore starting the
The oiling apparatus for the cylinders is arranged as follows:
engine ; as soon, however, as the engine has started, the starting
In some cases pumps, and in others automatic or self-feeding
valve must be closed.
devices are used. Oil is fed to the steam pipe of the high prea»
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ure cylinder, and this lubricates both the valves and the cylinders,

but in many cases it is also fed to the steam chest, so as to afford
more perfect lubrication to the valve.
For the low pressure cylinder the oil is fed into the receiver, and
usually at a point near the slide valves,
Large marine cylinders are usually constructed with a separate
lining, which may be replaced when worn or otherwise required.
A surface condenser consists of a cast iron shell or chamber
forming the back of the engine frame. At each end of this chamber is a short partition, so that the condenser is divided lengthways into what may be called three compartments, of which the
middle one is the longest. and contains a number of thin brass
tubes about § or 2 inch in diameter, the ends of these tubes being
held in the plates or tube sheets forming the partitions. The object
of providing tubes of small diameter is to obtain a large area of
cooling surface.
The exhaust steam from the engine generally passes into the
shell or body of the condenser, filling the middle partition and surrounding the tubes.
The condensing or circulating water passes through the tubes,
and by keeping them cool condenses the steam and forms a vacuum
or partial vacuum in the condenser, which, having open communication with the low pressure cylinder, therefore gives a corresponding degree of vacuum on the exhaust side of the low pressure piston.
In some designs, however, the steam

passes through

the tubes

and the circulating water fills the middle compartment of the condenser.

As, however, there is no pressure

to counterbalance

the

weight of the water, it is preferable to have the water inside the
tubes, so that they are subjected to a bursting pressure, in which
case they may, for a given strength, be made thinner, because the
strength of the tube to resist bursting is greater than its strength
to resist collapsing, hence the circulating water usually passes
through the tubes. The chamber at the ends of the condenser permits the water to distribute through all the tubes.
In some cases the chamber at one end is divided horizontally
into two compartments, so that the water is compelled to pass
through one half and return through the other half of the tubes.
The water of condensation falls to the bottom of the condenser,

from which it is removed by the air pump, which delivers it to the
hot well.
The hot well is situated

on the side of, and extends

above, the

pump, whose upper end it covers, thus water sealing the top of the
air pump and preventing air from passing into it thraugh a leaky
valve or bucket.
The top of the hot well is provided with a vapor pide, which
permits the air and gases to pass overboard.
This pipe emerges
through the side of the ship above the water line, and as there is
no valve between the hot well and the sea, no pressure can possibly
accumulate in the hot well.

The boiler feed is taken from the hot well either by the feed
pump or by injectors, as the case may be.
In case the boiler feed should stop working, however, the hot
well is provided with a pipe of large diameter, and called the overboard discharge pipe, so that the water of condensation may not
accumulate a pressure in the hot well if the boiler feed ceases.
This overboard discharge pipe is provided with a weighted valve
(placed at the side of the ship), which is constructed after the manner of a safety valve, relieving the hot well of pressure if the water
accumulates, and preventing the sea water from entering the hot
well.
To prevent loss of fresh water, the exhaust steam from the various engines and pumps (if any) about the ship passes to the condenser and is pumped into the hot well.
In some cases, however, a separate and independent
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tained by a pipe from the bottom of the condenser, so that the
water of condensation of steam blown through the engine cylinders, and from the exhausts from the smaller engines about the
ship, may be pumped or forced direct from the bottom of the condenser to the boiler.
This feed from the bottom of the condenser is necessary when
the air pump is not working, and the water of condensation is not
pumped into the hot well.
If the water thus obtained is not enough to keep the boilers supplied, an auxiliary or salt water feed admits extra water from the
circulating water to the inside of the condenser to supply the deficiency.
This secondary suction pipe is provided with a valve because it
must be shut off before the engine is started.
All the drain pipes from the cylinder pass into the condenser so
as to save the fresh water.
The air pump is usually worked by a beam, receiving motion
from the cross head of the low pressure cylinder.
The circulating pump is usually worked by the same beam as
the air pump, or receives its motion from some other part of the
main engine.

In some cases, however, an independent circulating

pump is employed.
It receives its water from a pipe leading to the sea, which is provided with an injection cock or Kingston valve, placed close to the
side of the ship and well below the sea level. This valve is used
to shut off the circulating water and prevent its flooding the ship
in case of accident to the condenser or circulating pump.
The circulating water, after passing through the condenser, discharges overboard through the circulator discharge pipe.
This pipe is also provided with a valve placed close to the ship’s
side, at or above the water level, so that the opening at the ship’s
side may be closed, and sea water prevented from entering the
ship in case of breakage to the condenser, etc.
To enable a surface condenser to be used as a jet condenser in
case of accident to the circulating pump, a pipe leads from the in-

jection cock of the circulating supply pump into the bottom of the
exhaust pipe or column, where it enters the condenser.
This pipe is supplied with a spray or rose nozzle, which divides
up the injection water and causes it to condense the steam as it
enters the condenser.
An additional pipe is sometimes added to the suction side of the
circulating pump, for use in pumping out the bilge by means of the
circulating pump in case of emergency, and also for pumping out
ballast tanks when the vessel is provided with such tanks.
An air valve is sometimes fitted to a reciprocating double acting
circulating pump.
It admits air to the water during the up stroke
of the pump, and closes on the down stroke. The air thus admitted
acts as a cushion to soften the shock of the water.
A snifting (or snifter valve, as it is sometimes called) is a valve
fitted to the condenser and that opens upwards to permit of the discharge of the air and gases before the engine is started. It also
serves to prevent any water from leaky condenser tubes from filling the condenser and flooding the engine cylinders.
It is so
loaded with dead weight that it opens automatically when the
water in the condenser has reached a certain height and must be
placed as low down on the condenser as possible, so as to receive
the weight of the full height of the water in the condenser.
Condenser tubes are made water tight in the tube plates of the
condenser by wooden or sometimes paper ferrules, which fit the
tube and drive into the tube plate. In other cases, however, the
tube ends project through the plates, and a rubber washer is placed
on the end of each tube. A covering plate is then bolted over the
whole of the tube ends, the holes in the covering plate being paral-

condenser

lel for a short distance, and then reduced in diameter so as to form

is used for the smaller engines about the ship.
An independent condenser is one whose air pump and circulating pump are not worked from the main engine, and can therefore
be operated when tite main engine is standing still.

a shoulder. The rubber rings compress and make a joint, and the
shoulders prevent the condenser tubes from working out endways
from expansion and contraction. The tubes are usually about 4
inch thick.
A blow through valve is a valve attached to the casing orsteam
chest, and connecting by a pipe to condenser to blow out the air
and gases that may have collected there when the engine is standing still, and that also connects to the exhaust port of the high
pressure cylinder, so as to supply live steam to the low pressure

If the main condenser is independent, it may be started so as to
form a vacuum before the main engine is started, and thus obviate

the use of the starting valve on the low pressure cylinder except to
warm the cylinder before starting.
Feed water for the boilers when the engine is standing is ob-
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cylinder in case the high pressure cylinder should get disabled.
A bucket air pump is one in which there isa valve or valves in
the pump piston, hence the pump is single acting, drawing on the
lower side of the piston and delivering on the upper, hence the ca-

pacity of the pump per engine revolution is equal to the diameter
of the bucket multiplied by the length of its stroke. The suction
or foot valve is at the foot of the pump, and the delivery valve at
the head.

rect from the crank shaft, and

therefore

has sufficient lateral mo-

tion to push the pump piston sideways, which would cause friction
and excessive wear to the gland that keeps the trunk tight. The
delivery capacity of the pump is obviously diminished to an
amount equal tothe displacement of that part of the plunger that
passes through the gland and within the pump bore, whereas in a
piston pump the delivery capacity is only diminished to an amount
corresponding to the displacement of the pump piston rod.
A bucket pump may in some cases be worked without either a
foot or a head valve, since the bucket valve will answer for both in

cases when the delivery water cannot pass back into the pump on
the down stroke of the bucket.
It will, however, be more efficient with the addition of either of
them, and most efficient with both.

_A bucket pump with a foot valve and no discharge valve would,
however, suffer more from a leaky gland than if it had a discharge
valve and no foot valve, because

the air would, on the ascent of

the bucket and the closing of the bucket valve, pass to the suction
side of the bucket and impair the vacuum.
Let the delivery valves be where they may, the foot valve will
always have some water above it, and the pump bucket will dip
into this water, and on lifting produce a vacuum that will cause
the pump to fill with water.
Notwithstanding that the gland may
leak air on the other side of the bucket, this air will in a single
acting pump be expelled with the water, but in a double acting
pump it will impair the vacuum, and therefore the suction, on the

gland side of the piston.
Bucket air pumps are provided with a valve or pet cock on the

top or delivery side of the bucket and above the bucket, when the
latter is at the highest point of its stroke. This valve opens on
the descent of the bucket, admitting air to act asa cushion between
the surface of the water and the delivery valve, when the water is
ab_ut to meet the latter. It obviously reduces the effectiveness of
the pump, and in a double acting pump is inadmissible, because
of its impairing the vacuum and the suction.
This valve also enables the engineer to know whether the air
pump is working properly.
A pet cock is also supplied to the feed pumps for this same purpose.
A bilge injection is one in which the injection water is taken
from

the

bilge, which

may be done when

the ship makes

and cause waste from cylinder condensation.
vious that, since the boiler feed is taken

Moreover, it is ob-

from

the hot well, it is

desirable to keep it as hot as the valves and as the desired degree
of vacuum will permit.
An air vessel or air chamber is a vessel fitted to the delivery and
sometimes also tothe suction side of a pump.
Its office is to maintain a steady flow of water through the pipes.
Thus, in the case of the delivery air chamber, when

A piston air pump is double acting, since it draws on each
side alternately of the piston, one side delivering while the other is

drawing, hence two suction and two delivery valves are required.
A plunger air pump is one in which a plunger is used in place
of a piston, the delivery being due to the displacement of the
plunger.
An air pump trunk is a hollow brass cylinder attached to or in
one piece with the piston or bucket of the air pump.
The rod
which drives the piston passes through the trunk, and connects to
a single eye at the bottom of the trunk.
A trunk air pump is necessary when the pump rod is driven di-

473

the pump

piston is travelling at a speed above its average for the stroke, the
water accumulates in the air chamber, and the air is more compressed, while, when the pump is on the dead centre, or at the end
of its stroke and the delivery valve closes, the air compressed in
the air chamber continues the delivery or discharge, thus maintaining a more uniform flow.
Pumps sometimes have an air or vacuum chamber on the suction side, from which the air is exhausted when the pump starts,
leaving a vacuum which causes a steady flow of water up the suction pipe.

Both these chambers are more effective as the speed of the pump
increases. The chamber on the delivery side is apt to lose its
air, which is gradually absorbed by the water, which should be let
out when the pump is standing still.
Feed escape valves or feed relief valves are fitted to the feed
pumps, so that in case all the feed water cannot pass into the
boiler it may pass back to the hot well. |
The construction of a feed escape valve is as follows:
It is an ordinary mitre valve held to its seat by the compression
of a spiral spring, whose pressure upon the valve may be regulated
by an adjusting screw, whose end abuts upon a stem provided for
the purpose.
In proportion as the valve is relieved

of the pressure of this
spring, a greater proportion of the water delivered by the feed
pump will pass back into the hot well, hence the amount of boiler
feed may be regulated by the feed escape valve, which also acts as
a safety valve, preventing undue pressure in the feed pipe.
When no feed escape valve is employed, the delivery water from
the feed pump must pass unobstructed to the boiler, or the feed
pipes may burst from over

pressure, and

it follows that the feed

check valve on the side of the boiler must not be restrained in its
amount of lift, hence it must not have a lift adjusting screw.
The

amount of the boiler feed must, in this case, be regulated

from the suction side of the pump, the suction pipe being fitted
with a cock or valve whose amount of opening may be adjusted so
as to regulate the amount of water drawn per pump stroke from
the hot well.
If the feed valve on the suction side, or the escape valve on the
delivery side of the pump, as the case may be, is adjusted to permit of a proper amount of boiler feed, and yet the feed is insufficient

or ceases

altogether, it may

causes :
Ist. From the suction
the delivery valve being
letting the suction water
water pass back into the

occur

from

the

following

;
valve sticking or being choked, or from
choked and not seating itself, thus either
pass back into the hot well, or the delivery
pump.

2d. Through leaks in the joints of the pump
pipe.

or of the suction

3d. From the water in the hot well being too hot.
4th. Through the spring of the escape valve having become disarranged.
5th. If two or more boilers are connected, and one has less press-

more

ure in it than the other, it may take most of the feed water, or the

water than the bilge pumps can get rid of.
The fittings necessary for a bilge injection are a cock or globe

water of the other may empty itself into it.
Bilge Injection. The injection water for a common or jet condenser may be obtained in one of two ways: first, direct from

valve placed on the side of the condenser, and at or near the foot

of the exhaust pipe, with a spray or rose inside that pipe. From
the cock a pipe, usually lead, leads to the bilge, having at its end
a Strainer or strum, and care must be taken

that this strum does

not get choked and let the condenser get hot from the exhaust
steam not being condensed.
The water in the hot well of a surface condenser is usually kept
at a temperature of about 100° Fahrenheit.
A higher temperature
than 100° Fahrenheit injures the rubber valves of the air pump,
while lower temperatures cool the engine cylinders too much

the sea, which

is that for ordinary use; and

secondly from

the

bilge, which is resorted to to assist the bilge pump in cases of
emergency.
The necessary fittings for a bilge injection are, a pipe leading

teed
7ea

from the condenser to the bilge, with a cock at the condenser end

and a Strainer at the bilge end.
This pipe should be fitted with a check valve, which opens by
lifting upwards so that no water can pass down it into the bilge,
or otherwise, if the main and bilge injections should happen to be
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left open together, the water from the main injection might pass
down into the bilge. This check valve should be so constructed
that its amount of lift can be regulated and as much of the bilge
water used for injection as the circumstances may require.
In the case of surface condensers, the bilge water is drawn off
by the circulating pump and used to supplement the main circulating water. The pipe from the bilge in this case leads to the
suction side of the circulating pump, and requires a strainer at the
bilge end, a cock at the circulating pump, and a check valve.
A ship’s side air pump discharge valve is an ordinary dead
weight mitre valve that opens to let the water pass out into the
sea, but seats itself and closes if the water attempts to pass inwards.
It differs from a common stop valve in being weighted, and therefore self-acting. It requires to be lifted before starting the engine,
as such valves are liable to stick in their seats.
The course of the main injection water of a jet condenser is as
follows: From the rose plate or strainer, through the injection
valve and pipe to the condenser, where it mingles with the exhaust
steam and from which it is pumped with the products of condensation into the hot well. From the hot well it passes mainly overboard through the Kingston valve, but that part of it used for the
boiler feed passes through the suction pipe and valve into the pump,
and thence through the delivery valve, pipe and check valve into
the boiler.
The course of the main circulating water of a surface condenser
is through the Kingston valve (on the ship's side or bottom), and
the circulator inlet pipe, either direct to the condenser, from which
it is drawn by the circulating pump, or else it passes through it,
and is forced through the condenser. It circulates through the
condenser twice or thrice according to the construction, and is
forced overboard by the action of the circulating pump, passing
through a valve on the ship’s side or bottom.
The advantages of surface condensation are, first, that the feed

water is obtained at a higher temperature than if injection water
was fed to the boiler. Second, the feed water is purer, and therefore less water requires to be blown out of the boiler in order to
keep it clean.

Third, the boiler does not scale so much, hence its

heating surface is maintained more efficient ; and fourth, the boiler
suffers less from expansion and expansion strains when hot feed
water is used.
Surface condensers foul from the grease with which the cylinders
are lubricated and from the salt in the injection water.
The condenser is cleaned by the admission of soda with the exhaust steam
and by washing cut.
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as piston springs, piston rods, connecting rods, cranks, crank pins,
and valve rods.
The parts generally made of brass are those subject to abrasion
or corrosion, as the connecting

rod brasses, the bearings

ser tubes, and all cocks and valves.

White metal or babbitt metal is sometimes used in place of, or
in connection with, brasses, serving as an anti-abrasion surface. It

is easily renewed, as it is cast into its place, but will melt and run
out at a temperature of about 600° Fahrenheit.
Muntz metal is used where iron or steel would suffer greatly from
corrosion when in contact with salt water.
It can be forged.
The difference in the composition of cast iron and steel has never
been determined; the difference lies in the percentage of carbon
they contain and the structure of the metal. Cast iron will not
weld.
Cast iron is brittle, of granular structure, and always breaks

short, having a very low elastic limit.
Wroughtiron is tough and fibrous, will weld but will not harden,
and is stronger than cast iron.
Steel is stronger than wrought iron, and will weld and harder.
and temper. The breaking strain of wrought iron varies from
about 42,000 to 60,000 Ibs. per square inch of section.
Steel is tempered by first being heated red hot and suddenly
cooled (usually by plunging it into cold water), which hardens it.
The surface is then brightened, and on being repeated the tempering colors appear, beginning at a pale yellow, and deepening into
red, brown, purple, and blue, the latter gradually fading away as
the metal is re-heated to a red heat. The higher the temperature
to which the hardened steel is reheated the softer or lower it is
tempered.
These colors merely indicate the temperature to which the piece
is reheated, since they will appear on steel not hardened and upon
iron.
Case hardening is a process that converts the surface of wrought
iron into steel, which is accomplished by placing them in a box
filled with bone dust, animal charcoal, or leather hoofs, etc. The
box is sealed with clay, heated red hot for about 12 hours, and the
pieces are quenched in water.
The parts usually case hardened are the link motion, and other
light working parts that are of wrought iron.
The forgeable metals used in engine work are wrought iron,
steel, copper, and Muntz metal.
The brittle or short metals are

A condensing engine has the following cocks and valves on
the skin of the ship in the engine room: The main Kingston

cast iron and brass.
Welding is the joining of two pieces solidly together.

valve for the injection, or circulating water, the main delivery valve
from the condenser, the bilge delivery valves, and the water service
cocks for keeping the main bearings of the engine cool with
streams of cold water.
A donkey engine is a small engine used to feed the boiler, and has

iron, steel, and Muntz metal can be welded.

the following connections: A steam pipe from the boiler to drive
the donkey engine ; and exhaust pipe into the condenser ; a suction
pipe from the hot well or from the sea, as the case may be ; and a
delivery pipe to the boiler; a suction pipe from the bilge, so that
-the donkey pump can assist in pumping the bilge out; a suction
pipe to the condenser, to circulate the water when the main engines
are stopped, and thus maintain the vacuum; and a suction pipe
from the water ballast tanks, to pump them out when necessary.
The pipes that lead from, or go to, the sea are: Boiler blow off
pipe, sea injection or circulator pipe, condenser discharge pipe,
and, in some cases, donkey feed suction pipe.

The parts of an engine that are generally made of wrought iron
are those in which strength with a minimum of weight and size is
desired ; for example, the piston rod, cross head, connecting rod,
crank shaft, crank, eccentric rods, link motion, valve spindle pump
rods, and all studs, bolts, and nuts.

The parts generally made of cast iron are those where strength
and rigidity are required, and which are difficult to forge, while
weight or size is of lesser importance, such as the bed plate, cylinders, pistons, condensers, and pumps.
The parts sometimes made of steel are those subject to great
wear, and for which strength with a minimum of size is necessary,

for the

crank shaft, the pump plungers or pistons, and their rods, linings
for the pump barrels or bores, the bores of the glands, the conden.

Wrought

All the metals used in the construction of marine engines expand by heat, and this is allowed for in adjusting the lengths of
the eccentric rods, or of the valve spindles when setting the valve
lead.

In the case of two marine boilers being connected

together,

the steam pipe is fitted with an expansion joint, one pipe end having an enlarged bore to receive the other. The joint is made by
packing, which is squeezed up by a gland, whose bore fits on the
outside of the pipe which moves through the gland bore, from the
expansion and contraction.
The piston of a marine engine steam cylinder is a disc of cast
iron, into which the piston rod is secured. Its body is cored out
to lighten it. Around its circumference is a recess to receive the
packing ring or rings, each of which is split across so that it may
be expanded (to fit the bore of the cylinder) by means of the packing or of the springs. The split is closed in the centre by a
tongue piece let into the ring, and fastened to one end of the
ring.
To hold the piston rings or ring in place, a junk ring is employed, being an annular ring bolted to the piston. The piston
rings are set out to fit the cylinder bore by suitable springs. The
round plugs seen on the piston face merely fill the holes used to
support the core in the mould and to extract it from the finished
casting.
Cylinder drain cocks sometimes have a check valve upon them,
so that while the water may pass out of the cylinder the air can
not pass in and destroy or impair the vacuurn,

MARINE
Cylinder escape or relief valves are provided at the top and at
the bottom of the cylinders, and consist of a spring loaded

valve

with an adjusting screw to regulate the pressure at which they

shall act.

They are most

and the water

needed when the boiler primes heavily,

might knock out the cylinder heads or covers.

They should be enclosed in a case with a pipe to lead the water

away, thus preventing it from flying out and scalding the engineer.
A link motion

is a valve gear

by which the engine may

versed (caused to run in either direction), or which
to vary the point of cut off.

be re-

may be used

The advantage of the link motion is

its simplicity and durability.
A link
type, and
upon the
tom than

motion for a marine engine is usually of the Stephenson
consists of two eccentrics or eccentric sheaves fixed
crank shaft, and so set as to give more lead at the botthe top ports, because the wear of the journals, brasses,

and pins gradually increases the lead at the upper, and correspondingly diminishes that at the lower port. In addition to this, however, more lead is required at the bottom port, to counterbalance

the weight of the piston at the end of its descending stroke. The
eccentric hoops or straps drive the rods which connect to the ends
of the link.
The link may be a curved, solid, or a slotted bar, and in either
case has fitted to it a block or die which connects to the valve
spindle.
The link is pivoted at its centre to a swinging arm or suspen-

sion link,* and by this arm may be moved endways to bring the
required end of the link beneath the valve rod or spindle. From
the positions

in which the eccentrics

are set, one end of the link

operates the valve to go ahead, while the other end operates it to
go astern; hence all that is necessary (so far as the link motion is
concerned) to reverse the engine is to move the link endwise to
the requisite amount,

which, for full gear, is so that the block is

at or near the end of the link.
In proportion as the link block is (by moving the link endways)
brought nearer to the middle of the link, the valve travel is reduced and the point of cut off is hastened, thus increasing the expansion.
When the link block is in the middle of the link, the latter is in

mid gear, and the valve only opens the ports to the amount of the
lead, and the link action is the same, whether

the engine moves

backwards or forwards.
The motion of the link is as follows:
The two ends are vibrated by the eccentrics from the central
pin of the link hanger (or suspension link) as a centre of motion,
while at the same time this end of the link hanger swingsin an arc
of which its other end is the centre of motion.
In small engines the link is sometimes used for varying the
expansion as well as for reversing the direction of engine revolution.

;

In large engines it is used for reversing only, a separate expansion valve being used for varying the point of cut off.
In small engines the link is moved endwise for forward or backward gear by a simple arrangement of hand levers. In large
engines these levers are supplemented by a worm and worm gear,
and in still larger engines a steam reversing gear is used for shifting the links from forward to backward gear, or vice versa.
When there is no link motion, a Joy valve gear, a Marshall valve
gear, or a loose eccentric may be used. A loose eccentric is one
that can be moved around the shaft to reverse the engine. It may
be moved around the shaft by mechanical means, or the eccentric
rods may be disconnected, and the valve worked by hand, to cause
the engine to run in the required direction, until a pin fast in the
shaft meets a lug on the eccentric and drives it, there being two
such lugs or shoulders spaced the requisite distance apart on the
eccentric. This plan is obviously only suitable for small engines.
A separate expansion valve is a valve employed to effect the
cut off and vary the expansion.
It does not affect either the
admission or exhaust of the steam to the cylinder.
It is used because by its means an early point of cut off and
high rate of expansion may be obtained with a fixed point of exhaust, a fixed amount of compression, and a fixed amount of lead,
* See page 383 for the construction of a link motion.
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whereas with the link motion alone the exhaust occurs earlier in
the stroke, and the compression and the lead increase as the link
is moved from full gear towards mid gear. The expansion valve
should, when the engine is to be started, be set for the latest point
of cut off. The eccentric for the expansion valve is set opposite to
the crank, in order that its action may be the same, whether the
engine runs backward or forward.
The small cylinders on top of the steam chests are for the purpose
of guiding the upper ends of the valve spindles, and are fitted with
pistons having steam beneath, the space above being in communication with the condenser.
The steam pressure on the piston supports the weight of the valves and valve gear.
The friction ofa slide valve may be relieved or reduced by excluding the steam from its back, which is done by various

such as by a ring cast on its back and working
a plate held independently of the valve. The
should be open to the exhaust.
The friction of a slide valve is caused by the
its seat, the amount of this pressure varying

means,

steam tight against
interior of the ring
steam pressing it to
with the fit of the

valve to its seat, and its position over the ports, or, in other words,

upon how much of the valve area has steam pressing on one side
only.
The travel of the eccentric rod is the distance it moves measured
on a Straight line. It is equal to twice the throw of the eccentric.
The throw of an eccentric is the distance between the axis of its
bore and the centre or axis from which its circumference was
turned in the lathe.
Double beat valves are composed of two discs or mitre valves,
one above the other on the same stem, so that as the steam presses
on the opposite faces of the two discs the valve is balanced.
The
objection to their ‘use as safety valves is, that they are balanced and
would not lift unless the area of the upper disc was made larger
than that of the lower one, in which the objection would remain
that the two discs do not expand equally, hence they are apt to
leak. They are sometimes used instead of slide valves, but are
objectionable because a separate admission and exhaust valve is
required at each end of the cylinder, and because at quick speeds
of revolution they fall to their seats with a shock or blow which
wears out both the valve and the seat. When a high piston speed is
obtained by great length of piston stroke, and not by high rotative
speed, their use is less objectionable.
Expansion joints are joints which permit the parts they connect
to expand and contract without straining them.

They are neces-

sary on the steam pipe connecting one boiler to another, and on the
main steam pipe from the boilers to the engine. The working surfaces require to be of brass, so that they will not corrode.
They require the collar on the internal pipe of the joint (on
which the gland fits) to be permanently fixed by soldering or brazing, and check nuts on the studs, so that the internal pipe shall not

be blown out from the steam pressure.
This pipe is also sometimes fitted with chains or stops, in case
the studs should break, or the nuts or collar strip.

An oil cup is either a cavity cast in the piece or a cup shaped
vessel or hollow cylinder screwed in. It contains a pipe extending
up about three-fourths of its height, and through this pipe the oil
is fed to the surface required to be lubricated.
A hinged lid or,

in some cases, a screwed cap covers the oil cup to exclude dust,
etc.
The syphon or worsted consists of a number of threads of worsted
or lamp wick of equal lengths ; a piece of lead or copper wire is
laid across the middle of the worsted, the copper wire is doubled
and

twisted

and

is then pushed

down

the

tube,

carrying

the

doubled end of the worsted with it. The upper ends of the wire
are bent over the end of the tube so as to hold the worsted, whose
lower end should pass down below the level of the bottom of the
oil cup. The oil feeds (on the syphon principle) through the medium
of the wick or worsted, which should not fit the tube tight but quite
easily, its upper ends hanging over the top of the tube to the bot-

tom of the cup.
The worsted may be cleaned with scalding water, or by water
thrown upon it from the boiler.
Tallow cups for high pressure cylinders must have two cocks, so
that after the cup is filled the top cock may be closed and the bot-

MODERN

476
tom
one then opened.

MACHINE

The top cock prevents the tallow
or oil

SHOP

PRACTICE.

To find the total pressure in the condenser, therefore, we subtract height of the column of mercury given by the condenser
from the height of the column in the barometer, and divide the

from being blown out of the cock by the steam. For the low pressure cylindera cup with a single cock will answer,as the cock may
by2.
be opened when the vacuum is at that end of the cylinder, and the | remainder
Examples.—The barometer stands at 295 and the vacuum
air will force the oil or tallow in.
A steam lubricator or impernteator is an automatic oil feeding | gauge at 26, what is the absolute pressure in the condenser ?
device placed on the steam pipe of the high pressure cylinder.
Here,
Steam lubricators are made in various forms, some having a posi29.5 — 26 = 3.5 + 2=1.75

tive feed by a pumping arrangement, whilein others the oil floats
Answer, 1/7; Ibs. per square mech.
upon water in the body of the lubricator to which steam 1s admitted;
the condensation of the steam increases the quantity of water and
A dial vacuum gauge of the Bourdon construction is similarto
causes the floating oil to overflow and feed through a pipe leading | the Bourdon steam gauge, that 1s used upon the boiler, except
into the steam pipe or steam chest, as the case may be. Cooling | that the inside of the elliptical tube is in communication with the
the impermeator causes more rapid condensation, and increases ; condenser and the atmospheric pressure bends the tube into a
_ curve of smaller radius (instead of to a larger one, as in the case
the amount of oil fed to the steam.
Cylinder escape or relief valves do not let all the water out of the | of the steam gauge).
cylinder because of the clearance,* hence the amount of water left | Obviously, therefore,
the zero of the dial vacuum gauge ‘s atin will equal the amount of clearance.
_mospheric pressure.
The small cylinders on top of the steam chest are for the pur- | Suppose the dial vacuum gauge shows Io Ibs., the steam gauge
pose of guiding the upper endsof the valve spindles, and are fitted | 120 Ibs., and the barometer 15 Ibs.. and we may find the total
with pistons having steam beneath, the upper end being in com- | pressure or pressure above vacuum of the steam in the boiler is
munication with the condenser.
| as follows:
The effort of the piston to rise supports the weight of the valves
and valve gear.

The valves
of a marine engine that are worked by hand are, the
stop valves for letting on steam from the boiler, the safety valve,

One-half Pressure by steam gauge = 60 Ibs.
A perfect vacuum = 15 Ibs.
Total pressure supposing condenser had a perfect vacuum = 75Ibs.

which is lifted to see that it is in proper working order, the Kingston valve for letting in the circulating water, the blow through or
To make the correction necessary because there is not a perfect
starting valve for warming the cylinders and starting the engines. vacuum in the condenser, we then proceed as follows :
The valve for adjusting the rate of boiler feed has its hft adjusting
screw operated by hand. The slide valve may also be operated by
Barometer 30 inches of mercury = 15 Ibs. per sq. in.
hand before the engine 5s started, or it may be operated by a steam
Daal vacuum gauge = 10 “S
“SSS
reversing gear. The expansion valves are also set by hand to regActzal pressure
In condenser = 5“
“ “
ulate the point of cut offor amount of expansion. The valves that
are operated automatically, or from the motion of the parts, are
Then
the side and expansion valves, the suction and delivery and check
valves
of all pumps, the air pump bucket valves, the snifting valves,
Total pressure supposing condenser bad a2 perfect vacuum = 75
and the ship's side overboard discharge valves. When the engine
Actual pressure
in condenser = 5§
IS stopped and the steam shut off, close the dampers to check the
Actaal pressure of the steam = Jo
draught and open the drain cocks on the high pressure cylinders.
If the engine is soon to start and the pressure im the boiler 5 at |
the blowing off pomt, start the boiler feed, if the height
of the | Racing means a sudden acceleration of the engine speed, and
is not fully immersed in the sea, as by
water im the boaler will permit it, and this 1s a good
time to clean | occurs when the propeller
reason
of
the
pitching
of
the
ship. Racing augments the strain on
the fres. If the engine ts to stop for any length
of time, shut off
the working gearof the pumps, and is likely to lead to accident.
the impermeator and the injection supply.
A vacuum gauge is an instrument for measuring the total or It is obviated by the use of a governor or by partly shutting off the
absolute pressure, or pressure above a perfect vacuum, and it is [|Steam by hand_
A mare governor is a device for controlling the engine speed,
used to indicate the degree of vacuum that exists in the condenser,
by
reducing the supply of steam to the engine cylinder whenever
which, when the various jomts about the cylinder and condenser |
are tight, averages about 27 inches of mercury when the tempera- the engime begins to race. The governor ts driven by band or
rope on the ¢rank shaft. Governors are made tn various forms;
ture tn the hot well ts about 100” Fahrenheit.
In round numbers a column of mercury 32 inches high equals thus, in one the shaft has a ffy wheel and a friction clutch, one
the weight of the atmosphere,} hence taking the weight of half of which is fast on the governor shaft, while between it and
the atmosphere at sea level to be 135 Ibs. per square inch, then the other is a spiral spring which connects the two halves. It the
each two inches of mercury represents an atmospheric pressure of speed accelerates, the sliding half of the clutch is moved along
t Ib. Suppose then that a bent U shaped tube, each leg of the governor shaft, and by means of links it closes the throttle
which ts 30 inches high, ts half filled with mercury, and that one valve of the main steam pipe, thus wire drawing the steam, reducend Is in communication with the condenser, and the other end is ing its pressure and thereby controlling the engine speed.
A common paddle wheel has a cast tron centre into which the
open to the atmosphere, and rf there was a perfect vacuum in the
wrought
iron arms are set and secured by wrought iron bolts and
condenser, the pressure of the atmosphere in the open leg would
nuts.
force all the mercury into the leg that communicated with the conThe bolts have hook heads to grip the back of the arm, and redenser, hence there would be a column of 30 inches of mercury
ceive a nut and plate to secure the paddles.
in one leg, and air in the other.
Paddle wheels are sometimes provided with cast iron floats to
if there was in the condenser a pressure of 14 pounds per square
act as counterweights tosome unbalanced part of the engine. They
are mostly required on side lever engines having a single crank ;
high tn one leg, and 3 inches in the other, and so on, hence from
the height of the column of mercury above its natural level the they are placed nearly opposite to the crank, but not quite, so that
degree of vacuum in the condenser may be known. But the press- they may prevent tt from stopping on the centre, and be difficult
ure of the atmosphere varies with its temperature, and the weight to start again.
Paddle wheels for engines having a single crank sometimes
of mercury also varies with its temperature.
_ have their floats of varving breadths, so as to keep the speed ot
revolution as uniform as possible. This is accomplished by mak*See page 372, on clearance.
inch above

a perfect vacuum, the mercury would stand 27 inches

tSee ‘‘ Barometer,” Chapter XL.

ing some of the floats wider than the others.

The broadest floats
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are in action when the crank is at its points of greatest power, and
the narrowest at the time

the engine is on a dead

centre, hence

there are four general graduations of breadth in the circuinference
of the wheel.
A radial paddle wheel is one in which the floats are fixed to the
paddle arms, and their ends are in a line radiating from the centre
of the paddle shaft.
A feathering paddle float is pivoted at the centre of its ends, and
so arranged that by a mechanical movement it will remain verti-

cal when in the water, notwithstanding the circular path it revolves in.
The object of feathering is to cause the thrust of the float to be
as nearly as possible in a horizontal line, and therefore more nearly

parallel to the line of the ship’s motion, and thus utilize more ofthe
paddie power to drive the ship.
The eccentric for feathering the floats is fixed to the ship’s side,
and sometimes carries a plummer block or pillow block for the
paddle shaft bearing. The centre of the eccentric sheave or
wheel is placed ahead of and level with the paddle shaft axis.
The working surfaces of a feathering wheel are of brass, and the
bushes of the paddle arms of lignum vite.
The surfaces are lubricated by the water, but sometimes oil lubrication is provided for the eccentric sheave.
A disconnecting paddle engine is one in which the paddles may
be driven separately or together. This is effected at the inner port
bearing by a clutch wheel, which slides endways on the shaft and
is driven by feathers seated in the shaft. This clutch wheel is
operated by a lever so as to engage or disengage with the crank
pin, which is fast in the outer crank.
Disconnecting paddle engines are always fitted with loose eccentrics, such engines being used for steam tugs and ferry boats,
where quickness of turning and of reversing is of great importance.

The thread of a screw propeller is its length measured along the
outer edge of the blade.
The angle of the thread is its angle to the axial line of the propeller shaft.

The length of the thread is the length of the outer or circumferential edge of the blade.
The area is the surface of one side of the blade.
The diameter is the distance apart of the two points on the edges
that are diametrically opposite and furthest apart.
The pitch of a propeller is its degree of spirality, and is represented by the distance it would move forward if the water was a
solid. It is measured by drawing a line representing the axis of
the propeller shaft, and at a right angle to it a line representing in
its length the circumference of the circle described by the tips of
the blades; from the point of intersection of these two right angle
lines a diagonal line is drawn representing the angle the blade at
its outer edge stands at the propeller shaft axis.

The greatest dis-

tance between the diagonal line and the line representing the propeller circumference is the pitch of the propeller.

A left handed propeller has a left hand thread or spiral, and re-

volves from left to right to move the ship ahead.
A right hand propeller has its blades inclined in the opposite
direction, and of course revolves in the opposite direction to a left
hand one.
The slip of a propeller is the difference between the distance the
ship is moved by the propeller and

the distance

it would

move

if

the water was solid. Slip is usually expressed in the percentage
that the distance the ship actually travels bears to the distance she
would have travelled if there had been no slip. From 10 to 20
per cent. is lost in slip.

A screw of increasing pitch is one in which the angle of the face
of the propeller blade to the axis of the shaft increases as the thread

recedes from the shaft, or from the centre to the circumference of
the blade, or in both directions.
In a uniform pitch the angle of the blade to the propeller axis is
the same at all distances from the axis.
An example of a screw of uniform pitch would be a piece of
angle iron wound around a parallel shaft. If wound on a tape
shaft, the largest diameter being nearest to the ship’s stern, it
would have an increasing pitch.
If wound around a para-
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bola, the pitch would vary at every point in its diameter and
thread.
A thrust bearing is a journal bearing provided with a number of
corrugations or collars fitting with corresponding corrugations or
recesses in the thrust block, tne area thus provided serving to resist the end thrust placed by the propeller upon the shaft.
It must be freely lubricated by ways leading to each collar or
corrugation, and so situated that it is accessible for examination.
It is sometimes at the end of the first length of shaft aft of the
engine.
A stern tube is a sleeve enveloping the aft end of the propeller
shaft to protect it from the sea water, which would corrode it. At
the aft end of the stern tube is a gland and stuffing box. At the
inner end, which extends to the aft bulkhead, it has a flange which
is bolted to the bulkhead.
The bearing area of the shaft and stern tube are lined with brass
(about half an inch thick) to prevent their oxidation from the action
of the sea water.
A lignum vite bearing is a wooden bearing generally fitted to
the outer end of the stern tube in propeller engines, or to the
outer ends of the paddle shaft of paddle engines. It consists of
strips of lignum vite dovetailed into the bearing or bush, and running lengthwways of it. These strips are prevented from working
out by a check plate at each end of the bearing.
Screw propellers may be fastened to their shafts in several ways,
as by a key or feather sunk in the shaft, and projecting into a keyway in the propeller bore, and a nut on the end of the shaft with
a safety pin outside the nut, or by a key passing through the boss
of the propeller, and a safety pin or plate upon the key.
The principal pipes of a marine engine and boiler, and the parts
they connect, are, the main steam pipe, connecting the stop valve
on the superheater to the steam chest of the engine cylinders; the
waste steam pipe from the safety valve to the open air; the blowoff pipe, connecting the blow-off cocks on the bottom of the boiler
with the blow-off Kingston cock on the ship’s side ; cylinder jacket
pipe from the stop cock on the boiler to the steam jacket.
The circulating suction pipe, connecting the main Kingston valve
with the bottom of the circulating pump; the circulating delivery
pipe, connecting the discharge compartment of the condenser with
the main delivery valve on the ship's skin; the air pump suction,
connecting the body of the condenser with the suction side or bottom of the air pump; the main exhaust pipe, connecting the exhaust passage of the low pressure cylinder with the condenser;
the feed water suction pipe, connecting the donkey feed pipe with
the hot well ; the feed water

delivery pipe, connecting the donkey

feed pump with the check valve on the boiler; the bilge suction
pipe, connecting a strum box in the bilge with the bilge pump; a
suction pipe from the strum in the bilge to the donkey pump; the
bilge pump delivery pipe, connecting the bilge pumps

with

bilge

delivery valves on the ship's side.
A mud box is a rectangular box
room, and serving to clear the bilge
as small pieces of wood, coal, etc. ;
It is on the suction side of the bilge
hinged lid that affords access to

usually placed in the engine
water from foreign substances,
the construction is as follows:
pumps, and is provided with a
clean it out, and that must

obviously close air tight, or the bilge pumps will not draw.

The

box is divided into two compartments by a loose division plate that
stands vertical, and is perforated so as to act as a Strainer.
The steam from the boiler passes through the superheater,
main stop cock or valve, main steam pipe, separator, regulating
and throttle valve, steam chest, steam port, steam passage into
cylinder, returns through steam passage and port, exhaust cavity
of valve into either the condenser or the low pressure cylinder, as
the case may be, finally exhausting into condenser, whence the
water of condensation 1s pumped by the air pump into the hot well.

In the case of a jet condenser part only of the condensed steam
goes back to the boiler, the rest going into the sea through the injection discharge pipe.
A steam jacket * is an outer casing toasteam cylinder, the space
between it and the cylinder being filled with steam direct from the
boiler, with the object of preventing condensation of the steam in
the engine cylinder.
* See page 374 on steam jackets.
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A drain cock is supplied to the bottom of the jacket to pass off
condensed water. Steam jackets should be lagged or felted to prevent condensation.
The parts of an engine that require to be felted or lagged are the
cylinders and the steam pipes ; the boilers also should be felted or
otherwise covered to prevent loss of heat by radiation, and the uptake protected by means of thin plates, kept, by means of distance
pieces and bolts, at a distance of two or three inches from the
plates of the uptake.
Various non conducting substances are employed to prevent
radiation, as, for example, felt, mineral wool, asbestos, and various

kinds of cement.
The pieces of the engine through which the steam pressure is
received and transmitted are as follows :
The

piston, piston

rod, cross

head, cross

head gudgeon, con-

necting rod, crank pin, crank shaft and couplings to the propeller
shaft.

Trunk engines are generally used in war vessels where it is required to have the engines below the water line. The trunk passes
through the cylinder and the piston is upon the trunk, the connecting rod passes down into the trunk and connects direct to the piston. A stuffing box and gland in each cylinder cover keeps the
trunk steam tight. The trunk forms a guide to the piston in place
of the ordinary cross head and guides, and thus saves the room required by those parts.
The cylinders for a right handed propeller should be on the
starboard

side of the vessel, so that the

pressure

on

the

piston,

when the engine is going ahead, shall be in a direction to lift the
trunk in the cylinder, and thus act to relieve the gland and cylinder bore of the weight of the trunk and piston.
An oscillating engine is one in which the cylinder is mounted
on bearings called trunnions, so that the cylinder can swing and
keep its bore and the piston pointing to the crank at all parts of
the engine revolution. This enables the connecting rod and slide
bars to be dispensed with. The trunnions are hollow, one containing the steam and the other the exhaust passage.
Oscillating engines are used for paddle steamers, because their
construction permits of a good length of piston stroke, while still
keeping the engine low down in the vessel.
The valve motion for an oscillating engine consists of an ordinary
eccentric gear or motion, with the addition of various mechanical
arrangements to accommodate the valve gear to the vibrating
motion of the valve chest.
The stuffing box of an oscillating engine is made deeper than
usual because the gland bore has more strain on it, and extra
wearing surface is therefore required to prevent its wearing oval.
Geared engines are those with gear wheels to increase the revolutions of the shaft above those of the engine, and thus obtain a
high propeller speed without a high piston speed.
The pressure that propels a vessel is taken by the thrust block
in a screw propeller engine.
The pressure that drives a paddle steamer is applied to the hull
at the shaft bearings and their holding beams, and to the bed
plates. The amount of fuel required per horse power per hour, by
modern compound engines, is from about 1} to 3 Ibs., and by com-

mon

condensing engines from 3 to 5 Ibs. per horse power per

hour.

The unit or measure of a horse power is the amount of power
required to lift 33,000 lbs. one foot high in a minute.*
Nominal horse power is a term used to represent the commercial rating or power of an engine, and is usually based upon the
area of the piston. It givesno measure of the engine power, however, because it does not take the piston speed into account.
In a surface condensing engine the duty of the air pump is to
merely pump the condensed steam and vapor from the condenserto
the hot well, whereas in a jet condensing engine it has to also take

the condensing water from the condenser, hence an air pump fora
surface condenser may be made

smaller than that or a jet con-

denser. As the air pump works against the pressure of the atmosphere, therefore the smaller it is the less of the engine power is
absorbed in working it.
* See page 407, Vol. II.
t See page 374, Vol. II.
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The injection cocks are regulated for opening by rods having
handles attached. If the injection cocks are not open wide enough,
the condenser will get hot and impair the vacuum, while if
opened too wide, the water

in the hot well will be cold and the

boiler feed will be cold. These cocks should be so regulated as to
keep the temperature in the hot well at about 100° Fahrenheit.
The parts of a marine engine that are exposed to danger in a
cold climate are all pipes through which cold water circulates, and
are liable to freeze.
The precautions necessary to prevent freezing in cold climates
are to cover all pipes liable to freeze, to keep the water circulating
through them, or to let it out of them if necessary, as in the case of

the engine standing.
A marine engine may fail to start, or may be prevented from
starting by the following causes :
Ist. The H. P. slide valve may be off, or away from its seat,
thus admitting the steam to both sides of the piston at the same
time.
2d. The engineer may have forgotten to disengage the hand
turning gear from the crank shaft.
3d. The propeller may be fouled with a piece of timber, or by a
chain or rope (these causes sometimes occurring when the ship is
in port), or there may be something wrong with the outer bearing
of the propeller shaft.
4th. In the case ofa propeller fitted with a banjo frame (for the
purpose of raising the propeller) the propeller may be locked.
5th. An obstruction, as a block of wood, in the crank pit may
prevent the crank from turning.
6th. The slide valve nut may have slackened back, thus loosen.
ing the slide valve.
7th. The slide valve spindle may have broken.
8th. When an engine has no auxiliary or starting, but an zmpulse valve that merely lets a puff of steam into the receiver, this
impulse valve may leak, and if the escape or relief valve on the
receiver is too much loaded, it may gag the H. P. piston by giving
it high pressure steam on both sides, and this may throw the valve
off its seat. Similarly, if the engine has an auxiliary or starting
valve, and it leaks, high pressure steam may be admitted to both
sides of the L. P. piston, thus gagging it and causing its slide
valve to throw back and away from its seat.
gth. The cylinders may be choked with water, and the drain
cocks choked up.
roth. The crank shaft bearings may be screwed up too tightly.
11th. The air or the circulating pump may be choked with
water, either the air pump overflow valve or the circulating discharge valve being secured down.*
12th. From the engines being allowed to stand a long time in
one position, and the glands being tootightly packed. An engine
should be turned a little daily when not in use.
13th. From the piston rings being set out too tight to the
cylinder bore.
14th. From the throttle or stop valve being shut, as from its
spindle being broken.
15th. From the eccentric sheave, or wheel, having shifted on
the shaft, some eccentrics having a key that is not sunk in the
sheave, which is done so that the eccentric may shift rather than
break if it should seize in its strap.
16th. From the H. P. piston leaking badly, or its ring being
* The air pump overflow valve should never be permanently fastened
down.

More engines have been broken down from this than from almost any other neglectful cause, because, from great leaks in the condenser tubes and engines standing for a length of time, a larger quantity of
water may require to be got rid of during the first few strokes of the
pump than can pass through the small air or vapor pipe, which Is usually
fitted from the hot well either into the bilge or else overboard.
Unless
the valve in this overflow pipe is heavy enough of itself (which is very
rarely the case), it should be loaded by a spring or weight, so that when
the puff of the air pump causes it to lift, and the vessel is rolling, sea
water may not pass into the hot well. To avoid this, some engineers
erroneously fasten this valve down.
An experienced engineer states that
in his experience five engines have been broken down from this cause

alone.

MARINE
broken, whitu will permit the cylinder to fill with steam and the
slide valve to unseat.
17th. If the engine has been overhauled, the forward eccentric
may have been connected to the wrong end of the link, thus giving an improper motion to the slide valve.
18th. The expansion may be set to cut off too early in the

stroke.
19th. From the air pump rod, or from the circulating pump
rod being broken, or from the valves being broken.

2oth.

From the cylinder casing or the receiver being cracked

so as to admit steam to both sides of the piston at the same time.

A defective vacuum, or loss of vacuum, may occur from the
following causes:
Ist, From the glands of the low pressure cylinder leaking.
2d. From the pet cock of the air pump being left open.
3d. From the joints of the connections about the condenser
leaking.*

4th.

From the condenser being cracked, and therefore leaky.

sth. From the injection cock or valve being closed.
6th. From the condenser tubes being foul for lack of being
cleaned. From the L. P. cylinder escape valves or cylinder cocks
being leaky, and therefore letting in air. —
|
7th. From the slide valve and piston of the L. P. cylinder leaking.
8th. From the air pump valve being leaky or broken.
From
the circulating pump being defective, as from having leaky valves.
gth. From the Kingston injection valve not being properly
opened, or from its outside orifice being choked.
roth. The bilge injection may be so connected with the air

pump cr condenser as to impair the vacuum when its valve is accidentally stuck and its stop cock is left open.f
The principal causes of heating are:
1st. The bearing caps being screwed down too tight.
2d. The bearings being left uncovered, thus allowing the brick

dust used for cleaning the machinery, the dirt from coaling the
ship, or the sand used for cleaning the decks, to get into the bear-

ing.
3d. The oil grooves in the brasses being worn out or too shallow, or the brasses not being cleared at the sides.
4th. Improper fitting of the distance pieces or fit strips between
the brasses.
5th. Bad oil or too light an oil.
6th. If the brasses are too slack and thump or pound, the back
of the brass may be stretched by pening, causing the sides of the
brass to close in upon and bind the crank journal or crank pin,
and this will cause heating.
For other information concerning the engine see as follows :
Page.

Angularity of connecting rod ..........+0- Gaedige stones 375
The slide valve........ se ab icuSastucshae cetata) icetape acalecade alraie @ielese eee 376
Double ported and griddle valves. .........ccceccevcccees 377
DalanceG Valves <ssgse.soithss.
een kaos hae See eee ees 377
PIStOl ValVeS 4 okang tose wee ae eis ne eee
areatea we 378

separate cut Off valves 4 6 <sa4csckdc
ities Sieh ee eee es 378
REVISING (C6ATSs 6.05 6 cess eo as ls sekg eee sw santos tadus 383
Finding the working results of a slide valve............... 376

Condensing en ginesy oss ius d.n& cies cw en Saeineeud ewes 442, 444
calculations on the mechanical powers...........-..0005: 405

* To discover a leak about a condenser, pass an exposed light, as a
candle, about the joints, etc., and where there is a leak the flame will
be drawn in towards the condenser.
¢ It is obvious that a defective vacuum may or may not prevent an engine from starting, according to the degree of defectiveness.

POL.

II.—

75.

ENGINES.

479
Page.

The unit of power........... coe vor ecoccccccccseesecs
GOT
Calculating horse power. 2:0 64 4s66. 0s Shines head ae Geel ees 407
Calculations of safety valves.........ccceeece i wenmion baa 409
leat, water; and st@am:ccsiccnsseiieiakccien
cae cewe west 410

The expansion of steam ..........-0000- » Sails hiwoiatecs
ee eats 411
The conversion of heat into work...... ccccseescccceeees 411
THE INGiICAtOr sc ws hice bese Mews RA eee ees Beeler 413
Indicator diagrams. ........--sseeeeeceeeseeeeeeees 414, 421
The baronietere 466-40 toa Shes: whens ae ot eae ees 415

Calculating the horse power from indicator diagrams....... 419
Finding the steam of water consumption from an indicator.
421

Figs. 3405 and 3406 represent a triple expansion marine engine,
the construction being as follows :
The high pressure cylinder has a piston valve and the interme.
diate and low pressure cylinders flat valves. Each cylinder has a
link motion, and all three link motions are shifted from the same
shaft, which is moved by a steam reversing gear.
Ata, Fig. 3405,

are the eccentrics for the link B, for the high pressure cylinder;
6’, &' are those for link B’, for the intermediate cylinder; and
c’ c' are those for the link c’, for the low pressure cylinder. From
each link are rods E, Fig. 3406, connected to arms on the shaft F
J, to an arm on which is connected the rod G, from the worm
wheel H, whose actuating worm I is on a crank shaft operated by
the small steam cylinder J. The slide spindles D work in guides,

and their cross heads C span the edges of the links, gibs being
provided to take up the wear.
The gear for turning the engine when there is no steam in
the main boilers is constructed as follows:
On the shaft of the wheel 7, Fig. 3405, is a worm # operating a
worm wheel Z, on whose shaft is a worm which operates the
large worm wheel shown on the main crank shaft.
Figs. 3407 and

3408 represent

the compound

engines

of the

steamship /op/ar, concerning which Zhe Engineer (from which
the engravings are taken) says:
‘Both the cylinders of these engines are fitted with piston valves,
placed at the back of the cylinders and worked by the single eccentric valve gear, which has been so largely adopted and so successfully carried out by this firm in triple expansion as well as compound engines. It will be noticed that whilst this valve gear permits of the cylinders being close together, it allows of the crank
shaft being made in two similar pieces, and affords exceptionally
long main and crank pin bearings, of the former of which there are
only three, instead of the usual four.

In the case of the Poplar the

cylinders are 29 in. and §5 in. in diameter and 33 in. stroke, and the
crank pins are I1 in. long, whilst the centre main bearing, which

does duty for both the engines, is 233 in. in length, each of the outer
bearings being 18 in. in length, the diameter of the crank shaft

being 94 in. Another very interesting feature about these compact
little engines is the design of the front framework.
Instead of the.
ordinary upright columns in front of each engine there is an arrangement which gives exceptional stiffness to the whole structure
whilst affordmg the fullest possible accessibility to the main working parts, and which has the appearance of an arch, from the
shoulders of which there are branches worked up to receive the
feet of the cylinders, thus accommodating the close centres and
providing for the support of the reversing wheel without in the
least obstructing the gear below. The condenser is divided horizontally through the centre on a plan strongly advocated by the
builders, the whole of the base of the engines being cast in one
piece and made level on the under side, so as to enable it to receive

support from, and be bolted to, the engine seating immediately beneath the crank shaft, as well as round the margin.”
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CHAPTER

XLI.—MARINE

|BSugoanseny for marine engines are, in England, made of special
qualities of plate, the best being termed Yorkshire, and a
nearly equal grade, Staffordshire. The plates for the shell, the
furnace bottoms and the gusset stays are made of Staffordshire,

superior construction, however, is to provide nuts and washers
to the ends of the stay tubes, one on each side of each tube
plate.
Boiler stays are usually made of such diameters that when new
they will sustain a tensile strain of not more than 5,000 Ibs. per
square inch of cross section, this being the rule of the Board of
Trade.
Stays are sometimes screwed into the tube plates and then

while the tube plates, furnace tops, and such parts as require to be
flanged and are subject to more intense heat, are made of Yorkshire plate, which has more ductility.

In the United States the grades of iron used for boilers are C
H No.1 S, or charcoal hammered No. 1 shell iron, for the shell,
and C H No. I F, or charcoal No. 1 flange iron, which is used for
the furnaces and such parts as require flanging.
In both countries steel is also used for boilers, except for the
tubes, for which it is not entirely reliable if very high pressures are
to be used.
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Boiler tubes are secured in their tube plates by being exfanded
in. This may be done by driving in a taper steel mandrel, and
then clinching them over, or by using a tube expander. There
are two principal kinds of tube expanders, in one of which small
rolls travel around the bore of the tube and expand it, while in the

Both the iron and steel plates are tested for tensile strength and

5

over at the outside

to let the ends of the stays receive a nut on each side of each tube
plate.

ductility.
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Fig. 3409.

The breaking strain is that which is sufficient to cause rupture,
while the froof strain is that which the metal is required to withstand with safety.
The safe working strain, or working pressure, W P, is the strain
under which it is considered safe to work the boiler.
The strength ofa boiler of a given diameter and thickness of
plate varies according to the construction of the riveted seams or
joints.
Boiler stays or braces are rods, ribs, or plates for supporting the
weaker parts of the boiler. Thus the tube plates may be stayed by
rods passing through both plates and screwed into them, or nuts
and washers may be used on the stays one on each side of each
tube plate.
Gusset stays are iron plates which are riveted to T irons or in
some cases to | irons, which are riveted on the surfaces to be
stayed.
Stay tubes are thick tubes (usually about 7s inch thick), which
screw into the tube sheets and are riveted over at the ends.

other a number of segments, held together by a spring, are foreed
outwards by a mandrel driven in by hammer blows.
Too much expanding is apt to weaken the tube close to the inside face of the tube sheet.
Boiler tubes leak first at the end which receives the greatest heat
from the fire, the leakage being caused by the expansion and contraction of the tube, which is obviously hotter than the water
which causes the tube to expand more than the boiler shell. The
remedy is to re-mandrel or expand the tube.
The scale that forms on the face of the tube sheet keeps the
water away from contact with the plate, which with an undue
thickness of scale will crack between the tube holes.
A tube that is split or that cannot be made steam tight by being re-mandrelled or expanded is plugged up at each end by means of
either wooden or iron plugs. The best plan, however, is to use
iron discs having a stepped diameter, so that one end will fit the
bore of the tube, and the other will form a shoulder that will cover

A | the end of the tube.

MARINE
Each disc has a hole through its centre, so that a wrought iron
rod or bolt may be passed through the hole and receive a nut
at each end.
Beneath the flange of each disc, a grummet of spun
yarn and white lead is placed, so as to make a steam tight joint
when the nuts are screwed home.
This stays the tube plates as

well as stopping the leaky tube.
If wooden

plugs are

used, they are

made a driving fit in the

tube bore, and driven through until they have passed the split, and
a second wooden plug is driven tightly from the same end of the
tube.
The up take of a marine boiler is the casing or passage way
through which the heat and gases pass after leaving the boiler.
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which gives a permissible range of 8 inches in the level of the
water in the boiler.
Test cocks are prevented from choking with scale by passing a
wire through the cock and clear into the boiler, a plug being provided, which, when removed by unscrewing, permits the insertion
of the wire.
This cleaning must obviously be performed when there is no
steam on the boiler.

A gauge glass is a glass tube whose bore is open to the boiler.
It is fitted at each end toa brass socket that is screwed into the

fore has fire on one side and steam ontheother.
It is therefore
under a collapsing pressure.
The furnace of a marine boiler extends from the fire door to the

boiler, each socket having a cock that permits communication between the gauge glass and the boiler to be shut off in case the
glass should break.
The bottom socket is also fitted with a cock,
which, on being opened, permits the water and steam to blow
through the gauge glass and clean it of scum or dirt.
The gauge glass must be plainly in sight, and placed at such a
height that when the desired quantity of water is in the boiler tt
will half fill the gauge glass.
Glass water gauges, instead of attaching to the boiler, are some-

combustion

(2. e., the box in which the heat of the fur-

times fitted to a fitting that connects to the top and bottom of the

nace passes before returning through the tubes).
The superheater of a marine boiler is a cylindrical vessel receiving the steam from the boiler, and delivering it to the main steam
pipe, whence the steam ts delivered to the engines, etc. When it

boiler, with the object of attaining, for the gauge glass, water free
from the scum and impurities which collect at and near the surface
of the water in the boiler. This fitting should have cocks in each
pipe leading to the boiler, so that in case the gauge glass breaks,
steam can be shut off from the boiler.
In some cases the test cocks are also attached to this fitting, andin
this case the construction should be such that shutting off communication between the gauge glass and the boiler will not at the same
time shut off communication between the test cocks and the boiler.
When the boiler is priming or steaming very fast, the gauge
glass may show a false water level, hence reading should be compared with that of the test cocks.
If the water gets too low, the first parts of the boiler to be injured will be the top of the flame box, or the combustion chamber,
and the top row of tubes, because they are the first surfaces that
the water will fall below and leave exposed to the heat without having water on the other side.*

A dry up take is one which is outside of the boiler, as in Fig. 3409,
which represents an outside view of a boiler such as shown in Figs.
3410 and 3411.
A wet up take is one which passes through the boiler, and there-

chamber

has no connection

with the up take, it may, however, be more

properly termed a steam driver, since it serves to separate the steam
from entrained water, and does not superheat the steam.
In some cases, however, the superheater takes the form of a
spherical ended cylinder standing in the up take.
The receiver of a marine boiler is a drum or cylinder that receives the steam from the boiler and from which the steam passes
through the steam pipe to the engine.
The receiver is by some
called the steam chest of the boiler.
The fittings essential for a marine boiler are: The safety valves;
the test cocks (or gauge cocks, as they are sometimes termed); the
water gauge glass; the stop valves; the check valve for the boiler
feed pipe, and the valves for letting on steam to the main engine
and such other engine or engines as may take steam from the
main boiler; the scum cocks; the blow off cocks; and a small
cock to enable the drawing of water from the boiler to test its degree of saltness.
There are two kinds of safety valves, the dead weight and the
spring loaded.

A dead weight safety valve is one in which the valve is held to
its seat by dead weight, the objection to which is, that when the vessel rolls the effect of the weight or weights upon the valve is diminished; hence under heavy rolling the steam may blow off at a
less pressure than the valve is set for.
.
A lock up safety valve is a dead weight safety valve, the top of
whose spindle is provided with a cast iron cap or bonnet with two
handles on.
This cap is keyed to the spindle, and the keyway is
so disposed that no extra weight can be added to the valve, while
at the same time the valve can be lifted from its seat and turned
around.
A spring loaded safety valve is one in which the valve is held
down by the pressure of a Spiral spring, and this pressure will obviously not vary, no matter how much the ship rolls.
In proportion as the valve lifts and the spring compresses, its resistance increases, and this tends to impair the accuracy of the
valve.
This, however, is offset from the fact that when the valve
rises from its seat it presents a greater area for the steam to act
against.
The area of safety valve required by the English Board of

Trade is about 4 square inch of valve area per square foot of fire
grate area.*
There are

three test cocks, which are sometimes placed in a
diagonal row on the front of the boiler, and sometimes on the fitting for the gauge glass. The top test cock shows highest level to
which the water should rise in the boiler, and the lowest one the
lowest level, the middle cock indicating the average.
There is
usually a vertical distance of about 4 inches between the test cocks,

* See page 409, Vol. T! . for safety valve calculations,

The pressure in the boiler is shown by a steam gauge, pressure
gauge, or dial gauge as it is promiscuously called.
A Bourdon dial gauge or pressure gauge consists of a dial casing,
centaining a hollow thin brass hoop, oval in cross section, which
receives steam from the boiler.
This hoop is fixed at one end, while the other end is closed and
free to move.
The free end is connected by asmall link to a
toothed sector, which gears or engages with a small pinion fast
upon the spindle of the pointer or needle.
When the steam is admitted into the hoop, it straightens out or expands in diameter to
an amount that is proportionate to the amount of the pressure
within the hoop, and thus causes the needle or index pointer to revolve, and denote from the markings or readings of a dial plate
the amount of pressure within the hoop.
If the pressure within the hoop is released, it will move to its
normal or zero position. In the course of time, however, the hoop
is apt to get a slight permanent set and not indicate correctly.
It
may, however, be approximately tested for accuracy by testing its
readings with that of the safety valve.
The working parts of the gauge, and its casings also, are made
of brass, so that they shall not corrode, and to prevent the heat of
the steam from permeating the gauge and impairing the action
from expanding the parts, a small quantity of water interposes between the gauge and the steam, the construction being as follows:
Outside the gauge casing the steam pipe is bent into a loop forming an inverted syphon which is to contain the water.
At the lowest point in the bend of the syphon a small cock is
inserted, which lets the water out of the leg of the syphon nearest
to the boiler, because waterin that leg would, from its weight, cause
the gauge to show a pressure higher than that in the boiler.
The pressure shown bya steam gauge is that above atmosphere,f
and not that above vacuum.
* See page 370, Vol. II., on low water in boilers.

+ See page 367, Vol. II., for remarks on total pressure and preseure by
gauge.
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The stop valve of a marine boiler is a valve that is opened to let
the steam into the main steam pipe.
A blow off cock is a cock employed to blow off, or let all, ora
part of, the water out ofa boiler. There are generally two, one
on the bottom of the boiler, and

the other at the ship’s side, so

that if the pipe was to break or get damaged, the cock at the
vessel’s side can be closed to keep the sea water out, while that
on the boiler may be closed to keep the water and steam in the
boiler. These two ends cannot obviously be obtained if one blow
off cock only was used.
Blow off cocks are opened and closed by a spanner or key that
is removable from the cock, and to prevent the possibility of taking
off the spanner or key, before the blow off cock is closed, a spanner
guard is employed.
A spanner guard is a cap having a lug or tongue, which projects
into the hole in the spanner guard, through which the spanner or
key must pass before it can fit on the head of the blow off cock,
and the key or spanner has a corresponding recess, so that the
spanner or key can only be put on or taken off when the cock is
closed.
Blowing off a boiler is emptying it entirely, as for examining the
whole interior of the boiler.
Blowing down a boiler is letting out a portion of the water, so as
to carry off the loose scale, mud, or sludge that may accumulate
on the bottom of the boiler. The mud or sludge would form into
scale if allowed to remain.
A scum cock is a cock employed to blow off a portion of the
surface water in a boiler, and thus remove the scum, salt, and im-

purities which float or are thrown up to the surface.
Two scum cocks are employed, one on the side of the boiler, and
one on the side of the ship. These two cocks are connected by a
pipe. Thaton the boiler is placed a little below the working level,
which is supposed to be (and is kept as nearly as possible) about
g inches above the top row of tubes.
Sluice valves are doors sliding, water tight, in ways at the entrance to the bulkheads on both sides of the ship. They should
be worked from above, in order that they may be shut when the
depth of water in the bulk heads might prevent them from
being worked from below.
These valves should be operated
occasionally to ensure

that they slide easily and are in working

order.
Scale in marine boilers using salt water is composed of sulphate
of lime. It 1s most objectionable on the furnace tops, on the sides
and tops of the combustion chamber, on the tubes and on the tube
plates. It may be prevented to some extent from forming by a
rapid circulation of the water in the boiler, by blowing down the
boiler through the scum cocks, by the suspension in the boiler of
zinc plates in contact with iron ones, by impregnating the water
with chemical antidotes, which maintain the impurities in the
form of mud or sludge, and

by purifying

the feed water.
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it is washed out of the boiler. The efficiency with which scale
may be removed from the tube sheets and tubes depends, to a

great extent, upon the facilities the arrangement of the rows ol
tubes affords in giving access to the scaling chisels.
The salinometer.

Salt water is heavier

than fresh water, hence

the amount of saltiness of water may be known from its density or
weight. A salinometer is an instrument that determines from the
density of the water the amount of salt contained in the water. It
consists of a graduated stem at whose extremity is a weighted bulb
which partially sinks the tube in the water ; the depth to which
the bulb sinks shows the density of the water.
The reading of a salinometer is taken at the water level, and
is read on the tube, which is graduated as follows: The mark
furthest from the bulb or highest up the stem is marked 0, and if
the zero line is level with the surface of the valve in which the salinometer floats, it indicates fresh water.
If salt be added to the
fresh water, the salinometer will rise in the water, and when the

water contains I lb. of salt to 32 lbs. of water (which is the average
degree of saltiness of sea water), the line marked

yg on

the sali-

nometer tube will be level with the surface of the water.

If the

saltiness of the water be increased, the salinometer will rise in the
water until, at 2 lbs. of salt to 32 lbs. of water, a line (on the tube)

marked ¥ will be level with the surface of the water.

The

space

between. the gs and 4%; is divided into halves and quarters.
As the density of the water varies with its temperature, therefore
the readings on the salinometer must agree with some specific
temperature, which is usually 200° Fahrenheit, and the reading
of the salinometer is correct only when the water is at that temperature. If, however, the water varies a few degrees from the
standard of temperature for which the salinometer is marked, a
correction of the reading may be made by adding ¢ of yxy for each
1c degrees, that the water is hotter, or subtracting the same for
each 10 degrees that it is cooler than the temperature at which the
salinometer is correct.
The density or specific gravity of ordinary sea water is 1.027
(that of distilled water being unity or I), and it contains about 4
oz. of salt per imperial gallon.
Tallow is sometimes forced into a boiler fed with salt water to
stop priming, by means of a syringe that is screwed into a tallow
cock provided upon the boiler below the water level. If the boiler
is fed with fresh water, tallow is apt to cause priming.
Angle irons are used in boiler construction to be riveted to
plates that require supporting or strengthening, or for gusset stays
to be riveted to. Flanged plates are used in the construction of
the furnaces, flame,

boxes

or combustion

and tube plates or tube sheets.
Division plates are fitted in some

chambers,

boiler ends

boilers to prevent the water

from passing from one side of the boiler to the other when the
vessel rolls heavily. This prevents some of the tubes from be-

If sur- |. ing left uncovered

face condensers are used, scaling is obviously diminished by feeding as little salt water as possible, which may be done by not getting up a steam pressure high enough to cause the safety valve to
blow off, and by preserving the water from the exhausts of the
-donkey or other engines about the ship.
A thin coating of scale, as sayys inch thick, may serve as a protection against the chemical action of water that would act to corrode the surfaces, as in the case of harbors receiving the waste
waters from chemical works or other impure waters. A thick coating of scale causes the plates to burn on the side receiving the furnace heat, and causes blisters to rise, while at the same time it de-

creases the value of the heating surface.
Scale on the tubes causes them to expand more, and therefore

Jeak in the tube sheets.
This extra expansion sometimes breaks away the scale at the
neck of the tube in the tube sheet and gives access to the water
there, and the chemical action of water will in some cases cause
the tube to be eaten through close to the tube plate.
Scale is removed mechanically by chisels, scrapers and chipping
hammers, which are applied to all the surfaces that can be got at
from the inside of the boiler (the man hole affording access to the

boiler).

SHOP

After the scale has thus as far as possible been removed,

by water, and thereby getting injured from
undue heat.
These division plates are neither steam nor water tight, and
stand fore and aft of the ship. Similar division plates are sometimes used, however,

to prevent

the tops of the combustion

boxes

from getting overheated from the motion of the ship leaving them
uncovered with water, their location being subserved to this end
and varying with the position of the boiler.
The superheater of a marine boiler is provided with a safety
valve, and sometimes with a pressure gauge to enable the comparing of the steam pressure with that in the boiler, and should also
be provided with a gauge glass, to show when heavy priming is
going on.
The main stop valve is upon the superheater, as is also the blast
pipe.
Priming is a lifting, into the steam space of the boiler, of a part

of the water, and may arise from heavy firing, from the safety
valve blowing off, from too little steam space, and from other
causes.
Priming* often occurs when the boiler feed is changed from salt
water to fresh water, or from fresh to salt water.

* See page 370 Vol. II., on priming.

MARINE
A separator or intercepto1 is a device fitted to either the superheater or to the steam receiver, for separating entrained water
from the steam. It consists of a rectangular box or chamber
with a partition platc extending from the top half down into the
box.
The entering stean. strikes the face of the partition plate against
which the water collects, and from which it drops to the bottom
of the box, while the steam passes under the partition and out at
ihe other side to the engine.
The draught of a boiler is caused by the heat expanding the air
and lightening it, thus causing it to ascend.
It can be checked by
stopping the exit of heated air up the funnel by means of a damper,
by checking the flow of cold air into the furnace, by closing the
dampers, by opening the furnace doors and letting cold air in the
furnaces above the fires.*
A blast pipe is asmall pipe leading from the superheater to the
funnel, and provided with a stop cock.
It is used for letting a jet of steam up the funnel to promote
the draught.
Flame seen at the top of the funnel is caused by the combustion
of gases that would have been consumed in the furnace had there
been sufficient air or sufficient room for complete combustion.
It may be caused in a variety of ways, as insufficient openings
between the fire bars, too narrow a space between the bridge wall
and the boiler, or too deep a fire upon the bars. It is detrimental,
because it obviously wastes fuel.
Dampers are used to regulate the draught in the furnace; they are
fitted to the ash-pits or to the funnel, and should be fitted to both,

because closing a damper

inthe funnel sets up a certain amount

of pressure in the furnace by holding the heat, whereas dampers
at the ash pit doors and none in the funnel lets the heat out and
prevents cold air from getting in to promote combustion.
When there are no dampers the furnace doors are open instead,
to check the draught; this is, however, highly injurious to the
boilers.

The most rapid wasting of the plates of a marine boiler occurs
alongside

the fire bars, on the furnace

flame box or combustion

tops, at the back of the

chamber, and in those plates generally

that receive the most intense heat, and especially when they are
heavily coated with scale and are not covered with water.

The scale that forms on the face of the tube sheet keeps the
water away from contact with the plate, which, with an undue
thickness of scale, will crack between the tube holes.

A tube that is split or that cannot be made steam tight by being
re-mandrelled or expanded is plugged up at each end by means of
either wooden or iron plugs. The best plan, however, is to use
iron discs having a stepped diameter, so that one end will fit the
bore of the tube, and the other will form a shoulder that will
cover the end of the tube.
Each disc has a hole through its centre, so that a wrought iron
rod or bolt may be passed through the hole and receive a nut at
each end. Beneath the flange of each disc, a grummet of spun
yarn and white lead is placed, so as to make a steam tight joint
when the nuts are screwed home. This stays the tube plates as well
as stopping the leaky tube.
If wooden plugs are used, they are made a driving fit in the tube
bore, and driven through until they have passed the split, and a
second wooden plug is driven tightly from the same end of the
tube.
Black smoke is an evidence of incomplete or imperfect combustion, and may be, to a great extent, prevented by careful firing, as
by feeding gradually and evenly, by the admission of the proper
quantity of air, or bya jet of steam admitted above the dead
plates.
The furnace bars are ordinarily of cast iron about I} inches thick
at the top, tapered towards the bottom, and with an air space of
from } to inch between them.
They require less air space for Welsh than for Newcastle coal,
as the latter is the flaming or gaseous coal, and burns the fastest.

* See page 268, Vol. IT.
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The quantity of coal burned in marine boiler furnaces is about
15 lbs. per square foot of fire grate area per hour; hence the quantity burnt per day with common average engines with 4 furnaces,
3 feet wide and 5 feet long, may be found by multiplying the area
of the 4 furnaces (60 feet) by the number of Ibs. (15) burned per
foot of grate per hour, which will give the total lbs. weight burned
per hour, which, divided by 112 lbs., will give the hundredweight
burned per hour, and this, multiplied by the number of hours reckoned as constituting a day, gives the fuel consumption per day,
based upon I5 lbs. coal per square foot of fire grate area.
The number of tons of steam coal burnt per day to drive an ordinary steamer of 40 feet beam Io knots an hour by steam alone
(or without sail), will depend upon the kind of engine used. Experience teaches us that with average.vessels, the beam squared
equals the consumption of coal for 40 days, in the case of an ordinary jet condenser engine; 50 days with a surface condensing engine ; and 60 days with a compound engine; hence, in the present
example, assuming the engine to be jet condensing, we may calculate the fuel consumption per day, for a vessel 40 feet beam giving Io knots an hour, as follows :
The beam squared gives 1600 (40 x 40 = 1600), which divided
by 40 (40 days) gives 40 tons per day. For surface condensing the
1600 would be divided by 50, giving 32 tons per day; and fora
compound engine the 1600 would be divided by 60, giving 26 tons

134 cwt. per day.
It is obvious, however, that calculations of this kind, in which

the ratio of expansion is not stated, are the merest approximations.
The number of tons of steam coal that will be burnt per day
witha pair of average surface condensing engines having cylinders
50 inches in diameter will be, under average conditions, 16 tons
per day, the calculations being based upon the common assump-

tion that the diameter of one cylinder squared and divided by 100
gives the consumption of fuel in tons per day for condensing engines not compounded ; thus, 40 x 40 = 1600 + I00 = I6 tons of
coal burned per day.
Here again, the ratio of expansion not being specified, the calcu-

lation has no real practical value.
If at sea and short of coal, bear in mind that the consumption of
fuel per mile run is greater for fast than for slow speeds; hence the
following points should be attended to:
Reduce the speed of the ship to say half the usual.
Regulate
the fire so as to keep up full boiler pressure without blowing off.
This will allow the expansion or cut off valve to be set to cut off
early in the stroke, and thus save steam.
If, under these conditions, the steam should sometimes blow off at the safety valve,
cover up part of the fire grate area.
Use a thin, rather than a thick, fire, but be careful that it is not
so thin as to let currents of cold air pass through.
To RELIEVE THE BOILER IN CASE OF EMERGENCY.—Suppose an engine breaks down at a time when the fires are heavy
and going full, that the steam gauge shows blowing off pressure,
but that the safety valve is stuck, or from some cause or other is
prevented from blowing off, and cannot be eased or lifted, and the
following is the course to be pursued:
ist. Close the ash pit dampers and open the smoke box door
and fire door.
If there are no ash pit doors, close the damper in
the up take and open the fire and smoke box doors.
2d. Start the donkey engine to feed cold water into the boilers.
3d. Start the steam winches, and any other small engines that
take steam from the main boilers.
4th. Slacken the escape valves, and open the drain cocks of
the cylinders and receivers, and steam will blow through the H. P.
cylinder escape valve and drain cock at once.
The H. P. slide
valve may then be worked by hand, back and forth, to let steam
pass into the receiver and blow through its escape valves and
drain cock.
5th. Open the scum or brine cocks and keep them open, also
open all gauge or test cocks, etc., about the boiler.*
*It is not safe to draw the fire at a time when the pressure is at a
dangerous point, especially if heavy, as disturbing it may temporanily increase the combustion and the danger of explosion.
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Fig. 3410

Figs. 3410 and 3411 represent an example of a steel marine :seams are made with butt joints treble mveted, and with double
boiler, designed for a working pressure of 160 lbs. per square inch, | butt straps.
The circumferential seams are lapped and treble riveted.
with a margin of safety of 5.
Fig. 3412 represents the ‘‘ Martin” boiler for marine engines.
The dimensions are as follows:
Diameter of shell. ....... seer
oh aia 12 feet
Shell plate. c2y0dcs
Ges caeencae Sayaae owt
Front and back upper plates. .......... .
Back rivet plates. ................ sie ace at
Back lower plates...
2.2... 66. 6.0 ee eee
Front tube plate ...............6. bei nseasees
Front lower plate...
......... 0.2.2. saacyPurnaGeS cts Secctu. 16 caneieeetan
tues
Inner tube plates: cs; xciudeackeriedeaeacce
Combustion chamber back... ............
Combustion chamber sides ...........4..
Outer sides of wing combustion chambers.

6 inches.
1+ ‘*
thick.
2 “
_
5
.
ci
+e SS
is
pee
ns
oo
a
si
$3
$e“
a“
}%

And bottom of centre one to be.......... ts
Shell of receiver. ..... iMtwcacetcuanenan -ts
Beds of receiver

. 0 .......... is:

riveted joints have

all holes

ae

‘

“
7

. Setea..

Receiver connecting pipe. .......... Soles,
The

“

drilled.

*

a

oe

The

In the return flue there are a number of vertical water tubes which
are very effective in promoting circulation as well as in generating steam.
These boilers are used largely in the United States
navy for moderate pressures.
The following upon the testing and examining of a boiler of this
class is from Wedern Steam Boilers:
‘“Every new boiler should, when complete, be tested by water
pressure

to double the amount of the intended working pressure;

for while the wisdom of applying as high a pressure as three times
the working pressure, which is sometimes done, may be questionable, experience has shown that a test by hydraulic pressure will
reveal defects that would otherwise be apt to pass unnoticed.

‘For instance, when the top plate of a combustion box is stayed
against the pressure by girder stays that are not stayed to the
boiler shell, the girder stay merely acts to stiffen the top pian, and
-as a result the whole pressure on the area of the top plate falls on

the walls of the combustion box. The back tube plate therefore
longitudinal ! springs down and transfers part of this pressure to the furnace,
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ural shape, pulling the tube sheet back and flattening the furnace.
The amount of distortion may be only 7; inch in some cases, but

causing it to become elliptical, as may generally be found by the
application of rod gauges fitted to it before testing and tried

that is sufficient to show the existence of unequal strains which require attention in boiler designing.

vhile the pressure is on.

‘‘ This flattening under test naturally drew attention to the de-
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Fig. 3411.

fectiveness of girder stays. Anuther instance may be given with
reference to gusset stays, which, if fitted so as to support too large
;

‘This brings us to the important fact that in almost every instance where the furnaces of marine boilers collapse, they come
ie
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Fig. 3412.

an area of back plate, in proportion to the area of combustion
it supports, may cause the combustion

box

box to distort from its nat-

down at the sides, notwithstanding that when collapse occurs from
overheating, the crown of the furnace must have been left bare of
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water first, and should therefore come down first, flattening the |@ coating of red scale, which requires to be chipped awa \y otfore
turnace at the top. ‘his points to the conclusion, that the top of the pit holes are brought to light.
the furnace received some extraneous support.
‘“‘Corrosion by galvanic action may have produced honey comb‘*When a furnace collapses from corrosion, it naturally gives ing or a general attack over the surfaces, which have a dark or
way at the most corroded part. An hydraulic test to twice the dark and sparkling appearance, the latter more particularly when
working pressures is recommended for new boilers only, unless it corrosive action has been very active.
‘* Of these various classes of corrosion that which is the most
be small vertical cylindrical and steam launch boilers, which may
deceiving is that which attacks the plates over the largest surface
always be subjected to the same test as new main boilers.
of the plate, leaving at the same time an apparently smooth exterior
‘*In the case of old main boilers, however, and particularly rectangular ones, an hydraulic test of less than twice the working
surface, for in this case the extent of the waste cannot be so clearly
pressure may be employed, the amount being governed by the detected by the eye, and the only reliable way of testing the thickness is by drilling a hole through the plate.
circumstances of the case. If, for instance, a boiler has undergone
a thorough repair and received new furnaces, then every part of
‘‘ The flanges of the furnaces should always be examined in the
the boiler should have received proportionate consideration and bends, for flaws, for such defects, although not very common, do at
an hydraulic test depending upon the judgment of the responsible
times unexpectedly make their appearance, and might, if not deengineer, but not less than one and one-half times the working
tected, be the means of breaking the boiler down at sea. This
part of the inspection being made, any drilling that is to be done
pressure should be made, while one of one and three-quarter times
to ascertain the thickness of suspected plates may be proceeded
could scarcely be objected to. This, however, is a subject upon
with before the rest of the inspection is made.
which there is some controversy, especially in the case of old boilers
“It may, however, be well to remark that a very common defect
having a good foundation of strength, but pa.ched or local weak
is the wasting away of the combustion box plates around the necks
spots, such as combustion chamber backs and sides, these patches
having been, perhaps, made with a view to a more extensive repair of the stays or the internal surface of the plates, and it is a usual
in the near future.
thing for deposits to accumulate around these necks, hence, unless
‘“In such a case as this an hydraulic test sufficient to prove the these deposits have been removed (particularly in the case of boiers about three years old), the true condition of the boiler may
tightness of the seams and joints may, perhaps, be ali that is absonot be known.
lutely essential.
‘* After a boiler has been tested by hydraulic pressure it should
be examined internally, as it sometimes occurs that a stay may
break under the test (especially if gusset stays are employed), and
the extra strain thrown on the adjacent parts may cause them to
fail, and

thus

cause

the

destruction

ot the boiler when

under

strain.
‘‘'When an examination is to be made inside and outside of a
boiler, the boiler must be properly prepared for the same, which
may be done as follows:
‘‘ The tubes should be swept; the furnace cleaned out; the fire

‘‘ The plate around the man hole door should next be examined,
a great defect from waste at the surface that makes the water tight
joint. Next comes the man hole door itself, which should have
the rubber or other material used to make the joint cleaned off, for
cases have occurred where the surface beneath was found apparently sound, whereas the application of a chisel showed that the
iron was so corroded that but little iron was left in the flange, causing

great surprise that the whole door had not blownout.
This defect
may generally be looked for in old boilers, and serves to emphasize
the necessity for strong wrought iron doors.
‘* The outside surfaces of the end plate in the vicinity of,the furbars should be taken out; the bridges in the furnace should be
nace
fronts are a great source of trouble in some boilers, particularly
taken down; the up take smoke box and combustion box should
where plane furnaces are fitted and flush rivets used for connecti..g
be cleaned out and swept; every man hole and hand hole or peep
them to the end shell plates.
hole door should be removed; the bottom of the boiler should be
‘“‘ The insides of the furnaces and combustion boxes next require
cleaned out and dried (in damp weather a little heat may be necessary
attention.
The most common defects here are lamination of the
for this purpose); all impediments, if any, shouldbe removed in
order to allow the bottom outside to be inspected ; at the time of furnace plate (if of iron), slight collapsing of furnaces, wasting of
the furnace plates (particularly when anthracite coal has been used),
inspection a few mats, good lights, a hand hammer and small
and wasting when the fire bar bearers or bridges have rested
chipping hammer should be at hand.
In the case of a boiler having any plates weakened by corrosion, a $ inch tapping drill with a against the plate.
‘‘In the combustion box the buckling of flat plates may have
drilling brace should also be provided to test the thickness of such
- occurred; plates may have wasted from leaks, distortion of the
plates if considered necessary.
“‘The safety valves should invariably be taken out for examinacrown sheet from shortness of water may have occurred, or tubes
may leak, and whenever, after sounding with the hammer, doubt
tion, and it is a commendable feature sometimes followed to take
out the feed valves, stop valves, blow off and brine cocks; at the exists as to the strength of the plate, a hole should be drilled
through to test the thickness.
same time, all the deposits that would prevent a thorough exam‘‘The wing sides of the furnace may next be examined (through
ination of the boiler should be removed.
In some cases, however,
the usual peep holes or by having a boiler mounting taken off
there may not be time for the scaling before it is necessary for the
for the purpose), and the shell plating on the sides of the boiler,
repairs to be gone on with, and, in that case, a good examination
may with care be made by an experienced man.
paying special attention to the plates where the feed water.enters.
‘*'We may next examine the outside of the bottom of the boiler,
‘*To proceed, then, with the examination, the boiler should be
entered through the man hole door beneath the furnaces, examinwhich should never be totally inaccessible to the eve, and should
ing the boiler bottom and the bottom and sides of the furnaces all always be capable of being reached by a long-handled paint brush,
the way along, and on arriving at the end of the boiler the water
for if kept well painted, the bottom of the boiler is, so far as the
space and stays at the backs of the combustion boxes can be examexterior is concerned, as durable as the other parts of the shell.
ined as well as the midship combustion box stays and plates. In
‘If, however, the bottom is not kept painted and gets damp,
an old and corroded boiler it may be found necessary to use a chip- and more particularly from bilge water, it will corrode rapidly, and
ping hammer very freely about the furnaces, particularly below the
the boiler must be lifted for examination.
Under these circumlap of the furnace.
stances a new boiler mus¢ at five years, at the very most, be lifted
“‘The most corroded part of a furnace will generallybe found
for examination, and if found comparatively good it should not be
about on a line with the fire bars, but the furnaces may have suf- taken as an indication of the probable condition of any other boiler
fered from some other cause than the corrosion due to ordinary
working under similar conditions, for the only means of avoiding
wear, as, for example, from chemical or galvanic action, and in that
a great nsk in this matter is to rigidly inspect.
case they may be found comparatively good at the sides but with
‘* In the case of flat bottomed boilers in small vessels a good rethe extreme bottoms in a dangerously corroded state, perhaps in the sult has obtained by placing them ona bed of cement, which if
form of pit holes extending half through the plate and Aidden by properly done excludes the bilge water from approaching the plate;
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our cven this precaution would scarcely be sufficient to justify an

ercised before dispensing with the provisions ordinarily made to

engineer in neglecting to lift the boiler at reasonable periods for
examination of the bottom.
‘¢ The internal examination of the boiler is continued from the
top by examining the stays in the steam space, the tube and tube
plates, getting down between the nests of tubes and reaching the
crowns of the furnaces.
The surface of the shell plates should also
be examined, more particularly if the boiler contains plates subject

prevent it.
‘¢For circular tubular boilers, having a working pressure of from

to heat on the outside and steam

on the other (as in the case of

wet up take boilers), for under these conditions a steel plate may
become as weak and unreliable as a piece of cast iron.
‘‘If the boiler is fitted with the superheater, the examination of
the latter is of the utmost importance, as rapid destruction is here
acommon occurrence.
In the case of a circular marine boiler of
any size, nothing need be taken for granted, even though an hydraulic test be made up to twice the working pressure, because there is
room for a thorough internal inspection which may disclose defects that would not be shown from the hydraulic test. The
proper proportions of fire grate surface, heating surface, steam
space, etc., in a marine

boiler differ with

engine, and
ployed.

pressure

the steam

and

the type of boiler and

degree

of expansion

em-

‘‘Upon the question of steam space, for example, it is asserted by
many that marine boilers are not so liable to prime under the
higher pressures, and as a result of this asserted fact the steam
receiver is in some cases being dispensed with.
‘‘It may be observed, however, that priming to any extent is
so costly and detrimental that much consideration needs to be ex-

60 to 80 Ibs. per square inch and to be used for compound engines,
the following proportions represent current practice.

“Ist. One square foot of fire grate area to every indicated horse
power of the engine.

‘2d.

28 square feet of heating surface * to 1 square foot of fire

grate area.

“3d.

6% to 8 cubic feet of steam

space

to each square

foot of

fire grate area

“ath.

8 to 10 square feet of tube surface to the total heating

surface in single ended boilers.
“sth.
84 to Io is about the ratio of tube surface to the total
heating surface in double ended boilers.

“6th. The diameters of boiler tubes should be about one-half
inch for each foot of length of tube. If less, the tube is liable to
choke.
About 14 cubic feet of steam (of from 60 to 80 Ibs. pressure) should be made for each square foot of fire grate area.
‘Each square foot of fire grate will burn from 13 to 18 lbs. of
steam coal per hour.
About 1} cubic feet of live steam (of the
above pressure) is required for each indicated horse power.”
* The heating surface here referred to includes the total interior surface of the tubes, the sides, backs, crowns and tube plates of the combustion boxes, and that part of the furnace that is above the level of the fire
bars, but does not include the front tube plate (z. ¢., the tube plate in the
smoke box).

CuapTer

XLII.—HARDENING

| greens and tempering processes are performed upon
steel for three purposes :
1st. To enable it to resist abrasion and wear.
2nd. To increase its elasticity.
3rd. To enable it to cut hard substances and increase the durability of the cutting edge.
Of these, the first is the simplest, because the precise degree of
hardness imparted is not of vital importance.
The second is more difficult, because the quality of the steel
employed for such purposes is variable, and hence the tempering
process must be varied to suit the steel. The third is of the
greatest importance, because the articles to be tempered are the
most expensive to make, the duty obtained is of the greatest consequence to manufacturing pursuits, and the fine grade of steel
employed renders it more liable to crack in the hardening process.
In those mechanical parts of machines which are hardened to
resist abrasion and wear, the quality or grade of the steel is very

often selected with a view to obtain strength in the parts and ease
of mechanical manipulation in cutting them to the required shape,
rather than to the capacity of the steel toharden.
Hence, tougher
and more fibrous grades of soft steel termed ‘‘ Machine’”’ steel,

are employed, meaning that the steel is especially suitable for the
working parts of machines. This class of steel is ofa lower grade
than that known as ‘‘tool’’ steel.

It is softer, works, both on the

anvil and in the lathe, more easily, and will bear heating to a
higher temperature without deteriorating.
It approaches more
nearly to wrought iron, and is sometimes made of so low a grade
as to be scarcely distinguishable therefrom.
The kinds of steel used where elasticity is desired are known as
spring steel, blister steel, and shear or double-shear steel, although,
for small springs, steel of the tool-steel class is often employed.
The word femfer, as used by the manufacturer of steel, means
the percentage of carbon it contains, the following being the most
useful tempers of cast steel.
Razor Temper (14 per cent. carbon).—This steel is so easily
burnt by being overheated that it can only be placed in the hands
of a very skilful workman.
When properly treated it will dotwice
the work of ordinary tool steel for turning chilled rolls, &c.
Saw-file Temper (1# per cent. carbon).—This steel requires
careful treatment, and although it will stand more fire than the
preceding temper should not be heated above a cherry red.

Zool Temper (1¢ per cent. carbon).—The

most useful temper

for turning tools, drills, and planing-machine tools in the hands
of ordinary workmen.
It is possible to weld cast steel of this
temper, but not without care and skill.
Spindle Temper (14 per cent. carbon).—A very useful temper
for mill picks, circular cutters, very large turning tools, taps,
screwing dies, &c.
This temper requires considerable care in
welding.

Chisel Temper (1 per cent. carbon).—An extremely useful
temper, combining, as it does, great toughness in the unhardened
state, with the capacity of hardening at a low heat. It may also
be welded without much difficulty.
It is, consequently, well
adapted for tools, where the unhardened part is required to stand
the blow of a hammer without snipping, and where a hard cutting
edge is required, such as cold chisels, hot salts, &c.

Set Temper (§ per cent. carbon).—This temper is adapted for
tools where the chief punishment is on the unhardened part, such
as cold sete which have to stand the blows of a very heavy
hammer.
Die Temper (3 per cent. carbon).—The most suitable temper
for tools where the surface only is required to be hard, and where
the capacity to withstand great pressure is of importance, such as

stamp'ng or pressing dies, boiler cups, &c.

Both the last two

AND
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tempers may be easily welded by a mechanic accustomed to weld
cast steel.
The preference of an expert temperer for a particular brand of
steel is, by no means, to be taken as proof of the superiority of
that steel for the specific purpose. It may be that, under his
conditions of manipulation, it is the best, but it may also be that,
under a slight variation of treatment, other brands would be equal

or even superior.

It may be accepted as a rule that the reputa-

tion of a steel for a particular purpose is a sufficient guarantee of
its adaptability to that purpose, and all that is necessary to a
practical man is to be guided by the reputation of the brand of
steel, and only change

when

he finds defects in the results, or

ascertains that others are using a different steel with superior
results.
Where large quantities of steel are used the steel manufacturers
in many cases request customers to state for what particular purposes the steel is required, their experience teaching them what

special grade of their make of steel is most suitable.
To harden steel it is heated to what is termed a ‘‘ cherry red ”’

and then dipped into water and held there until its temperature is
reduced to that of the water.
Tempering steel as the blacksmith practises it consists in
modifying, lowering, or tempering the degree of hardtiess obtained
by hardening. The hardening of steel makes it brittle and weak
in proportion as it is hardened, but this brittleness and weakness
are removed and the steel recovers the strength and toughness
due to its soft state in proportion as it is lowered or tempered.
When therefore a tool requires more strength than it possesses
when hardened, it is strengthened ‘by tempering it. Tempering
proceeds in precise proportion as the temperature of the hardened
steel is raised. When the steel is heated to redness the effects of
the hardening are entirely removed, and the steel, if allowed to
cool slowly, is softened or annealed.
To distinguish maximum
hardness from any lesser degree the terms to give the steel “all
the water,’’ or to harden it ‘‘ right out’’ are employed, both signifying that the steel was heated to at least a clear red, was cooled

off in the water before being removed from the same, and was not
subsequently tempered or modified in its hardness.
Ifa piece of
steel has its surface bright and is slowly heated, that surface will
assume various colors, beginning with a pale straw color (which
begins when the steel is heated to about 430°) and proceeds as in
the following table :—
Fahr

Very pale yellow.
Straw yellow
:
‘
Brown yellow.
Light purple
;
Dark purple
:
Clear blue .
‘
:
Pale blue .
:
:
Blue tinged with green

‘
‘
‘
;
:
‘
:
;

:
:
;
‘

.
‘
:

;
:
;
;
:
,
‘
;

;
.,
;
:
;
:
;
:

.
.
.
.
.
.
.

430°
460
500
530
550
570
610
630

It happens that between the degree of hardness of hardenci
steel and the temper due to reheating it up to about 600° Fahr. lie
all the degrees of hardness which experience has taught us are
necessary for all steel-cutting tools. Hence we may use the
appearance of colors as equivalent to a thermometer, and this is

called color-tempering.

The presence of these colors or of any

one of the tints of color, however, is no guarantee that the steel
has been tempered or possesses any degree of hardness above the
normal condition, because they appear upon steel that is soft or has

not been hardened.
To obtain exact results by color tempering,
therefore, the steel must first be thoroughly hardened, and this is
known in practice by the whiteness of the hardened surface.

HARDENING
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Any number of pieces hardened so as to have a white surface
may be tempered

to an equal degree

of color, or heated

to an

when heated toa

blood red, and taken from the fire, its temperature

will be reduced to nearly that of the steel when it has acquired its
proper degree of temper.
The shape of the bore of the muffle should always conform to
that of the article tempered ; for round work, a round muffle ; for
square

work,

a square

one;

and

so on.

The

muffle

should

be

shorter than the work, so that the tempering of either end of the
work may be retarded, if it is proceeding too fast, by allowing that
end to protrude through the muffle.
|
Color tempering, it will be observed, gives us no guide or idea
of any of the degrees of temper which occur while the hardened
steel is being heated up to about 430° Fahr.; and thus it leaves
us in the dark as to all the ranges of hardness existing in steel
thoroughly hardened and tempered to any degree less than that
due to about 430° degrees of reheating. How wide this range may
be can be appreciated when it is remembered that in the color
test there are only 200° of heat between the hardness known as
straw color, which is hard enough for almost all cutting purposes,
and blue, tinged with green, whichis almost normal softness.
It 1s for this reason (among others) that where very exact results
are to be obtained and a large number of pieces are to be
tempered, fluxes, heated to the required temperature, are very
often employed.
Color

tempering

is conducted in different ways.

Ina mufHe,

in heated sand, with hot pieces of flat iron, and in boxes heated
to the requisite temperature in an oven, the temperature being
indicated by a pyrometer or heat-gauge.
The articles to be
tempered remain in the oven a length of time determined by
experiment or experience, these being influenced by the size and
substance, or thickness, of the pieces.

A muffle is a tube or cylinder receiving its heat from the outside
and open at the end or ends to receive the steel. Where tempering

is Carried on continuously the muffle is kept in the fire, although
it is claimed by many that better results are obtained by removing
it from the fire when heated.
It is obvious that if the muffle is
heated evenly the steel will temper most evenly by being held in
the centre of the muffle, or the piece may be revolved and moved
endways in the muffle in order that the steel may heat evenly.
The tempering should always proceed slowly, otherwise the heat
may not have time to penetrate the steel to the centre, the outside
tempering more quickly, thus the tool will be weak because of the
undue hardness of the interior metal.
Furthermore, protruding
edges, or slight sections of the steel, may reduce to the required
temper before the main body of the steel, which induces either

493
at the expense of the form of the

the latter is accommodated
weakest part of the article.

the fire
Pieces, such as long taps, are very apt to warp both in

equal thermcmetrical temperature, with the assurance that they
will possess a degree of hardness sufficiently uniform for all
practical purposes; but if their hardened surfaces have dark
patches, tempering to an equal tint of color is no guide as to
their degree of temper.
Successful tempering, therefore, must be
preceded by proper hardening.
The muffle should therefore bear such a proportion in size that

TEMPERING.

and in the water.

In heating, they should rest upon an even bed
almost continuously while moved

of coked coal, and be revolved

endways in the fire; or when the lengthis excessive, they may be
rested in a heated tube, so that they may not bend of their own
weight.

So, likewise,

may

spirals

be heated

upon

cylindrical

pieces of iron or tubes to prevent their own weight from bending
or. disarranging the coils.
Experiments have demonstrated that the greater part of the
hardness of steel depends upon the quickness with which its
temperature is reduced from about 500° to a few degrees below
500°, and metal heated to 500° must be surrounded by a temperature which renders the existence of water under atmosphenic
pressure impossible; hence, so long as this temperature exists
the steel cannot be in contact

with the water, or, in other words,

the heat from the steel vaporizes the immediately surrounding
water.
The vapour thus formed penetrates the surrounding
water and is condensed, and from this action there is surrounding
the steel a film of vapour separating the water from the steel,
which continues so long as the heat from the steel is sufficiently
great to maintain the film against the pressure of the water and
the power of the water which rushes toward the steel to fill the
spaces left vacant by the condensation of the vapour as it meets
a cooler temperature andcondenses.
The thickness of the vapour
film depends mainly upon the temperature of the steel; but here
another consideration claims attention.
As the heated steel
enters the water the underneath side is constantly meeting water
at its normal temperature, while the upper side is surrounded by
water

that

the steel has

passed

raised the temperature of.
side is the thinnest, because

by, and,

to

a certain

extent,

Hence, the vapour on the underneath
it is attacked with colder water and

with greater force, because of the motion of the steel in dipping.
For these reasons it is desirable, especially with thick pieces of
steel, to inject the water in a full stream upon the article, as is done

in the Brown & Sharpe hardening tanks.
In cases where a great many pieces are to be hardened and
tempered to an even degree, the steel is heated for the hardening
in a flue, with the advantage that contact between the heated

steel and the impurities (as sulphur or silicon) of ordinary fuels is
avoided, and also that all the pieces may be heated, and therefore
hardened, to a uniform degree. The capacity of this system is
great, because a number of pieces can be heated without fear of

any of them becoming overheated if not attended to immediately.
Thus the Waltham Watch Co. heat their mainsprings for the
hardening in a-flux composed of melted salt and cyanide of
potash, the latter serving to clean the surface of the steel; but as
the latter wastes it requires to be added occasionally.
The Watch Company, however, find this mixture will not do for

the hair springs, as it alters (to a very small degree, however) th.

serious weakness of the insufficiently tempered part, or softness in
the thin sections, providing that the steel is kept long enough /n
the muffle to temper the main body to the proper degree.
In heating steel to harden it, especial care is necessary, particularly when the tool is one finished to size, if its form is slight or
irregular, or if it is a very long one, because unless the conditions
both of heating and cooling be such that the temperatureis raised

nature of the steel ; hence these springs are heated for hardening
in melted glass.
The Pratt and Whitney Co. heat their taps, &c., for hardening
in a composition of equal quantities of salt and cyanide of potasn,
adding the latter as it wastes, and temper them by the color test.
The Morse Twist Drill Co. use a similar compound for heatiny
to harden, and the following apparatus for dipping.
Ina
large
tank having a free water circulation, stand two pots of a capacity
of about five gallons each, one o1 these contains cyanide of potash

and

aud salt, and another sperm oil.

lowered

known

uniformly throughout

as warping will ensue.

the

If one

mass, a change

of form

part gets hotter than

another it expands more, and the form of the steel undergoes the
change necessary to accommodate

this local expansion, and this

alteration of shape becomes permanent.
In work finished and
fitted this is of very great consideration, and, in the case of tools,
it often assumes sufficient importance to entirely destroy their
value
If, then, an article has a thin side, it requires to be so
manipulated in the fire that such side shall not become heated in
advance of the rest of the body of the metal, or it will become
Jocally distorted or warped, because, though there mayexist but little
difference in the temperature of the various parts, the more solid
parts are too strong to give way to permit the expansion: hence

an

instant

The heated work is dipped fur

into the pot containing the potash

and

salt, which

clean the surface of the steel, and then cooled in the main wa
tank ; but if the work 1s, from its shape, liable to crack, i: is at the

final cooling dipped in the pot of sperm oil instead of in the
water.
Before heating the steel it is dipped in soft suap to prevent
oxidation, and on dipping it into the potash and salt pot it causes
a cracking sound, the operator knowing from the sound if the
mixture is proper, and how long to hold the steel therein.
This company first fill the heating pot with salt, and then add
cyanide of potash until a trial of the tool gives quite satisfac ‘ory

results, adding cyanide of potash as the work proceeds to make
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up for the evaporation and keep the mixture of the compound

results.

correct.

gives no aid to the straightening processes.
The straightening frame, or English tempering system, is as
follows : The plates of stee] are made of a size that will cut into
four saws. The furnace front is provided with a tramway extending to the floor of the furnace, and on this runs the stretcherframe. The plates are stretched in the frame, which is run into
the furnace so that the plate is heated under a tension, which
operates to straighten them. As the temper lowers, the screws
of the stretcher are turned, increasing the tension; when the
tempering is done, the screws are made to stretch the plates very
tight just previous to taking it from the fire. and the plates are
allowed pa-tly to cool off while kept in the frame. In this process
the indications of the temper are determined as in the first
process. In the third process, the saws are placed between a
stationary and a movable die provided in the body of the furnace,
the movable one descending and pressing the saw to the other
die ; thus the tempering is accompanied by a flattening process
{the dies being operated by pressure). The degree of temper is
regulated by the temperature to which the saws are heated,
which is ascertained by a pyrometer. The furnace is kept ata
constant temperature, and the length of time the saw remains
between the dies is varied to suit the thickness of the saw. The
gain due to this system is, that less straightening is required and
a determinate temperature is secured. Some makers claim that
in this system the vapour of oil that exudes from the saw has no
means of escape, and that a chemical effect injunous to the steel
ensues ; and furthermore that the temperature of the dies will be

In many cases it is considered an advantage to harden the
outside of an article, keeping the inside as soft as possible so as
to increase the strength. In such case the article may be heated
in red-hot lead, the surface of which may be covered with charcoal.

Under these conditions the outside of the article, especially

if thick, will get red hot in advance of the inside.
Articles having thick and thin sections may be heated in fluxes
to great advantage, the thick side being immersed first, and the
article being lowered very slowly into the pot of lead. If the
shape of the article is such as to render it hable to crack m the

water because of containing holes or sharp corners in weak parts,
these holes and sharp comers may be filled with fire-clay, the
dipping water may be heated to about 50°, and salt (1 Ib. per
gallon of water) added to it.
The Monitor Sewing Machine Company harden and temper
their spiral springs at one operation, by heating them to a bloodred heat and quenching them in a mixture of milk and water,
which will give an excellent result, providing that the springs are
heated to precise uniformity and the mixture of milk and water is
correct. For a process of this kind (which is very expeditious,
because the hardening and tempering is performed at one operation), the steel should be heated to a very uniform temperature,

"
Q
E

t

and a mixture of, say, two-thirds milk and one-third water tned

at first, more milk being added to lower the temper, or more
water to increase it if necessary.
Saws are hardened in compositions of animal oil, such as whaleoil, with which resin, pitch, and tallow are sometimes mixed.
Resin hardens but somewhat crystallises the metal, but it is
used because, on common saws, the scale will not strike properly
without it. Tallow gives body to the liquid and causes it to
extract the heat quickly from the steel (and the hardening is
solely due to the rapid extraction of the heat) In addition to
this, the saws hardened in oil and tallow show a very fine grain
if fractured, and are tough. The effect of pitch is much the same
as that of resin.

In place of tallow, bees-wax is sometimes used,

giving an excellent result. <A very little spirits of turpentine
mixed with the oil every time it is used (that is, for every batch)
is an excellent ingredient to cause

the scale to strike, but being

very inflammable, it is somewhat dangerous. If none of these
ingredients are used, and the scale does not strike, it acts as
a fine separating lining, preventing the contact between the metal
and the liquid, and hence retarding the cooling, and therefore the
hardening.
Let us suppose some thin saws of the finest grade of steel are
to be tempered. The liquid would be about half a barrel of
tallow to a barrel of whale-oil (which will harden as hard as
glass). After the temperature of the saw is reduced to that of |
‘ne bath, it is removed, the adhering oil is removed, :and the '
surface dned by an application of sawdust, and the tempering
process may be proceeded with.
There are three methods of drawing the temper.
One is with

the saw lying in the open furnace ; a sccond, an English plan, is
with the saw stretched in a frame, so as to prevent its warping, '
‘and in fact. to cause the tempering to aid in straightening the
saw ; and the third is to temper between flat dies.
In the first, the temper is determined by the appearance of the |
Saw in the fumace. The saw absorbs some of the liquid in whica .
it was quenched to harden it; and as it is reheated to temper it, |
this oil passes

off as a cloud, or rather as a breath passes off the

surface of a window-pane.
This action takes place first on the
lower surface of the saw, nearest to the furnace bottom, the oil
exuding in a mist-like form. The length of time the saw must
remain in the furnace after the cloud has passed off is determined
by the thickness of the saw and the heat of the furnace, the
operator being guided entirely by experience; but when the saw
1s taken from the furmace, it will have a very dark-red glimmer,

and must be laid flat and allowed to cool off in the air, for if
again dipped it would be too hard. When cool, the saw thus
tempered will be of a sky-blue color, and will spring from point
to butt without bend or break.
This process requires skilful
management and good judgment, but will give most excellent

The main objection to it is, thar it is expensive. since it

greatest at or near their circumference, and hence the teeth and

back and the ends of the saw will be softer than the middle of
the width and length of the saw, and that if two saws, one above
the other, be placed on the dies at once, the contacting surfaces

of the saws will be the hardest, and those surfaces will be black
by reason of the oil burning into the steel, instead of exuding, as

in the open furnace process.
The floor of the tempering furnace should be flat and even ; for
if any part of the saw-plate lies suspended, it will sag when
heated, greatly increasing the amount of straightening required.
The furnace must be so constructed as to heat evenly all over,
otherwise the temper of the saw will not be even.
The air must
be carefully excluded to prevent the steel from decarbonizing,
which being thin, it is very apt to do. Thin saws warp preportionally as they are heated more, and if they are allowed to
remain longer in the furnace and not heated too quickly, existing
buckles or bends will partly straighten themselves in the furnace.
Care must be taken to keep the tongs clear of the teeth, and in
taking the saws from the furnace the length of the saw must
stand at a nght angle to the operator (two pairs of tongs being
used), so that the saw’s own weight shall not cause it to bend.
The saw must be transferred from the furnace to the bath very
quickly, to prevent, as much as possible, its cooling in the air;
for such coolmg would take place unequally, causing the saw to
warp, as well as impainng the temper. It should be dipped with
the length horizontal, the teeth downward and the side faces
vertical, and plunged quickly into the bath. On being dipped in
the hardening liquid, they warp again, but the dipping may be
manipulated to partly regulate the warping.
From the moment
the cold air stnkes the plate a warping process sets in, hence
quickness in transfernng from the furnace to the bath is a great
point. When the saw is hot enough to temper, the scale will
begin to mse upon its surface. and if the furmace is unequally
heated,

the scale

will

mse

first

at

the

hottest

part,

instantly

noufying the operator of the defect.
From the appearance of the surface of the saw after it comes
from the hardening bath, the operator can see if it is properly
hardened.

If so, the scale will be what is termed “struck,” that

is, it has come off, leaving the surface from a grey to a white
color; while if the scale remains in dark patches, the saw is too
soft m those parts.
After the saws are tempered they are allowed to cool in the
open air, and then require to be straightened by the hammer,
and in this process the tempering has been interfered with,
masmuch as that the elasticity due to the tempering has been

HARDENING
counterbalanced to some extent

AND

by the local condensation of the
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furnace

doors are at the ends, and are kept

closed as much as possible. In this way the steel has no contact
with the products of combustion of the fuel, and the air 1S
The condensation of the metal has impaired the natural grain or
The
fibre of the metal, and stiffens it so that 1f the saw be bent these | excluded as far as practicable (two valuable features).
furnaces are long and narrow, and not being connected with the
stiffened hammer marks will cause it to remain set instead of
there is but little disposition for the cold air to rush in when
flue
springing back straight, as it should do. To remove this defect
doors are opened.
furnace
the
the saws are what is termed s7z7fened, that is, they are heated
The hardening and tempering of springs whose coils are of
until the surface assumes a yellow color, when they are removed
thick cross-section is performed at one operation as follows:
and allowed to cool. This causes the metal condensed by the
The springs are heated in the furnace or oven described, and
hammer to assume its natural structural condition, and permits
are first immersed for a certain period in a tank containing
the tempering to spring the saw back straight, even though it be
fish oil (obtained from the fish ‘‘ Afoss Bunker,’ and termed
bent until the two ends touch, and the bend carried half way
‘« straights’’), and are then removed and cooled in a tank of
along the blade by carrying one end forward along the blade
The period of immersion in the oil is governed solely by
water.
surface.
The yellow color is subsequently removed by an
judgment, depending upon the thickness of the_
operator’s
the
application of a solution of muriatic acid.
n
cross-sectio of the spring coil, or, in other words, the diameter
The method employed by the Tomlinson Carriage Spring
of the round steel of which the spring is made.
Company for carriage springs is as follows :—
The table below gives examples of the hardening and temThe spring plates are heated to bend them tothe former, which
pering in this way of springs of the following dimensions :—
isa plate serving as a gauge whereby to bend the plate to its proper
curve, which operation is performed quickly enough to leave the
steel sufficiently hot for the hardening; hence the plates after
Number of coils in spring
52
bending are dipped edgeways and level into a tank of linseed oil
Length of the spring
6 inches.
which sets in a tank of circulating water, the latter serving to
Outside diameter of coils
42
keep the oil at about a temperature of 70° when in constant use.
Diameter of steel .
I
About 3 inches from the bottom of the oil tank is a screw to
prevent the plates from falling to the bottom among the refuse.
To draw the temper the hardened springs are placed in the

metal induced by the immediate effects of the hammer blows.

furnace, which

has the air-blast

turned

off, and when

begins to rise, showing that the adhering oil is about to take fire,
they are turned end for end in the furnace so as to heat them
equally all over. When the oil blazes and is freely blazed off,
the springs are removed and allowed to cool in the open air, but
if the heat of a plate, when dipped in the oil to harden is rather
low, it is cooled, after blazing, in water.
The cooling after blazing thus being employed to equalize any slight difference in the
heat of the spring when hardened.
The furnace is about 10 inches wide and abo:t 4 inches longer
than the longest spring. The grate bars are arranged across the

furnace with a distance of # inch betweenthem.
The coal used is
egg anthracite.
It is first placed at the back of the furnace, and
raked forward as it becomes ignited and burns clearly. For shorter
springs the coal is kept banked at the back of the furnace, so that
the full length of the furnace

is not operative, which, of course,

saves fuel. By feeding the fire at the back end of the furnace, the
gases formed before the coal burns clearly pass up the chimney

without passing over the plates, which heat over a clear fire.
For commoner

temper is given.

but serves

brands of steel, what

is termed

Time of
Immersion

the scale

a water-chill

This process is not as good as oil-tempering,

excellently for the quality of steel on which

it is

in Oil.

First

Second

Third

Fourth .

:

:

‘

As will he seen, the spring in the first example was immersed
in the oil and slowly swung back and forth for 28 seconds, having
been given 35 swings during that time. Upon removal from the
oil the spring took fire, was redipped for one second, and then
put in the cold water tank to cool off.
The following are examples in hardening and tempering springs
of the following dimensions :—
Number of coils in the springs
Length of the springs
Inside diameter of coils .

:
,

‘

;

.

6
9 inches.
. 34
I X 14 square.

employed.
The process is as follows: The springs are heated
Size of steel .
and bent to shape on the former plate as before said ; while at a
clear red heat, and still held firmly to the former plate, water is
poured from a dipper passed along the plate. The dipper is
lime of
N umber of
filled four or five times, according to the heat of the plate, which
Ol
On
is cooled down to a low or very deep red. The cooling process
on a plate 14 x + inches occupies about 6 seconds on an average,
:
Seconds.
:
but longer if the steel was not at a clear red, and less if of a
First
.
:
;
:
:
9
brighter red, when the cooling began. Some brands of steel of
the Swede steel class will not temper by the water-chill process
Second
;
.
8
while yet other brands will not harden in oil, in which case water
Third .
8
is used to dip the plates in for hardening, the tempering being
Fourth.
9
blazing in oil as described.
In all cases, however, steel that will
Fifth
9
12
not harden in oil will not temper by the water-chill process.
Sixth .
9
(2
The Columbia Car Spring Company temper their springs as
follows :—Using ‘‘ Gregory crucible steel,’’ heating is performed
in a furnace consuming gas coke, but the furnace has a number
of return enclosed flues, and between these flues (one over the —
To keep the tempering oil cool and at an even temperature, the
tank of fish oil was in a second or outer tank containing water, a
other), are ovens, the heat passing through the brick-work formThe
circulation of the latter being maintained by a pump.
ing the flues into the ovens. To facilitate renewing the ovens
(which of course also renews the flues), the floor of each oven | swinging of the coils causes a circulation of the oil, while at the
same time it hastens the cooling of the spring. The water tank
(which forms the ceiling of the oven below), is built on iron
kept cool by a constant stream and overflow.
If a spring,
was
supports, protected by the brick-work and suitable fire clay, the
upon being taken from the oil, took fire, it was again immersed as
u.1 ks all being made to pattern, thus involving very little labor
VOL. II.—77.
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in the first example. Resin and pitch are sometimes added to
the oil to increase its hardening capacity, if necessary.
The test to which these springs were subjected was to compress
them until the coils touched each other, measuring the height of
the spring after each test, and continuing the operation until at
two consecutive tests the spring came back to its height before
the two respective compressions.
The amount of set under these
conditions is found

to vary from ¢ inch, in comparatively weak,

to § inch for large stiff ones.
The New Haven Clock Company heat their springs in a fur-
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If the springs ‘“‘ fly,’’ that is, break, more tallow is added, but
if the fracture indicates brittleness or granulation of the steel,
rather than excessive hardness, a ball of yellow beeswax. of about
6 inches in diameter, is added to the above.

These springs
being placed on
a ‘‘star,’’ which
spring is laid on

are tempered, singly, to a reddish
a frame having horizontally radiating
is attached at the end of a vertical
the “ star’’ and lowered into a pot

purple by
arms like
rod. The
of melted

lead, being held there a length of time dictated by the judgment

of the operator.
The star-shaped frame is termed a sinker, and if upon being

nace burning wood, the springs being kept in the flames only,
and quenched in a composition of the following proportions :—

lifted from the lead the colour of the spring is too high, a second

‘To a barrel of oil 10 quarts of resin and 12 quarts of tallow are

immersion is given.

added.”
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Notre.—The range of color for tempering each of the several tools
named below, as indicated by the figures set opposite (e.g., Augers..13

|

urers of the United States.

|

NN

to 15), represents the range

of practice among

|

the leading manufact-

|

a4 Lee eaeeer bes ERE Rene checks

sires

|

|

13-15

|

|

ns csa hh aebeashaseet tata: 20-30
aie

|

Bits, Half-round.............................
Boring-bar Cutters for Iron.................

13-15
30-45

|
|

Boring-bar Cutters for Steel.......... bewee
Chasefs............ hh ddd oeKeE Rad Ga nand eeeeul

35-50
30-40

:
|

Chisels, Carpenters’.........................

20-28

|

Cold Chisels for Cast Iron..................

18-23

!

Cold Chisels for Steel... 0...

21-25

|

Cold Chisels for Wrought Iron.............
Coopers’ Tools...

ici

6-15

ccc cc cece eee:

14-19

Dental Instruments...__.....................

25-30

Dies and Punches...........................

|
:

|

25-30

|

|

Dies for Copper Work........ dubeseesnicdees 38-42
Dies, Leather-cutting............... ........ 40-43

:
|

|

Dies, Screw-cutting,

31-36

|

large.................

|

Drifts.............. auaeiasaaus exsieucescaread,

25-32

|

:

Edging Cutters... en.

25-35

:

|
|
|

Engravers’ Tools...
Hack Saws..........0....

oe.
ee. ...
Half-round Bits...

35-45
10-20

|

Hammer

Faces ..............................

40-50

|

|

Inserted

Saw Teeth...

25-30

|
|

|
|

13-15

|

Leather-cutting

Dies........................

40-43

|

Milling Cutters..............................

40-50

|

|

Molding Cutters, to be filed.........

7-10

|

20-50

|

15-18

|

......

|

Mowing-machine

!

Needles.......

Knives.................

|
|

Paper-cutting Tools.........................
Penknife Blades...................0........

30-40
20-28

|

|

Faame TfOS....:............+..

15-25

|

|

Planer Tools for Iron........................

30-45

|

|

Planer Tools for Steel.......................
Punches and Dies...........................
TING no Sdivc Si wnences Ores swkebeiexdee

35-50

|
|
|

PROCITE

35-50

|

20-30

|

Re
er re eee

dS. a oo oe os ke 0

ieee:

Ge

Rock Dale. :.5 cu...
ta eee
|

25-30
35-40

Saws, Circular, for Metal.............. Sri

4-8

|

Saws for Bone and Ivory...................

I-3

|

I or below

|

saws for Wood...

oes

bck. Son

|
|

meraquere.for Brace. sv. ..4 6225...
260. Oe
Screw-cutting Dies, large...................

38-50
31-36

|
|

|

Shearing-machine Cutters..................

18-24

|

|

PRINS,

|

Springs, Spiral. .......................

CAITIAGE. ..... oo. occ.

|
|

Stone Cutters’ Tools........................
Surgical Instruments........................
Sie
isms ce bh ae
bs
ee

|

Turning Tools, slight........................

|

Twist Drills for Steel...

38-42

:

iin

sce a Seweee

5-10

|

1 or below

|

ogg oa bss ons cn nce skeen

................

20-30
25-30
27-33

|
7
!

25-40

|

30-40

|

|

Twist Drills for Wood.......................

7-18

|

|

Twist Drills for Wrought Iron.............

33-38

|

|

Wire-drawing Dies.................... ——

43-47

.

|
|

Wood-boring Tools..........................
Wood-planer Cutters, to be filed...........

13-15
10-13

|
|
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XLIII—REFRIGERATION

EFRIGERATING means cooling; in other words, removing heat. A common example of a refrigerating machine
is an ordinary ice-chest used to remove heat from food.
The air
enclosed within the chest, touching the ice, gives off heat to the
ice, and thereby is cooled and becomes heavier than the uncooled

air not yet in contact with the ice, and consequently at once sinks
down to the bottom of the chest and comes in contact with the
food. The food in turn gives up its heat to this colder air, which

is thereby made warm again.

The newsupply of colder air com-

ing down from the ice pushes this warmer, lighter air aside and
crowds it upward to be again made cool by contact with the ice.
The air thus continues on its never-ending journey, taking a
little heat from the food and giving it up to the ice on every
trip.
The heat taken from the air by the ice changes the ice to water,

AND

ICE

MAKING.

readily at ordinary temperatures, as all persons know who have
tried smelling of such a solution of ammonia.
Pure ammonia, unmixed with water (anhydrous ammonia)
changes into vapor so readily that, if an open dish of it be exposed,
it will take up heat enough from the surrounding air or water to
boil violently and change rapidly to vapor.
Fig. 3413 illustrates such an operation. The ammonia A in the
smaller can is surrounded by water in the larger dish. The ammonia in changing from its liquid form to a vapor takes heat rapidly from the watersurrounding it. It is, therefore, easy to understand that if this process were continued, the water would at

length lose heat enough to freeze.

If, instead of a dish of water

and is thereby carried out of the ice-chest with the water through
the drain-pipe.
This explains in a simple manner the whole method of mechanical refrigeration. In all such operations, whether on a small or
on a great scale, some
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circulating substance is used to take heat

from the article or room to be cooled, carry the heat to some
other place and give it up, and return again to take up more heat
and carry it away unceasingly.
In the ice-chest, air is the circulating substance, and it moves up and down in its circuit freely,
because being cooled it becomes heavier, and being warmed it
becomes lighter.
To perform this operation economically, ona largescale, and to
reduce temperature to points colder than freezing, other substances
than ice and air are employed, and the circulating substance is
forced from point to point of its circuit by a powerful pump. To
understand the manner of using these substances is to understand the process of boiling water or changing water from a liquid
to a vapor (steam).

Every one knows that water in thus changing to steam takes
up a very great amount of heat from the fire, or, what is the same

to
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Fig. 3414.

surrounding the ammonia, there had been an enclosed box of air,
as in Fig. 3414, the vaporizing ammonia would have taken heat

from the air, and if the process were continued long enough, the
air would lose its heat until cooled to 28° below zero F. before the
ammonia ceased to boil.

This is just what is done in taking heat from the great coolingrooms and cold boxes of breweries, abattoirs, packing-houses,
markets, cold-storage houses, hotels, restaurants, dairies, creameries, chemical works, confectionery and chocolate manufactories,

steamships, steam yachts, oil refineries, sugar refineries, apartment houses, infirmaries, and asylums.

Because cold storage is becoming so prominent a branch of
refrigeration, the accompanying table of temperatures for cold
storage Is introduced:
\\
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Navan

thing, the fire gives tothe water a large amount of heat; and that
this heat is constantly leaving the water with the steam and passing off into the surrounding air. This is true of all substances in
from a liquid to a vapor.

COLD

STORAGE.

(From the De La Vergne Refrigerating Machine Co.)

Fig. 3413.

boiling, or changing

FOR

Indeed, it is true

‘hat no substance can change from a liquid to a vapor without
taking up heat, whether it changes rapidly as in boiling, or slowly
a5 in the ordinary evaporation of liquids in the open air. It is
so true that the vapor passing away from the liquid carries with
it the heat used in producing the change.
Some substances change into vapor very much more rapidly
thin water. One of these is ammonia.
Even ordinary ammonia
water (water with a little ammonia in it) gives off vapor very

Goods.

Pompe

Goods.

any

Goods.

Apples .........-.
Ale and Beer.....-|
Bottled Beer......
BOCs stcunee sia
Berries..........-Butter & Butterine.|
Buckwheat & Flour}

33°
35
45
35
40
25
go

|
||\Corned Beef.. |
|/Dried Fish....}
||Dried Fruits...)
||Dried Corn....|
||Eggs.........
(|/Furs Undressed|
|/Furs Dressed..|

40°
35
35
35
33
28
28

||Oleomargarine.|
|;Onions........]
|/Oil....... ...
||OystersinTubs|
||Oystersin Shell]
|/Pears..... Sescl
||Peaches......

CalVeSnc tendencies
Canned Goods....]
Cured Goods.. ...}
IGE? veh sehen ees
CHEESE 2é-sics aes
CIGATS wx adee
oe as
Celeryens ews ea
Cranberries.......
Chestnuts.........

32
35
35
35
28
32
35
33
33..

||Grapes......-.|
|/Ginger Ale....|
|{Hops.... ....
||Lard.....
|iLard Oil......
||Lemons.......
||Maple Sugar..|
|;Maple Syrup..|
WNUtS 6 Sie.vased-

36
36
32
40
40
36
4o
40
35

|}Pork........ .]
|/Poultry.......
|jSauerkraut....]

“25
35
40
20
35

|iSyrup........

40

||Tobacco .....|
||Vegetables....}

32
35
35
36
35

||Walnuts......]

||Oranges......
||Sweet Corn....|

Peni:

35°
36
35
25

33
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It is to be understood, however, that these temperatures are not
given as finally authoritative, since each year’s experience serves
to modify previous knowledge.
Properly used, ammoniais less expensive than ice for large cooling operations. Not, however, if used in a way to
permit the vapor to be wasted, as shown in Figs.
3413 and 3414, or it would be much more expensive
than ice.
Instead of being used in an open dish, it is subjected
to a forced circulation in acontinuous system of pipes
having no openings whatever.
A portion of these
pipes are located in the room to be cooled, and a
portion of them are located outside of that room. As
the ammonia is forced (in a very fine stream, witha
pressure of from 125 to 175 pounds per square inch)
into the pipes within the cooling room, it boils quickly
into vapor, because the pressure which holds it in the
liquid state is suddenly reduced to only from Io to 30
pounds per square inch; and in thus changing into
vapor it takes up heat rapidly from those pipes, and
they in turn take up heat from the air surrounding
them, and therefore the air confined

room

in the cooling

SHOP
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and the process is thus made continuous to produce any desired
temperature in the cooling room.
The system thus explained is called the compression system;
and this method of using it is called-the direct expansion system

i~
M

=

i.
i

is thereby made colder and colder continu-

ously.

The ammonia vapor, carrying with it the heat
which it has taken up, is constantly pumped out of
the cooling-room pipes. A minute stream of liquid
ammonia is at the same time constantly forced into
the cooling-room pipes, as before stated, to make the
operation continuous.
The pumping process greatly compresses the ammonia vapor, and thereby increases its heat, and the
condensing pipes (outside of the cooling room) into
which it is pumped are cooled by means of cold water
running over them. Being thus made colder than
the warm ammonia vapor which is forced into them,
the ammonia vapor gives up its heat constantly to
these outside pipes. They in turn give up the heat
which they have taken from the ammonia vapor within
them to the colder surrounding water; and the water,
running off into drainage pipes, constantly carries the
heat away from the entire system of pipes.
The ammonia vapor becomes cooler and cooler
the farther it goes through the condensing pipes.
The force pump at the same time compresses the
vapor, until finally, by the compression of the
COOLING

4
’
tiesa

tt
! :} he"

WATER.

PARETERIUALSE.
OIL COOLER.

because the ammonia is expanded (vaporized) within the
cooling-room pipes, instead of being vaporized in a tank
of brine or other liquid, which liquid, after being cooled
by the ammonia pipes, is pumped through the coolingTh
|pitti
COMPRESSOR.
room pipes, thus performing the operation of cooling
indirectly.
Until recent years the indirect or brine system was
generally employed, because of the difficulty of making
the pipe connections sufficiently perfect and durable to
thoroughly prevent the leakage of ammonia vapor into
the cooling room.
Later improvements have removed
this danger, and to-day hundreds of miles of ammonia
expansion pipes are in successful use, and the direct sysEXPANSION
COIL.
tem is coming steadily into favor. Hence this system is
first considered.
There are numerous makers of machinery for refrigerEXPANSIQAN
ating
purposes, and their systems of operation are, in genCOCK.
eral
characteristics,
very similar. The explanationof one
Fig. 3415.
is therefore the explanation of all, except as to the less
pump and the cooling of the water, the ammonia is changed to important details.
liquid again, and is again forced in a minute stream into the coolFig. 3415 is a diagram of the De La Vergne direct expansion
ing-room pipes. Relieved of its pressure and expanding to vapor,
system.
The pipe marked ‘expansion coil,” carrying cooling
the ammonia again takes up heat from the cooling-room, as before,
disks, represents that part of a refrigerating plant which occupies
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the force

liquid, partly vaporized), which has been mixed with it in the com-

pump which pumps the ammonia vapor out of the “ expansion
coil” into the outer part of the plant marked “oil cooler” and
“condenser.”
The ‘‘expansion cock” at the lower right-hand
corner of the diagram represents the point at which the liquid

pressor, is forced, as shown by the arrows, to the “ fore cooler for
hot gas and oil,” or, otherwise, the ‘‘ oil cooler,” as it is designated

the room to becooled.

The ‘‘compressor”

represents

ammonia is forced into the cooling-room pipes (‘‘ expansion coil”)
to be again vaporized or expanded.

It is to be understood that this diagram merely represents the
relation of the several parts of the system, or refrigerating plant.
That part of the plant occupying the cooling room is so simple as
to need few words.

It consists of a sufficiently extensive series of

pipes to provide the desired amount of pipe surface to cool the air.
In the De La Vergne system the actual requirement of
piping is much reduced by attaching iron disks to the
pipes at frequent intervals, to increase the cooling surface of iron exposed to the air. Fig. 3416 illustrates the
manner of attaching the disks to the pipes after the pipes
are in place. Each disk is made in halves, upon which
are projecting lugs, as shown.
Iron clips slipped over
these lugs press the halves together against the pipes.
Fig. 3417 represents a ‘‘chill room” fitted up with
overhead pipes and disks. This plan is preferable in
case the room Is high enough, because the tight flooring
just underneath the pipes conveys away any drip of
moisture from the frost surrounding the pipes, without
inconvenience to the contents ofthe room. A still larger
advantage is the better circulation of air. The under
side of the sloping drainage floor, just under the pipes,
naturally conveys the slowly rising warmer air to the
central opening through which it rises, and, meeting the
roof overhead, is turned

to flow outward

over

in the diagram (Fig. 3415). This latter term is the better one to
use in this consideration, since, although the gas or ammonia
vapor is somewhat cooled in this coil of pipes, yet the special
object of separating these pipes from those of the main cooler or
condenser is to so far cool the oil vapor that most of it will liquefy
and separate from the ammonia vapor.
This is practicable because the vaporized oil will liquefy at a much higher temperature
than will the vaporized ammonia.
It will be noticed that the outlet pipe from the oil cooler has a

the cold

pipes and disks. Being thus chilled, and thereby made
heavier, it naturally flows downward, along the entire
sides of the room, to the lower portion of the room, where
it takes on heat from the contents of the room, and,

being made warmer thereby, gradually rises again to
complete its circuit.
This plan has also the advantage of drying the air of
the cooling-room more rapidly and completely, because
as the air is circulated more rapidly it passes oftener
over the cold pipes, and the moisture is the more quickly
condensed and frozen on the disks and pipes than when
the expansion coil is placed on the sides of the room or
in any other part of the room than the top.
Fig. 3418 shows overhead pipes and disks in the fermenting room of a brewery, and Fig. 3419 a direct expansion Baudelot cooler for cooling wort. The upper
series of pipes is cooled by the circulation of cold water
through them. The wort, or newly formed beer, in
flowing slowly over them, is cooled down to 60° or 70°. It then
falls onto the lower series of pipes, which is a direct expansion
ammonia coil, and is thereby further cooled to 40° or to whatever
temperature may be desired.
The pipes recommended for this
Baudelot cooler are plain iron pipes instead of copper-covered
pipes, as commonly employed ; because when the copper covers
are not properly constructed (as often occurs), the thin film of air
between the iron pipe and its copper cover acts as insulation, and
hinders the cooling process.
Fig. 3420 represents a De La Vergne refrigerating plant with
vertical compressor or vapor pump.
This figure brings to view
the entire refrigerating system outside of the cooling-room, which
has been already examined.
It is so clear as to need little explanation. In the lower right-hand corner is the engine for driving
the compressor, or vapor pump, which is seen supported at the top
of the framework above the fly-wheel. The stairway shown enables the operator to reach the pump to give it any required attention.
Just at the left of the engine is seen a pipe marked ‘“ main suction pipe.” This is the vapor pipe coming out from the cooling
room by which the ammonia vapor reaches the vapor pump, or
compressor.
The ‘gas and oil discharge pipe” leaves the compressor nearly opposite the entrance of the ‘‘ main suction pipe.”
Through this discharge pipe the ammonia vapor and oil (partly

Fig. 3419.

small drainage pipe branching downward between the oil cooler
and the ‘pressure tank.” This drainage pipe permits most of
the oil, which has so far been forced along with the hot ammonia
vapor or gas, to drain away.
The gas, thus separated from the
oil, passes through the larger upward turn of the connecting pipe
into the top of the pressure tank. In the pressure tank any
residue of oil which passes over with the ammonia vapor settles
to the bottom of the tank, from which it is drained by a pipe connecting with the previously noted oil drainage pipe, as seen, and
so continues downward, as indicated by the arrow, to the ‘oil
Strainer.’
From the strainer the oil passes back to the conpressor, thus completing its circuit.
Returning now to the pressure tank, the arrows show that
the warm vapor passes upward, to the right, and downward, and
enters the lowest coil of the ‘‘condenser.”
Although not shown
in this figure, yet cold water is constantly showered on the oil
cooler and condenser, thus cooling the pipes and the enclosed
vapor. This constant withdrawal of heat, together with the great
pressure produced by the compressor, condenses the vapor and
cools it until, as heretofore explained, it is changed again into a
liquid.
At several different levels of the condenser the liquid ammonia
is drawn off by the downward sloping drainage pipes, as shown,

which converge to a single pipe leading across to the liquid am.
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monia ‘‘storage tank.”” The condenser is built up in independent
sections so that any section may be isolated (or cut out of operation) for repairs, while all the other sections are working.
From the storage tank the liquid ammonia passes into the
‘separating tank.” Here any possible residue of oil is separated
and drained off by a pipe leading to the oil pipe underneath the
oil strainer, so that it finds its way into the compressor with the
oil previously drained out from the ammonia vapor.
By the pressure maintained in the pipes, the liquid ammonia is

SHOP
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2. A much

smaller amount

of water is required, as all of the

water used, instead of only a small part of it, comes

in close con-

tact with the pipes.
3. If an ammonia leak occurs, it is at once discovered by the
odor, whereas in a tank the water absorbs the vapor and prevents
discovery.
4. The pipes are readily accessible for inspection, repairs, of
painting.
5. Pipe erosion is almost wholly obviated.
NoTeE:

In some

cases,

as on shipboard,

and

perhaps in some other instances, economy of space
makes the use of a submerged condenser necessary.

ee
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The practice of forcing the ammonia vapor
into the lowest, instead of into the highest,
condenser coil has the following advantages:
As the top coil is the coldest of the series,
it takes but little heat out of the water, thereby
enabling the water to continue to extract heat
from the successive pipes, since even at the
lowest (warmest) coil the water is not as warm

S|
ni
)
To.

as the coil, and so takes heat from it.

Because the water extracts heat from
every coil of the series a much smaller amount
is required.
3. None of the work done in the upper coils
is undone in the lower coils by the action of
the water heated to a higher temperature than
the coils.
The practice of drawing off the liquid am-
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monia at several levels, as fast as it is formed,
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keeps the pipes comparatively clear of liquid
ammonia, and so leaves a larger pipe surface
operative to cool the vapor.
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BRINE SYSTEM.—The difficulty heretofore
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existing regarding ammonia-proof pipe joints,
as already noted, resulted in the general custom of placing the expansion coil in a large
tank of brine, instead of locating it in the
cooling room.
In this practice the evaporation of ammonia cools the brine.
By means
ofa brine pump, and a system of brine pipes
in the cooling room, the cold brine is circu-
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Fig, 3422.

lig. 3421,

forced upward out of the separatiny tank, then downward through
the ‘‘main liquid pipe,” a continuation of which leads to the
“expansion cock ” (Fig. 3415) in the cooling room.
At the left of the plant may be seen a group of pressure indicators with connecting pipes tapping the system at various points,
enabling the operator to know the pressure in the expansion coil
and in the pressure tank, as can be seen by tracing the pipe connections.
The practice of showering cold water over the condenser coil,
instead of submerging the coil in a tank, has the following
advantages:
No film of heated water or collection of air bubbles adheres
to the pipes to prevent the extraction of heat.

lated in the cooling room, and the cooling thereby performed indirectly.
This system is more expensive lecause of the extra cost of the
brine tank and brine pump.
More than this, the brine pipes
eventually become clogged by slime and rust, which diminishes
the effectiveness

of the plant;

while

ammonia

has no ill effect

whatever on the iron pipes. It is also claimed that there is a
saving of twenty per cent. or more by the direct system because
of the greater cooling power. The brine system has, however,
this advantage: the brine serves as a storage of cold in the brine
tank, to steady the operation of refrigeration, so that if the compressor is stopped for any reason the temperature of the cooling
room is sustained by the independent circulation of the cold brine.

REFRIGERATION
Returning now to the examination of the mechanism for condensing the ammonia, it is obvious that the engine, fore cooler,

condenser, and other parts may be located to suit the building in
which they are placed, and the several connecting pipes arranged
to suit the respective locations,
Fig. 2421 represents the engine, compressor,
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on the outer end of the valve stem, thus doubly providing for perfect seating and accurate movement.
This extra precaution is
well taken, because the discharge valves open only under a pressure of from 125 to 175 pounds per square inch, while the inlet

and condenser of

a De La Vergne 220-ton refrigerating machine; that is, a machine having the capacity to withdraw as much heat from a cooling room as the melting of 220 tons of ice in one day would
withdraw.

In other

words, a machine

which

will do as much

cooling in one day as 220 tons of ice would do.

This engine is of the Corliss type, a full description of which is
given on pp. 277 to 283 and 455 to 458 preceding.
It is supplied

with a by-pass system, by means of which any portion of the pipe
system in the engine house may be independently exhausted of
ammonia.
Fig. 3422 represents a very compact De La Vergne refrigerating machine made especially for use in ships and such other locations as limit available space to very small dimensions.
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pactness can readily be understood by comparison in height with
the figure of the operator.
This comparison is made more complete by making the same observation on Fig. 3421, where the
figure of the operator also appears.
Since the construction and care of all parts of steam engines has
been so fully discussed in Chapters XXXIII. to XL. preceding, the
reader is referred to those chapters for all questions of that nature.
A most important feature of a refrigerating machine is the am-

and also, at the same time, to completely fill the clearance space
at each end of the cylinder, and thereby make it impossible for any
vapor to remain and reéxpand in the cylinder.
Fig. 3423 presents a sectional view of the De La Vergne doubleacting vertical compressor.
At the left is ‘‘suction ” channel or
inlet, by which the ammonia vapor from the expansion coil of the
cooling room enters the cylinder of the compressor.
It is seen
that the suction channel has two admissions to the compressing
cylinder, one at either end. Each of these admissions is guarded
by a spring-seated valve so placed that pressure from within the
cylinder acts to close it, and pressure from within the suction

~nr
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Its com-

monia pump or compressor which withdraws the ammonia vapor
from the expansion coil of the cooling room and forces it through
the condenser pipes. So difficult was it in the earlier experience
of refrigerating to produce a practicable durable compressor that
fifteen years ago the absorption system (hereinafter described)
was very generally employed. To-day, however, comparatively
few absorption machines are made, and practice is rapidly changing to the compression system for nearly all applications of refrigeration.
A chief difficulty was found in the fact that ammonia gas is so
thin or attenuated that it leaks past the piston much more readily
than steam ; and a second difficulty in the fact that even a small
amount left in the cylinder clearance space at the close of the piston stroke expands and operates to check the entrance of the vapor
of the expansion coil behind the piston as it makes its return
stroke. More exact manufacture has diminished these difficulties
and the De La Vergne Company claim to have completely overcome both by injecting a small quantity of oil into the cylinder at
each stroke of the piston. This provision keeps enough oil in the
cylinder at all times to thoroughly seal all the working joints of
the compressor, and thereby prevent leakage of ammonia vapor;
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channel acts to open it.
At the right is the ‘‘discharge”’ channel through which the
compressed ammonia vapor is forced out into the fore cooler and
condenser coils.

The cylinder, it will be seen, has two exits into

the discharge channel, one at either end of the cylinder. It is
also seen that each of these exits is guarded by two spring-seated
valves, so constructed that they open by pressure from inside the
cylinder. All of the valves, it is obvious, are readily accessible
by simply removing their respective caps.
By providing two discharge valves at each exit, the valve motion
is greatly reduced, and hence the adjustment, which is necessarily
very accurate, is less disturbed by their actual operation.
It will
be noted also that each discharge valve is seated by two spiral
springs, one acting on the back of the valve seat direct and one
VOL. 11.—78.

Fig.

3423.

valves open under a pressure of from Io to 30 pounds per square
inch.
Now suppose the piston, as represented in the figure, to be making its upward stroke. The ammonia vapor is entering the cylinder from the expansion coil of the cooling room by way ofthe lower
end of the suction channel.
The vapor above the piston is being
compressed, and consequently is closing the spring valve at the
upper end of the suction channel more and more tightly as the
piston ascends, At the same time the increasing pressure is
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tending to open the two discharge valves, and whenever the cylinder pressure exceeds that in the discharge channel (and condenser
pipes), the discharge valves will open and the compressed vapor
will be forced out into the discharge channel to begin its journey.
through the condenser pipes.
The return stroke reverses action inall respects, and the mechanism affected differs only in the arrangement of the two lower
discharge valves. It will be noticed that as the piston descends
it closes the outlets of the two discharge valves before it has quite
reached the bottom of the cylinder. It will also be seen that there
are two discharge valves within the piston whose chambers communicate with a channel encircling the piston, and which is at the
right point to open into the outlet to the upper one of the two main
discharge valves as the piston descends to its lowest point. Therefore, as the outlet to the lower discharge valve is closed by the
piston, the oil and vapor underneath the piston open the discharge
valves within the piston and find a passage to the upper discharge
valve by way of the channel encircling the piston.
The layers of oil shown in the figure merely represent the oil as
it would appear at rest after the action of the piston had ceased.
In operation it is injected into the cylinder in advance of the piston after it has begun its stroke from either end. It therefore
does not reduce the vapor capacity of the cylinder, as it is injected
after the vapor has ceased to enter on that side of the piston. At
the same time, it is by the constant motion of the piston spread
over the entire surface of the cylinder and the faces of all the
valves, and it is therefore distributed to all parts of tht compressor,
instead of resting, as represented, in two placid layers. As the

rod. Therefore, a small amount of ammonia vapor remains in the
cylinder to reéxpand after each stroke of the piston ; and this compressor is only recommended when, because of upright space or
for some other reason, a vertical compressor cannot be employed.
The achievement ofabsolutely expelling all ammonia vapor from
: the compressor cylinder at each stroke of the piston adds another
large element of efficiency to this system ; because, since there is
no back pressure produced by reéxpansion of compressed vapor
-in the cylinder, the full cylinder capacity is utilized at every
: stroke to take in ammonia vapor from the expansion coil. By
- this means the ammonia vapor is completely forced into the condenser, and therefore the cooling capacity of a given compressor
or machine is increased. The oftener the ammonia is liquefied
.and vaporized, the more heat it takes out of the cooling-room.
That means a corresponding saving in fuel, and the wear of the
engines and other machinery.
When the pipes are once charged with ammonia, no recharging is required, because with ammonia-proof joints and no leakage of vapor at the compressor there is no loss of ammonia, and a
single charge is continuously effective. In making the original
charge, and in recharging because of accident, or for any other
reason, the liquid ammonia tank should be placed in the position
illustrated in Fig. 3425. Connection with the inlet cock of the
system should be made, and the valve of the ammonia tank cautiously opened to test the connections.
When these are found to
be perfect, open the tank valve fully, start the machine, and run
slowly until the tank is empty. Frost begins to appear on the
tank when it is nearly empty, and when the suction gauge
registers atmospheric pressure, and holds at this pressure after
piston moves in either direction, it scrapes the oil from the inner
the machine is stopped, the tank is empty.
If the gauge
does

not

hold at atmospheric

pressure,

start up again,

and. run until it does hold. In disconnecting, close first
the tank valve and then the inlet cock of the system.
Each standard tank contains from Ioo to I!o pounds of
ammonia.

Fig. 3425.

surface of the cylinder, and at the last point of its stroke collects
it at either end somewhat as represented at the lowerend.
This
oil, therefore, serves to fill the cylinder clearance, leaving no
vapor whatever to reéxpand and act as acheck to the free admission of vapor from the expansion coil through the suction channel.
Not only does the oil fill all the cylinder clearance space, it also
fills all the irregular openings at the inlets and outlets, and, more
than that, a portion of the oil is, at each stroke, forced out with

the condensed vapor, to be afterwards separated therefrom as
heretofore explained.
More than this, a look at the figure (3423) will show that the
construction of all the valves is such that their respective seatings
are constantly covered by an oil deposit collected by gravity in
the pockets surrounding the valve seats. They are, therefore, all
sealed by a body of oil to give additional perfection to the most
careful valve construction. These devices, therefore, wholly overcome the leakage or backward movement of ammonia vapor, so
that the compressor is enabled to do full work at every stroke in
either direction.
Another service performed by this injected oil is that of cooling
the

compressor,

and

absorbing the heat

developed in the vapor

by compression.
It does this because in its circuit after leaving
the compressor it is first cooled in the fore cooler, or oil cooler,
and further cooled in the rest of its circuit so that when injected
into the cylinder it is several degrees-cooler than when it left the
cylinder at the beginning of its journey. Nor is it to be forgotten
that this use of the oil so thoroughly lubricates all parts of the

compressor, including the valves, that the durability of the machine is greatly increased.
A double-acting horizontal compressor is also manufactured, but
its efficiency is less than that of the vertical compressor, because
no oil is circulated except a supply to the stuffing box of the piston

Because

of this variation, each

tank should

be weighed both before and after emptying, and a record
of weights be made.
THE ABSORPTION SYSTEM.—Instead of using a compressor to empty the expansion coil and force the ammonia through the expansion cock into the expansion
coil, the affinity of water for ammonia vapor may be used
to empty the expansion coil, and the pressure generated in a
‘still’ where the ammonia water is boiled is used to feed the
liquid ammonia through the expansion cock. This plan of operation is called the absorption system and is explained in general as
follows :
The incoming end of the expansion coil opens into an enclosed
tank of weak ammonia water, or aqua ammonia.
This tank is
called an absorber, because the weak aqua ammonia absorbs the
ammonia vapor very rapidly. This causes a constant inflow of
vapor from the expansion coil. To keep up the circulation, the
strongest part of the aqua ammonia (the upper level) is constantly pumped out of the absorber into a “‘still”’ or boiler. The
heat drives the ammonia out of the water in the form of vapor.
With the ammonia vapor there passes off also a small portion of
watery vapor.
These mixed vapors pass from the still into an
analyzer where the watery vapor is condensed into water and fed
back into the still, while the pure ammonia vapor passes on to
the condenser, where, as heretofore described, it is liquefied.

weak aqua ammonia

The

(the lower level) is constantly pumped

or

drawn from the still and returned to the bottom of the absorber;

and uniting with the incoming vapor serves to keep up the circulation at that end of the system.
This system, it is claimed, is especially adapted to use upon an
extensive scale in supplying a large number of customers from
one central point.
A PIPE-LINE SERVICE.—Within the past few years the International Cooling Company of New York have put in operation
street pipe-line refrigerating plants in New York City, Brooklyn,
N. Y.; Atlantic City, N. J. ; St. Louis, Mo. ; and Denver, Colo.

These plants are an extended application of the operations
already explained. The expansion coil, instead of being all in
one

room or in the several

rooms of one building, is distributed

‘1 numerous buildings scattered throughout the area covered by

the street pipe-line extension.

er as
The street pipes are laid in the ground in the same mann

ammonia pipe
gas and water pipes are laid, and consist of (1) an
ia storammon
liquid
the
for carrying the liquid ammonia from

age tank to the refrigerators of customers along the line.

(2) A

much larger pipe for bringing the ammonia vapor back to the

still; and (3) an empty pipe, having numerous connections with
of
each of the others, by means of which any desired section
of
flow
the
ng
stoppi
t
withou
d
either of the others can be emptie
l
genera
the
hout
throug
either the liquid ammonia or the vapor
third
this
Also
service, or interrupting the general operations.
pipe affords a by-pass for any section of the other two pipes

throughout the whole street line service.

Suppose, for example, a new customer is to be admitted to the

service. After his cooling room or cooling box (whichever it may
chance to be) is provided with its expansion coil, a liquid ammonia
connection must be made with the liquid ammonia street pipe.
By opening and closing the proper cocks in the street system, the
liquid ammonia is compelled to leave the regular pipe and flow
through the third pipe for a short distance, leaving a section of
Then the
the regular pipe empty while the connection is made.

liquid ammonia is again permitted to flow through the
regular pipe section as before. Connection with the
street vapor pipe is made in the same manner, and the
new customer is thereafter in the regular service, and
his cooling room (or cooling box) is automatically cooled
by simply adjusting the expansion cock to give whatever temperature is desired.
The customers along the street are supplied with
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will, under ordinary conditions, keep a

body of ice frozen about the pipes constantly, as shown

inthe figure.
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be desired,

the plan illustrated in Fig. 3426 may be adopted. In
this case the ammonia expansion pipes are located ina
water tank, and the expansion cock adjusted to a temperature
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either direct refrigeration or with the brine system, as
desired. If a supply of ice-cold water to be drawn from
faucets

Their total shows a reery supplied by a leading manufacturer.
frigerating capacity of over forty-three thousand tons daily. Over
thirty thousand tons (nearly three-fourths of the whole) are
Four thousand
employed in the cooling processes in breweries.
one hundred tons (about one-tenth of the whole) are employed in
ice making. Abattoirs and packing-houses employ about three
thousand six hundred tons, and markets and cold-storage houses
employ nearly two thousand five hundred tons. The remainder
(less than twenty-eight hundred tons) is scattered among nearly
.
twenty other various classes of service.
g—
followin
year
The
1898.
1,
This comparison is dated August
phea
d
develope
far
at the present writing nearly closed—has so
nomenal increase in the relative demand for ice-making machinery,
so that the present outlook is for a much larger proportion in
Because of this fact, and because of the additional
future years.
mechanism required in the actual freezing and handling of ice, it
is proper that this special application of refrigeration be separately considered.
When water is sufficiently cooled, it becomes ice. The process
of cooling either air or water has already been fully described.
It is therefore unnecessary to return to that part of the subject.
To make a cake or block of ice, all that is necessary is to filla can
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=

i

503

MAKING.

ICE

AND

REFRIGERATION

—_

=

ea—_

a=

oem

eee

eee

In the lower part of the water tank is a

coil of water supply pipes through which water flows
from the street to the several faucets to be supplied.
These water supply pipes being of large diameter con-

tain a considerable volume of water which is cooled by
the surrounding freezing water of the tank to quite as
low a temperature as ordinary ice water, unless drawn
out very rapidly. That rarely happens, however, if the
service cocks are self-closing, as the water drawn from
these pipes is used for drinking only.
Each expansion cock may be provided with a thermostat regulator which automatically shuts off the supply of ammonia to the
expansion coil at one degree colder than the desired temperature,
and opens the valve at one degree warmer.
Each customer is
therefore supplied with the temperature required for his particular purpose or purposes (several differing temperatures often being
supplied in one hotel, restaurant, or dwelling, to serve several
varied requirements), without any attention on the part of the customer.
The cost is as small or smaller than for the same amount of
refrigeration with ice ; and the near future will probably witness
a large expansion of this plan of refrigeration.
Brine cooled by the compression system is also circulated in
street pipe lines covering small areas, and not available for public
use.
IcE MAKING.—In spite of the rapid development of cooling
without ice to take the place of the great ice bunkers of past years,
the demand for the smaller supplies in cities, suburban districts,
and isolated rural towns increases so rapidly, and the superiority
of manufactured ice over ice as it commonly forms in ponds or
kes is so marked, that the manufacture of ice is also rapidly increasing.
The pr yportion of refrigerating machinery employed in ice making as c.:mpared with that employed in the other branches of
refrigeration may be judged from the proportions of such machin-
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with water and put it where the temperature is below the freezing
point of water. To remove the ice from the can, all that is required is to warm the can until the outside of the block of ice
melts and the block slips out.
From what has been already learned, it is obvious that a series
of expansion coils could be made to cool the air in a room until
water standing in metal cans in the room would freeze. It would
be very difficult, however, to remove

the cans

and

replace

them

without admitting so much warm air (in the summer season,
when ice is required) as to make the operation very expensive.
Therefore, instead of cooling a room full of air, the ice manufacturer cools a great tank of brine extending entirely underneath the
oor of a large room called the tank room. This tank is only
deep enough to accommodate the depth of the cans used, as indi
cated in the accompanying table:
STANDARD

Weight of Blocks.

ICE

CANS

OR

MOULDS,

Size of Cans.
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Series of expansion coils are erected at frequent intervals all
through this brine tank, and therefore the brine, which entirely
covers the coils, is very quickly cooled down to about 18°, That
is about fourteen degrees colder than the freezing point of water.
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clear ice rapidly, because the air contained in the water was
squeezed into little bubbles by quick freezing, and these bubbles
were caught in the formation of ice crystals, making the ice
“snowy.

It was later discovered that if the water was agitated

while freezing, these air bubbles escaped and the ice was
clear. Several devices were planned for stirring the water, but they were not practical, because of the liability to
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be frozen fast in the block of ice. Shaking the cans was
then resorted to, but the great amount of machinery required to keep thousands of cans in motion was both
expensive and cumbersome.
At last the plan of using distilled water (which contains
no air) was adopted, and thereby rapidity of manufacture
and transparency of ice were secured.
The ice was also
free from all impurities, because distilled water is pure
water. The process of distillation increased the expense,
and to overcome that objection the condensed steam,
distilled water from the steam boilers of the refrigerating
plant, is now used, instead of that produced by independent distillation.
To do this requires special apparatus
for removing the oil from the steam ; for a large part of
the steam used is that which has passed through the engines, in the cylinders of which oil is freely used for lubrication, and the hot steam picks up and carries with it
a portion of the oil.
This apparatus is similar in action to that employed
for removing oil from ammonia vapor already described on page 499.
It is, however, much more
thorough, having in addition both a steam filter and

gy, ."

2 aryare: 8
te Ri

Fig. 3427.

a

Even at this temperature the brine does not freeze (solidify), and
hence the cans are readily lifted out and replaced.
In the intervals between the expansion coils, hundreds of galvanized iron or steel cans filled with water are suspended.
Thev are placed as closely together as convenience of handling
will permit, and a trap door over each can gives access to it. In
fact, the floor of a tank room seems to be nothing but trap doors
throughout its whole extent, as seen in Fig. 3427, which is a view
of a tank room;

while Fig. 3428 shows one

of the cans just lifted

out of the tank after from 36 to 60 hours’ freezing (see table),

deodorizer,

so

that

the

steam,

cleaned

of oil, fil-

tered, deodorized by a perfected chemical process, and condensed to pure water, and then reboiled to exclude any air picked
up in the preceding processes, makes a block of pure crystal ice,
having just a trace of snowiness where the final crystallization
takes place. This indicates that in the process of pouring the
distilled water from the storage tank into the freezing can, and in
standing from one and a half to two and a half days in freezing,
it reabsorbs a small quantity of air, which is finally caught in the
doubly rapid freezing as the two ice plates formed on the opposite
sides of the can meet and unite in the hastened freezing of the
last moments of the operation.
Another method of making ice is to fill a very large tank with
the water to be frozen, having at suitable intervals within the
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ready to take its short journey to its bath (or sprinkle) of
warm

water, where, placed with

its mouth downward,

* ‘

it

will shortly let go of its block of ice, which will slide into
its carrier, which will convey it to the storage room, Fig.

3429, ready for removal to the anteroom, and thence to
the ice wagon.
In the top of the storage room may be
seen a set of expansion coils and disks which keep the air cool
enough to prevent thawing the stock of ice, which at times is very
large.
In the early experience of ice making it was impossible to make

water tank thin stationary brine cans having very large sides.
The brine within the cans is cooled by expansion coils, either
within

the cans or in a separate brine

the brine is pumped

into the cans.

tank

outside, from

which

Ice forms on the perpen-

REFRIGERATION
dicular outer »ucs

of these

cans, one

brine

plate on

each

side,

which increases in thickness according to the length of time the

process 1s continued.. When the ice is as thick as desired, the
cold brine is pumped out of the cans, and warm brine substitutec|
These
until the ice plates loosen from the sides of the cans.

of
plates, weighing one or more tons each, are then hoisted out
from
loose
thawed
the water tank in which they float, after being

the brine cans, and are cut up into convenient blocks for handling,
and taken to the storage room.
Instead of brine cans, closed air cans may be used, with an

expansion coil in each can to cool the air down

to below freezing.

When it is desired to thaw the ice plates loose, hot ammonia vapor

is circulated in the expansion coils, and the air within the closed

The cans are thus warmed and the ice
cans is thereby heated.
platés thaw loose.
This method of freezing from one side only requires nearly four
times

as many

hours

for the same

weight of ice with the same

refrigerating power. It has the advantage of forming transparent
It is, however, little used as
ice without using distilled water.
compared with the removable ice-can system first described.
A third method employs stationary ice cans (or cells, as they are
called) of large dimensions, having hollow walls into which cold

brine is pumped until the freezing

is completed.

Warm

brine 1s

then substituted until the ice is loosened, and the great cake or
block is lifted out and cut up into pieces of convenient size for
handling. This method is, however, little used, as the removable ice cans

are

more

generally

finding favor with experienced

manufacturers.
INSULATION.—To provide means for the cooling rooms for the
storage of perishable articles, or for any other purpose, or for
cooling great tanks of brine to be used in the manufacture of ice,

and not to protect those rooms or tanks against the heat of their
surroundings, would be to but half do the work, and, therefore, to

totally waste much of the cost of the refrigerating plant.
Every one knows that heat rapidly passes out of houses in winter even when the doors and windows are kept tightly closed. So,
in summer, heat rapidly passes z#fo cooled rooms through the
walls, ceilings, and floors, from all the surroundings, unless prevented by careful insulation.
Moving air carries heat with it even though it be in such small
streams as flow through common porous bricks and more rapidly

AND
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to a temperaThe following illustrations and directions apply
ng room.
ture offrom 30° to go°, to be maintained in the cooli
brick side
for
tion
insula
triple
ve
Fig. 3430 illustrates an effecti
undsurro
and
e
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e
ratur
walls, in case the difference in tempe
ing) is to be greater than 20°
under ordinary conditions. The
brick wall is first covered with
a
two coats of pitch to exclude air
Al
One inch or 14and moisture.
inch. strips of spruce are next
fastened to the wall (horizontally), at intervals of not more
than two feet. Against these is
built the first shield, which consists of two thicknesses of j-inch

spruce boards ‘‘tongued and
grooved,” and joints laid in
white lead. Between the two
thicknesses of boards is interposed a layer of odorless insulating or building paper carefully lapped at all joinings. The
boards of the inner thickness
should carefully ‘‘ break joints ”
with those of the outer thick-
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All corners should be carefully
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protected by triangular wooden
strips having a separate piece
Fig. 3430.
of paper between each strip
and thecorner which it protects.
The second and third shields are to be built in the same manner as the first and separated by 13-inch horizontal strips placed
opposite the wall strips.
Fig. 3431 illustrates

the insulation

for a brick floor or ceiling,

corresponding to the triple insulation for side walls.

A layer of

concrete, extending two inches above the tops of the iron beams, Is

still through the many openings in the imperfect joints of ordinary
wooden buildings.
Plainly, then, one of the first things to do is to
make the walls, floors, and ceilings of a room to be cooled as

nearly air tight as possible. One or two coats of pitch will make
a brick wall, floor, or ceiling air tight. Building paper properly

and carefully lapped and securely held in place by aclosely jointed
lumber covering, will make ordinary wooden built rooms air tight.

While moving air carries heat, air tightly enclosed to prevent
circulation is an unequalled hindrance to the transfer of heat.
HHULZZZAAMUWWZZAWaRKCrEARZRZZa WEEE
ESS SZ VAM VESSELS
SSS NE

Therefore, after making the walls, floor, and ceiling air tight, to

prevent the circulation of air through them, the next step is to
prevent the radiation of heat from their inner surfaces. This is
accomplished by building against them a series of non-conducting shields separated by shallow air spaces.
Minerals and metals conduct heat rapidly. Wood is so poor a
conductor or so good a non-conductor that, while one side of an
inch board is a red-hot burning coal, the other side will be cool
until the fire has burned very deep. Therefore wood is one of
the most effective non-conducting materials available for building
shields.
|
It, of course, goes without saying that doors of cooling rooms
should be closed as continuously as possible, and windows (if any)
should be provided with double or triple sashes tightly fitted and
never opened.
All insulating material should be free from unpleasant odors and
at the same time comparatively inexpensive ; therefore odorless
paper should be selected. Pitch is to be preferred to paint both
on account of odor and durability. Spruce lumber has a pleasant
odor, and a resinous quality resisting mildew, and is comparatively
Inexpensive in most localities.
It is to be understood that triple insulation means three air
chambers, and double insulation two air chambers,

for sfde walls.

Fig. 3431,

overlaid with one inch of asphalt. Underneath the beams two
wooden shields are built, corresponding to those already described
for the side walls.
Fig. 3432

shows a triple

to a wooden

insulation

floor or ceiling.

(or its equivalent) applied

Underneath

ne

the floor beams, and
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Fig.

3432.

attached directly to them, is one insulating shield. Over the
floor above is placed a layer of insulating paper, covered by a

layer of boards, constituting a second
ing a two-inch

air space,

shield.

Above

this, leav-

is placed a third insulating

shield, the
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top of whnch serves as a new floor for either the cooling-room or
the room above, as the case may be.
Fig. 3433 represents the three interior shields of a triple insulation for wooden outer walls. The wall is first to be stripped of
plaster and lath, and a foundation shield to be
built upon the studding.
This will give the
three air spaces constituting the triple insulation.
In general terms, if the difference in temperature between the cooling-room and its surroundings, under ordinary conditions, is to be greater
than 20°, triple insulation is to be employed.
In case the difference is to be less than 20°, one

shield may be omitted.
A south outer wall
naturally requires one more shield than a north
outer wall if the location be in the north temperate zone. If in South America (the southern
part) or Southern Africa, the reverse would be
true. If a heater of some sort occupies a room
adjacent to the room to be cooled, an additional
shield should be built on that side.
In case a freezing-room (temperature from 5°
to 10°) is required, it is economy to place it inside
a cooling-room, in which case double insulation
Fig. 3433.
would be sufficient. Otherwise, quadruple insulation would be required, and in some cases still more thorough
insulation.

It is obvious that the brine tanks of ice-making plants should be
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as carefully insulated as the cooling-rooms or other manufactur.
ing operations, or the cold-storage rooms of mercantile operations.
LIQUID AIR.—This present year (1899) has provoked wide discussion of the probabilities of the use of liquid air as a means of
mechanical refrigeration.
Discussion, however, is as far as the
matter has gone.
Newspaper statements and announcements of

inventions and plausible theories are all plentiful, and the ordinary reader may easily think that its actual use for commercial
refrigeration is assured.
There is no question about the intense degree of cold exhibited
by liquid air, nor about the amount of heat it is capable of extracting from its surroundings in the process of vaporizing, or changing from the liquid to the gaseous state; nor, if current news
reports are to he believed, about the large sums of money launched

into experimental machinery for utilizing liquid air for both refrigeration and production of power.
In the judgment of men who are engaged in the practical operation ot turning raw material into dollars through the practical
channels of practical business, there is still an emphatic doubt.
They do not undertake to say that liquid air will not eventually
be utilized for both purposes, but they believe that it is as yet in
an experimental stage.
Cost of production has yet to be much reduced, or more advantageous methods of use to be discovered, before it can successfully

compete with present methods for all ordirary operations in both
refrigeration and application of power.

OF AMMONIA.
Extended by G. DAVIDSON,

CExtract—éy courtesy of the De La Vergne Co.)
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Since every form of machine develops primarily an alternating
current, it will be inferred that the principles of operation are the
same in all, and this is strictly correct. The difference between
alternators and generators consists wholly in the details of con-

HE name “electric generator” is applied to any machine
which is so constructed that it will develop electric curWhen the modern

rents by electro-magnetic aciion.

MOTORS.
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development

of the electrical industry first began, the name ‘‘dynamo” was
used to designate these machines, but at the present day this term
is applied only to machines made for the purpose of operating
“arc lights.”
An electric generator, in order that it may be able to generate

struction, and in the manner in which the wire is wound upon them.

A brief explanation of the principles upon which electric generators act will enable us to fully appreciate the difference between
the various types of alternators as well as simple generators, and
this explanation will be given in the following :
a current, must be driven by asteam engine, or some other source
Nearly one hundred years ago, it was found by experiment that
of power; that is, itis not a true generator, but simply a trans- |
former of one form of energy into another. <A true generator is
an impossibility, since we cannot create power.
The amount of
electrical energy obtainabie from a given generator will depend
upon the amount of power applied to it, and also upon the eff- |
ciency of its operation ; but under no conditions can it be equal to
the power of the prime mover by which it is driven. If the efficiency is, say, 90 per cent., the energy of the current developed will
be go per cent. of the appiied power ; if the efficiency is 80 per cent.,
the current will also be 80 per cent., and so on for any percentage
of efficiency. The difference between the power applied and that
appearing in the electric circuit is lost in the machine; part being
consumed by the mechanical friction, and part by forcing the cur-
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rent through the wires, and thus developing heat therein.

Fig. 3435.
if a wire is moved in the vicinity of a magnet, an electric current
will be developed in it. It was not, however, until Faraday took
the subject up in 1831 and investigated it thoroughly, that the real
nature of the action became fully understood. If we take a permanent magnet, which is simply a bar of hardened steel that is
magnetized, and place it under a paper upon which iron filings
are spread in a thin layer, and then shake the paper gently for
several minutes, we wil] find that gradually the filings will arrange
themselves in lines running from one end of the space, directly
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Electric generators are divided into two classes : those designed
to develop continuous currents, and which are called generators ;
and those intended for the generation of alternating currents, and
which are called alternators. Each class is again subdivided into
constant current and constant potential machines ; the first being
so constructed that they develop a current of constant strength,
SD T Net
and the second being constructed to develop currents of variable
strength but constant electromotive force or electrical pressure.
; itNX Sa
Continuous current machines—that is, generators—are used for
eee
//i,|AWS
lighting purposes, for the operation of motors, both stationary and
| \ AS
of the railway type; for electro-plating, and for the various electrical processes employed in the arts. Alternators are used for lightFig. 3436.
ing and for power, but are not suitable for electro-plating and
similar purposes.
Every alternator, or generator, must consist over the magnet, to the other. After a while the filings will preof two principal parts: the field, or that portion of the machine sent the appearance shown in Fig. 3434,in which the black bar in
in which the magnetism is developed ; and the armature, or that the centre indicates the position of the magnet under the paper,
portion in which the electric current is induced.
In generators; and the shaded portion, the location of the ridges of iron filings.
there must also be a device known as a commutator, this being Faraday, after long experiment, came to the conclusion that the
necessary owing to the fact that the only kind of current that it is position assumed by the filings must be such as to run from one
possible to induce is the alternating, and to obtain from this acon- end to the other of the bar; for, as is well
known, both ends, or
tinuous current a rectifving apparatus must be emploved.
From
poles, of amagnet attract iron ; hence, no matter where the filings
this it w*"! be seen that a commutator is simplya current rectifier. may be. they are drawn toward both ends of
the magnet, but no!
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with the same force. These lines, along which the filings will
arrange themselves, are called lines of magnetic force, or simply
lines of force, and they indicate the direction in which the force
acts at the points where they are located in the space surrounding
the magnet.
Every line of force passes out of one end of the
magnet and enters the other, thus forming, with the body of the

magnet, a closed loop. In Fig. 3435 the lines of force are shown
more clearly than in the first figure, and here it will be seen that
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If the simple solenoid of Fig. 3436 1s placed around a piece of
iron of the shape shown in Fig. 3438, we will have what is called
an electro-magnet of the horseshoe type.
In this case the lines
of force will not be evenly distributed all around the magnet, as
they would be in Fig. 3435, but the greater portion would pass by
the way of the horns of the casting; that is, along the path marked a.
The number of lines passing by the path D would be very much
smaller, the reason for the difference being that the resistance to
the magnetic force by the latter path would be very much greater
than by the former.
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If the solenoid of Fig. 3436 is placed upon a

casting of the form shown in Fig. 3439, then the lines of force
passing around both sides will be the same, because on both sides

/

there is an iron path. If the double solenoid of Fig. 3437 is placed

in

\\

around a casting of the form shown in Fig. 3440, nearly all the

lines of force will pass along the path marked aA and very few by
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Fig. 3437
those that do not pass beyond the boundaries of the diagram are
closed curves ; the others would also be such if the drawing were
large enough.
The experiments of Faraday fully demonstrated that if a wire is
moved in the vicinity of a magnet in such a direction as to cut
across the path of the lines of force, a current will be induced in
it, but that if it is moved in such a direction that the lines of force

are not cut, then no current will be developed. This fact has been
fully demonstrated by all the years of experience with electrical
machinery of every type, and it is true no matter what kind of
magnet is used ; that is, no matter how the magnetic lines of force
are developed, whether by a permanent magnet, an electro-magnet, or asimple solenoid.
It is generally supposed by those not versed in electrical matters that magnetism is a property peculiar to iron and steel; but
such is not the case. Magnetism can be developed by the action

Fig. 3439.
way of DD. This again is due to the fact that the resistance of
the A path is the lowest.
In electric machines, the field magnets are constructed upon the
general design shown in Figs. 3438 and 3440, so as to concentrate

the lines of force at a given point.
It is necessary to do this
because the current developed by the cutting of wires across the
lines of force is proportional to the number of lines cut in a given
time, and, therefore, if we desire to obtain a large amount of current we must so arrange the machine that a large number of lines
may be cut. In addition to this, if we did not make an effort to
concentrate the lines of force at one point, the generator would
be far from efficient, for only a small portion of the magnetism
would be utilized.
If in the space A of Figs. 3438 or 3440, we place a shaft upon
which wire loops are mounted, as is shown in Fig. 3441, we can
induce, in these wires, currents ofelectricity by revolving the shaft.
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of electric currents ; or, to speak more correctly, magnetism is an
accompaniment of electric currents. If a wire covered with cotton,
commonly called magnet wire, is wound in the form of a coil, as
shown in Fig. 3436, and a current of electricity passed through it,
the coil will show magnetic properties, the same as a permanent
magnet, and the space surrounding it will be filled with magnetism, as is indicated in the figure by the lines of force. If the coil
is made longer, and is bent in the middle so as to bring the two
halves side by side, as is shown in Fig. 3437, then the lines of force
from one part of the coil will pass through the other part. The
coilin Fig. 3436is a single solenoid and that in Fig. 3437 is

solenoid. If in either of these we
netic force will be increased ; but
properties of the iron, but simply
resist the development of magnetic

insert
this is
to the
force

adouble

a bar of iron, the magnot due to any magnetic
fact that iron and steel
less than the air.

If the direction of rotation is as indicated by the arrow, the direction of the current induced in the wire will be as indicated by the
arrows drawn at their sides.

From the direction of these arrows

it will be seen that when a wire Is moving in front of the N pole
the current will be in one

direction, and

when

it is moving in

front of the S pole it will be in the opposite direction ; hence, in
each wire the direction of the current will change twice in each
revolution.
With a machine constructed as shown in Fig. 3441, no current

could be conveyed to the circuit outside of the revolving part,
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because the wires are closed upon themselves, and, consequently, | current passed through them would pass through just one coil om
are
one side and three coils on the other. Now, as the orushes
the currents would circulate im jocal carcuits.
If, however, the

the current, entering through
wires
are separaied from the shaft at the crank end, and their ends | set to presson opposite segments,
are attached to rings that are not in metallic connection with each | one, must pass through two coils whichever route it takes, before
brush. If tbe armature revolves in the direces
the other
other
or with the shaft, then, by means
of springs arranged to. it reach
ted
nt
tion
will flow
the
indica
by
arrow in Fig. 3447, the curre
away
upon these rings, the current can be conreyed to the external |
but it will be an alternating current
arcait,

a con- |
If we desire

from the crank end in all the wires opposite the W pole and toward

the 5 pole, and if the manner
end im the wires opposite
tinuous Current we must make use of a commutator, the principle | the crank
of action of which1s illustratedin Figs. 3442 and 3443,
the frst |
representing the connections with a drum armature, and “*e second
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the connections with a
tric machine 15 the part
the construction of this
purposes, owing to the

ring armature.
The armature of an electhat rerolres, as showm in Fig. 3441; but

in which
the wire is wound
in Fig. 344315 noted it will be seen

hgure would not be suitable for practical | that the current, entering through a segment on top of the shaft,
fact that there are only four wires, while | will divide and flow through the coils on each half of the armature

itis necessary to hare many hundred to be able 10 obtain the in the direction indicated by the arrows, and that these two curwill come together
at the Jower brush. Since the current
strength of current required commercially.
in theory there ts no» rents
:
ce
fot
poles
the
does not change Its direction, it fol
opposite
cols
the
|
am
difference between the armature of Fig. 3441 and the drum armataken off
by the brushes will be alwaysin
ture shown in Fig. 3445, but in practice there 1s a great difference; lows that the current
but this difference 15 really only in the amount of current obtaip- |

able fram both. Fig. 3444 shows
a ning armature,
and the wire

the same direction, although, in the cotls themselves, i will reverse
twice m each revolution.
The drum, that 1s divided into four segments and through which
the current 1s conveyed outside of the armature, is what is known
ts wound in a manner similar to that shown in Fig. 3450, while the | as the commutator, but the actual comstruction used in practiceis
drum armature, Fig. 3445, 15 wound as indicated im Fig. 3442.
considerably different from that shown im the simple diagram,
ax
Imagine Fig. 3443 placed in the space between the poles of 3441,
can
be seen from Figs. 3446 and 3447, which are two views
of 2
and thal two metaliic springs are arranged (as im 3442) so that commutator
such a5 15 used in small machines.
F ip. 3496 3s 2
they wil] press upon opposite sections of the small dram shown in |

the frontof diagram, which is divi
into ded
four parts. Now, if
these springs are stationary, it is evident that as fast asthe arma-

ture revol
they ves,
will pass from segment to segment ; that is, the |

segments will slide past the springs as the armature turns around. |
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Fag. 3943.

This being the case, we can see that the two coils facing the W pole
will conn
with
ect
the two segments upon which tbe brushes or|
Springs rest, and this wil] also be true
of the two coils Opposite
the S pole. That this will be the case no matter what the position
of the armature may be can be realized when we consider that tbe
opposite segmare
ents
connecied with oppossides
iteof the arma-

ture coils. Take any one coil, and it will be seen tha
one of
tits
ends connects with one segment and the other end with a sepment

Fig. 3496.

side view with the upper half in section, and Fig. 3447 is an end

view.
made

The body, or bub, of the commutatoris shown at H, andis
generally of cast iron,
and is so formed as to be able to

securely clamp the segments 5, these taking the part of the four

segments of Fig. 3443.

The sepments

are insulated from each

other and from the hub by meaof
ns
some material
that is nota
adjoining ; thatis, ifthe springs rested upon adjoining segments, a | conductor of electrici
ty. This insulation is shown at tim Fig. 3446
VOL.

I. —79.
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That at I separates the segments

from the hub and that at E separates them fromeach other. The
segments are held in place by means of the ring R, which is forced
up by the nut N. The groovesg in the ends of the segments are

for the purpose of fastening the ends of the wire coils wound upon
the armature.
The diagram representing a commutator shown in Fig. 3443

SHOP

PRACTICE.

the two sides of a turn of wire around the ring. It the ring is
made of iron, the lines of force passing from one pole to the other
will not penetrate to the interior space, owing to the fact that the
iron is afar better conductor of magnetism than the air. On this
account
the side of the wire loop within the ring is not acted upon
by the lines of force. The current is induced wholly by the cutting
of the outside wires through the magnetic field, as the space in
which the armature revolves is called. The lines of force are
drawn in this figure so as to show that the iron ring prevents
them from passing into the interior space, the ring thus acting as

consists of only four segments, while the actual commutator shown

in Figs. 3446 and 3447 has thirty-two segments.
Some commutators have several hundred segments,
The object of increasing
the number of segments is to render the current more uniform and
also to reduce the size of the sparks that are produced when the

brushes pass from one segment to another.
which

The principle upon

the commutator acts, however, is the same whatever

the

number of segments may be.

Fig. 3450.

a shield for the inner side of the coil.
wood, the lines of force would pass from

Ifthe ring were made of
one side to the other in

straight lines, as is shown in Fig. 3448, and thus cut both sides of
the coil. Asin this case the current developed would be in the
same direction in both sides of the coil—that is, in the same direc-

tion in space—the two inductions would counteract each other, for
they would be in opposite directions in the wire itself. If this
explanation is not sufficiently clear, all that it is necessary to consider is that if the current runs toward the froz¢ on the part of
the coil that is on the outside of the ring, it will run toward the

As already stated, Fig. 3444 is a ring armature and Fig. 3445 a

drum armature, these names being given to them on account of
their form. Fig. 3444 shows the back end of the armature, and
on this account the commutator cannot be seen; but through the
interior of the ring the wires leading tothe commutator are plainly
visible.
A drum armature will operate even if the core upon
which the wire is wound is made of wood, but a ring armature
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Fig. 3451.

Fig. 3449.

will not generate a current, except a very weak one, unless the
core is made of iron. Why this is so can be explained in connection with Figs. 3448 and 3449 ; the first representing a drum and

the second a ring armature.
In Fig. 3448 the black speck at the
left-hand side of the armature core represents a wire, and, as we
can plainly see, if it revolves a current will be induced in it. In
Fig. 3449 the two specks at the left side of the ring core represent

back in the part that is wzthkin the ring; but if currents were
induced in both sides they would both run either to the front or
to the back ; hence, would buck against each other at the end of
the loop.
The diagrams, Figs. 3442 and 3443, only show four-part commutators and a corresponding number of armature coils ; therefore,
they do not serve to illustrate very well the manner in which the
current is rectified when there are many coils upon the armature
and many segments in the commutator.
By the aidof Figs. 3450
and 3451 this action can be mace quite clear.

Fig. 3450 represents, diagrammatically, a ring armature located
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in a magnetic field, the poles being marked Cand D. Suppose this
ring is revolving in the direction of the hands of a clock; then it
‘s evident from what has_ been said in connection with Figs. 3442
and 3443 that in all the wires above the line A B the current will
it will
flow in one direction, and in all the wires below line AB

flow in the opposite direction. If we had springs resting upon the
wire coils at both sides upon the line A B a current would flow
‘nto the armature through one spring and come out through the
other, and as there is a continuous

circuit from

one side to the

other through the wire on the two halves of the ring—that is,
through that on the upper half, and through that on the lower

AND
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MOTORS.

in a conwill be no current, for electricity cannot flow except
.
tinuous circuit.
undereasily
and
The winding of a ring armature is verysimple
nts
segme
tator
stood, for, as can be seen at once, the several commu
armacan be considered as simply enlargements of certain of the
ture coilturns. The drum winding, however, is not so easily under
s
cation
modifi
the
ring,
the
as
same
stood ; but it is, in principle, the
made being such as are necessary on account of the fact that there
may
is no open space within the armature through which the coils
be
can
ng
wind, The difference between the two types of windi
understood

from

Figs. 3452 and 3453.

In Fig. 3452 the coils

r
shown at the sides are connected with each other in the manne
When the
half—the current would flow through both channels.
m
botto
and
top
the
at
coils
the
proper with a ring winding, and
armature advances the width of one turn of the wire, the turn
camodifi
the
show
to
are extended by means of dotted lines, so as
next to the side A will pass below the line A B and the turn next
As in the drum there
tions required to obtain a drum winding.
to the line on the B side will pass above ; hence, in these two turns,
the part of the coil that in the ring would occupy
the direction of the current will have to reverse, for it must be in is no open centre,
be carried to the opposite side ;
the same direction as that in all the other wires on that side of a place within the core, must
side within the ring, it must be
one
thus, as coil ¢ cannot have
extended so as to occupy a position on the other side of the shaft,
as shown by the dotted lines 7, which lead to the space marked 3
between coils gand #. In the same way coilfmust be carried
over to the position marked 6 next to coil 4. Coils A and g must
also be carried over to the upper side of the core, and will there

occupy the spaces 12 and g, respectively.

The endsof the coils

will be connected with each other in the same manner as in the
ring winding, as is clearly shown

in the figure, the connections

of the coils shown at the sides, and which are true ring coils,
being the same as those of the coils at the top. A close inspection of the diagram will show that the ends of the wire come only
from the alternate coils, this being the case as the spaces between
these are filled by the part of the coil that in the ring winding

Fig. 3452.

the diameter AB. If, however, the springs that rest upon the
wire are stationary, the points of contact will slip back one turn
as the armature advances, and, as a consequence, the direction of
the current in all the wires between the points where the springs
press will still be the same. If this action is considered carefully
it will be seen that the direction of the current in the armature
wires reverses turn by turn, as they pass the line A B, and that at
the same time the points from which the current for the external
circuit are drawn are advanced

in the same

order;

hence, the

current in the armature wires will alternate as they revolve, but
that in the circuit outside of the armature will be continuous.
As in practice it is necessary to use a large number of wires
upon the armature, it is not customary to have the brushes press
directly upon them, but instead to rest upon the device called a
commutator,

and to this the armature coil ends are attached, in

the manner shown in Fig. 3451. Generally, the number of turns
of wire is much greater than the number of commutator segments,
and in such

cases the wire

is wound

in coils, the ends of these

being connected with the commutator segments as shown in Fig.
3451.
Suppose there are six hundred turns of wire upon the
armature, and that the commutator has only sixty segments; then
the armature coils will each one have ten turns; thus in the figure

the return side of the coil.

the

ing caa be more readily understood, now that the manner in which

coils

marked

1 2 3 4, etc., would

have ten

turns

if the

commutator had sixty segments and the armature a total of six
hundred turns. Wire g, which connects with segment 4, would
connect with the end of coil 1 through wire @ and with the beginning of coil 2 through wire 4. In the same way wire 4 would
connect with segment ¢ and also with the end of coil 2 and the
beginning of coil 3. With this arrangement of the connections
between the armature and the commutator, it can be easily seen
that a current entering through the brush located at. the righthand side would pass around through the wire on the upper as
well as the lower

half of the armature, and come out at the
If these two brushes are connected,

brush on the left-hand side.

through the external circuit, a current will flow, but if not, there

passes along the inner side of the core, and which might be called
From Fig. 3453 tne manner of wind-

we pass from the ring tothe drum winding is ascertained.
In this
figure it will be seen that the end of coil 1, which is marked a’,
connects at the top of the figure with the beginning of coil 2, which
is marked 4, and that the end of coil 2 (4’) connects with coil 3
(not shown), but which, if shown, would be next to the coil marked
10’. Thus it will be noticed that the connecting wires skip, apparently, one coil each time ; but in reality they do not, for what
they skip is the return side of coils whose ends are or the opposite side of the diameter.
In the foregoing, currents have been spoken of as being generated
in the armature coils as these cut through the lines of force of the
magnetic fleld while the armature revolves.
This style of expres-
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sion, althougn commonly used, is not strictly correct, for the cutting of the wires through the lines of force results in developing
an electromotive force. Now electromotive force is the force
that causes an electric current to flow providing there is a closed
circuit in which it can flow.
As electromotive force causes a
current to flow, it might be advanced that to say that the cutting
of the lines of force by the armature develops not a current but
an electromotive force is splitting hairs, for the final result is to
cause a current to flow. This conclusion, however, is not correct,
for the reason that the current, or strength of the current, does

not depend upon the electromotive force alone, but also upon the
resistance that opposed the flow of current through the circuit, and
this resistance may be large or small, so that the amount of current that a given electromotive force will develop ina circuit is
not fixed, but may vary enormously, depending upon the magnitude of the resistance encountered.
Electromotive force is measured in units called volts ; the strength of the current 1s measured
in units called amperes ; and the resistance set up by the wire, or
any other path in which the current flows, is measured in units
called

ohms.

The

relation

between

these

units—the

volt, the

ampere, and the ohm—is such that an electromotive force of one
volt will force a current of one ampere through a circuit having a
resistance of one ohm.
If the resistance of the circuit is reduced
to one-half of an ohm, the current will be two amperes with the
same voltage. Ifthe resistance is reduced tothe one-thousandth
part of an ohm, the current will be increased to one thousand
amperés. Thus it will be seen that the electromotive force devel-
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the ampere turns can be increased or decreased by increasing or
decreasing the number of turns of wire, and this is the method
adopted for regulating such machines by varying the strength of
the field.

In such cases the field coils are so wound that the wire E,

Fig. 3454, can be made to connect either the extreme ends of the

E

in the circuit, and that

the other part is played by the resistance of the circuit.
electromotive

force,

resistance,

and current strength, explained in the foregoing, it can be seen
that if the armature develops a constant voltage, the strength of
the current will change with the resistance of the circuit.
On the other hand, if we desire that the current strength remain constant, no matter how much the voltage may vary, it
becomes necessary to so construct the machine that the armature
will develop an electromotive force that will increase or decrease
as the resistance in the external circuit increases or decreases.
A generator that will develop a uniform voltage under all conditions of circuit resistance, is called a constant potential generais such that the current

will

remain

constant in strength while the circuit resistance varies, it is
called a constant current generator.
To obtain a machine of the
first class the winding of the field coils must be different from that
used for the second. The several types of field winding can be
explained in connection with Figs. 3454, 3455, and 3456; the first

being what is called a series winding, the second a shunt winding,
and the third a compound winding.
winding

wire remains constant, as it must in a constant current generator,

Fig. 3455.

the strength of the current that is to flow

In the series

to maintain a constant strength of current with variations in the
external resistance, it is necessary to devise means whereby the
strength ofthe field magnets may be changed without changing
the strength of the current, or else to so arrange the armature
wires that more or less of the turns may be rendered ineffective.
Both methods are used, and it is difficult to say which is the best.
With the arrangement in which the field magnetism is varied, the
result is accomplished by increasing or decreasing the number of
turns of wire in the magnetizing coils through which the current
flows. The strength of an electromagnet is increased by increasing the strength of current circulating around the magnetizing
coils.
Now this current is measured, not by the strength ot
the current actually flowing in the wire, but by this strength multiplied by the number of times it passes around the circle ; that is,
by the number of turns of wire in the coil, and the product it expresses asso many ampere turns. If the current strength in the
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tor, and if its construction

current would increase.

yp creer |

oped by the armature only plays one part in the determination of

the relations

wire P, and thence to the armature through the brush on the upper
side. This type of winding will not of itself give a constant cur.
rent with changes in the resistance of the external circuit, for if
the resistance were reduced the inevitable result would be that the

CS

Fig. 3454.
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the brush, B’, below the commutator Cc,

is connected with one end of the field magnetizing coils ; therefore,
all the current generated by the armature passes through the
field magnetizing coils and goes out to the external circuit, as is
indicated by the line N and the arrow above it. After passing
through all the devices in the external circuit the current returns to

Fig. 34566

two coils or any other points, so as to cut out of service as much
of both coils as may be necessary to maintain constant the current
strength.
When the regulation is effected by varying the number of active
wires upon the armature, the arrangement employed is generally
some modification of one and the same method, and this consists

in changing the position of the brushes upon the commutator so
that they do not rest at the points where the direction of the current in the armature coils is reversed, but either ahead or behind

it. As can be seen at once, the effect of this change in the position
of the brushes is that in a portion of the wires the electromotive
force developed is in the wrong direction, and this acts as a back
pressure against the voltage developed in the other part. If there
were aS many wires in which the electromotive force is in one
direction as those in which it flows in the other direction, then the

two actions would just balance each other, and there would be no
current. From this it can be seen that by rotating the commutator brushes the voltage developed by the armature can be changed
from zero all the way up tothe maximum capacity of the machine.
In a shunt wound generator, the current developed in the armature does not all pass through the field coils ; on the contrary, only
a small portion thereof takes that path.
In Fig. 3455 it will be
seen that the current, after reaching the point D' in wire M’, divides,
part going by way of wire N to the external circuit, and part by
way of C’ to the field magnetizing coils.
After passing through
these coils it joins the main line at D and returns to the armature.
Now as the resistance

of the field coils remains

unchanged, the

current flowing through them will be the same, in strength, so
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long as the voltage developed

by the armature

as this will not change, the result is that
self-regulating for constant voltage.

the

MACHINES

MOTORS.

513

five hundred amperes it will only be ninety-five volts. If, however,
the generator is so arranged that when the current becomes five
hundred amperes, the voltage will be increased to one hundred

is the same, and
machine

AND

becomes

and four; then, the electromotive force at the end of the line will
When it is desired that the current be transmitted to a distance
still
be ninety-nine volts.
If a generator is compound wound it
at
of several hundred feet, and that the voltage remain constant
accomplish
will be understood from the followthis
will
as
result,
the point of delivery, it is necessary that the electromotive force |
developed by the armature increase slightly as the current | ing explanation :
In Fig. 3456 it will be noticed that the current from the lower
brush passes first through coils ¢ g’ wound upon the field, and then

divides at D’, part passing to the field shunt coils, just as in Fig.
3455, and the balance going to the external circuit. This current,

returning through wire P, goes to the armature through the upper
brush as before described, This type of winding is called compound
because it is a combination of the shunt and the series windings.
The shunt coils alone will, as has been shown, keep the voltage
constant at the armature terminals, or nearly so. Nowthe series

Fig. 3457.
strength increases. Why this is the case can be understood when
we consider that the current forced through a conductor is proportional to the resistance and the voltage. Now suppose we
have a current of one hundred amperes, and that we transmit it
over a line several hundred feet long whose resistance is one
hundreth of an ohm ; then it is evident that the voltage required to

force the current through will be one volt.
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If the total voltage

coils will magnetize the field directly in proportion to the strength
of the current flowing through them ; that is, if the machine is
developing a small current the effect of these coils will be small,
but if the current is strong the effect will be in proportion. Inasmuch as the voltage has to increase as the current increases, it
follows that the action of these series coils is just what is required
to make the machine automatic in its action ; and to compensate
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at the generator is one hundre«, then there will bea loss of one per
cent. in transmitting it over the line. This is what is called the
line drop. If the current is increased to five hundred amperes, it
will require five times the number of volts to force it through the
line wires ; that is, five volts, and the line drop, in this case, will

be five per cent. From this we see that with one hundred amperes
the voltage at the receiving end will be ninety-nine volts, but with

for any reduction in voitage due to line drop, all that is necessary
is to properly proportion the number of turns in the series coils.
Constant potential generators can be made so as to deliver a
constant voltage either at the terminals of the machine or at the
end of a distribution
line by simply winding the field coils in shunt
or compound.
A generator, to regulate automatically for a
constant current delivery, must be provided with some kind of
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mechanism that will either change the connections in the field coils
or shift the commutator brushes. The constant potential machines
are therefore the most simple.
They are the kind used for
operating incandescent lamps, stationary and railway motors,
and, in fact, for every service except ‘‘arc lighting.”
For the
latter purpose the more complicated constant current machines
are required.

The types of generators we have so far shown and discussed
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able popularity as a motor.
Fig. 3460, as will be seen, is simply
the general form of Fig. 3454 turned upside down.
For generators of large size the multipolar designs are used.
These differ from those already explained only in that there are
four or more poles instead of two. The most common forms are
made in accordance with the diagrammatic illustrations, Figs. 3461
and 3462, the first being by far the most common.
The difference between the two is that in Fig, 3461 the field magnets are

rd
4
4

"

>

'

:
—

“Tr

=

.

oe
i

X

ey
at

{

:
-

=

:

+

4

_
>»

~

are of the two-pole variety and are called bipolar. In the early
days of the electric lighting industry they were used exclusively,
but at the present time they are only made in small sizes, up to
about fifty or seventy-five horse-power. The number of designs
of bipolar machines that have been placed upon the market within
the last twenty years is very great, but they all operate upon the
same principle, and, except in a very slight degree, the shape has
no effect whatever upon the efficiency of the machine, this depend-

in the two figures by the letters N and S, which stand for north
and south. The proper polarity is obtained by winding the field
coils and connecting them with each other so that the current
may flow around each pole in the direction required for the given

Fig. 3461.

Fig. 3462.

ing almost wholly upon the proper proportioning of the various
parts. Of all the various designs that have been evolved, about
the only ones that survive are those built in the forms illustrated

polarity. On account of the increased number of poles, the armatures have to be wound differently from those for two-pole machines.
This difference can be made clear by the aid of Figs.

diagrammatically in Figs. 3454 to 3456 and also in Fig. 3438. Fig.
3457 shows one of the numerous designs corresponding to Fig.
3454, and the similarity between Figs. 3458 and 3438 will be

noticed at once.

Fig. 3459 is a design that has gained consider-

around the armature, A, while in 3462 the order is reversed, the

armature being outside of the field. In multipolar machines the
poles have to be so disposed that they alternate from positive to
negative in rotation all the way around the circle, as is indicated

3463 to 3471.

Figs. 3463 and 3464 show two

large armatures in

the process of winding. With machines of this size the armature
wires become bars and the coils are made of one turn instead of
many.
In Fig. 3463 one of the coils is shown resting against the
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If tne generator has six poles the
as in the two-pole machine.
brushes will be one-sixth of the circle apart, and one-eighth of the
With the winding of Fig. 3465,
circle for an eight-pole machine.
by two brushes, a and C,
armature
the current will pass out of the

Multipolar armatures can be wound as in these two

coil
figures, in which case the winding is said to be of the formed

type, from the fact that the coils are formed in a machine and are

then placed upon the armature core; or they may be provided

and will enter by the other two, 4 and d, or the reverse, according

le
with a simple ring winding, the same as that used with two-po
be
can
If the latter winding is used, the connections
machines.

to which way the machine revolves. If there were six poles, there
would be three brushes through which the current would come

made, between the coils and with the commutator, in two ways,
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both of which are represented diagrammatically in Figs. 3465 and
3466, the first being what is called a parallel winding and the
second a series winding. The first, or parallel, winding does not
differ in any respect from the simple two-pole ring winding. This
can be clearly seen from the diagram. Now, as to the action of
the armature, it can be readily understood that as the two adjoin-

ing poles are of opposite polarity, they can be regarded as forming,
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out and three through which

it would enter, and, in any case, for

any number of poles, the current would enter through one-half the
brushes and pass out through the other half. In this way there
would be drawn from the armature as many separate currents as
there are pairs of brushes, but the voltage of each current would
only be proportional to the number of turns of wire on the armature from brushtobrush. In some cases it is desirable to increase
es
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within themselves,

a complete machine, so that the whole arma-

_ the voltage, and when such is the case, the connections of the coils

brushes will be one-quarter of the circle apart, instead of one-half,

| four quadrants of the armat”re one after the other before it passes

ture with the whole field may be considered as made up of a cerwith the commutator must be as in Fig. 3466. If this diagram is
tain number of two-pole machines spread out in a line.
This
traced out it will be found that the back ends of all the coils are
being the case, it is evident that the current that enters through
connected with commutator segments that are one-quarter of the
brush a will not flow half-way around the armature to brush ¢, but
circle ahead of those to which the front ends attach.
The effect
will stop at brush 4; that is, if there are four poles, the opposite of this arrangement is that the current is passed
through the
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It is on this account that this style of con-

nection is called ‘‘series,” for the different parts of the armature
wire are connected with each other in series, and, as a result of

SHOP

PRACTICE.

shown in Fig. 3466 only two brushes are required, but more can
be used if they are properly connected.
As a rule large armatures are wound with formed coils, such as
are shown in Figs. 3463 and 3464. When the connections are to
be in parallel, the coil ends bend in the same direction at both

ends, as in the coils shown in Fig. 3463; but when the connections
are to be in series, the ends are bent in opposite directions, so that

the coil, instead of forming a letter 0, forms a U with the ends
spread out. The coils on the armature in Fig. 3464 are for the
series connection, and, as will be seen, the ends atthe left end

of the armature turn upward as they leave the grooves, while
the ends at the right turn downward ; that is, in opposite directions. This style of winding is commonly called ‘‘ wave winding.”
The armature in Fig. 3467 has coils suited to the parallel winding,
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and, as will be seen, the wires turn

mats

each end of the grooves.
winding.

SEY

a

in the same

Figs. 3468, 3469, and 3470 show an armature

A

Seeyy

direction,

at

This style of winding is called lap
in three different

stages of construction; the first when it is ready to receive the
wire, the second when completely wound, and the third when the
wire at the ends has been covered with protecting canvas and
the coils are securely held in place by means of wire bands.
From Fig. 3469itcan be seen that the armature is wave wound,
as the wires bend in opposite directions at the two ends.
From

Fig. 3471, a fair idea can

be formed of the manner

in

which the coils are insulated from each other and from the armature core, and also as to the manner of the connections

commutator segments.

with the

Considering the connections with the com-

Fig. 3465.

mutator first, it will be seen that the two ends of each coil connect

this connection, the voltages developed in the several sections are
added. Thus, in the armature shown in the figure, the voltage
would be four times as great as if the connections of Fig. 3465—

with commutator segments, twice as far apart as the space spanned
by the coil upon the armature surface.
This is necessary, owing
to the fact that the ends must connect with segments that are under
the alternate brushes, and the sides of the coils must only be as

SO

\/] ie re
3466.

that is, the parallel connection—were

used.

But

it must

be

observed that while the voltage is increased the strength of the
current is reduced, as there is only one circuit; while with the
parallel connection

there would

be four.

With

the connections

far apart as the distance from brush to brush.
The coils, which
in this armature are flat copper bars making one turn to the coil,
are well covered with an insulating material, and their ends are
soldered into grooves shown in the ends of the commutator seg-
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ments. In the grooves in the armature surface the coils are further insulated by additional strips of insulating material, as can
be plainly seen from the upper part of the figure.
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the second, the core with the coils in place;

ished armature.

and the third, the fin-

In this figure it will be seen that the coils bend

down over the armature’s core ends, and the same construction 1s

At the ends,

where the coils lap over each other, an insulating separation is | adopted in many generators, in fact inthe great majority.
provided, as can be seen at the right-hand

side of the armature;

that is, the end away from the commutator.

shaft claim that that form of construction

—_

Those

| who make the armature with the coil ends running parallel with the

“3 ~

ens

is the best, on account

ts 2%

Fig. 3468.

In the armatures so far shown the ends ofthe coils, after passing | of there being a solid metallic bed for the wire to be pressed down
out of the grooves, run parallel with the shaft and rest upon flanges | upon, thus rendering it impossible for it to be thrown out of place
provided to hold them. This construction is not universal, however, | by the centrifugal force when in rotation.
Those who use the
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Fig. 3469.

and in many cases the ends bend down

toward

the shaft, as is

design in which the coil ends bend down, claim that it is the best

shown in Fig. 3474, which represents a railway motor armature | as it is not necessary
to make the shaft so long. It is evident that
in three stages of construction; the first being the bare iron core; | both styles of
construction have their advantages, but it is difficult
VCL. 11.—8O
f
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to say which is the best, and perhaps the real truth is that each | Fig. 3477, in which it will be seen that the wires running to the
one is the best for certain cases.
' commutator segments pass out from the lower ends of the armaFig. 3475 shows asmall armature with the coils bent down at | ture coils.
the ends, while the armature in Fig. 3476 has the ends bent down | Figs. 3472 and 3473show two views of a large armature ofthe type

at the back and parallel with the shaft at the commutator end. | used with the internal fields illustrated in the diagram, Fig. 3462.
If they were bent down at both ends, the commutator

could be made with shorter arms, as is shown

segments

| Fig. 3473 shows the bare armature

in the diagram, | when the coils are in place.

Hi|

i

core, and Fig. 3472 the same

The manner in which armatures of
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and would soon crumble away, but when it is combined with cloth
it forms the best known insulation. It is the best because it resists the passage of electric currents better than any other sub-

this type are wound can be understood from Figs. 3478 and 3479.
In this armature the outside surface

AND

the commutator, and

for this purpose the coils are made as is shown in Fig. 3480, from
which it will be seen that the portion that forms the commutator
is much heavier in every respect.
This reénforcement is necessary, owing to the fact that the constant rubbing of the brushes
against the commutator surface wears it away, and if it were not
made thicker the armature would soon have to be re-wound.

stance that can be used for the purpose, and, in addition, is hard,

and can, therefore, be made to give a considerable mechanical
support, providing it is reénforced with paper or cloth so that it
cannot disintegrate.
As moisture is a great destructor of insulation, it is necessary to render armatures as nearly waterproof as
possible, and this is generally accomplished by an abundant use
of shellac varnish, which is applied as the work of putting the
coils in place progresses, and after they are allon.
After an
armature is completely finished, so far as the winding is concerned, it is subjected to several coats of varnish, and is examined
carefully all over the surface, and ifany openings are found these
are filled up entirely with shellac.
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Fig. 3474.
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As an armature revolves at a high velocity, the centrifugal force
of the coils is very great, and, as a consequence, unless they are
held in place by strong bands, they wii!l be liable to be thrown out.
Ot

These bands are made of brass wire in small

ee

Fig. 3172.

In winding armatures

it is very necessary that the insulation

between the various coils, and between the coils and the core, be
as perfect as it is possible to make it, for if not, the current will

jump across any weak spots, and thus form what is called a short
circuit, and burn out the coil. If there were any metal possessing
insulating properties, it would not be difficult to obtain perfect insulation, for then all the parts could be made strong; but, unfortunately, all insulators are of the nature of wood, paper, cloth,

armatures,

and are

soldered together, but for large armatures steel wire is the best, as
itexpands at about the same rate as the iron core of the armature, and on this account is not liable to get loose when the machine gets hot, as it surely will when running anywhere near its
full rated capacity.
The commutator is about the most important part of a continuous current generator, and unless made with great care, will give no
end oftrouble. If it is not perfectly round and smooth the brushes
will not remain in contact with the surface all the time, but will be

thrown off every time the high side comes around.
The effect of
this will be that the brushes will spark badly, for when they leave

aN),
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Fig. 3475.
the commutator surface, the electric current must jump
from their
ends to the segments, and this it can only do by formi
ng a spark.

These sparks burn away

Fig. 3473.

mica, and similar substances, that are

mechanically weak.

A

the metal, and, as a result, the surface

soon becomes rough, and this causes the brushes
to jump off
further, thus aggravating the difficulty. From thisit
will be seen
that it is necessary td turn up the commutator surfac
e with great
care So as to have it run perfectly true.
But even when this is

great deal of ingenuity has been expended in devising insulations
that would be strong mechanicaily, and at the same time satisfacdone, there is no assurance that trueness will
be maintained, untory from an electrical standpoint.
For armatures the best ma- ! less the structure is so solid
that
it
cannot
move,
either by the
terials are cloth, specially prepared paper, vulcanized fire, mica, :action
of centrifugal force, or by the effects of expansion
and conand silk. Small armatures are, as a rule, insulated with paper | tractio
n. The commutatorsegments are made generally
of copper,
and cloth, but for large machines, and particularly if the voltage |and
the insulating separation between them is
of mica, which is
of the current is high, say 500 vo!ts or more, mica is largely used. | built
up to the required thickness by sticking togeth
er a number
Mica alone cannot be employed, owing to the fact that it is brittle |
of layers with shellac. When the shellac

is cold it is sufficiently
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hard to prevent the structure from working out of shape, but
under the influence of the heat generated by the friction of the
brushes and the sparking, the varnish becomes warm, and then
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is so small that there is little danger of its working out in subse.
quent use.

When an arniature is built up su that the outer surface forms

Fig. 3476.

softens up enough to be forced out from between the layers of
mica , thus leav ing t he segments loose.
To avoid all this, it is
customary to press the segments up with all the pressure that can

the commutator, it is very difficult to make it solid, but with suffi.

0
0
A

N

LY
Q
Q
Q

Na

ILD
ee,
Z7.

N&
N

N
&
N
»

=

Fagg RROBORRRRSOBS

TOT TOS.
waIATA

Q

°°*******

with cloth and mica laid on so

IP ITT A. —

OY

TOD

clove sieeoe =~ gBRRRERRRGRnaseneagr-"

LNG
)]I)]}N
)WWMY

The outer surface of the core, Figs.

cient care it can be done.

3478 and 3479, must be covered

UMM
Fig. 3477.

be applied conveniently, and then to place the commutator in an
oven So as to warm it up, when it is further compressed.
By this
process of construction the sheets of mica are brought practically
Into ac

tual contact, and the amount

of shellac

left between them

tight as to leave no slack. This much being done, the two parts
of the coil, the U bar and the commutator bar (see Fig. 3480), are
pressed firmly into position, the U bar against the inside of the
armature core, and the commutator bar against the outer side.
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In addition to this it is necessary that tne Dars De pressed against
each other as tightly as possibie.
been covered, there snou.d

If, after the entire armature has

be any

places wi.ere

ine Dars co not

come down to a solid bearing, it wil be very c:Micu.t

to turn ine

face off true, and even if it can be accompuisned, the centriluga:
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commulator segments s0 that the part to which the wires are attached does not ~ave 9 be removed. At the outer end ofthe commu-

ator in this construction, there is provided a row of screws that
serve to hold in place pieces tat form the surface of the commuWhen these are worn out, it is only necessary to
tator Segment.

Fig.
force when the armature js running will tend to throw the surface
out of true.

Fortunateiv, inese armatures donotrun at very high

velocities, and, as a consequence, the brushes can follow up the
inequalities of the surface even if it is so much out of true as i»
be easily seen with the naked eve.

Commutator segments wear out in time, and when this occurs
it becomes necessary to provide a new commvtator, «rich is an
expense, not only on account of tne cost of the :.ew va
because it is necessary to disconnect the old one anc th
the new one. To get around this expense as Jar a
manufacturers of the armature shown in Fig. 3476c

remove the screws ard replace the old with new parts, and then
the commutator is the same as when first made.
This plan is
only adopted by one concern—all the others preferring to use solid
segments. One company facilitates the renewal of commutators
as much as possibie by furnishing full sets of segments pressed up

into
t.€ proper size and shape anc held in place by strong wire
ands, 59 that ant what 2 > Tequ.red is to remove the old segments
p'
suosutute jorinem ine new ones. How these sets of segments
arc prepared can Le seen from Figs. 3481 to 3487, inclusive, and
from these figures can

aiso

be

obtained

an

mocifications in the shape of the segments.

idea of the

various
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Fig. 3488 shows the clamping device used to press the commutator segments into place. At the right-hand side of the cut
is shown a commutator ready to go into the clamp, and at the
left-hand side it is shown with the clamp in position.
If the insulation between the segments is too thick it will not be
possible to compress the commutator down to the proper diameter;
that is, so that the segments will come to a bearing against the
supporting hub. On the other hand, if the insulation is too thin,
they will bring up against the bottom without pressing tight
enough against each other; hence, it is a nice point to make the

insulation just the right thickness, which is readily accomplished
after a little practice.
In the arrangements shown, the wires are fastened to the commutator segments by means of solder, but this is not the only
method practised. Some manufacturers prefer to use screws,
claiming this form of construction facilitates the replacement of
the commutator when the segments wear out, it being less trouble
to loosen up the screws than to unsolder the joints. As the renewal
of commutators is not a thing that has to be done every day there
is little force to this argument.
In the construction of the armature cores as much care must
be taken as with the armature,
This is, in fact, one of the parts
of an electrical machine upon which a great deal more work is
expended than would be supposed from the external appearance.
When

an

armature

is covered with

wire there is no indication,
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there may be noelectric circuit in it for currents to flowin.

The laminations,

however, must

run in the right direction, for if

not, they will only serve to cut the current up into numerous
small currents, each one flowing in an individual lamination.
The proper direction in which to place the laminations is at right
angles with the wires in which the cu‘rent proper is generated;
for these wires are set in the best position for the cutting of the
lines of force, hence a position at right angles to this is the worst.

Fig. 3481.

Laminated armature cores are built up of many thicknesses
of sheet iron, which is generally not over No. 24 or No. 22
gauge. In building up, the core layers of sheet iron and of paper
are placed alternately upon each other until the proper thickness
is obtained. These are then firmly pressed up and secured, and
the outside surface is trued up.
From Figs. 3489, 3490, and 3491 the method pursued in constructing small laminated armatures can be understood.
In Fig.
3489 the shape of the pieces of sheet iron of which the cone is
made up isshown.
These are punched out of strips of metal in

Fig. 3484.

Fig. 3483.

from the outside, of how the internal part is constructed, but when
the process of construction is understood, it is found that the work
in sight is but a small portion compared with that which is concealed. When an armature revolves between the poles of the
field magnets, the current is generated in the wires, not because
they are of copper, as is sometimes supposed, but because they cut
through the lines of force of the field, as we have already explained.
Now, if there is any other part of the structure that cuts through
the lines of force in which a complete electric circuit can be
formed, in this part electric currents will also be developed. On

This

can be accomplished by laminating it and separating the laminations by means of paper or some other non-conductor ofelectricity.

the manner indicated. So as to save the trouble of placing paper
and iron blanks in position alternately, the iron is covered on one
side with paper before the pieces are punched out of it; then all
that is necessary is to lay these in place, and as each piece has a
paper covering on one side, the labor of placing the paper in place
separately is saved. The blanks, after being cut out, have holes
punched in them so that they may be riveted as indicated in Fig.
3491, which shows the design of clamping device used for the
purpose of holding the core while it is being riveted. In building up the core the blanks are placed so as to break joints brick

this account, if the core is made in the form of a solid mass of iron,

it will be the seat of very strong currents,
In the early days of
electric lighting there was a great deal of trouble experienced
with armatures that warmed up so much as to char the insulation
and then become short circuited.
It was also found that the
electric currents developed were out of all proportion to the power
required to drive the machine.
Investigation soon revealed the
fact that as the armature cores were solid castings, the currents
developed in them were greater than those in the wire proper.
Now, when electric currents circulate in a conducting mass they
develop heat, the amount of heat being directly in proportion to
the power absorbed in developing the currents,
This then accounted at once for the heating of the armature, as well as for
the great expenditure of power compared to the current actually
developed in the wire itself. As can be readily surmised, the
remedy for this defect is to so construct the armature core that

oe

Fig.
work

Py

485.

fashion.

eS
Rays
Fig. 3486.
ee

-
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~

Fig. 34 87,

Fig. 3490 is a top view of the clamping device

shown in Fig. 3491.

Fig. 3492 shows the manner in which larger armature cores are
built up, and also the form of the blanks of which they are constructed. Inthis figure it can be clearly seen that the laminations
run at right angles to the wires in which the current is induced,
for these wires are placed in the grooves on the surface of the
core. These grooves run parallel with the shaft, while the sheetiron laminations are at right angles to the shaft. As the sheetiron laminations, on account of being so thin, are not sufficiently
stiff to retain their place at the sides of the core, they are here
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supported by strong rings which are, as a rule, made of cast iron.
In Fig. 3492 the laminations

are

shown

resting

upon

the end

piece. A similar casting is placed on the top when the proper
thickness of laminations has been put in place. As electric currents would be induced in these end castings if the magnetic lines
of force cut through them, to avoid this the width of the laminated
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laminated pole pieces can be made, but whatever
tion, the laminations

must

run

in the same

the construc-

direction

as in the

From Figs. 3493, 3494, and 3495 a general imarmature core.
pression of the methods to be pursued can be formed. In Fig.
3493 the sheet iron, as will be seen, is much thinner than in Fig.
3494 ; but in both it will be noticed that at one end the blocks are

Fig. 3488.
portion of the armature core is always made equal to that of the
pole pieces, so that the solid ends of the armature come outside
of the path of the lines of force.
The motion of the armature causes the lines of force to sway to
and fro in the ends of the pole pieces of the field magnets, and, as

a result, electric currents can be induced in these.

These pole-

dovetailed. This end is secured in the cast metal which forms
the main body of the field magnet structure, and the dovetail form
is given so that the iron cast around may hold them securely in
place. Fig. 3495 shows the manner in which the poles are held
In their proper position when placed in the mould preparatory to
the pouring of the cast iron. The framework holding the pole

ast
Lt
.
amp.

f

WOO

CER

NS
iS

:

HHUTHA
mutt HAANit
EGET l LCLT
Wit

Fig. 3490.

piece eddy currents,

as they are called, are not, as arule, very

strong, but are sufficient to heat the metal considerably ; therefore
in large machines it is customary to make the poles laminated.
This construction not only helps to keep the whole machine
cooler, but also increases the efficiency, as less of the applied
power is expended uselessly. There are several ways in which

pieces in this casting is simply temporary and is removed as soon

as the casting is finished.
Some manufacturers make the pole pieces with a finished surface

at the end that rests against

the field ring, and then secure them

in their proper positions by means of bolts. The pole pieces shown
in Fig. 3495 are cast in a field magnet such as is used in the
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machine Fig. 3499, and from an inspection of this illustration a
better idea of the exact position of the poles in the structure can
be obtained.
In order that a generator may operate satisfactorily, it is necessary that the distance between the ends of the pole pieces and the
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| capacity of the generator for a given size of field magnets.
This
| gain is due to the fact that as iron is a much better conductor of
magnetism than air, it requires much less magnetizing current in
| the field magnetizing coils to give the same strength of field when
| the armature core is grooved, and the distance between the face
of the poles and the surface of the core is made less than it would
be if there were no projecting teeth between the wire coils,
Having described the details of construction of the armature
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Fig. 3492.

Fig. 3493.

armature be the same at all points ; therefore, the two parts must | cores, the armature windings, the field windings, the pole pieces,
be turned off true. Ifthe machineis small the clearance left be- | etc., we will now proceed to consider the generator in its entirety,
tween them is small, not over one-sixteenth of an inch, but as the | and in this connection will be able to explain the action, as well as
size of the armature

increases, the clearance, or air gap, as it is | the constructive features, of several parts that have not, so far, been

called, is widened, reaching as much as one-quarter of an inch in | referred to.
large generators.

The first machines that will occupy our attention will be those

Fig. 3494.
In most of the armatures shown in the preceding illustrations
the core is provided with grooves in which the wires are placed.
This construction is not universal, as will be observed from the
fact that in the armature shown in Figs. 3478 and 3479 the core

is perfectly smooth.
The grooved construction is used in almost
every case in large machines, because it protects the wire from
injury from external causes, and at the same time increases the

Fig. 3495.
manufactured by the Siemens & Halske Company, which are
shown in Figs. 3496 and 3497. The first of these is of the type
in which the outer surface of the armature forms the commutator, as described in connection with Figs. 3472, 3473, 3478, and

3479. The second differs from the first only in that the commutator is a separate structure, and in its details of construction

is in accordance with the design shown in Fig. 3476.
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Machines of the type of Fig. 3496 are generaily used for large
sizes, the armature being attached directly to the shaft of the engine
and thus rotated at a slow velocity.
The current generated in the
armature is taken off by the brushes resting upon its outer surface,
and which

are

carried

upon

the rods

seen

extending

over

it.

These brushes are made so as to be he.d up to the surface by the
tension of springs, so that there may be no danger of their being
thrown off by any irregularities in the surface that may be en-

countered. The bars upon which the brushes are mounted are
insulated from each otherand from ai other parts of tne machine,
but all the alternate bars are connectec, e-ectricaily, with each
other.
This connection of the a.ternate brusn no.der bars is
necessary, as the only winding possid.e with this style of armature
is that known as the parai.ei, wnicn we have a:ready described.
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design Fig. 3496, but in this case the winding of the armature
can be either the parallel or the series, as may be desired. In
either case, however, if as many brushes as are shown are used,
the alternate ones—that is, the alternate sets of brushes—must be

connected with each other. The spider which carries all the brush
holder rods is arranged so that it may be rotated a certain distance in either direction from the position shown, this being done
for the purpose of adjusting the brusnes to the best position. The
best position for the brushes is that in which the voltage of the current is the highest, and the sparking the lowest. As has been explained in connection with the description of the method employed
to make constant current generators self-regulating, the position
of the brushes

can be such that all the voltage developed in the

armature conductors is utilized, or a certain portion can be made

Fig. 3496.
By the aid of the artist, the armature in this illustration has been

given a transparant appearance, so that the position of the internal field magnets may be defined. This internal field remains
Stationary while the external armature revolves. The brushes, as
will be understood, are also Stationary ; therefore, they are at all

times in contact with those points upon the armature surface where
the currents induced therein come together.

In the generator shown in Fig. 3497, the commutator is located
at one side of the armature, and the wires from the latter are

carried down between the supporting boits, as is clearly shown.
At the outer edge of the commutator can be seen the heads
of the screws which serve to hold the surface portion of the commutator segments in place, as was explained in connection with
Fig. 3476. The brushes are held in the same manner as in the
VOL. 11.—81.

| to act against the rest, thus reducing the net voltage deliver
ed to

the external circuit.
From this explanation it can be understood
that if, in machines that are designed to give a constant voltage
tne brushes are not properly set, the fu!l effect of the armature is
not obtained. Under these conditions, not only will the capacit
y
of the generator be reduced, but, in addition, the brushes
will spark

badly. Generaily, the position of the brushes that gives the highest
voltage also reduces the sparking to the lowest point, but this
is
not universally the case. If the machine is properly proportioned
the non-sparking point, as it is called, and the point of highes
t
voltage, will be at the same place; but often it happens that
they
are separated by a considerable distance. In such
cases, the
only thing that can be done is to set the brushes so
that the
sparking will be the smallest for the voltage desired.
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If the armature is sy™metrical in construction, and the field is

not unevenly wound, the brushes will have to be equally spaced
all the way around the commutator to reduce the sparking to the
lowest point; but if there is lack of regularity in the armature or
the field, the spacing of the brushes will have to be uneven.
On
this account it is sometimes found that better results can be
obtained by adjusting each brush individually, after the whole
have been brought to the point where they appear to work the
best. This condition seldom occurs, and may be said to never
happen with well-constructed generators ; therefore, the adjustment of the brushes should be made by the movement of the
spider to which the whole are connected.
In Figs. 3496 and
3497 it will be noticed that there is no way of adjusting each brush
individually, except by changing the position of the brush in the

SHOP
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it may be well to add that in the holes in the frame througu
which the brush holder studs pass there is an insulating bushing,
so that there is no metallic contact at any point between the frame
and the holders.
Fig. 3499 illustrates another Walker generator, which differs
from Fig. 3498 in the proportion of the parts, and also in the shape
of the shaft bearings. This latter change is due to the fact that
the machine first described is designed to rest upon a foundation
support

built in connection

latter machine

with

the driving

engine,

while

the

is provided with an independent bed of its own,

and, therefore, is adapted to be connected

directly to an engine

or to be driven by a belt running over a pulley mounted
prolongation of the shaft at the rear end.

upon a

Fig. 3500 shows a small size Walker generator so designed that

Fig. 3497.
holder.

In some machines even this form of adjustment is not
possible.
Fig. 3498 represents one of the monster machines made by the
Walker Company, its capacity being a trifle less than 1,g00 horsepower.
By way of contrast a smaller generator, about 75 horsepower, with the armature removed, is shown in the foreground.
This machine has nearly twice the number of poles of the genera-

tors shown in the previous figures, the number being increased, in
part, on account of the greater capacity, and in part on account
of the reduced velocity of rotation. The brush holders in this
machine, as can be seen, are carried by a ring-shaped frame, and
the latter is adjusted by means of the screw and hand wheel seen
at the lower left-hand corner.

In this cut, the insulation

of the

brushes from the frame is clearly shown by the darker color of
the insulating washers under the bolts that pass through the supporting circular frame. At some of the brush holders the darker
insulating washers can be seen on the inner side of the ring, and

it can. be mounted upon a prolongation of an engine bed, and thus
become a direct-connected machine, or it can be placed upon a
suitable independent bed and be adapted to be driven by a belt.
In this illustration, the manner

in which

the brush

holder frame

is adjusted by the screw at the left-hand side is very clearly shown,
and, in addition, the connection of the alternate brush holders with

each other can also be seen.
These connections are made by
means of the cables shown running around the circle just outside
ofthe brush holder frame, and, as can be readily seen, each cable

attaches to alternate brush holders.
Fig. 3498 is a fourteen-pole generator, Fig. 3499 is a ten-pole,
and Fig. 3500 is a six-pole. As arulethe larger the machine the
greater the number of poles; this being made so as to increase
the capacity more than the size. As the capacity is increased, the
velocity of rotation has to be reduced, because these large machines are almost always driven direct from the engine shaft ; that
is, they are mechanically coupled toit, and, therefore, have to rotate

ELECTRICAL
at the same

Now

velocity.

this reduction

in speed

reduces

the

r of
capacity of the generator, and to make up for it the numbe
poles is increased.
Fig. 3501 is a smail size generator of the style manufactured by
the Builock

Electric

Company.

As will be noticed, the design

embodies the same general principles as are seen in tne larger

of construcgenerators, the difference being whoily in the details
It wil be noticed
tion, This machine is of the four-poie type.
that the face of the commutator

AND

MACHINES

1s wider in proportion to its size
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arrangement, however, has the advantage that two independent
! currents can be taken off. Each set of brushes 1s provided with
independent means for adjustment, as can be understood from the
| fact that there are two adjusting screws, the hand wheeis of which
are clearly shown.
|
! Fig, 3504 represents a smal Sturtevant generator of the four| pole type, and Fig. 3505 asmall Crocker-W heeier generator of tit
six-poie type. The similarity between Figs. 3504 and 3501 wil be

‘

|

noted, and

|| makes

it will be

found

that small

of the various

machines

do not differ very much in appearance; even Fig. 3505,
has six poles, does not depart wide.y Irom the genera!
In fact, there is no occasion for any great departure, for,
Thus it wil be noticed that extra | desiyn.

This difference
than that of the other machines so far described.
‘s due to the fact that it is intended for a lower vouage, and, | which

therefore, a Stronger current.
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Fig. 3498.

brush surface is required for greater current carrying capacity,
but not for increased voltage or electromotive force.
.
The Statement in the last paragraph as to the greater brush
capacity required to convey strong currents is Weil liiustrated in
Figs. 3502 and 3503, which represent a Westinghouse generator
of about 500 horse-power used for copper-refining purposes, and
which desivers a very strong current at a very low voltage. Fig,
3502 shows the entire machine, while Fig. 3503 is the armature by
itself.
As will be noticed, there are two commutators, one at each
end cf the armature, and these are both of unusually wide face.

From each commutator one-half the current can be taken, so that
the combined capacity of the two is the same as that of one commutator of double the width of face. The double commutator

as has already been stated, the shape has very little to do with the
effectiveness of the machine. In Fig. 3505 the winding of the armature is very well shown, and from it a clear idea

of the manner

in which

can be obtained

the coils are placed when

the ends are

turned down toward the shaft, instead of running parallel with it
as in Fig. 3471.

|

Figs. 3506 and 3507 show another Westingnouse generator of
large capacity, and, as will be seen, it has fourteen sets of brushes
which means that it 1s a fourteen-pole machine.
The manner in
which these brush holders are attached to the supporting ring is
somewhat different from the designs so far shown, and 50 is the

arrangement for adjusting the ring.

As will be noticed, the hand

wheel is mounted upon the top of a shaft that engages

with the
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horizontal screw by means of bevel gears. This design of genera- | to move the brush frame is not more than a man can conveniently
tor is used for direct connection to the shaft of the driving engine. | exert. When this method of adjustment is used, it 1s necessary
Fig. 3508 shows a medium size generator intended to be driven | to provide some kind of locking device, so that when the brushes

by means of a belt. It is one of the numerous designs manufac- | are set in the proper position, the supporting frame may be
tured by the General Electric Company.
The brush holders are | clamped.
mounted upon a spider that is supported upon the shaft bearing,
Fig. 3509 is a Westinghouse generator of a design slightly dif-

Fig. 3505.

and the rotating motion required for adjustment of the brushes to | ferent from that shown in Figs. 3506 and 3507, and from the illusthe non-sparking point is given by means of the handle shown at | tration the manner in which such machines are mounted upon
the top of the commutator.
This type of adjusting arrangement | the engine shaft can be well understood.
is commonly used for small machines, in which the force required
Large size generators, when direct connected to engine shafts,
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are made so as to run at as slow a velocity as the engine may re- | type of high-speed engine, so that the armature may rotate at a
quire, and as the latter, being anywhere from 500 to 2,000 horse- | velocity anywhere from about 200 up to 300; the lower speed
power, cannot very well be driven at speeds higher than from 150 ! being obtained in machines requiring about 300 horse-power, and
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dovn to about 75 or 80 revolutions per minute, the generators | the higherin those of 50to 1oohorse-power. In Figs. 3510 to 3513
must necessarily be unusually large for their capacity. With very | are shown different designs of high-speed direct-connected genera-

large machines, a considerable difference in size does not mate- | tors.

In the first three the engines are of the horizontal type, and

Fig. 3509.

rially increase the cost of construction, but as the capacity is re- | in the last one, of the vertical type.
The latter construction is
duced, the difference in size begins to tell. On this account it is |most generally used on board ships.
The hand lever arrangethe almost universal custom to connect small generators to some | ment for shifting the brush holder frame is well shown in Fig, 3512.
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In Fig. 3514 is shown a Crocker-Wheeler generator connected | upon the commutator surface, and in that way increase the sparkdirectly to a horizontal engine of large capacity, the engine bed | ing. The more rigid the support of the brush holder frame, the
being made so as to accommodate the generator, and thus serve | less the sparking, other things being equal.
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Fig. 3513.

to maintain the alignment between

them.

In this generator it

Fig.

3515

shows

a large General

Electric

Company double

will be noticed that the commutator surface is very wide and that | generator arrangement, consisting of two generators direct conthe brush holder ring frame is massive. This construction for the | nected witha verticalengine. This construction is quite common

supporting frame of the brushes is very desirable, because there | for generators of large capacity, and is well adapted to engines
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Fig. 3514.

is a considerable amount of friction upon all the brushes combined, | of the vertical type, in which it is justas easy to place a generator
although that on each particular one may be scarcely noticeable. | at one end as at the other.
The effect of this frictional resistance, if the supporting frame is
Fig. 3516 shows another design of generator direct connected
weak, is to set it vibrating, and thus cause the brushes to chatter | witha large horizontal engine. This machine is also manufactured

ELECTRICAL

MACHINES

Fig. 3516.
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able to condense the machinery down tothe smallest form, and for
this reason the high-speed engine is used. In this case, as in Fig.

3514, the generator is mounted upon the base of the engine, thus
holding both parts of the combination always in line.

RN

i

MOTORS.

§39

Sweet straight line engine. In this arrangement the connection
between the engine and generator is different from that ordinarily
used. A safety coupling is provided, which drives the generator
by friction, the force being sufficient to run the machine up to full
load, but not enough to carry it in the event of a short circuit being formed ; hence, in such an event, the generator armature will
not be burned out. Another advantage is that either the engine
or the generator can be dismantled without disturbing the other.
Fig. 3520 shows a Walker generator of 1,000 horse-power direct

by the General Electric Company. It is the design most generally
used for railway work.
In Fig. 3517 is shown a type of direct-connected generator, made
by the same company for use in the numerous lighting plants installed in private buildings. In these cases it is, as a rule, desir-
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3519.

In Fig. 3518 is shown a tandem compound Ball engine direct
connected with an eight-pole generator.
In this case, as the engine is of the medium speed type, the generator has to be unusually large for its capacity when it is not practicable to extend the
engine bed around it so as to hold the outboard bearing. A rigid
construction is obtained, however, by using a massive pedestal
bearing, and securing this to a foundation which

is an extension

of the engine proper foundation.

In Fig. 3519 is shown a generator direct connected

with a

connected with a horizontal engine. The dimensions of this
machine can be obtained from Fig. 3521, which shows a side elevation with the part above the centre of the shaft in section, and

also an end elevation ; the first being at the right-hand side ofthe
figure, and the last at theleft. From this drawing, the enormous
proportions of modern electric machines can be appreciated.
The shaft is twenty-two inches in diameter, while the outside
diameter of the field casting of the generator is nearly sixteen
feet.
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CONTINUOUS
re

CURRENT

electric generator of the continuous current type will

develop power if a current of electricity is passed through
it, but if the generator is of the constant current type it will have
to be somewhat modified in its construction if it is desired to
obtain a constant velocity with changes in load. Motors are
classified into constant speed and variable speed. When they
are made so as to be operated by a current of constant voltage
—that is, as constant potential motors—the speed regulation can
be obtained by simply winding the machine in the proper manner; but motors designed for operation by currents of constant
strength cannot be made to regulate the speed by the manner
in which they are wound. They must be provided with some kind

MOTORS.

and the pull will be smaller. If the load is increased it will run
slower and the pull will be greater.
Motors of this class—that is, series motors—are used in cases

where it is desired to be able to vary the speed, as for example,

for railway work.

For the operation of machinery, or for any

purpose where it is necessary that a uniform rate of rotation be
maintained, the field coils of the motor are shunt wound.

In con-

nection with generators, we have seen that shunt wound field coils
develop currents of constant potential, or voltage, and these same
machines, when used as motors, give a constant speed.

A machine

that will regulate closely as a generator—that is, that will only
vary to a small extent the voltage when the current is increased

of mechanical governor. In discussing the principles of action of
generators, it was shown that those of the constant potential type
could be made self-regulating by simply winding them in the
proper manner, but that those of the constant current type
required some form of mechanical regulating device.
Thus
we see that constant potential machines, whether generators
or motors, can be made self-regulating by the manner in which
they are wound, and that constant current machines—generators as well as motors—must be provided with mechanical regulating devices.
Constant current motors are practically out of

A differentially wound motor is the counterpart of a compound
wound generator, and the object of the differential winding ina
motor is the same as that of the compound winding in a generator;
that is, to secure more perfect regulation, in the case of the gen-

use at the present

erator, of the voltage, and in the case of the motor, of the speed.

time, and, therefore, need

not be considered

from zero to the maximum

show avery
nothing up
proportions
best results

amount—will

also, if run as a motor,

small variation in velocity if the power is changed from
to the maximum capacity. From this we see that the
of field coil and armature winding which give the
in the generator also give the best results in the

motor.

in this connection.
Constant potential motors can be wound with the field coils in

A differential wound motor is provided with two sets of coils upon
the held, one set being the shunt coils and the other the series. It

series, in shunt, and with what is called a differential winding, but

is nothing

this last is seldom used now. A generator with the fields wound
in series will not deliver a current of either constant strength or

changes in the wire connections need be made to cause a compound generator to run as a motor and act as a differentially
wound machine.
This style of winding is not used to any extent
at the present time, because it possesses the disadvantage that if
the load is increased far beyond the rated capacity, the machine
may be brought to a standstill and then have its direction of rota-

constant voltage, and the same machine, if run as a motor, will
not maintain a constant speed when the load changes, nor will it

give a constant pull with changes in speed. Thus it will be seen
that as a motor it acts just the same as a generator ; that is, it will
no reculate in any way. Ifthe load is reduced it will run faster

but a compound

tion reversed.

wound

generator,

and, in fact, no

This cannot occur with shunt wouad motors, and

ELECTRICAL
as to their regulating qualities, they can

be made

MACHINES

equal to the

|
best differential machines, if properly proportioned.
prinntal
fundame
Many people who are not familiar with the
ciples of science labor under the impression that an electric motor
can be made to deliver power without any regard to the amount
of electric current that is supplied to it, and, reasoning along this
line, assume that the current generated by a machine driven by a

50 horse-power engine could be made to operate a motor that
would develop 100 or more horse-power.
Such results are
impossible.
A motor cannot give back more than is put into it,
and, in fact, will not give back as much; for there must, under any
conditions that can possibly exist, be a certain amount of loss. A
generator, as we

have stated, will not give back, in the form of

AND
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for the
a rule, of the multipolar type; this construction being used
se the
same purpose as in the case of generators, namely, to increa
|
capacity for a given size machine.

Fig. 3524 represents a motor of the multipolar type manufac, it
tured by the General Electric Company, and, as will be noticed
generale
differs but slightly from some of the designs of four-po

tors we have shown.

Fig. 3525 is another design of motor by the

General Electric Company. This is what is known as the ironclad type; the whole machine, nearly, being inclosed in an iron
casing. This inclosed construction is very common for machines
that are designed for service in which they are exposed to moisture; but it is not necessary for machines that are properly taken
care of, and in such cases is really not as desirable as the more

electric energy, as much as it takes to drive it; for a portion of the
power is consumed in overcoming the friction of the moving parts,
and a part in forcing the current through the wires and in heating
other parts of the machine.
The losses in the motor are of the same kind, as can be readily
understood when we consider that the two machines are one and
the same thing, and that the only difference between them is that
one is driven by a steam engine and delivers current, while the
other is operated by a current and develops power.
If a machine
will give an efficiency of go per cent. when acting as a generator,
it will give the same efficiency when acting as a motor; therefore, if a 100 horse-power engine is used to drive a generator
having an efficiency of 90 per cent., the energy of the electric
current delivered will be go horse-power, and if this current is
supplied to a motor of 90 per cent. efficiency, the power obtainable will be go per cent. of 90 horse-power, or 81 horse-power.
Although any generator is a motor and any motor Is a generator, the design of machines intended for the two purposes Is not,
asarule,thesame, In fact, a difference is required, not on account
of the electrical actions, but on account

of the conditions under

which the two machines have to operate. Motors are generally
more exposed to injury from external causes, especially if they are
of small size; hence, it is customary to cover the working parts
more thoroughly than in the generators. This point of difference
is well shown in Figs. 3522 and 3523, which represent medium
size motors.

In both it will be noticed that the armature, as well

as the field coils, are well protected from injury by the falling of
objects upon them, and in the case of Fig. 3523 even the commutator is somewhat shielded.
These two motors are of the two-

pole type, and this is the case with the machines of almost all
manufacturers when the capacity is small. Large motors are, as
VOL. I1.—8%.

Fig. 3525.

open designs, because the inclosed machines are more liable to be
injured by overheating, owing to the fact that they are poorly
ventilated.
Fig. 3526 shows a type of motor, made by the Crocker-Wheeler

Company, to be used in cases where it is practicable to connect
the motor directly to the machine it is to drive.
It is also
used to drive lines of shafting, being coupled

directly to the end

MOPERN

MACHINE

SHOP

athe ane. This arrangement of attaching motors to rhe end o!
ines of SAATNg IS Coming largely into use, and is uncoulteccy a

the mMoters here presented, nat trey are mounted upon ways, and
are provided with screws, by means of whien they may De shined
Sideways, Unis being done for the purpose af ig ctening ine belt.
This stivie of consirucnion was very commoniv followed in genera-
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of the armature, and this pull will be proportional to the strength
of the two sets of poles. As the strength of the poles is propor-

AND

ism is in one
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direction, and that of the armature

in another,

it

field
can be readily seen that the armature tends to pull the
re
armatu
the
around just as much as tie field tends to pull
tional to the strength of the current flowing in the wire that
y, it cannot be moved ; hence,
magnetizes them, it follows that the stronger the current the ' around, but as the field is stationar

greater the pull.

motor of the constant poten-

Ina shunt wound

tial type, the field magnetizing currents remain constant ; there-

the armature has to move.

:

This reaction between

the two mag-

netizing torces, however, results in distorting the held, causing ti"

fore, the pull of the field poles does not change, but the current
through the armature varies; hence, the pull of the armature

magnetism of the poles to be stronger at one corner than at the
other. This distortion is spoken of as the twisting of the fleid by

poles will be directly proportional to the armature current.

the armature reaction.
Now, if the armature current becomes
sufficiently strong to make the armature magnetism vastly greater
than that of the field, the result will be that the feld magnetism
will be twisted around so much as to be completely neutralized,
and under these conditions there will be no pull exerted. This

The

resistance of the armature wire, in a shunt wound

motor,

is very low ; so low, in fact, that of itself it is not capable of offering
much resistance to the passage of the current throughit. On this
account, if such a motor is connected
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without additional resistance in the armature circuit, the current
that will flow through

the armature,

while it is at a state of rest,

will be so great as to burn the insulation in very short order.
Not only will the wire be burned out, but the magnetic force developed in the armature by the excessive current will be so
great as to entirely overpower the field magnetism, and, as a
result, the motor will not move.
Inasmuch as the field magnet-

is the state of things when an attempt is made to start a motor
without additional resistance in the armature circuit.

From

the foregoing it will be understood that to start a con-

stant potential

motor, of the shunt field type, it is necessary to

introduce an external

resistance in the armature

circuit ; but, as

can readily be seen, it would not be proper to keep this resistance in

the circuit while the motor is running ; hence, a device must be pro-
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vided for starting a motor that will cut resistance into t.:e armature
circuit and then cut it out. Such a device is called a motor starter.
From Fig. 3531 the general appearance of a motor starter can
be obtained, such an apparatus being shown in the upper left-hand
corner of the illustration. It may be well to mention at this point
that it would not meet the requirements if we arranged the motor
starter so as to cut resistance

into the whole

motor

circuit, for

then the only effect would be to reduce the current through the
field just as much as through the armature, and this would leave
us practically just where we were without the starter. The resistance must be introduced

SHOP

PRACTICE.

ance, this amount being such that the sum of all the resistances,
between all the contacts, is as much as may be required to keep
the current through the armature down to the proper strength in
starting. To start the motor, the lever is moved from a point back
of that in which it is shown—that is, from a point further to the
left—to its present position.

The motor, by this movement, is con-

nected with the circuit, with all the voltage of the current acting
directly upon the field coils, and with the armature in circuit with
all the resistance contained in the starter. As fast as the arma-

exclusively in the armature circuit, and

the manner in which it is accomplished can be understood from
the tollowing:
In the

illustration,

Fig. 3531,

it can

be clearly seen

that two

Wires connect with the upper part of the motor starter, and that
there are three wires leading to the motor.
The two upper wires
come directly from the line that supplies the operating current.
The three wires running to the
motor connect, one with one
end of the field coils, one with
one of the commutator brushes,

and the third one with the
remaining brush and the other
end ot the held coils. Thus it
will be seen that one brush
and one end ot the feld coils
have individual wires connecting them with the starter, but

ture gains speed the lever is moved toward the right, thus cutting
out resistance each time it passes on toa new contact. By the
time the armature has reached its full velocity, or nearly so, the
lever should have been moved to the last contact, on the right-hand
side, in which position, as can be seen, all the resistance contained
in the starter will be cut out of the circuit; for then the lever,
which connects directly with one of the line wires, will be in contact with the last of the curved row of contacts, and this is con-

nected directly with the commutator
lever is moved

that the other brush and the remaining end of the field coils are
both joined together and connected with the starter by means of
a single wire. This last wire, which connects with one end of the
held and also one brush, goes directly through the starter to one
ot the line wires leading into the top of the starter. The wire
which connects with the tree end of the field coils is also connected,
through the starter, directly with the other line wire. Thus it
wil be seen that the fleld coils are connected to the line wires
without the intervention of any resistance.
Now, as to the armature, the case is ditferent, for, as can be seen, only one of the
brushes connects separately with the starter, the other being in
conjunction with a meld coil end. The free brush which connects
with the starter, goes Cirectiy te the last contact at the right-hand
side of the row, forming a curve in the centre of the apparatus.
The lever seen resting upon the last contact to the left is connected with one of the line wires, the same one to which the free
end of the field coils is connected.
The contacts disposed in the
curved line are connected with each other electrically. but
between each pair of contacts there is a certain amount of resist-

by the hand

brush.

The handle of the

of the person who starts the motor,

and it should be advanced as fast as the armature gains headway,
the time required to move it all the way from the start to the last
contact ranging from, say. five to about twenty seconds, depending upon the size of the motor and the amount of load under which
it has tostart.
With a small motor the time will be less, as the
smaller the armature the sooner it will get under way, and if it is
running light the time will be still further reduced.
With a large
motor, fully loaded. the time must necessarily be considerably
increased.
|
A motor starter that will accomplish only what has been just
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wound

motor will

It cannot

enormous rush of current through it, which will soon burn it out.
To guard against such cases, which are not uncommon, it is
necessary to provide a device that will open the motor circuit, or
disconnect

be stalled until the current becomes so strong as to burn it out.
Supposea motor is running with a fair load. If more machines are
thrown on to it the only effect produced, so far as can be seen, will
be a slight reduction in speed ; but this will be so small witha
close regulating machine that it will not attract any attention.
Within the motor the unseen effect is very different.
It results in
increasing the current, and this increases the temperature of the
armature, until it finally reaches a point where the insulation becomes charred ; then the current jumps across, from wire to wire,

it from

ferent types of motor starters, the simplest being that which will
enable us to start the
type that, in addition
if the currrent becomes
that which will protect

”

-

are

To pre-

used, the simplest of all

being a piece of lead wire of such size that it will be melted by a
current not strong enough to injure the motor.
Other devices
operate by means of magnets that are made energetic by the

current, and when this reaches the danger point, it renders the
magnet so Strong that it throws a trip and thus allows a switch to
fly open and break the circuit. The latter device is called a circuit
breaker, and will be more fully described hereafter. These circuit
breakers can be applied to motor starters, and when they are, the
apparatus is called an automatic overload motor starter.
There is a way in which a motor can be destroyed by an excessive current in which the overload starter will not protect it. To
illustrate such a case, suppose a motor is running along nicely
and that suddenly the current in the line dies out ; the effect will
be that the motor will come to a standstill. Now suppose that in

Such a

From the foregoing it will be seen that there can be three dif-

CTF
re

and the armature becomes short circuited and useless.

the line, whenever the current fails.

device can be made independent of the motor starter, but it is
customary to combine it with the former.

2

vent such accidents, several devices

545

nected in the circuit, and without resistance in the armature
branch, and as the latter will be at a state of rest, there will be an

These devices

not stop even if it is loaded far beyond its capacity.

are necessary, owing to the fact that a shunt

MOTORS.

a minute orso the current starts up again ; the motor will be con-

explained is called a simple starter, but there are other starters
that are much more elaborate in their action, and in addition to
affording means for starting the motor, also prevent it from being

injured by excessive currents due to any cause.
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machine properly; the next in order the
to starting the motor, will also protect it
too strong; and the most complete kind,
the rnotor if the current dies out as well as

if it becomes too strong. These three types of motor starters are
designated as plain starters, overload starters, and overload and
underload starters.

Furtheron, the construction of these different

styles of starters will be fully discussed, but we will leave the subject for the present to take up the description of motors of the
variable speed or series wound field coil type.
RAILWAY MotTors.—The most important application of series
wound motors is for the propulsion of railway cars. For this class of
service it is necessary to have a machine that is capable of running
at different velocities, and also that can put forth a great effort in
the act ofstarting. In this latter respect the series motor has special
advantages, for, as can readily be seen, when the current strength
increases, it not only strengthens the armature, but also the field.
from the fact that all the current passes through the field coils.
On this account, if the motor were started without resistance, the

effect would be not to destroy the pull, but, instead, to enormoushy
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increase it. Under such condiuons, however, the current strengm
Would be so great as to burn out the machine, and the neid cols
wouid be Injured Jusi as much as the armature, if equaliy propor-

*

tloned, as the
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One of the various
3552 and 3535.

types of ranway

motors is shown in Figs,

It is one of several Cesigns made by the Westng-

house Company.

One

of te iliustrations

shows

the macnine
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ELECTRICAL MACHINES AND MOTORS.
vital point. As it is necessary that these machines be so made
that they can be readily examined and taken apart when repairs
are required, they are generally constructed so as to divide at the
ed
centre line, the lower half being hinged to the upper and arrang
fastso
also
are
res
armatu
The
.
so that it can be easily lowered
ened in the bearings that they may be held in the upper or the
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inghouse railway
Fig. 3534 illustrates the first type of West
with Fig. 3532, the
motor, made in 1889, and by comparing it
direction can be
great improvement that has been made in this
.
realized.
Fig. 3535 illustrates two methods of suspending

the motors In

so that they
the truck employed by the Westinghouse Company,

¥
:

on
a

3t

™~

ane

4

E.

ee

5

Fig. 3537.

lower half when the machine

is opened.

The motor shown in

Figs. 3532 and 3533 is of the four-pole type, which is the kind used
almost exclusively at the present time. The armatures are series
wound, with formed coils ; the winding, therefore, belongs to what

we have described as wave winding. With this winding, it will be
remembered that we said it was necessary to use only two brushes,

may be spring supported, and from Fig. 3536 a knowledge of the
construction of the several parts of the
can be obtained.
In railway motors it is necessary to
used on the bearings from getting into
or upon the commutator surface ; for if

motor shown in Fig. 3532

prevent the oil or grease
any of the armature coils,
it does, there is great dan-

Fig. 3538.
and this is the number used in railway motors.

These brushes

are placed upon the upper side of the commutator, so as to be
readily inspected when the car is in motion. It will be noticed in

Fig. 3532 that a hinged cover is shown at the front end of the top
part of the motor. The brushes are directly under this cover, and
by opening it they may be seen and also adjusted so as to run
with the least amount of spark.

ger of short circuiting the part upon which it may accumulate.
To prevent this trouble, in the motors

shown

in Fig. 3532,

the

casing is made with a space between the ends of the bearing and
its side; that is, the bearings are built outside of the casing
proper, as can be well seen in Fig. 3533.
By adopting this
construction, there is little danger of the grease working its
way into the vital parts, for in passing through the open space

MODERN
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the bearing and the casing side it is sure to fall to the

Figs. 3537 and 3538 show two views ofthe railway motor made

by the Walker Company for street car service. In these illustrations the manner in which the motor is connected with the axle
can be readily seen. Inthe previous examples it will be noticed
that there is a pinion upon the end of the armature shaft, and from
these illustrations it will be understood that this pinion meshes
into a spur gear fastened directly to the axle. The gears are
generally in the proportion of one to four, so that the speed of the

SHOP

PRACTICE.

entirely inclosed, this being necessary, as they are intended for use
on surface roads that may run through muddy streets ; but the
last and largest design is intended for regular railways or elevated
roads which can be keptentirely free from mud and water ; hence,
such complete protection is not required and it is not used, as it
is a great advantage to be able to ventilate the interior of the
motor.
The Walker motors are mounted so as not to unduly strain the
car wheel axles. The motor is therefore suspended by springs at
both ends. One of these is attached to the cartruck and the other
directly to the axle,
but here the weight
is spring supported;
hence, any jar that
may be caused by unevenness in the roadbed will not affect the
axle, as it will be ex-

pended upon the supporting springs. The
method of mounting
is shown in Fig. 3540.

i

te

Fig. 3539.

BUG
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As railway motorsare series wound, they can be run at various
speeds ; and as it is necessary that the velocity be under the control of the motorman, the controlling switch is so made that by
moving the handle one way or the other, the speed may be varied,
or the car may be stopped or run in either direction. To prevent

Gear broken
away

tos how

action of springs

|

>_>

Wilt:

|
Fig. 3541.

motor armature is about four times as great as that of the car axle.
In Fig. 3537 the cover through which the brushes are reached

very clearly shown.
closed

is

As the gears are made of steel and are in-

in a dust-and-water-tight

casing which

is filled with oil,

they wear out very slowly.
In Fig. 3539 are shown the various designs of railway motors
made by the Walker Company, the smallest one being that shown
in Figs. 3537 and 3538, which is of 25 horse-power capacity, and
the largest that seen at the extreme left, which is of 200 horseAll the motors, except this last one, it will be noticed, are
power.

Fig. 3540.

the current from rising to a dangerous strength, on the start, it is

necessary to provide a starting resistance. This resistance can
be considerably reduced by arranging the motors in what ts called
the series parallel connection. To understand this it may be well
to state that in almost every case two motors are used toacar,
If

ELECTRICAL
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enly one movur is used the series parallel connection cannot be
employed.
With the series parallel connection, when the car
starts the two motors are connected in series, so that all the current passes first through one motor and then through the other,

AND
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Fig. 3541 shows the interior of the controller used by the Walker
Company, and it will be noticed that it is a massive structure as
compared with the motor starter shown in Fig. 3531.

This heavy

construction is necessary, because railway motors require strong
currents, and especially when the car is started; therefore, a lightly
built controller would be liable to give out very soon.
At the
top of this controller two handles will be seen. The small one
is the reversing handle, and the other the main controller handle.
Car controllers are made so that if one of the motors becomes

and, in addition to this, through the starting resistance. As all
the current passes through both motors the starting pull is very
great, and it is on this account that trolley cars cannot be stalled
with the heaviest loads. As soon as the car gains a slight headway the motorman moves the switch so as to first cut out the
resistance. Then a further movement changes the connection of
disabled, it can be cut out of the circuit, and the car will then run
the motors, so that they are in parallel, and each one takes onewith the remaining machine. Generally, the individual motor cut
half of the current passing through the car. In this last position
out is so madethat another motor can bedisconnected by the movethe pull is not so great as in the start, but the speed is much
higher. If the car is running too fast, or if it is desired to stop, ment of a switch handle located either in the controller box, or at
the motorman turns the controller handle around to the stop posi- some accessible part of the car. The main controller handle, and
tion. In somecontrollers the direction of the car can be controlled
also that of the reversing switch, when moved, rotate cylinders,
by the direction in which the controller handle is turned; that is, upon which are contacts so arranged that they press against sta-

if it is turned in one way the car will go ahead, and if turned in

tionary contacts, and in different positions of the handle effect such

the opposite way the car will goback. In mostcontrollers, however,
a separate handle is provided for reversing the direction ofthe car.

combinations of the connections as are necessary to send the current through the motors in the proper order.

ELEVATOR

MOTORS.
Figs. 3544 to 3547 show the Sprague elevator and some of its

LECTRIC motors have come into use very extensively for the
operation of elevators.
For this purpose shunt motors are
used, not because a uniform velocity is required in this service,

type.

for such is not, as a rule, the case; but because the shunt motor,

from Fig. 3545, in which it will be seen that there is a long screw,

under almost every possible condition, is the safest. Elevators,
when lifting a load, have to be driven by a source of power; but
when the load is being lowered, it drives the elevator, unless the
load is so light that it cannot overcome the friction of the machinery. Nowa shunt wound motor, if driven at a speed slightly
greater than its maximum velocity, will begin to act as a generator, and, therefore, absorb the power imparted to it by the

to one end of which the motor is attached, this being shown at
the right-hand side. At the left side of the figure can be seen a

descending elevator.

From this it will be seen that ashunt wound

details.

This machine, as will be seen, is not of the worm gear

The principle of its construction

set of sheaves that are held upon a Stationary shaft journaled in a
portion of the bed of the machine.
Between these sheaves and
the motor will be noticed

head will travel

ditions the series motor would not hold the elevator ; it is on this
account that series motors are not used for elevator work.
Most electric elevators are machines of the drum type, the motion of the motor being imparted to the drum by means of worm
gearing.
Figs. 3542 and 3543 show two designs of electric elevators made by Otis Brothers & Co. The first is a double screw ma-

creased or decreased.
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set of sheaves, and these are

in the direction of the motor, and if the screw

rotation is reversed,

The former design is used

another

carried by a crosshead which contains a nut that runs upon the
long screw.
When the screw rotates in one direction the cross-

motor will act as a brake when the elevator is on the down trip
and thus prevent it from running away.
Under these same con-

chine, and the second a single screw.

can be best understood

the crosshead

motor ; thus the distance
over

these

between

from the

The ropes that lift the elevator car pass

sheaves, and, as can

be seen,

Sheaves will raise the car, and when
will descend.

will travel away

the two sets of sheaves is in-

In order to reduce

the separation

they come

of the

together the car

the friction of the screw, it is

made to run upon steel balls, the construction employed being
well shown in Fig. 3546.
This elevator is controlled by the movement of a switch in the
car, and the relation of the different parts of the apparatus employed therewith is well shown in Fig. 3547.
Its operation
is effected as follows: The car switch is connected with the smail
motor located to the left of the centre of the controller.
This
motor turns the controller handle,the direction of the latter depending upon the direction of rotation of the small motor. Now the
car switch can be turned so as to make the controller motor rotate in either direction; hence, all that is necessary for the elevator
operator to do is to turn the switch in the direction that will run
the elevator up or down as may be desired.
Fig. 3548 shows the type of elevator made by the A. B. See Company, and in Fig. 3549 is shown the Morse, Williams & Co. electric elevator.
Fig. 3550 shows the type of machine built by the
Graves Elevator Company for passenger service, while Fig. 3551
is their freight elevator machine.
All these machines, it will be noticed, are of the drum type, and
only differ from one another in the details of construction and, to
a certain extent, in thegeneral design. There is quite a difference,
however, in the arrangement of the controlling devices; but the
general principles upon which these are constructed will be explained in connection with the description of automatic motor
Starters.

to give additional safety, and is intended for high-class passenger
elevators; while the second is used for smaller passenger elevators,
and for freight machines.
Electric elevators are so arranged that the motion of the car is
controlled, either by pulling a hand rope that passes through the
car, as is common in other types of elevators, or by the movement

of awheel or lever which actuates this same rope, or by the manipulation of an electric switch.
In the machines shown in the illustrations, the hand rope control is used, either with hand wheel or
lever or with the plain rope. The starting switch is arranged so as
to close the circuit with a resistance

in series with the armature,

just the same as the plain motor starter of Fig. 3531; but as the
elevator operator cannot manipulate the starter handle directly,
this is made so as to move automatically and cut out the armature
resistance as the elevator car gains headway. The hand rope that
moves the motor starter also controls a reversing switch which
connects the motor so as to run in which ever direction may be
necessary, and also actuates a brake, raising this when the elevator is started, and applying it as soon as a stop is made, thus preventing the car from running down when the current is cut off
from the motor.

Figs. 3552 and 3553 show two designs of plain hoisting machines

with motors directly connected to them,as designed by the CrockerWheeler Company. In one of these, Fig. 3553, the motion of the
machine is controlled by an electric controller which is similar in
its construction to those used for railway purposes.
In the other
arrangement the machine is controlled mechanically by means of
levers, as is clearly shown.
In this arrangement the motor runs
continuously, and the hoisting drum is stopped and started or
reversed by the manipulation of the levers.

With machines of the type shown in Fig. 3552, series wound
motors are used; but with those of the design of Fig. 3553, shut

wound motors are necessary, so that the motor may not run away
when the load is taken off.
DIRECT CONNECTED MOTORS.—Within the pas. few years a
great deal has been done in the way of connecting motors directly
to the machines they are intended to operate, and in most cases this
arrangement is very desirable. Its principal advantages are that
the combined

machine

is more

compact,

cleaner,

and, in most

instances, less expensive to operate, as the friction of belting and
shafting is saved.
In Fig. 3554 is shown a direct connected ventilating fan aud motor made by the Wagner Company. This is a
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by the motor, and, therefore, ’s wot in the least ob-

Fig. 3555 shows the motor with the casing removed,
The fan is generally located opposite | structed.
kitchens, boiler rooms, etc.
3556 it is in place, with the trap-door at the top open
Fig.
in
while
|
the
of
out
air
foul
the
forces
and
window,
a
or
wall
the
a hole ‘»

room.
Such a combination is not only neat and compact, but | so as to show how access to the interior is obtained for the purvery effective, and requires little or no attention, as it is not liable | pose of cleaning or inspection.
to get out of order.
Fig. 3557 shows a combination of a motor with a paper cutter,
In Figs, 3555 and 3556 is shown a direct connected Sturtevant | manufactured by the Thresher Electric Company, and Fig. 3558
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Fig. 3558.

fan blower. The construction of this, as will be noticed, is not so { is a combination of a printing
press with a motor, made by the
open as that in Fig. 3554; this modification being due to the | same firm. The compactne
ss and neatness of this arrangement
fact that the blower is intended for the purpose of forcing air | is apparent at the first glance.
ee

th

ow

a sultable pipe for furnishing a blast Ina foundry, or for
e

similar purposes,
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The iniet of the fan is on the side opposite to ; tured by the Bullock

3561

show

Company..
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three combinations
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lathe, the 1actor being located where the cone pulley is ordinarily
placed. In this machine the different speeds are obtained by
means of gear combinations, just as in any other lathe. The
motion of the lathe is controlled by means of the device shown
just under the motor, wires running from this to the carriage, so
as to connect with a handle located where it can be conveniently

manipulated by the operator.

SHOP

PRACTICE.

than likely that it will be carried too far in some directions. Fo
machines that are to run at the same speed, or at slightly varying
velocities, direct combinations are, undoubtedly, the best; but
when great variations in speed are desired the advantage is not

|

Fig. 3560 is a drill press in which the speed changes are also

PE

ad

.

Fig. 3559.

obtained by means of gearing, and the motion is controlled, as in
the lathe, by means of a suitable switch. Fig. 3561 is a boilermaker’s punch, and as in this kind of machine variations in speed
are not required, the connection is very simple, and the motion
can be controlled either by stopping and starting the motor, or
by means of a clutch arranged to throw it in or out of gear. In
the latter case the motor would have to be of the shunt wound

ty pe.

apparent, unless it can be obtained without complicating the
gearing.
ALTERNATING CURRENT MACHINERY.—Alternating current
machinery of every kind is more simple in construction than that

Fig. 3561.

In Fig. 3562 is shown
machine with a motor.

a combination of a cold-saw cutting-off

In Figs. 3563 and 3564 are given two examples

of direct con-

nected combinations made by the Crocker-Wheeler Company.
The first is a large size horizontal boring mill, and the second a
medium size drill press of the radial type.
As the direct connection of motors does away with the unsightly
and, in some

cases, dangerous belts, it is evident that such

com-

binations will be largely increased in thenear future ; but such an
arrinzement is not advantageous in every case, and it is more

of the continuous current type, owing tothe fact that the currents
are used in the form in which they are generated ; therefore no
commutator is required. Although the construction of the machines is more simple, the principles upon which they act are not
in every case so easily understood ; the complication in this respect
arising from the fact that the currents react upon themselves and
thus produce effects that are not met with in the continuous current machines.
To master the mysteries of alternating current
actions well enough to be able to design such machinery accurately is difficult, but to obtain a sufficient knowledge of it to be

ELECTRICAL

MACHINES

able to understand the operation of any device, is not, and this
fact will become evident from what follows.
Suppose the diagram, Fig. 3565, represents a simple two-pole
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made, and C is at the twelve o’clock point, the electromotive force

first. poskwill again be zero, for this is simply the reverse of the.
a. revoluof
rs
quarte
tion. When the rotation has advanced three-

ture have a coil of wire A C wound upon it. Now from what has
been said in relation to the induction of an electromotive force in

tion, and side Cis at the three o’clock point, the electromotive force
d, for
will again be the highest ; but it will be oppositely directe
now the wires are cutting through the lines of force in the oppo-

a wire rotating in a magnetic field, it will at once be understood
that in this coil acurrent will be developed—just the same, in fact,
as in the armature of any generator. When the coil is in the
position shown in the cut, the electromotive force will be zero,
because then the wires are not cutting any lines of force; but
when the armature has advanced one-quarter of a turn, the high-

site direction ; that is, they are moving down instead of up. When
the whole revolution is completed the electromotive force will
again be zero. From this we see that each time the armature
makes one turn the electromotive force rises from zero to a maximum value, then drops to zero again and then rises to a maximum
value, but flowing in the opposite direction, and from this point

field with an armature rotating between its poles.

Let this arma-

®

Fig. 3563.

est electromotive force will be developed, for in that position the
wire will be cutting the lines of force at the highest rate. Sup-

once more drops to zero.

Thus, in each revolution the electro-

motive force alternates from positive tonegative.

This operation
pose the rotation is inthe direction of the hands of a clock. Then
is called one cycle of the current, and the number of cycles perwhen the C side of the coil is in the position shown, the electroformed in a second will be equal to the number of revolutions
motive force will be zero, and when it advances one-quarter of a | made by the armature.
This number of cycles in a second 1s
turn—that is, is at the nine o'clock point—the electromotive force ‘called | the frequency of the electromotive force. If the ends of
will be the greatest. When one-half of a revolution has been
the coil are connected to two insulated rings, mounted upon the
VOL. 11.—85.
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shaft S, and brushes are arranged to press upon them, the electro-

motive force will cause a current to flow in the external circuit.

This current will be of the alternating type. Now if we place
another coil upon the armature, with its wires running at right
angles to those of the first coil, a current can also be taken from
it ifits emds are connected with contact rings, the same as the first |

SHOP

PRACTICE.

then we will get three currents, and these will be out of time by
one-third of a revolution, because the coils are spaced one-third
of the circle apart. A generator that develops three currents out

of time with each other by one-third of the revolution is called a
three-phase generator or a three-phaser.

The frequency of alternating currents, such as are used in prace

gh

Fig. 3565.

Fig. 3567.

coil. This second current will alternate at the same rate as the
first ; that is, they will both be of the same frequency, but they will

tice, ranges from 3oper second up to as high as 140. Now as with
a two-pole machine it requires one revolution of the armature for
each cycle, such a machine would have to run at a velocity of 4o
revolutions per second, or 2,400 per minute, to give the low frequency of 40 ; while for a frequency of 140 the velocity would have

not be in time with each other, for when one coil is in the position

where the electromotive force developed in it is the greatest, the

to be 8,400 revolutions per minute.

This last velocity is entirely

Yy]

Fig. 3568.

other is in the position where the electromotive force is zero.
From this we can see that in time one current will be behind the
other by just as long an interval as is required for the armature
to rotate one-quarter of a revolution. A generator that develops
only one current is called an alternator, or a single-phase gener-

too high for a machine of any size except the smallest ; therefore,

ator, and one that develops two currents out of time with each
other by one-quarter o1 a cycle is called a two-phase generator, or
simply a two-phaser.
If instead of winding two coils upon the armature at right
angles to each other, we wind three coils and space these onethird of the circle apart, as is shown in the diagram Fig. 3566,

Thus an eight-pole genera
quarter, for the same frequency.
tor would give a frequency of 8,400 at a velocity of 2,100 revolutions per minute, and asixteen-pole generator would give the same
frequency at 1,050 revolutions per minute.
From this it will be
seen that the lower the velocity at which it is desired to run the
generator the greater the number of poles, and from the illustra-

it becomes necessary to devise a design whereby the velocity may
be reduced. This is accomplished by resorting to the multipolar
construction.
If the generator is made with four poles the speed

is cut in two, and if it has eight poles the speed is reduced to one-
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from one side of a coil to the other
tions that will be presently described, it will be found that this is |will be seen that the distance
is the same as from

the course that is actually followed in practice.

centre to centre of the pole pieced.

In Fig.

circuit, and those marked
The manner in which the armature is made in multipolar ma- | 3567 the coils marked a belong to one
-

atm
ces

q

~~.

jabs

a>.

>
*

ce

v.29

rears

Aa

Sa

?

Fig. 3570.

chines, and the position and shape ofthe coils, can be understood | 4 to the other.
from Fig. 3567, which represents, diagramatically, a two-phase | a, 4, and c.
An alternating
generator of the eight-pole type, and also from Fig. 3568, which

In Fig. 3568 the three sets of coils are marked
current

machine

cannot

develop

an

electro-

Fig. 3571.

shows

a portion of the armature of a three-phase

generacor. | motive force unless the field coils are supplied with a continuous

Remembering that the adjoining poles in a multipolar generator | current ; for if an alternating current were used, the magnetism
form, in themselves, a complete machine, we can see that the ! of the field would alternate, and there would be no current.

Fig. 3572.

coils must only span as much of the armature surface as the dis- |There are two ways commonly used for exciting the field, as it is
tance from one pole to the other, just as is the case with the coils | called;

of continuous current machines.

one is, to obtain

a continuous current from

another

ma-

In both Figs. 3567 and 3568 it ! chine, which is called an exciter ; and the other is, to pass a part
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of the current generated in the armature through a commutator,
and thus rectify it, and then use this for exciting the field. The
machines made in this way are called self-excited. They are generally of small size. With large machines, the objection of providing a separate machine to excite the fields is not of much consequence, and it is considered best to use it, as then the complication
of the commutator is avoided.

to move, the coil may be kept stationary.

Now it is not difficult

to so construct a machine that the lines of force will move, and.

thus render it possibleto obtain currents of electricity without
having moving wires. Machines constructed to operate in this
way are called induction generators,
One way of accomplishing
this result is to construct the field magnet in the form of a cylinder with a core in its centre.
Such a magnet could be made out
of a pulley having a web connecting the hub with the rim instead
of arms.
If in a pulley of such design we were to wind a coil
around the hub, then the rim would form one pole of the magnet,
and the end of the hub would form the other pole. If we now
place a shaft within the pulley, making it small enough to revolve
freely,and mount upon it a star-shaped flange,
of such diameter that
its ends will come close to the inner side of the pulley rim, then
it is evident that if we rotate the shaft, while the pulley remains
stationary, the lines of force passing out of the points of the star.
shaped flange to the pulley rim will rotate with the shaft. If in

Figs. 3569, 3570, and 3571 show a small size alternator of the
Westinghouse design. The first cut represents the armature
core before the coils are put in place. In the second cut the
manner in which the coils are mounted

PRACTICE.

is shown, and in the last

figure the complete machine is seen. This is a self-exciting alternator or single-phase generator. As will be noticed, at the end of
the shaft there is a commutator next to the bearing, while at the
outer end are located the rings from which the current is taken
for the external circuit.
This is an eight-pole machine.
The
brushes that take off the alternating current press in the grooves
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Fig. 3573.
at the outer end of the cylindrical part shown at the end of the

the space

shaft.

pulley rim we place coils of wire, the lines of force, in rotating
with the star, will cut through the wires of the coils and thus
induce electromotive forces in them.
Thus we see that by this
simple arrangement we can induce currents without having mov-

Only one of these brushes is seen, the other being back of

the cylinder. The small brushes shown on the top and the front
side near the bearing are the commutator brushes, which take off
the current that passes to the field coils, the wire leading from one
of these brushes to the field being plainly shown.
Fig. 3572
shows the appearance of the completed armature.
Fig. 3573 shows the interior of a portion of the Niagara Falls
power plant, in which are installed eight 5,000 horse-power Westinghouse two-phase generators.
Three of these machines are
seen in the illustration.
As will be noticed, they are of the horizontal type, this construction being used so as to locate them
directly upon the upper end of the turbine shaft.
Fig. 3574 shows a goo horse-power two-phase Westinghouse
generator.

Since all that is necessary to induce an electromotive force ina
coil of wire is that it be made to cut across the lines of force of a
marnetic fheld, it is evident that if the lines of force can be made

between

the ends of the star-shaped flange and the

ing wires, for the coils in which the electromotive force is induced
will be stationary, and the coil that magnetizes the pulley will
also be stationary. The generators shown in Figs. 3575 and
3577 are constructed upon this principle, and are examples of machines of this type manufactured by the Westinghouse Company.
Fig. 3576 shows the part of Fig. 3575 upon which the wire is
placed, and, as can be seen, it represents the rim and a part of
the web of the simple model just described.
The revolving part
forms the hub and the star-shaped flange. Fig. 3578 shows the
revolving part of the machine illustrated in Fig. 3577, and from
this the action of both Figs. 3577 and 3575 can be better understood.

The revolving part of Fig. 3575 is substantially the same

as that of Fig. 3577, while the stationary

part of Fig. 3577 1s
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rather the stationary part of such a machine.
Its capacity is
substantially the same as that of Fig. 3575. Now combining
horse-power.
700
about
|
From
this
illustration
the
manner in
already
as
Fig. 3576 with Fig. 3578 we get the same construction,
explained in connection with the pulley and the star-shaped | which the wire coils are wound can be readily seen.

Fig. 3576.

flange ; for Fig. 3576 takes the place of the rim of the pulley, and
Fig. 3578 takes the place of the hub and the star-shaped flange.
When Fig. 3578 revolves in the stationary part of Fig. 3577, the

Generators of this type can be made single-phase or multiphase,
as desired. To make a multiphase generator, the coils ofthe different circuits are set so that the maximum electromotive force will
be induced in them at the proper time, or else the rotating part is
constructed so as to carry the lines of force over the different sets
of coils one after the other.
With these machines, as with the armature type of alternators,
it is necessary to have a continuous current to magnetize the field

Fig. 3578.

magnet, and the methods employed to obtain it are the same ; that
is, it is derived from the main current by means of a commutator,

or from an independent exciter.

Fig. 3580 shows a design of induction generator made by the
Fig. 3577.
lines of force, issuing from

the ends of the star, sweep

over the

stationary wire coils and induce an electromotive force therein.

Fig. 3579 shows a large Westinghouse

induction generator, or

Warren Electric Company, and, as will be noticed, the base of the
machine is made so as to accommodate the exciter which generates the field current.
From this illustration a fair idea can be

obtained of the amount of current required to magnetize the field,
this being about proportional to the size of the exciter. The re-
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volving part of this generator is shown in Fig. 3581. The principle involved in the design of this machine and those of the
Westinghouse make illustrated in Figs. 3575 and 3577 1s the
same, but there is quite a difference in the details of construction.

If itis desired to make an induction generator for a slow velocity, the number of points in the star-shaped revolving part are inIn any
creased, and to increase the velocity they are reduced.

case, the number of stationary coils in which the currents are
enerated must agree with the number of points on the revolving

part, and they must be of the same pitch;

tnatis, they must cover

the same portion ofthe circumference of the circle.
In Fig. 3582 is shown a different type of generator from those

so far described.

It is known as the revolving fleld type.

It can

be seen at once that if we take the ordinary type, first shown,
with the revolving armature and revolve the field, the armature

can be held stationary. This is the principle upon which the machine in the figure acts, and the principle of all revolving field
generators.
The revolving field of Fig. 3582 is shown in Fig.
3583.
The advantage of this construction over that in which
the armature rotates is that the armature current can be taken
directly to the external circuit without the use of collecting rings
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In the
obtained by connecting with the ends of stationary wires.
carried
be
can
current
main
revolving field generators only the
off without sliding contacts; the field current must be supplied
through collecting rings and sliding contacts, from the fact that
the field coils revolve.
In Fig. 3584 is shown a single-phase or simple alternator of the
This machine
type manufactured by the Fort Wayne Company.
with
provided
and
,
is the simple type with the rotating armature

collector rings to carry the current to the external circuit. The
field is excited by a separate exciter, which is shown belted to the
end of the generator shait.
The machine shown in Fig. 3585 is a large size revolving field

alternator manufactured

by the General

capacity being 750 kilowatts, which

Electric Company,

is about

its

1,000 horse-power.

The collector ring, through which the current is supplied to the
coils of the revolving neld, can be seen close to the hub of the
rotating part, and also the stand that holds the brushes that come

in contact with the collector rings.
From the description given so far of these machines, and, in fact,

to have sliding contacts of any kind either for the field currents

of all the alternating generators, it might be inferred that the construction of the armature is very simple ; but such is not the case.
In the simple form of alternator, with revolving armature, the
armature core has to be made laminated just as in the continu.
ous current machines, and, in fact, greater care must be taken

or those from the inductor coils, as they are called, as they can be

to have the laminations well insulated from

and brushes.

This is also the case with the induction generators.

In these machines,

as all the wire Is stationary, it is not necessary

each other.

In the
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indug¢tion type of generators, thestationary part, upon which the | lines of force cut the masses of iron in more
indactor coils: are.wound, must also be laminated, for this is the |On

this account

the great advantage

than one direction.

of these

machines, which

patt'in which the currents are induced, and if it were made solid | arises from the fact that all the wire is stationary, is to some extent
de
aude

oy

there would be stronger currents developed in it than in the coils | lost, as it is counteracted in great part by the unavoidable losses
proper. In addition to this it is necessary to laminate other parts | due to the development of eddy currents.
Thus it will be seen
that even with its good points the induction generator has its
drawbacks, although in several of the forms described the defects
are small compared to the gains.

In the revolving field type of generator, as the armature is the
stationary part it must be laminated; but this would not be supposed to be the case from the appearance of Fig. 3585 or of Fig.
of induction generators, and in some designs it is not possible to | 3582, both of which are machines of this type; the part seen of.
entirely eliminate the eddy currents by the laminations, for the | the stationary armature in these illustrations is simply a casing:
Fig. 3583.
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that covers the actual armature, and if this were removed
would be found that the armature core is well laminated.

it

For the generation of currents of very high voltage, the induction generators and those of the revolving field type are specially

well adapted, for as the wires in which the currents are induced

are stationary, the insulation can be made more substantial than
is possible in machines in which the armature rotates. On this

account
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entirely of the induction or revolving field type at the present
time.
Figs. 3586 and 3587 show the type of induction generator made
by the Stanley Company, the first figure representing the machine
with the stationary part spread out so as to admit of inspection of
the interior, and the second figure showing the generator when
in proper position to run. In this machine there are two starshaped rotating parts, and the field magnetizing coil is located
With this
between them, it showing as a disk in Fig. 3586.
arrangement of two rotating stars it is possible to develop twophase currents by setting the stars so that the teeth are staggered.
The result can also be accomplished by staggering the coils just
as in other generators, and by the combination of both arrangements it is possible to take off two multiphase currents, one from
each side of the machine.
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types are made for much greater capacity than continuous current
generators. The machines installed at Niagara are of 5,000
horse-power capacity. In the matter of voltage, the alternating
current also runs higher. Large generators of the continuous
current type are generally made for voltages of I10 or 500, the
first being used for incandescent lighting, and the latter for railAlternators range all the way from 1,000 volts up to
way work,
These latter machines are used to transmit the power of
15,000.
waterfalls to great distances, as much as fifty miles in some Cases,
and the high voltage is used so as to reduce the size of the line
In most cases
wires through which the current is transmitted.
or 2,000
1,000
of
is
ors
generat
the
by
ed
generat
the current

volts, and this, by means of transformers, 1s converted into currents of 10,000 or 15,000 volts, and in some of the latest installa-

tions, in which

the distance

of transmission

is over sixty miles,

Fig. 35388.

Fig. 3588 shows a Stanley generator of about 500 horse-power
coupled direct to a Willans engine.
In Fig. 3589 are shown two alternators of the 1,000 horsepower type direct connected to Corliss engines. These machines
are made by the General Electric Company, and are similar in
design to the one shown in Fig. 3585.
It will be seen that the
number of poles in these generators is very great, this construction being necessary, as already explained, to be able to obtain the
required frequency with the slow velocity of the rotating part.
The number of cycles performed by the current in one revolution
of the shaft will be equal to one-half the number of poles ; hence,
with Ioo poles, the cycles per revolution will be 50, and if the speed

of the engine is go revolutions per minute, which is equal to one
and one-half revolutions per second, the frequency of the current
will be one and one-half times 50, which is 75 cycles per second.
Alternating current generators of the two-phase and three-phase

the voltage is raised to as much as 30,000 volts. These trans
formers will be explained hereafter.
ALTERNATING CURRENT MOTORS.—Alternating current machines, like those of the continuous current type, are reversible;
that is, they will develop electric currents if driven, and if supplied with current will develop power;

or, in other words, become

motors.
But as there are several kinds of alternating current
generators, and as these develop currents of different characteristics—single-phase, two-phase, three-phase—it follows that any particular generator will act only as a motor when supplied with the
same kind of current that it generates when acting as a generator.
Not only this, but the manner in which the field magnetism is
obtained must be the same in both cases.
If we take a machine
that generates a simple alternating current—that is, a single-phase
current—and pass sucha current through it, it will run as a motor,
providing its field coils are supplied with a continuous current,
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just as when operating as a generator. If the machine is of the
two-phase type, it will run as a motor if supplied with a two-phase
current, its field being magnetized by a continuous current. Finally, if the generator is three-phase, it will run as a motor if supplied with a three-phase current.
A generator, as we have seen, will always develop a current of
a frequency that corresponds to the velocity with which it rotates,
and from this the natural inference would be that if run as a
motor it would attain a speed corresponding to the frequency of
the current.

This, as a matter

of fact, is just what

occurs, and

furthermore, at any other velocity the motor will not develop
power.
Now it is not difficult to see that, as when running as a
generator the machine cannot generate a current of a frequency
that does not correspond with the velocity, when running as
a motor it should not develop power except at a speed corresponding to the frequency of the current.
Motors of this class—that is, generators acting as motors—are

“synchronous motors,” from the fact that they will
always run at the same velocity as the generator from which the
current is supplied ; that is, providing both machines have the
same number of poles. whe motor will synchronize with the frequency of the current, but the revolutions it makes may be the
same as those of the generator or twice or three times or some
other multiple of the generator velocity, depending upon the relative number of poles in the two machines.
Ifthe motor and generator have thesame number ofpoles, then the two will run at the
same velocity, and this will be true whether the distance between
them is ten feet or ten miles. Owing to the fact that these motors
run at synchronous speed they are very valuable in cases where
it is desired to have two separate machines run at precisely the
same speed ; as, for example, where the two halves of a swinging
drawbridge are lowered and raised by machinery.
Since synchronous motors will not develop power except when
called

running at their full velocity, it follows that they will not start
of their own accord, but must be run up to full speed by some
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external agency before they will take hold and do work. On this
account they are not well suited for small motors, as the complication of having a starting device, which would have to be generally a continuous current motor of smaller size, :s coo great.
Another drawback is that they require an alternating current for
the part in which the induction takes place, and a continuous current for magnetizing the field.
Both the above objections are
overcome,

however, by so constructing the machine

that it will

act in a manner different from its normal operation when starting.
As we have explained, an alternator can be made self-exciting by
passing a small portion of the current it generates through a commutator, and rectifying it so that it may be used to magnetize the
field. A self-exciting generator when run as a motor will supply
the current for its field ; thus the difficulty of providing a continuous current from an independent source is overcome.
As to
starting, this can be accomplished by running the current through
the field and armature, in series, just as if it were a continuous

current, and thesame commutator that rectifies the current for the

field coils will properly commutate the current in starting. By
means of suitably constructed switches, the connections can be
changed when the motor attains full speed, and from that time
onward the alternating current will pass through the armature
only, and the field current will be drawn therefrom through the
commutator.

For motors of large capacity the machines described are extensively used, and by many are considered the best; but for
general purposes, and especially for small motors, they are not
as satisfactory as those known as induction motors. These latter
are divided into single and multiphase induction motors. On
account of the name it might be inferred, at firstthought, that they
are the same in principle as the induction generators ; but such Is
not the case. They act by induction, but in an entirely different
manner, as will appear from the following simple explanation :
Suppose you take a four-pole field frame, two poles being on the
vertical line and two on the horizontal. Now pass the current

ELECTRICAL
from one of the circuits of
on the vertical

poles, and
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atwo-phase generator through the coils
connect

the other

circuit of the two-

phase generator with the coils wound upon the horizontal poles.

Since the two currents are out of time with each other, it follows

that when the current

through
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are not magnetized at all. As the current in the vertical pole
coils begins to reduce, that in the coils of the horizontal poles will
grow ; hence, the side poles will begin to acquire strength as fast

'| as the top and bottom

ones lose it, and by the time the latter

the vertical pole coils is at its | become entirely demagnetized, the former will become fully magnetized. Thus it can,be seen that if tne vertical poles are magnetized to their utmost at the time when we begin to consider the
action, while the horizontal ones are not magnetized at all, that
after one-quarter of a cycle the conditions will be reversed; for
| then the current, passing through the coils of the horizontal poles,
| will be at its maximum strength, while that of the vertical coils will
|
have dropped to zero. Thus while at the start the po.es developed
in the field were at the top and bottom, after a quarter of a cycle
they have shifted around to the sides. After another quarter of

a cycle the current through the coils of the horizontal poles will
again be zero and that of the vertical coiis will be at the maximum

value, but its direction will be reversed.

From this we see

that after the half cycle has been performed, the top and bottom
poles wiil again be magnetized, but as the direction of the current has been reversed, the polarity will also be reversed ; so that
if on the start the top pole was positive it will now be negative,
and the bottom pole will be pqsitive.
In the time during which
. the currents have passed through one-half of a cycle the position
of the positive pole in the frame has changed from the top to the
bottom ; that 1s, it has made one-haif of a revolution.

In making

| the same the second half of the current cycle, the positive pole
will rotate through the other half of the circle.
From this it will
Fig. 3591.

be noticed that if the poles of a four-pole field are wound with the
two circuits of a two-phase

current, the two horizontal

pole coils

maximum strength, that through the coils of the horizonta! poles

being connected

will be zero.

with the other circuit, that the position of the poles in the field

Such being the case, it is clear that when the verti-

cal poles are being magnetized to the utmost, the horizontai ones

with one circuit and the two vertical pole coils

will change as fast as the currents alternate;

that is, the field
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poles will rotate in unison, or synchronism, with the frequency of
the current. A field of this kind is called a rotating field, and as
it is developed by a two-phase current, motors in which the field

If an armature is placed within the four-pole field, and the current is passed through the field coils so that the poles may rotate,
then it is evident that the lines of force issuing from the rotating

is magnetized by such currents are called rotary field motors as
well as induction motors.
A three-phase current, if used to magnetize the poles of a six-

poles will sweep over the surface of this armature ; and if upon
it are wound several coils short circuited upon themselves—that
is, each coil having its ends connected, so as to form an endless
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Fig. 3593.

pole field in the same manner as the two-phase current, as explained in the foregoing, will also develop a rotating field ; hence,
three-phase motors in which the field is magnetized by the three
currents are also called rotating field motors.

coil—then,

in these

coils

currents

will be induced.

That

this

action must take place can be clearly realized, for if the armature
stands still and the field poles rotate, the lines of force will cut
through the armature coils and thus induce therein electromotive

ELECTRICAL
forces,

and

these

will

set

up currents.

Now

these

MACHINES
currents

developed in the armature coils are due to the inductive action of
the field magnetism upon the armature, and it is on this account

that motors of this type are called induction motors as well as
rotary field motors.

The currents

induced

in the armature

will develop

therein

magnetic poles, and as these will not be in line with those of the
field, a pull will be exerted between the two; thus the power of the
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fore no pull exerted between it and the field ; ana this means that
From this we can see that
there would be no power developed.
the field rotates ; that is,
as
fast
as
run
cannot
a rotary field motor
the current, but must
of
y
it cannot synchronize with the frequenc
As it is not difficult to realize that
always run somewhat slower.
the strength of the current developed in the armature 1s proportional to the difference between the speed of the armature and the
field,

we

can

understand

that the more pull the

motor

has

to

Fig.

motor is developed.
exerted

when

This pull, as can be clearly seen, will be

the armature

is at a state of rest, hence

motor will start of its own accord.

such

a

As thespeed of the armature

increases, the currents induced in it will become weaker, for then

the lines of force will not cut through the armature coils as fast.
That this is actually so can be realized if we only consider that if
the armature were rotating at the same velocity as the field poles,
the lines of force would not cut the armature coils at all, because

develop, the slower it will run. The reduction in the speed produced by a given increase in the load will depend upon the manner in which the armatureis wound.
If it has coils of high resistance, the speed will vary greatly with increases in load; but if
the resistance is low, the variation in speed will be small. From
this it will be understood that rotary field motors can be made to
run at very nearly a constant speed with changes in load, or they
| may be made for variable speed.

Fig. 3595.

they would both be revolving side by side just like two horses
running around a ring at the same velocity. In the case of the
horses, if one ran faster than the other it would
often, the frequency with

which

it would

overtake it quite

overtake

it depending

upon how much faster it ran.
Since no current would be induced in the armature if it rotated

A rotary field motor if made with a field of solid iron would not
run at all; or, if it did, the performance would not be Satisfactory.
|

The reason for this is that the lines of force of the rotating field cut
through the body of the field just as much as through the armature, and, in fact, more;

for the field metal is always stationary,

therefore the velocity of the lines of force through it is always the

at the same velocity as the field, it follows that at this speed there
maximum.
Now, as we know, if the metal were solid, the cutting
would be no magnetic poles developed in the armature, there- | of the lines of force through it would result in developing very
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strong eddy currents, and these would not only absorb a vast | frequency, the speed would be 100 per second, or 6,000 per min.
amount of power, but, by setting up lines of force on their own | ute. For the purpose of reducing the velocity of rotation, these
account, would neutralize the field magnetism, and possibly com- | machines, like the generators, are made with a number of poles.

OoEh

:

carve a aera

St

Fig. 3596.

pletely destroy it, so that there would be no rotating field left, and
The general appearance of the rotary field or induction motors
consequently no action of any kind. By laminating the field this |made by the Westinghouse Company can be obtained from Fig.
difficulty is overcome.
3590, while the construction of the field and the armature is shown

Fig. 3597.
If rotary field motors were made with four poles, in the ¢ ase of
two-phase currents, ar six poles if tor three-phase currents, the
result would be that the velocity would be very great, as it weuld
amount to one turn for each cycle of the current; hence for roo

| in Figs. 3591 and 3592. the latter being the field. [t will be
| noticed that this field is similar in general design and in the man| ner in which the coils are wound to the stationary part of the
| induction generators, already explained.
The armature, how:
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ever, is very different ; for while in the induction generator the
revolving

part, which

takes the place of the armature,

is made

with projections that give it a star shape, in the induction motor
The winding of these armathe armature is perfectly smooth.
tures is very different from that used in continuous current
machines, this difference being due to the fact that in the latter
machines the winding must be such that the currents developed
in the coils may be conveyed to the external circuit, while in the
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with screws. The ends of these bars are fastened to rings by
means of the screws shown, the ring at the front end being well
defined in the cut. From this description it will be seen that the
bars, together

with

the

end

rings,

form

a wheel

such

as

are

With this construcattached to squirrel cages, hence the name.
tion it can be clearly seen that the armature resistance is very low,
and that the winding virtually amounts to aseparate coil winding,
with all the ends of all the coils brought to a common junction.
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Fig. 3598.

induction motor the currents must circulate wholly within the
armature.
If the motor is to be of the variable speed type, in
which case the armature resistance must be high, the winding is
in the form of coils that are closed upon themselves and separated
from each other. Such a winding is illustrated in Figs. 3566 and
3567, which are two and three coil windings. Generally for induction motors the number of coils is equal to the number of currents,

When this armature is rotating in the stationary field, currents
are induced in one direction in all the bars occupying a position
on one side of the armature, and in the opposite direction in all
the bars on the other side; and as the position of these currents
must always remain the same with reference to the position of
the field poles, it follows that as the field gains upon the armature
the currents in the bars nearest to the line that divides the direction of flow of current are reversed in one bar after another;

thus,

considering the current flowing in each individual bar, it can be
seen that it is alternating, and alternates once

for each time that

the rotating field overtakes the armature.
The line wires running from the generator are attached to the
ends of the wire coils wound upon the stationary part or field,
shown in Fig. 3592, and as these wires are stationary, no collector
rings or sliding contacts are

required, the connections being per-

fectly rigid.
Fig. 3593 is a Westinghouse two-phase induction motor of 400
horse-power

capacity.

Fig. 3594 shows

Westinghouse induction motor.

a crane

operated

by a

Another crane with the same

make of motors is shown in Fig. 3595.

The first illustration rep-

resents an indoor machine, while the second is for outdoor service; hence, in the latter the motors are constructed so as to be

Fig. 3599.

or two or three times as many, although any number of coils
greater than two may be used. When the motor is to be of the
constant speed type, a low resistance winding is required, and
this is generally made in the form shown in Fig. 3591, and is
known as a squirrel-cage winding.
By examining this illustration carefully it will be noticed that there are grooves in the
armature from one side to the other, and that in these are placed
bars which project some distance at each end and are provided
VOL. 11.—87.

weather proof, this being accomplished by substituting solid ends
in place of those with panels covered with open gratings.
In Fig. 3596 is shown an induction motor made by the General
Electric Company and arranged for direct connection with a pump.
In Fig. 3597 is shown the standard motor of this type for stationary purposes, made by the same company, and in Fig. 3598 is
shown a design used for connection with line shafting, it being so
made

as to be attached

to the stringers

to which

the shafting

hangers are secured.

These motors, it will be noticed are substantially the same in
design as those of the Westinghouse make, and in fact the princi-
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pal difference is in the details of construction and in the proportion of the several parts.
In Fig. 3598 there are three binding posts shown, to which the
line wires are attached, and as with atwo-phase current there are
four wire ends, and with a three-phase six ends, it may prove
puzzling how the currents can be connected with the field coils
properly with this number of wires. This we can explain by say-
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positive

in direction,

the

other two

are

of only

one-half

their

maximum strength, and negative in direction ; hence the one
positive current can return to the generator through the two wires
carrying the two negative currents of one-half the maximum.
If
we take the instant when one of the three currents is zero, then
of the other two the strength will be the same, but one will be

positive and the other negative ; therefore, the first can return to
the machine along the path of the second, and in fact becomes the
second when itenters this path. From this explanation it can be
seen

that, owing to the fact that the three currents

ina

three-

phase system are separated from each other, or are out of time by
one-third of a cycle, three wires are all that is necessary to convey
the three currents, as at any time the currents coming from the
machine through a portion of the wires can return without interference of any kind through the remainder.
In order that a motor of the induction type may be started
properly it is necessary to have some kind of starting device, just
as with

continuous

current

motors,

and

this starter

must

be a

resistance,
Ifthe winding of the armature is of the squirrel-cage
type, the starting resistance can be placed within the armature
itself, and then it can be cut out as the machine gains headway
by the movement of a lever, such a lever being shown in Fig.
3598.

Ifthe armature winding is of the coil type, then the start-

ing resistance will have to be placed outside of the armature and
will consist of an apparatus similar to that explained in connection with continuous current motors.
Induction motors can also
be started by introducing resistance in the field circuits, but when
this is done, the pull on the start is very weak; therefore this

Fig. 3600.

ing that for either the two or the three phase currents only three
wires are required in the transmission lines. To explain this,
take first the two-phase system, and we will see at once that if
one wire were run from one of the circuits to the point of distribution and the other wire were grounded, the current would pass
to the distant point through the one wire provided, and would
return to the generator through the ground.
Now what would
be true of one of the circuits would be true of the
other, hence we would only require one wire for each
circuit, the ground forming the return path for both
currents.
But if the ground can form the return
path

for both

circuits,

so

can

a wire;

that

is, the

ay

wire of each circuit that would be connected with the
ground can be connected with this common return,
and thus we succeed in transmitting the two currents with only
three wires,

Fig. 3602.

arrangement Is not used except in cases where the machine can
start up light and the load be thrown on after it is under full
headway.
This last method would never be resorted to if it were
not for the fact that if the motor is started up with a resistance
outside of the armature, this can only be connected with the coils
on the latter through collector rings and brushes.
As these rings
are always more or less of an objection, it is not desirable to use
them if it can be avoided, and it can if the resistance 1s placed in
the field circuit, from the fact that the field wires are stationary.
All things considered, the alternating current motors are not as
yet equal to those of the continuous current type. The latter can
be used for any purpose for which power is required ; they can be
made to run at constant or variable speed and can start with or
without a load. They are complete within themselves, and the
only thing in which they are inferior to the alternating current
machines

what more
motor,

Fig. 3601.

Now the wayin which we accomplish the same result with three
currents is this. The time relation between these currents is
such that when one current is of the maximum strength, and say

is that they require

a commutator,

liable to get out of order.

while

more

simple

and

and thus are some-

The alternating

substantial

from

a

current

mechanical

point of view, possesses the disadvantage that it will not start up
under as heavy a load as the continuous current machine, even if
it is of the rotary field type. If of the synchronous type, it has the
further disadvantage that it will not start at all unless provided
with mechanical complications, and will not run without being
supplied with a continuous current for magnetizing the field.
These motors can be made to supply their own field current, and
to be self-starting, but to do this they require a commutator, and
are thus rendered just us complicated in construction as the continuous Current motors,

TRANSFORMERS.
STATIONARY or static transformer is an apparatus by
means of which a current of one voltage can be used to
A
induce a current of another voltage, either higher or lower than
The first or operating current is
that of the operating current.
called the primary current, and the induced current is called the
The principle upon which currents are induced in
secondary.
stationary transformers is the same as in generators, namely, by

current has its maximum value, the iron ring M will be magnetized
to its greatest strength, and when it is zero, the magnetism in M
will be zero. Now when the magnetism is the greatest, there will

be a large number of lines of force in the ring ; but when the magnetism is zero, there will be none.

Since, then, the number of lines

of force will alternate from a maximum down to zero, it is clear
that the only way we can explain their appearance and disappearance, remembering that lines of force are closed curves, is by saying that they shrink upon the primary coil as they begin to disappear, and swellout from it as they increase in number.
In this
way we can Say that at the instant when the magnetic strength
is zero, the line of force marked a@ will be next to the side of coil

Fig. 3605.

P and so will all the other lines

dc d.

As the magnetism grows,

these lines will swell out until they occupy the position of a, but
Fig. 3603.

the cutting of the lines of force of the magnetic field.

The actual

difference between a generator and a transformer is, that the
former produces the cutting of the lines of force by means of a

moving part, while in the latter the cutting is accomplished by
imparting motion to the lines of force themselves, and thus without requiring the movement of any part of the apparatus.
Stationary transformers can only be made to operate with
alternating currents because it is only by these that the lines of

in doing this they will cut through the side of coil S and thus
induce therein an electromotive force.
From this we see that
while the coil S remains stationary the lines of force sway back
and forth over it, and each time they move in one direction or the
other they induce electromotive forces in corresponding directions,
hence the currents

induced in S will be alternating, and the cur-

rent supplied to P must also be alternating ; for if it were not, the
magnetism of M would not change, and therefore there would be
no movement of the lines of force.
The foregoing explains, in a simple manner, the principles
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Fig. 3604.

force can be set in motion. The manner in which a transformer
induces currents can be explained in connection with the diagram,

Fig. 3599.

In this diagram M represents a ring made ofiron, well laminated,
and P and S represent wire coils. The coil P is called the primary,
and is the one through which the current that actuates the device
is passed. The coil s is called the secondary, and is the one in
which the current is induced.
Now consider what will occur if
the current flowing in P is of the alternating type. When this

upon which the stationary transformer acts; but the diagram is
not a true representation of these devices as actually made.
Sometimes the primary and secondary coils are wound separately,
one on each side of the ring M; but asa rule each coil is wound
partly on both sides, and the primary is placed under the secondary.
Transformers are used to induce secondary currents of a
higher or a lower voltage than the primary. When alternating
currents are used for supplying lights from central stations, the
primary current is generated at a voltage of one or two thousand and transmitted over the line wires to the points required
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to furnish the lights. This voltage is entirely too high for safety
or for successful use in the operation of incandescent lights, therefore it is passed through a stationary transformer, and from the
tranformer a secondary current is drawn, which is generally of
fifty volts. This current is used to operate the lights.

When the power of waterfalls is transmitted to distant points
by means of electricity, alternating currents are used. Now, the
higher the voltage the smaller the number of amperes for a given
amount of power transmitted ; therefore it is customary to use the
highest voltage that is considered admissible, considering all the
’

Fig. 3608.

ELECTRICAL
conditions of the particular case.
that it would

MACHINES

This voltage may be so high

not be safe to construct

the generators so as to

develop it, on account of the great liability of burning out the
insulation. In such cases the generators deliver the current at
what is thought to be a perfectly safe voltage, and this current is
used as the primary of a transformer in which a secondary of
much higher voltage is induced. Generally the primary current
in installations of this kind has a pressure of about 1,000 volts,
while the secondary is 10,000 and sometimes as high as 30,000
volts. The transformers used for this kind of work are called
step-up transformers, as they increase the voltage. Those used
for delivering a secondary of lower voltage than the primary are
called step-down transformers.
The construction of actual commercial transformers can be
understood from Fig. 3600, which shows an apparatus of the same
design as the diagram Fig. 3599. It will be noticed that there are
six ends of wire coming from it ; the twothat arecurled up are the
ends of the primary, which is wound on the tv-o s-des of the iron
ring, and the two coils are connected, thus forming a single one
with one end coming out at each side. The four straight ends
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stepped up by similar transformers which are wound to raise the
voltage instead of lowering it.
If a transformer is to deliver a secondary of lower voltage than
the primary, the secondary coil is wound with larger wire than
the primary and with a smallernumber of turns. If the secondary

voltage is to be the highest, then the secondary coil is wound with
finer wire and with a greater number of turns. The difference
in voltage is practically equal to the difference in the number of
turns in the two coils. Thus, suppose the primary coil has one
thousand turns of wire, and that the secondary has only fifty: then
ifthe primary voltage is 1,000, the secondary will be 50. If the

proportions are reversed, the voltages will be reversed in magnitude ; thus, if the primary coil has one hundred turns and the secondary five hundred, the voltage of the secondary wiil be five
times as high as that of the primary, and so on for any proportions.
ROTARY CONVERTERS, OR TRANSFORMERS.—The name rotary
converter, or transformer, is given to a machine so constructed
that it will transform an alternating into a continuous current.
Such machines are used in many cases. Suppose that it is desired
to operate an electric railway by means of the power of a waterfall several miles distant; then at the fails an alternating current
plant will be installed, and the alternating current wiil be trans-

Fig. 3609.

come from the secondary coils, the two ends of each half coil
being brought out so as to give two currents or to be joined in
one as desired.
Fig. 3601 shows the external appearance of a transformer of
which the internal construction is as is shown in Fig. 3602. In this
case it will be seen that the wire is within the iron. This change
does not In any way affect the principle of operation, and the style
used is more a matter of taste than anything else.
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Figs. 3603, 3604, and 3605 show the general appearance of sev- |

eral makes of transformers now upon the market.
Ail these transformers so far shown are ofsmall size such as are
used for the distribution oflights, their capacity ranging from ten
incandescent lights up to one or two hundred.
With very few
exceptions, all the transformers of this size are of the step-down
type ; those used for stepping up the voltage are very much larger,
and range from 50 to 500 or more horse-power.
In Fig. 3606 is shown a number of step-down transformers of
large size used to cut down the voltage of the line current used in
transmitting the power of a large water‘a‘i to a distance of over
twenty miles.
At the sending end of the iine the current. is

mitted to the place where the railway is located. Now the alternating current cannot be used to operate the railway motors,
hence

it must be transformed

into a continuous

current, and to

accomplish this a rotary transformer is used. Such a machine is
shown in Fig. 3607. This machine is in reality a converter, for
it simply converts the alternating current that enters it through
one side into a continuous current that leaves it on the other side.
The construction is as follows :
The armature is of the same type as those used with conunuous
current generators, and is wound the same.
It is provided with
a commutator,

which can be seen in the illustration, and a num-
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On the oppo- | transformers, the difference being mainly in sppearance and made

ber of sets of brushes equal to the number of poles.

site side of the machine there are two contact rings, each one | by different firms.
In Fig. 3611 is shown a machine made by the Wagner Electric
being connected with the armature winding at points diametriThe alternating current enters the armature !Company, which is entirely different in its action, This machine
cally opposite,

Fig. 3612.

through these contact rings and passes out asa continuous current
through the commutator brushes. A portion of this current from
the brushes is passed through the field coils, thus magnetizing the
machine.
From this explanation it will be seen that the current

“=
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ee,

Pe

| consists of a rotary field motor and a continuous current genera| tor both mounted upon the same shaft. The motor receives the
| current from the alternating mains and the power it develops
| drives the generator which supplies continuous currents.

ee

that comes out through the commutator is the same current that

CONTINUOUS CURRENT BOOSTERS.—When a current is trans-

enters through the contact rings, the only difference being that in | mitted over a considerable

distance, the loss of voltage in over-

passing through the armature it has been rectified.
coming the line of resistance becomes so great that means have
Figs. 3608, 3609, and 3610 represent different types of rotary | to be provided for increasing it again. This is accomplished by

ELECTRICAL
means ov. machines called boosters.

Two

MACHINES

of these machines are

shown in Figs. 3612 and 3613, the first being made by the Walker

Company and the second. by the Crocker-Wheeler Company. The
way these machines act is as follows:
A portion of the current flowing in the line passes through one
The power of this
of the machines and drives it as a motor.
motor drives the second machine, and through this the whole line
current is passed. The second machine is nothing mare than a
generator, and what it does is to induce an electromotive

which is added to that of the line current.

force,

Suppose the line cur-
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Both are used for the same Class u. work, except that
difference.
on a large scale and the other on a small scale.
it
does
one
Motor dynamos are also used to generate a current that is independent of the main line, and whenso used they cannot be properly called boosters, for they do not boost ; they generate a new
current.
When so used, they are called continuous current transformers.
A dynamotor is shown in Fig. 3615. The difference between
this machine and the motor dynamo is that the same armature Is

used toact asa motorand agenerator armature.
It accomplishes
this by having two independent windings and two separate commutators.
Through one of the windings the operating current
is passed. This sets the machine in motion as a motor, and then
the other winding acts as a generator and develops a current
which is independent of the operating current.
Motor dynamos and dynamotors accomplish the same thing, but
are different in their construction.
ARC-LIGHT DyNaMoOS.—In the early days of the electrical development the arc-light dynamo was very prominent, owing to the
, fact that more was being done in that field than in any other. At
the present time the situation is very much changed; arc lighting
is but a small portion of the electrical business, and, as a result,

rent has a voltage of 450, and that it is desired to increase it to
550; then the booster is so proportioned that the armature of its
generator will develop an electromotive force-of 100 volts ; then
as the line current enters it at a voltage of 450, it will leave at 550,
being increased by the voltage induced in the armature.
This
increase in voltage can only be obtained by the expenditure of
power, and on this account the motorisrequired.
As the actual
power in the current cannot be increased by this process, it follows that the voltage is increased at the expense of the current
strength, so that the current that enters the machine is greater in

the arc-light dynamo has almost been lost sight of. Only a few
of the numerous manufacturers of such machines remain in the
market, but these have improved their apparatus, so that the arc
dynamos of to-day are far superior to those of ten years ago.
Fig. 3616 shows one of the well-known machines of this class,
and is manufactured by the Fort Wayne Electric Corporation. As
we have already explained, machines that are required to develop
a current of constant strength cannot be made to regulate by the
manner in which the wire is wound upon them. Now arc-light
machines are of the constant current type, hence the regulation
is obtained by means of mechanical devices. Such devices can
accomplish the desired result either by increasing or decreasing
the magnetic strength of the field, or by varying the number of
active wires upon the armature.
In the machine shown in the
figure the regulation is effected by rendering more or less of the
armature wires ineffective.
The regulating apparatus is located on the side of the end frame
of the machine, directly over the shaft bearing, and is clearly
shown in the illustration.
It will be noticed that there is a round
belt running from a pulley on the end of the shaft to the gearing
at one side. By this means the first shaft in this train of gears is
kept in motion all the time, but it does not impart motion to the
balance

of the mechanism

until a clutch

is thrown

into action,

and this clutch is controlled by the magnet shown at the upper
right-hand corner.
This magnet is energized by the whole current of the dynamo, and when this becomes too weak, it causes the
magnet to act in sucha way as to set the gearing in motion in the
direction required toincrease the current. If the current becomes
too strong, the magnet acts in the opposite direction.
The train
of gearing acts upon the brushes that rest upon the commutator,
moving them in one direction to increase the current and in the
other to decrease it. Thus it will be seen that the current is
maintained constant by shifting the position of the brushes.
There are four brushes, instead of two as ordinarily used, and the
mechanism not only rotates these brushes, but changes the distance
between those of the same set, so that the current is varied, partly

Fig. 3615.

amperes than that which leaves it, but the latter is higher in
voltage.
There are other machines, substantially the same in principle
as the boosters, that are used for various purposes.
One of these
is called motor dynamo, another dynamotor.
A motor dynamoisshown

in Fig. 3614, and, as will be seen, it is

almost the same in construction as the boosters we have shown,
with the exception that it consists of two two-pole machines
instead of two multipolar ones. The principal difference between
a booster and a motor dynamo is in the size ; in fact, it is the only

by short circuiting some of the armature wire and partly by causing the electromotive force induced in some of the turns to react
against that induced in the others.
In Fig. 3617 is shown the Brush arc dynamo.
In this machine
the regulation is effected by varying the strength of the field magnetism, and it is accomplished by the apparatus seen directly
under the commutator.
This apparatus, as in the case ofthe Fort
Wayne machine, is kept in motion bya belt running over a pulley
attached to the end of the shaft between the commutator and the
bearing. Within the box, directly back of the grooved pulley, is
located a resistance, and this is cut in or out of the circuit by
means of a switch lever that swings around a dial on the outside of the box. This switch is moved by the grooved pulley, but
the latter can only impart motion to it when engaged in the proper
direction by the action of a magnet located opposite the lower
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part of the box. This magnet throws the gearing into action so
that the motion of the pulley may rotate the switch arm in whichever direction may be necessary to effect the required change in

of the same kind.
Figs. 3620 and 3621 show two ornamental
designs for single carbon lamps intended for indoor use.
In arc lamps the carbon rods, by means of which the arc is

the current; that is, either to increase or decrease it, as the case

formed, do not come into actual contact, but are separated by a

may require.
From these two examples it will be seen that although arc-light
machines cannot be made self-regulating by the manner in which
they are wound, the mechanism employed to accomplish the result
is far from being complicated, and it may be added that it performs its work very effectually.
ARC Lamps.—Originally arc lamps were made to be operated
by currents generated by continuous current dynamos, like the
two just described ; but within the past few years they have been
constructed so as to operate with constant potential, and also with

distance of about one-eighth of an inch in the types of lamp shown
in Figs. 3618 to 3621. The current in jumping across this space
develops an intense heat. This is what produces the light.
The temperature of the electric arc is the highest artificial heat
known to be produced, it being sufficient to turn into vapor
metals that can only be melted with the greatest difficulty in a
blast furnace. This intense heat burns away the ends of the
carbon rods, and as the intensity of the light depends upon the
distance between these, it becomes necessary to provide means
whereby they may be fed together as fast as they are consumed.
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alternating currents. The regulating mechanism required for
the three types is entirely different in principle of action, although
not radically different in appearance.
When arc lamps are operated from a regular arc dynamo, they are connected in the circuit in series—that is, the whole current passes through all the
lamps in succession ; but when operated by a constant potential
or alternating current, they are connected in parallel—that is, each
lamp is placed in a branch circuit of its own, Regulararc lamps,
as we may call them, these being the ones that are operated by
arc dynamos, are arranged to burn in the open air; and the carbon
rods, being unprotected, oxidize rapidly, so that a single set of carbons will only burn for about seven hours. On this account

lamps that are intended for all-night service are made with double carbons.
Fig. 3618 shows the appearance of a lamp designed for street
use with asingle carbon, while Fig. 3619 is adouble carbon lamp

Many feeding arrangements have been invented, but the most
successful ones operate either by what is called the clutch action
or the rack and pinion mechanism.
|
In Fig. 3622 the gear feed mechanism of a double carbon lamp
is shown, and in Fig. 3623 the clutch feed mechanism for a single
carbon lamp. In Fig. 3622 it will be noticed that the rods, to the
lower ends of which the carbons are secured by means of the
thumbscrews shown, are provided with racks. Into these racks
pinions are geared, and these connect with trains of gearing that,
when released, allow the rods to feed downward.
The gearing
is held normally from rotating by means of acatch whichis under
the control of the magnets shown back of the rods. The action
of these feed mechanisms is as follows: As the ends of the carbons are burned away by the current, the resistance between
them

increases, and

reduce.

When

this causes

the strength

of the current

to

it drops to a certain point, say five per cent.
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Fig. 3618.
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Fig. 3619.

MACHINES

AND

MOTORS.

Fig. 3620.

Fig. 3621.
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below the average, the magnet becomes so weak that it can no | ing. If the mechanism is delicate in its action, the carbons will
longer hoid in place the catch that prevented the gearing from | only burn away a small fraction of an inch before the rod will be
moving ; hence the mechanism becomes released, and the upper | released and allow the upper one to feed down.
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carbon begins to descend.
the ends

of the carbons

As it descends, the resistance between
reduces,;

and, as a

result, the current

strength increases, finally becoming sufficient to cause the catch

In the clutch mechanism

shown in Fig. 3623, the carbon rod is

held by a clutch which consists of a washer made with a hole
slightly larger than the rod. This washer is supported at one
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to drop into place again and stop the further movement of the
mechanism.

Fig. 3625.

The gearing then becomes locked, and cannot move | side only, and is, therefore, tilted over out of level, the
result being

again until the carbons burn away sufficient to require more feed- | that it grips the rod and does not allow it to slip through.

When

ELECTRICAL
the carbons

burn away

with this feed mechanism,

gradually draws the rod down,

MACHINES
the magnet

and when it reaches a certain

point, the clutch washer strikes a stop placed on the side opposite
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The mechanism in these lamps is similar to
nating currents.
that just described, with the exception that it is somewhat simpler,
In the lamps
and that the magnets are of different construction.
dynamo, the
arc
an
by
supplied
currents
continuous
intended for
name being
this
magnets,
differential
magnets are what are called
that act
wires
given because they are wound with two separate
in opposition to each other. One of these wire coils acts to pull
the rod down
between

and the other to pull it up;

the carbon

increases,

points

and as the distance

the down-pulling

magnet

coil increases in strength and finally overpowers the other, thus

In alternating current lamps only
allowing the rod to descend.
one coil is wound upon the magnet, that is, only one wire; there
may be two coils, but these are connected so’ as to actually amount
to only one. For continuous currents, regular electro-magnets
can be used ; but for alternating currents they cannot, because, as

the currect changes its direction so often, the iron core does not
get a chance to become fairly magnetized before the reverse current demagnetizes it. With alternating currents, the solenoid
magnets are used, and these act owing to the fact that, whether
the current alternates or not, the iron core is sucked into the

solenoid so as to reduce the resistance in the path of the magnetic
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to that from which the washer is held. As soon as the stop is
reached, the washer is straightened up, and the carbon rod can
then slip through it. Assoon as it has slipped through enough
to reduce the distance between the rods to the proper amount, the
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Fig, 3628.

lines of force, which it does on account of the greater magnetic
conductivity of iron as compared with air, which we have
explained in the early paragraphs of this section of the work.
Most of the arc lamps used on alternating as well as constant
potential circuits are made with asmall globe surrounding the
points of the carbons, and these globes are arranged to fit closely
at top and bottom so as to be nearly air tight. As this construction excludes the air, the consumption of the carbons is very much
slower ;so much, in fact, that one pair of rods lasts about one hun-

magrniet lifts the clutch washer and causes it to grip the rod again,

dred and fifty hours, instead of seven as is the case in open globe
lamps. Lamps of this type are called inclosed arclamps. Efforts
have been made to use them with the regular arc lamps, but they
do not work well, owing to the fact that the ends of the carbons
do not burn away as pointed as in the open arcs. With constant
potential and alternating current lamps this difficulty can be overcome by increasing the length of the arc, that is, the distance
between the ends of the carbons. This cannot be done with the
regular lamps, as in that case it becomes necessary to increase
the voltage of the current supplied to the lamp and to reduce its
strength in like proportion, and if this were done with lamps connected in series, it would require a very much greater electro-

and to hold it until it becomes necessary to feed the carbon again.

motive

Fig. 3627.

In Figs, 3624 and 3625 are shown

the feed mechanisms for sin-

gle and double carbon lamps designed to be operated by alter-

force for a given number, which would be objectionable,

as the current would become

more

dangerous, and at the same

time the difficulty of insulating the line wires from the ground
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would be much greater. Withconstant potential and alternating
current lamps the arc is about three times as long as with the
regular arc lamps, and the voltage, which with the latter is about
45, is increased to 80 or go.
Fig. 3626 shows the inclosed arc lamp manufactured by the
General Electric Company, and from its appearance it will be
noticed that it is much shorter than the regular lamp. This dif-
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dashpot on the side opposite to the magnet prevents the rod from
moving too rapidly.
The cuts of inclosed lamps we have shown are not as ornamental as those of the regular type shown in Figs. 3620 and 3621,
but they are made in very elaborate designs—more elaborate, in
fact, than any others, owing to their being used extensively in
places within buildings where the open arc lamps would not be

Fig. 3629.

ference in length is due to the fact that the feeding mechanism is
greatly simplified, as can be seen from Fig. 3628, which illustrates
the mechanism of the lamp shown in Fig. 3627.

The feed mech-

anism in this lamp is of the clutch type, and, as will be seen, it

allowed on account of the danger of the sparks, that occasionally
fly out of them, setting fire to inflammable objects near by.
SAFETY FUSES.—Safety fuses are simply devices to open the
circuit

when

the current becomes

too strong

from

any cause.

| The principle upon which they operate is that the passage of a
current through any conductor develops heat therein and that the
to straighten up the clutch, so that the rod may slip through, while
amount of heat is proportional to the strength of the current.
the force exerted by the magnet is opposed by a weight on the
opposite side which pulls the clutch up soas toclamp the rod. A | Whatever be the size of a wire, if the current is sufficiently strong
consists of a single magnet, which, pulling down on one side, tends

ELECTRICAL
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it will heat it up to the melting point, even if it is made of steel or
some other metal that requires a high temperature to fuse It.
The material most generally used for fuses is lead or some soft
metal alloy which melts at a low temperature. The only object
in using such a metal is that when it does melt, the drops of
molten metal, should they fall upon inflammable material, will not
set it on fire. Safety fuses are designated as single pole and double pole according to whether they are arranged to break the circuit on both sides of the generator armature or only on one. If
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numtion it will be seen that such devices can be made in almost
s,
switche
of
types
defined
well
several
berless forms ; but there are
classibeen
have
that
cases,
c
that are required for certain specifi
fied, and an explanation of tnem will serve to show, not only how
they operate, but also the manner in which currents are handled
| by means of such circuit controlling or changing devices. _

The switches shown in Fig. 3634 are called single-pole singlethrow switches, this name being given to them because they can

only open the circuit on one side, hence they act upon one pole

Fig. 3633.

Fig. 3632.

Fig. 3631.

a piece of wire that is so small that it will be melted by a current
of the capacity that it is expected to act with, is connected in circuit
with one of the wires leading from the brushes of a generator, it
will be a single-pole safety fuse. Iftwosuch wires are connected,
one to each of the wires leading from the brushes, the two together will constitute a double-pole safety fuse. As can be readily
seen, these fuses could be connected in the circuit in the simplest
possible manner, and without any specially designed device, but
it is more convenient and mechanical to have a regularly con-

only. They are single throw because there is only one direction
in which they can be moved to close the circuit.
The illustrations in Fig. 3635 are what are called doubie-pole
single-throw switches. They are single throw for the same reason as given in connection with Fig. 3634. They are double pole
because

they are

connected

with

both sides of the circuit,

and

therefore act at the same time on both sides of poles. In the single-pole switch there is but one lever, and this swings down upon
two contacts ; these are connected with the ends of the wire, and

Fig. 3634.

structed apparatus to perform this office. In Fig. 3629 is shown _when the switch lever is down in the position shown in the cuts,
the circuit is closed ; and when it is raised, the circuit is opened.
one of the many designs of double-pole safety fuses. The blocks
upon which the fuse wires are secured are made of chinaware or In the double-pole switches there are two levers, and each one of
porcelain, so as not to be charred when the fuse is melted. In them is a counterpart of the single-pole switch, hence each one
this design these blocks are made so as to be removed when it is can act upon oneside of the circuit. The connection between the
desired to renew a fuse.

This is a convenience, but not a neces-

sity. The manner in which the fuse wires are put in place is
clearly shown in the illustration, and it is only necessary to add
that the line wires are attached to the contacts to which the ends

two levers, to which

the handle is attached, is made of some ma-

terial that is a non-concuctor of electricity, so that there may be
no electrical connection between the two sides of the switch.
When the handle is pressed down, as in the illustration, the cir-

of the fuse wires are secured. The whole current of the gener- | cuit wiil be ciosed ; but when it is raised, the circuit will be open,
and on both sides, that 1s, both poles wiil be disconnected.
ator, or of the branch of the circuit that the fuse protects, nasses
The switches shown in Fig. 3636 are called double-pole doublethrough both of the fuse wires.
throw switches. They are doubie pole forthe reason explained in
Fig. 3630 shows a single-pole safety fuse made by the same concern, and, asin Fig. 3629, the manner in which it is connncted in connection with the last figure, and they are double throw because
the line is at once apparent.

Figs. 3631, 3632, and 3633 show a

simple design of single-pole fuse, the first two figures showing the
device open, the third showing it closed.
SWITCHES.—Any device that will enable us to change the
course of a current from one path to another, or to stop the current
entirely by opening the circuit, is a switch. From this explana-

when the handle is thrown into the position shown in the cuts, the
circuit will be connected in one way ; and when thrown over to
the opposite side, so as to engage with the contacts seen beyond
the points where the levers are pivoted, the circuit will be connected in another way.
To illustrate this, suppose that the con-

tacts next to the pivot points are connected with the two wires
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leading from the generator, and that the two outside contacts in
front of the pivots, and with which the levers are shown in contact, connect with one external circuit, while the two shown at the

back

of the switchboard

are connected

another external circuit, then

with the terminals

of

it is clear that, if the switch handle

is turned in the direction shown, it will connect the generator
with one external circuit, and if it is thrown in the opposite direction, it will connect the generator with another external circuit.
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as to burn out the insulation.

Thesimplest form of motor starter

is shown in Fig. 3639. This device is connected with the motor
and the circuit wires in the manner explained in connection with
Fig. 3531.
When the lever is in the position shown in the figure,

the circuit through the motor Is open ; but when the lever is moved
so as to rest upon the first contact to the right, the circuit through
the motor

is closed, with

all the resistance

of the starter

armature circuit, and then the motor will begin to revolve.

in the

As

Fig. 3636.

It is on this account that switches of this type are called double
throw, because by being thrown in opposite directions they can
connect the generator with different external circuits.
From this
it will be seen that there can be three, four, five, or any number

of throw switches.
For some purposes it is desirable to have the switches so made
that when they are opened the movement may be as rapid as possible ; this result is accomplished by the use of aspring, so located
that it will hold the switch closed until the handle has been

Fig. 3637.

moved beyond a certain point, and then the force of the spring
will act to open the switch and will move it almost instantaneously
from the closed to the open position. <A switch of this type is
called a snap switch, and one of the numerous designs is shown
in Figs. 3637 and 3638, the first showing the open position and the

second the closed. The switch lever rocks upon the centre pivot,
and the part to which the upper end of the spring is attached is
connected with the handle.

When the handle is moved far enough,

the machine gains speed, the lever is moved further to the right,
passing from contact to contact until the last one to the right is
reached, when the motor will be running at full speed and all the
Starter resistance will be cut out of the armature circuit. With
this starter, if the current becomes too strong for the safety of the
motor, or if it suddenly dies out, the lever will not move, hence
the motor is without protection.
In the motor

starter

shown

in Fig 3640 the lever is provided

Fig. 3639.

with aspring wound around the pivot upon which it swings, and the
tension of this spring acts to throw the lever to the left, or to the
stop position. Atthe right side of the apparatus is seen an electromagnet, and this is energized by the current that passes through
the motor.
When the lever is moved to the last contact to the
right, it is held in that position by the attractive force of the electro-magnet ; but if the current dies out for any reason, the electro-

magnet at once loses its magnetism

and can no longer hold the

the spring will slide along the lower rod, and as soon as it passes

Fig. 3638.
Fig. 3640.

the centre, it will pull the switch lever violently after it, thus making a quick movement of the lever whether to open or close the
lever against it, hence it will swing around to the left, tothe stop
switch.
| position, and thus open the motor circuit ; therefore, if the current
MOTOR STARTERS AND FIELD REGULATORS.—A motor starter
starts up again, no damage will be done, because the current canis an apparatus used forstarting a motor.
As we have explained,
not pass through the motor.
A starter of this type is called an
when a motor 1s started, it is necessary to introduce resistance in
automatic underload starter.
the armature circuit so as to prevent the current from rising to a |
In Fig. 3641 is shown a starter that is provided with two magdangerous strength, that is, to keep it from becoming so strong
nets, as can beclearly seen. The one tothe right acts inthe same
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account that it is desirable to make field regulators with a large
number of contacts,
The resistance of field regulators and motor starters is generally made of wire or some metal of high resistance, such as iron,
German silver, or special alloys.

High resistance metals are used,

so as to get a large resistance in a small space. The wire is
wound in the form of spiral springs, and these are secured in the
box in rows, the ends being connected so as to form a continuous
wire from end to end.

Some manufacturers use, as a resistance,

rods made of carbon or graphite. The field regulator, Fig. 3644,
is of thistype. Other manufacturers use very fine iron wire which
is embedded in a layer of enamel baked upon one side of a slab of
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part of the switch is forced up into the upper part, as shown
in the switch to the right, and at the same time the catch
engages in a part of the top half of the apparatus, and thus
prevents the switch from dropping to its lower, or open position.
When the switch is raised, the rod projecting below the lower
guide is forced up into the tube and compresses a spring, hence
there is a force acting to push the switch down as soon as the
catch is released. The part with which the catch engages is
under the control of the magnet, and when the current reaches
the strength for which the apparatus is set, the catch is tripped and
the switch flies open. Sometimes the increase in current strength
is caused by a sudden defect in the insulation of the circuit near

cast iron; such a resistance is used in the motor starter shown in

Fig. 3639.
A resistance used to regulate the flow of current in any electrical apparatus is generally called a rheostat, and on this account
field regulators are called sometimes field regulating rheostats, or
simply field rheostats. Motor starters are also called motor starter
rheostats.
CIRCUIT BREAKERS.—A circuit breaker is a device to opena
circuit when the current becomes too strong, its action being controlled by an electro-magnet.
From this definition it will be seen
that any motor starter that is provided with an overload cut-out
magnet is also a circuit breaker; but inasmuch as there are
many cases, besides that of motors, in which it is desired that
the circuit be opened when the current becomes too strong, it
is necessary to have an apparatus that is not a combination with
a starter, but that is a circuit breaker pure and simple. The
principle upon which circuit breakers operate is readily understood. The general construction of such devices may be described
as consisting of a switch which is held in a closed position by
means of a catch, which latter is under the control of an electro-

magnet. When
the catch out of
Two different
firm are shown

the current becomes too strong, the magnet pulls
place and then the switch flies open.
designs of circuit breakers made by the same
in Figs, 3645 and 3646. They are arranged to
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flowing through this route will be sufficient to open this side,
while that passing through the other switch might not be enough
to affect it. On this account the independent action of the two
switches is often very valuable.

Via
el
ee

&

—

agee,
»
me
ty

he
= be

The difference in construction between Figs. 3645 and 3646, as

TMK

will be noticed, is not very great ; it consists mainly in the position
of the handles.
een
Fe

The circuit breaker shown in Fig. 3647 is a very elaborate affair,

and was made for the government.
Its principal feature is that
there are two sets of contacts, one set being at the bottom and the
other at the top. The latter contacts can be seen at the upper
corners, the stationary parts being back of the movable ones, which
Fig. 3645.

are shown on an incline and are attached to the frame just back
of the lever upon which the handle is mounted.
The lower con-

open the circuit on both sides of the line, and on this account
are called double-pole breakers, just as safety fuses that open

attached, and the corresponding bevel corner pieces.
When the
handle is raised, it lifts the toggle, and this forces the bevel blocks

the circuit on

out against the bevelled corners, and thus closes the circuit
through these contacts; at the same time the upper contacts are

both sides are

called

tacts are the two bevelled blocks to which the toggle joint is
double-pole fuses.

These

double-pole breakers are so arranged that one side of the line
can be opened at a time, or both, and in Fig. 3645 it will be
noticed that the switch on the left-hand side is open, and that
on the right is closed. The coil seen between the switches is
the electro-magnet.
Looking at the switch on the left, it will
be noticed that in the lower part there is a rod projecting below
the lower guide through which the two vertical rods pass. It
will also be seen that there is a catch at the top of the lower
portion

of the switch.

When

the handle

is raised, the lower

pushed back into engagement with the stationary parts.

When

the magnet trips the catch, the first movement of the handle lever

allows the lower bevelled contacts to separate before the upper
ones do. In this way the final break in the circuit takes place at
the upper contacts, and thus the lower ones are saved from injury
by the sparking that always ensues when a circuit is opened.
For small breakers this arrangement would not pay for the additional expense, but for large currents it will.
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If the current rises suddenly
Fig. 3648 represents a circuit breaker manufactured by the ' melt the fuse and open the circuit.
Cutter Electrical Manufacturing Company; its construction is far beyond the fuse limit it will not melt it, but it will cause the
breaker to act. Thus it will be seen that the breaker protects the
similar to that of Figs. 3645 and 3646, and is arranged so that
circuit from sudden rises of the current strength to dangerous
it
but
strong,
too
it acts if the current on either side becomes
points, while the fuse protects from smaller increases that are of
provided
does not open the circuit on one side only. It Js
prolonged
duration.
with one magnet, the action of which wil open both sides of
LIGHTNING
ARRESTERS.—Lightning arresters are devices proIt is of the double-pole type, 250 to 1,500
the circuit breaker.
Fig. 3649 shows another circuit breaker made by vided to protect the apparatus in a circuit from injury when the
amperes.
If the current flowing in the circuit
the Cutter Company, but is of the double-pole, double-coil type, line is struck by lightning.
is
weak,
as
for
example
that
in a telegraph or telephone circuit,
of 500 amperes.
the
lightning
arrester
can
be
a very simple affair; but if the line
the
Circuit breakers and safety fuses are intended to protect
current
is
strong
a
more
complicated
device is required. Why
apparatus in the circuit from excessive currents, but their action
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Fig. 3647.

B not exactly tne same.
The fuse operates when the current
becomes SO Strong asto melt the wire, but as it requires some
time to heat the metal up to the melting point, it follows that the
current can flow at an unsafe strength for several seconds and
possibly minutes before the safety fuse will give way and open the
circuit. The circuit breaker acts instantly, because the strength
of the magnet rises as fast as the strengti of the current, hence,
as soon as the latter reacnes the danger point, the circuit flies
open. As the two devices act in a diametricaliy opposite way, it
is not uncommon to protect a circuit with both.
When this is
done, the fuse is adjusted so as to act with a current lower than
that for which the circuit breaker is set. With this arrangement,
if the current rises to the fuse limit, it will not affect the ee
but 1! it does not reduce in Strength, it will, after a short interval,

VOL. 11.—8g.

this is so can be understood from the following explanation of
certain properties of eiectric Currents.
If the strength of an electric current is not increased instantly
its growth is not hindered by anything except the resistance of the
circuit; but if the increase in current 315 very great and instantaneous, lls passage through the circuit 1s resisted by what is
caied

self-induction, and the effect is that the circuit acts as if it

had been suddenly changed from a conductor to a non-conductor.
If the circuitis a straight wire the opposition to the flow of current introduced by the self-induction is not so very great; but if
the wire 1s in the form ofa coil, tnen the current is resisted to
such an extent that it will jump across the insulation in its effort
to find a passage other than througn the coil. When lightning
strikes a circuit, the current strength is increased instantly to an
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enormous strength, and the result is, that if there is no lightning
arrester, the lightning discharge will break through the insulation as soon as it reaches the first coil of wire. Now, to protect the
coil, all that is necessary is to provide, at a point near it which will

PRACTICE.

the line near the coil to be protected. With this device, if lightning strikes the line it will run along until it reaches the coil, and
will then back up, as it were, and finding the two points the easi-

est way to the ground, will pass through them and not injure the
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Fig. 3648.

be reached by the lightning flash before it reaches the coil, a path
through which the current can break to the ground easier than
through the insulation of the coil. To accomplish this it is sufficient to provide two points separated by about one-sixteenth of
an inch, one being connected with the ground and the other with

apparatus.

If the current in the line is small, as soon as the light-

ning discharge has passed, the flow of current through the arrester
will stop. If thecurrent in the line is strong, it will continue to flow
to the ground through the lightning arrester, after the lightning

discharge has passed.

Before the lightning strikes the line the
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curren: (vil) net pass tireug’. the arrester to the ground, because
it has not sumic.ent <.ectromotive force to jump across the gap
between the points: Dut tie current having once been established
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| these teeth being set so asto be about one-sixieenth of an inch
|apart.
For the lines that convey tne strong currents of eiectric
generators it is necessary to provide arresters that are so made
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in Figs. 3650 to 3660.
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The arresters shown

in Figs. 3650 and 3651 are the same, with the exception that one
is for indoor and the other for outdoor use. In Fig. 3650 the

upper part of the apparatus is connected with the ground, and
the lower with the line.
At the line shown between the two
lower supports of the vertical rod, the top part and the lower
part come together to within a small fraction of an inch. The
spool shown on the lower part is a solenoid through which the
current that passes through the arrester flows.
When light-
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type known

as magnetic

blow-out

The two pieces

the line and the ground wires are attached, and when the light:
ning strikes, it passes from the end of one to the end of the other.
These ends, where the current jumps across, are at the lower inner

corners, and in the cuts are not seen, as they are covered by the
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Fig. 3650.

arresters.

shown in light shade in Figs. 3653 and 3654 are the plates to which
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upper part of the magnet. If the line current undertakes to follow
the lightning discharge, it has to pass through tne coil of wire on
the magnet, and the lines of force developed thereby pass directly
over the points of the two light-colored pieces which torm the
terminal of the ground and the line wires. The lines of torce

passing over this space force the spark that forms in the gap
ning strikes the line, it passes through the lower rod and over the
air gap between it and the upper rod to this rod, and thus to the

ground. Butif the line current follows the lightning, it passes
through the solenoid, and this, becoming magnetized, pulls down
the lower rod and increases the distance between it and the upper
rod, thus increasing the resistance of this path so much that the
generator electromotive force is not able to keep up the flow of
current, and the circuit breaks.

In the arrester shown in Fig. 3652 the action is slightly differ-
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Fig. 3653.

Fig. 3654.

between the points upward, and as the distance between the two
plates increases

the turther

up the spark

is torced, the result ts

that soon it reaches a point where the voltage ot the generator 1s
no longer able to keep the current up, and then the spark goes out.
These arresters are called magnetic blow outs because when they
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Fig. 3651.

ent.

In this device the current of the discharge passes from the

bottom of the chamber to the ball just above it, and then through
the rod to which the ball is suspended, and through the side rod,

and thus to the bracket marked ‘‘ground.” Thiscurrent in passing through the apparatus sets the ball in motion, as indicated by
the dotted lines, and then, when the lightning current passes, the
generator current breaks, as the distance between the balland the
point where the current enters the bottom is more than the generator electromotive force can overcome.
The arresters shown in Figs. 3653, 3654, and 3655 are of the

Fig. 3655.

Fig. 3656.

act, the appearance is the same asif the spark had been biown out
by a strong blast ot air.
The arresters snown so far are ot the twpe used with continuous
currents.
For alternating currents, arresters ot the kind shown
in Figs. 3656 to 3660 are used. In Fig. 3656 the line wires are
attached to the part shown at the sides, and the ground wire to the
centre. Thus one arrester protects both sides of the line and ts
therefore a double-pole arrester. The principle upon which this

ELECTRICAL

MACHINES

arrester acts is that the metal of which the parts where the current jumps across are made, is of such a nature that it prevents
the passage of a current unless the electromotive force is very
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Fig. 3660 is the same
apparatus when inclosed in a casing.
located upon one side
be
to
arranged
is
but
3656,
design as Fig.
arrester.
single-pole
a
of the circuit only, and, therefore, is
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force of a lightning flash is enor-

mous, the device offers very little resistance to the passage of the
lightning discharge ; but after this has passed, the generator cur-

Fig. 3660.

MEASURING INSTRUMENTS.— Measuring instruments used with
electrical machinery are of three kinds—those
electromotive
those

used

to indicate

the

force of the current, which are called volt meters;

to measure

the

strength

of the

current,

which

are

called ammeters; and those used to measure the power, or
energy, and which are called watt meters.
Electromotive force
alone does not measure the power in an electric current,
neither does the strength of the current alone; the power is
proportional to the electromotive force multiplied by the current strength. A current of Io volts electromotive force and
having a strength of 1,000 amperes has the same energy, or
power, as a current of a strength of 1o amperes and an electromotive force of 1,000 volts. Both these currents would represent
a power of 10,000 watts. A watt is such an amount of power
that it requires 746 to equal one horse-power.
As the watt is
a small unit, it is only used to measure small currents ; the energy
of large generators is measured in units of 1,000 watts, called kilowatts.
One kilowatt is equal to I,000 watts, and as one horsepower is equal to 746 watts, one kilowatt is equal to about one

horse-power and a third. Ammeters and volt meters are constructed upon the same principles, and have the same external

Fig. 3658.
rent does not follow, because the electromotive force is incapable of maintaining an arc, or spark, and without the spark there
can be no current, for the resistance of the air is very great, and

it is only on

account

of the reduction

in this resistance

by the

Fig. 3659.

Fig. 3661.

presence of the spark that the generator current is able to jump
Over the gap.
Figs. 3657, 3658, and 3659 show different types of the same

struction.
Both act by the attraction or repulsion of magnets and
electric currents.
One of the many types of instruments now

kind of arresters, the first figure showing the appearance of the

upon the market is shown in Fig. 3661.

appearance;

but there is a slight difference in the internal conThis, as will be seen, is

MODERN

594

MACHINE

a volt meter. It will be noticed that there are two indicator
arms, one pointing to IIo and the other to 104. The first is provided simply as an additional convenience ; but the second one is
the-sure indicator, that is, it indicates the actual voltage of the
current. If the standard voltage that should be kept up is one
hundred, the indicator with the ring at the end is set opposite

SHOP
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seen from the figure, and thus a narrow circular space is left in
which the wire coil can swing. The coil is shown in Fig. 3666,
together with the springs which oppose its movement, and also
the indicating arm. The manner in which the coil is pivoted is

shown in Fig. 3665. As it is necessary that the coil swing as
nearly frictionless as possible, and that it has no resistance other
this mark, and then the attendant can see from a considerable ‘ than that of the coiled springs located at top and bottom, the ends
distance whether the pointer that indicates the voitage is below
or beyond the mark. The stationary pointer or guide is not, asa
rule, provided with ammeters, as it is not necessary to keep the

amperes constant; in fact, they cannot be so, for the current
strength will rise and fall in accordance with the demands of the
circuit.
The manner in which these measuring instruments act can be
understood from the following explanation of the construction and
action of the Weston instruments.

If = coil of wire is suspended between the poles of a magnet,

and a current of electricity is passed through it, it will behave
Just as if it were ngidly connected to a magnet fixed in its centre,
as 15 indicated in Fig. 3662; the bar N S indicating the supposed magnet in the centre of the coil. Now suppose the coil
shown in this figure be suspended so as to allow it to swing
freely upon its axis, this axis being perpendicular to the plane of
the paper ; then if a current is passed through the coil in the direction indicated by the straight arrow, it will be turned in the direction of the curved arrow, from the position shown in Fig. 3662 to | ofthe wire coil are attached tothe spiral springs, and only a small
that of Fig. 3663. The coil will be turned in this direction even |portion of the whole current is actually passed through it—as much
with the weakest current ; therefore, if this turning tendency is | as can flow through the two springs without heating them to a
opposed by a spring, the amount of movement will be governed| nouceabie degree.
by the strength of the current. The spring can be so set that | If the instrument is intended for an ammeter, the buik of the
when there is no current flowing through the coil, it will assume a | current passes through a thick wire running irom one of the bindcertain position, and this would correspond to the zero point on ,;
: ing posts to which the line wires are attached, to the other, and
the scale of the instrument. By making the spring of a certain

strength, it will require a certain amount of current flowing

~

4

Fig. 3663.
through the coil to twist it through a certain angle.

nB
e y

wr
4

_ LY,

current than this wiil deflect the coil through a smaller angle.
The maximum Cceflection will be that which corresponds to the
greatest current the instrument is intended toindicate. By attaching to the co‘! a ‘Poliinter of suitable length, this can be made to
swing OVer 2 scale; and if upon this scale are marked the points
that correspond to the Ceflections obtained with certain current
irengths, then the instrument can be used for the measurement
of currents : and whenever the indicator points to a certain mark,

hhi

s

Any smaller

‘

we will Laci That the current passing through the coil is as much
as 15 necessary to produce that Geflection.
' by properly proporioning this wire as to diameter and length,
Ia the Weston instruments the magnet which pulis the coil
the strength ofthe current that passed rough tre cous is adjusted,
around 1s made inthe form shown in Fig. 3664 and is provided
It the instrument is 19 De a vo.l meter, the whole current entering
with pole pieces P P which are bored out to acircular form. The
the instrument is eta through the col, and, in addition, it is
ends are connecied Sv a brass plate N, being used so as to not
passed through a resistance, he two being in series. This resistdivert the magnetism from the centre line of the poles. To this
ance is made. ihe TORO
ets a and is ‘ocatec in the space
plate M is attached = cv''-2erc which is mace of soft iron. This
inside of the upper par ofthe horseshoe magnet, as can be seen
cylinder is slightly smalicr than the bore of the poles, as can be _ from the dotted tines in Fig. 3667. The pivots upon which the
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cator will swing.

coil swings are made of steel very accurately finished, and these
run in jewelled bearings, thus reducing the friction to practically
zero.
.
As an ammeter is intended to measure the strength of the

595

As the volt meters are placed directlj across

the machine terminals, it can be understood at once that the resist-

ance of the coil must be very high; if not, the current passing
through it would be very great. To make the resistance as high
as possible, the coil is made of the finest wire obtainable, and so
is the extra resistance coil, except in the case of instruments
intended for measuring very low voltage,

whole current, it is connected in the circuit in series ; that is, one

side of the line is opened and the instrument is placed in the gap,
the wire coming from the generator being connected with one of

Fig. 3666.

the binding posts, and the wire leading to the external circuit
being connected to the other post. Thus the current coming
from the generator passes through the ammeter before it goes to
the external circuit.
If the instrument is a volt meter, it is connected across the

Measuring instruments are made in a great variety of forms
and sizes; some are simple and inexpensive, and others are just the
reverse.

The instruments shown in Figs. 3668 to 3671 are of the

type generally used in large stations and are of what is known
as the switchboard type with illuminated dials.
Fig. 3668 is an ammeter, seen from the front, and Fig. 3669 is

terminals of the generator ; that is, one of the wires from the gen-

erator connects with one of the instrument binding posts, and the

a rear view of the same

instrument, from which

the manner

in

Y
4

v

se
WIEN)

other wire from the generator with the other instrument binding
post. In this way the current that passes through the instrument
does not go out to the line, but returns direct to the generator.
Now, with this connection

it can

pressure, or electromotive

force, of the generator acts to drive a

current

through

the instrument,

be seen, at once, that the full
and, therefore,

the higher the

which the dial is illuminated can be understood. The casing
back of the dial is removed, and reflectors are provided to throw
the light of an incandescent lamp upon it. The advantage of this
illuminated dial is that the scale can be seen at a greater distance,

and especially at night.

Fig. 3670 represents a volt meter, and, as will be noticed, it dif-

voitage the greater the current and the further around the indi- | fers from the ammeter only in having the extra
pointer; and this,
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as has already been shown, is simply an additional convenience,
This second pointer is not acted upon by the current in any way,
and is simply intended to be set by hand at the voltage at which
the current is to be kept, and being more conspicuous than the
figures on the dial, it can be more easily seen at a distance.
Fig. 3671 is what is called a potential indicator, and it differs
from a volt meter only in that it is constructed so that it indicates
pressures slightly above or below the standard point. In a volt
meter the indicator begins to move as soon as any Current passes

a

:
a

this account it Is easier to detect differences in the pressure from
the standard than with a regular volt meter, and also smaller
differences, as for each volt the deflection of the pointer is
greater.

Volt meters are also constructed for the purpose of detecting
whether the circuit is well insulated from the ground, and when
made for this purpose they are called ground detectors, the name
being given because when a circuit is not perfectly insulated from
the ground it is said to be grounded. Ifthe insulation between
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F ig. 3668,
cnrough it, and thus indicates voltages all the way from zero up to

the highest for which the instrument is intended.
A potential
indicator, however, will not move until the voltage reaches a point
not far below the standard, and, as a result, the movement

pointer is much greater for a given change in voltage.
ment

shown

is for a voltage of 110, and, as will

ot the

The instru-

be noticed, this

pressure is reached when the pointer is in the vertical position.
When it is pointing to the left of the vertical, the voltage is too
low ;and when it points to the right, the voltage is too high, On

the circuit and the ground is only slightly impaired, so that there
is but a smail leak of current, the circuit 1s said to be imperfectly
grounded ; but when nearly all the current passes to the ground
when a connection from some point is made with an object that
is not insulated, then the circuit is said to be dead grounded.
By means of a ground detector of the volt-meter ty pe—that is, an instrument that will indicate the voltage through the ground leak—
the character of the defect in the
| for

insulation

can be determined ;

if there is a dead ground, the indicator will indicate nearly the
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full voltage of the current, while if there is only a slight ground,
|
|
the voltage will be low.

power must be so constructed that they will be controlled by
both the electromotive force and the current strength.
Such

A ground detector is shown in Fig. 3672, and this cut also illustrates the form of ammeters and volt meters of the Weston make
of the portable kind. These instruments are much smaller than
the station variety, but are not restricted to the measurement of
small currents on that account.
The size does not make any difference in the capacity of the instrument, the smallest measuring
as high voltages or amperages as the largest.

instruments are called watt meters, and are classified as watt hour

meters if they register the number of watts per hour, or as ampere
hour meters if they register the ampere hours.
The latter type
of instrument is not, strictly speaking, a watt meter, as it registers
current strength only; but, as they are used on circuits in which
the voltage is constant, the watts can be obtained by multiplying

the ampere hours by the volts.
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Fig. 3660.
Fig. 3673 shows the type of instruments manufactured by the
Figs. 3676 and 3677 show an ampere hour meter, and Figs.
Queen Company, and Fig. 3674 illustrates the portable type of
3678 and 3679 show a watt hour meter.
In both these instruinstruments made by the Whitney Company.
All these instruments it will be noticed that diais are provided just as ina gas
ments are expensive, ranging in price from $25 up to several hunmeter, and they are for electricity what the gas meter is for gas;
dred dollars; but in Fig. 3675 is shown a simple instrument that | that is, they
register the amount of electrical energy used by the
|
is sold for $1.50.
It is only made, however, to measure voltages | consumer.
The principal of operation of these instruments is very
of 10 volts or less, or 10 amperes or less.
simple ; they are nothing more or less than electric motors, so
As already stated, the power of a current is not measured by | constructed that
their velocity is directly proportional to the
the volts or the amperes, but by the product of one by the other;
energy in the current that passes through them;
therefore, if the
therefore, instruments intended for the purpose of measuring the
energy 1s small. they revolve slowly, and the recording hands upon

|
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switchboard is placed in the circuit, intermediate between the
generators and the external circuits. The wires from the generators are connected with it, and so are those leading to the external
circuits. The switches by means of which the current is diverted
from one path to another, or is shut off entirely, are placed upon
In addition it is provided with the measuring
this switchboard.
breakers, and the field regulators of the
circuit
the
instruments,

the dial likewise move slowly; but if the power being absorbed is
great, they revolve fast and then the hands register faster.
Several other types of measuring instruments are made. Thus
there is the regular watt meter, which indicates the actual amount
of power in the current at any time; if the generator is delivering 100 kilowatts, the instrument will indicate that amount, and

if the power is 95 kilowatts, the instrument will indicate this
much.
There are also recording ammeters and volt meters which are,

ge

generators,

The general appearance of the front of a simple switchboard
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substantially, the counterpart of the recording steam gauges used
in connection with boilers ; they register upon a roll or a cardboard
dial the volts or amperes during a whole day or week, according

to the manner in which they are constructed.
Generally these
recording instruments are provided with cardboard dials, and a
fresh one is put into the instrument every morning.
SWITCHBOARDS.—A switchboard is a device to facilitate the
handling of the current generated by one or a number of generators ; it is not an actual necessity, but a great convenience.

The

can be obtained from Fig. 3680. Such a board can be connected
with the generators and the external circuits in several ways, the
switches and other devices being located in each case so as to be
able to properly pertorm their functions.
With the illustration as
shown, the two panels to the left could be connected with two
generators, and the one to the right with two feeding lines. The
devices seen at the top of the panel are the circuit breakers, and

those directly under them are ammeters and volt meters. The
wheels under the instruments in the two panels to the left are the
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Fig. 3673.

|

=

==>

Mis

.

:

i! iH

i)

| ==

aac

|

WitWN
nine

-_.

;

:

ii

;

Fig. 3675.

Li iar stat

nL,

vl lit Hak

‘HF

eo
Mbt

AR

ii

Hit

mt Teil

Ty
leant

Havant

MODERN

MACHINE

Oo 0

SHOP

PRACTICE.

\.
at
wh

.

uae

ae
a

\

A vt

\\)

fidehagh
ji!
yh
the .

Segue
OMyah
yf
‘his

Ps
—S
EERE

~~

~

.

«ea

SP a ke
og

P

aes%

«

MACHINES

ELECTRICAL

handles of the field regulators, and the switches under these are
for connecting or disconnecting the generators from the line.

In a switchboard as shown in this illustration, the two instruments upon the panels to the left would be ammetres, one being

placed in the circuit of each generator, so as to measure the
The two
strength of the current of each machine separately.
ammeter,
an
one
be,
instruments upon the right-hand panel would
The ammeter would measure the
and the other a volt meter.
total current strength flowing out to all the external circuits, and
the volt meter, the electromotive

force.

This volt meter would be

so arranged that it could be connected with the main line or with
either generator, independent of the other. When two or more
generators feed into the same circuit, it is necessary that the
electromotive

forces of the two

be equal, for if not one will be

delivering more current than the other. By being able to switch
the volt meter from one generator to the other, it is possible to

machines.

determine at any time the relative voltage of the two
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From Fig. 3681 the appearance of the back of the switchboard
shown in Fig. 3680 can be seen. The manner in which the generator and the external circuit wires are connected with the various parts of the board is not clearly shown in this cut, but the
position of the field regulators can be found at once, they being
the two square boxes located at the centre of the two right-hand
panels. The four smaller boxes at the bottom of the board are
We will not undertake to explain the conlightning arresters.
nections of this board any more in detail, as we can furnish a diagram of another board in which the position of the wires and the
several connections are very clearly presented. This board is
shown in Figs. 3684 and 3685, the latter being a diagrammatic repBefore giving the explanaresentation of the circuit connections.
tion of this board we will present two other examples, so that a
fair idea may be obtained of the great modification that can be
made in the appearance of a switchboard as well as in the location of the various parts, and also in the design of these.
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Fig. 3680.

If one is found to be lower than the other, the handle of the field

regulator that belongs to that machine is turned in the proper
direction until the voltage is brought to the proper point. From
this simple case it will be seen that the office of the switchboard is
to facilitate the handling of the apparatus, for if the field regulator
were not located upon the board, it would still be perfectly possible to adjust the voltage of the generator by it, but not with so
much ease;

for the attendant would have

to go to the regulator,

turn it a trifle, and then go to the volt meter to see what effect
the movement had had upon the current pressure. Having the
two
tion
the
the

devices on the switchboard, one under the other, the operais not only greatly facilitated, but the time required to adjust
voltage is considerably reduced, for the attendant can look at
volt meter as he turns the regulator handle and notice the

effect, and therefore stop the instant he sees that the voltage is at

the proper point.

In thesame way, if it is desired to cut a genera-

tor out of the circuit, it can be done

from the switchboard, thus

rendering it unnecessary to go to some other part of the building
to accomplish the object.

Fig. 3682 shows a switchboard designed for three generators.
The large switches are

for the purpose of cutting the generators

out of the circuit, and the smaller ones for cutting out, or in, the
several external circuits.
The centre measuring instrument is an
ammeter and measures the total current in the system.
Of the
other four instruments, two are volt meters and two are ammeters.

By placing these ammeters in the individual circuits of two of the
generators, the current in the three can be determined at all times ;
for each instrument will show the current generated by the
machine it measures, and the current of the third generator will
evidently be the difference between the sum of the currents shown
in these

two

instruments

ures the total current.

and the centre

ammeter,

which

meas-

Having two volt meters, one can be used

to indicate the voltage of the line and the other one can be
switched into any one of the generator circuits so as to test the
voltage of each.machine separately.
The handles for moving the
field regulators are located at the bottom of the board.
In this switchboard

no

circuit breakers

are shown, but it must

not be inferred from this that none are used.

In some

cases the
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circuit breakers are placed back of the board, because when they
act a very large ‘‘arc” or flash is produced, and this often covers
the surrounding parts of the board with vaporized and melted
metal and thus in a short time gives it a dingy appearance.
When the circuit breakers are located back of the board, a position is chosen that is accessible, so that they may be easily reset
whenever they are opened by the action of the current.
Switchboards are sometimes very ornamental, as in the case of
Fig. 3682, and sometimes very plain. The board proper is made
of slate in the rough state when no ornamentation is attempted,
and of polished slate or marble when it is desired to produce an
artistic effect. With the latter type of boards, the instruments and
the switches and other devices are highly polished, and often
silver or gold plated. Generally the measuring instruments are
of the illuminated dial type, except when the plant is very small.
A sufficient number of lights are provided to give good illumination of every part of the board, but these are not always placed
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small as to be of little service, on account of the pointer and the
scale being so small as not to be visible at any distance.
The
instruments in the generator section to the left indicate the current in each one of the generator circuits, while the instruments
in the feed section indicate the current in the individual feeder
circuits. The switches by means of which the currents are cut
off from the several feeder circuits, as well as those controlling the
generator circuits, are located at the bottom of the board, and it
will be noticed that they are all of large size ; but this will not be
surprising when it is considered that they control collectively
about 35,000 horse-power.
From

Figs. 3684 and 3685 the manner in which

switchboards

are connected with the generators and with the external circuits
can be understood, and, in addition, the general aim of the designer

of such apparatus can be realized. The first figure shows the
appearance of the front of the board, and the second the manner
in which the instruments, switches, etc., are connected with each
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3681.

upon the board itself ;in some cases they are suspended from the
ceiling of the room.
One of the largest and most elaborate switchboards is that of
the Duane Street Station of the Edison Illuminating Company of
New York City. This is shown in Fig. 3683, the section to the
left being the part that controls the circuits of the generators, and
the section at the right being the portion that controls the distributing feeder circuits. The ammeters and volt meters used on
this board are of a special design, and, instead of being placed flat
against the surface of the board, are arranged edvewise, the dials
being on the edges, and havinga curved surface.

This construc-

tion is clearly shown in the figure, the instruments being seen at
the top in both sections of the board.
The field regulators are
located under the instruments in the left-hand section and are also
made with the handles swinging over a curved surface. This
construction

of the instruments,

as well

as the

regulators, was

necessary on account of being compelled to get a large number
into a very narrow space.
As can be seen from the illustration,
if the instruments were of the usual design it would not have been
posst..'e to accommodate them all unless they had been made so

other and with the generators and the line wires. This switchboard is arranged tocontrol three generators, as can be seen from
Fig. 3685, the generators being shown at the bottom of the diagram and being marked dynamos.
These machines are of the
compound type, which, as has been explained, are provided with
series and shunt coils upon the field. The field regulators are
marked rheostat, and the manner in which they are connected in
the circuit of the shunt-field coils can be clearly seen. The circles in the dynamo diagrams represent the armatures, and the
zigzag lines above themare the series coils, the zigzag lines below
being the shunt coils. As will be noticed, the ends of the series
coils next to the armature are connected with one side of a doublepole switch, and through this with a line marked equalizer bus.
The other ends of the series coils connect with the same switches,

and through them with the line marked dynamo bus, just below
the equalizer bus.
The right-hand terminal of the left-hand
dynamo and the left-hand terminals of the other two machines
run to the lower corners of small panels marked ‘‘ circuit breakers.” The upper ends of these circuit breakers connect with a
line directly below the lower dynamo bus, and from the centre of

a
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chis line a diagonal line runs up to one side of the recording ammetre, and after forming a loop under this instrument passes to
the upper dynamo bus.
From this upper dynamo bus, connections lead to the several
switches, the position of which will be made

clearer by examin-

ing Fig. 3685. There are ten of these switches, arranged in four
vertical rows ; two switches in each outside row and three in the

centre rows. These switches, it will be found by tracing the lines
running from their left-hand sides, are connected with the lines
above the upper dynamo bus which are marked street-service
bus. The three street busses connect with the three switch con-
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will connect the distributing feeders with the dynamo busses, and
therefore with the generators, and the current from these will
feed the building. If, however, it is desired to take current from
the street mains, then the switches are thrown to the left, and thus

the distributing feeders are connected with the street busses, and
through them with the street mains.
The street mains are
arranged upon what is called the three-wire system, and on that
account the switches are of the three-pole type, and the whole
building is wired according to the three-wire system. When the
generator current feeds the building, the current from one of

the dynamo busses passes into two of the feeder wires, taking
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tacts, but the wires leading from the upper dynamo bus connect

those

contact is connected with the lower dynamo bus. These switches
are of the three-pole, double-throw type, and the centre parts, to
which the switch levers are hinged, are connected with the external
circuit feeders,
To understand the operation of this switchboard properly, it is
necessary to say that it is located in one of the large office buildings in New York City, and that it is arranged so that if it should
become desirable at any time to Operate the system from the
Street mains if can be done by simply turning the switches upon
the switchboard.
With this explanation, it can be seen at once
that if the switches are turned or thrown to. the right side, they

from the other bus. On this account the centre wire i; made of
double the size of the outside ones.
The difference between the three-wire system and the ordinary
two-wire system is that the former is an arrangement by means
of which the voltage of the current can be doubled, and therefore the carrying capacity of the wires is increased ; for, as we
have explained, the power of a current is equal to the product of
the volts by the amperes ; and if the volts are doubled, the power
is doubled without increasing the current strength. Now the
strength of the current determines the carrying Capacity of the
wire, hence, if the voltage is doubled, the same wires will Carry
double the power.
When this system is used, the lamps are

with the top and bottom contacts of each switch, while the centre

on

the outside, while the centre

wire

carries tk- current
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the outside wires

and the centre ; but in those that are connected between the top
wire and the centre one, the current passes to the latter, while in

those between the centre and the bottom wire the current passes
from the centre wire

to the bottom

one.

Now, if a building

is

wired for the three-wire system, the current when coming from
the street mains will pass from top to centre bus through one set
of lamps, and from centre to bottom bus through the other set of
lamps ; but when the current comes from the generators, it will
pass through both sets of lamps from
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of the current of the generator. From this example it will be
seen that it is not necessary for machines to be of the same capacity
to be connected in parallel in the same circuit or system of circuits. All that is necessary is that the voltage of the generators
be the same.
| As the object of the equalizing bus may not be understood, we
| will explain it: If two generators are running in parallel deliv| ering current to the same circuit, each machine will do its share
of the work, providing the voltage of the two is the same. If,

the outside busses, that is, | however, one machine begins to increase its voltage, which it will

(he top and bottom ones, to the centre one.
The instruments provided on this switchboard are one ammeter
for each generator, and also a separate volt meter for each machine, In addition there is a volt meter that is used as aground
detector. Besides these instruments, there area recording amme-

do if the speed of the engine increases slightly, then this genera| tor will begin to deliver more current to the line than its share,
| and the other one will begin to do less. A very slight difference
| in the voltage of the two machines will make a great difference in
Thus, suppose the two machines
| the disturbance of the current.

Fig. 3684.

ter and a recording volt meter; also a differential galvanometer |; run, normally, at 400 amperes ; if the voltage of one drops as much
which is used for measuring the difference in voltage between the |as one per cent., the current delivered by it may rise to 500 amdynamo busses and any one generator.
There are two small | peres, and that of the other generator will drop to 300. Now the
switches marked, one V. M. Sw, and one, Gd. Det. Sw. The first is |equalizing bus prevents this inequality in action to a very great
a volt meter switch and is for the purpose of connecting one of the | extent, although not entirely. As will be noticed from Fig. 3685,
volt meters with any one of the generators so as to test its voltage, | this bus is connected with each generator at a point between the
and the other switch is for the purpose of connecting the ground | armature and the beginning of the series field coils. Now supdetector with any one of the generators.
pose any one of the generators begins to generate more current
The three switches at the bottom of the board are the main | than its share; if there were no equalizing bus this greater current
generator switches, and by opening any one of them it will dis- | would all pass through the series field coils of the generator, and
connect from the system the generator directly under it.
thereby aggravate the trouble by increasing the fleld strength.
As will be noticed, the three generators in this case are not | The equalizing bus, however, allows a part of this increased cur
of the same size ; the two outside ones being capable of delivering | rent to pass through it to the series field coils of the other genera800 amperes each, while the centre one can give only 400 amperes. | tors, and thus the magnetism of these is increased.
In conseThis will be found to be the case by looking at the lower main | quence of this increase in magnetic strength, these generators also
switches, alongside of which will be found

VOL. II.—gI.

marked the strength | increase

their voltage,

and, therefore,

their current;

and, as a

MODERN

606

MACHINE

result, the effort of the first machine to run ahead of its followers is
counteracted.
The counteraction, as has just been said, is not

perfect, but it is sufficient for ail practical purposes.
We will not undertake to explain the manner in which the wire
connections run from the several instruments, volt meters and
ammeters, to the circuit breakers, the V. M. switch, the Gd. Det.
switch, the Diff. Gal. switch, etc., as these can be readily traced

out; and, in fact, it will forma good exercise
nections unaided.
To fully understand diagram Fig. 3685, it
with Fig. 3684, so that the actual appearance
in outline in the diagram may be seen.
In

to work out the con-

should be compared
of the devices shown
the diagram the circuit breakers, as an example, are indicated simply by a rectangular
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the constant potential system, the switches have to be modified
in construction so as to provide a greater distance between the
contacts joined by the switched lever when in the closed position.
As the voltage of the circuit, in such cases, is dependent upon the
demand of the circuit, and is, therefore, not of any importance,

volt meters are not required. As these constant strength currents cannot be connected in parallel, it is not necessary to provide switches for parallel connection. In any case, however, the
object of a switchboard is to be able to concentrate at one point
all the apparatus required for handling with ease the various
parts of the system; therefore, the arrangement of the switches,
the instruments, and other devices will be such as the peculiarities
of the current to be handled demand. On this account, although
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DIAGRAM

OF SWITCHBOARD

CONNECTIONS.

Fig. 3685.

outline; but if we look at the illustration of the front of the board,

we will find that in the same position there are shown three very
massive devices ; therefore, by comparing the two figures, not only
can the manner in which the connections are made be traced
out, but also the form, and, tosome extent, the construction of the
switches, instruments, etc.

The switchboards

we have been considering are of the kind

used with constant potential continuous currents; for continuous
currents of constant strength, slightly different boards are used,
this difference arising from the fact that some of the devices are
not required, while others are modified in form. Thus, as with
currents of constant strength circuit breakers are not necessary,
these are not found

on such switchboards.

On the other hand,

as the voltage of the currents is many times higher than that of

each switchboard will be well adapted to the requirements of the
system for which it is designed, it cannot be used in any
other.
DIRECTIONS

FOR

SETTING

UP, AND

MENT AND CARE OF ELECTRICAL

FOR

THE

DAILY

MANAGE-

MACHINERY.—Electrical

ma-

chinery of every kind, whether generators or motors, should be
located in a place that is clean, dry, well lighted, and sufficiently

spacious to allow free access to every part of the apparatus. If
the location of a generator, or motor, is such that any of its vital
parts cannot be reached without being put to great inconvenience,
it is very apt to be neglected, even if the attendant is conscientious, as the best of men will persuade themselves that the
inaccessible parts are running in proper order, when they con-

template the difficulty of making an inspection.
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The foundations of generators, especially for those of large size,
should be substantial, although not as much so as those for steam
engines.
The foundation for motors and small generators can be made
sufficiently rigid if it consists of a substantial wooden frame
fastened to a solid floor.
The frame of any kind of electrical machine must be thoroughly
insulated from the ground, and the higher the voltage of the current passing through it, the more perfect the insulation must be.
The most mechanical way in which to insulate an electrical
machine is to mount it upon a wooden frame, which in the case
of large generators should be set upon a foundation of masonry.
This frame to be a sufficiently perfect insulation should be impregnated with some moisture-repelling substance, such as oil,
varnish, or paraffine. The latter is the best of all, but to be
effective it must be applied to the wood when the latter is heated,
so that the paraffine may penetrate well into the body of the
wood.
If the generator is of the belted type, and is small, it will be
provided with a sliding base so as to take up the slack in the belt;

but this practice is not followed in large generators, hence in
such cases the belts must be put on as tight as possible in the
Start.

Motors are always arranged so as to take up the slack in the
belt. In handling machines, whether in the operation of setting
them up, or, subsequently, when repairs become necessary, it
must be remembered that all the parts upon which wire is wound,
and also the commutator, cannot be handled as roughly as ordinary machinery. If a machine is small, it will in all probability
be shipped assembled and ready to run as soon as mounted upon
its foundation ; but large machines are generally shipped in the
dismounted form, and have to be put together upon their foundations.

When

this is the case, all the joints must be perfectly clean

before the parts are assembled, and this applies particularly to
those parts that constitute the field magnets.
In lifting the field magnet coils or the armature, and also the
commutator, if this is separate and to be connected after being
put in position, ropes should be used, and these must be sepa-

rated from parts that cannot withstand much of a strain by means
of blocks of wood. If possible, armatures should be lifted by the
shaft or other metallic parts. In lifting an armature and commutator, the lifting ropes must not be placed around the commutator.

With belted machines, it is necessary that their shaft
properly aligned with the driving shaft to insure true running
the belts.
When large machines are assembled, the bearings should
well oiled before the shaft is dropped in, so that there may be
danger of cutting them by running dry in the act of starting.

be
of

be
no

The floor around a generator or motor should be covered
with wood well saturated with paraffine, oil, or varnish, so that
the attendant may not be in danger of receiving a shock by stand-

ing upon an uninsulated floor. The wooden covering should
extend at least three feet from the base of the machine in every
direction. If the machine carries a current of low voltage, such
as is used for incandescent lighting, there is no danger of the
attendant receiving a serious shock, as such voltages are not
dangerous; but they are painful, and may cause a man to lose
his balance and fall into the belt, and thus receive serious injuries.
With arc-lighting dynamos, and with all types of alternators, the
voltage is so high as to produce instant death; and with these
machines it is necessary that the floor be perfectly insulated, and
that all metallic surfaces within reach of any part of the machine
be covered with wood.
?
Large motors and generators should be surrounded with a railing, so that the attendant may have a proper pcint of support
when examining or adjusting parts of the machine that are not
easily reached.
After a generator has been set up and is ready to run, it should
be tried without current

for several

hours, so

as to work

the

hearings down to a smooth surface. If the bearings heat, the
machine should not be made to deliver current until the defect is
remedied. When the bearings are found to be in proper running
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condition, the machine should be tested to ascertain whether it fs

perfectly insulated from the ground and also as to whether the
field and armature wires are insulated from the frame. This
testing can be done with an ordinary volt meter and a current
from another machine, or with a galvanometer and a battery
current, or finally with a magnetic bell.
LOCATION OF SWITCHBOARD, AND WIRE CONNECTIONS BETWEEN IT AND THE GENERATORS.—The switchboard should be
located where it can be readily seen from where the generators
are placed, unless the plant is of such large dimensions that this
course becomes impracticable or undesirable for one reason or
another. There should be sufficient distance between the back
of the board and the wall to allow a man

to work

freely, and, if

possible, the wall should be provided with windows, so as to afford
an abundance of daylight.
If this course cannot be pursued,
then incandescent lights must be provided at as many points as
may be required to illuminate every portion of the back of the
board.
All the wires running from the generators to the switchboard
should be larger than the regular line wires, and this applies
particularly to the wires running to the equalizing bus, as the
effectiveness of this connection depends largely upon having a
very low resistance between the generators and the bus bar.
All the wires leading from the generators to the switchboard
should be perfectly insulated from the ground and from each
other. If this is not done, serious results may follow; for the circuit breakers are connected in the circuit in such a manner that
they will be a protection against any defect in the insulation that
occurs beyond the switchboard, but will not act if the defect is
between the board and the generators.
All the wires leading from the generators to the switchboard
must be so located that there is no chance for them to be struck
by lightning, and this means that they must be kept within the
building throughout their entire length. This is necessary for
the same reason as given in connection with circuit breakers,
namely, that the lightning arresters only protect the circuit
against lightning that strikes outside of the station.
Switcnboards should be made so as to not reach all the way
down

to the floor, but to be mounted

upon

pedestals.

This is

necessary so as to prevent the accumulation of dust or dirt of any
kind.

In an electric station cleanliness is of as much, if not more,

importance as in a kitchen, and successful running of the machinery and other apparatus cannot be expected unless every par‘
of the station is kept perfectly clean.
DIRECTIONS FOR STARTING UP THE GENERATORS.—In starting up a single generator plant, all that is necessary is to make
sure that the bearings are lubricated, that the electrical connections are in proper order, and the commutator brushes properly
set. If, however, the plant consists of two or more generators, it
is necessary to observe certain rules to avoid the possibility of
serious mishaps. The first generator may be started in the same
manner as would be followed if there were only one machine, but
this cannot be done with the second, third, or other generators.
The proper course to pursue is to run the engines, if there are
more than one, up to the full speed ; then, after the first generator
has been connected with the line by turning the proper switch
upon the switchboard, start the other generators to generating
without being connected with the switchboard.
Test the voltage
of each generator with the volt meter, and if there is a switch in
the wire running to the equalizing bus, close this. When the
voltage of the generator is the same as that of the line, throw the
switch that connects it with the bus bars. Proceed in this manner
in connecting each generator with the line, and then there will be

no trouble. If a generator is connected with the line while it is
running below speed and the voltage is under the standard, the
result will be that the greater voltage of the line will force a cur-

rent back through the generator and thus cause it to run as a
motor. Ordinarily this action will not result in serious damage,
for as soon as the generator begins to act as a motor, it will
increase its speed, and thus its voltage, and thereby prevent the
flow of a reverse current through it; but under certain conditions

of current in the line, and of speed and regulating qualities of the
steam engine, the effect may be that the speed will rise to a
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dangerous point before the increasing voitage can stop it, hence
it is necessary to be careful to have the generators brought up to
full speed and to full voltage before connecting them to the line.
DIRECTIONS FOR THE DAILY CARE OF GENERATORS.—All
parts of the machine must be kept perfectly clean, and it is particularly necessary to prevent the accumulation of oil upon any
of the wire of the field coils or of the armature. The dust thrown
off the commutator brushes must not be allowed to remain upon
any part of the machine, and this is especially important if the
brushes are made of metal, which is likely to be the case if the
current generated is of low voltage.
As the machine isa huge magnet, it will attract any article
made of iron or steel that is close to it; therefore it is necessary
to keep all such

things as files, hammers,

wrenches, nails, etc.,

out of the way, and all the tools used about the generator when
it is in operation should be made of brass if possible. About the
only thing that has to be used around a generator when it is
running is an oil-can, and this can be made of brass tust as well
as of sheet tin.
The bearings must be kept well oiled, particularly those of the
high-speed machines.
Most generators are provided with selfoiling bearings, but it must not be taken for granted that these
will take care of themselves, for automatic devices are liable to

fail when least expected.
The bearings, therefore, should be
examined often, whether of the self-oiling type or not, and the oil
should be of the kind suitable for the speed, and entirely free from
grit. To secure this last condition it is best to use a filter. The
bearings of a new machine should be watched carefully for several days until you are sure that they have worn down to a good
bearing.
Bearings must not be allowed to run warmer than a blood heat.
If they heat more than this, use an abundance of oil until they
cool

down,

and

endeavor

to ascertain

the cause

of the undue

heating, which may be one of the following : Insufficient amount
of oil, due to the stopping up of the oiling channels; gritty oil;
boxes too tight, or belt too tight.
Special care and attention must be given to the commutator,
and the brushes should be set at all times so as to run with the
smallest possible spark. Just what the size of the spark should
be cannot be stated; for what is a small spark for one type of
machine is large for another. The smallest sparks obtainable in
arc dynamos would be considered destructive, and would actually
be so, if allowed in generators used for incandescent lighting.
With machines of the latter type, the commutator should present

a polished appearance, and the surface should run perfectly true.
When in the best condition, the surface hasa dark glazed appearance, and is entirely free from scratches. Whenever a commutator surface becomes rough from excessive sparking, it can be
cleaned with fine sandpaper, but never with emery paper.
To
clean off

a commutator,

use a cloth, but never waste,

as the lint

from this will adhere to the surface and cause the brushes to spark
until it is rubbed off or burned off by the sparking. A commutator should not be cleaned with sandpaper or, in fact, with anything while the brushes are resting upon it and the current is
flowing. Aslong as the commutator runs true it can be smoothed
up if necessary with a piece of sandpaper, as already explained ;
but when it gets out of true, cleaning it off will at the most

only

afford temporary relief. In such cases the only course to pursue
is to have it turned up in a lathe, or by the use of a special tool
made for the purpose, which can be attached to any generator,
and true up the commutator in place. Sometimes one of the
commutator

segments will become

loose, and either sink

below

the surface or rise above it. In such cases it is necessary to even
up this segment, and it can be done by removing the end of the
commutator and blocking the segment up if it has dropped down,
or by simply filing it down to the proper level if it has sprung up.
In either case it will be necessary to secure the segment properly
after it has been trued up, and the manner in which this can be
done will depend upon the construction of the machine.
The position in which the brushes run with the least spark is
called

the non-sparking

point, and

it is not

far

from

midway

between the centres of the poles. This point is not fixed, but
changes with the strength of the current delivered by the genera-
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tor. Some generators are so proportioned that the non-sparking
point does not shift enough with the maximum variations in the
strength of the current to produce any noticeable effect upon the
sparking, but in other machines the change of load, if great, will
seriously increase the sparking. With machines of this latter
type it is necessary to change the position of the brushes when
the load is varied, but if the variations in the load are frequent,
and of an uncertain amount, it is not possible to keep the brushes
constantly set to the best position. In such cases, all that can be
done is to find the point at which the average running is the best,
and this can only be found by actual trial. If the changes in the
load come at regular intervals and are of long duration, then the
brushes can be readjusted for each change.
For example, suppose the generator is running in a station in which the load will
be light from about nine in the morning to five in the afternoon,
and then heavy from this time until midnight. In such a case it
is clear that in the morning the brushes can be set for the day
run, and at five in the evening they can be set for the night run.
If the generator is of the two-pole type, the brushes must rest
upon the commutator diametrically opposite ; but if the machine

is of the multipolar type, there will be as many sets of brushes as
there are poles, and the circle must be divided up equally between them; so that if there are, say, six sets of brushes, the distance between them must be one-sixth of the circle, and for an

eight-brush machine the distance will be one-eighth of the circle.
If the brushes are not equally spaced, they will spark. If the
brushes are of carbon and are held in a position perpendicular
to the commutator surface, as is the most common

custom, there

will be no danger of the brushes not being properly spaced, and
in such a case the sparking can only be reduced by adjusting the
position of the whole number of brushes, which is done by moving the brush-holder frame. If the brushes are metallic, they will
be held at an angle of less than ninety degrees to the commutator surface, and in all probability the construction of the brush
holders will be such that the angle of the brush can be varied ; if
such

is the case, the distance

between

the brushes

will not be

equal unless they are all set at the same angle. With such
a generator it is well to provide a piece of sheet brass cut to
the same circle as the commutator, and of a length equal to the
proper distance between the brushes.
With this gauge, the
brushes can be set, individually, so as to-be the right distance
apart, and then the adjustment of the whole set will bring the
brushes to the non-sparking point just as accurately as in the
case of the perpendicular brushes. When the brushes are metallic
and rest at an incline to the commutator surface, if the distance
between them is not uniform some of the brushes will spark more
than others,
:
The principal causes of sparking, in addition to the improper
setting of the brushes, are as follows: Brushes set and not having a full bearing upon the commutator.
Brushes not pressing

upon the commutator with sufficient tension. In wire and sheetmetal brushes the wires or the leaves may be spread out and be
filled with dirt, which, in dropping out of place, gets between the
brush and

the commutator.

The

ends of the brush, if metallic,

may have been fused into a solid mass by a previous excessive
sparking, and this solid part will chatter and bounce off the commutator surface. The remedy for these defects is obvious. If the
bearing of the brush is defective, reset it; if the tension is not
enough, increase

it; if the brushes are full of grit and oil, clean

them ; if the end is fused into a solid mass, cut it away.
Carbon
brushes sometimes have hard spots, and as these do not wear
away they cause an imperfect contact, which can be remedied

by filing off the hard spot on the end of the brush.
There are other causes that are not due, directly, to defects in
the brushes or the manner in which they are set. These are
enumerated in the following : Commutator segment loose, either
high or low. The remedy for this is to true up the commutator
and secure the segment in place, as already explained.
There may be an accumulation of dust around the commut:<tor
and the wires leading from the armature to it. This is not an
uncommon cause of sparking where metallic brushes are used.
The cure is to clean off all the parts.
Some of the connections between the commutator and the
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armature wire may be imperfect, and this can be remedied by
resoldering, if the joints are soldered, or by tightening the screws,
if screw connections are used.

There may be partial short circuits between the commutator
segments, caused by the accumulation of dust in hollows formed
in the insulation between the segments by the burning action of
the sparking. This can be remedied by cleaning out these places
and applying a few coats of shellac. The armature may be damp.
This can be remedied by drying it out and then giving it two or
three coats of shellac; but to make the cure permanent the conditions that brought about the dampness in the armature must be
removed.
A short circuit in the external circuit, or any cause that results
in an abnormal increase in the current, will cause excessive sparking; but this cannot be cured except by correcting the outside
defect, whatever it may be.
If the generator is overloaded, the brushes will spark unduly.
The ammeter will show the cause of the sparking in such cases,
and if it does not, the steam engine will, as the increased load will

reduce the speed before it will affect the sparking ; that is, if the
generator is well designed and not overrated in capacity. Another way to ascertain whether the machine is overloaded is by
noting the temperature of the armature. As this is in motion it is
not easy to tell whether it is too hot or not; but with a little experience the temperature of the air near the armature

surface can
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some cases, where the line voltage is fully up to the standard, it
may be best to cut down the pressure of the generators that are
doing more than their share of the work ; in other cases it may be
best to cut down the voltage of some and increase that of the
others; this will depend upon the voltage of the current passing
into the line; that is, whether it is above

or below

the stand-

ard.
Well constructed and properly handled generators are not
liable to get out of order, but breakdowns will occur under the
most favorable conditions;

some of these are of a character that

require the services of the repair shop, while others can be
remedied by the attendant. The mishaps that are the most common are burned-out armature coils, burned-out field coils, broken

wires in the armature coils, loose commutator segments.
All
these can be remedied without the assistance of the repair shop if
they are due to defects upon the surface, but not otherwise, unless

the attendant is skilled in the construction of electric machines
and has the necessary appliances for doing the work.
It is very important that the shaft in generators of the multipolar field type be kept as near central with the faces of the pole
pieces as possible. This is also true of two-pole machines, but
not to so great an extent, as with these the principal objection to
the shaft being out of centre is that it is liable to cause the armature to come in contact with the pole pieces ; but with the multipolar

fields,

if the armature

is not

central,

the voltage

of the

be judged, and if it is much above the normal the fact can be

currents generated on the opposite sides of the armature will not

ascertained.
Sometimes the polarity of the field magnets of the generator

be the same, and as a result the brushes on one side of the com-

becomes reversed for one reason or another, and if such is the case
the machine must not be connected with the bus bars, for it will

draw the current through it and thus act the same as a short circuit. The effect in most cases will be to cause the circuit breakers
to act, and thus open the circuit through all the generators in
service at the time, but the result may be more serious than this.

If the polarity of the generator field is reversed, the fact can be
ascertained by the aid of the volt meter. If when this is connected
with the generator circuit, before the machine is connected with
the bus bars, the indicator moves slightly in the direction back of
the zero mark, it is because the current flows in the reverse direc-

tion, due to a reversal of polarity. The poles can be rectified by
disconnecting the shunt coil terminals and passing through them
a current taken from the bus bars. If this current is not passed
through the coils in the right direction, the volt-meter indicator
will move

backward.

If the current

is then

reversed, the indi-

cator will move forward. In connecting the shunt coils with the
bus bars, all the resistance of the field regulating rheostat should
be placed in the circuit. After the polarity has been rectified the
shunt coil terminals must be reconnected in the proper manner
and the generator started as under ordinary conditions ; that is,
it must be run up to the full voltage before being connected with
the bus bars.
Sometimes, when a generator is running, the sparking begins to
increase, and finally becomes a ring of fire all the way around the
commutator.
This effect is due to the roughness of the surface,
in consequence of which the commutator acts as a file and the
particles cut away from the brushes fly around as burning sparks.
The remedy for this condition is to smooth up the surface with a
piece of fine sandpaper.
If one of the generators gives out while running, it must be cut
out of the circuit at once, otherwise serious results may follow.
In cutting out a generator the load on it should be reduced to
the lowest point, so that the engine may not tend to run away by
the sudden removal of the load.

To cut down the current, all that

is necessary is to advance the handle of the field regulator slightly
So as to reduce the voltage of the machine.
This operation must
be done with care, however, for a very slight reduction in the
voltage is all that is required.
. The ammeters of the individual generator circuits should be
watched, and if the machines are not taking their proper share of

the load, they should be equalized, which is done by raising the

voltage on those that are running underloaded.
This adjustment of the voltage is effected by turning the field regulator
handle back to increase the voltage, and forward to reduce it. In

mutator may run without spark, while on the other the sparking
will be destructive.
In addition to this the pull of the poles on
one side will be greater than on the other, and the strain on the
bearings will be increased.
If the armature is very far out of
centre, the voltage of the current may be actually reduced, owing
to the fact that in some of the wires the electromotive force will be
acting in opposition to the main current.
There are a few points that it is well to remember in connection
with the care of generators ; these are as follows :
Be sure that the generator is running up to full speed and that
the engine governor is acting properly, before connecting the
machine with the bus bars.
If the generators are of the belted type, be sure that the belts
are in perfect order and tight enough not to slip.
Keep all the connections of the generators, as well as those of
the switchboard, firm, and with the contact surfaces clean, bright,

and free from corrosion.
Keep every part of the room in which the generators and the
switchboard are located clean and dry.
Keep all the insulation of the generators free from oil and dust,
especially metallic dust, and do not allow moisture to collect upon
the insulators that support the wires leading from the generators
to the switchboard.
Keep all the bearings of the generators well oiled, and if they
are of the self-oiling type, examine them often to see that they are
working properly.
Keep the brushes set so as to run without spark, or with the
smallest possible spark, but do not disturb them as long as they
run well.
:
If the brushes spark, ascertain the cause, if possible; if not,
endeavor to correct the difficulty by resetting them, but do not
disturb them unless the sparking is more than it should be. Go
upon the principle that it is wise to leave good enough alone.
The

insulation

of the armature,

the field coils, and

the com-

mutator should be tested from time to time so as to discover any
weakness as soon as it begins to appear.
Never connect a generator with the bus bars—that is, never
close the main generator switch upon the switchboard—until you
are sure that the voltage of the machine is the same as that of the
main circuit, and if there is a switch in the equalizing bus wire,
be sure that this is closed.
All the foregoing directions relate to the care of cunmtinuous
current generators and switchboards, but they are equally well
applicable to alternating current machines, with the exception
that as these latter are not provided with commutators, all that
portion of the directions that relates to this part of the machine
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however,

that, as the

voltage of alternators is very much higher than that of the continuous current machines, it is necessary to be extra careful to
have all the wires perfectly insulated and to keep them so by preventing the accumulation of dirt or dust, and also by keeping
them perfectly dry.
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adopted by all makers, it will serve to make all such drawings
more readily understood if the brief explanation of Figs. 3686
and 3687, given below, is carefully read.
In Fig. 3686 the letters N and S indicate the position of the north
and south poles of the machine, and from this it will be seen that

Electric motors, as we have shown, are simply electric genera-

tors reversed ; hence the attention they should receive is the
same as that of the generators. The only point upon which it is
necessary to add further directions is in the matter of starting
and in the care of the motor starters.
In starting a motor, the handle of the starter should be moved
around as fast as possible without causing the speed of the machine to increase too violently or by jumps. The resistance in
the starters is not made of sufficient size to withstand the heating
effect of the current for more than a few seconds, at the most one

RING NEXT TO
ARMATURE

minute ; therefore, if the current traverses it fora greater time
than this, the apparatus is liable to be injured.
Never leave the handle of a motor starter partly turned on;
always move it around to the last contact before leaving it. If
the starter is of the overload or over and under load type, the handle cannot be left in a midway position, as it will not stay there,
but it can be so left with the simple form of starter; hence it
must be remembered that the effect of leaving the handle in any
position but the last one—that is, as far around as it can be
turned—means the certain destruction of the starter.
Motor starters are sometimes made of sufficient size to be kept
in circuit, so that the speed of the motor may be reduced thereby ;
but when so made, they are called speed regulators, and can be
distinguished from the ordinary starter by the fact that they are
very much larger. Speed regulators can be kept in the circuit
continuously, but motor starters cannot.
THE MANAGEMENT OF ARC LAMPS.—Arc lamps are very delicate forms of mechanism—not

delicate

in the construction, but

in their action. Theyare operated bya very small force, namely,
the weight of the carbon rod, and on this account must be kept
in perfect running order or they will not act well. The mechanism in these lamps is kept from moving by the action of the magnets with which they are provided ; but when the distance between
the carbons becomes sufficiently great to require that the rods be
fed closer together, then the mechanism is released, and it is set
in motion by the weight of the rod. If the gearing is not clean,
or if the rod is not clean, the friction will be more than the weight
of the rod can

280

TO 112 COMPOUND

WOUND

DIRECT

DYNAMO WITH FIELD REGULATOR.
Fig. 3686.

this diagram corresponds to an eight-pole generator. The zigzag lines marked B represent the series coils of the field, and the
lines marked C represent the shunt coils. The heavy line marked
‘equalizer ” runs to the equalizing bus bar on the switchboard,
the office of which has been explained in connection with switchboards,

The two

circles surrounding the commutator and com-

overcome, and as a result the mechanism will not

move. Thesuccessful operation of these lamps, therefore, depends
upon their being kept scrupulously clean, and this is particularly
true of the rod, especially if the mechanism is of the clutch
type.

It is also necessary to keep the insulation of the wires and the
magnet coils in perfect condition and to prevent the accumulation of dirt or moisture. Arc lamps should not be set up in
places that are not perfectly dry ; and when they are inspected, the
operator should always stand upon a dry board and be sure not
to touch any metallic objects while handling any part of the
lamp or the wires leading to it.
When carbons are fastened to the rods—that is, when the lamp
is trimmed—the carbons must be so fastened that the points of the
two come in line; if this is not done, the upper carbon will be
liable to burn off on one side and thus throw the light in one
direction only. In addition to this, if the points are enough
out

of line,

the

upper

carbon

will

slip down

RING
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by the side of

the lower one and thus make a perfect contact and put out the
light.

In the following pages we furnish the wiring diagrams of the
machines of some of the most prominent manufacturers, and also
the special instructions they furnish for installing their apparatus
and for its subsequent management.
THE CROCKER-WHEELER DYNAMO.*—The diagrams following show the manner in which the machines of the CrockerWheeler Company are wound and connected, and as these
diagrams

are constructed

upon

the conventional

* Furnished by Crocker-Wheeler Company.

plan usually

280 TO 112 SHUNT-WOUND
DIRECT OYNAMO

WITH

FIELD REGULATOR

Fig. 3687.

mutator brushes are the connecting wires by means of which the
brushes are joined, one-half of these connecting with each ring,
as is clearly shown.
From the outer ring the current passes to
the B field coils, coming out by the main-line wire seen on the left
of the diagram. The inner ring connects directly with the other
main-line wire. One end of the C coils starts from the block to
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which the equalizer wire is connected, and the other end goes to
The machines are connected, according to the service required,
the field regulator, and from this to the main-line wire on the | as shunt, compound, reversing shunt, and reversing compound

right.

By tracing the connection between the several Bcoils and |dynamos,

the several C coils it will be found that they are

both

as

shown

in Figs.

3686

to 3689 and

3690 to 3693,

in series. | for counter clockwise rotation facing commutator.

The lines in the diagrams indicate the direction of the winding

\

| RING NEXT TO

FIELD REGULATOR

ne?
TO BUS BARS

84 TO 33 COMPOUND-WOUND
DIRECT DYNAMO WITH

280 TO 112 REVERSING COMPOUND-WOUND
DIRECT DYNAMO WITH REVERSING FIELD REGULATOR

FIELD REGULATOR

Fig. 3690.

Fig. 3688.
The current in the C coils is regulated by turning the handle of
the field regulator, snown at the bottom of the diagram.
The only difference between Figs. 3686 and 3687 is that in the
latter the coils B are removed, owing to the fact that the diagram

tS

of the field coils by showing dotted that portion of the convolution which passes behind the poles.
The inner end of each winding, or the terminal of the bottom
layer, is indicated bya ‘‘tail” at right angles to the wire, thus: J.
The plain shunt winding is used in dynamos which charge

f
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TO BUS BARS

TO BUS BARS
280 TO 112 REVERSING

SHUNT-WOUND DIRECT DYNAMO
WITH REVERSING FIELD REGULATOR
Fig. 3689.

84 TO 33 REVERSING COMPOUND-WOUND
DIRECT DYNAMO WITH

REVERSING FIELD REGULATOR
Fig. 3691.

.
Storage batteries or do any kind of electrolytic work.
The comrepresents a simple shunt winding ; hence only the c coils are | pound winding is the one most commonly
used for general duty,
necessary.
as it makes the voltage at the mains practically constant, no matWith this explanation there should be no difficulty in under- | ter what the load is.
standing any of the diagrams given in the following pages.
Reversing dynamos differ in their connections from the non.
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MAIN

MAIN

TO BUS BARS

&4 TO 33 REVERSING SHUNT-WOUND

8&4 TO 33 SHUNT-WOUND
DIRECT DYNAMO WITH

DIRECT DYNAMO WITH

FIELD REGULATOR

REVERSING FIELD REGULATOR

Fig. 3692.

Fig. 3693.

reversing only in having their shunt fields entirely disconnected
from the armature.
They must be separately excited, and connected to the bus bars of the switchboard through a reversing

to the ring nearest the armature, except in sizes 56 and 33 with
brush-littung mechanism.
In these two cases only, the bracket at
A and cable shown connected to inner ring shou!d both be con-

a
ui
a
l
<
>

go

us

EQUALIZER

QUALIZER

>
EQUALIZER

EQUALIZER

CONNECTIONS TWO COMPOUND-WOUND

DIRECT DYNAMOS

IN MULTIPLE

Fig. 3694.

field regulator. They are used chiefly for driving and controlling
motors on potential systems of control. For an opposite direction of rotation the connections remain unchanged; but the
brush-holder brackets should be reversed, which is most easily
accomplished by turning the rings around.
The brackets should he placed so that the one at a is connected

nected to the
armature.

outer ring,

which

is the ring farthest

from the

COMPOUND DYNAMOS IN MULTIPLE.—The
connecting of
shunt dyvnamos in parallel is a very simple matter, since, if the
two machines are not of exactlv the same voltage when. shown in
multiple, no harm will be done, because two

shunt machines in

ELECTRICAL
parallel tend to steady
dynamos in parallel is
care on account of the
The terminals which

MACHINES

each other. But the running of compound
more difficult, and requires much greater
effect of the series field coils.
are not connected directly to the line, but

which are connected to one end of the series coil, should bejoined

together by an equalizer, which is usually connected to the mid-
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that of the circuit, after which it is thrown in by closing the main

switch S22 The machine can then be made to take its proper
share of the load by increasing its voltage by cutting out some of

the field regulator.
In disconnecting a machine running in multiple with another,
the same steps are taken, but in exactly the reverse order; the

Se
om

Fig. 3695.

dle contact of a three-pole main switch, the other two poles of
which control the connections of the mains. The cross section
of this equalizer must be at least one-half that of a main. The
details of connecting the two machines in parallel will be better
understood by referring to Fig. 3694, which, for simplicity, does
not show the switchboard instruments.
Let us assume that the

main switch being opened first, and then the field circuit. The
Same rules apply to the running of more than two dynamos in
parallel.
When two dynamos of different sizes are run in parallel, it is
necessary that the resistances of the series field coils shall be
inversely proportional to the current capacities of the machines,

Fig. 3696.

eight-pole dynamo is already running ; that switches

F* in the

In other words, if one dynamo

carries twice as

much

current as

shunt field circuit and S?in the main circuit are closed, and that

the other,

the machine is generating its full current.

other's series coil.
CONTROLLERS.—Figs. 3695 and 3696 represent the controller
made by the Crocker-Wheeler Company.
Fig. 3698 gives as
many speeds backward as forward, operates through a resistance

dynamo, its armature

To throw in the other

must be brought up to speed, and switch F?

closed, to excite its shunt field coil. The voltage of the six-pole
machine should then be made about one per cent. higher than
VOL. I1.—g2._

its series

coil should

have half the resistance

of the
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REVERSING COMPOUND-WOUND DIRECT MOTOR
WITH COMMUTER.

REVERSING SHUNT-WOUND DIRECT MOTOR
WITH CYLINDER REVERSER >

Fig. 3697.

Fig. 3698.

having one section for each speed, and regulates the speed of the
motor by cutting down the voltage supplied by the line in the
usual manner.
This cylinder reverser with a small resistance serves asa reversing starter for a plain shunt or for a compound motor, with
an unvaried series coil and a shunt coil that is weakened or
strengthened by means of a field regulator. This method of controlling the speed of the compound motor by varying the strength

the field windings, parts of which short circuit in proper order,
arcs are avoided at all points except those actually engaged in
opening the circuit to stop the motor, and these points, in addition to being made as durable and heavy as possible, are renewable when they have finally become too burned to be of service.
In order to distribute the duty at stopping, the circuit is broken
simultaneously at eight points, so that the arc is minimized and
distributed. Fig. 3696 shows the general appearance of 25-am-

oe

aRmMaTure

ARMATURE

!
t

FIELOS

SERIES FIELD

ARMATURE
MAINE

REVERSING SERIES-WOUND DIRECT MOTOR.
WITH CYLINDER REVERSER

Fig. 3700,

Fig. 3699.
of the shuut coil is so well understood that further explanation is

pere commuter, and Fig. 3697 shows diagrammatically the connection, while Figs. 3698, 3699, and 3700 show the connections
for the cylinder reverser.

unnecessary.
Fig. 3696 is what is called a ‘‘commuter”
specially designed
for use with a compound motor, used principally for printing-press
work, but applicable to other work as well. It varies the speed

starters

of the motor

slow motors respectively.

after it has once

started

MAINS

REVERSING COMPOUND-WOUND DIRECT
MOTOR WITH CYLINDER REVERSER

it, by adjusting the field

strength by changes in the connections of the various series field
coils. In this commuter, by a system of closed circuits through

Figs. 3701, 3702, and

nections

to shunt

3703 show

wound,

the connections

series wound,

and

compound wound motors.
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FIELD

ARMATURE
ARMAT UR

SHUNT-WOUND DIRECT MOTOR
WITH ORDINARY STARTER
Fig. 3701.

wound

Figs. 3704, 3705, 3706 show the con-

of cut-off starters to shunt wound,

<=

ie

of ordinary

compound

SERIES-WOUND DIRECT MOTOR
WITH ORDINARY STARTER
Fig. 3702.

series wound, and
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this and applying it to the other section ; the next, by applying it
to both sections ; this connects the armature directly to the line.
Thus six speeds are obtained, which may be distributed over the
motor’s range as desired, by properly proportioning the various
Examination of Fig. 3707 will show that the circuit is
coils.
never opened, and that it is not dependent upon the contact
If a finger shou'd have an obstruction
fingers for continuity.

The commuters are made to give six forward speeds and two
backward speeds. The first two are obtained by resistance ; the
remaining by the commutation of the sections of the field.

Four speeds are as many as most conditions require, and we

under

it, no arc

dynamo contact;

would

form,

eventua.!ly

cuited out of the coil involved, and

speed.

Between

destroying

it with

its

but the current will simp!y fail to be short cir-

the “off”

MAIN

and

the

motor wiil run at a lower

the first of the

“ backward ”

MAIN

COMPOUND-WOUND DIRECT MOTOR
WITH ORDINARY STARTER

Fig. 3703.
A 7

give these four without any resistance whatever, and the additional
resistance speeds would not be supplied were it not found desirable in starting the larger sizes of motors, and the smaller sizes
where these are wound for the higher speeds and outputs. In

AZWAT CSE

|

a

FiELo

COMPOUND-WOLND DIRECT MOTOR
WITH CUT-OFF STARTER
Fig. 3706.

positions of the commuter is a “brake” position. If, when stopping the motor, the handle of the commuter is thrown beyond tre
off point to this position, the motor’s armature is caused to act as
a dynamo, short circuited through the starting resistance, and is
very quickly brought to rest. A stop on the top of tre commuter
case prevents the handle being thrown beyond the “off” position
or beyond the ‘‘ brake” position by the operator unintentionaiiv.
Fig. 3707 is the diagram of connections.
The mechanical features of the commuter have received careful attention. All the wearing parts are interchangeabie, permitting renewals.
A footbed wheel, acted upon by a pawl,

MAIN

SHUNT-WOUND DIRECT MOTOR
WITH CUT-OFF STARTER

Fig. 3704.
the smaller sizes, where only four speeds are needed, we omit the |
Starting resistance entirely.
The circuits through the commuter are made as follows: For
the lowest speed, current is admitted directly to the front field,
and t>raugh the full series field to the armature, after passing |

REVERSING COMPOUND-WOUND
COMMUTER

DIRECT MOTOR

WITH

HAVING ELECTRIC BRAKE CONNECTIONS

Fig. 3707.

SERIES-WOUND DIRECT MOTOR
WITH CUT-OFF STARTER
Fig. 3705.

through the starting resistance. The next speed is obtained by
short circuiting half the starting resistance ; the next is obtained

by short circuiting all the starting resistance, which permits the
motor

to run

at full efficiency from this speed on;

the next, by

short circuiting the smaller of the two sections into which the
series coil is divided ; the next, by removing the short circuit from

carrying a roller, insures the cylinder’s remaining at any point at
whicn it has once been set, and prevents its occupying a position
half-way between two speeds.
A mechanical stop, movable at
will, is also supplied, to limit the motion of the commuter handle
to the point corresponding to the speed of usual working where
' this is not the maximum, so that the quick handling of the crank
| need involve no uncertainty, or by accident give a higher speed
— than desired. The undoing ofa catch permits the withdrawal of
: the sheet-iron case, and exposes the working parts and the electrical connections.
The commuter may be used in any position
| and attached to a horizontal or vertical surface.
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The resulting direct current adapts itself to all forms of series
WESTINGHOUSE DYNAMO.*—Fig. 3708 represents a dynamo
made by the Westinghouse Electric Co., of the open coil type, arc lamps in use,
An important feature is the use of independent field excitation.
delivering an undirectional though not an absolutely continuous
current. The novelty in the design of this generator consists A small direct current machine furnishing a 1oo-volt current is
employed to excite the fields, which are, therefore, peculiarly free
in using a two-phase armature, the current being commuted.
The resulting direct current seems happily to adapt itself practi- from chances of grounds. A circuit interrupting device is shown
cally to all forms of series arc lamps in use, as the pulsating effect, mounted on a switchboard panel, Fig. 3713. Itis connected in the
while giving a steady mean value to the current, causes a very field circuit, and promptly opens the circuit should the main line
slight but constant vibration in the mechanism of the lamps,
be broken at any time. This provision, of course, shuts off all curthereby reducing to the minimum the chances of sticking or rent from the line in the event of a breaking of a wire by reason
of a storm or fire, and renders it impossible for any one to receive
failure to feed.
|
The armature is made of high-grade laminated steel, punched | a shock by touching the broken circuit.
with J-shaped teeth at the periphery. The armature coils are | SETTING UP MACHINES.—It is important that the location
wound on forms, thoroughly insulated, and tested independently, | of the machine be wisely chosen, and, whenever possible, the
following conditions should govern the choice:
afterwards being mounted on the armature teeth, where they are
held in place by wooden wedges dove-tailed in. There is no wire | First. The machine should not be exposed to moisture, as from
on the outside of the armature, so that it may be handled, or
dripping pipes or escaping steam.
even dropped upon the floor, without damage to the winding.
Second. It should not be exposed to dirt from coal handling or
other causes.
In case it becomes necessary to replace a coil, the operation can
Third, It should be placed in as cool and well ventilated a place
be performed by anv mechanic or dynamo runner in a very short
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space of time, the damaged coil being removed, and the new one
sprung into place in practically the same time that it would take
to remove the armature from the field of its machine and replace
it by a spare one. It is not, therefore, necessary to carry in stock
a spare

armature.

Fig.

3709

represents

an

armature

partly

wound, showing the coils in two halves.
The construction

of the commuter,

Fig. 3710, is such

that the

segments have seldom to be removed, but are readily replaceable
in a few minutes when necessary.
Figures 3711 and 3712 are outline drawings of Westinghouse arc
dynamos.
By reason of the proportions and design of this machine, its
current is regulated simply by the reaction between the armature

and the field without the introduction of any wall regulating
devices whatever. Once adjusted for a given current, the dynamo
will maintain this current under considerable fluctuations of
speed and wide changes of load, even doing so when overloaded.
Should it be desired to reduce the current to any point below its
normal amount, this can be done by an adjustment of the field
current, and the dynamo will retain the same regulation at the
reduced current as at its normal current.
a
ee ee ae a
ee
ee
*Furnished

by Westinghouse Company.

as possible. This is important, for, other things being equal, a wellventilated-machine will work harder and deteriorate less than one
which is unfavorably located in thisrespect. The machine should
be set on a substantial foundation in order to prevent vibration.
Solid masonry is best, but timbers may be used. It is advisable
to keep the iron of dynamo frame insulated from the ground, and
to this end the bolts securing the machine to its foundation should
not come in contact with any other metal or electric conductor.
The supports under the machine should be covered with some
insulating water-proof paint or compound.
~°
When setting a machine upon its foundation, it should be carefully levelled and the shaft and pulley accurately ‘lined up” with
the driving or driven shaft or pulley.
To erect a machine, first get the lower half of the field into
position, then place the armature in its bearings, and after that
put on the upper half of the field. In bolting the upper and lower
fields of the machine together, all dirt should be brushed off the
surfaces so that contact may be as close as possible; otherwise
there will be an unnecessary weakening of the magnetism.
The coils are machine wound, and in all machines not larger
than 20 H. P. slow speed are held in position by metal plates which
are bolted to the yoke. In the larger sizes the plates are bolted
to the pole pieces. Field coils should be put into position and
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properly connected before the armature is put in its bearings.
Particular care should be taken that the connections between the
series coils are made secure and with good contact.

Never try to support any of the weight of an armature by the

commutator. Do not allow the commutator to rest on any blocking, and do not pass a rope around it for the purpose of lifting the
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There will then be less danger of wearing flat places in it, which
would cause jumping of the brushes. Keep it lubricated by
using a small quantity of cylinder oil applied with a piece of light
canvas (never use waste). See that there is no looseness of any
of its parts. If it should become untrue, it should be removed
and turned down

in a lathe.

Fig. 3709.
armature.
When handling the armature, always support it by a
rope sling about the shaft, and never allow it to rest on its body.
Be very careful not to mar or scratch the shaft, as any roughness
would cause it to cut the bearing and produce heating when
running.
In putting the armature in the field, be careful not to scratch
the bearings, or bend or break the oil rings.

When the segments are worn out, they can readily be removed.
An inspection will show that the copper segments are screwed to
the spider, being so shaped that they hold the insulating segments
in place. If a new insulating segment should not fit tightly, a
piece of mica should be slipped in.
The brushes should be set according to Fig. 3714, and care should
be taken that each pair of brushes does not cover more than the
surface of one metal segment. The brushes should fit the surface of the commutator.
They should occasionally be refitted,
reshaped, and accurately reset. The brushes should rest upon the
commuter with light but good contact (about 16 ounces pressure).
Heavy pressure of brushes should be avoided, since it usually
Causes cutting.
A front brush may be taken off and replaced at any time during
run. In replacing a back brush, draw the front brush back even
with the back and then remove the back brush; replace back
brush as quickly as possible and then slide front brush ahead, to
its former position.
The length of the spark to be carried during a run may vary
from 4 to 4 inch, according to the load on the dynamo.

Fig. 3710.

The commuter may be removed by taking off the plate at the
end of the shaft, releasing

loosening
tor should
which can
curved to

the connections

then

disclosed, and

the keyway set-screws. The surface of the commutabe kept smooth by the occasional use of sandpaper,
best be applied by attaching it to a hard wooden block
a radius slightly larger than that of the commutator.

A

posi-

tion of the rocker-arm can always be found where this length of
spark can be secured.
Undue sparking may be caused if the
brushes are burned on their ends.
Flashing may be due to the following causes :
a. Wrong setting of the brushes.
6. Poor tension of the brushes.
c. Brushes jumping from the commuter.
ad. A dirty or rough commuter.
é. Ground on armature or field.
f. Overloading.
g. Slipping of the belt.
/, Temporary open circuit. This last may be caused by a bad
lamp.
The belts should be tight enough to run without slipping, but
the tension

should

not

be

Belts should be run wz¢h,

too

great, as the bearings will

not against, the lapping.

heat.

The joints
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should be dressed smoothly so that there will be no jarring of the
machine as they pass over the pulley. The crown of the driving
and driven pulleys should be alike. The ‘‘ wabbling ” of belts is
sometimes caused by pulleys having unlike crowns. A wave

SHOP
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pulley. In lining up the pulleys, the shafts should be parallel,
ana
the pulleys themselves should be directly opposite each other. Before fastening a machine to its foundation, line up the driving and
driven pulleys as carefully as possible, pull the belt on and run

Main
Line

Fig. 3711.

motion, or flapping,
portions of the belt
etc. The fault may
but a better remedy

is usually caused by slipping between certain
and the pulley, resulting from grease spots,
sometimes be corrected by tightening the belt,
is to clean the belt. A back and forth mo-

slowly. Any error in lining up can then be corrected. Belts
must be quite ary. When belt dressing is used, it should be applied sparingly.
The bearings, which are self-oiling, should be filled to such a

Outline Drawings (Figs. 3711 and 3712) for D.C.C.C.Are Dynamos.
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Fig. 3712.

tion of the belt on the pulley is caused by unequal stretching of
the edges of the belt.

If the shafts are parallel, but the pulleys

not directly opposite, the belt will tend to run more to one or the

other side of the larger pulley. Ifthe pulleys are opposite and
the shafts not parallel, the belt will run to the side of the smaller

height that the oil rings will carry sufficient oil up on the shaft.
If the bearings are too full, oil will be thrown out along the shaft.
Oil in the bearing should be renewed occasionally. The best
quality of oil should be used, and new oil should be strained to
clear it of dirt, etc.
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shut down, keeping the
A warm bearing or ‘110. pox” is probably due to one of the | slacken belt ; if relief is not thus afforded,
cooled.
is
shaft
armature slowly revolving until the
following causes :
Should the armature and fields have been exposed to dampness
a. Excessive belt tension.

Fe. 3713.

or low temperatures, great care should be taken in starting up.
In order to dry out a new armature, it should be run ona “ short

6. Failure of rings to revolve with the shaft.
¢. Rough bearing surfaces.
ad. Improper fitting in place of the journal boxes.

circuit,” with

full current

of machine,

for several

hours.

Too

much attention cannot be given to this matter; for, although a
machine may run well when damp, such usage is apt to result in
a permanent weakening of the insulation. When starting a new
machine, it is well to run it for some time at slow speed in
order to see how the belt and oil rings operate.
When the
machine is running with a load, never run it below its rated
speed.
Should a defect appear in the insulation on the armature, or
the outside of a field coil, it can often be repaired by raising the
injured wires and insulating them afresh.
To start an arc machine:
First, Set the brushes according to Fig. 3714, always being
careful that each pair of brushes just covers the space of one
metal segment.
Second. See that the oil gauges show a sufficient amount of oil
in the bearings.

é. Bent shaft.
f. Use of poor grade of oil.
g. End thrust due to improper levelling.
In case

of ‘hot

boxes,”

first feed heavy

oil copiously,

then

Third. Ring out circuits for open lines and grounds.
Fourth, Start slowly; see that the oil rings are revolving
freely.
Fifth. Get machine up to rated speed, and after lubricating
the commutator with some cylinder oil applied with a canvas
cloth, put down brushes.
Stxth, Try circuit breaker on switchboard to see whether you
get aspark. If you do, put in circuit breaker and adjust rocker

MODERN

620

MACHINE

arm so that you get about 4-inch spark. Then adjust the rheostat
on the switchboard until you have the required number of amperes.
Seventh. Besure that the polarity of the circuits is all right, so
that the lamps will not burn upside down.
Never put in the circuit breaker unless all of the brushes are
down on the commutator.
As the load comes on and everything heats up to its running temperature, it will be found necessary to move the
rocker arm slightly in the opposite direction to that of the
rotation of the armature, in order to keep the spark at from
} to 3 inch. Also, as the load is cut off, it will be necessary to
move the rocker arm slightly with the rotation of the armature.
;
The point of commutation changes about one inch from full load
to no load.
Shutting down is accomplished in the following order:
First. Throw off load by opening circuit breaker, then disconnect all lines and remove all plugs.
Second, Raise brushes and polish commuter if necessary.

FIELO
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which the other end of that same series coil ts connected, shoula
be exactly the same for every generator, when each ts carrying
tts proper share of the load.
Io make this drop the same for each generator, it will be
necessary to put resistance in circuit with the series cotls of
the machines whose drop is least.
The equalizing wires must have as little resistance as is
practicable, and never more than the dynamo leads.
In the case of large machines, it takes several hours for the field
coils to reach a constant temperature.
As the fields heat up it
becomes necessary to throw resistance oz? of the shunt circuit.
Trouble is sometimes experienced in getting the load to divide
up properly between two or more generators, because no attention
has been given to this matter of adjustment, which should be
undertaken only by expert electricians, who will find no difficulty
in running our generators in multiple with machines of any make,
and, with the majority of them, perfectly.
In starting, if there is one generator, furnishing current to
the line, and it is desired

to throw in a second one on the same

circuit :

RHEOSTAT
COMMUTATOR

COMPOUND WOUND GENERATOR,

END

4 POLES, 20 H.P.STANDARD SPEED AND BELOW,

Fig. 3715.

Third, Shut down, and clean out air spaces of commuter by
doubling a piece of sandpaper and running through slots.
Fourth, Clean commuter and see that brushes are in proper
position and in good condition.
Fifth. Wipe off all oil and dirt, and blow out the armature with
a bellows.
OPERATING GENERATORS IN MULTIPLE.—To run compound
generators in multiple it is necessary, in order to have each one
do work proportional to its capacity, to connect them together in
three places—at the regular teminals of the machines and at the
beginning of the series windings.
The connection from the
beginning of the series winding is called the equalizing wire, and
runs to the equalizing bar on the switchboard.
On the switchboard the middle one of the three bars is usually the equalizing
bar. If the generators are of the same size and make, the only
point requiring special attention is that the wires which run from
the different machines to the equalizing bar must be of the same
size and length, that is, of the same resistance, and also those
wires which connect the terminals of the series coils with their bar
on the switchboard must have equal resistance.
If the generators differ in design or size, the matter becomes
more complicated.
In this case, the difference of potential or
drop in voltage
connected directly

between
to one

that end of the series cotlwhich

ts

of the brushes,

to

and the bus bar,

First. Get the second one up to full speed.
Second, Adjust voltage of the second as near that of the first
as possible.
Third, Throw in the second generator's three-jaw switch.
Fourth, Notice the ammeters to see that the loads are rightly
proportioned.
If the first generator is doing more than its share
of work, throw resistance zz with its regulator, or ow¢ with the
second’s regulator. Ifthe second is doing too much work, throw
the regulator in the opposite direction.
If you want to throw in a third, fourth, or fifth machine, follow

the same rule.
If a generator is thrown in multiple with another one before its
voltage is up to the same point, it will not do its share of the work
and may even run as a motor with current from the other machine. In this case, throw resistance ov?¢ with the regulator of
machine which has just been thrown on the circuit.
When two machines are working together, if the belt on one of
them should break, or slip off, this generator will continue to run,

being driven by the other one.
If it is found that the machines do not operate together satisfactorily, note the positions of the brushes. If one machine carries
too much of the load, move the brushes slightly forward ; if too
little, backward, without causing them to begin sparking.
In stopping, throw resistance ¢# with the regulator of the
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generator to be cut out until its load is very small, as shown by
ammeter ; then open circuit breaker and three-jaw switch belonging to this generator.
Stop engine or loosen friction clutch.
Be very careful that the shunt circuit of a generator is not
opened or broken while it is working in multiple with another
one. Incase this should happen, the armature or series coils of
one

or oth

machines

would

be burnt, out,

unless

they

were

almost instantly cut apart by the melting of the fuses or opening
of a circuit breaker.
If it becomes necessary to raise or lower the voltage on the /zne,
raise or lower the voltage of a@// machines which are supplying
the current,

Starting shunt motors should be done in the following manner:
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clean and free from oil and dirt. Carbon dust must be cfeaned
off frequently, as it is detrimental tothe durability of the machine.
Be especially careful to see that no oil or dirt collects about the
brush holder or commutator.
Do not let oil run out of the bearings down on the field winding, as then it collects dirt and will
sooner or later result in grounding the winding.
All switches
should be left open when a machine is not running. Keep all
small pieces of iron, such as bolts

and tools, away from

the ma-

chine, as they may fall on the commutator or armature and do
damage. If an automatic circuit breaker is used, it should be
adjusted to break a number of amperes, say 50 per cent., greater
than the rated capacity of the machine.
Ifa fuse blows, or if the
circuit breaker acts, first open switch on corresponding line,
close the breaker, try it, and close again, or replace fuse and after-

First see that the oil gauges show that there is sufficient oil in the

wards

bearings and that the brushes bear on the commuter at a point
opposite the centre of the pole pieces ; then if there is a circuit

breaker or fuse immediately opens the circuit again, there is
something wrong—either a short circuit or overload.
As a rule,

breaker, close it, also the main switch.

close

the switch, and, if a motor, start as usual.

If the

Care should be taken not

never break the shunt current of a machine, for the inductive dis-

to open the field circuit, even while the motor is not running, as
there is danger of breaking down the insulation of the field if the
current is suddenly broken.
Should it become necessary to
break the field circuit, it should be done very slowly, allowing

charge from the fine field winding would seriously strain the insulation, perhaps destroy it. In case a short circuit should
occur ator near the generator, or if an arc should be formed at a
switch or fuse block and hold on, throw all resistance in with field
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FIELD RHEOSTAT

COMMUTATOR END

COMPOUND

WOUND

GENERATOR,4 POLES, 20 H. P. SLOW SPEED AND ABOVE.

Fig. 3716.

the arc thus formed to die out gradually ; then rotate the handle
of the automatic starting and stopping vheostat slowly, as far as
it will go, and hold it in this position until the magnet becomes
sufficiently strong to hold the lever. (When it is desirable to run
the motor at variable speeds, a special resistance box will be
required). After this, move the brushes slowly backward till
sparking ceases; give them maximum backward lead for no
load, then set the rocker-arm once

for all, by securing

it in this

position. Occasionally feel all bearings, joints, and contacts, and
if they are unduly warm, there is a defect which should be
remedied immediately.
To stop these

which

machines, open the circuit

breaker

or switch,

will cut in the resistance of the automatic Starting and

Stopping

rheostat.

Never attempt to stop a motor

by forcibly

pulling open the automatic box ; disregarding this may cause burning out of the field coils. After the machine has been stopped, it
should be thoroughly cleaned and put in order for the next start.
The speed for operating series and compound motors is generally regulated by the use of acommuter type controller. This controller consists of a box of resistance material by means of which
a voltage of varying intensity is applied to the motor armature, thus varying speeds, and corresponding outputs are obtained.
The machines must be kept dry, as water dripping on the
armature will cause troubie. At all times keep the machines

VOL. 11.—93.

rheostat, and, if necessary, shut down engine at once.

Shauld it

be necessary to remove a brush while the generator is running,
do so very carefully, taking care that the other brushes in the
same holder are making contact with the commuter.
If the
bearings become hot, feed heavy lubricant freely and slacken
the belt. If this does not afford relief, shut down, keeping the
armature revolving slowly until cool; this will prevent sticking.
The commuter is an important part of the machine and requires
careful attention. Its surface should be kept smooth. Ordinarily
it will only require to be wiped off with a piece of canvas: but
should it become too rough, rub down with oo sandpaper. The
lubrication of the machine is important.
Aprly lubrication with
cloth, not waste.

Should the commuter

get out of true, turn it

down either while the armature is in its bearings or by putting
the armature in the lathe. Flats or flat spots on commuters are
usually

caused

by excessive

wear, by too much

end

play or a

loose commuter, and by bad belt splicing. A bad short circuit
will sometimes produce a flash which will start a “ flat.”
Commuters

sometimes, after long usage, get hot

while Carry-

ing only the regular load of the machine.
This usually indicates that they are worn down as far as it is safe to go, and the
commutator should be replaced by a new one.
Multipolar machines are provided with carbon brushes the
ends of which should be fitted to the commutator.
This can be
done by putting them in position in the brush holder and running
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a piece of No. 3 emery clotn (rough surface out) back and forth
around the commutator and under the brushes.
The edge of copper-plated brushes should be slightly bevelled, so
that the copper does not come in contact with the commutator.
Grounds may occur on the feeders or supply circuit wires, or on
the armature of the machine itself. In order to determine in
what part of the system the ground is located, proceed as follows :

SHOP
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rotation is clockwise when viewed from the commutator end, the

top brush to the left and the bottom one to the right will be positive, and should be connected together and to the series coil, as
in Figs. 3715 and 3716. If, however, rotation is in the opposite
direction, the other brush will be positive, and the connections
to the brushes must be reversed.
Fig. 3717 represents the connections for a six-pole generator.

Connect in series, one, two, or five 1oo-volt incandescent lamps,
Any doubt as to the polarity of the brushes may be determined
depending on the voltage of the machine. Touch one of the re- by the use of a Weston volt meter. When the polarity of the
sulting terminals to a good ground and the other first to the posi- various parts of a generator have once been determined, they
tive and then to the negative brush. Ifthe lamp or lamps light, should be marked.
there is a ground on the feeders. Repeating the same operation,
When changing direction of rotation of a four-pole generator or
only touching the terminal to the iron framework of the machine
motor, change the connections by connecting the wire which was
instead of to the ground, grounding of the armature or field con- on the positive brush to what was the negative brush, and the
ductors is determined. A ground on the machine is a rare wire which was on the negative brush to what was the positive
brush. When changing the direction of rotation of a six-pole
occurrence,
Sparking at the brushes may be due to any of the following generator, follow directions given in Fig. 3717. If the carbon
_ brushes are radial to the commutator, the holders do not ordicauses :
a. Brushes may not be set exactly at the point of commutation. | narily need to be reversed for change in direction of rotation,
a
a
a

Oe

A,
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FIELD RHEOSTAT

COMMUTATOR

END

ROTE<FOR LEFT HAND ROTATION REVERSE CARBON HOLDERS
AND MOVE
ROCKER ARM UNTIL TERMINALS ARE IN DOTTED POSITION.

COMPOUND WOUND GENERATOR, 6 POLES, 100 TO 250 K.W.INCLUSIVE.
Fig. 3717.

A position can always be found where there is no appreciable
sparking ; at this point the brushes should be set and secured.
6. Brushes may be wedged in the holder.

c. Brushes may not be fitted to the circumference of the commutator.
@. Brushes may not have sufficient pressure on commutator.
¢. Brushes may be burned on their ends.
jf. Commutator may be rough; if so, smooth off. The commutator should run smooth and true, with a dark, glossy
surface.
g. ‘A commutator bar may be loose or projecting beyond the
others.
A, The commutator may be dirty, oily, or worn out.
t. Machine mav be overloaded.
These are the most common causes of sparking ; but it may
also be due to an open circuit or loose connection in the armature,
which will cause a bright spark which will appear to run completely around the commutator.
It may be recognized by a scarring of the commutator at the point of open circuit.
These generators are designed so that the series winding is
connected to the positive brush.

If the machine has four brush-holder arms and the direction of

But in case the carbons are at an angle to the radius of the commutator, the carbon holders should be reversed.

A motor may fail to have its field magnets excited, or a generator may fail to ‘‘excite” itself; that is, to generate enough
current to charge its own field magnets. This may occur even
when the generator was all right the day before. The reason will
generally be found to bea loose connection, break in the field
circuit, or possibly poor contact at the brushes, due to a dirty

commutator. An open circuit in the field winding can sometimes be traced with a magneto bell, but this is not an infallible
test, as all magnetos will not ring through a shunt winding, even
though it be perfect. The trouble may be in the starting box or
rheostat.
Examine all connections and look for a broken or
burned resistance coil.

If no open circuit is found here, or in the

field, the trouble is probably in the armature.
If nothing is
wrong with the connections or windings, it may be necessary to
excite the fields of the generator from another machine. Calling
the generator which will not excite No. 1, and the other generator
from which

we

are to draw

current

No.

2, then, to excite

the

fields of generator No. 1: Open all switches and remove brushes
of No. 1. Connect positive brush holder of No. 1 with the same
brush holder of No. 2; also connect negative brush holders

ELECTRICAL MACHINES AND MOTORS.
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Fig. 3718.

together (it is well to have about a 5-ampere fuse in circuit), then
turn on the current. If the shunt winding of No.1 is all right,
its field will show considerable magnetism. If possible, reduce
the voltage of No. 2 before breaking connections. If this cannot
be done, throw all resistance in with regulator of No. 1 and then
break

connection

very

slowly,

lengthening

out the arc

which

will be formed until it breaks. If it is impossible to obtain current from a second generator, this exciting can be done with a
strong battery, by connecting the carbon or copper plate of the
battery to the positive brush holder of the dynamo and the other
plate with the negative brush holder.
If there is no second
machine or battery at hand, connect the leads from the brushes

of the machine through a long fuse of not more than 15 or 20
amperes

capacity, and

then start

the

machine.

get it to self-excite. If it does
wrong with the shunt winding
apply to machines which have
refuse to do so.
If it is a new machine which

not

nections all seem

not now build up, something is
or connection.
These remarks
been giving current and then

refuses to excite when the conto be right, reverse the connections; that is,

connect the wire which is on the positive brush to the negative

Ce

VA NEL}
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Gy

x

COMMUTATOR
COMMUTATOR

It it does

generate current enough to melt this fuse, you may be certain
there is something wrong with the armature; either a short
circuit or an open circuit. If it does blow this fuse, try again to

TYPE CONTROLLER

SERIES WOUND MOTOR
Fig. 3719.

a
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brush, and the negative one to the positive brush. If this does no
good, change them back and locate the fault as described above.
Figs. 37i§ to 3719 are the standard wiring diagrams of the
Westinghouse machines and represent the connections and the
series and shunt windings of four and six pole compound wound
connected in series with one another.
volt meter

shows

the voltage

or

potential;

other coils are open circuited or completely cut out of the circuit.
Such a machine will generate current continuous in direction

that is, the

potential difference between the wires of a circuit or the brushes
of a dynamo or motor.
Direct current volt meters are so constructed that the current must always pass through them in the
same direction, and have one binding post marked X, which
must always be connected to the positive wire or brush.
The ammeter, or ampere meter, is used to measure the quantity
of current flowing in the circuit in which it is connected.
Switches are of various kinds, among them the single or double
jaw, or pole, for ordinary use; the triple jaw, for throwing
generators in multiple; the dynamo changing, for transferring
machines from one circuit to another, or circuits from

PRACTICE.

MULTIPOLAR BRUSH ARC GENERATORS.—The Brush arc gen
erator, Fig. 3720, of the General Electric Co., is of the open coil
type, the fundamental principle of which is illustrated in Fig. 3721.
Two pairs of coils, placed at right angles on an iron core, are
rotated in a magnetic field. The horizontal coils represented are
producing their maximum electromotive force. The brushes are
placed on the segments of the four-part commutator so as to collect only the current generated by the two horizontal coils. The

machines, as seen from the commutator end. Theshunt coils are
connected in series with one another; the series coils are also
The
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but fluctuating considerably in amount. These fluctuations will
be diminished by the addition of more coils to the armature.
Fig. 3721 is a diagrammatic representation of an eight-coil
machine. The ends of coils diametrically opposite are connected
as in the four-pole machine (Fig. 3722), but to avoid complications
these connections are omitted on the diagram.
In the eightcoil machine,

one

pair of coils, A’, A’, is generating

maximum

electromotive force. At right angles to these coils, the coils c!
and C? are generating no electromotive force. In intermediate
positions, the coils B', B*, D}, D? are generating a useful electromotive force, although one which is not so high as that generated
by the coils A’ and A?,

one ma-

chine to another.
Fuses are strips of lead or other readily fusible metal or alloy,

. 3720.

which are placed in the circuit at one or more points.
If the
current increases above the rated capacity of the fuse, it will melt
and thereby open the circuit. Fuses are usually marked with
the number of amperes which they will safely carry. The automatic circuit breaker may be used in place of the fuse, as it
automatically cuts a machine out of circuit if the current exceeds
that for which the instrument is set. The lightning arrester is
used to protect electrical apparatus from damage by lightning.
An arrester is unnecessary for an isolated plant, unless the circuit
extends out of doors. The Westinghouse arrester is automatic
in action, but it should be examined

from time to time to see that

the connections are tight and the instrument undisturbed.
The hand regulator or field rheostat is a resistance placed in
the shunt field circuit of a machine; in a generator it is used to
regulate the voltage and in a motor to regulate the speed. By
decreasing or increasing the amount of resistance in the circuit
the voltage or speed is proportionately varied. Always start a
motor with all its field resistance out and its armature resistance in.
An automatic starting and stopping rheostat is used with a
shunt or compound wound motor. It prevents an abnormal flow
of current through the armature while the machine is getting up
to speed. It is then cut out of circuit. Should the external circuit be broken, the box will automatically cut in its resistance and

then open the armature circuit.

In collecting the current from such an armature, the coils in
the intermediate positions cannot be connected in parallel witk
the coils generating maximum electromotive force, because their
electromotive

force is lower.

The

pair of coils A’, A? can, how-

ever, be placed in series and connected in series with the two
pairs of coils B’, B?, and D’, D’, which

may

be placed

in parallel

with each other, since they occupy similar positions in the
magnetic field.
The resistance of the coils in intermediate positions is therefore
halved, and the electromotive force is equal to the electromotive
force developed by one pair of coils. Inthe Brush arc generator, a double commutator is used to automatically make these
connections.
In Fig. 3723 this commutator is developed or spread out, and

the coils are represented diagrammatically. With the brushes in
the position shown, the current enters the brush P and the coil a’,
which is placed in series with the coil A? in a similar part of the
magnetic field. From the brush Q, the current is transferred to
the second commutator, which it enters by the brush R. This brush,
in the

position

shown,

rests on

two pairs of coils in parallel.

two

segments, thus connecting

The current flowing through the

coils B!, B?, and D’, D? leaves the machine

by the brush

s.

The

coils Cc! and c?, which are generating no electromotive fores, are
disconnected.

|
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The same arrangement

is shown
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in Fig. 3724, in which the

coils have been replaced by battery cells.
Although the number of coils and therefore the number of
commutator segments in larger Brush machines do not correspond with these diagrams, the principle of operation of the ma-
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3726, in which

to Figs. 3725 and

the coils of the machine

have

been replaced by battery cells, These diagrams show the arrangement of the coils when the brushes occupy the position shown in

Fig. 3723.
With this arrangement it is evident that, having a given num-

ber of lamps to install, they may be connected between the points
Pand §, asin Fig. 3725, or part of them may be connected between
P and s, and the remaining ones between R and Q,as in Fig, 3726.
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Fig. 3724.

Fig. 3721.
chine is, in every case, the same, and can

be readily understood

by reducing it to these elementary forms.
The function of the Brush multicircuit device is to divide the
load into several circuits, thus reducing the maximum potential
required, and, consequently, the strain on the insulations. The

Inasmuch as the potential between P and §, Fig. 3725, is adequate
to supply the total number of lamps installed in the circuit, it is
immaterial as to how the lamps are divided between P and S and
R and Q, Fig. 3726.

If more

lamps are installed between

P and

S than are provided for by the potential generated by the cells
(coils) connected between the points P and Q, the deficit will be
made up by the potential generated between R and Ss.
In the Brush multicircuit

device,

a number of switches are so
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Fig. 3725.
Fig. 3722.

arranged that lamps may be cut in or out of a divided circuit in
operation of the device will be understood by reference to the following diagrams and explanations.
Figs. 3721 to 3724 show that the potential of an eight-coil machine is made up of the potential of one pair of coils giving
maximum electromotive force, and the potential of two other pairs
in parallel, giving a lesser electromotive force.

9 9

the manner indicated. In the larger machines, the principle of
operation is the same.
SETTING UP AND RUNNING BRUSH ARC GENERATORS.*—
The bed-plate should be securely fastened to a dry wood sub-base
not less than

1o inches

in thickness, except on wood

of the floor; it should, anyhow, sit upon a substantial foundation,

De

Fig. 3723.

Inasmuch as one pair of coils is always in series with two
other pairs in parallel, it is immaterial whether the load is all
placed between the terminals of the machine or divided between

the various coils ; for example, instead of connecting a// the lamps
between the brushes P and Ss, some may be connected between

D,

Fig. 3726.

as will be seen by reference to Figs. 3728 to 3730.

In these figures

the brickwork is laid on a bedding of cement, and the section plates
and bolts properly placed as the work progresses.
The foundation bolts should be cut off at least 2 inches below the top of the
wood sub-base and well covered with sulphur to insure complete
insulation from the iron bed-plate. In whatever manner the bed-

brushes P and §, and the remainder between the brushes R and Q.

This arrangement will be more clearly understood by referring

floors, in

which case it may be somewhat less, according to the thickness

* Furnished by General Electric Company.
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plate is mounted, the greatest care must be taken to have a thor-

the length of the shorter brush

ough and permanent insulation from the earth.
_ Four short bolts pass through the generator frame and are used
to hold the machine in position on its bed-plate ; they are inserted

Then set the two extreme outer brushes in the same manner,
clamping firmly in position ; and by using a straight-edge or steel
rule, all brushes can be set in exactly the same line and firmly
secured. The spark on one of the six brushes may be a trifle
longer than on the others ; to remedy this, move the brush forward
a trifle so as to make the sparks on the six brushes about the same
height. Equality in the spark lengths is not essential, but it gives
at a glance an indication of the running condition of the machine.

in the slots in the iron base-plate.

These

bolts should

tight, except when adjusting the tension of the belt.

be kept

To allow

for stretching of the belt, the bed-plate should be so placed that
the-centre line of the generator will be nearer the engine or countershaft than is the centre line of the bed-plate.
The lower half of the frame is first placed in position on the
bed-plate and bolted down ; while this is being done, the ratchet
screw for adjusting the belt should be screwed into the frame and
slipped into place on the bed-plate as the frame is lowered. The
lower halves of the bearing boxes should be removed, and the oil
chambers thoroughly cleaned, and filled with oil to the height
indicated by the mark on the oil gauge ; the lower halves of the
bearing boxes may then be replaced. The proper method of suspending the armature is shown in Fig. 3731.

is 54 inches

from

the holder,

Brushes should not bear on the commutator
less than 3-inch from

the point of the brush, or they will drop into the commutator
slots, as in Fig. 3734, and pound the copper tip of the wood block.
On the other hand, if the bearing is too far from the end, or the
brushes are set too long, as in Fig. 3735, the point of the brush is

Before lowering it

into its place, the oil rings should be put on the shaft. When
placing the armature in its bearings, it is important to prevent the
armature coils (bobbins) from rubbing against the pole pieces.
The upper halves of the bearings with their cast-iron washers
may next be put on and securely bolted down with the clamping

lifted from the leaving end of the segment and causes sparking.
Fig. 3736 shows the correct manner of setting, with the tip of the
brush nearly tangential, and still on the segment as it leaves.
Should the commutator need lubrication, oil it very sparingly ;
once or twice during a run being ample.
If the oil shows a
tendency to blacken the commutator, wipe it off with a dry
cloth.
The machine, of course, generates high potential, and the cloth
should therefore be placed on a stick so that the hand is not
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Fig. 3727.

screws. When handling the magnet yokes, a rope sling should
be used, as is shown in Fig. 3732. The yoke should hang very
nearly level, with the pole shoe slightly raised, so that in lowering
the piece into place there will be no danger of chafing the armature coils or insulation. The bolts should be inserted as shown
in Fig. 3732, and, as the yoke is lowered, these willact as a guide

and drop it into its proper place. The frame bolts must be
screwed up especially tight, as any movement of the yokes while
the machine is running will ruin the armature.
The brushholder yoke and the regulator rocker-arm should be put in place,
with a little oil on the bearing seats to insure freedom of movement through the entire range.
A pressure brush

should always be used over the under brush,

as it improves the running of the commutator and secures better
contact on the segment.
The brushes should be set about 54
inches from the front side of the brass brush-holder.
In setting
the brushes, commence with the inner pair and set one brush
about 54 inches from the holder to tip of brush, then rotate the
rocker or armature until the tip of the brush is exactly in line with
the end of a copper segment, as isshown in Fig. 3733. The other
brush should be set on the corresponding segment, ninety degrees removed, as in Fig. 3733.
If the length of the brush from
the holder is less than 53 inches, move both brushes forward until

placed in any way between the brushes.
Io prevent any possibility of shock, all switches on the terminal board should be
closed,
The commutator should be cleaned as soon as the current is
shut off. Figs. 3737, 3738, 3739, and 3740 show the connections
of the multipolar Brush arc generators. The current enters the
field from the negative side of the circuit and takes the following
course: Spool 1, to 2, to 7, to 8, to 5, to 6, to 3, to 4, to terminal
board, to commutator.
The field current is in the same direction

for clockwise and counter-clockwise machines.
To change the direction of rotation, remove the brush-holaer
cables and the studs from the rocker. Take off the brush-holder
rocker and reverse it, so as to bring the handle on the opposite

side of the machine, changing at the same time the clamp
stud to the same side as the handle, then replace the brushholder studs in the rocker; but before setting, remove and
reverse the brush holders, so that the binding screws may be
brought on the same side of the stud clips which hold the cables
in position ; square the brush holders with the studs, and fasten,
setting the studs in the following manner: Remove the external
rack at the lower end of the rocker arm, and replace by an internal rack, using the same insulation; being careful to so align
the rack that it will run safely through its entire arc. Remove
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the brush-holder caps, and placing the angle gauge A, Fig. 3741,
cn the commutator, turn the stud until the gauge rests squarely
on the face of the brush holder ; tighten the stud moderately, and

as otherwise the length, position, and tension of the brushes will
be changed. Remove the commutator segments and turn the
wood blocks end for end, or in such a position that the brush in
leaving the copper segment will come in contact with the copper
tip of the wood block. For convenience, change the position of
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repeat the operation on the exteme outer and inner rings of the
commutator, noting the positions of brush-holder faces relative to
the line a in gauge A, Fig. 3741. If the position of the line a
relative to the face is not the same in both instances, the stud is

ie —- 354-77
;

}

rat

Fig. 3730.

the switch handles on the terminal board ; this can readily be
done by removing the binding and switch posts and reversing
their positions on the board.
Connect the brush holders to
the terminal board; wires between the controller and regulator
should be reversed and the clutch short circuiting cable (which
is attached to the lower button on the left-hand side of the
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not parallel to the commutator face and should be packed with
mica or paper between

a —_

ight.
Cl
fa.
Pi Pia

the shoulder of the stud and the brush

rocker till parallelism is obtained; then tighten the studs in
position.
Care should be taken in setting and fastening studs in position,
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rheostat) should be carried to the opposite binding post with the
wire from left-hand lower binding post on the controller.
The current of the Brush arc machine is automatically maintained constant by the use of one of the following regulators.
The regulator, Fig. 3742, is placed on the frame of the machine

beneath the commutator, and a constant motion is imparted to its
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main snaft through a small belt running around the armature
shaft. By means of magnetic clutches and bevel gears, a pinion
shaft is rotated, which moves the rack and the rocker arm and so

shifts the brushes on the commutator

to maintain

a spark of

about # inch on short circuit and 4 inch at full load; at the same
time the rheostat arm is moved over the contacts to cut resistances in or out of the shunt around the field circuit.
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lamps, the variation above and below should not exceed .2
ampere. The limits given in the following instructions are for
differential lamps, and may be extended .2 ampere above and
below for shunt lamps.

If the controller is out of adjustment ana fails to keep the
current normal, do not try to adjust the tensions of both arma-

Fig. 3733.

tures at thesame time. For example: Suppose the current to be
too high; either one of the two spools may be out of adjustment.
The left-hand spool I, Fig. 3743, may not take hold quickly
enough, or spool F, Fig. 3743, may take hold too quickly. To
make the adjustment, screw up the adjusting button K on the
right-hand spool, increasing the tension. This will have a ten-

Fig. 3734.

Fig. 3732.

The current for the magnetic clutches is regulated by the controller; this consists principally of two magnets which are
energized by the main current and act when the current is too
high or two low by sending a small current to one of the clutches.
An examination

of the controller,

Fig. 3743, in connection with

Fig. 3742, will give a clear idea of its regulating action. It is
generally advantageous to make the yoke which carries the

CONNECTIONS

Fig. 3735.

dency to let the current fall much
comes

in contact

with

H.

To

Fig. 3736.
lower

cause

before

the current

the armature
to increase,

simply tap the armature G quickly with a pencil or piece of
wood, forcing it down to its contact, and at the same time watch
the ammeter.
The current may be brought up to 6.8 amperes if
6.6 is normal, or to 9.8 if 9.6 is normal. With the current at 6.8
amperes, which is .2 ampere high, the adjusting button L should

OF Nos. 82.9,10 AND I! BRUSH ARC GENERATORS

SINGLE

CIRCUIT,

WITH

CLOCKWISE

FORM

ROTATION

| REGULATOR

Details of Terminal
Board Connections
for Form | Regulator

Resea
Brushes ee
Fig. 3737.

brushes on the machine and the arm moving the rheostat rather
tight.

As the magnetic

clutches

act with

considerable force, it

is not necessary to adjust these moving parts so loosely that they
will move without considerable pressure on the rocker handle.
Less difficulty will then be experienced in adjusting the controller.
For shunt lamps, the controller may be adjusted to permit a
variation of .4 ampere above and below normal ; for differential

be turned to increase the tension on this spring until the armature
M comes in contact with the contact N, which will force the
current down through 0. The clutch which pulls the brushes
forward and rocks the rheostat back for less current will thus be
energized. Repeat this adjustment two or three times, but do
not touch the adjusting button K. Adjust L until it is just right.
At the side of the armature M a little wedge is screwed in by
means of an adjusting button, and increases or decreases the

ELECTRICAL

See that this wedge is fairly well in
leverage on this armature.
spool and the spring of the armathe
of
between the core or frame
The
armature
may
be
taken
out and the spring slightly
ture.
It is advisable to have the screw which passes through the
bent.
adjuster button L about half-way in, to allow an equal distance up
and down for adjusting this higher spring after the wedge is in
the right position to give the necessary tension on the spring

SINGLE

CIRCUIT.
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decrease the tension on the spring which is fastened to armature
G, allowing this armature to fall down to contact H. Current
will then

flow through Q, which will rock the brushes

back and

also move the rheostat arm for more current. As the spool I has
been adjusted for 6.8 (or 9.8) amperes, the current cannot rise
above that amount,

no matter how the spool F is adjusted.

With a very little practice in moving the armature of one spool

CLOCKWISE

| REGULATOR

Baas

ROTATION

am:mn
ls
Details

of Terminal

Board

Connections

for Form

C

{ Regulator

pei

Brushes

4

Fig. 3738.

which is fastened to the armature M. In the right-hand corner P,
a small bent piece of wire is placed for tightening up the screw
which fastens the spring to the frame of the spool. As the contact,
mace by the spring and the plane of the spool held together by a
screw and button, is a part of the magnetic circuit, it will be
almost impossible to get this spring back to exactly the same tension after once moving it, Therefore, the adjusting buttons of

with a pencil, the other can be adjusted much more readily than
ifan attempt is made to adjust the screws K and L at the same
time.
The two small shunt coils R and § are connected around the
two contacts simply to decrease the spark between the silver and
platinum contacts. If they should become short circuited in any
way, so that their resistance becomes diminished, sufficient cur-

CONNECTIONS OF Nos.82,9,94,10,11! AND 12 BRUSH ARC GENERATORS
SINGLE CIRCUIT, CLOCKWISE ROTATION,WITH FORM 2 REGULATOR

itd

a
=“_—F~

Details of Terminal
Board Connections
for Form 2 Regulae
tor.

Fig. 3739.

the controller must be turned slightly in order to bring it back to
its proper adjustment.
This, however, is an after consideration,
and care should be taken to have the screw which holds the

spring and frame together always tight.

rent may pass through either of them to operate the regulator.
If unable to locate the trouble, disconnect these

coils at points T

and U, when a thorough examination can be readily made.
M
and G need not move more than just enough to open the contact
—, inch is ample.
In starting the multipolar Brush arc generator with the regu-

Having adjusted the spool! so that the current will not rise
above 6.8 (or 9.8) amperes, move the armature M up to contact
N with a pencil or piece of wood, causing the current to be re-

lator shown in Fig. 3742, the lower switch, which

duced to about 6.2 (org.2).

the field, should be opened last.

VOL. 11.—g4,

After the current settles at this point,

The switch

short circuits

in the left-hand
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negative terminal is insulated from the switch clip post. and is
used only as a connector for the cable running to B' on the regu-

corner of the controller, Fig. 3743, cuts out the two resistance
wires which are used to force the current the wires O and Q carry
to the clutches,
Open this switch, which leaves the automatic device of the con-

lator ; in returning to the machine, the current can go directly to
B' instead of to B. The connections of the second regulator are
shown in Fig. 3745. This regulator performs two operations:
troller in circuit, so that it will move the brush rocker; unclamp
the brush rocker from the rheostat arm rocker and move the ; Sweeps a set of contacts, throwing more or less resistance in

Details of Terminal
for Form 2 Regulator.

brushes by hand to give the proper spark, allowing the rheostat
arm, however, to be moved by the controller. After the switches
are opened, the rheostat arm will go clear around to a full load
position, and then, as the current rises, the controller takes hold
and brings the arm back.

shunt with the field circuit, and at the same time rocks the brushes

so that the spark is kept at proper length, varying from 4 of an
inch at full load to 3? of an inch on short circuit.

In the meantime, rock the brushes for-

ward or backward, and keep the spark about the proper length—
say}inch at full load to § inch on short circuit—gradually the
rheostat arm will settle and the spark will become constant ; then
the machine will give its proper current; clamp the rocker and
rheostat arm together and let the machine regulate itself.
This method is much better than opening the switches on the
machine and allowing the wall controller to take care of the
machine from the start ; by allowing the controller to start the
machine, a trifle longer spark is obtained than by the other

Fig. 3741.

(.

method, unless the machine is run from the beginning on a very
full load.
The machine will require a ttle longer spark on light loads,
or on bad circuits, than when running at full load. This fact
should

be

borne

in mind

in wet

weather,

when

trouble

<A small belt

runs over the armature shaft M and drives the rotary oil pump P;
this pump draws oil from the containing case and forces it through
passages to the valve T, a section of which is shown in Fig. 3746.

with

grounds is experienced.
The other regulator is shown in Fig. 3744. The connections
tor cockwise and counter-clockwise generators of the single circurt or mulucircuit type are shown in Figs. 3739 and 3740; the
connecuons of the held magnets are the same tor either clockwise
or counter clockwise.
The switches on the terminal board should be arranged as
shown in Fig. 3739 for clockwise and Fig. 3740 for counter-clockwise single circuit generators. The counter-clockwise generator
has a straight, vertical strap connecting the two vertical clip
posts. The clockwise generator has a diagonal strap. The terminals of the machine are on the back of the board. The positive
terminal A, is connected through the board to the switchpost B ; the

i

The ports overlap this valve so that the oil may flow through
when the valve is in its central position. This valve is controlled
by the electromagnet F, Fig. 3745, which actuates the armature
U and the lever H. The pull on the armature U varies with the
strength of the current which excites F ; the opposite end of the
lever H is attached to the spring G, which is adjusted by the screw
nut R so as to hold the valve in its central position when the nor-

ELECTRICAL

mal current is fowing through the controlling magnet ; if the current is too strong, it pulls down the armature U, thus raising the
valve and throwing more oil on the upper side of the circular
piston head s, and allowing the oil to run out from the lower
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relieve the pump.
Fig. 3747 also shows the ports and the method
of changing the plugs so as to run the pump with an open belt
for either clockwise or counter-clockwise machines.
There is a
small wire on the back of the circular piston which may be

OF BRUSH

CONTROLLER

To Field

:
To Clutch at F for Clockwise.
To Clutch at E for Counter Clockwise.

Changed

To Clutch

at E for Clockwise.

To Clutch at F for Counter

Clockwise

6 June'98.

Fig. 3743.

side, thus forcing the piston X around clockwise, lowering the
current by moving the contact arm so as to shunt more current
from

the

flelds, at the same

time

moving

the brushes

until the current returns to its normal value; should

forward

screwed into the plug in these passages, for the purpose of drawing them out and changing their position.
Before starting the machine, the oil box of the regulator should

the current

be too slow, reverse the operation.
To raise the current, turn the hard rubber nut R, Fig. 3745, to

the right; if the current is too high, turn the nut to the left. The
limits which the regulator operates are determined by the number of turns in the spring G. If the spring G is stiffened by cutting off some of the turns and stretching it out, the limits of regu-

a)

Fig. 3744.
lation will be wider. If the spring has a greater number of turns,
it will regulate within narrower limits, but be more liable to
“pump.”
The regulators are shipped with springs, which have
been found to give the best service for usual conditions.
The regulator may be caused to operate quickly in one direction and slowly in the reverse direction by changing the position
of the stops on lever H. By raising the stop on the right-hand
side of lever H, the movement on increasing the current will be
retarded.
The safety or relief valve, shown in Fig. 3747, is set to operate
at a pressure of about 15 pounds to the square inch, so as to
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Fig. 3745.
be filled with a light spindle or dynamo oil nearly up to the shaft

which carries the contact arm, etc.
As soon as the machine is
started, the level of the oil will be somewhat lowered.

MODERN

632

MACHINE

If the pump fails to start promptly, it may be started by shifting
the brushes backward and forward, and moving the contact arm,
to force out the air and draw in the oil.
In a newly installed machine, the oil should be changed at
least once a week for the first month

or six weeks, until all dirt

SHOP

PRACTICE.

In general, Brush machines with Form 2 regulators are sta.ted
as described, but the following additional instructions should be
noted:
Having correctly adjusted the regulator for the desired current,
as previously described, the starting valve handle s’, Figs. 3745
and 3746, should be turned counter clockwise when the machine

is running without

load.

This handle operates a valve which
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Fig. 3746.

and grit are thoroughly removed. The oil may be drawn off by
unscrewing the cap bolt at the bottom of the oil box.
Special care has been taken to provide a good fitting cover for
the oil box, so as to prevent sand and dirt from getting into the
oil when the commutator is cleaned. The cover must always be
kept on.

connects both sides of the circular cylinder, thereby giving a
free flow of oil between the two sides, and preventing the operation of the piston and relieving the pump from any undue load.
To put the machine in operation, the valve should be gradually
thrown around clockwise, cutting off the flow of oil from the two
sides of the cylinder after the switches have been opened. This
valve may also be used to throw the regulator out of operation.

ELECIRICAL

MACHINES AND MOTORS.

USEFUL
REQUIREMENTS

FOR

Number

ELECTRIC

S1ZE OF CoprpER

WIRE FOR
LAMps.

LIGHTS.

INCANDESCENT

C’Arc”’

VoLts. |
Light Circuit.)

ects

Laape

Incandescent Lamps.
eae

amps.
tS ees Candle)

rroVolt. |s0-Volt.

(100,

en

American |Diameter in) American

|Diameter inf (¢.3 Amp.)

ea

eae

I
2
3

I.I
2.2
3.3

0.5
1.0
1.5

9
18
27

5.5
I1.O
16.5

20
17
16

.032
045
.O51

22
20
18

.025
-032
.040

45
go
135

4
5

4.4
5.5

2.0
2.5

36
45

22.0
27.5

15
14

.057
064

17
I5

045
.057

180
225

10

II.O

5.0

go

55.0

II

oo!

14

.064

450

15

16.5

7.5

135

82.5

9

Il4

13

.072

67

20

22.0

10.0

180

110.0

8

129

II

.O91

goo

25

27.5

12.5

225

137.5

7

-144

10

.102

TI25

50

55.0

25.0

450

275.0

4

204

7

144

2250

75

82.5

37-5

675

412.5

2

258

5

.182

3375

100
Note.—The

TABLES.

OPERATING

AMPERES OF CURRENT.
(Incandescent Light Circuit.)

633

IIO.O0

50.0

goo

550.0

I

289

4

.204

4500

sizes of wires apply only for a distance of fifty feet in case of s5o-volt lamps and 100 feet in case of r10-volt lamps.

For greater distances, double

the cross-section of the wire each time the distance doubles.

CURRENT

é

RESISTANCE

OF

CAPACITY OF COPPER
(American Gauge.)

ees

:

ees

¢ | €¢ |
|Bo“
ses || gee
Bf ||| 2]g | 2a |
sb. |
Bs
a2}=
|
Bet
|
Bae
c
vo&
ee
=
»
vo2
bee

WIRE.

oo
oe
(Extract from ‘‘ Standard Wiring for Electric Light and Power.”

By|

er
.
permission
of the author: H. C. Cushing,
Jr., A.I.E.E.)

7

e

33

y&

9u

Baxg
RE

coe

ae;
as
82

8

Goo

7,

=

a8

| Se
[ae

v-

o
@

Bang
| Coe
Sag
KE os

nbY

0o

q
:

oe:

anne

ONE MILE

Resistance
a Ome
pre MEG

é
=

5

0000
.460
poor | ogee

Copper

an

W.G

65

ce

ai

B&S.Ip wi
saan (aa

a

Copper

zs

¢
aa

z

se

ae

|B-&S./B wic
(a

a

(core

Bs ue
Bo

300
a0

-

. 101g
1144

56
as

I

458

IgO

II | .09g07

394

12
9

ahr:)

O

3249

356

150

12 | .0808

33%

Hs

ae

I

2893

299

120

14 | .0o641

24

6

E

B.& S.1pWG

2 | .2576

243

95

16 | .0508

163

4

3 | .2294

203

7s

18 | .0403

a

2

oO),
22.1)

ae
a.

0-75

(oan cas

hems

304 | .289 | .300 | 1278 | 1328 | 1438
288 | .258 | .284 | 1145 | 1069 | 1289

12}
. 59,

.66/
.81|

.61
68

#1.
e2045
5 | -1819

a
118

2
5°

3

264

835 | 1072

5.51;

1.04

81

6

E36

107

37

4
F

243 | .204 | .238 | 807]
662 | 905!
225 | .182 | .220]
691 | 526 | 774]

6.50/
7.58!

1.31]
1.65)

.96
1.13

7 | +1443
8 | 1285

83
70

30
25

6

207

162

203

8.70)

2.08]

1.32

Be7

185 | .144

180
hee

| 467

es

330
eee

518 | I5.15|
Waele

2.63}
ae

21.98
eo| TABLE

114 | .148

319

208

350 | 16.20)

4.13]

2.49

9

cigoul

.1§2

ane

954

590 | 417

659

OF DIMENSIONS

#0379
Ago

OF STANDARD
ee Pita eeee

Weight in Lbs.

10
It
I2

138
102 | .134
124
OgI
120
112 | .o81
Tog

13
14

.099
O72 | .095
.086 | .064 | .083

15.
MO

heaeoeys
ssPowe

6057-1

O92

363
213
175 |
133
103

|cess.s

165
131
103

287 | 19.35|
230 | 24.05,
IgO | 28.85}

82
65

144 | 38.41]
IIO | 47.82]

3.04
3-79/H.P.|
4.59

Floor Space.

Net.

6.04])__
7.QI

| >2!P-

heceiee!

:
4] 21% x 16y%''| 164"
eee wise 21.2 | 12.9 | I | 24¢' x 243” | 24"

i an eee
TS hs. eseecs

.045 | .058
040 | .O49

4!

OF

Co al eee
ZO.
‘Vedran

.035 | .042
032 | .035

|......
|......

20
16

71: a eae
20 ls.cress

BA
BS

16.8 | 10.5

Rated

|Height.

ee

|......

32
26

10.6
13.4

IE ol
Speed.

|

a

O51 | .065

|......
|......

5-27]
6.63}
8.44

|
MOTORS.

Pulley.

Ipiam.|Face.| Bore.

Pape:

51

nbd

<

I
2

229 | .259

avo

|.........
wattage

00 | .3648
fed sake

|

c

<

DIAMETER IN .oor INC

WIRE.

#} 1644" x 16"

| 15”

Bel

en

speed

min. |permin.

(aeons

go | 130]

R

3%")

(Ramen, |e

2” | 4” J2r00]

1924

120 | 170]
34"| 241
§” [2100]
270 | 330 | 4 | 3" {| & |1800]

1924
1884

lassie’
26.7 | 16.2 | 24) 33° x28rn’| 314” | 550]
655 | 74] 3" | 4 11475] 2895
as waens 33.7 | 22.7 | 5 38th x 328° | 354" | 830 | 1035 | 8’ | 4” | rk” 11385] 2903

74} 444 x 334" | 388" | Logo | 1320 | 84") 5” | 124” [1315] 2924

43.5 | 30.9 | 10 | 488"
53-6 | 44.5 | 15 | 57°

x 338" | 428" | 1470 | 1765!
9g’ | 6” | 14" |1225] 2886
x48" | 464" | 2130 | 2565 | r12'| 8” | 1" [1150] 3385

20 | 654%" x 508" | 50%" | 2880 | 3075 | 12" | 9” | 24” |1085| 3407

25 | 68/5" x 522" | 54” | 3570 | 3970 | 13" |10" | 28" |ggo} 3367
30 | 733°

x 534° | 56%" | 4340 | 4810 | 14” |11" | 28’ | g25| 3388

50 | 924°

x 62g" | 75" | 9790 [10590 | 24" |13'’ | 32” | 530] 3328

40

80

8315. x 58

| 668" | 6800 | 7770 | 17" | 12” | 3’ | 765] 3402

{105 /5'’ x 688" | 82%"

150 |118§" x 894" | 93

[16200

[17500 | 26” |16” | 32’ | 430

2927

|31790 {34700 | 44" |22” | 54’ | 360) 4147

rer

te"
.

Faro

fy A

¢

;

z

_e

e

.f%

b

ng"

->

ry

fie

!

:

‘,

le
, o*

’ o

-

4q Fi) *

Oe

4s

‘

.

!

s

J

:

”

ot

rae
4

‘7

eben

Od

SetTE |

‘ 4

ms

of
t

eet) abe

°

ran

2s

,

area

1.6

.

wrens

’
*

~ ewe

cy

|

t

ae

e

‘

@
Panther

ra

: +¢

we

’

:

q ,

f

a

“

Cr

‘,

ae

F

cee

eee

Liive

ror,

‘

e

uo

i

a

4,

j

4

4

.

B ‘

x

a

ee

Pu
a

‘
a

*
'

508
,

var

48

es

a

“45

?

r]

Cm

ed

e

;

Jd
.
re
2

ae

ae
ea

: ny
‘4u
patter

t7

a

ae
?

t

ri >

i

ee
5

‘

id

souk
>

’

’4

?

eee

\

wee:

(ee

oe’

si»

e

1ee
”

é

f

<a

er ’

‘

:

oe
F

.

‘

t

i

“

o

6%

SH
ted

tr

4k
wu

x

te

ty

me

~~ =

_—o2.
— =a ah

"|

’

J

;

:

1
’

tet

4

APPENDICES

Ne

.

>

be |

we.
“f

Pn

<«

?

=>

Nee”.

2

<8

ts¢ a

i

“S$

+

a

Se

era

3
a?

‘eo
we

~

=

“4

.

fr)

.

ac:

APPENDIX-PART
TEST

QUESTIONS

FOR

I.

ENGINEERS.

N efficient engineer must certainly be able to determine any practical question that may arise in the management, not only of his e igine and
boiler, but also in that of such shafting, pulleys, gear wheels, etc., as may constitute the driving gear connected with the engine.
A very moderate examination of an engineer (whether to test his suitability for employment or for promotion) should therefore include questions
tending to determine his capability to give such directions as may be necessary when the engine or shafting breaks down, or when alterations
are to be made and he is consulted with reference to them. The following questions have been framed with a view to include such information
as a first-class engineer, and even

an assistant or night engineer, may be expected to possess, and a large proportion of these questions hav. been

taken from actual engineers’ examinations in various parts of the country.
In many cases engineers of manufactories

are

required

to make, as far as possible, their own

repairs and sometimes

indeed also the repairs to

the machinery the engine drives, but to give questions covering this ground would be to refer the reader to nearly every page in the two voluines,
which is manifestly impracticable.
—

Matching gear wheels.—Suppose you were runninga hoisting

Removing

Keys.—When

a key has rusted into a through key-

engine whose pinion had 15 teeth, driving a wheel with 150 teeth in it ; | way, what precautions should be taken in driving it out?
Describe the
if the pinion had teeth with radial flanks, what orders would you send ' use of reverse keys to remove a plug.
Volume I., page 116.
to get another wheel that would work with the pair ?—For answer, see
Chucking a crank.—How should a crank be chucked in order

Volume I., page 15.
to prevent the crank pin from being out of true, and the engine from
Radial flanKs.—If a pinion has radial flanks what information ; beating and pounding? I. 247.
does that give to ne eneIUce! if at any time he requires to order anChucking 2 cross-head.—How should
a cross-head be chucked

other wheel to work with it?

I. 15.

Teeth of gear wheels.—What is the difference between an
epicycloidal tooth and an involute tooth of a gear wheel? I. 8, 13.

so as to have its piston rod and wrist pin at a true right angle?

:
a
mers seasyangposteran

I. 252.

;
|
. . pay edges of a idrill be

—
ee

Ordering: ee paca
ae he of sees a a As ae
Boring bar edges.—Should a boring bar for an engine cylinde1
the | pave one, two, three or four cutters? I. 289.
twice as fast as
nected by a pair of bevel gears and one is to run
ther; h how w rould y you find the bevel of the wheels so as to be able to tell
other;

i
:
Spiral
spring.—Give
a method of makinga spiral spring. I. 329.
the maker what was wanted, and what dimensions would you give,
leaving the pitch and the shape of the teeth out of the question? I. 22.
Expansion fit.—What is meant by an expansion or a contraction
say for an engine crank pin? I. 366.
fit,
for
taps
of
set
a
ordering
were
you
taps.—Suppose
Ordering
use in the engine room, what precautions would you be obliged to take
Fitting brasses.—Suppose the joint faces of a pair of brasses are
as to the shape of the thread in order to get proper taps? I. 85.
| not square with the sides of the box or strap in which the brasses fit, what
Fitting a nut.—Willa nut having a United States standard thread | Will the effect be when the brasses are locked tight together by the key ?
fit a bolt having a common V thread, both threads having the same pitch II. 125.
and diameter, and how could you tell one bolt from the other? I. 85.
Wear of brasses.—When an engineer is taking up the wear of
en
a

Curing a pounding cam.—Suppose some part of the machin- |Connecting rod brasses, what must he do to keep the rod of the proper

ery driven by an engine hada cam motion with a small roller which hammered and pounded on the cam, how would you cure the defect? I.
83.
Ordering a new spur wheel.—Supoose a spur wheel broke

length? II. 124-127.
Case hardening.—Describe the simplest method of case hardening. II. 128.
Fitting pillar block brasses.—State the proper order of pro-

measure the diameter of the old one?

anengine.

and you wanted to give the diameter for a new »m:, wkere would you | cedure in fitting in a new pair of main bearing or pillar block brasses for
I. 1.

Comparing screw threads,—What is the difference between
[. 85.
the common V thread and the United States standard thread?

Using

two

set screws.—When

hub how should they be located?

two set screws are placed ina|

I. 116.

Best lathe tool.—What is the most useful turning tool for a hand
lathe, such as is sometimes provided for an engineer to make repairs
with? I. 331.
Fitting a crank pin.—How would you proceed to put in by a
contraction fit a crank pin, the crank being on the engine? I. 366.
‘Increasing strength of teeth.—Suppose you had to order a
new pair of wheels to replace a pair whose teeth frequently broke, what
alterations in the dimensiens of the wheels would you make so as to get
stronger teeth in wheels of the same diameter? I. 65.

Wear of a cam roller.—If an engine had a valve motion
worked by a parallel roller in a parallel cam groove, would the roller
wear out quick, and why?

I. 84.

Altering the speed of a shaft.—Do a pair of mitre whee!s
alter the speeds of the shaft they drive or not? I. 1.

7? and 132.

How
Originating a true plane.—

ground joint?

of acold chisel?

II. 73.

flange face should bed most?

Rust joint.—How are rust joints made? II. 140.
Leaky plug.—How would you test the fit of a leaky plug in a cock :
II. 144.
Well-ground plug.—What is the appearance of a weil-ground

' plug?

II. 107.

II. 106.
VOL. I1.—95.

II. 145.

Quick brass fittimg.—Describe the quickest method of fitting a

new brass or bearing box to its journal.

Fitting a key.—Siould a key be driven lightly or not when fitting |

it, and why?

II. 140.

rp
eS
A

Key bearing.—What is the effect upon a wheel if itskey bears

upon opposite coiners?

II. 137.

Grade of emery.—About what grade of emery would you use ta
make a ground joint? II. 137.
Best heat joint.—What is the best kind of joint to withstand
great heat or flame? II. 138.
Best water joint.—What are the best kinds of joints for with.
standing water pressure? II. 138.
Fitting a flange.—lIn fitting a flange to a boiler what part of the

II., 72.

Riveting a crank pin.—For riveting a crank pin what shape
should the pene or pane of the hammer be? II. 73.
Face of a cold chisel,—What is the proper shape for the face

is a true plane or flat surface

originated ? II. 133.
Cover joint.—What is the best form of joint for an engine cylin.
der cover?
II. 137.
Grinding a cover.—How must a cylinder cover be moved when
grinding it? II. 137.
Appearance of a joint.—What is the appearance of a finished

Pening.—What is pening and what sort of hammer is used for that
kind of work?

IJ. 1<0.

Driving brasses.—What will be the effect of driving a brass in
IL.
and out with a hammer and without a block of wood to strike on?

Babbitt

bearing.—What

| bitted bearing?

II. 156.

IT. 147.

is the principal advantage

~* a Rep
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Adjusting guide bars,.—What two essential points are there in
adjusting the bottom guide bars of an engine? Volume II., page 162.
Setting

guide

bars.—Descnbe

roughly the method

employed

to set guide bars by means of a stretched line or cord? II. 163.
Pounding journals.—What are the two ar ey causes of
the beating or pounding of the journals of an engine?
II. 164.
Locating a pound.—How may the location of a pound be discovered? II. 164.
Cause of pounding.—What is the ordinary cause of beating
and pounding in anengine?

Wearing

II. 164.

down.— What is the defect induced by letting the parts

of an engine wear down toa bearing’ II. 166.
Testing alignment.—What are the tests that should be made to
find out what part of an engine is out of line? IT. 166,
Best test for alignment.—What part of an engine can be used
to form the best test of alignment to cure pounding? II. 167.
Connecting rod alignment.—State in a general way the
method of using the connecting rod to place the engine in line, and thus
prevent beating and pounding. II. 167 to 172.

Difficult alignment.—What error in the alignment of the parts
of an engine is the most difficult to discover? II. 170.

Alignment of crank pin.—What is the general cause of a
crank pin being out of line with the crank shaft? II. 170.
Pound at quarter stroKe.—When a pound occurs in an engine at the time the crank pin is at quarter stroke, or thereabouts, where
would you look for the cause? II. 170 to 172.

Setting a slide valve.—What

are the three objects, either of

which a slide valve may be so set as to accomplish? ITI. 173.
Essentials of slide valve setting.— What are the two operations essential to the setting of a slide valve? II. 173.
Squaring a valve.—Wby is the common process of squaring the
valve an improper proceeding? II. 173, 394.

Crank pin on dead centre.—How would you proceed to put
an engine crank pin exactlyon the dead centre for setting the valve? II.

173, 420.

Direction

of movement.—What

are the considerations that

determine in which direction the engine should be moved when setting
the valve?

II, 173, 174, 426.

Setting eccentrics,—What

tools are used to set eccentrics upon

shafts before the shafts are upon the engine? IT. 175.
Patching a break.—In patching a broken beam or frame, how
may the bolts be made to serve to act as keys closing the crack? II. 178.

mrecting shafting.—Give a general or rough description of the
method of adjusting or aligning or erecting shafting.

Kinds

of shafting.—What

II. 184 to 186.

is the difference between bright and

black shafting? ITI. 157.
Fitting a pulley.—If you had a pulley whose bore was 1} inches,
what diameter of bnght shafting would you order for it? II. 1587.
Locating collars,—What is the best location for the collars that
prevent end motion on a line shaft? II. 15g.

Strain on boiler joint.—How would you caiculate the amount
of stress there is upon the riveted joint of a boiler? Volume II., page
382.

Shearing strain.—What is meant by the terms, shearing, tearing,
and crushing strains of a steam boiler? II. 383.

Lapped and butt joints.—How does a lapped joint differ
from a butt joint or seam ina boiler? II. 384.
Chain and zigzag riveting.—
How does a chain riveted joint
differ from a zigzag riveted joint? II. 384.
Butt joint.—What are the advantages of the butt joint? II. 384-

385.

Margin for holes.—How would you find the proper distance
the rivet holes should be from the edge of the plate in a boiler seam?
II. 385.

Spacing rows

frst?

Shaft

couplings.—What

II. 192.

liable?

valve

Water

supply.—How

when the fire is lit?

400,

a boiler.—What parts of the boiler would you clean

before lighting the fre?

Laying

a fire.—How would you lay the fire?

Amount
atime?

of coal.—How

II. 400, 402.

Shaking

grate.—What

is the advantage

possessed by shaking

II. yor.

Before

cleaning

before cleaning the fire?

a fire.—What

preparations would you make

ITI. gor.

Fire tools and their uses.—What tools are used in cleaning
a fire?

And what is the use of each?

Draught

while

II. 4or.

firing.—How should the draught be regulated

while the tire is being cleaned ? IT. gor.

Temporary interruption.—
What should be done to prevent
blowing off through the safety valve when the engine is stopped and no
Steam is being taken from the boiler? II. 4o1.
Blue flame.—What does blue flame in the fire box indicate? IT.
jor.

Water supply at night.—How much water would vou have
in a boiler when leaving it for all night? II. 4o1.
Fire at night.—How would you leave the fire for the night? IT.
gol.
Banking.—W
hat is banking a fire? Give a safe method of bank-

fire is banked?

open or a crossed belt, and why?

much coal would you put on the fire at

Even heat.—How can an even temperature be kept up in the fire
box? Why is it necessary to keep an even temperature in the frre box ?

210.

II. sor, 433.

Dampers

power. an

II. 400.

II. yoo, 433.

Crossed vs, open belt.—Which

will transmit more

II. 400.

Quick combustion.—
Does bituminous (soft) or anthracite (hard)
coal light more easily? II. 400.
First coal.—How soon would you put coal on after the fire is lit?
How deep would you make the first layer of coal? II. 400, 433.

ing afre.

II.

much water should there be in the boiler

II. 400.

452.

Cleaning

Placing a belt tightener.—Should a belt tightener be placed

on the tight or slack side of a belt?

what defect is a safety valve most

Reliability of gauge glass.—Is a gauge glass always reliable
for showing the height of water in the boiler? II. 400, 434.
Testing gauge glass.—What would you do to find out if the
gauge glass was showing the correct water level? II. 400.
Condensation
in Dboiler.—What is likely to happen if the
steam condenses in the boiler without any of the cocks being open? II.

four objects should the couplings for

Stronger side of belts.—Which is the stronger side of leather,
the smooth or grain side or the rough or flesh side? II. 208.

defect.—To

II. 400, 432.

grate bars?

line shafts accomplish? IT. 194.
Universal joint.—What object does a universal joint accom.
plish? ITI. 199.
Crowning a pulley .—What is the object of crowning a pulley?
II. 201.
Pulley balance.—Why should a pulley be balanced? What is
a running and what a standing balance fora pulley? At what speed
should a running balance be made?
II. 202.
size of pulleys.—lIf a shaft makes 150 revolutions per minute,
and it is required to drive a puiley on a machine at 600 revolutions,
what proportions must the diameter of the two pulleys have, and what
determines the diameters of the pulleys? II. 205, 206.
Testing belts.—What appearance in leather belting indicates that
it was cut from the spongy shoulder? ITI. 208.

would you find the distance

II. qgoo.

Safety

Ball and socket hangers,—What are the advantages of hang-

ers having a bail and socket adjustment?

of rivets.—How

apart for the rows of rivet holes in a double riveted joint? II. 385.
High percentage jvint.—What is mean bya ‘high percentage” riveted joint? II. 385.
Single and double shcear.—What is meant by a rivet being
in single shear or double shear? II. 385.
Allowance
for shear.—How much additional allowance is
made in the shearing strength of a rivet in double shear over that of the
same rivet if in single shear? II. 392.
Taking charge of a boiler.—What is the first thing you
would do in taking charge of a boiler? II. 400, 432.
First inspection.—What part of the boiler would you inspect

II. 210.

Safety

at night.—How should the dampers be left when the
II. yor.

at night.—How would you set the safety valve
for a banked hre? IT. yor.
Crossed belt.—What are the objections to 2 crossed belt? II. 210.
Opening a banked fire.—What is the first thing to do in
Shortening a round belt.—Can a round twisted belt be shortStarting up a banked fire? IT. yor, 433.
ened without removing either the hook or the eye and how? II. 216.
ee
belt.— How would you get a very wide belt on a pulley? | Regulating boiler feed.—How would you regulate the boiler
. 217.
feed ? II. yor.

!

valve

TEST
Regulatins,

be kept pumping
401.

4 pump.—How

QUESTIONS

can a pump be regulated so as to

without surcharging the boiler?

Volume

II., page

Even boiler injection.—Can a continuous feed be maintained
if injectors are used? II. 4o2.

Stuck

valve.—How

may a stuck

II. 402.

leased?

Hot

feed water.—What

valve or a check valve be re-

would you do if the feed water got so

hot that the pump worked imperfectly or not at all?
Scale.—

What

II. 4o2.

causes scale to form in the boiler and what effect does

scale have on the boiler?

II. 402.
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Valve gear.—What is a releasing valve gear?
valve gear? Volume II., page 406.

What is a positive

Packing a stuffing box.— About how full of packing would you
fill a stuffing box for a piston gland? II. 407.
Connecting rods,—What are the two principal kinds of connecting rods? What is meant by the angularity of a connecting rod?
II. 407.

Oiling guide

bars.—Which guide bar is the most difficult to oil,

the top or the bottom one?

II. 407.

Effect of angularity.—What

effect does the angularity of the

connecting rod have on the piston motion?

Is this effect increased or

diminished by shortening the connecting rod?

II. 407.

Preventing scale.—What are the principal methods employed
to prevent the formation of scale in the boiler? II. go2.

Crank at full power.—When the crank is at its point of ful’
power, is the piston in the middle of the cylinder? Is it nearer to the

Horizontal heater.—What
possess? II. 402.

crank-end or the head-end of the cylinder?

advantage does a horizontal heater

Dirty gauge glass.—What should be done to the gauge glass if
the feed water is dirty? How many times a day should the gauge be
blown out?

II. 402.

Priming.—What
is the priming
boiler?
Woat are the known causes

or foaming of the water in a
of priming? Why is priming

wasteful?
an blowing off at the safety valve cause priming ? What
are other causes of priming?
How can priming be detected?
What

would you do to stop priming ? What would you do to prevent priming?
would you attend to if the boiler primes?

hla parts of the engine
. 402.

Low

water.—What

low in the boiler?

What
boiler?

do you

would you do if the water got dangerously

In such a case how would you regulate the dampers?

consider dangerously

low?

What

is blowing

down

a

II. 402.

Cleaning
403.

a boiler.—How

often would you clean a boiler?

II.

Water falling.— What would you suppose was going wrong if the
pump was kept going and the water still fell in the boiler? II. 402
Empty

pump.—

What

causes a pump to fail?

II. 4o2.

Blowing down.—How much would you blow down a boiler?
How low should the pressure get before the water is let out? What
would be the result if the boiler was blown off under a high pressure?
What would you do after the water is all out of the boiler? II. 403.

Special examination,—What parts would you pay special attention to in examining the boiler after cleaning it? II. 403.
Hammer
403.

test.—What

Washing

and

does the ‘‘ hammer

II.

scaling.—What determines the periods at which

a boiler should be washed out and scaled?

Regulating dampers.—How
when letting the fire out? II. 403.

Naming

test” consist of ?

the parts.—Name

II. 403.

would you regulate the dampers

all the parts of a simple or plain D
II. 404.

Defining clearance,.—
What is the meaning of the word ‘‘ clearance” as applied to an engine cylinder? II. 404.

clearance.—How

would you proceed to find

if the clearance in the cylinder was equal at each end?

II. 404, 436.

Parts of valve motion.—What parts constitute the valve motion
or valve gear? II. 404.
The

driving parts.—What parts constitute
the driving or power-

transmitting mechanism?

II. 404.

Lubricating attachments.—Name the attachments used upon
an engine cylinder to lubricate the piston and valves.
II. 405.
Pet cocK.— What is the difference between a cylinder pet cock and
a cylinder relief valve? II. 405.
Relief

valves.— What are cylinder relief valves used for?

II. 405.

Quick steam admission.—Which gives the quickest steam admission, a long and narrow or a wide and short steam port, both having
the same area?

II. 405.

tight should a piston ring fit to

Testing steam tightmess.—How
tightness of a piston? II. 406.

would

Jacketed.—What is a jacketed cylinder?

you

IT. 406.

test

the steam

II. 407.

causes

the piston to have

II. 407.

Live steam period.— What constitutes the live steam period of a
position? ITI. 408.
Cut-off.— What is the point of cut-off ? II. 407,—What is a separate
cut-off valve, and what event does it control in the supply of the steam to
the cylinder? How is the point of cut-off varied when a cut-off valve is
used?
II. qto.
Working expansively.—
What causes the steam to be worked
expansively in an engine cylinder? II. 434.

Follower.—What is a piston follower? II. 406.
Valve lead.—What is the lead of a valve? II. 408.
Valve lap.— What is the lap of a valve? -II. 408.
Admission,—What is the point of admission? II. 408.
Cushioning.—At what point in the valve travel does cushioning
begin? II. 408.
Release and compression.—What are the points of release
and of compression? II. 408.
Double-ported valve.—What is a double-ported valve? II.
409.
Valves.—What is a griddle valve? What is a balanced valve? IT.
409.— What is a piston valve? II. qro.
Slide and piston valves.—Is there any difference between the
action of a plain slide valve and a piston valve if both have the same
amount of lap, lead, and travel? II. q1o.
Cut-off diagram .—Make a diagram to give the dimensions of a
slide valve, to cut off at # stroke, the valve travel being 4 inches.

412.
Reversing

an engine.—What

for reversing anengine?

II.

:
is the ordinary means provided

II. 415.

Full gear.—What is the meaning of the term full gear, with regard
toa link motion?

II. 4165.

use of link motion.—What does a link motion accom-

plish besides enabling the engine to run in either direction?

motion.— What

II. 415.

are the two operations

to be performed in setting the slide valve of an engine having a link
motion?
Describe these two operations.
II. 415.
Governors.—What is a throttling governor? What is an isochronal governor? What isa dancing governor?
II. 416.

Forward ,.—What is full gear forward? If. 415.
Backward.—What is full gear backward?
II. 415.
Starting.—
How would you proceed to start a plain slide valve?
II. 416, 432.

Crank position.—What is the best position for the crank to be
in to start the engine, and why is it the best position? II. 416.

Taking

Charge.—What is the first thing you would do in taking

charge of anengine?

Length

II. 417.

of connecting

rod.—How would you find out if the

connecting rod was the right length to give an equal amount of clearance
at each end of the cylinder?
II. 417, 436.

Order of examination.—In what order should a thorough examination of the engine be made?
II. 417.
Least examination.—What would constitute the least permissible examination of an engine, with a due regard to safety? II. 417.

Thorough
examination

Placing the piston-ring split.—At what part of the cylinder
bore should the split of a piston-ring be placed? II. 406.

Fitting a piston ring.—How
the cylinder bore? II. 406.

irregular.—What

Slide valve for link

Dividing the parts,—Into what three divisions may the parts of
a plain slide-valve engine be divided? II. 404.

equal

motion

irregular motion?

Third

slide-valve engine, beginning with the cylinder.

Finding

Piston

examination.—What would constitute a complete

of a plain slide-valve engine?

an examination be made?

In what order should such

II. 417.

Quick examination.—What examination should an engineer
make of a plain slide-valve engine, if called upon to start it as quickly as
possible without knowing its condition? IT. 417.
Taking a lead.—How would you take a lead for adjusting the fit
of a bearing to its journal? II. 418.
Set of slide valve.—How would you test whether the slide valve
was set properly? II. 418.

TEST
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QUESTIONS

FOR

Using tallow.— Where would you place tallow in oiling the engine,

us valve.—lIs it proper to squarea plain slide valve?

and for what purpose would you use it?

Volume II., page 418.

Lead

affected

by wear.—How

affect the lead in vertical engines?

Heating

does the wear of the parts

IT. 433.

of crank-shaft.—What would you do if the crank-

of lead.— What

Link
gine?

fuel?

Cold

weather.—What

Leaky

II. 418.

IT. 435.

damage might a leaky throttle

Broken piston rod.—What if the piston rod broke? II. 435.
Broken crank pin.—What if the crank pin broke? IT. 435.
Tire off.—W hat if a wheel tire came off? II. 435.
Driving whcel off.—What if a driving wheel came off? IT. 435.
Broken
lifting link.—What if a lifting link or saddle-pin
broke?

should a portable engine
source

broke?

II. 435.
Bursted tube.—What

of sup-

ply? II. 419.
Pumps.—Into what class may pumps be divided?
What is a force
pump?
Whatisa piston pump?
Whatisasingle-acting pump?
What
is a double-acting pump?
II. 41g.
** Suction.°’—What causes the flow of water up the suction pipe of
a pump? How high can a pump lift water, or cause it to lift or rise?

Regulating

a pump.—How

tends to alter the amount of clearance?

can the quantity of water a nump

Adjusting shoes,—In what position would you place the crank
when adjusting the shoes or wedges of the axle-boxes? Why Is this adjustment important?

Force,

should run? ‘What is the consequence if a pump runs too fast? II.
420.
Locating the air chamber.—Where should the air chamber
be placed on a pump, and what is its use? II. 420.
Belt pump.—What is the advantage possessed by a belt pump?
II. 420.

is a starting bar, and what is it used for?

sketch.— Make

a rough sketch of a locomotive link motion.

Increase

Link gear and eccentric.—Does a link motion when in full
gear operate the valve much different to what a simple eccentric motion
II. 425.

Exchanging cccentric rods.—If the forward eccentric rod
was to break, could the backward eccentric be utilized to run the engine
forward?
If so, how?
II. 425.

Broken

Eccentric
Setting

Thermal

II. 425.

and

crank

Latent

motions.—)Does the acting eccentric

lead or follow the crank when the link is in full gear?

a slide valve.—In

Length

of eccentric rod,.—What determines the length of the
II. 426.
Setting an Allen valve.—What difference is there between setslide valve and another (an Allen) valve?

njector.—What is an injector?

Before

mum

putting on coal?

ee

the

fire.—low

long should

of boiling

Heat

What is the latent heat of

Absolute

II. 432.

steam?

points require examination when oiling the engine?
:

water.—What determines the temperature at
II. 442.

of steam.—Can

they are in contact?

the wood burn before

A33

IT. 442.

II. 442.

which water will boil?

IT.

After oiling.—What points would you move after having oiled the
epyine? If. 42.

Il. 441.
unit.—What is the heat unit or thermal unit?

heat.—lIs all the heat in steam or water shown by a ther-

density?

Heat

II. 427.

32.

Kindling

we increase a given amount of power

Heaviest water.—At what temperature is water at its greatest
density? What is the weight of a cubic foot of water when at its maxi-

II. 427.

firing.—What should be done before laying the fire?

be-

Sensible heat.—What is the sensible heat of steam?
IT. 442.
Total heat,—What is the total heat of steam?
ITI. 442.

II. 426.

eccentric rods when setting the slide valve?
ting a common

of power.—Can

is the difference

II. 437.

mometer?
What is the latent heat of water?
steam?
II. 442.

II. 425.

what position would you place the

link motion when the slide valve is to be set?

power.—What

the lever out of the question ?

reach rod.—How would you hold the tumbling shaft if

the reach rod broke?

and

by means of mechanical appliances? ITI. 437, 438.
Speed vs. power,—Is a gain in speed a loss in power? IT. 437.
Lever,.— Explain the principal of the lever. II. 437.
Elements of power.—What are the three elements composing
power? IT. 439.
Horse-power.—
What is a horse-power as applied to steam-engine
calculations?
How would you calculate the horse-pow=r of a steam engine? II. 439.—Give a method of testing the effective horse-power of an
engine.
II. 440.
Safety-valve problem.—A safety valve is three inches in diameter; the lever is twenty-eight inches long from the point of suspension
of the weight to the pivoted end of the lever; the valve pin is four inches
from the pivot ; the weight is twenty pounds.
What is the greatest pressure of steam the valve will hold, leaving the weight of the valve and of

II. 424.

would do?

II. 436.

pressure

tween force or pressure and power?

Il. 421.

Link

II. 436.

Il. 436.

II. 420.

bar.—What

II. 435.

Crank-pin centres.—
How would you get the distance from centre to centre of the crank-pins when adjusting the axle-boxes and the side
rods, parallel rods, or coupling rods, as they are promiscuously termed?

Pump valves.—What is the check valve of a pump? What is the
foot valve of a pump? IIT. 420.
Speed of pumping.—
What is the highest speed at which a pump

Starting

if a tube bursted?

Fitting axle-box wedges,.—In what position should the engine
be placed when the axle-box wedges are to be adjusted for fit to the
pedestals?
II. 436.
Changing clearance.—What is it that, as the engine wears,

Il. 420.

will deliver be regulated?

II. 435.

Slipping eccentric.—
What if an eccentric slipped? II. 435.
Hot «axle-box.—What if an axle-box got hot? IT. 435.
Broken spring hanger.—What if a spring or spring hanger

stand when it is at work, and why should it stand so? Il. 4109.
Natural supply of water.—What precautions would you take
when feed water is drawn from a stream, or other natural

II. 434.

is better, a constant or an intermittent

Best firing.— Which is better, heavy firing at long intervals or light
and frequent firing, and why? IT. 434.
Broken cylinder cover.—What would you do if the cylinder
cover got knocked out while on the road?
II. 434.
Hot piston rod,.—What would you do if the piston rod got hot?

is liable to happen to an engine that is

engine.—llow

steam be made quickest with a large or

Best boiler feed.—Which
boiler feed?
II. 434.

valve do, and how would you prevent it? II. 418.
Leaky check valve.—What damage may a leaky check valve
do, and how would you prevent it? II. 419.
Freezing in the pump.—How would you prevent the water
from freezing inthe pump?
II. 4Ig.
Freezing oil.—How would you prevent the oil from freezing? IT.
419.
Thawing oil.—How would you thaw frozen oil? II. 419.

Setting a portable

steaming.—Can

with a small quantity of water in the boiler?

IT. 433.

throttle valve.—What

should the link be when starting the en-

II. 434.

Quick

is a lead used for in adjusting the fit of a

used out of doors in cold weather?

position.—Where
II. 434.

Even steam pressure.—Why should the steam pressure be
kept up, and what difference does it make in the consumption of the

brass to its journal? II. 418.
Fit of top brass.—When a liner is used between the two brasses,
what does the fit of the top brass depend upon? II. 418.
Oiling.—In oiling the engine, what precaution would you take to
prevent the journals from heating?

Volume II., page 433.

Fire too hot.—What would you do if steam was rising too rapidly¢

II. 418.

shaft bearings began to heat? II. 418.
Hot crank-pins,—What are the principal causes of hot crankpins? IT. 418.
Heating.—
What part of the engine is the most likely to get hot
from the friction of the fit? II. 418.

Use
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steam be made hotter than the water while

What is superheated steam?

IT. 442.

pressure.—What is meant by the absolute pressure >-

II. 443, 448.

Dry steam,.—What is meant by dry steam? IT. 443.
Weight of steam.—Is there any difference between the weight
of water rand that of the steam it will evaporate into?

II. 443.

TEST

QUESTICNS

A perfect gas.—What is Mariotte’s law, or Boyle’s law ? Is steam

a perfect gas?

Volume II., page 443.

Joule’s

equivalent,—What

into work?

is meant

What is Joule’s equivalent?

alent of heat?

by the conversion of heat

What is the mechanical equiv-

II. 443.

Indicator.—What is a steam-engine indicator? II. 445.—How
are indicators attached to an engine? II. 448.
Indicator @diagram,.—W
hat are the names of the lines of a dia-

gram?
Why is a theoretical diagram not correct?
II. 446.—What difference is there between the lines of a diagram of a condensing and those
of a non-condensing engine?
II. 447.—How is the expansion curve of
a diagram tested?
IT. 440.

Barometer,—What is a barometer, and for what purpose is it used
in connection with engine diagrams?
II. 447.
Horse-power by diagram.—lIlow do you calculate the horsepower of a steam engine from an indicator diagram?
II. 450.
Diagram vs. diagram,.—What difference is there between the
diagram taken from one end and that taken from the other?
Il. 451.
Consumption of steam by diagram,.—Ilow would you
calculate the consumption of steam or water of an engine from an indicator diagram?
IT. 452.

Steam
indicate?

line.—What

Expansion
pansion

would

a fall in the steam line of a diagram

II. 453.

curve.—If

curve, what

the expansion curve is above the true ex-

defect in the engine does that indicate?

pansion curve falls too low, what does i. indicate?

Valve

lead

by

be shown on a diagram?

Excessive

II. 453.

If the ex-

diagram,—lIlow would insufficient valve lead
II. 453.

lead.—How

is excessive lead shown on a diagram?

IT. 453.

Automatic

cut-off.—What

is an

automatic

cut-off

engine?

What are the principal forms of automatic cut-off engines?
II. 455.
Releasing valve governor.—What kind of governors do engines with releasing valves have?

II. 455.

Valve

IT. 455.

trip.—What means are employed

the admission valve?

Point

in a Corliss engine to trip

of cut-off.—What determines the point of cut-off in a Cor-

Steam condensation.— Describe the means by which the steam
is condensed after it is exhausted from the cylinder in a surface condensing engine, and state what becomes of the water of condensation and the
injection, circulating, or condensing water.

cock?

II.

Dash-pot.—What is a dash-pot? What enables the dash-pot of a
Corliss engine to work noiselessly ? II. 456.—How is the amount of air
cushion in the Corliss dash-pot regulated?
II. 457.

Shape of Corliss valve.—What shape is a Corliss valve, and
how far would its lap, as ordinarily constructed, carry the live steam
period, leaving the cut-off mechanism out of the question?
II. 458.

engines.—What

is meant

by the term high-speed

IT. 459.

Adjusting for load.—What adjustments would you make if the
engine had been running a very light load, and required to be adjusted
for a heavy load?
II. 459.

High-speed governor.—What class of governor is generally
used upon high-speed engines? II. 459.
Varying the cut-off.—What is the usual method of varying the
point of cut-off on high-speed engines? II. 459.
Wheel

governor.—State,

in a general way, what a wheel gov-

IL. 459.

|

Even valve lead.—Can the valve lead be kept equal when the
point of cut-off 1s varied by shifting the eccentric across the shaft or
crank-axle?

the hot well usually kept? II. 473.
Use of air chamber.—What is an air vessel or air chamber used
ona pump for? II. 473.

Feed escape.— What is a feed relief, or feed escape valve? IT.
473.
Checked boiler feed.—What causes may act to stop the boiler
feed?

II. 473.

Admitting the exhaust.—When the exhaust steam is condensed for boiler-feeding purposes, how soon after the engine has started
would you let the exhaust into the feed tank?

Ship’s

side

charge valve?

4606.

Receiver,—What

II. 473.

is a ship’s side air pump dis-

II. 474.

Surface

II. 474.

condensing.—

What are the advantages of surface con-

densing ? How are surface condensers cleaned out?

is a receiver.
II. 466, 485.
expansion.—What is a triple-expansion

engine?

II.

Donkey
Pipes

cngine.—What is a donkey engine?

to the

Parts

classified .—What

474.
Use

II. 472.

parts of a marine engine are generally
II.

of Babbitt.—
What is Babbitt metal or white metal used for?

Il. 474.

Use of Muntz.—What is Muntz metal used for? II. 474.
Breaking strain.— About what is the breaking strain of wrought
iron per square inch of section?

II. 474.

Tempering.—How

Case

is steel tempered?
II. 474, 492-495.
hardening.—What is case-hardening ? What parts of an

engine are usually case-hardened ?

II. 474.
Forging.—What are the forgeable metals used in engine construction? If. 474.
Welding.—What is welding?
II. 474.

Metal

expansion.—What

metals

used in engine construction
in the construction on

expand by heat, and what allowances are made
this account?
II. 474.

Composition

of iron

and

the composition of cast iron and steel?

Marine

Link

steel.—What is the difference in
II. 474.

piston.— Describe a marine engine piston.

cocks,—What are cylinder drain cocks?
motion,—What

used for?

isa link motion?

II. 474.

II. 474.

What is a link motion

II. 475.

Expansion valve.—What is a separate expansion valve? II.
475Top cylinders,—What are the small cylinders on top of the steam
chests used for?

Double

well.—What is a hot well?

sea.—What are the pipes that lead from or go to

of wrought iron, of cast iron, of brass, and what of steel?

The

II. 47:

What pipes con-

II. 474.

II. 474.

Condensing engine.—What is a condensing engine? II. 466.
Compound engine.—What is a compound engine? II. 466.
Arranging
compound
cylinders.—What: are the two
methods of arranging compound cylinders?
II. 468.
Condenser.—
What is a surface condenser?

II. 474.

Engine-room cocks and valves.—What cocks and valves
are there in the engine room of a condensing engine? II. 474.

468.

Hot

discharge.—What

Course of water.—What is the course of the main injection
water of a jet condenser?
What is the course of the main circulating

Drain

IT. 459.

Marine engine.—What forms of engine are used for marine purposes? II. 466.
Inverted cylinder.—What is an inverted cylinder engine? IT.

Triple

II. 473.

Bilge injection.—What is a bilge injection? What fittings are
necessary for a bilge injection? II. 473.
Hot-well temperature,—aAt what temperature is the water in

made

ernor consists of,

Volume II., page 472.

Condenser tubes.—How are condenser tubes made tight? II.
472.
Blow-through valve. —What is a blow-through valve? IT.
472.
Air pumps.—What is a bucket air pump, and is it single or double
acting ? What is a piston air pump?
What is a plunger air pump?
What is a trunk air pump?
When isa trunk air pump necessary?
II.
473.
Air-pump valves.—Are a foot valve and a head valve always
necessary toan air pump?
II. 473.
Pet cock.—Why are bucket pumps provided with a valve or pet

the sea?

450.

engines?

641

nect to a donkey engine, and what are their uses?

ITI. 455, 456.

liss engine, and how does it do so? II. 456.
Valve closing.—What closes the valve in a Corliss engine?

High-speed
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water of a surface condenser?

Corliss engine valves.—Ilow many valves does a Corliss engine
have?
Explain the action of a Corliss valve gear.
II. 455.
Crab claw.—What duty does the latch-link or crab claw of a Corliss valve gear perform?

FOR

II. 475.

throw.—What
beat.—What

Expansion

is the throw of an eccentric?
is a double-beat valve?

joint,— What

is an expansion joint?

Oil cup.—What

is an oil cup?

Siphon.—What

is a siphon or worsted?

II. 475.

II. 475.
II. 473, 475.

IT. 475.
II. 475.

Impermeator.—
What is a steam lubricator or impermeator?
470.

IL
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Hand-worked

valves.—What are the valves of a marine en-

gine that are worked by hand?

Vacuum

gauge.— What

vacuum gauge?

QUESTIONS

Volume II., page 476.

is a vacuum gauge?

What is a mercury

Total condenser pressure.—How would you find the total
pressure in a condenser?
II. 476.
Racing.— What is meant by the racing of an engine? II. 476.

Uniform paddle-wheel revolution.—How may the speed
of revolution of single-crank paddle-wheels be made uniform?
II. 476.

construction.—
What is the construction of a

common paddle-wheel?
What is a radial paddle-wheel?
What is a
feathering paddle-wheel?
II. 477.
Disconnecting engine.—What is a disconnecting paddle engine? II. 477.

Propeller
measured?

thread.—Where

is the thread of a screw propeller

II. 477.

Propeller piteh,—What is the pitch of a propeller? II. 477.
L. H. propeller.—What is a left-hand propeller? II. 477.
Thrust bearing.—
What is a thrust bearing? II. 477.
Propeller fastening.—How are screw propellers fastened to
their shafts?

Marine

II. 477.

engine

rine engine and boiler?

pipes.—What

are the principal pipes of a ma-

II. 477.

Mud box.—What is a mud box? II. 477.
Course of steam.—Describe the course of the steam from the
boiler to the hot well.

ENGINEERS.

Stress per square inch.— How much stress is usually allowed
per sectional square inch of boiler stay? Volume II., page 484.
Breaking of tubes.—What is the commonest cause of boiler
tubes breaking?

II. 476.

Paddle-wheel

FOR

II. 477.

Exposure to cold.—What
danger in acold climate? II. 478.

parts of an engine are exposed to

Preventing freezing.—What precautions are necessary to pervent the engine from freezing in cold climates? II. 478.
Failure to start.—Name all the reasons that may cause a marine
engine to fail to start when it is expected todoso.

II. 478.

IT. 484.

Split tube.—How

is a split tube stopped up?

II. 484.

Uptake.—
What is the uptake of a marine boiler? What is a wet
uptake? II. 485.
Superheater.—What is the superheater of a marine boiler? IT,
485.

Fittings.—
What fittings are essential to a marine boiler? II. 485.
Safety valves.—What is a dead-weight safety valve? What is a
spring-loaded safety valve? What is a lock-up safety valve? II. 485.
Test cocks,.—What do the three boiler test cocks show?
boiler test cocks cleaned?
II. 485.

How

are

Steam gauges.—What is a gauge glass or water-gauge glass?
What is a Bourdon dial gauge? What pressure is shown by a boiler
steam gauge? II. 485.

Scum

cocks.—How many scum cocks are used in a marine boiler?

IT. 486.

Sluice valves.—What are sluice valves in steamships? II. 486.
Removing scale.—How is scale removed in boilers? II. 486.
Salinometer,.—What is a salinometer?
II. 487.
Salt in sea water.—About how much salt does sea water con
tain?

II. 486.

Division plates.—What are division plates in boilers? II. 487.
Intercepter.—What is the separator or intercepter of a marine
boiler?

II. 487.

Boiler

draft.— What

Rapid

wasting.—Where

marine boilers?

Coal

causes the draft ina boiler?

II. 487.

does the most rapid wasting occur in

II. 487.

consumption.—About

how much coal is consumed

per

square foot of grate in marine boilers? II. 487.
Short of coal at sea.—If at sea and short of coal, what course
would you pursue in order to save coal and get into port? II. 487.

Preesure pieces,—Name all the pieces of an engine through
which the steam pressure is received and transmitted.
II. 478.
Horse-power.—
What is the unit or measure of horse-power?
What is the meaning of nominal horse-power? II. 478.
Lost Vacaum.—Name all the causes from which the vacuum may
become defective or lost. II. 479.
Hot journals.—What are the principal causes of the heating of
engine journals? II. 479.
Stays.— What is a boiler stay? What is a gusset stay? What is a

examination, inside and out, of a marine boiler that had been in sufficiene

tube stay or a stay tube?

service to require examining.

ITI. 484.

Boiler relief in extreme danger.—
How would you relieve
a marine boiler in case of the safety valve being locked down from some
accidental cause, the engine also being disabled? II. 487.
Pressure test.—At what pressure should a new boiler be tested?
Il. 488.
Boiler examination.—State what you would consider a proper
IT. 490.

TEST

QUESTIONS

FOR

OPERATORS

[* the foregoing pages we have given descriptions of every kind
of electrical machinery and also of the various devices used
therewith.
In addition, the principles upon which these operate
have been explained; but forthe purpose of fixing these explanations
more firmly upon the mind, we will, in the following, present, in
the form of questions and answers, all the important points relat-

ing to the subject; and the careful study of these questions will
prove of decided value to those who desire to obtain positions
where a part of their duty, or the whole of it, would be the care of
electrical machinery of some kind. These questions cover about
the whole ground that would be gone over by one examining an
applicant for such a position.
Q. What is a magnet?
A. A magnet is a device so constructed as to enable us to
utilize the force of magnetism.
Q. Are there many different forms of magnets, and if so, how
many ?
A, There are permanent magnets, electromagnets, and solenoid
magnets.
A permanent magnet is made of hardened steel, and is
called permanent because it retains its magnetism after once being
magnetized.

An electromagnet is made

of the softest iron and

is wound with insulated wire. If acurrent ofelectricity is passed
through this wire the magnetic force is induced, but as soon as
the current stops flowing, the magnetism disappears. It is on
this account that the name electromagnet is used, for the magnetism is brought into action by the effect of the electric current.
A solenoid magnet is composed wholly of wire, which is wound
in the form of a coil, and when a current of electricity is passed

through it, magnetism is developed. A permanent magnet can be
made in the form of astraight bar or any other shape. The most
common form is that of a horseshoe, and to this the name of horseshoe magnet is given. An electromagnet can be made in any
form desirable. Solenoids can only be made in the form of coils,
but can have all the forms into which coils can be shaped. Permanent magnets are very seldom used in electrical machinery, as
they are far inferior in strength to electromagnets and solenoids.
Q. What are the ends of magnets called ?
A. Poles ; one being the positive, or north, and the othe: the
negative, or south, pole.

Q. What is the meaning of the term insulation ?
A. Insulation is material that will not conduct electricity, and
it is used to confine currents of electricity to certain channels.
Thus if we were to wind a wire inthe form of acoil, and this were
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break through just where it enters the coil, then the effect would
be that all the turns of wire would be cut out and the magnet
would not be magnetized. If the break should take place at the
end of the coil, the effect would be slight ; for then the current
would have to traverse the whole length of the wire before getting into the iron. Generally, when a current breaks through the
insulation, it burns the magnet out, because there is a considerable amount of heat developed by the passage of the current
through the insulation.
Q. What is a field magnet ?
A. A field magnet is that part of an electric generator or motor
that develops the magnetic field in which the armature revolves,
Q. What is an armature?
A, An armature is that part of an electric generator or motor
in which an electromotive force is induced.
Q. What is electromotive force ?
A. Electromotive force is that force that causes an electric
current to flow.
Electric currents, however, will not flow except
in a closed circuit ; therefore, if there is no closed circuit for the

electromotive force to act upon, it can only produce a Stationary
electrical pressure, and this is called electrical potential.
Q. How is an electromotive force induced in an armature ?
A. An armature is covered with wire, which is wound upon it
in such a manner that if an electromotive force is induced therein
the current developed thereby may find its way out to the ends of
the coils into which the wire is formed. The fleld magnet develops the magnetism, and this produces what is called a magnetic
field between its poles, and the armature being located in this

space is in the magnetic field. If the armature is rotated, the
wire upon it cuts through the magnetic field, and by this action
an electromotive force is induced in the armature wire.
The
magnetism of a magnet acts along lines that run from one pole to
the other, and these lines are called magnetic

on this account when an armature

lines of force, and

rotates in the space between

the poles of a field magnet, it is said that the wires upon it cut
through

the lines

of force, and

from

this

comes the expression

that electromotive force is induced by the cutting of lines of
force by the armature wires. The armature wires are called
conductors.
Q. How is the current generated in the armature wires, or conductors, conveyed outside: of the armature so that it may be
utilized ?
A. This depends upon the kind of machine.
In a continuous

bare wire, the current would jump from one turn to another and

current

not go around the coil ; but if the wire is covered with silk or cotton, which will not conduct electricity, then the only way for the
current to get out of the wire is to run through it to the opposite
end.
Q. What is the object of insulating electromagnets ?
A. Electromagnets are insulated so that the electric current
will circulate around the iron core, through the wire wound upon
it. It is necessary in an electromagnet to insulate the wire so as

these are connected with sections of a drum called acommutator.
Upon this commutator brushes or springs rest, and these carry
the current outside of the armature.
If the machine generates

to confine the current to it, and also to insulate the wire coil, as a

whole, from the iron, so as to guard against the current jumping
from the wire to the iron.
Q. What would be the effect if the current were to break through
the insulation of the wire from one turn of the coil to another, and
also what would be the effect if it should break through the insu-

lation between the wire and the iron ?
A. In the first case, the effect would be that the current would
around the magnet so many times, and, therefore, its

not pass

magnetizing action would not be any greater than if just so many
turns were removed

might

from the coil.

In the second case, the effect

be very serious, or it might not.

If the current should

generator, the wire

is wound

in coils, and

the ends

of

alternating currents, the ends of the armature coils are connected

with rings placed upon the armature shaft, and on each ring a
brush or spring presses, and through these the current is taken
off.
Q. What is the object of a commutator, and how is it made ?
A. A commutator is a device used to rectify the current generated in the armature.
In any electric generator the current
induced in the armature is of the alternating type ; that is, it flows
during one-half of the revolution in one direction, and during the
other half in the opposite direction. By means of the commutator,
the current is rectified so that it passes out to the external circuit
always flowing in the same direction. The commutator is made
with a number of segments that run parallel with the -shaft.
These are insulated from each other and from the supporting hub
in which they are held. The armature is wound in a number of
sections, called coils, the number being the same as the number
of commutator segments. The ends of the armature. coils are
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connected with wwe another
and with the commutator segments | nected; but in the multipolar armatures there ar aS many
as
in such a manner that at all times
the current flows through
all | places where the induced currents are in the same direction
there
are
pairs
of
poles.
In
a
four-pole
generator
the
current
the armature coils and enters the commutator through one brush |
and passes out through the other. (This subject is explained |flows in the same direction in the two opposite quarters of the
| armature surface, and, therefore, these can be connected in senes
more in detail in the section on continuous current generators.)
@ Is there more than one way in which to wind an armature ? | if we desire to obtain a high voltage, or in parallel if we desire to
A. ¥es ; armatures for two-pole generators are wound either | obtain an increased current without raising the voltage.
Q. What is the difference between a constant current generator
with an open coil winding, or a closed coil winding. The type
of winding just explained
is the closed coil, and it is so arranged | and a constant potential generator ?
that all the coils upon the armature are connected end for end so | 4. A constant current generator develops a current that 3s
of the same strength, that is, of the same number of amas to form a continuous wire. With the open coil winding, the | always
different
coils are not connected
with each other, and each one | peres, while a constant potential generator develops a current
connects with commutator segments
that are insulated from ail that remains always at the same voltage.
Q. What ts an ampere and what is a volt ?
the rest. On this account, the current at any time only flows
A. An ampere is the unit by which the current strength 1s
through a portion of the wire upon the armature, only through
the coils that at the time are in contact with the commutator | measured, and the voit is the unit by which the current pressure,
brushes ; that is, through the coils whose ends are connected with or electromotive force, as it is called, is measured.
Q@. Do these units measure the power of the current ?
the sepments upon which the brushes rest.
A. No, they do not measure power any more that steam presQ. What is the difference between a two-pole generator
and a
sure measures power. If you say that steam flows through a
multipolar generator ?
pipe with a pressure of 100 pounds, you do not give any informaA. The difference 1s, that the two-pole machine has only two
poles, while the multipolar generator has any number from four tion by which the power can be measured, and if you say that the
steam flows through the pipe at the rate of 100 cubic feet per minupward.
Q What ts the difference between a generator and a dynamo ? ute, you give no information by which the power can be deterA. There is no difference. Both names are used for the same mined ; but if you say that it flows through the pipe under a
machine ; but dynamo is only used at the present time in connec- | pressure of loo pounds, and at the rate of 100 cubic feet per min-

tion with smail machines, or with generators designed to develop |

ute, then you give ail the information necessary to determine the

| power. In the same way with an electmec current, if you say that
currents suitable for arc lights.
Q. How many different kinds of winding are there for multi- | it Hows through a circuit with a strength of 100 amperes, and
polar generator armatures ?
; under a pressure or electromotive force of 100 volts, then you
A. There are, in addition to open and closed coil windings, the |give all the information necessary to determine the power, because
ring winding, the drum winding, and the formed coil winding. | the power is equal to the amperes multuplied by the volts.
These are again divided into series and parallel windings,
which | Q. In what kind of units is the power expressed ?
are also called lap winding and wave winding.
A. In watts.
The watt was formerly called a volt ampere, b Q. What is aring winding?
| it is now called by the shorter name. The watt is a very sma.
A. A ring windingis the type used when the armature
coil is | unit, being the seven hundred and forty-sixth part of a horse-power,
made in the form of a ring and the wire is wound around the rim, | and, on this account, a unit one thousand times as large as the

| watt is used for measuring the currents of large generators.
Q What is a drum winding?
_A. A drom winding ts the type used when the armature core is
made in the form of a drum or cylinder and the wire is wound
upon it end over end. These two types of winding are used with
two-pole armatures as well as with those of the multipolar kind,

| This unit is called a kilowatt, and as the horse-power is only 746

| waits, the kilowatt is equal to one and one-third horse-power, to

| within a very small fraction.

Q. Is it necessaryto make any changein the construction of
_ generators to make them generate currents of constant strength
and, in fact, are the only ones that are used in such cases to any or of constant voltage ?
extent.

Q. What ts a formed coal winding ?
A. In a formed coal winding
the coils are wound upon a form
and are placed upon the armature in their finished shape. In the
manner
of connecting with the commutator
the formed coil winding is simply a drum winding. The formed coil winding is not
practical with a ring armature of the two-pole type, but is so with
drum armatures, although only used by one or two concerns.
Q. What is the difference between the series and the parallel
windings ?
A. In the series winding the coils that occupy positions upon
the armature
that correspond to the position of the poles of the
same polarity are connected in seres, and in the parallel] winding they are connected in parallel As in a generator having
more than two poles there are as many placed where the direc-

A. ¥es ; the constant current machines are made with the coals

that magnetize the field connected in senes with the armature,

so that all the currentdeveloped by the generator passes through
the field coils.

_ regulators.

In addition they are provided with mechanical

(For an expianation ofthese, see the section on arc-

, bght generators.)

The constant potential generators are wound

| with the field coils connected in shunt relation to the armature,
| and also in the combined shunt and series relation. The first

| type of field winding is called the shunt, and the second the com-

| pound.

(For the manner in which these field windings act, see

Section on contmuous current generators.)
Q. What is the difference between 2 motor and a generator ?
| A. The motor gives power when a current of electricity passes
through it, and the generator develops a current when power ic
applied to set it in motion.
tion of the current is the same as there are pairs of poles, it folQ. How many kinds of motors are there ?
lows that the coils in these places can be connected either in
A. There are several kinds.
Motors are divided, first, into
series or in parallel. If im series, the current will run through
continuous curremt motors and altermatimg current motors.
all these sections one after the other, and the voltage of the cur- Those of the first class are, again, divided imto constant speed
rent will be increased thereby ; but if the connection is in parallel, motors and variable speed motors.
The altermating current
the voltage will only be as much as is induced in one section of motors are also divided into comstant speed and vanable speed,
the armature, while the current strength will be increased in and in addition are classified as synchronous motors, commuproportion to the number of pairsof poles. (For further informatator motors, reaction motors, and induction motors.
The induction on this point, see section on continuous current generators.) tion motors are divided into single-phase and multiphase motors.
Q. Can the series and parallel windings be used on two-pole Of these several types of alternating current motors, only the
armatures ?
induction and the synchronous motors are of any practical interA. No. In these armatures the current is in one direction on est ; the others are defective in one way or another, and are n~
one-half of the armature, and in the opposite direction on the other used.
half, hence there is but ome wayin which
the wire can be con- |
Q. How is a constant speed, continuous current motor made ?
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A. Vhe same as a constant potential generator. A mache
that, when driven, will act as a constant potential generator whea
supplied witb a constant potential current will rma ata comstant
speed as a motor.

AND

MOTORS.

045

and thus break
the circun, if the curremt reache. « sirength thas
would be danperons to the apparatos in the circuit.
Q. Are there different kinds of safety fuses ?
A. Yes, there are single and donhble pole fuses. The frsts

Q. How is a variable
speed motor of the contimuons
current made so as to hold but a single fuse wire, and, therefore, only
opens the circuit at one point. The double-pole saiety fuse 5
type made?
A. Just the same as a constant current penerator, with the provided with two pieces of fuse wire, and rt 15 connected m the
exception that the regulator used in the generator to keep the | circuit so that these two fuse wires are located in the two wires
current constant 15 not used.
In other words, a variable speed | leading from the penerator, or leading into the apparatus that 15
to be protected. With this type of safety fuse, if the current
motor is made with the field coils connected in series with the
becomes too strong, both fuse wires will be melted if one alone
armature, and a constant speed motor 15 made with the field cai
fails to open the circuit
connected in shunt with the armature.
Q. Are circuit breakers made single and donble pole ”
Q. What are constant speed motors used for ?
A. For driving all kinds of machinery where it is desired to
A. Ye.
Q. What is the difference in action between a saiety fuse and a
keep the speed constant
The motors known co
2
25
circum breaker ?
Stalionary motors are of the constant speed or shunt wouad
A. Safety foses only respond to increases in current strength
ty pe.
Q. What are variable speed motors used for ? |
|that last long enongh to heat the fuse wire to the Meiung point.
But circuit breakers respond to an increase oj Current to the danA. Thev are used for any class of work where it is desired that
gerous point whether mt lasts for a fraction of a second or for a
the speed may be changed at will. There are not many cases m
which this class of motors 15 required except for the operation of longer time.
railway cars, and this 1s, practically, the only feld of any magniQ. What
is a held repoiator?
tude in which variable speed motors are used.
A. A field repplator is a resistance arranged so that i1 may be
Q. How 15a motor started ?
i introdaced in the circuit of the shunt field coils of a renerator.
Q. What i a rheostat ?
;
A. To start any kind of motor, it is necessary to imtroduce
resistance in the circuit. This is owing to the fact that the resist“4. A rheostat 5 a resistance.
Q. What 1s a switch?
ance of the motor alone is not sufficient to hold the current back.
As soon as a motor begins to revolve, its armature sets up a back
A, A switch 3s any device that will open a circuit.
pressure, which 1s called a counter electromotive force, and this |
Q. How many kinds of switches are there?
holds the current back so that it cannot increase to a danperows
A, There are a preat many kinds of swinches. There are sinstrength.
If the motor is of the series type, that 1s, variable speed,
pie-pale and multipole switches, single-throw and multithrow,
the resistance is connected in the main circuit. If it is of the sinple-break and multbreak switches, and there are slow-break
shunt type, that is, constant speed, the resistance is connected im and quick-break switches.
Of the multipole switches, only the
the armatured circuit. As fast as the armature gains headway two and three poles are used to any extent. Of the multithrow
in the act of starting, the resistance is cut out of the circuit, se Switches, the double throw is the only one commonly used. Of
that it may all be cut out by the time the armature 3s rotating
at the mulnbreak switches, the double, triple, and quadruple break
the full veiocity.
switches are the only anes commonly used.
Q. How is this resistance introduced into the circuit and thea
Q@. What is the difference between a sinple-pole switch and the
multipole kind ?
cut out?
A. By means of what is called a motor starter.
A. The single-pole switch opens the circuit on only one side of
Q. Suppose when the motor is running, it is greatly overloaded, the line, while the multipole switch opens the circuit in two or
what will be the result ?
more wires leading from the generator, or into the apparatus
A. If the motor starter 1s not of the automatic overload type, the controlled by the switch.
armature will be burned out, as the excessive current will heat
Q. How can a switch open the circuit on more than two wires,
the wire to such a high temperature as to ipnite the msnulaton.
when there are only two sides to a circuit, one the leading out
wire
and the other
the leading in wire?
Q. What is an automatic overload cut out?
A. An automatic overload cut out is simply a circuit breaker
A. To complete a circuit, only two wires are necessary ; that is,
attached to a motor Starter.
the current can leave the generator by one wire, and, after passing
Q. What is a circuit breaker ?
through the external circuit, return by another wire; but there
A. Acircuit breaker is a device that is so arranged that it will may be one or more devices im the circuit that are so made that
open the circuit when the current becomes too strong.
It conseveral branches of the main current are run through them ; this
sists of a switch that is under the control of a magnet, and canwould be the casé if the device were provided with a number of
not move to open the circuit until the current reaches a certain
separate magnet coils. Now, in such a case it micht he necessary
to break the current in all these branches, or to connect them
strength.
Q. What is an automatic over and under load motor starter ?
with the main line, all at the same time, and then it would require
A. It is a starter that 1s provided with a circuit breaker to for the purpose a switch with as many poles as there are wires or
open the circuit whenever the current becomes too strong, and branch circuits to connect.
Q. What is the difference between a single-throw and a multialso with a circuit-opening device that will open the circuit whenthrow switch ?
ever the current stops.
Q. What is the benefit of this kind of starter ?
A. A single-throw switch can only make one connection when
A. If the current stops when the motor is running, it opens the it is moved, that is, it can only open or close a single circuit. If
circuit, and then, if the current is established again before the one of its ends 1s connected with the main line, then, when it is
attendant has time to open the main switch, the motor will not be thrown to the closed position, it will connect with a certain wire
only. Ifthe switch is double throw, it can connect the main line
burned out.
and with another
Q. Why would the motor be byened out if the switch were left with one wire, by being thrown in one direction,
wire if thrown in the opposite direction.
Now, suppose iz is
closed in such a case?
desired to connect the main line with three, four, or any number
A. Because then there would b. no resistance in the armature
circuit other than that of the armature wire itself, and this would
of different wires, one at a time; then it will be necessary to have
a switch that can be thrown in as many different directions as
not be sufficient to keep the current down to the safe lim.
there are wires with which to connect.
Q. What is a safety fuse ?
Q. What is the difference between a single-break and a muinA. A safety fuse is a device that is arranged to hold a piece of
wire which is generally made of some metal that will melt at a break switch ?
low temperature, this wire being so proportioned that it will melt,
A. A single-break switch is so arranged that when n is n..ved
VOL. 11.—g0-
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to open the circuit, it onty opens it at one place. A multibreak | further you simply repeat the operation. One cycle corresponds
switch will open the circuit at two, three, or more points at the | to one revolution of the armature, if the generator is of the twosame time.
pole type.
Q. What, then, is the difference between a multipole and a
Q. What is a period in alternating currents?
roultibreak switch ?
A. A period is the same thing as a cycle.
A. The multipole switch opens the circuit in several different
Q. What is a phase ?
wires leading from the main line, but the multibreak switch opens
a. The word phase is also used to designate a cycle ; its use
the circuit in only one wire leading from the main line, but at | comes from the manner in which alternating currents are represeveral points.
sented on paper. To represent an alternating current graphicQ. Can these different types of switches be combined, that is, | ally, we draw a horizontal line, and call this the zero line and
so that one switch will be of two or three kinds at one and the | also the time line. It is the zero line, because the current is represame time ?
sented by a curved line, and this curve crosses the zero line at the
A. Yes; for example, we can have in single-pole switches, sin- | times when the current is rero. It is the time line, because disgie-pole, single-throw, single-break switches. We can also have | tances measured upon it represent time. The current is represingle-pole, single-throw, multibreak switches, and we can have | sented by a wave line which is placed so as to be central with the
single-pole, multithrow, multibreak switches.
In multipole | timeline; that is, so that from the top of the waves to the time line
switches we can have multipole, single-throw, single-break | the distance will be the same as from the bottom of the waves.
switches; multipole, multithrow, single-break switches ; and | Now, in a wave line the portion from the top of one wave to the top
multipole, multithrow, mulubreak switches.

of the next one forms one phase, and this much of the wave

line

Q. What is the difference between a continuous current and an | also represents one cycle of the alternating current.
alternating current ?
Q. What is a single-phase generator ?
A. The continuous current flows always in the same direction,
«f, A single-phase generator is a simple alternating current
and the alternating current reverses its direction many times in a | generator ; that is, a machine that generates a single alternating
second,
current.
Q. Can both kinds of currents be used for the same purpose ?
Q. What is a two-phase generator ?
<4. Yes, but not with equal success.
«4. A two-phase generator is a machine that generates two
Q. For what purposes is each current best suited ?
independent alternating currents that are out of time with each
A, The continuous current is the best, in the present state of | other.

the art, for the operation of railway motors, and, generally, for
Q. \What do you mean by two currents out of time with each
stationary motors of small size. It is also the best for arc light- | other ?
ing. For incandescent lighting, one current is as good as the
<f. If wwo currents reach the maximum positive value at the
other. For transmitting power to great distances, the alternating | same time, and then both decline and become zero at the same
current is the best, and also for the operation of motors of very | time, and after that increase together, flowing in the negative
large capacity. The alternating current is not suited for electro- | direction, becoming of the maximum negative value at the same
plating or similar purposes.
time, and then again reduce to zero, reaching this point together,
Q. Are alternating currents of the constant current, or the con- | then these two currents will be in time with each other or in phase
stant potential type ?
with each other, as itis also expressed. Now, if the two currents
A. Alternating currents can be either of the constant potenual | do not rise and fall together, but one reaches the zero value after
or the constant current type ; but in practice only the constant | the other, then they are out of time or out of phase.
potential current is used.
Q. Must the two currents be out of phase, or ume, with each
Q. How are the generators of alternating currents constructed ? | other to constitute a two-phase current ?
A. Tae construction of these machines does not differ very
l. Yes; if they were in time they could be considered as
much from that of the continuous current generators ; the princi- | branches of one and the same current.
pal difference being in the absence of the commutator, this device
Q. What is a three-phase current ?
:
not being required, as its office is to rectify the current.
4. A three-phase current is a system of three currents out of
Q. Is any other device used in the place of the commutator ?
phase with each other.
A. That depends upon the kind of alternating current generator.
Q. How are alternating current generators modified so as to
Q. How many kinds of these machines are there ?
' develop single-phase, two-phase, and three-phase currents ?
af, There are the revolving armature machines, the revolving
A. As the single-phase current is a single current, it is only
field machines, and the induction generators.
necessary to provide one circuit upon the armature. With the
Q. In what way do these three different types differ ?
two-phase current there are two currents, and, therefore, two
4. In the revolving armature generators the moving part different circuits must be placed upon the armature ; and in the
carnes the wire coils in which the current is induced. In the same way the three-phase current being three currents, requires
revolving field type the moving part carries the wire coils that three circuits.
develop the magneuc field; and in the induction generators the
Q. Is it necessary to wind the armature coils in a certain man-Wire is all stationary, and the revolving part is simply a mass of ner in each of these circuits for the different kinds of current, or
iron.
is the same winding used in all ?
Q. Are aiternating current generators of the two-pole or the
1, The same winding
is used in all ; but the position of the coils
mu:tipaiar construction ?
| has to be made to suit the character of current desired. If in
4, They can be made of either design, but if of the two-pole | the two-phase generator the coils of the two circuits were piaced
type, they would have to rotate at a very high velocity, and on ; one on top of the other, the currents would rise and fall in both
that account they are made with a number of poles ; the number ; at the same ume ; but if the coils of one circuit are set so as to not
odin
EME
dat

depending upon the velocity with which the armature can rotate. }be in line with the coils in the other circuit, then the currents in
and also upon the frequency of the current.
the two will not mse and fail together. In the same war in the
Q. What is meant by the frequency of the current ?
three-phase sysiem it is necessary to set the coils so that they are
i
A. The frequency of the current is the number of times it :j all out of line with each other, and then the three currer's will be
alternates in a second.
out of time.
Q. Whatis a cycle of an alternating current ?
Q. What is the proper ume reiation between the currents in a
|
Al. A cycle ts one complete reversal ; that is, if you start from | two-phase and a three-phase system ?
the time when the current is zero, and follow it while it rises to: 9 f. In the two-phase the ume relation should be such that when
the greatest positive value, and then declines to zero again, and ‘ one current is zero, the other is at its maximum strength. When
then rises to the greatest negative value, and reduces to zero, vou
this is the relation, the currents are said to be in quadrature with

will have performed one complete cycle ; for then in proceeding ; each other, or that one lags behind the other by a quarter of a
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cycle, or that there is a phase difference of one-quarter of a cycle
between them. In the three-phase system, the currents must be
out of time by one-third of a cycle.
Q. How is the field of an alternating current generator magnetized °
A. By means of a continuous current, which may be derived
from a separate machine, called an exciter, or it may be obtained
from the alternating current from the armature by passing a portion of this through a commutator.
Q. Will an alternating current
current is supplied to it ?
A. Yes;

generator run as a motor if

but the current must be of the same kind as the ma-

chine generates when acting as a generator.
Q. Can it run if only the alternating current is supplied to the
armature, or must the field coils be traversed by a continuous
current ?
A. The field coils must be traversed by a continuous current
just as in the case of a generator.
Q. Are motors of this kind constant or variable speed ?
A. They are of constant speed ; in fact, they will run at thesame

velocity as the generator that supplies the current, if the two machines have the same number of poles. On this account they are
called synchronous motors.
Q. From this I am to understand that any generator of alternating currents when supplied with the proper current becomes
a synchronous motor?
A. Yes.
Any generator will run in synchronism with the
generator that furnishes the current, providing the two machines
have the same number of poles. If the generator has double the
number of poles the motor will run twice as fast.

Q. Ifa synchronous motor is so loaded down that it cannot
keep up the speed, what will happen to it ?
A. It will come to a standstill; these motors cannot run at any
speed but that which synchronizes with the current frequency.
If the load is more than the motor can carry, it is pulled out of
step, as it is called, and comes at once to a stop.
Q. \What is an induction motor, a variable or a synchronous
speed machine?
A. An induction motor can be a variable speed machine, or it
can be a constant speed machine ; that is, constant in a practical
sense ; but it cannot be synchronous.
Q. How many kinds of induction machines are there ?
A. There are two kinds of induction motors, the single-phase
and the multiphase.
Q. Is there any particular difference between them in the manner in which they act ?
A. Yes. The single-phase motors will not start of their own
accord, unless provided with special starting devices, which consist, in reality, in so changing their connections with the circuit
as to convert them into two-phase machines in the act of starting.
Multiphase motors will start unaided.
Q. Will synchronous motors start alone ?
A. No. They must be run up to full speed before they will
develop any power.
Q. Is it necessary to run a single-phase motor up to full speed
in starting it, that is, providing it is not made so as to act asa
two-phase motor in the start ?
A. No. A single-phase motor will start if it is given a good
send-off.
Q. What is a rotary field motor ?
A. This is simply another name for an induction motor.
These
machines are also called rotary field motors, because in them the
magnetic field rotates.
Q. What is a transformer ?
A, A transformer is an apparatus or a machine that can
transform a current of one voltage into a current of another
voltage.
Q. How many different kinds of transformers are there ?
A, There are two types, the stationary and the rotary transformer.
Q. What kind of an affair is the stationary transformer?
A. The

stationary

transformer

is a

stationary

mass

of iron,

upon which two sets of coils are wound, one of these sets being
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called the primary and the other the secondary wire, or
coils.
Q. How does this type of transformer act ?
A. The current from the generator passes through the primary
coils and develops an alternating magnetic field in the iron mass,
and this alternating field, by cutting through the wires of the secondary coils, induces in them a secondary current.
(For further
details see section on Transformers).
Q. How can this apparatus transform a current when the secondary current is not a part of the primary, but an entirely independent current ?
A. A transformer does not transform a current, it generates a
new one by the inductive action induced by the primary, but the
name is given from the fact that the voltage of the secondary can
be different from that of the primary, either lower or higher.
Q. What is a step-down transformer?
A. A step-down transformer is one that develops a secondary
current of lower voltage than the primary.
Q. What is a step-up transformer ?
A. A transformer that delivers a secondary current of higher
voltage than the primary.
Q. What is a rotary transformer ?
A. A rotary transformer is a machine with a rotating armature,
and it is so arranged that it transforms alternating into continuous currents. Some of these machines actually change the alternating current into a continuous one, but in others the secondary
continuous current is entirely independent of the alternating
primary.
Q. What are transformers used for ?
A. The stationary transformers are used to lower the voltage
of currents generated in central stations, so as to obtain a pressure suitable for operating incandescent lamps. These are stepdown transformers. Step-up transformers are used to develop
secondary currents of high voltage to send over long transmission
lines, so as to reduce the size of the line wires.

At the end of the

line the current is again run through a step-down transformer,
and a secondary of lower voltage is obtained therefrom.
Rotary
transformers are used where it is desired to obtain continuous
currents from the alternating circuits.
Q. Are there any continuous current transformers ?

A. Yes; but these are all of the rotary type. It is not possible
to make a continuous current transformer without rotating
parts.
Q. What are such transformers used for?
A, They are used in cases where it is desired to obtain a continuous or alternating current of a voltage different from that in
the operating circuit.
Q. What is a booster ?
A, A booster is a continuous current transformer used to raise
the voltage of the line current from which it is operated. When
such a machine is used to develop a current in a separate circuit
it is called a rotary continuous current transformer ; but when it
is used to increase the voltage of the main line, it is called a
booster.
Q. What is a motor dynamo?
A. A motor dynamo is a small booster; it is another name for
the same machine.
Q. What is a dynamotor ?
A. A dynamotor is a rotary continuous current transformer,
so made that only one armature is required, and this acts as
motor and dynamo by having two independent circuits wound
upon it, one being traversed by the current that operates the
machine and the other by the current that is induced.
Dynamotors can be used for the same purposes as motor dynamos, or
rotary continuous current transformers ; they are only different
forms of the same machine, and are given different names when
used for different purposes.
Q. What is an arc lamp?
A. An arc lamp is an apparatus arranged to produce light by
causing a current to jump between two carbon points separated
from each other by a short distance.
Q. How many different types of arc lamps are there at the
present time ?
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A, Theic are three: the constant current lamps, the constant
potential lamps, and the alternating current lamps.
Q. How are the carbons fed together in arc lamps as they
burn away ?
A. By means of mechanism that is under the control of the current. In some lamps the mechanism consists of a train of gears
or clockwork, as it is commonly called; and in others it consists of a simple clutch which holds the carbon from dropping,
except when it becomes necessary to maintain the proper distance
between the ends of the carbons.
Q. What is an open arc lamp ?
A. An open arc lamp is one in which the carbons are inclosed
in a globe which allows a free access of the air.
Q. What is an inclosed arc lamp ?
A. A lamp in which the carbons are inclosed in a globe that is
nearly air-tight.
Q. What kind of instruments are used to measure electric
currents ?
A. The instruments commonly used for this purpose are the
volt meter, the ammeter,

and the watt meter.

Q. Does the volt meter measure volts ; and if so, how ?
A. The volt meter measures volts, and it does it by being placed
so as to be in a circuit running from one side of the line to the
other, so as to be acted upon by as strong a current as the whole
voltage of the circuit will force through it. To illustrate the point,
suppose we desire to measure the voltage of a generator, then we
connect the yolt meter to the two wires coming from the binding posts of the generator; therefore, the current that will pass
through the instrument will be all that the voltage of the machine
can force through it, hence the pointer will swing around as far
as this amount of current will send it. The amount of current
that will pass through the instrument will be very small because
its resistance is very high, it being made so expressly for the purpose of preventing a strong current from passing through it.
Q. How does the ammeter work ?
A. As the ammeter measures the whole current, it is not connected

across

the terminals

of the generator, but is inserted

in

one of the lines leading from it; and the current that passes
through it is not a very small portion of the whole, as in the volt
meter, but the total current ; hence the instrument will indicate

the current strength and not the voltage.
Q. How does the watt meter act ?
A. The watt meters

are made in the form of small motors, and

these drive a train of gearing that moves a set of indicator hands,
just the same as in a gas meter, The motor is made so that the
stronger the current that passes through it, the faster it will rotate,
and it is so proportioned that its increase in speed is directly in
proportion to the increase in power in the circuit ; that is, it takes
account of the voltage of the current as well as the strength.
Q. What is a recording volt meter and a recording ammeter?
A. These are instruments that make a record, on paper, of the
volts and the amperes during a run of a certain length of time,
generally one whole day.
Q. Where are these instruments generally located ?
A. Upon the switchboard.
Q. What is a switchboard ?
A. A switchboard is a panel, or number of panels, placed side
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by side, generally made of marble or slate, and iocated so that arr
the

instruments,

switches,

etc., that are

required

for

readily

handling the current may be placed upon it.
Q. What is the object of a switchboard ?
A. Its object is to facilitate the handling of the generator and
the various circuits into which the current is fed.
Q. What is the general arrangement of a switchboard ?
A. Generally, the wires leading from the generator, or generators, are attached tocircuit breakers, these being, asa

rule, located

at the top of the board. The currents from the generators, after
passing through the circuit breakers, go to what are called bus
bars, although in some cases they are passed through two-pole
switches before reaching the bus bars. The terminals of the several external circuits are carried to smaller circuit breakers, and

from these to switches which may be two or three pole, as may be
required, From these switches the wires run to the bus bars.
From this it will be seen that the generators feed into the bus
bars, and the external

circuits draw current

from the same

bus

bars. As the generators are provided with circuit breakers, the
circuit of any machine will be opened if the current strength in it
rises to a dangerous point. As there are main switches in each
generator

circuit,

it is possible to connect,

or disconnect,

any

machine from the circuit at any time. As the external circuits
are all connected with the bus bars through separate switches,
it is possible to cut any one, in or out, whenever it may be desired
to do so ;; and as each circuit has its own

circuit breaker, the cur-

rent cannot rise to the danger point in any part of the system, the
circuit breakers in each branch affording the necessary protection.
The instruments placed upon the switchboard are volt
meters, ammeters, and sometimes watt meters ; these latter, how-

ever, are more often used in the premises of consumers, so that
they may show how much current energy has been used. The
volt meters and ammeters upon the switchboard are connected
with the several generators, and also with the whole circuit, so as

to indicate what each machine is doing, and also what the total
current amounts to.
Q. What is an open circuit?
A. An open circuit is a circuit that is not continuous; therefore, a current cannot flow through it. When a current cannot
be forced through the wires, it is because the line is open circuited.
Q. What is a short circuit ?
A. A short circuit is a short cut made by the current through
a path outside of the regular circuit. Short circuits are established when the insulation at some point is imperfect and the
current jumps through it; but to establish a short circuit it is
necessary for the insulation to give away at two points some distance apart, for if the current gets out of the circuit through one
leak in the insulation, it cannot get back except through another
leak.
Q. What is a lightning arrester?
A. A lightning arrester is an apparatus so made that it will
protect the motors, or other devices in the circuit, from the effects

of lightning discharges.
Q. What is a ground detector ?
A. A ground detector is any device that will enable us te
determine whether there is a leak in the insulation of the circuit that allows the current to escape to the ground.
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Belt-shipper.
A device for moving a belt from | Calipers,
<A hinged tool for measuring work.
one pulley to another.
Cam, A revolving disc whose actuating surface is
Belt-tightener.
A pulley employed to causea | not a true circle.
Addendum,
That part of a gear wheel tooth that
belt to tighten upon another pulley to enable it to |
extends beyond or outwards from the pitch line.
Cam-motor.
A cam together with the rod it
Addendumecircle.
The circle representing the
transmit motion periodically instead of continuously.
actuates.
Bevel-sawing machine,
A wood-working mafull or greatest circumference of a gear wheel.
Cap. The plate or upper part of a bearing that
chine in which the saw or the work-table may be set to
Adjustable reamer. A reamer whose teeth may
holds the top half of the box or brasses in place.
cut a surface at other than a right angle to the face of
be adjusted to the required diameter.
Cape-chisel.
A narrow machinist’s chisel.
the work that rests against the work-table or the fence
Alternator.
An alternating current dynamo.
Paes: The backward curves on the points of file
as the case may be.
Ammeter, ov ampere meter.
An instrument
teeth.
Bevel-square,
A
square whose blade may be set
for measuring the quantity of current delivered at any
‘ Ea Renee
A screw with acollar and a square
to any required angle to the stock that holds it.
moment from the dynamo.
ead.
Bevel-wheel or bewelegear.
A gear wheel
Ampere.
The unit of measurement in measuring
Carbon.
The material through which the current
with its teeth at an angle to its shaft.
the rate of flow of the current.
flows to form the light of an arc lamp.
Bit. 1. A boring tool. 2. A tool that is carried in
Angle-iron.
A shape of wrought iron or steel
Carbon filament.
The loop .which gives the
a holder.
having two flanges ata right angle : thus L
light in an incandescent lamp.
Blank.
A piece of material roughly formed and
Angle-plate.
A plate having surfaces at a right
Carrier.
A device for driving lathe work.
ready to be formed into some definite shape.
angle, one to bolt to the machine work-table, the work
Case hardening
A
process of hardening the
_Blast-pipe.
1. The pipe conveying the blast or
being bolted to the other.
surface of wrought iron. the hardening usually extendAngle-tooth.
A gear whee] tooth thatrunsacrcss
air to a fire furnace or cupola. 2. Asmall pipe through
ne about 4, inch in depth.
which steam escapes up a locomotive chimney to inthe face of the wheel in a line that envelops part of the
atehead,
A_ sleeve fastened by set-screws to
crease the draught of the fires.
wheel circumference.
slender lathe work and running in a bearing so asto
allen:
An
extremely
loose
place
in
a
plate
or
saw
Angular cutters.
Cutters, whoce teeth are on a
steady the work.
cde.
circumferential surface, that .c, at an angle to the cut- ,
Caulking-tool. A tool used for caulking riveted
Block-plane. A short plane.
ter axis, such angle not being that of go° toeither the |
joints and in making rust-joints.
Bobbin. A cylindrical magnet.
side face nor to the axis of the cutter.
Centre bit. A bit having a triangular conical
Boiler-shell.
The outer casing of a steam-boiler.
Angular velocity. Velocity measured in degrees
point with its cutting edge on one-half of the end and
Bolt.
1. A holding device having a head at one
of angle.
a spur on the other half.
end and at the other a threaded stem to receive a nut.
Annular.
Inthe form of a ring.
Centre-punch,
A tool having aconed point for
2. A short piece of a round log.
Apron.
1. The piece that carries the tool port or
marking the centres to work.
Bolt-cutter.
A
machine
for cutting screw
clamp on an iron planing machine.
2. Tne front plate
Chamfer,
A facet that removes the corner of a
threads upon bolts or similar work.
of a I-the carriage.
right angle.
Boring-bar, A bar that carries boring tools.
Arbor.
1. A mandrel used to drive work upon. 2.
Change-gears pfitapion -piisbbactihi nal The gear
Boring-n-_achine.
A machine for boring holes
A spindle or shaft of a machine.
wheels employed to change the revolutions of a Tead
in
metal
or
wood.
Are.
A portion of a “ircle.
screw or feed motion.
ore
mall: A form of lathe used mainly for
Archimedian drill (ar-ki-me-dé’an).
<A drilling
Chaser.
A toothed tool for cutting threads by
ring.
device in which a nut moved endwise on a stock or
hand in a lathe.
Boring-tool.
A tool for cutting out and enlarghandle causes the drill to revolve back and forth.
Check.
A crack.
ing a bore or hole.
Arce 9f approach. That part in the revolu..on of
Check nat.
A second nut screwed against the
Boss. An enveloping piece on an axle or shaft and
a pair of gear wheels in which the teeth in contact
first to check it from slackening back.
having upon it an arm, arms, or spokes.
approach the fine of centres of the two wheels.
Chip-break. A piece that rests upon the work
Bottoming-tap. A tap having a full thread up
Arc of recess.
That
part in the revolution of a
of a wood-working machine and prevents the cutter
to its very end so that it will cut a full thread to the
pair of gear wheels in which the teeth in contact refrom splitting out the wood as the cut leaves the surbottom of a hole.
cede from the line of centres of the two wheels.
ace.
Box-chuck.
A _ rectangular two-jawed chuck
Arce-pitch,
The pitch of gear wheel teeth when
Chipping-hammer,
A machinist’s hand hamused by brass finishers.
measured around the pitch circle.
mer.
Box-too!.
A
tool
used
in
screw
machinesand
turArmature,
That part of a dynamo which generChips.
1. The cutting from a metal cuttin
maret heads, and which guides the work while it is being
ates electric current.
chinetool.
2. The thick cuttings from a wedge ahaped
operated upon.
A box tool in many cases carries more
Assembling.
Putting together the parts of a mawood -working tool. as from an axe or adz.
than one cutting tool.
chine.
Chisel,
wedge-shaped tool.
Box-wrench.
A wrench which fits over the
Attachment.
A _ work-holding device that may
Chisel-tooth saw.
A saw having inserted teeth
head of the bolt and passes endways upon it.
be attached to a machine.
with a maximum of front rake.
tSrace.
1. A rod, bar, or beam that braces or supAuzer
A wood-boring tool having two spiral
Chop or hamm
resink,
A mark left ona plate
ports. 2. A device for revolving cutting tools.
lates and a pointed screw to feed it, the cutting edge
by a sawmaker's or plate straightener’s hammer.
Bracket.
A projecting frame that is bolted to its
ing at the end of the tool.
Chord-pitch,
The pitch of gear wheel teeth
supportirg pieces or frame.
Axle-box. The bearing in which an axle revolves.
measured in a Straight line.
rad-awl].
An awl for piercing small holes in
Chuck,
A work-holding or tool-holding device.
wood and having a wedge shaped end.
Chucked,
Held inachuck.
Branche-pipe. A pipe leading out of another.
oases
feta
A lathe having a large face
Brass-and-brass.
A term used to denote that
plate for chucking purposcs. and usually a short bed.
the
two
brasses
or
boxes
of
a
bearing
are
locked
toChuck-plate,
A large face-plate on which work
Back-gear.
The toothed wheels on the spindle
gether by the key, cap, or set-screw.
may be chucked.
of a lathe and at the back of the lathe-head, by means
Bra;-ses.
Pieces
fitted
into
a
frame
and
intended
Cireuit.
The path of an electric current.
of which the speed of the lathe is reduced.
to afford a bearing for a journal.
Circular-saw,
<A saw haviag its teeth arrangea
Back-zeared lathe. A lathe having a back gear
Break-lathe
or gap-lathe.
A lathe having a
around its circumference.
to reduce its motion.
break or gap in the bed and beneath the face plate to
Clamp.
A device for fastening or holding work
Back-eknife gauge lathe. A lathe in which the
let chucked work of large diameter pass.
together or to some other part.
work is finished and cut to size and shape by a knife at
Broach. A toothed tool for cutting the walls of a
the back of the lathe.
Clearance,
1. The amount to which one piece
hole.
clearsor escapes another.
2. Ona
lathe tool, clearance
Balanced pulley. A pulley whose weight is so
Broaching-press.
A
machine
that
forces
a
is the amount to which the back face of the tool esequally
distributed that it will run_ steadily and
broach
to
its
cut.
| capes the metal it is cutting.
pmoathig at the speed for which it is balanced.
Brush.
That part of a dynamo that collects the
Clemeuts driver,
<A device foc driving work in
Balanced walwe.
A valve so constructed as to
electricity
from
the
armature.
a lathe. and that places an equal strain on each end of
move with equal force in either direction.
Bunter-dog.
A
work
gripping
device
for
a
planthe
lathe
dog
or
carrier.
Ball and socket joint,
A universal joint coning machine, and consisting of a piece having a hook
Clutch,
A device fur engaging or disengaging so
sisting of a ball on the end of a shaft and ina casing
end to engage in the T-slot of the table, and a set-screw
as to cause the motion of one piece to be communicated
that envelops it and yet permits it to be moved in its
to bind the work.
to another, or to stop such communication.
casing.
‘¢+Burning out?’ of an armature.
The deCock,
A device for opening or closing the bore of
Ball-cutter,
A tool for finishing metal balls.
struction of the insulation of the iron plates of an _a pipe.
Ball-pene.
Aspherical pene of ahammer.
_
armature, by overheating.
Cog.
A wooden tooth for a gear wheel.
Bande-aw.
Acontinuous ribbon of steel having
Butt-joint.
<A riveted joint in which the ends of
Collapsing-taps.
A tap thai is so formed that its
saw teeth on one of its edges.
the
plate
abut
fair.
one
against
the
other.
teeth close inwards when the thread is cut so that the
Band-saw wachine.
A machine for operating
Buttestrap.
A
strip
or
band
of
iron
employed
to
tap can be withdrawn without winding it backward.
a band-saw.
hold the joint together in a butt-joint.
Collar,
1. A disk-shaped enlargement on a cylinBastard file. A file whose teeth are one degree
Batteweld.
<A
weld
in
which
the
end
of
one
piece
drical piece. 2. A hollow cylindrical piece containing
or grade coarser than a second cut file and one degree
merely
abuts
against
the
other
when
the
two
pieces
are
aset
screw,
to
prevent a shaft from end motion.
finer than a coarse cut file.
put together to weld.
Collet. A casing for holding tools or drawers in
Bearing.
A guide to steady
a shaft or rod, and
Buzz-planer,.
<A wood-planing machine in which
position.
maintain it In position.
the work is fed by hand
Combination-chuck,
A chuck in which the
Belt.
A leather band employed todrive pulleys, for
By-pass.
A shunt from the main current.
“aws may be moved simultaneously or inde>endently.
transmitting motion.
Commutator,
That part of the armature of a dyBelt-clamp.
A clamp for pulling the ends of a
namo which conveys the electricity from the armature
belt together, to lace it, while the belt is upon the
Cc
windings to the wires that connect to the measuring
ulleys.
instruments. etc
e Bejt-hook.
A hook employed to fasten the ends
Calender roll. A roil for calendering paper.
Comparator,
<A machine for comparing meas
of belts together.
;
ao
Caliper-gauge.
A gauge in the form of a
solid
urements, for testing them and originating sub-divis
Belt-pulley.
A wheel that drives or is driven by
ions.
a belt.
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Compass-calipers,

A pairof calipers having one

bent leg and one leg with compass joint.
Compasses,
tool answering the same purpose
as dividers, but with longer legs and a set screw to
secure the position of the legs.
Compass-plane,.
A plane whose sole or bottom
is curved in its length.
Compound gears, A train of gear wheels in
which there are two wheels fixed on the same shaft but
of different diameters so as to vary the velocity.
Compound slide-rest. A slide-rest having two
slides, one above the other.
Compound wound dynamo,
One which has
in the field the winding of both a series and a shunt
machine.
_Couducting coil,

A coil for conducting electri-

city.

Conductivity.
The capacity to conduct.
Cone-bearing.
A bearing (for a journal) that
contains a coned sleeve that may be moved endways to
take up wear.
Cone-mandrel,
<A mandrel that holds hollow
work by means of two cones.
Cone-plate,
<A device for steadying work in the
lathe by supporting one end in a coned mouth.
Cene-pulley.
A pulley having steps of different
diameters.
Cone-eshaft,
The shaft for a cone pulley.
Converter,
An instrument
for reducing the
strength of an electric current.
Cook’s auger,
An auger rounded at the end for
cutting end-grain wood.
Cope-cutter,
A cutter for under-cutting the
shoulder of a tenon on wood-work.
Cope-head, A head for a cope-cutter in a tenoning machine.
Core.
<A bcdy of sand that produces a hole or
cavity in a casting.
Core-box.
The box in which a core is made.
Cored.
Containing a hole or recess.
Cetter or cottar,
A term applied to small keys
that are very
broad in proportion to their thickness.
Cotter-drill.
A drill used in cutting out keyways in a machine.
Cotter-file.
A file thin in proportion to its
length, for filing out keyways or slots.
Counterbore,
1. A
lel recess at the mouth
of ahole. 2. A tool for producing such a recess.
Countershaft,
<A shaft with pulleys upon it,
employed to permit a machine to be started and stopped
without stopping and starting the line shaft; also, to
afford means for varying the speed of a machine.
Countersink,
A tool for cutting a coned mouth
to a hole.
Countersunk,
Having aconed mouth.
Coupling.
A piece used to connect two pieces
together.

Jovering-p
ate, A plate used to cover the seams
of a boiler.
(-ow-mouth chisel, A machinist’s chisel shaped
at the cutting end like a
nter’s gouge.
Crank.
Anarm that is fast toa shaft and is used
as a lever wherewith to revolve the shaft.
Crank-shaft.
<A shaft having a crank.
Cross-cut,
A narrow machinist’s chisel.

Cross-cut saw. A saw whose teeth are shaped to
cut across the fibre or grain of wood.
Cross-face, A plate straightener’s or saw maker's
hammer, having one face ata ee ae to the other.
Cross-feed,
That feed o a la e which runs

across the bed.
Cross-filing.,

a
;
That class of filing in which the
file is pushed in the line of its length.
Cross-head, That part of an engine that connects
the piston rod to the connecting rod
se gaia aaa
A slide that stands across a worktable.

Crowning,

Highest in the middle when tested by

a Straight edge.
A gear wheel having its teeth
Crown-ewheel,
upon its side face.
Cup-chuck,.: A chuck having a coned or cupped
mouth.

Cup-shape.

Acrack

of circular form in a piece

of timber ora oo
Current,
The
flow of electricity.
Cut-ec.ut.
An instrument for cutting out an electrical current.
Cutter,
A tool that is held or carried ina stock
bar or mandrel.
Cutter-bar, The bar or shaft that carries the cutting knives in a wood-planing machine.
Cutter-grinder,
<A machine for grinding cutters.
Cutter-head,
1. A head that carries cutters. 2.
The head that carries the cutters ina wood-moulding
machine.
Cutting-off lathe,
<A lathe used for cutting up
rods into required lengths, and having a hollow spindle
through which the rod passes.
Cutting-off saw.
A sawing machine designed
for cropping the ends of work and cutting it to length.
Cutting-off tool. <A tool for cutting up rods or
bars, and used in the common lathe and in the cuttingoff lathe.
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Delivery=rolls. Rolls that remove’the work from
a machine or from its cutters or knives.
Describing-circle,
The circle or cylinder containing the pencil for rolling a curve.
Diametral pitch, A system of designating the
pitches of gear wheels.
Diamond-point,
A machinist’s chisel, square
a diamond-shaped face at the
in cross-section, havin
ges, one at a right angle to the
end, and two cutting
other.
Die, 1. A tool for cutting threads upon external
surfaces, such as bolts. 1. A chumpy sliding piece.
_Difference potential, The unit of electro-motive force.

Differeutial

and

screw.

a fine thread,

A screw

the difference

having a coarse
between

the two

pine enabling a more powerful strain to be endured
y the thread.

Dimension planer. A wood-planing machine,
for planing accurately to size.
Direct current dynamo,
One in which the
current flows continually in one direction.
Disk vor disc, A cylinder whose length is very
short in proportion to its diameter.
Disk dymamo,
One whose armature and field
magnets are arranged in the torm of disks.
Dividers,
<A _ tool having two legs with sharp
points at their ends for measuring distances or draw-

ed

ing

circles.
og. A work-holding device.

Dog-echuck,

A chuck

containing

independent

dogs or jaws.
Dog-head.
A hammer used in plate or saw
straightening.
Double-eye or knuckle-joint,
A joint in
which one piece is forked at its end, to receive the

other, and a pin passes through both.
Double-thread.
A screw thread, having two
spirals in the same bolt or body.
Dovetail,
A
ve that is wider at the bottom
than at the top, or a projection thicker at the top than
at the bottem.
Draw-fling.
That class of filing in which the
Ane of file wotion is in the direction of the width of the
e.

Drawn-down,.

Decreased in diameter, width or

thickness, by forging or swaging.
Drawneout,
Increased in length, by forging or
swaging.

Nrift. A tool that cuts the walls of a hole while it
t2 driven through by hammer blows.
Drift-pin.
A taper pin that is used by bciler
makers to drive through holes that do not come fair, or
match properly.
Drill. A tool to pierce holes.
Drill-chuck.
A chuck used to hold drills.
Drilling-machine.
A machine for drilling holes
in metal.

Driver,

1. A device for driving work in the lathe

and sometimes called a dog or carrier. 2. A gear
wheel which drives another.
Drop-hammer.
A forging or stamping hammer
which is lifted by power and let fall of its own weight.
Drunken thread.
A screw thread that is nota
true spiral, but is waved in its course.
Duplex slide-rest. A feed motion in which
there are two slide-rests in one slide-way.
Dutchman. A piece let in to restore a worn part,
or to hide a defect.
A machine that generDynamo or generator.
ates electricity.
Dynamo circuit. The path of thecurrent through
the held magnets and commutator.
E
Edge-moulding
machine.
A machine
for
dressing the edges of wood-work to shape, and usually
for forming a moulding thereon.
Electro magnet.
One that becomes magnetic
when an electric current passes through the wire coils
with which it is wound.
Emery grinder or emery-grinding machine.
A machine in which emery wheels are used
to grind the work.

Emery wheel.
A wheel composed of emery
cemented together under pressure.
Endlessscrew. A short length of screw formed
to drive the teeth of a worm wheel.
Ende-mill., <A milling-machine cutter having teeth
on its end face.
A lathe bavinga feed motor for
Engine-lathe.
the cutting tool.

peeve
(€p-i-si’kloid). A cycloidal curve in
which the rolling circle is rolled outside the fixed or

base circle.
Equalizing-file.
A file that is slightly thicker
in the middle than it is at either end.
Expanding-chack.
A chuck that is capable of
expanding to accommodate a slight variation of workdiameter and usually ho!ding the work from its bore.
Expanding-mandrel.
A mandrel whose diameter may be varied, usually by means of moving jaws
or pieces,
Expansiou-joint.
A joint capable of permitting
the
parts it connects to expand and contract under variCyclolid (si’kloid). A curve generated by a pencil
ations of temperature.
fixed in the perimeter of a circle that is rolled upon
Extension-bit.
A bit in which a cutter can be
another circle.
set so as to bore different sizes of holes.
Cylinder,
1. That part of a steam-engine_ in
Extension-lathe,
<A lathe whose bed is in two
which the steam is utilized to drive the piston. 2. The
shaft that carrnes the knives in a wood planing ma- :longitudinal divisions so that the upper one may be
moved endways and thus form a gap to let chucked
chine.
work of large diameter pass.
A piece
Cylinder-head or cylinder-cover,
that encloses or seals the end of a cylinder.

F

D
Dashepot.
A small cylinder attached to the armature of the Imp, carrying inside a piston.
Dead centre,
he stationary centre of a lathe.
Dead

smooth

finest or smoothest

file, oy

superfine

cut of file.

file,

The

1. The broadest surface of a piece, or that
Face.
having the largest area. 2. The circumferential surface of a wheel or pulley. 3. A surface ona gearwheel tooth.

Face-cam.
A cam in which the actuating surface
is on its side or sides.

Face-cutter.
A milling
cutter having its teeth
upon its circumferential surface.
Face-plate.
A plate or table having a plane or
flat surface for holding work.
Facing-cutter.
A cutter for levelling a face or
surface.
Farrar planer.
A wood-planing
machine in
which a travelling bed is used to feed the work to the
cutter head.
Feather.
A ke that is fast in one piece of the
work, and an easy
t to the other, so that the latter
may be moved along the feather.
Keed=-motor,.
That part of a machine that feeds
either the work or the tool, so as to put on the cut.

Feed-rolls.
Rolls that move the work to machines
or to cutting tools.

Feed-screw.
A screw
cutting too] in a machine.
Fence,

A

plate

in

a

that is used

to feed the

wood-working

machine,

against which ce work is set or moved to hoid it in
proper
ition for the cutting operations.
Fiddle-drill.

A drill hat ig revolved back and

forth by a device similar to a tiddle-bow.
Field.
The space between north and south poles

of a field magnet.
Field coil. A coil in the magnets
the dynamo.

Field magnet.

of the field in

That part of a dynamo

which

generates the magnetism.
Fifth wheel,
The circular slideway that enables
the front axle of a vehicle to turn horizontally.
File. A hand tool for cutting metal, wood, ivory,
bone and al] other hard substances except stone.
File-card.
A wire-brush for cleaning files.

Fillet.

A curvec piece for filling in a corner.

Fillister-=head.
A _ screw-head that is cylindrica]
and contains a screw slot.
Firmer-chisel.
A stout carpenter's chisel that is
used for cutting out mortises and similar heavy work.

Fitestrip.

A

projection

usually

about

an inch

wide that is intended to be fitted to bed the piece ; roperly and save bedding the whole surface of the piece.
‘ixture, A device for holding work in an exact
position, true with some one face, hole, or pin, as the
case may be.

Flat-chisel.

A wedge-shaped machinist’s chisel.

Flat-drill. A drill whose body is rectangular in
cross-section.
Flatter. A swage for flat surfaces.
Fleam,.
Acuteness given to saw teeth by filing
their front faces at an acute angle to the plane of the
saw blade.
Flexible shaft. A shaft composed of wire, similar
to a wire rope, for transmitting rotary motion, notwithstanding that the shaft may be an arc of a circle.
Flooring=-machine.
A machine for planing and
Hee Had at the same time. and generally used for floor
boards.
Movement in one direction.
A groove.
Fly-cutter.
A cutting tool fastened in an arbor or
spindle, and used for producing irregular shapes.
Follower.
A gear-wheel
that receives motion
from another gear wheel.
Follower-rest,
A rest that steadies work on the
lathe and travels with the slide rest.
Foot-block.
<A work-holding device containing a
dead centre, used upon a milling machine.
Foot-lathe.
A lathe operated by foot-power.
one
or jack-planme.
<A roughing out

plane.
Forging.
<A piece or part that has been forged
into shape.
Fork-centre.
<A centre used to drive woodwork
in the lathe.
Fork-scriber.
<A double pointed tool used by
boiler makers to mark sm.11! circles.
Former,
1. A piece that acts as a guide to control the movement of acutting tool. 2. A template or
block on which a piece is bent or shaped.
Foucault current.
An eddying current.
It is
sometimes called an eddy currentora
asitic current.
Fox-lathe.
<A brass finisher’s lathe. having a
turret head and spiral thread-cutting devices that obviate the use of a lead screw or change gears.
Friction-clutch.
A clutch that operates by frictional conract.
Friction-gearing.
Wheels that transmit motion
by the frictional contact of their circumferences.
Friction-rollers.
Rollers employed to reduce
the friction of the parts.
Friction-wheel.
A wheel that drives by the
frictional contact of its surface.
Friezing-machine or edge-moulding machine.
<A machine for cutting mouldings on the edge
of wood work.
Front-tool.
A tool having its cutting edge in
front, and used for plain surfacing work.
Fuller. A blacksmith’s tool for spreading the metal
in any particular direction.
Fuse. A strip of lead, tin. or other soft metal
which is drawn to a fixed size and calculated to carry
a given current, and which therefore fuses as soon as
an excessive current flows through it, and is used te
protect house wires, dynamos, etc.

G
Galwanometer,
An instrument for detecting the
presence of electric currents.
Gang-drill. A drilling machine on which a number of drills may be used simultaneously.
Gang-edver or gan-edgingg machine.
A
machine in which a gang of saws are employed to trim
the edges of boards or cut them to width.
Gangemills.
Milling machine cutters that are

placed in gangs and side by side on the same arbor.
<A lathe having
Gap-lathe or break-lathe.
gap in its bed to enable the chucking of work
would not otherwise pass over the bed.
:

a
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Gauge.
1. A o..urd
standard of shape.
Gear.

of measurement.

A term applied toa piece of mechanism that

gage with similar teeth upon another whcecl.

semerating-circle.
The circle that is supposed
to move in the construction of cycloidal curves.

Generator oy dynamo.

WORKSHOP

Inserted-tooth cutter.
A cutter
teeth are inserted in a disk or head.

2. A!

accomplishes a single object;
thus a _ valve-gear
operates a valve ; a steering year steers the vessel.
Geared.
Placed in gear or connected together.
Gearewheel.
A wheel provided with teeth to en-
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Inside calipers,

TERMS.

in which

the

Calipers used to measure inside

dimensions, as boxes, recesses, etc.

Insulate,

To cover electric conducting material

with some non-conducting
substance.
Intermediates,
he wheels that are

_ the front driver and

between

last follower of atrain of gear

| Wheels.

|

A machine that generates

electricity.
Gib.
1. A piece that may be set up to take up the
wear. 2. A piece for holding a strap, and forming an
abutting piece for a key.
Gimlet.
<A wood-boring hand tool, having a
threaded conical end to pull it to its cut.
Gimloetebit.
A fluted gimlet having no thread at
ts end, but a spiral flute so shaped as to pull the bit
forward to its cut.
Gland.
A piece enveloping a stem and used to
make a tight working joint.
Globe-valve.
valve having a spherical body,
used in pipe-work.
A frame affording a fulcrum for a
Goose-neck.
ratchet brace.
;
Gouge.
A wood-cutting hand tool that is curved in

Involute,

A curve penctates

by the path of a

_ given point in a straight line, as the line is rolled upon
acircle.

(Vol. I. p. 31.)

Jig,

Adevice

A plane employed

torough out the

for holding work and guiding the

operating tool.
Jointing=-machine,
<A machine for truing the
surfaces of wood-work that are to form a joint.
Journal,
That part of ashaft that runs in a bearing which guides or limits the motion of the shaft.
_ Jump ov upset, To enlarge at the end by a forging process.
Jumper.
A piece of electric cable about three feet
long, covered with insulating tape or rubber tube.

and having cutting edges at its end that are formed by
grinding the end face at an acute angle to the body of
e tool.
Groove-cam.
A cam in which the actuating surface is in the form of a groove.
Ground-detector.
An instrument used to tell
when the mains are grounded.
Grounde-joint.
A joint that is finished by grinding the parts together, usually with oil and emery.
suide-bar

oy

slide-bar.

A

bar

that

forms

. Gum.
1. The bottom of the space between saw
teeth. 2. A rubber-like substance formed of oil that

has dried.

Knife.
Thecutting tool used on a wood-planing
or wood-splitting machine.
Knurling-tool ov milling-tool, A tool used to
press indentations into the edges or upon the surface
of metal, in order to increase the hand grip of it.

iron in two under a

frame and used by
aa
which a piece is let
come level.

Half-round file. <A file that is half round in
cross-section.
Handefile.
A superior class of file that is parallel

in width and thickest in the middle of its length.

<A hammer that can be used in

one hand.
A lathe with which hand cutting
Hand-lathe.
tools are used.
A nut that may be screwed up by
Hand-nut,
hand without the aid of a wrench.
;

Hand-planer.
A wood-planing machine in which
«he work is fed by hand.
Handereste
The rest on which hand turning tools
are supported in a lathe.
Hand-tap. A tap that is used by hand.
Hande-vise.
A small vise for use in the hand.
Hanger. A frame that is bolted to another frame
wr part, and carries another piece, usually a shaft of

gome kind.
Hardened,

Hardened steel is that which has
been made hard by heating to a cherry red and suddenly cooling it, usually by quenching it in water.
Hardy. A blacksmith’s chisel that fits into the
vil.
“Heading-block.
A block used in upsetting the
heads of bolts or pins.
Hearteshake,. A split radiating from the centre
of a log.

Heating-surface,
That part of the surface of a
steam-boiler that receives heat on one side and has
water on the other.
;
Heeletool,
A hand turning tool ee a projecting heel to cross the tool rest, and usually held ina
wooden stock or handle.
Herring-bone tooth,
A form of gear wheel
tooth in which the tooth, instead of passing direct
across the wheel face, curves partly around the circumference and then back again, so that the two ends of
the tooth only are opposite to each other.
Hindley’s-screw. A short length of screw used
to drive a worm wheel, and sometimes termed an end-

less screw.

Hob or hub. A tool for cutting the threads on
screw cutting tools, such as chaser dies.
ee
Horseshoe magnet,
Onecorresponding in form
to a horseshoe.
A worm

or tangent screw

which is formed to envelop part of the arc of circumference of a worm wheel, and therefore assumes in outline the form of a sand hour-glass.
Hunting-tooth, Anextra tooth put into a pair of
gear wheels that would otherwise contain the same
number of teeth, the object being to prevent the same
teeth from always falling together.
;
;
Hypocycloid (hi-po-s!’kloid). A cycloidal curve in
which the rolling circle is rolled within the fixed or
base circle.

1
A pulley emIdle pulley or gone pulley.
;
ployed to guide a belt.
Tedcpendent chuck,
A chuck in which [each
jaw is operated separately
Index-plate.
A
plate having holes
or notches
accurately dividing a circle into equal divisions.

A _ woodworking machine which cuts a groove on one edge
and : tongue on the other edge ona board cr piece of
work.
Measuring-machine.
A machine for determining the measurement of a piece.
(mIi-kriom/e-ter).

steel, saw teeth, etc.
MEilling-cutter ov mill,

tool used in a milling-machine.

tool rest of a lathe.
Lathesshears.
The frame of alathe that carries
the head and tail stocks, and that rests on legs.

Lead-screw,.
Ascrew fora lathe that 1s used for
screw cutting only.
Left-hand thread. Ascrew thread in which the
nut must be revolved in a direction opposite to that in
which the hands of a watch move, in order that the
nut may screw upon the bolt.
Leg-vise.
A machinist’s or blacksmith’s vise having legs.
Line of centres. A line, real or imaginary, passing from one centre to another.

Line out. To mark on work lines denoting the
depth of surface that is to be cut away.
ainer.
A piece of iron put behind or upon a piece
to take up its wear.
Line shaft. A shaft employed to transmit motion
from an engine or motor to distant points.
Lines of force.
Imaginary lines representing thc
direction in which the flow of magnetism takes place
in the magnetic field of a dynamo.
Link, Apiece having holes or pins at its end to
connect two other pieces together.
; Live centre.
Thecentre of the live spindle of a
athe.
Live spindle. The revolving spindle of a lathe.
Loose. A term used to denote a part of a plate or
saw that is not under tension.
Lost motion,
Motion that isnot transmitted on
account of the looseness of the parts.
Lug. Asmall projection.

M.
Machine-bolt.
A bolt and nut of the sizes kept
in stock by machinery dealers, the bolt usually being
black or unturned.
A smal] screw made to the
Machine-screw.
Birmingham wire Reuse.
Machine-tap. A long taper tap used in threading
nuts in a machine.
Machine-too]. A machine that performs work by
means of cutting tools.

A metallic substance charged with mag-

netism.

;
;
Mandrel,
+. A cylindrical piece which is driven
into hollow work and holds it while it is turned in the
lathe. 2. A piece or bar on which work is driven or
forced.
3. A shaft running in bearings.
Mangle=wheel,
A gear wheel whose teeth are
so arranged that the wheel is reciprocated back and
forth on its centre, and

does

or cutting

Nail-bit.
<A boring tool for wood, used for cutting
across the grain of wood.
Negative,
The south pole of an electro magnet.
Neutral line. The line at which the commutator
brushes stand when they take off electricity most advantageously.
North pole.
That pole of an electro magnet
which corresponds to the positive pole of a permanent
magnet.

Nut.

A threaded piece for receiving a screw.

A machine that revolves work to be oper-

ated by cutting tools.
Lathe-bed.
The frame that’carries the head and
tail stock of a lathe, and that rests upon a
solid foundation.
Lathe-carriage.
The sliding piece that carries
the tool rest of a lathe.
Lathe-centre.
The piece or part of a lathe that
enters the coned recess of lathe work that is held between centres.
Lathe-saddle,.
The sliding piece that carries the

Magnet.

The cutter

N

Lap-joint.
A joint in which one piece overlaps
the other.
Lap-weld.
A weld in which both pieces are bevelled at the ends, and one end overlaps the other where
the two are put together to weld.

Lathe.

A tool for measur-

Milling machine. A machine in which revolving
cutters are used to dress the surfaces of metal and cut
them to size and shape.
WMitre-cutting machine.
A machine for cutting mitre joints.
Witre-joint.
A joint at an angle of 45 degrees to
the plane of the pieces it joins.
Mitre-wheel. A bevel gear having its teeth at an
angle of 45 degrees io its shaft.
Wiortise,
<A recess slot, usually square or rectangular, and employed to receive a tenon from another
iece.
: Motor.
A dynamo used to drive other machinery.
Moulding-cutters.
The cutters employed to
produce mouldings on wood.
Multiplesedrilling machine,
A drilling machine in which more than one drilling-tool may be
used, and separate and fsuccessive operations may be
performed upon the work, carrying it from one
drillspindle to another.
Mute-pulley.
A belt-guiding pulley that can be
adjusted to various positions upon its stand.

L

Land. That part of a tap or a reamer that lies between its plates and carries the cutting edges or teeth.
Lantern. A primitive form of gear in which rungs
are used instead of teeth.
used.

Hack. A tool used for cutting
steam hammer.
Hack-esaw.
aA saw hold in a
band for cutting metal.
Half-check joint. A jointin
into the other, so that the surfaces

screw.

toyether.

Lap. A grinding device consisting of a lead or
other soft metal surface, on which emery and oil is

H

Hour-glass

The passageway or slot cut
yasaw.
Arectangular wedy2 for locking two pieces

a!

guide for the crosshead of an engine or other moving
iece.

Hand-hammer,

K

Kerf.
Key.

boards will match or be fitted together.
Matching-emachine ov matcher.

Nficrometer

its cross-section.

Gramme.
The name of the inventor of ring armature for dynamos.
Gravis.
A hand tool, rectangular in cross-section

Wiaster-tap.
A standard tap used for producing
thread cutting tools, or kept as a standard of size.
Wiatched.
A board that hasa ap eeson one ed
and a groove on the cther so that the edges of
the

ing to minute fractions of an inch.
Willefile.
A single cut file used for filing sheet

J
J peleeE renee
work.

651

not

make

a full revolu-

tion.
Marking-gauge.
A tool used by wood-workers
to draw a line upon work.

O
Odontograph (6-d6n’-to-grif),
An instrument
employee in making or drawing gear-wheel teeth.
him’s law.
urrent strength equals electro.
motive force divided by the resistance.
Oliver.
A foot-power hammer used by blacksmiths, mainly for forging bolts or studs.
Open coil dynamo.
One in which each coil is
separated from the other coils of the armature.

Outside-calipers,
ternal surfaces.

Calipers used to measure exP

Panelling-machine.
mouldings upon panels,

Parallel-file.

A

machine

<A file whose

for cutting

thickness is equal

from end to end.
Parallele-vise.
A vise in which the gripping face
of the movable jaw is maintained parallel to that of the
fixed jaw.

Paringe-chisel.
A wood-worker's chisel that is
pushed to its cut by hand pressure.
Pattern-lathe.
A lathe designed for the use of
pattern-makers.
Paw'l. A tongue that engages with a ratchet.

Pence (pén) ov pane. The lightest end of a ham
mer.
Pening (pén’ing). The hammering of the surface
of metal in order to stretch it and alter the shape of the
lece.
P Permanevt magnet. One permanently charged
with magnetism.
Pillow
block, plillar-block, ov plumberblock.
A
picce that affords a bearing for a shaft
and is bolted to a pillar or frame.
Pin-block.
A wooden block used to steady small

pins when filed in the vise.
Pinion.
The smallest wheel in a pair of wheels or
in a train of gearing.
Pin-wrench.
A wrench having a pin to enter
holes in the nut.
Pipe-cutter,
A hand tool for cutting pipe into
lengths.
Pipe-die.
A tool for cutting threads on pipes.
Pipe-tongs,.
A hand tool for gripping pipes.
Piston.
1. That part of a steam-engine that moves
under steam pressure.
slides therein.

2. A disk that fits a bore and

Pitch. The distance apart of two pieces.
Pitch-cirele.
A circle drawn through those parts
in a gear wheel where the face of the tooth meets the
flank, this circle representing the diameter of the wheel
forcalculati ns involving its velocity.
Pitch-line.
A part of a pitch circle.
Pitman. A name sometimes given to a connecting
rod.
Planer-shaper.
A_metal-cutting machine in
which the ram or slide carrying the tool 1s moved after
the manner of a planing machine.
Planimeter (pla-nim’e-ter). An instrument for
finding the area By irregularly shaped plane surfaces.
Planing-emachine,
1. For iron.
A machine
having a travelling work-table sliding in guideways,
the tool being carried in a slideway that spans the

table.

Two or more slide-rests are used in the laryes
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machine...

. Wood-planing

machine.

A

head carrying long planing knives.
Platenm.
1. A work-holding table. 2. The plane
surfaced plate which presses on the type in printing.
Play.
Looseness of fit.
Plug. The interior piece of a cock.
Plug-and-collar gauge.
A pair of gauges for
the same size. The plug being sometimes termed the
male and the collar
the female gauge.
Plug-tap.
A tap that follows the taper taps and
has but two or three of its teeth eased off at the end.
Plumbebob.
An instrument for denoting whether
anything stands eracey vertical.
;
:
Plumb-level. A levelling tool depending for its
accuracy on a weighted line and an edge that is
straight.
Astraight edge containing a plumbPlumb-rule.
bob.
see
Poles.
Extremities of magnets; also, directions of
electric currents.
A wood-boring tool, havPod-bit ov nose-bit.
ing a cutting lip at its end.
Poin t. The surface or the extremity of a gear-

wheel tooth.

Polishing-lathe.
A lathe that is used for polishand therefore requires no tool-carrying devices. —

Positive. That pole of a permanent magnet which
corresponds to the north pole of an electric magnet.
Poppet-head.
The main head of a lathe.
*orter=-bar.
A bar for handling heavy forgings,
which is welded to the forging and afterwards cut off.
Pressure-bar.
A bar or piece that presses the
work to the table in a wood-planing machine.
Pressure-indicator.
An instrument
for indicating the pressure of the electric current passing through
a conductor.

Protractor. <A tool having a blade which may be
set to the degrees of a circle which are marked upon
the back or stock of the protractor.
Pulley.
A wheel that receives or drives a band,
belt, or rope.
A wheel that drives or is
Pulley or belt-pulley.
driven by a belt.

Q
Quadrant.
1. A piece forming one-fourth of a
circle. 2. A piece forming the segment of a circle.
Quick return.
A motion by means of which a
head ram or work-table is moved faster during its return traverse than during its cutting traverse.

R
Rabbet. A step at the end ofa piece of wood.
Rabbeting-plane. A plane for rabbeting.

Rack,
A straight body, having on it, (1) teeth corresponding to the teeth in the wheel that drives it or
that it drives ; (2) notches to engage a pawl or ratchet.
Rack-feed.
A feed motor in which the worktable has a rack driven by a gear-wheel.
Rake.
The inclination of the front face of a cutting tool to the body of the stee! of which it is made.
Ratchet. A pawl or tongue one end of which engages in notches in a rack or wheel.
atchet-brace.
A hand-drilling device, in which
a lever carries a pawl that engages
wheel, which drives the drill.

with a ratchet-

Ratetail file. A taper round file of small diameter
or Jess than one-fourth of an inch.
Reamer,

rymer,

ov rimer.

A tool for smooth-

waeShe enlarging bores or holes.
ecutefile.
<A file whose original teeth have been
ground off and new teeth have been cut.
Ked-marking.
A mixture of venetian red and
common oil, used to put on a piece of work when trying its fit, and serving to denote the fit.
esidual magnetism.
The magnetism which
remains in an electro magnet after it has been charged
with magnetism.
Resistance=-box, rheostat, or current reg-

ulator,

An instrument for regulating the pressure

of an electric current.
Returnecam.
A secondary cam used to movea

piece back, after the main cam has moved it forward.

o

Reverse-keys.
An arrangement of keys or
wedges, that releases two pieces that have been keyed
together.
ib. A prcjecting strip usually employed
to
strengthen a piece, as the arm of a wheel.
Right-hand thread. A screw thread in which,
with the end of the bolt towards you, the top of the nut
must revolve from left to right like the hands of a
watch in order to cause it to screw upon the bolt.
Rip-saw.
A saw whose teeth are shaped to cut
lengthways of the grain of the wood.
Rod-feed.
<A feed motion that is operated by a
rod.
Roll-fecd.
A feed motion in which the work is
fed to the cutting tool by revolving rolls.
Rope-socket.
A socket in which the ends of a
wire rope are secured.

Rose-bit,.
A reamer that cuts at the end only.
Rotary planer.
An iron planing machine
in
which a number of cutters are set in a revolving face
plate that is fed to the cut by a head on a slide.
Round-nosed chisel. A machinist’s chisel whose
cutting edge is shaped so as to cut a groove circular in
cross-section.
Roundenosed tool. A tool whose cutting edge
is circular in its course o7 length.
Routing-machine.
A machine using a revolving cutter to cut away some parts of a surface and
leave the rest in relief.
Rust-joint.
A joint that is made by being filled
with cast-iron cuttings mixed with sal-ammoniac and
ou ad to cause the cuttings to rust and form a solid
y.
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Safe-edge file.

A file having no teeth upon one

of its edges.
Safety-catch holder.

A _ brass

bar

with

two

binding screws attached ; one to hold the wire, the
other, a fuse or safety-catch, two such holders being
placed beside one another.
Sanding ory sand-papering machine,
A
machine in which sand-paper-covered rollers or wheels
are used for finishing wood-work.
Sawe-arbor.
The arbor or mandrel on which a
circular saw is driven.
Sawe-bench.
A circular saw machine.
Saw-gummer.
<A machine for deepening the
spaces between saw teeth.
Saw-packing.
Plaited hemp that is packed on
both sides of acircular saw to warm
its tension when it is running.

it and

equalize

Scale.
1. A rule or measuring device having lines
of division upon it. 2. Proportion of size.
Scarf. The bevel of a piece of metal that is to be
ap welded.
craper.
A hand tool that scrapes rather than cuts
the metal.
Screw-cutting lathe.
A lathe that has a screw
feed with change gears to enable it .o cut threads or
screws upon the work.
Screw-cutting lathe
with independent
feed.
A lathe that has a lead screw for cuttin
threads and a separate feed motion for ordinary too
travers.
A machine
used to cut
Screwing-machine.
screw-threads.
Screw-machine.
A formof lathe in which the
spindle is hollow and a revolving head or turret is employed to carry the cutting tools.

Screw-plate.

A tool for cutting external threads

on small work.
The thread upon a screw or
Screw-thread.
other piece of work.
Screwstool.
Another name for a chaser.
Scribing-block ov surface-gauge. A tool that
carries a needle or scriber for marking on work lines
denoting its finished size or the amount of metal that
is to be cut off, and that is also used for setting work.
Secondary main.
A main electric line coming
from the secondary coil of a converter and is the one
on which the lamps are connected.
Second-cut file. A file whose teeth are coarser
than a smooth file and finer than a bastard file.
Sector.
A device used in connection with an index
plate to denote the holes to be used in any particular
division of a circle.
Segment. A piece having the shape of a segment
of acircle, used for building up a hollow cylinder.
Segmental saw. A saw that is composed of parts
secured to a frame or disk.
Self-acting lathe. A lathe having an automatic
feed motion for the cutting tool.
Self-exciter.
A dynamo that consumes a part of
its own current to excite its own field magnets.
Series.
As applied to a dynamo, means either
series-wound, or running in series with one or more
other dynamos.
Set. 1. The bend to one side of the body of the
blade of the teeth of saws. 2. Adjustment or alignment.
3. Binding two pieces together.
Set-screw.
A screw that binds or secures two
pieces together by being screwed through one piece
and against the other.
Shafting-rest.
<A slide-rest carrying several cutting tools and usually employed for turring shafting in
the lathe.
Shake. A crack in timber.
Shankemill.
A milling machine cutter that is
provided with a shank or stem.
Shaper-centres.
A chuck in which the work is
held between centres.
Shaper or shaping=-maehine.
1. A machine
for cutting such surfaces on iron work as can be cut by
a tool travelling in a straight line. 2. A wood-working
machine in which cutting tools are revolved on an upright spindle projecting above a work table. havings.
The cuttings from a paring tool.
Shelli.
1. The body of asteam boiler. 2. An outer
casing.
Shell-reamer.
A short reamer that is driven by
fitting to a coned mandrel.
Shimer-heads.
A form of cutter head for woodworking machines, in which circular cutters are used.
Shingle-ssaw. A saw thick in the body and bevelled off for about two or three inches of its outer
diameter.
Shooting-board. A device upon which pieces are
held when required to have their ends dressed to exact
shape or angle.
Short circuit. The accidental orintentional forming of ashorter path for the passage of electricity.
Shrinkagesfit ov contraction-fit.
A means of
securing two pieces together by leaving the hole of one
too small to receive the other, and then expanding the
iece containing the hole so that it will go on and bind
ast as it cools and contracts.
Shunt dynamo. Onein which a small percentage
(say 2 per cent.) of the current generated in the armature, is shunted or passed into and through the coils of
the field magnets, which

are

wound

with fine wire so

as to offer enough resistance to the flow of the current
to prevent more than the above 2 per cent. of the current from passing or flowing through them.
Side-chisel.
A machinist’s chisel shaped to cut
on the sides of slots or keyways, and having its cutting
edge on one side of the end facet.
Side-tool,
A tool used to cut the ends of lathe
work that is held between the lathe centres.
Single-geared lathe, A lathe in which there is
no back gear.
Single-riveted joint.
A joint having but one
row of rivets ina lap joint and one row of rivets on
each side of the plate joint in a butt joint.

Single-thi ead. A Suc., chread having a single
spiral.
Nkew-bevel.
A bevel gear wheel in which the
teeth sides do not form lines radiating from the wheel
centre, but point to one side of it.
Skew-chisel.
A carpenter’s chisel in which the
cures edge is not ata right angle to the body of the
too

Skew-cutter. A cutter in which the cutting edge
does not stand parallel to the axis of the shaft that

drives it.
Slab.
1. A rough square piece of iron forged from
scrap. 2. The first piece cut from the side of a log of
wood.
Sleeve.
An enveloping piece that is usually cylin-

drical and too long to be termed a ring.

Slide-walwve,
The valve that ‘governs the admission of steam into and its exhaust out of a cylinder.
Slot. A rectangular passage or hole passing entirely
through the material.
Slotting-machine. A machine having a vertical
bar or ram that carries the cutting tool on its lower end

and has a vertical reciprocating motion.
Smoothefile.
The finest cut of file that is made
for ordinary use.
Smoothing-plane. A carpenter’s short plane for
producing a smooth surface.
Socket.
<A piece that is hollow and receives another.
Socket=-wrench.
A wrench that envelops the
whole of the head of a bolt.
Solenoid.
An instrument composed of a hollow
coil of conducting material charged with magnetism,
and into which a bar of metalis drawn by the current.
Solid milled cutters.
Cutters for wood-work,
in which an irregular shaped cutting edge is obtained
by recesses cut in the flat face of the cutter.
Space or sp ces.
The opening between the teeth
of gear wnceels.
Spanper.
A form of wrench.
Sparkin g. Emission of sparks from brushes of a
dynamo.
Spindle.
A shaft that is used to transmit purely
rotary motion, and that is usually of smali diameter in
proportion to its length.
Spiral cutter.
A milling cutter having its teeth
cut spirany and not parallel to the axis of its bore.
Spiral head. A cevice for holding work and revolving it ina milling machine.
Spirit-level. An instrument in which an air-space
or bubble is utilized to disclose whether the surface
upon which the spirit level is laid is horizontal.
Spline.
A long feather-way.
Split-pin.
A pin that is split so that its end can
be opened out to prevent its coming out of place.
Spoke.
The arm that connects the hub of a wheel
to its rim or felloe.

Spoonebit.

A wood-boring

tool that is shaped

somewhat likea gouge.

Spring. 1. A pieceof elasticmetal. 2. The movement or deflection of a piece of metal on a tool, by its
own weight or from the strain placed on it.
Spring-tool.
A tool so formed as to havea slight
give or spring to it.
Spur.
A sharp cutting edge placed on some kind
of wood-cutting tools to sever the fibre before the cutting edge removes the wood cuttings.
Spur-wheel.
<A gear wheel having its teeth upon
its circumferential surface.
Square-centre.
<A lathe centre having four cutting edges at its coned end.
Square-thread. A screw-thread that is rectangular in cross-section.
Stanchion (stan’shun).
Standard.

A vertical frame.

An upright piece.

Standing-bolt.
<A bolt that screws
work, and does not therefore require a nut.

Stave.

x. A piece that forms

wooden ane,
2. A pin on a gear
pins instead of teeth.

ing

Steady-rest ov back-rest.
work in the lathe.

into

the

part of a hollow
wheel that has

<A device for steady-

Steam-boiler.
A _boiler used to generate stcam
and hold it at a pressure above that of the atmosphere.
Steamehainmer.
A forging machine in which
the hammer is raised or lifted by steam, and is sometimes also forced downwards by steam.
Steamespace.
That part of the boiler that is
above the level of the water.
Sticker.
A machine that operates on wood! of
small cross-sectional area in proportion to its length,
such as picture frame moulding.
Stock.
Material.

Stocks-and-edies.

Tools

for

cutting external

threads by hand.
Stop.
1. A piece that arrests the motion of another
piece. 2. A part of a gauge, against which the work
abuts.

Stop-motion.
A device for preventing the overwinding of clocks and watches.
Storage battery ov accumulator.
A set of
perforated lead Bota immersed in a dense sulphuric
acid solution.
hen charged with electricity the perforations fill with metallic oxides, which readily give
off the electricity thus stored up.
Straddle-mills.
Milling-machine cutters that are
used in pairs and straddle the work, both cutters being
of the same diameter.
Straight edge.
A piece or strip having one or
er
made straight to use as a guide in testing
work.
Stubend.
The end of a connecting rod.
Stud.
1. A bolt that screws into the work at one
end and receives a nut at the other. 2. A piece that
screws into the work at one end.
Stuffing-box.
The box in which a gland fits.
Surface-plate.
A plate having a true flat surface to test the flatness of work by:

Swage.
A blacksmith’s
shaping surfaces.

tool

for smoothing and
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A drill having a point or teat, and emSwing-frame.
A {frame naviug a movable stud | Titedrill.
_
a he to cut flat-bottomed holes.
for carrying the change gears of alathe.
Tool-post. The device employed in a slide-rest to
Swing-saw. A saw that is suspended in a swinggrip the cutting tool.
ing frame.
rain. An arrangement of gear wheels in which
An instrument for connecting or separatSwitch.

the wires through which the current flows.
Bwivetcvise:
A vise that may be swiveled
revolve’ upon its base plate.
ing

ay

T or tee.

A pipe

fitting having two bores ata

right angle, one to the other.

Tailstock or tailblock. That part of a lathe
that carries the dead centre.
Tam omtewheel, A wheel whose teeth are formed

co work with a screw or worm.

Tap.

1. A tool forcutting threads in holes or bores.

2. A device for shutting off or turning on the flow of
water through a pipe.

Taper-tap.

A tap that has

part of the thread

turned off in order that it may enter the hole easily and
It is sometimes termed the
start to cut the thread.

first tap.
;
1. Threaded internally. 2. Having a
Tapped.
connection that branches from the main pipe or flow.
Target.
A frame used in setting shafting inline.
Temper.
1. The degree of hardness that has been
imparted to steel by heating and suddenly cooling it.
2.
Aterm employed by steel makers with reference to
the percentage of carbon contained in steel.
Tempering.
Tempering consists in reheating
hardened steel and thus modifying or reducing its cegree of hardness.
;
Template ory Templet.
A piece of metal made
to shape, to serve as a pattern for one or more of the
work surfaces.
Thread-gauge. A threaded cylinder or bore that
serves as a Standard of reference for the shape and
diameter of a screw thread.
Threading-tool.
A tool for cutting screws in

the lathe.
Throw-line.
eccentric.
Thumb-nut.

The

travel of a piece moved

by an

A nut so shaped that it may be
screwed up or unscrewed by hand.
A term used todenote those parts of a plate
Tight.
or saw that are under undue tension. and prevent the
other parts of the plate from lying flat.
A wood-planing machine for
Timber-planer.
thick work, usually having side heads as well as cutter

Tire.

The iron band surrounding a wheel rim.

VOL.
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Velocimeter.
A speed counter.
Verneer (vér’ni-er). A measuring device in which
two sets of lines of division are employed, one set
being narrower

there are more than two gear wheels employed.

or

Trammels ory tram.

ing cam.
; pu:
A gear wheel having rungs in place of
eeth.
Trying-up. A term usually employed to indicate
that the work is accurately done or fitted.
Try-square,. A tool having a rectangular back,

and

prevent it from

Turnbuckle.

turning when

A socket

that receives

the nut
and

is

holds

the ends of two rods and permits either to be revolved
independenily of the other, or the socket to be revolved
without revolving either rod.

Tuarret-Jathe,
A lathe in which a revolving head
or turret carries the cutting tools.
Tuyere (twé’ar). The nozzle through which air is
forced into a blacksmith’s fire, a furnace, or a cupola.
Twinemills,
Milling
cutters that are used in
pairs. and have teeth on
their side faces as well as upon
the circumference.
Twist-drill.
A drill havinga spiral flute along it.
_ Twiste-hammer.
A sawmaker’s hammer having
its two faces parallel, so that by turning it over in the
hand its marks will be in opposite directions.

Two-jawed chuck,

A chuck having two jaws.

.

Unit.
A standard of measurement; thus, the unit
for measuring engine power is the H.P.
Universal chuck.
A chuck in which the jaws
move simultaneously.
Universal joint. A joint or connection that permits a piece to be moved about in any required direction.

Universal milling-machine,
A _ milling-machine that is capable of cutting spirals, and is provided
with an index head.

Upright, A vertical post or frame.
U. S. Standard thread,
A V-shaped
having a flat place at the topand bottom.

the other, but so

Voltemeter,
An iostrument for measuriz.,
intensity of pressure of an electric current.

V-thread.
and bottom.

spaced

A V-shaped

the

thread, sharp at the top

w
Wardingefile.
A thin file suitable for filing ou*
the wards of the keys of door locks, etc.
Washer,
A perforated disk of metal, usually
forming a seating for some other piece as a rest ora
in.
Watts
are volt amperes which
express.
the
amount of work performed by electricity.
Wheelelathe, A lathe for turning wheels.
Whitworth’s
quick-return
wotion.
A
mechanism employed to move a cutting tool faster on
its return than on its cutting stroke.
W

U

than

tial.
Volt amperes ov Watts.
The product of the
rate of flow of an electric currert (the unit of which is
the ampere) by the electrical pressure (the unit of which
is the volt).

and a blade whose edges are a right angle to the edges
of the back.
T Slot.
A slotor groove, shaped
to receive a bolt

head

spaced

that in a certain number of divisions the two end lines
of each piece measure exactly alike; this providesa
means of making a minute measurement.
Vise.
A work-holding device in which one jaw is
movable and the other stationary.
Vise-clamp. A piece of metal placed on the visejaw and passing betwee.: it and the work to prevent
the jaw teeth from inden ing the work.
Volt. The unit of eleccro-motive force, which is also
called electrical pressure or tension, or difference poten-

A device for measuring dis-

tances too great to be measured by ordi
compasses.
Trip-hammer. A forging machine in which the
helve or hammer holding beam is tripped by a revolv-

screwed up.

053

hitworth’s

thread,

Ascrew thread designed

by Sir Joseph Whitworth, and having a rounded top
and bottom.
Winding strips, A pair of straight edges, used
to detect any wind or twist in surfaces that ought to be
parallel.
;
Wing-nut,
A nut having wings so that it may be

screwed up with the fingers.
Wire-gauge.
A gauge having notches in it that

are standards of size for wire, for the thickness of
sheet metal, for screws. etc., etc.
Worm-wheel.
A wheel whose teeth are formed
to work with a worm or screw.

Wrench,

A tool for turning nuts, etc.

Y

thread

Yoke.
A piece that embraces two other fieces tc
hold them together, or adjust their distance ap-urt.

reenter
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Absolute steam pressure, 11, 443.
Absorption system, 11, 502.
Abutment cones, 1, 409.

Accidents to locomotives, il, 434.
Accurate standards, i, 341.
grinding on lathe. I1, 194.
Adjustable centre rest. ii, 14.
chucks for true work, i, 235.
cutters, 1. 448.

with half-round bit. i, 28r.
die stock, i, 448.
drivers for bolt-heads, i, 224.
end measurement gauges, 1, 377.
gap lathe, 1, 154.
or jamb dies, 1, 98.
reamers,

i, 189. 2843

ii, 99.

shell reamers, i, 284.
tap wrenches, |, 110.
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Ammeter, ii, 624.
Ammonia, anhydrous, ii, 497.
absorber, 11, 502.
affinity for water, ii, 502.
analyzer, 11, 502.

winding, ii, 510, 527.
wires become bars. ii, 514.

Arms for pulleys, ii, 279.
pivoted, for tooth templates,i, 44.
Arresters, lightning, li, 589, 624.
Artificial ice, ii, 504.
Atmosphere, influence of,on oils, ii, 153.
Attachment of air pump buckets, i
i, 381.
of valve to stem, ii, 373.

charge, li, 502.

circulated in pipes, li, 498.
compressor-pump, il, sor.
condensation, ii, 498.
cooling air, ii, 497.

forced into pipes, 11, 498.
liquid. ii, 500.
pipes in cooling room, il, 498.
properties of, il, 506.

Auger bit, 1, 453.
Augers for end-grain wood, 1, 454.
Automatic air brake, ti, 430.
cut-off engines, 11, 277-283, 455.
engine drainage, ii, 338.
engine, high speed, 11, 459.
engine, straight line, 1i, 460.
wheel governors, 1i, 459.

pumped out of pipes, ii, 498.
still, 11, 502.
street pipes, li, 503.
use in refrigeration, il, 497.
vapor compressed, 11, 498.

liquefied, ii, 492.
Ampere, il, 512.

clutch rings, 1, 153.
7
commutator brushes, ll, 526, 527,
608, 609, 616. 621, 626.
compound wound dynamos, li, 610,
612

Angle of Slearances a lathe tools, i, 257.
plate chucking, examples of. 1, 251.
plates for planer tables, i, 418.
Angles for the facets of scrapers, Ii, 97.
of cutting edges cf chisels, ti, 74.
of thread cutting tools, i, or.

controlling valve, il. 347.
cut-off, il. 319.
exhaust va ves, ii, 318.

overnors, il, 348.
ngth of connecting rods, ii, 126.
main bearings, ii. 418.

parts of a locomotive, ii. 436.
throttle valve. ii, 347.
water relief valves. li, 495-

wrist plate, ii, 318.
Adjustment of band saws, li, 309.
by differential screw, 1, 118.
of arc lamps, 11, 580.

of lathes, 1, 194.
Admission of steam to indicator, il, 446.
point of, 11. 408.
Advantages ‘of face cutters. i, 108.
of involute gear teeth, i, 34.
Air brake for locomotives, ii, 430.
Air chambers, ii, 420, 473.
Air pumps,

li, 363, 364. 473.

attachment of buckets, li, 381.
breakages, 11, 380.
care of, ii, 381.
cotters and cotter holes, ii, 38r.

cross heads, 11, 380.
trunk motions. 1i, 381.
Aligning connecting rods, 11, 119, 124.
Alignment in crank pins, errors, li, 169.

of cranks, testing the, 11, 167.
of lathe tail stocks, 1, 145.
Allen valve, 11, 409.
Allowance, for contraction fits, i, 366.
for hydraulic fits, 1. 365.
Alteration of shape of threads from the
wear of tools. i, 80.
Alternate connections of brushes, 11, 525.
Alternating dynamos, ii, 556.
Alternating ae electrical machinery, 11,
act by jaduction: il, 568.
adaptation, ll, 568.
adjoining poles, i11, 559.
alternate
positive and negative
force, 11. 557.
compared with continuous current,

li, 574.

current cycles, 11, 569.
currents react, il, 556.

cycle of the current, il, 557.
diagram of action, ii, 557.
design, ii, 560.

field coils, 11, 559.
field exciter. 11, 559, 562.
field magnetism, ii. 567.
frequency of alternation, ii, 557, 558.
enerators as motors, ii, 567.

igh voltage, 11, 567.

motors, ii, 567.
mounting coils. il,

multi-polar cue re ion: il, 558.
poles, ii, 568.
proper phase current, li, 567.
self exciter, 11, 560.
simplicity of, il, 556.

single phase machine, ili, 558.
special care of, 11, 610.
starting, ii, 568.
sya yronaw motors, ii, 568.
ree-phaser, 11, 558.

two-phaser, ii, 558.
two-phase 8--pole, li, 559a
of electromotive force, ii,

velocity, ili, 568.
Alternator, ii. 507.
uses of, li, 507.

VOLUMES.

Armature, two-phase, ii, 616.

taps, 1. 104.

wrenches, various forms of, i, 125.
peueane connecting rod brasses li,417.

TWO

meter, ii, 594,5

expansion engines, ii, hee
feed motions. 1, 128, 407 ; il, 8.
Auxiliary cylinder, ll, 348.
Auxiliary valve, li, 470, 471.
Ax handle lathes, 1, 210.
Axle boxes, hot, 11, 435.
locomotive, ‘ti, 148.
brasses testing, i, 366.

Angular advance of eccentrics, ll, 412.

cutters, ii, 19.
cutters for groove cutting, li, 27.
or helical teeth, 1, 69.
teeth, and thrust ‘of, i,
j 69.
herring- bone, i,

velocity of gear- -wheels, 1-5:
Angularity of connecting rods, il, 407.
Annular wheels, i. 1.
compared with spur, 1, 32.
Apparatus for oiling, ii, 471, 472.
Dp pane. for tapping standard work,
‘Aptons. ‘athe, feed motion for,i, 168.
Apron tools for planers, i, 413.
Arbors, adjustable, 1, 227.
cutter, ii, 25.
emery wheel, construction of, i, 198.
expanding, i, 227.
for eccentric work, i, 229.
shell reamers, 1,283.
threaded work, i, 228.
lathe, ia227.

Arc lamps, li, 514.
adjustments, li, 580.
arc, length of, ii, 584.
at present, ii, "580.

&

burning, 1il, 580.

carbons, ii,Pi 583, 610.
care of, ii,
pleantiness, iL"610.
connections, i1, 580.
dash-pols and rods, il, 584.
distribution of, ii, 625.
dynamos, ii, 579, 610.

feeding carbons, li, 580.
clutch, 11, 580.
magnets, 11, 583.

solenoid, ii, 583.
inclosed, li, 583.
inspection, i1, 610.

insulation, 1i, 610.
jump of current, 11, 580.
management, ii, 610.
open air, ii, 584.

operated, ii,580.
originally, ii, 580.
regulation, ii, 580.
requirements for operation

of,

633.

amperes of current, ji, 633.
size of wire, ii,633.
voltage required, li, 633.
Hee , dynamos for, ii1, 579, 6ro.
approach of gear- wheels, 1, 13, 16.
of contact of gear-wheels, i, 17, 25.
of recess of gear-wheels, i, 13, 16, 20.
Area of the indicator diagram, it, 451.

Armature, ii, 509. 517, 525, 573
advantages, li, 517.
clearance, 11, 524.
coils, 11, 517, 616.

attachments of, il, 5rr.
connections of, ii, 511.
insulation, ti, 519.
turns in, fi, 51r.

core, ii, 510, 517, 522.

current in outer wires, ti, 53<, --1.
damp, ii, 616.
drum, Ii, 509, 511.

drying out, 11, 616.

handling, ii, 607, 617, 626.
materials, 1i, 522.
protected. il, 616.
railway motor, il, 517.

ring, il, 509, 510.

polar machines, Il, 514.
Birmingham wire gauge for gold and
silver, i, 387.

Bisected gear teeth cutters, i, 36.
Bit, half round. 281.
Blacksmith’s drilling levers, i, 456.
temper.

Blade,

ii, 492.

form of, necessary to produce
given shape of moulding, ii, 77.
Blind port, 11, 320.
Blocks for filing pins, ii, 104.
pillow for shafting, ti, 194.
Blotting paper, oil test, ii, 154.
Blowing down boilers, ii, 502.
Blow through valve. ii, 472.
Boiler, blowing down, ii, 402.
cleaning. 11. 402.
evaporative ‘aed of, ii, 398.
examining. 1.
factors of safety OL 11, 487.
feeding, instruction upon, il, 402.
feed water, ii. 402. |
fire cleaning, ii, 401.
cleaning tools, ii, gor.
for stationary engine, li, 382
gauge cocks, il. 400.
grate bars. li. 401.
bars, shaking,

Babbitting boxes, methods of, ii, 155.
Babbitt-metal- lined boxes, 11, 155.

Back-gear of lathe, i, 135, 145.
throwing in and out, i, 168.
treble, i, 143.
Back-knife gauge lathe, 1, 2:1.
Back rest, i, 233.
Balanced valves, il, 246, 4
Balancing emery wheels, if, 39.

Balancing pulleys, ii, 202.
Ball turning,1, 325.

Banking fires, 11, 433.
Bar cutters, boring, 1, 289.
the shapes of, 1, 291.
Bar iron, straightening, i, 305.
Barometer, graduation of, 1i, 448.
construction of, ii, 447.
Bars, boring, i, 2

boring, with ‘fxed heads, i, 290.
Bar steel, forms of, for chisels, ii, 73.
Baudelot cooler, ii, 499.
Beading bits, il, 270, 271.
Beam drill, 1, 430.
Bearings, adjusting, li, 418.
dynamo, heat in, ii, 608.
for lead screw, i, 139.
of engine lathes, i, 134.
of line shafting, 11, 166.
surfaces of keys, i, 126.
temperature, il, 621.
thrust of, ii, 477.
various forms of, 1i, 147.
wear of, 1, 158.
Beating and pounding, causes of, ii, 168.
Bedding

gear, ii, 582, 584.

ulliard cues, steady rest for, i, 233.

brasses in their boxes, ll, 132.

Beds, planer. flat guideways for, i, 414.
planer, oiling devices for, i, 415.
Belt feed, 1i, 9.
lacings, covers for, ii, 215.
forms of, ii, 214.
pumps, ii, 420.
shifting mechanism, 1, 406.
stretching clamps, Ii, 210.
Belts, bevelled igre for, li, 215.
bouncing of, ii, 379.
care of, 1i, 618.
changing or shipping, il, 217.
driving power of, il, 218-225.
friction, coefficient of, ll, 222.
grain side. weak, il, 208.
to pulley. 11. 209.
Ee soipulleys for, il, 2rr.
joints for. ii, 215.
length of, ii, 209.
line of motion of, ii, 217.
parts of hide used for, 11, 207.
pegged, li. 215.
sag of, ii, 210.
single ‘and double, ii, 208.
stretch of, parts of hide, 11, 208.
tension of, li, 211, 224.
the cree of, li, 222.
torsiona moment, li, 223.
V or angular, ii, 217.
Bench lathes, 1, 130.

Bent tiles, use of, ii, 93.
Bevel gear teeth. originating, i, 22.
pinion. drawings for, i, 59.
protractcrs, 1, 380.
squares, i, 380.

wheel, body pattern, i, 59.

Bevel wheels, 1, 1, 21, 61

formation of the teeth of. i, 22.
>: ting the angle of, 1, 60.
~ Bilge injection marine engines, ii, 473.

ii, gor.

horizontal, return tubes, ii, 393.
internally fired. ii, 390.
okies the fire under. 11, 400.
ate,
the strength of, ii, 383.
seams,

diameter of rivets. ii, 388.

treble riveted, ii, 385.
settings. ii, 396, 308.

shells, drilling machines for, i, 436.
the strains on, ii. 383.
the strength of, ii, 382.
strains on, ii, 387.
the care and management of, ii, 400.
tubes, for fire engines, ii, 463.
vertical, ti, 391.
external uptakes, ii, 393.
water gauge Bes iof, 1i, 400.
with Field tubes. ii, 491.

Boiler fitting joints, il, 140.
Boilermaker’s drilling machine. i,435.
drilling machine. feed motion, 1, 436.
turning machine, i, 435.
Boilers, low water in, ii. 402.
of marine engines, 11, 498, 499.
of steam fire engines, 11, 463.
priming in, li, 402.
Bolt cutter, 1, 469.
Bolt--cutting machine, head of, i, 469.
dies,1, 473.
double headed, i, 4€9.
rapid, 1, 467.

the construction of dies for, 1,473.
with automatic stop motion, 1, 466.
back gear, i, 407.
Bolted connecting- -rod Straps, li, 116.
Bolt-heads, 1, 117.

adjustable drivers for, 1, 224.
bedding, i, 117.
filing. 11, 105.
Bolt-holes, classification of, 1, r12.

Bolts and nuts, table for. i, 114.
Bolts, classification of, 1, 112.
countersunk, 1, 112.

for foundations, forms of, i, 113.
planer tabies, forms of, 1, 417.
forms of drivers for, i, 224.
hook, 1, 113.
rapid construction of, 1, 468.
removing corroded, 1, 122.
Bolt-threading machinery, 1, 468.
capacity of, 1, 471.
construction of. 1, 468-472.
Boosters, electrical, ji, 578.
action. method of. li, 579.
voltage increase, il, 579.
voltage loss, ii, 578.
Bore gauge, i. 387.

Boring and turning mill or lathe, ij +t.
221.

bar, centres for, i, 293.
cutters, 1, 289.

cutters, shapes of, i, 291.

bars, 1, 289.
for taper work, forms of, 1, 292.
three or four cutters for, i1, 290.
with fixed heads, i, 290.

with sliding heads. 1, 290.
double-coned work, 1, 293.
end grain wood. augers for, i, 453.
head with nut feed, i, 29r.
heads,1, 283.

lathe for engine cylinders, i, 219.
with dcuble heads, i, 220.
with traversing spindle, i, 218.

machine, heavy uoright, 1, 221.
mill,

1»

2II.

purvoses, chucking lathe for, i, rsx.

INDEX
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Cements

Boring small holes very deep, i, 278.
tool holders, i, 287.
tools for brass, lathe,

and

work, i, 285-287.
octagon, holders for, i, 175.
the spring of, i, 286
Boring-machine, 1, 432.
for car wheels, 1, 438.
na ft
i 433:
pulley, 1, 436.
the feed motion of, i, 432.
universal, i, 438.

Box wrenches, t, 124.
body chucks, 1, 237.

Centre bit, i, 454.

dead, methods of removing, i, 159.
drill and countersink, i, 300.
chuck, i, 302.
drilling lathe attachment, i, 300.
chucks for, i, 303.

Brine system, ii, 500. _
tank for freezing, 11, 503.
Broaches, construction of, i, 479.
Broaching press, 1,478.
Broken frames, repairing, 1i, 178.
Brushes, commutator, ti, 525.

adjustment of, ii, 526, 527, 608, 609,
616, 621, 626.

angle on, ii, 608.
:
bearing on commutator, ii, 626.
cable connection of, ii, 526.
connections of arms, il, 622.
clockwise, ii, 622.

counter clockwise, ii, 622.
copper plated, ii, 622.
finding polarity of, ii, 622.
fitting to commutator, ii, 621.

held in movable spider, ii, 525, 530,

534-

Agilation of, ii, 526.
locking device, i1, 530.
regulating, ii, 525.

Built-up gear wheels, i, 61.
Burnishing lathe work, i, 3r1.
racengad used as keys, i, 116.
lines, ii, 602, 605.

Butt joints, boiler, ii, 384.
By-pass valve, li, 359.

square, i, 300.

work with the scribing block, i, 30r.
Chain riveted joints, ii, 384.
Change gears, arrangement of, i, 319.
gears, compounded, i, 321.
table for finding, for screw
cutting, i, 180.
Change gears, hanging, i, 158.
wheels, pitches of teeth, i, 182, 321.

Changing or slipping belts, ii, 217.
Chasers, errors in applying, i, 336.

Cc

;

horse power by indicator diagrams,

li, 450, 451.

revolutions of, and power transmitted by, gear wheels, i, 5.
strength of gear teeth, i, 65.
strength of riveted seams, ii, 386.
Calculations, safety-valve, ii, 441.
Calender roll lathe, i, 198, 215.
Caliper, the micrometer, 1, 354.
Calipers, compass, i, 378.

or measuring thread, i, 95.
holding and using, i, 361, 362.
;

with locking devices, i, 360.

Cam chuck, for irregular work, i, 328.
motion for an engine slide-valve
without steam lap, i, 83.
motions, applications of, i, 327.
for engines, i, 83.
return or backing, i, 82.

rods (Corliss), li, 319.
Cams, finding the pitch line of, i, 80.
finding the working face of, i, 80.
originating in the lathe, i, 326.

return, finding the shapes of, i, 82.
Capacity of pumps, ii, 420.
of thread cutting machine, i, 471.

Cape chisels or cross-cut chisels, ii, 74.
Car axle lathe, i, 147.
the feed motions of, i, 148.

Carpenter’s chisel, ii, 77.

Carriages, lathe, testing, ii, 182.
for lathes, i, 137, 145, 70.
Carriers, lathe, i, 222.
Car wheels, boring machine for, i, 438.
Case-hardening, ii, 128, 474.
finished work, ii, 129.
preparing work for, ii, 1209.
Cast gear, contact of the teeth of, i, 67.
iron, internal strains, i, 306.

teeth, contact of, i, 67.
scale for curves of, i, sz.
side clearance, i, 53.
Cat head, i, 233.
steady rest, i, 233.

Caulking tools, ii, 141.

Color tempering, 11, 492.
Combination chucks, 1, 237, 241.
turret lathe, i, x

holders, ii, 74.
machinist’s application of, ii, 76.
round-nosed, 1i, 76.
shapes of cutting edges, ii, 74.
the use of, a he
Chucking device for pulleys, i, 3x8.
devices for planer tables, i, 408.
errors in, i, 250.
lathe for boring purposes, i, 151.
simple form of, 1, 154
with improved reversing clutch,
i, 154.
machine beds, on a planer, i, 421.
on angle plates, 1, 251.
for true work, i, 283.

of large pulleys on

a

Chucking machine, horizontal, i, 154.
Chucks and chucking, i, 234.
Chucks, box body, i, 237.
cement, 1, 242.
combination, i, 237.
independent, 1, 241.
cone, i, 232.
contracting, for lathes, i, 188.
Cushman, 1, 241.
drill, i, 235, 446.
drill-holding, construction of, ii, 41.
expanding, 1, 188, 241.

for centre-drilling and countersink:

:

darge planing machines, i, 422.
milling machines, ii, 31.
screw machine, 1, 205.
straightening wire, 1, 305.
true work, adjustable, i, 235.
wood-working lathes, i, 242.
geared, scroll, i, 235.
rinding thin saws, i, 194.
independent, 1, 238.
planer, for curved work, i, 420.
planer, for grooved work, 1, 419.
reversible jawed, i, 237.
special forms of, i, 234-241.
ayia ne 1, 395-

for drilied work, i, 279.

the wear of, i, 240.

three and four jawed, i, 237.
two-jawed, i, 236.
universal, i, 238.
various forms of, i, 394.
vise, for vise work, 1, 396.
holding taper work in, i, 394.

rapid motion, 1, 396.
Circle, dividing the, 1, 348.
rolling, for change gears, i, 16.
Circuit breaker, ii, 545, 588, 602, 621.
advantage, 11, 589.
automatic, ii, 624.
construction, ii, 588.
double-pole, ii, 589.
principle of operation, ii, 588.
putting in, ii, 620.
Circular cutters, i, 272; ii, 22.
cutters, tool holders for, i, 272.
cutting tools, i, 267.

Cogged gear wheels, i, 63.
Cogs, durability of, 1, 66.
method of fastening, i, 63.

Collars for shafting, ii, 189.

curved or oil groove, ii, 76.
cutting ends of, ii, 74.
’
diamond point, ii, 76.
dimensions of, ii, 74.

tailstock

drain, il, 344.
leaky, ii, 145.
relief, ii, 344.

for threads, i, gr.
testing, i, 356.

cape or cross-cut, ii, 74.

Circular slide valves, ii, 409.
Circulating pumps, ii, 355, 363, 472:

Combined centre-drill and countersink,
i, 300.
cutting-off tools and holders, i, 273.
drilling machine and lathe, i, 343.
Commutator, ii, p07, 519, 525, 527.
advantage of two, Ii, 527.
brushes, ii, 509

adjustment of, ii, 526, 527, 608,

609, 616, 621, 626.
brush, care of, ii, 519, 520.
care of, ii, 626.
construction of, ii, 509.

insulation of, 11, 509, 519, 608.
outside of armature, Ii, 520.
requisites of, ii, 519.
ring of fire around, ii, 609.
segments, il, 510, 521, 522.
sparking, ii, 519.
surface in best condition, 1i, 608.
two, li, 527.

wide face, ii, 527, 534.
Commuter, ii, 614, 616.

Compasses, i, 377.
Compound engines, ii, 327-377, 466, 467.
llis, 11, 357, 355Ball, ii, 376.
Buckeye, ii, 366-374.
high speed Raworth, 11, 336-339.
McIntosh Seymour, ti, 377.
object of, ii, 328.
Peache’s high speed, ii, 376.
pumping, il, 355-366.
tandem, ii, 327.
triple expansion, ii, 376.
Willans central valve, ti, 339-348.
Compound slide rest, i, 140.
tool holders for, 1, 174.
Compound winding, ii, 512.
Compounded gears, i, 320.
Compression curve of engines, ii, 454.
Compression curve, ii, 447.
alternate, 11, 376.
economical, i1, 262, 267.
line, ii, 447.
of ammonia vapor, ii, 498, 499.
the point of, ii, 408.

Compressor

pump,

ammonia,

502.

ii, sor,

Condensation in heating circuits, ii, 357.
Condenser, total pressure in, ti, 476.
Condensers, ii, 355, 364, 499.
Condensing cngine diagram, ii, 447.
Cone chuck, i, 232.
auxiliary cylinder, 1i, 348.
Connecting rods, adjusting, ii, 126.
angularity of, 11, 407.
brasses, adjusting,
1i, 418.
joint faces of, ii, 122.
ining up, ii, 126.
double gibbed, ii, 116.

ends, tapered, ii, 117.
fitting up, ii, 118.
keys, ii, 407.
keyways, filing out, ii, 120.
locomotive, ii, 115.
length of, ii, 123.
marine engine, ii, 116.
marking length of, ii, 123.
repairing, il, 125.

setting up keys of, ii, 126.
solid-ended, ii, 114.

straps, 11, 120.

olted, ii, 116.
stepped, ti, 117.
trammelling the length of, ii, 122.
various forms of, ii, 117.

welding up stub ends of, ii, 119.
Constant current machines, ii, 507, 512,
514.

Constant

potential

machines,

ii, 507,

512, 514.
Construction of commutator, ii, 509.
of proevs cams, i, 84.
of lathe carriages, i, 137.
of emery wheel arbors, i, 108.
of slide valves, ii, 376.
of tailstock of engine lathe, i, 135.

of the barometer, ii, 447.
Contact of cast teeth, i, 67.
of spur teeth, ii, 380.

Contracting chucks for lathes, i, 188.
Contraction or shrinking fits, 1, 366.
Controllers, ii, 613.
brake position, li, 615.
circuit never opened, ii, 615.

circuits through

Coal consumption, ii, 364.

Cocks and plugs, grinding, ii, 144.

insulation of, ii, 516.

carpenter’s, ii, 77.
cow-mouthed, ii, 75.

ing, 1, 303.

Clock wheels, i, 21.
Clutches, friction, ii, 192.
Clutch rings, adjusting, i, 153.

Cold-rolled shafting, ii, 187.
Collapsing tap, screw machine, i, 107.
taps, tapping machine, i, 107.
Collar gauges and standard plug, i, 356.

Chisels, angle of presentation, ii, 77.
angles of cutting edges, ii, 74.

Connecting rods, strap-ended, ii, 115.

Continuous current booster, ii, 578.

Clements driver, 1, 223.
Clinker hook, ii, 369.

holding in place, ti, 519.

planer, 1, 422.

Calculating the horse power of engines,

of twist drills, i, 274, 275.

on cutter, ii, 35.

strength of, 1, 66.
thickness of, 1, 66.
Coils formed, ii, 516.

forms of, i, 268.
holders, i, 157, 268.
improved form of, i, go.
cutside and inside, i, 335.
produced by milling, 1, 158.
setting, i, 268.
Check valves, ii, 388.
Chill room, ii, 499.

the halves

front tools, 1, 254.
planer tools, i, 424.
taps, i, roz.
tools for square threads, i, 269.

Clip-ended connecting-rod, ii, 115.

needle bars, etc., i, 335.
special shapes, i, 335.

reamers,

Cement chuck, i, 242.

of
of
of
of

machine, i, 304.

special lathes for, i, 217.
Breakdowns of engines, ii, 377-381.
Breast drill with double gear, i, 456.

inside, i, 360.
spring, i, 360.

emery wheel, 11, 47.
files, 1i, 94.

live, tapers for, i, 159.

various forms of, il, 127, 147.
Brass work, boring tools for, i, 286.
front tools for, i, 264.
hand tool for roughing out, i, 332.
side tools for, i, 264.

Circumferential seam strength, ii, 388.
Clamp couplings,
ii, 197.
Clamping work on face plates, i, 245.
Clamps,
belt, ii, 210.

Clearance in cast gear teeth, i, 53.

Centrifugal governor, ii, 345.
Centring devices for crank axles, i, 230.

ii, 120-127, 130-132.
lead lined, ii, 148.
oil cavities for, ii, 150.
open, ii, 149.
.

VOLUMES.

of measuring tools, i, 354.
Cleaning boilers, ii, 402.

shaping machines, i, 397.
taper work, i, 226.

=
ii,

IWO

chucking,
i, 245.
for steady
rests, i, 233.
polishing for lathe-work, i, 311.
Classification of bolts, i, 112.
of bolt heads, i, 112.
of lathes, i, 129.

for hollow work, i, 226.
lathe, i, 296.

fitting to their journals,
145:
:
Batak
Brasses for connecting rods, adjusting,

11,439, 45%.

of

Centres for Boring bars, i, 293.

tools for screw machines, i, 208.

Bus

used in the manufacture

machine, 1, 300.
live, removing,
1, 159.
of rough work,
i, 301.
punch, i, 300.
guide, i, 301.
rest, i, 194.

Boxes too tight, 11, 53.

Brasses,

THE

emery wheels, ii, 38.

smal]

Brace drill, i. 455..
:
with multiplying gear, 1, 456.
ratchet motion, 1, 456.
Brad awl, i, 452.
:
Brake for lathe pulley, 1, r49.
for pattern lathe, 1, 149.
lathe,i, 15x.
2
Branch pipe core boxes,
li, 286.

TO

commuter,

commuter, ii, 615.

ii, 614.

footbed wheel, ii, 615.
interchangeable parts, ii, 61s.
movable stop, ii, 615.
reverser, li, 613.
speeds of, ii, 613, 615.
Controlling cylinder, ii, 376.
Convection, il, 444.
Conversion of heat into work, ii, 443.
Converter, rotary, ii, 577.
construction, ii, 577.
transforming, ii, 577.

Cooler, Baudelot, ii, 499.
Cooler, oil, ii, 499.

Cooling room, pipes in, ii, 498.
disks, 11, 499.
Core of armature, ii, 522, 524.
Core boxes, for branch pipes, ii, 286.
Core box plane, i, 260.
Cored work, drivers for, i, 225.
Corliss engine, ii, 277, 283, 455, 456.
addition to usual, ti, 353.
governor connection, 1i, 282.
valve, lap of, ii, 458, 459.
valve pear, li. 279. 282, 456. 457.

Correcting

the errors of thread pitch

caused by hardening. i, 109.

Corroded bolts, removing, i, 122.

nuts, removing, i, 122.
Cotter, keyway drilling machine, i, 438.
drills, i, 446.
Cotters and cotter holes, ii, 38r.
Counterbore and drill, i, 449.
Countershafts, i, 409 ; il, 191.
Countersink cutters, 1. 449.
Countersink, for hardened work, i, 303.
for lathe work, 1, 302.
with adjustable drill, i, 300.
Countersinking, chucks for, i, 303.
Countersinks, 1, 285.
Countersunk bolt heads, 1, 1122.

Coupling for light shafting, 1i, 198.
plate, 11, 196.
universal, 11, 199.
Couplings, clamp, 11, 197.
or line shafting, ii, 194.
for split sleeves, ii, 195.
self-adjusting, 1i, 196.
Covers for belt Jacings, ii, 215.

Cow-mouthed chisel, ii, 75.
Crank axles, centring-devices, i, 230.
drill, 1, 457
motion tor shaping machines, 1, gor.
simple, i, 13.
Crank pin aligning, errors, ii, 158, 170.
position, 11, 239.
remedying errors of, ii, 171.
riveting, 11, 73.
Crank-pins, hot, 1i, 418.
Crank position, engine starting, 1i, 416.
examining, 11, 345.
in two sections, il, 358.

setting eccentrics on, 11, 174.

Cranks, special lathe chuck for, i, 248.

testing the alignment of, ii, 167.
Creep of belts, ii, 211.

Cross-bar, construction of, i, 412.
Cross-cut or cape chisels, ii, 74.
Cross-feed motion, construction, i, 138.

Cross-files, i1, 91.
Cross-filing, ii, 92. 93.
Cross-head chucking, i, 251, 253.
construction, il, 314.
weakness, 11, 381.
Cross-heads of steam engines,

ii, 314,

07.

Growding of cutters, to avoid, ii, 27.
Crowned
pulleys, ii, 200.
Crowns anbrasses, shapes of, ii, 127.
Crown wheels, i, 1.
Current conveying, 11, 574.
cycles, ii, 569.
direction and course of, ii, 626.

Eddy, ii, 523.

excessive, il, 545.
increase, ii, 609, 628.

maintained, ii, 627.

pulsating, ii, 616.

Curve

of expansion of indicator dia
prams, li, 446.
of gear wheel teeth, variation, i, 12.
Curved or oil groove chisel, ii, 76.
work, planer chuck for, i, 420.
work, turning, i, 314, 335.

INDEX
Curves, compression, ii, 263, 447.
expansion, ii, 262, 263.
marking, by hand, i, 45.

of gear teeth for bevel gear, i, 22.
machine for generating, i, 36.
templates for, i, 384.
Cut, and kinds, of rasps, ii, 87.

of files, ii, 86.
gear-wheel teeth, strength of, i, 65.
Cut-off, adjusting, ii, i
eccentric, ii, 353,
te
eccentric, position of, ii, 249-262.
a

Sart li, 455.

equalizing, 11, 251-254.
faulty, neutralized, an 349.
ear, 11, 229.
igh pressure, li, 358.
sleeve, ii, 346.

proportions, ii, 328-336.
ratios of, ii, 336.

reboring in place, ii, 160.

relay, il, 347.
relief valves for, ii, 405.
steam ports of, ii, 405.
steam jacketed, il, 355.
heating jackets, ii, 355.
support, ii, 360.
unjacketed, ii, 336.
waste, li, 330
waste swept down by exhaust
steam, 11, 340.

waste water cocks of, ii, 405.
wear Of, ii, 404.

Cylindrical work, cutting grooves, ii,
27.

Varying,

D

1i, 329, 371, 408.

valve, il, 367, 369, 376, 410.
11, 254, 262

Cutter and reamer grinder, ii, 45.
adjustable, 1, 448.

adjustable on Pale round bit, 1, 281.
angle for worm wheels, i, 43.
angle of, for spiral grooves, ii, 29.
arbors, ii, 25.
boring-bar, the shapes of, 1, 291.
clearance of, ii. 75.
7
grinding taper, thin edge, ii, 33.
cautions against accidents, il, 47.
revolving, for gear teeth, 1, 37.
Cutters, angular, ii, 18.
:
angular, grooving, setting of, ii, 28.
circular, 11, 22.
countersink, i, 449.
crowding, to avoid, 11, 27. _

drawing temper of teeth, 11, 47.
face, ii, 17.
fly, ii, 22.
for drilling machines, 1, 442.
standard shapes,1, 111.
ang or compasite, il, 23.
Folders for fly, ii, 12.
matched, ii, 73.
milling, ii, 16.
;
milling, errors in grinding, 1i, 32.
parallel, fixture for
grinding, 11, 32.
right and left hand, 11, 18.
shank, ii, 19.
single, for gear teeth, i, 28.
sizes of, il, 17.

spiral, grinding teeth of, ii, 36.
tube-plate, i, 448.
twin, ii, 18.
with inserted teeth, ii, 24.

with spiral teeth, ii, 17.
Cutting cams in the lathe, i, 326.
coarse pitch square threads, i, 269.
double threads, 1, 322.
edge of chisels, angles of, ii, 74.

of chisels, shapes of, ii, 74.
on drills, clearance, ii, 43, 44.

edges for dies, number of, 1, 471.

for taps, number of, i, ros.
ends of chisels, 1i, 74.
feeds for wrought iron, i, 294.
files, ii, ror.

Sevehih in cylindrical work, ii, 27.
elical teeth in the lathe, i, 69

abate pedhand, ii, 108.
left-hand
threads, i, 322.

keyways by drifts, ii, 109.

steam
ports, jigs for, 1, 441.
right and left hand grooves, ii, 209.
right or left hand thread, single,
double, or treble, with same
dies, 1, 99.
screws by the metric system, i, 322.
screw thread by hand, 1, 62:

speeds, examples of, i, 295.
for threading dies, 1, 474.

for wrought iron, i, 294.
taper threads, i, 338.
threads, multiple, 1, 322.
on taper work, i, 324.
tools, circular, i, 267.
producing gauges for, i, 92.
power required to drive, i, 273.
the utmost duty of, i, 258.
wheels, angle of cutter for, i, 43.
worm -wheel teeth in the lathe, 1, 42.
eubing off machine, i, 193.
tool for screw machines, i, 208.
in foot block, i, 151.
tools, 1, 262, 273.
Cycloidal curves fer gear teeth, i, 8.
Cylinder boring lathe with facing slide
rests, i, 2109.
condensation, ii, 265, 328.
cover joints, ii, 137.
cover, turning a, 1, 318.
ends, scraping out, li, 16r.

heads, knocking out, ii, 434.
poppet valves, li, 357.

pressure, 1i, 328.

Cylinders, bores of, ii, 404.
clearance in, ii, 404.
condensation, 11, 331.
connecting, auxiliary, ii, 348.
construction, ti, 360.
controlling, 11, 376.
counterbore of, 1i, 404.
exhaust closing, ii, 267.
for steam engines, ii, 404.
high pressure, ii, 335.
intermediate, il, 335.
poet, li, 406.
agging, ii, 406.
low pressure, ii, 330

THE

Cylinders, lubricating, ii, 40s.

testing, iI, #7:

the point of,

JO

Dampness

in electrical machinery,

ii,

Dancing governors, ii, 384.
Dead-centre, finding the, 11, 174.
methods of removing, i, 159.
of the crank, finding the, 11, 172.
Deflection of surface plates, ii, 135.
Depth of gear wheel teeth, i, 42.
Designing slide valves, 1i, 414.
electric generators, li, 525, 526.
Detachable slide rest, t, 143.
Determining the pitches of the teeth for
change wheels, i, 182.
Developing electric current, ii, 568.
Diagram, theoretical, ii, 446.
the uses of, ii, 445.

Diagrams for condensing engine, ii, 447.
indicator, il, 446.
defective, 1i, 453.

threads, i, 269.

of circle for generating curves of
gear teeth, 1, ro.
of the pitch circle of wheels, 1, 1.
method of finding exact, i, 160.

Diameters of line shafting, ii, 189.
Diametral clearance, twist drills, i, 274.

Diamond point chisel, ii, 76.
Diamond pointed lathe work

VOLUMES.

Drill, sockets, i, 445.
with cord, i, 455.
_with spring motion, i, 455.
Drilled work, tailstock chucks for, i,
279.
Drilling and boring machine, i, 432.
device for lock work, i, 459.
engine cylinders, jigs for, 1, 440, 441.
feed motion of, i, 432.
_hard metal, i, 445.
Drilling holes true to location with fiat
drills, i,

442.

levers for blacksmith, 1, 457.
square holes, device for, 1, 450.
taper holes, i, 451.
three or four holes at once, i, 438.
and turning machine for boiler
makers, i, 435.
machine, and lathe combined, i, 433.
cotter or keyway, i, 438; ii, 71.
feed motion of, i, 429, 430, 432,

436.

for boiler shells, i, 436.
for car wheels, i, 438.
four-spindle, i, 434.

hand, i, 459.

lever feed, i, 429.
reversing feature, i, 427.
tapping device, i, 427.
three-spindle, i, 434.

with automatic motions, i, 430,
“1
:
with
counterbalanced spindle,

I 429°

with

guide for boring bar, i,

430.

with quick return, i, 430.
with swivelling spindle head, i,

431.

with tapping attachment, i, 430.
machines, counterbores for, i, 449.
cutters for, i, 447.

of port openings, li, 372.
of valve motions, ii, 235, 238.
Diameter at the roots of

ILWO

double column, 1, 431.
drills for, i, 442.
fixtures for, 1, 439.
flat drills for, i, 442.

Jigs for, i, 439.

radial, 1, 430, 431.

254.

Dictionary of work-shop terms, ii, 649.
Die stock, pipe-threading by hand, i,463.
power, i, 463.

Dies, adjustable, i, 98.
for finishing square threads, i, 269.
for gas and steam pipes, i, ror.

co
riveted

lap

e joint, ii,
ee

384.

indle milling machine, ii, 16.

threads, cutting, 1, 322.

tool holder for slide rest, i, 169.
Double column drill, i, 430.
Double-coned work, boring, i, 293.
Double-ported valves, ii, 242, 245, 257.
Draught of keys, i, 116.
Draw filing, ii, 93.
Drawing
the temper, ii, 47, 494.

Drawings for bevel pinion, 1, 59.
for gear wheels, i, 59.
Drifts, forms of, ii, 109.
methods of using, ii, 160.

Drill, and counterbore, 1, 449.
boiler-maker’s, i, 428.
brace, 1, 445.

universal joint for, i, 456.
with multiplying gear, 1, 456.
with ratchet motion, 1, 456.
chucks, i, 235, 446 ; il, 41.

cranks, i, 457.

|

double column, 1, 430.
foot or lever feed, 1, 428.
for stone, 1, 454.
for wood work, i, 449.
7
grinding, varied for diameter, i1, 41.
conditions for all diameters,

ii,

41.

holders, fiat, for lathe work, 1, 281.
holders, twist, 1, 274.
machine,
grinding, 11, 41.
position, for all drills, 11, 41.
post, i, 430.

sensitive, i, 428.
shanks, i, 445.

shank, improved form of, i, 446.

Eccentrics, fixcd and shifting, ii, 376,
410.

absence of, ti, 377.
position at cut-off, ii, 240.
slipping, 11, 317, 435.
turning in the lathe, i, 317.
Eccentric work, lathe mandrels, i, 229.
Economy of steam in engines, ii, 226.
Eddy currents, il, 523, 564, 572.
Electrica: energy obtained, 1i, 507.
units, 1, 512.

relation between, ii, 512.
alternators, ii, 507.
bipolar machines, ii, 514.
current, developing, i1, 508, 512.

conveying, li, 509, 574.

course of, ii, 509.
direction of, 11, 508.
lighting engines, governing, ii, 301,
302.

multipolar machines, ii, 514.
power absorbed, ii, 507.
transformers, li, 507.
Electricity and Electric Machinery,
Chap. XLIV., ii, 507.
Electric motors, ii, 540.
adjustment of brushes, ii, 526, 527.
attached to shafting, ii, 542.
breakdowns, ii,

brushes

disadvantages of, i, 446.
sensitive, with friction disk, 1, 429.

stock, with spiral grooves, i, 445.
twist, diametral clearance of, i, 274.
fluting, ii, 20.
front rake of, 1, 2755 li, 44.

grinding by hand, 1, 279.
arge, grinding, il, 44.
speeds and feeds for, i, 277.
universal beam, i, 431.
Driver, and face plate, 1, 223.
Drivers, equalizing, i, 223.

for bolt heads, 1, 224.
coned work, i, 225.
lathe mandrels or arbors, i, 227.
steady rest work, i, 225.
threaded work, i, 225.
wood, i, 225.
lathe, i, 222.
the elements, i, 223.
Driving cones, steps of, i, 162-164.
drills, flexible shaft for, i, 458.
gear for milling machine, 11, 15.
gear table, 1, 404.
Drop, electric, ii, 513.
in cylinders, ii, 329.
very emall, 11, 337.
Drum, winding, electric, li, 511.
Duplex milling machine, 11, 7, 8, 9.
slide-rests, 1, 143.
D-valve, ii, 230, 232.
Dynamos, ii, 507.
arc-light, 579, 610.
armature coils, removable, ii, 616.
automatic regulation, 1i, 616.
brushes, moved, il, 579.
circuit, interruption, 11, 616.
compound, in multiple, ii, 612.
compound wound, il, 610.
direct, ii, 611.

connecting in parallel, ii, 612.
constant current, 11,579.

disconnecting in multiple, 11, 613.
early history, ii, 579.
excitation, 11, 616.
field magnetism, ii, 579.
regulation, ii, 579.
reversing, compound wound, ll, 611.
running in parallel, 1i, 613.
shunt wound direct, i1, 612.
shunt wound, ii, 610.
direct, ii, 611, 612.
speed of, altering, during run, ii,
33°:

starting, 11, 616. _
two in multiple, 11, 612.
Dynamotor, ii, 579.

and

;

brus

holders, ii, 525,

530, 534, 609, 621. |

burning out insulation, ii, 545.
care of, ii, 608.

circuit breaker, ii, 620, 621, 624.
compound wound, ii, 615.
connections, 11. 609.
constant speed. Ii, 540, 573.
covering of, 11, 546.
dampness, 11, 616.
dimensions of, 1i, 633.
dimensions of standard, ii, 633.
direct connected. ii, 541, 550-556.
advantages. il, 550.
disadvantage,

with

1
with

tool, i,

or chasers in the heads of bolt-cutting machines, 1, 463.
the wear of, i, 89.
Dies with four cutting edges, i, 100.
Differential threads for locking, i, 118.
Direct expansion system, ii, 498.
Displacement of pumps, li, 419.
Distance between bearings of lineshafting, ii, 186.
Dividers, i, 377.
Dividing device for circle, i, 352.
engine, i, 349.
Division of the circle, i, 348.
Dogs, lathe, various kinds of, i, 222.
movable for face-plate work, i, 250.
Donkey engines, ii, 269, 474.
Double beat valves, ii, 475.
axle lathe, i, 154.
eye, filing of a, 11, 103.
eyes, fitting pins in, 1, 121.
gibbed connecting rod, ii, 115.
Sepp ae li, 534eads for planing machines, 1, 404.
ported slide valves, ii, 409.
rapid bolt threading machine, i,

057

i1, 556.

boilermaker’s

rae
boring

ee
11,

punch,

ii,

mill,
556.
with crane, ii, 573.
with drill press. 11, 556.
with engine lathe, 1i, 556.
with fan blower, ii, 555.
with line shafting, il, 573.
with paper cutter, ii, 555.
with printing press, ii, 555.
with pump, i, 57
with turbine shaft, ii, 560.
with ventilating fan, ii, 550.
eddy currents, ii, 572.
elevator motors, 11, 549.
brake, ii, 550.
car switch, li, 550.
controlling, ii, 550.
drum type, ll. 550.
reversing switch, 11, 550.
safety, i1, 550.
screw and sheaves, 11, 550.
shunt wound, 11, 550.
equalizing load, 11, 609.
erecting, 1i, 616.

examination of, 11, 547.
excessive current, Il, 545.
excluding oil, ii, 547.

formed coils, 11, 547.
foundation, ii, 616.
four-pole, ii, 547.
high power, low velocity, ii, 542.
increase of load, ii, 545.
induction, 11, 572.
insulation, 11, 609, 616.
iron-ciad, 11, 541.
leveling and lining up, ii, 616.

loss of power, ii, 541.

mechanical] regulation, ii, 540.

motor-dynamos, ii, 579.
mounting on wayS, il, 542.
multipolar, ii, 541.
ae e li, 609.
overload, 11, 609.

power delivered by, ii, 541.
principles of operation, il, 542.
protection, il, 545.
pull, i, 542, 543-

railway, 11. 545.
controllers, 11, 549.
controlling Handle: li, 549.
cutting out one motor, il, 549.
earing of, i1, 548.
orse-power of 11, 548.
reversing handle, 11, 549.
Starting resistance. ii, 548.

suspension springs, ii, 548.

two for each car, ii, 548.
two brushes only, ii, 547.

reaction of forces, il, 543.
regulating, il, 540.
de Soreeeiein of governors, ii, 274.
relation to generators, 11, 540, 541.

resistance, Il, 512, 543, 544, 546, 573,

574.

reversed polarity, ii, 609.
reversing compound wound, ff, 614,
615.

reversing Series wound, ii, 6x4.
reversing shuat wound, ii, 614.
room, ii, 609.
rotating field, ii, 570, 57r.
rotation, velocity of, ii, 572.
running, il, 621.
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Electric motors, self-regulating, ii, s4o.
series wound, il, 545, 547, 614, 615.
shunt wound, li, 614, 615.

shutting down, ii, 620, 621.
epeed regulation, ii, 6a1.
speed, variation of, ii, 570.
starter, ii, 544, 586

contacts, li, 544.

overload, ii, 545, 587.

plain, ii, 545.
resistance, li,
self acting, ii, 587.

underload, ii, 545, 586.
wires, ii, 544. .
starting a motor, ii, 543, 574, 610,
616,

619, 621.

synchronous, ii, 568.
temperature, ii, 616.
twisting of the field, ii, 543.
variable speed, ii, 540, 573.
velocities, 11, 568.
ventilation, 11, 616.
winding,
il, 512, 540, 573.

Electric tables, i1, 633.

motors, dimensions of, ii, 633.

wire, current capacity of, il, 633.
wire, resistance of, ii, 633.

Electric wires.
(See wires)
Electro-motive force, induced, ii, 512.
Electro magnet, defined, ti, 508.

Elevating slide rests, i, 124, 168.
Elevator motors, ii, 550.

Elliptical gears, tooth

curves of, 1, 73.

gear wheels, i, 70.

gears, the pitch lines of, i, 70.

taps, in cross section, 1, 109.
E. M.F., ii, 512. P
Emery cutter
grinder, ii, 45, 48.
aaaptation to fine teeth, if51.
cautions about clearance, li, 5r.
compound swivel head, il, sr.
method of using, ti, 46.
work done on, li, 48-50.
Emery machines, grinding, ii, 40.
upbiversal, i, 196.

with revolving emery wheel, ii, 40.
Emery paper, use on lathe work, 1, 308.
Emery wheel arbors, i, 192.
positions of, ii, 35.

Emery wheels, balancing, ii, 39.
cements used in the manufacture of,
li, 38.

clearance of, ii, 39.

cleaning, ii, 47.

coarseness and fineness of, ii, 38.
grade of, ii, 47.
.
positions of, 1, 282 ; i, 36, 37.

qualifications of, ii, 38.

arcs

a 48.

apes
and s1zes, 1, 195.
gcecds of, ii, 39. |
truing and grinding, i, 195.
wear of, ii, 48.
End, face and twin milling, ii, 25.
grain w

pogie’s dii, 453.

measurements of lathe work, i, 376.
milling, advantages of, ii, 25.
thrust of angular teeth, 1,

Endless screw
thread, cutting, 1, 62.
Energy obtained, ii, 507.

Engine,

absence

of

slide or piston

valves, li, 336.
alignment, errors in, ii, 166.

Ames’ Iron Works, ii, 304.
automatic cut-off, 1i, 277-283.

expansion, li, 229.
Ball, i1, 376.
Buckeye, ii, 706-374.
calculating the power of, ii, 439.
compound, ii, 327-377.
connecting rods, ii, 407constant load, kind
coupled, il, 227.

for, ii, 226.

Corliss valve, setting, ii, 318, 319.

crank turning, 1, 247.

crosshead turning, 1, 252.
crossheads, il, 407.
cylinder covers, turning, i, 318.
cylinders, bores of, ti, 404.
boring lathe for, 1, 219.
clearance in, ii, 404-436.
counterbore of, ii, 404.
eccentrics, ii, 410.
fitting, ii, 158.
arileaes li, 406.
ging, li, 406.
lubricating, ii, 405.
relief valve for, il, 405.
steam ports, fi, 405.
turning a cover, 1, 318.
waste water cocks Of, ii, 405.
wear of, 11, 404.
determination of power, ii, 249.
double, single, or triple, ii, 340.
drainage, automatic, 11, 338.
D-valve, ii, 230-232.
economy

of steam, ii, 226.

form, adaptation of, 11, 227.
glands, turning, i, 316.
governors, li, 267-277, 312+
guide bars, ii, 407.
setting, ii, 162.
spring of, ii, 162.
testing, 11, 163.

high speed, ii, 304-307, 376.
kind for, ii, 226.
horizontal, ii, 227.

lathe, i, 123, 147.
construction of carriage, i, 137.
of the back gear, 1, 135.
of the bearings, i, 134.
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Engine lathe, construction of the head
stock, i, 134.
eneral construction of, i, 123.
ead screw and change wheels

of, i, 339:
shears of, i, 134.
link motion, ii, 321-325, 421.
McIntosh Seymour, ii, 377.
Peache’s high
speed, ti, 376.
piston s
, li, 228.
plain slide valve, starting, li, 416.

self contained, ii, 228.

low, 11, 348, 360, 372.

Stearns Mfg. Co., ii, 308-314.
Straight Line, ii, 349.
tandem, ii, 227.
throttle valve gears, ii, 229.
throttling, ii, 230.

transmission of power, kind for, ii,
227.
trial test, ii, 365, 366, 377.
triple expansion, ii, 376.

valves,

il, 408-410.

balanced, ii, 246, 409.
circular, li, 409.
cut-off, 1i, 410.
double ported, ii, 409.
ets lap of, ii, 408.

ap, ii,

234, 235.

lead of, fi.408.
motions, diagrams of, ii, 235,
238.
point of admission, ii, 408.
racing and hunting, li, 347.
setting, ii, 314-320.
slide and piston, ii, 410.
slide, designing, ti, 412.
steam distribution, ii, 235, 244.
tandem compound, ii, 327.
testing horse-power of, ti, 440.

the Allen, ii, 409.
the D, ii, 408.
tracing the action of, ii, 408.
travel, ii, 373.

Willans central valve, ii, 339-348.
load, li, 4s:

normal

Engines, breakdowns of, ii, 377-38.
compound, ii, 327-377, 466, 467.
donkey, ii, 474:

heating and

knocking of, ii, 164.

selection of, ii, 226-228.
subject to freezing, ii, 418.
Engineers, test questions for, ii, 637.
Epicycloidal gear teeth, curves, 1, 8.
teeth, the strength of, i, 64.
filleting the roots of, 1, 53.
Equalizing drivers for lathe work,

i,

points of cut-off, ii, 240, 251-254.
Erecting, li, 137.
a lathe, ii, 18r.
an iron planer, ii, 179.
electrical machines, 1i, 616.
pipe work, ii, 143.
_, the framework of machinery, ii, 176.
Errors in alignment, ii, 158-167.
in chucking, i, 250.
crank pin alignment, ii, 169.

cutting threads on taper work, i, 324.
cutting up inside chasers, i, 337.

drill-grinding machines, 11, 4r.
grinding flat drills, i, 443.
inding milling cutters, 1i, 32.
Jigs, limits of, i, 439.
shafting couplings, ti, 196.
Evaporation, 1, 497.
Evaporative efficiency of boilers, ii, 398.
Examining a-boiler, 11, 400.
a crank shaft, ti, 345.
a governor, Ii, 347.
a locomotive, 11, 433.
a piston, li, 345.
crank. pin brasses, ii, 345.
cut-off sleeves, ii, 347.

closing, ii, 267.

port, supplementary, 11, 337.
Expanding bit, 1, 454.
chucks for lathes, i, 188.
for ring work, i, 24r.
for large work, i, 228.
laps, i, 311.
mandrels, i, 227.
taps, i, 107.

Expansion, ili, 376, 408.
cock, ii, 499.
coil, 11, 498.
curve of indicator, ii, 262, 449, 450.
free, losses, ii, 333-

gear, variable, 11, 346.
governing,
ii, 295-300.
testing o indicator, ii, 449, 450.
ont, WW, 141.

with governors, ii, 270, 271.
Extension lathe, i, 15r.

advantages of, ii, 18.
disadvantages of, ii, 18.
fixtures for, ii, 34.
milling, advantages of, ii, 26.
len
of feed, ii, 26.
plate,
clamping work on, i, 245.
clamps, i, 245.
errors in, and their effects, i, 243.
for milling machine, ii, 9.
for wood-work, i, 247.
work, examples of, i, 249.
movable dogs
for, i, 250.
Facets of scrapers, angles for, ii, 97.
Facing and countersink cutters, i, 449.
cutters, i, 449.
rests, boring lathe with, i, 220.
tool with reamer pin, i, 449.
Facing tools or knife tools, i, 262.
Factors of safety, boiler seams, ii, 387.
Faraday’s experiments, ii, 508.
Fastening cogs, i, 63.
pulleys to their shafts, ii, 2or.
Feathers and their applications, i, 116.
methods of securing, ii, 102.
sinking into shafts, ii, 101.
Feed, direction, for shank cutters, ii, 20.
for spiral grooves, li, 27.
escape valve, li, 473.
gear, i, 197.
for screw machine, i, 20s.
in cutting spiral grooves, ii, 28.
length, in face milling, ii, 26.
mechanism, i, 4c9.

motions, automatic, i, 407.
construction of, i, 390.
examples of, i, 170, 171.
for boiler-maker’s drilling and
turning machine, i, 43€.
boring machine, i, 432.

chucking lathe, i, 150.
drilling machine, i, 432.
grinding lathe, i, 200.
milling machine, ii, 13.
planer heads, i, 413.
reversing traverse, i, 168.
special lathe, i, 146.
wood-working, i, 209.
friction wheels for, i, 78.
lathe, i, 126.

nut, position of, i, 177.

223.

Excessive lead of engines, ii, 453.
Exhaust lap, ii, 408.

of the

boring mills, i, 205.
cam turning,
i, 326.
car-axle lathe, i, 148.
carriage or saddle, 1, 137.

Webb’s, ii, 409.
variable duty, kind for, ii, 226.
vertical, ii, 227.

working under less than

on the strength

parts of a hide, ii, 208.

cutters, 11, 17.

side crank or side hitch, ii, 227.
sae
in uy0
PS
and
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Face and taper cutters, fixture, ii, 34.

safety, kind for, ii, 226.

high

VOLUMES.

EF

es
, 11, 355-366.
worth,
high speed, 11, 336-339.
relative to steam pressure, li, 226.
reversing duty, kind for, ii, 226.

speed,

LWO

ratchet, i, 173regulators for screw cutting, i, 172.
spindle Preentan
i, 139.
spindle for lathe, i, 139.
spindle, giving motion to, i, 135.
water, heating, ii, 363, 402.
Feed pump, steam supply, ti, 355.
Feeds, cutting, for wrought iron, 1, 294.
for roughing cuts, i, 306.
for twist drills, i, 277.
Feed-water, ii, 402.
from natural supply, ii, 419.
Fiddle drill with feeding device, 1, 455,
Field circuit, opening, il, 621.
coils, continuous current, ii, 559exciter, li, 559, 562.
internal, ti, 517.
magnet, ii, 508.
magnetism, ii, 567.
»
regulators, ti, 586, 588.
material, 588.
revolving,

1i, 560.

tube for

boilers, ii, 491.

wae

ii, 512.

Fifth wheel, forging of, ii, 239.
File cutting,
ii, ror.
teeth, shapes of, ii, 85.
Files, ii, 85.

bent, using,

ti, 93.

cleaning of, ii, 94.
Cross, ii, gr.
cut of, ii, 86.
flat, sizes and kinds, ii, 86, 87.

for soft metals, 11, 95.

Groubet, ii, 87.
half-round, ii, go.
instruction on holding, li, 92.
knife, ti, 91.
names of, ii, 88.

putting handles on, ii, g2.
reaper, ii, gr.
resharpening, ii, 9s.
round, ii, go.

selection of, ii, gr.

thin, ii, 93.
three square, ii, go.
tumbler, il, gt.

warping,
Filing bolt

ii, 93.
heads, ii, ros.

cross, ii, 93.
draw, lil, 93.

pulleys, ii, 200.

fixture for lathes, i, 180.
lathe work, 1, 308.
nuts, ii, 10s.

valves, separate, ii, 247, 260, 475.

out connecting rod keyways, ii, 120.
out round corners, ii, 95.

ine of diagrams, il, 446, 447.
of steam, il. 443.

system, refrigeration, ii, 498.

wastefulness of, ti, 332.

pins, ii, 10s.

Piling, pin’. blocks for, ii, 104.

the link slot, template for, 4, 127.
Filleting the roots of gear teeth, i, 53
Finishing cast iron with water, i, 907.
cast iron work, specks in, i, 307.
cuts, rates of feeds for, i, 307.
internal work, laps for, i, 311.
lathe work, scrapers for, i, 307.

Fire cleaning, ii, 401.
ea ne tear: li, 401.

engine
boiler tubes, ii, 463.
engine heaters, ii, 464, 465.

engines, steering gear

for, i, 75.

Firing boilers, ii, 400. |
methods of, 434.
Firmer chisels, ii, 272.
Fits, shrinkage or contraction, i, 366.

Fitting brasses to connecting rod straps,
li, 121.
brasses to journals, ii, 146.
engine cylinders, ii, 158.
keys, ii, 107.
keys, examples of, ii, 107.
straps, ii, 120.
taper pins, i, 122.
taper work, i, 313.
the kevs and gibs, ii, 120.

up connecting rods, ii, 118.
a double eye, ii, 103.
a fork end connecting rod, ii, 123.
a lathe, ii, 181.
a link motion, ii, 127.
Fixed pins, 1, 122.
Fixture for grinding cutters, ii, 32, 33.
for grinding taper work, ii, 33.

Fixtures for drilling machines, i1, 47r.
Flank contact of gear teeth, i, 18.
Flat drill holders, i, 28r.

drills, drilling with, i, 444.
errors in grinding, 1, 443, 444.

for lathe work, i, 280.
files, sizes and kinds, ii. 86, 87.

guideways for planer beds, i, 414.
side lathe shears, i, 183.

turret lathe, i, 155.
Flexible shaft for driving drills, i, 458.
Flue boiler, ii, 390.
Flutes, shapes of taps, 1, 105.
the number of, 1, 107.

Fluting twist drills, ii, 29.
Fluxes, heating in, ii, 494.
Fly ball governors, ii, 416.
cutters, ii, 21.
holders for, ii, 22.
making,
ii, 21.
methods of originating, ii, 21.
wheel, ii, 229, 379.
Follower rests, 1, 234.
Foot block carrying cutting tool, 1, 151.
Foot lathe, i, 130.

Foot stock, side centre for, ii, 8.
Foot valves, ii, 420.
Forge
lathe, i, 153.
Fork end connecting rod, fitting. ii, 123.
aligning,

ii, 124.

Former of Corliss bevel gear-wheel en
gine,i, 45.
Form of lead screw-threads, i, 177.
worm to give a period of rest, 1, 74.
Formed coil winding, 11, 515, 547.
Formed coils, soldered in. i1, 516.

Forms of lathe shears, 1, 183.
of outside calipers, i, 360.
pin wrenches, i, 126.
riveted joint, ii, 384.
taps, i, 102.
templates for gear teeth, i, 44.
wrenches, i, 125.
Foundations for an iron planer, il, 179
for electrical machinery, ii, 607.

Four-jawed chucks, 1, 237.
Four-spindle drilling machine, i, 434.
Fractional pitch change gears, 1, 34.
Frames of machinery, erecting, it. 176.
Freezing, preventing an engine from.
ii, 418.
French gear-cutting machine, 11, 56-6r.
Friction clutches, i, 409 ; 11, 192.

disks, drive steam regulator, ii, 360
experiments on, il, 154.
of jamb dies, 1, 98.
plane surfaces, li, 135.
slide valves, 1i, 475.
taper taps, 1, 103.
tap threads, 1, 108.
wheels, i, 77.
for feed motion, i, 78.

materials for, 1, 77.

paper, i, 78.

to reduce journal strain, 1, 79.
Front rake of twist drills, il, 44.
tools for brass work, i, 264.

rake and clearance of, i, 254.
Fuses, safety, ii, 584, 624.

G
Galvanized iron, gauge for, i, 387.
Gang or composite cutters, 11, 23.
Gap, or break lathe, 1, 151, 154.
Gas pipe, dies for, 1, ror.
Gauge cocks for boiler, 11, 400.
Gauges, i, 356-359.
adjustable, 1, 377.

for American sheet zinc, i, 387
cutting tools, 1, 92.

debbesiae iron, 1, 387.
athe work, 1, 359.

music wire, 1, 386.
planer tools, 1, 423.

INDEX
Gauges for planing V-guideways, i, 421.
Russian sheet tron, i, 387.
setting over taper work, i, 313.
shrinkage fits, 1, 367.
threading tools, i, 266.

forms of laps for, i, 310.
hexagon, i, 381.
instrument, standard, i, 96.
notch wire, 1, 384.
plug and collar, comparing, i, 356.
screw thread, producing, i, 92.
standard for taper work, 1, 316.

standard, comparing, 1, 356.
surface, 1, 378.
vacuum, f, 444.
wire, 1, 387.
Gauging the pitch of threads, after
hardening, i, 108.
Gear cutter, automatic, ii, 53, 59, 61, 67.
adjustments, il, 60.
cutting engine, 1, 36.
engine, vertical spindle, 11, 54.
machine, half automatic, ii, 54.
machine, French, li, 54-59.

table of index holes for, 1, 417.
indicator, use of, 1i, 60.
racks, 1, 77.
spur, li, 59.

Geared scroll chuck, i, 235.
Gearing, McCord’s new, 1, 36.
Gear shaping machine, ii, 67, 68.
Gear teeth, 1, 73.

approximate methods of cutting, ii,
6 4.

arc of approaching contact, i, 16.
of receding contact, i, 16.
pitch of, i, 2.
bevel, designing and cutting, ii, 61,
62, 63.
axles of, ii, 61.
centring the cut, ii, 63.
forms and sizes, ii, 62.
rounding, 11, 62.
calculating strength of, i, 6s.
chord pitch of, 1, 2.
curve of, for bevel gear. i, 22.

curves, templates for rolling, 1, 43.

cutters, choice of, ii, 62.
cutters bisected, i, 36.

cutting by hand, 1, 62.
cutting several at once, i1, 60.
cutting templates for, i, 35.
depth or height of, i, 1.
diameters of bevel, ii, 61.

elliptical, i, 70.

errors produced by wear, i, 18.
faces of, 1, 1.

factors of safety for, i, 64.
flank contact of, 1, 18.
depth or height, 1, 1.
flanks of, 1, 1.
forms of template for, 1, 44. |
generating involute curves, 1, 3r.
helical, 1, 69.
line of centres of, 1, 2.
planers, ii, 64.
wearing of the tool, ii, 64.
pitch line of, 1, 2.
point of, 1, 2.

requirements of curves, 1, 7.
revolving cutters for, 1, 37.

rolling and sliding motion of, 1, 16.
curves for, i, 43.
strength of. i, 6s.

table of cutters for, i, 41.
variation of curve, i, 12.
of shape, 1, 16.
Gear wheels, 1, 1.
angular velocity of, i, 6.
bevel, i, 21.
drawing for built-up, i, 6r.
pinion, drawings for, 1, 59.
calculating revolutions of, i, 5.
chord pitch, 1, 3.
cogged, I, 63.
cogs, i, 67.
durability of, i, 66.
diameters of pitch circles of, i, 4.
drawings for, 1, 59.
driver and follower, i, 3.
for rapid increase of motion, i, 75.
reciprocating motion, 1, 77.
reversing motion, i, 75.
steering steam fire engines, 1, 75.
variable motion, 1, 74.
Renee curves for, i, 11.
unting tooth in, 1, 7.
interchangeable gearing,
internal, compared with

1, 16.
spur, 1, 25.

or annular, i, 23 to 27.
making cogs for, i, 63.
mortised, 1, 63.

motion at a right angle, i, 69.
patterns, 1. 54-61.
power Of, ii, 406.
transmitted by, 1, s.
scale for dimensions, 1, 52.
skew bevel, i, 6r.
spacing teeth on, i, 58.

Spiral, 1i, 65, 66, 67.

stop motion of, 1, 7.
strength of, i, 66.

table giving strength of, i, 67.
table of pitches, 1, 3.
thickness of, 1, 66.

tracing

path of contact, i, 13.

value of cutters, table, 1, 41.

various applications of, i, 74.
velocity of, uniform, i, 16.
with dovetail teeth, i, 60.

involute teeth, 1, 31-34.
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Gear wheels, with stepped teeth, i, 69.

Gear-worm or endless screw, i, 62.
Gears, for screw cutting, i, 320.
Generating the involute curve, i, 31.
curves, machine for, i, 36.
electric current, ii, 513.
Generators, electric, 507, 524.
adjusting controller, ii, 628.
_advantage, ii, 563.
alternators, ii, 610.
armature, ii, 525.
as motors, li, 567.
becomes a motor, ii, 540.

breakdowns, ii, 600.

pase Of, li, 525, 526, 609, 621, 626,
26.

capacity, increase of, ii, 526.
care of. il, 608.
changing direction, ii, 622, 626.
circuit breaker, 11, 620, 621, 624.
commutator of, il, 525, 527, 624.
connection, li, 630.
connection with engine, ii, 539.
connections, ii, 609.
current capacity, 1i, 526.
current frequency, ii, 567.
current maintained, 1i, 627.
cutting out one, ii, 609.
designs for, ii, 525.
diagram, ii, 624.
double, ii, 534.
eddy currents, ii, 564.
electric, ii, 507. 524.
equalizing load, ii, 609.
erecting, ii, 616, 625.
exciting the field, ii, 562, 622.
failure of one, ii, 609.
for high voltage, ii, 566.
for slow velocities, il, 563.
foundation, ii, 616, 625.
four-pole, ii, 527.
fourteen-pole, ii, 527.

induction, ii, 560-567.
insulating, 1i, 563, 607, 609, 616, 626.
insulation, ii, 609
internal field, ii, 525.
large, direct connected, ii, 530, 567.
leveling and lining up, ii, 616.
load, ii, 625.
low voltage, ii, 527.
moisture, ii, 616.
multicircuit device, ii, 625.
multipolar, ii, 558, 567, 624.
oil pump, Ii, 630, 631.
oiling, 11,
609.
operating in multiple, ii, 620.
overload, ii. 609.
poles, ii, 526.
potential, ii, 625.
railway power, ii, 539.
regulator, il, 631.
regulator under commutator, ii, 627.
resistance, ii, 624.
reversed polarity, ii, 609.
revolving field, 11, 560.
room, ii. 609.
shunt circuit, ii, 621.
shutting down, ii, 620.
single phase, ii, 558, 562.
six-pole, ii, 527.
small, for dwellings, 11, 539.
small, with high speed, 11, 532.
starting, li, 607, 616, 619, 629, 632.
switch, ii, 609, 630.
temperature, ii, 616.

three-phaser, ii, 558.
two-phaser, 11, 558.
uses of, ii, 507.
ventilation, i1, 616.

vertical, ii, 532.
wide commutator, ti, 527.
winding of armature, Ii, 527.
German bit, 1, 452.
Gibbed elevating slide-rest, i, 169.
Gimlet bit, i, 452.
Gland. access to, ii, 376.
acking, ii, 348.
Globe valve, lathe for dressing, i, 152.
Gonzenback’s cut-off valve, ii, 410.
Gouge, use of, 1, 338.
Governing by throttling and expansion, 11, 295-300.
dynamo engines, ii, 302.
electric engines, ii, 301-304.
mt pressure valve, ii, 338.
mill engines, ti, 304.
Governors, ii, 267, 277, 312.
adjustment, spring, 11, 276.
balls, 11, 319, 348.
centrifugal, 11, 345.
controlling slide valve, ii, 273.
dancing, 11, 416.
dash pot in, i1, 2€9, 377.
details of, ii, 439.
electrical repulation: li, 274.
experiments with, il, 270, 271.
fly ball or throttling, ii, 416.
for automatic engines, 11, 459, 460.
for stationary engines, li, 457, 458.
isochronal, it, 416.
link expansion gear, Ii, 272.
piston throttle, 11, 269.
Porter's. ii, 268.

Proell’s, ii, 268. .
eater nsctng of, ii, 268.
ichardson’s, ii, 268.

safety stop, ii, 277.
Sawyer’s valve for, ii, 416.
shaft, ii, 271, 283-294.
speed of, 11, 416.
speeders for, ii, 416.

TWO
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Governors,

spring,

adjustment

O56
of, ii,

418.
watts, ii, 268.

Grades of emery wheels, ii, 38.
Graduations of planer heads, 1, 413.
Grain side of leather, weakness, i1, 208.
Grate bars, cleaning, 1i, 400.
Graver, i, 330.
Gridiron crosswise valve, ti, 377.
Grinding clamps for lathe work, 1, 311.
cocks and plugs, ii, 145.
end mills, 11, 46.

Heel tool, i, 330.

Height of vise jaws, i, 62.
Helical teeth, cutting in the lathe, 1, 69.
Herring-bone gear teeth, i, 69.
Hexagon gauge, i, 381.
Hide, parts of, used for belting, ii,
208

High efficiency pressure steam engine,
By 404...
:
.
speed automatic engines, 11, 304-307,

459.

of valve gear, 11, 359.
High pressure cylinders, 11, 335cut-off, ii, 358.
valve, governed, ii, 338.
Hobbing dies, methodsof, i, 473.
Hob for threading dies, i, 474.
Hobs and their uses, i, 335.

formed cutters, ti, 47.

lathes, special chucks for, 1, 197.
machines, speed of work, i, 195.
operations, li, 38.
taper cutters, il, 33.
taper work, 1, 313.
teeth of reamers, i, 282.

for cutting up dies, 1, 99.
threading dies, i, 474.
Hoe, ii, gor.
Hoisting machines, ii, 550.
Holders, for chasers, i, 268.
for fly cutters, ii, 22.
octagon boring tools, i, 175.
Holding chisels, ii, 74.

teeth of spiral cutters, ii, 36.
thin cutters, ti, 33.
twist drills by hand, i, 279.
universal, i, 195.
use of water, 1, 196.
with elevating rest, 1, 194.
Grinding-lathes, 1, 193.
for calender rolls, i, 199.

Hollow work, centres for, i, 226.
Hood-travel, ii, 353.

construction of tailstock, i, 200.
special chuck for, 1, 196.
universal, 1, 192, 194.
Grinding-machine, drill, il, 41.
for milling cutters, ii, 32.
errors in construction, ii, 41.

Hook bolts, 1, 113.
Hooks, belt, ii, 216.

Horizontal boring machine, i, 433.

chucking
machine, i, 154.
tubular boiler, ii, 393-398.
Horse-power, from diagram, ii, 450.
of an engine, calculating, 1i, 439-451.

universal, i, 196.

Groove cams, i, 84.
proper construction of, i, 84.
wear of, i, 84.
Groove, with double roller, i, 84.

testing, 11, 440.

Groove cutting, angular cutters, ii, 27.
Grooved friction wheels, wear of, 1, 79.
Grooves, producing different shapes
with same cutter, ii, 29, 30.

right and left hand, ii, 29.

Groubet files, ii, 87.
Ground detector, 1i, 596.
finding, ii, 622.
joint, 11, 137.
Guide bars, ii, 407.

Hot box, cause of, 11, 619.
Hydraulic fits, allowance for, i, 36s.
fits, parallel holes and taper plugs
for, 1, 365.
pressure, i, 366.

Hypocycloidal curves, i, 8.

I

Ice making, Chap. XLIII., ii, 497-506.
ammonia charge, ii, 502.
ammonia storage tank, ii, 500.
brine tank, ti, 503.

setting by stretched lines, ii, 163.
oe

Heavy oil for hot bearings, ii, 418.

for belts, ii, 2rz.

or centre punches, i, 3o0r.
Guideways, flat, i, 414.
planing, i, 422.
Gumming or gulleting, ii, 290.

cakes, weight of, ii, 503.
releasing from cans, ii, 504
can system, 1i, 504.
cans, il, 503.

HH
Hack saw, ii, 97.
Half-round bit for true work, i, 281.

for wrought iron or steel, i, 281.
or pot auger, i, 28r.
reamers, li, 99
with adjustable cutter, i, 281.
Hammer, ii, 72.
eyes, shapes of, ii, 72.
handles, putting in, ii, 72.
machinists’ hand, il, 72.
paning or pening, il, 72.
Hand bolt threading machine, i, 97.
device for straightening lathe work,
1, 305.

drilling machine, i, 459.
finishing tool, i, 331.
hammers, machinists’, ii, 72.
milling machine, ii, r.
planer, 1, 391.
side tools, i, 331.

tools for brass-work, i, 332.
:
round nosed, for iron, i, 331.
screw cutting, 1, 96.

threading machine, head, 1, 46s.
turing, 1, 330.
vise, il, 104.
of hammers, putting in. ii, 72.

purifying steam, il, 504.

purifying water for, il, 504.
removing plates, li, 505.
slow freezing, 11, 504.
snowy ice, ii, 504.
tank room, il, 504.
time required, ii, 503.
Inclination of skew bevel teeth, i, 6r.

ue

attachment of, to engine, ii, 448.
cards, il, 319.
diagram, area of the, ii, 451.
diagrams, li, 446.
defective, ii, 453.
expansion curve, 11, 449, 450.
springs, ii, 448.

errors in cutting up, 1, 337.
Inspection of electrical machinery,

Hangers, shafting, forms of, ii, 192.
wall, it, 194.
Hardening, case, il, 128, 442.
outside, 11, 494.
SAWS. li, 494.
to resist wear, li, 492.
ne elasticity, He 492.

ii,

606
Insulation, li, 505, 607, 608, 609, 610, 616,
626.

armature, 11, 519, 522, 563.

best materials, 1i, 510.
492.

planer, feed motions for, 1, 414.
V-guideways for, i, 414.
Headstock lathe. construction, i, 153.
of engine lathes, i, 134.
grinding lathes, i, 200.
special lathe, i, 144.
spindle, i, 194.
Heat, 11, 442.
carried, 1i, 497.
conversion of, into work, ii, 443.
latent, ii, 442.
radiation of, li, 444.
Heaters for fire engines, ii, 464, 46s.
Heating and knocking, ii, 164.
feed-water, ii, 402.
showing the causes of, ii, 168.
Heating circuits, condensation in, ii,
357:

clear ice, ii, 504.

oil cooler, 1i, 499.
plate system, ii, 504.

vacuum line, 11, 447.
Injector, feed, ii, 402.
for locomotives, ii, 427.
Inside calipers, 1, 360.
chasers, 1, 335.

Handles of files, putting in, ii, g2.

Heads, construction of, i, 413.
of the rapid machines, i, 468.

making

Indicator, il, 445.

reamers, 11, 98.
shaping machine, 1, 391.

rovide a cutting edge, 11,

condenser, ii, 499, 500.

cooling disks, ti, 499.
expansion cock, 11, 499.
expansion coil, ii, 498.
from distilled water, ii, 504.

Index plate of milling machine, ii, 7.
Index wheel, originating, i, 342, 353.

lathe, 1, 130.
watch manufacturers’, i, rox.

Hard aetal, drilling, i, pag
Head boring, i, 288.
with nut feed. 1, 29r.

.

chest, a refrigerator, 11, 497.
chill room, ii, 499.
circulating medium, ii, 497.
compressor, ii, 499, Sor.

burning out, ii, 545.
double, refrigeration, ii, sos.
materials, 1i, 519.

of coils, ii, 516, 519.
of commutator, 1i, 509.
triple, refrigeration, 1i, sos.
waterproofing, ii, 519.
weak, li, 519
literchanpeable gearing, i, 16.
Intermediate cylinders, li, 335.
Intermediate gears, i, 3.

Intermediate wheels, i, 319.
rolling cirele, i, 24.

Internal gear wheels, i, 23-27.
fields, il. 517.
strains in cast iron work, i, 306.
threading tools, i, 264.
wheels, i, 23.
Involute curves for gear teeth, i, 8.
teeth, advantages of, i, 34.

Iron and steel, galvanized, gauge for, i,
87.

Iron planer, erecting an, ii, 179.
foundation for, 1i, 180.

660
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irregular forms, lathes ror, i, sro.

motion, cams for, i, 80.
work, turning, i, 326.
Isochronal governors, li, 416.

J
Jacket action, ii, 360.
drainiog pump, ii, 363.
Jacketed cylinders, ii, ra
‘acketing, steam, il, 355.
Jam dies, i, 98.
nuts, i, 119,
ewellers’ rests for lathes, i, 189.
fies. designing,
1, 440. |

errors in, limit of, i, 439.
for cutting out steam she i, 441.
drilling engine cylinders, i, 440.
drilling machines, i, 439.
simple work, i, 440.
Joints, boiler fitting, ii, 140.
butt, boiler, ii, 384
cylinder cover, 11, 137.
easily removable, ii, 141.
expansion, ti, 140.

for boiler work, ii, 384.
rough surfaces, ii, 138.

gauze, 11,138.
ound, ii, 137.

ap, boiler, i1, 384.
open, for wear, il, 121.
riveted, proportioning, 11, 387, 388.
rubber, 11, 129.

rust or caulked, ii, 141.
scraped, ii, 137.
thimble, ii, 141.
to withstand great heat, ii, 138
water, ii, 138.
Joule’s equivalent, ii, 443.

K
Key seating machines, i, 460.
Key seats, cutting, ii, ror.

Keys and gibs, fitting, ii, 120.
bearing surfaces of, i, 115.
draught of, i, 116.
forms of, i, 115.
of cocks, lathe for turning, i, 152.
seating rule. i, 378; ii, zor.
with set-screws, i, 115.

Keyway calipers, i, 363.
cutting machine, it, 68-71.
Keyways, cutting by hand, ii, ror, 108.
cutting out by drifts, ii, 109.
Kilowatt, 11, 593:
meter, ii, 598.
Knife files, 11, 91.
Knives, moulding, scale for shapes of,
ii, 83.
Knock-off cam, ii, 353.
Knurling tool, improved forms of, i, 328.

L
Laminations of armatures, ii, 523.
Lamps, arc. (See arc lamps.)
Lap-joint, boiler, ii, 384.
of Corliss engine valve, ii, 458.
winding, Ii, 516.
Latent heat, ii, 442.
Lathe, advantages of, i, 119, 122.
accurate grinding on, i, 194.
adjustable gap, 1, 154.
adjustment to one two-thousandths
of an inch, i, 194.
apron, i, 138.

feed motion for, i, 168.
automatic feeds, i, 128.
back gear, 1. 144.
back rest, i, 196.
bench, i, 120.
boring devices for, i, 288.
tools, shapes of, 1, 285.
break, i, 151.
care and use of lathe, i, 195.
carriage, i, 145.
feed motion for, i, 137.
testing, il, 182.

to discontinue traverse, i, 170.
to lock, 1, 170.

carriers, 1, 222.

centre drilling attachment, i, 300.

centre rest, i, 194.
centres, i, 290.

removing,
i, 159.
shapes of, 1, 299.
testing, i, 2098.

change wheels for: i, 139.
chucks

for, i, 188.

for irregular pieces, i, 157.
for grinding thin saws, 1, 194.
chucking for boring purposes, i, 151.
simple form of, 1, 154.
clamps, i, 223.
classification of, i, 119.
combination turret, i, 154.
construction, i, 124.

cutting fractional threads on, i, 181.
helical teeth in the, i, 69.
screws in the, i, 319.

cutting-off machine, 1, 193.
tylinder boring, 1, 219.

dogs, various kinds of simple, i, 222.
self tightening, i, 223.
double axle, i, 154.
dressing for globe valves, i, 152.
Grivers, i, 222.

TO

THE

Lathe, engine, i, 123.
English chucking, i, 149, 150.
effect of change of temperature,
1, 196.
elevating rest, i, 124.
erecting a, ii, 180.
extension, i, 151.
face-plates, i, 243.
chucking,
i, 246.
clamps for, i, 245.
errors in, i, 143.
for w
work, i, 247.
feed-motions, i, 126, 144, 170, 171.

TWO

Lathe, with variable speed, i, x9r.
wooden
> 4, 149.
work, boring tools for, i, 285.
burnishing, i, 311.
chisels for, i, 339.
countersinks for, i, 302.

end measurements of, i, 376.
filing, i, 308.
flat drills for, i, 280.
holders for, i, 281.

forms of countersink for, i, 302.
gauge for, i, 359.
grinding clamps for, i, 311.
olding straps for, i, 244.
mandrels or arbors for, i, 227.
method of polishing, i, 308.
polishing clamps for, i, 311.
side tools for, i, 261.

feed-screw, 1, 175.

feed, spindle for, i, 139.

filing,

fixtures for, 1, 189.

finishing cone pulleys, 1, 160.
fit of the live spindle of a, i, 157.
fitting up, ii, 180.
flat turret, i, 155.
follow rest, i, 196.
foot, i, 119.
footstock spring tension, i, 194.
for axe handles, i, 210.
dressing hexagons, i, 152.
engine cylinders, i, 219.
facing and boring cylinders, i,
219.
irregular forms, i, 210.
taper turning, i, 142.
turning cock keys, i, 152.
turning wheel hubs, i, 221.
forge, i, 153.

forming monitor, i, 152.

gap, 1, 151, 154.
grinding, 1, 192.

universal, i, 192, 194, 196.
hand, i, 120, 151.
headstock spindle, i, 194.
hexagonal turrets, i, 159.
importance and advantages of, i,
IIgQ.

internal grindin fixture, i, 195.
plea , rest for, i, 189
ocking spindles of, i, 186.

lead-screw, i, 168, 175.
bearings for, i, 139.
nuts for, i, 140.

srpportng Jong,

mandrels, drivers

i, 176.

for, i, 227.

expanding, i, 227.

for eccentric work, i, 229.

nuts, i, 229.
threaded work, i, 228.
tubular work, 1, 227.
forms of, i, 229.
with expanding cones, i, 228.
with expanding pieces, 1, 228.
monitor, forming, 1, 152.
two speeds, 1, 153.
motions for turning cams, i, 326.
open spindle, tailstocks for, i, 189.
pattern makers’, i, 148, 160.
pit, 1, 153.

power, i, 120.
pulley, i, 150.
quartering machine, i, 219.
rests, i, 196, 197.
screws, errors of pitch, i, 79.
screw cutting, i, 152, 160.
screw slotting,
1, x9.

self-acting,
English,
i, 148.
set over, i, 151.
shears, the legs of, i, 184.
various forms of, 1, 133, 183.
methods of ribbing, i, 184.

VOLUMES.

rider em terms used in, i, 296.
use of em
aper on, i, 308.

Lead-lined Brassed i oe 418. ies
Lead of a valve, adjusting the, ii, 418.
Lead of slide valves, ii. 408
Lead-screw, bearings for, i, 139.
conveying motion to the, 1, 168.
for lathes, i, 175.

forms of treads of, i, 177.
long supporting, i, 176.
nuts, i, 180

swing frame for, i, 139.
with three threads per inch, i, 177.
five threads per inch, i, 178.
Leather, grain side, weak, ii, 208.
Left-hand threads, cutting, i, 322.

Leg vise with

parallel motion, ii, 63.

Lever feed drilling machine, i, 428.
drilling, for blacksmiths, i, 457.
principles of, ii, 437.

Lift and force pumps, Ii, 419.
Lightning arresters, ii, 589-593, 624.
for various currents, ii, 589, 592.
principle of action, ii, 593.
resistance, 591,

592.

Line

of contact of skew bevel gear
wheels, i, 61.
Line shafts, couplings for, ii, 194.
Line shafting, d:ameters of, ii, 189.
ordinary, ii, 186.
setting in line, ii, 184, 185.
sizes of, ii, 186.

the strength of, ii, 189
Lined boxes, babbitt metal, ii, 155.
Lines of electrical force, ii, 575.
Lining connecting rod brasses, ii, 126.
Link-motion, gear, ii, 321-325, 415.
fitting up, ii, 127.
for expansion engines, ii, 460.
for marine engines, ii, 475.
quick return shaper, i, 399.
setting the valves for, ii, 415.
spring counterbalance, ii, 324.
e action of, ii, 415.
with one eccentric, ii 324,
Link slot, templates for filing, ii, 127.
Lip drill, i, 443.
Live centres, tapers for, i, 159.
spindle, fit of, i, 162.
wear of bearings, i, 162.

Liquid air, ii, 506.
Locking, differential threads for, i, 119.
Lock work, drilling device for, i, 459.
Locomotive ash pan, ii, 422.
automatic air brake, 422-430.
axle boxes, ii, 147.
eccentrics, forward and backward, ii, 318.

shoes for rests, i, 107.

eccentrics, slip of, ii, 317.
blower, ii, 422.
boiler and frames, ti, 421.
connecting-rcd, ji, 116.
freight engine, ii, 421-436.

sizes of, i, 120.

injector, 11, 427.

or beds, i, 182.
with flat sides, i, 183.
V and flat slides, i, 183.
V slides, i, 183.

slide-rest for, 1, 121, 145, 170, 171.
for spherical work, i, 123.
improved features of, i, 122.
screw cutting

features, i, 152, 157.

special chucks
for, i, 190, 197.
star feed. 1, 172.
stop motion, 1, 153.
surfacing, i, 153.

swing frames, 1, 168.

hand and drilling, i, rs5r.
swivel head, i, 152.
tailblock, i, 185.
methods of testing, i, 187.
rapid spindle motion, i, 18s.
releasing devices, i, 18s.
setting over, for tapers, i, 136.
wear of the spindles of, i, 185,
taper turning attachments, i, 126,
129, 157, 160.

testing, i, 186.
instruments for, ii, 182.
tool-holders for outside work, i, 270.
with clamp,
i, 271.
tools, angle of clearance of, i, 257.
height
of, i, 260.

shapes of, i, 254.
triple geared, 1, 153
pune and mounting emery wheels,

» 195.

turret, combination, i, 154
two speeds, i, 153.
universal grinding, i, 102.
vertical boring and turning, i, 221.
watchmakers’, i, 188.
water, use of, 1. 106.

with compound slide-rest, i, 140-143.
flat chucking surface, i, 143.
rapid spindle motion, i, 18s.

sliding heads, i, 2go.

link motion, ii, 423-425.
passenger engine, li, 422.
reversing gear, ii, 423.
safety and pop valves, ii, 42t.
sand valves, i1, 422.
valves, setting, li, 320.

Locomotive yoke and guide bars, ii, 42r.
Longevity of lubricants, ii, 153.
Lost motion in valve setting, 11, 174, 315.
in connecting rods, il, 315.
Low speed engines, water 1n boilers of,
li, 402.
Low pressure cylinder, 11, 330.
Lubricants, longevity of, i1, 153.
qualities of, ii, 152.
testing, ii, 152.
Lubricators, automatic, ii, 344.
steam, ii, 472.

VE
Machine centre drilling, i, 300.

Machinists’ chisels, application, ii, 76.
hand hammers, ii, 72.

manors electro, defined, ii, 508.
Oop, ii, 508.
force, lines of, ii, 508.
Magnetism, ii, 507, 508, 567.
of the field, exciting, ii, 508, 570.
Main bearings, adjusting, 11, 418.
valve, ii, 366, 372.
ressure on its seat, ii, 367, 369.

Mandrels, expanding, i, 227.

for threaded work, i, 228.
lathe, i, 227.
expanding, i, 228.

for eccentric work, i, 229.

for nuts, forms of, i, 229.
with expanding cones, 1, 228.

mandrels, ane with expanded pieces,
i, 228.
or arbors for Jathe work, i, 227.
Mangle gearing, various forms of, i, 76.
Manufacturers’ temper, ii, 492.
Marine-engine boilers, ii, 468, 469.

connecting rod, ii, 116.
link motion, ii, 472.
pumps, ii, 468.
valves, ii, 476.

Marine engines, pipes of, ii, 477.

various, ii, 466.
Mariotte’s law, li, 443.

Matched cutters, ii, 23.
Mean effective steam pressure, ii, 452.
Measurements, the standards of, in
various countries, i, 341.

Measuring by sight, and feeling, i, 348.
electric, ti, 593.
machine for sheet metal, i, 348.
for pitches of threads, i, 96.
special, i, 342-346, 348.

ee

1, 348.

threads, met od of; 1, 95.
tools, classification of, i, 354.
valve lead, ii, 173.
work, temperature for, i, 30s.

Mechanical equivalent of heat, 1i, 443.

powers, ii, 437.
refrigeration, Chap. XLIII., ii, 497.
Metal, soft, files for, ii, 9s.
Metric pitch screws, 1, 322.
Meyer’s cut-off valve, il, 248, 257, 410.
Micrometer caliper, i, 354.
gauge for thread angles, i, or.
Mill boring, i, 2rr.
turning, i, 211.
Milling-cutters, grinding, ii, 32.
or mills, ii, 16.
with inserted teeth, ii, 24.
Milling-machine, ii, 1-16.
advantages of, ii, 1.
attachments for, ii, 6, 7.
automatic feed motion, ii, 3-6.
chucks for, ii, 31.
cam cutting attachment, ii, 12.
chasers, i, 158.
construction of spindle, ii, 2-5.
cutters, ii, 17-31.

double-spindle, ii, 16.
driving disk for, ii, 9.
duplex, ii, 7, 8, 9.
face plate ie il, 9
fixtures for, ii, 10.
footstock, ii, 6.
hand, ii, 1.

head for spiral cutting, ii, ra.
holding work on, ii, 30.
index plates and table for gear cutting, ii, 2-6.
open side, ii, ro.
power, ii, 2.

resistance of strain, ii, 9.
rotary vise for, ii, ro.
side centre for footstock, ii, 8.
strength of bed, ii, 9.
table and saddle, ii, 3-6.
traversing, il, 9.
universal, i, 438; ii, 2, 4, 8, 9, 12, 15.
head and back centre, Ii, 10.

head for gear cutting, ii, 11.
vertical, 1i, 8, 31.
sla single spindle, open side,
ii,
vertical, two spindle, open side, ii, 8.
with vertical spindle, it, ro.
Milling or knurling tools, i, 328.
Milling taper work, ii, 30.
Mitre wheels, i, r.
Mortised gear-wheels, i, 63.
Motor, electric.

(See Electric Motors.)

Moulding knives, scale for marking out
the necessary shapes of, ii, 83.
Mufile, ii, 493.
Mule pulleys for belts, ii, 211.
Multipolar machines, ii, 514, 541.
connected in parallel, ii, 516.

Multiported valve, ii, 257
Music wire, gauge for, 1, 386.

N
Nail bit, i, 452.
Negative port, ii, 320.
Nose bit, i, 453.
Notch wire gauges, i, 384.
Number of cutters used for a train of
wheels, i, 41.
of cutters on boring bars, i, 290.
of cutting edges on taps, i, 105.
of cutting edges on reamers, 1, 28s.

Nut-tapping machine, i, 475.
automatic socket for, 1, 475.
rotary, 1, 475.

three epindie, i, 475.
Nuts, filing, ii, ros.
apeneaten of, i, 117,

check, i, 117.
slackening of, i, 128.
split, i, 118.

oO
Odontograph, using, i, 47, 49.
Ohn, ii, 512.
Oil and lubrication, ii, r5r.
cavities for brasses, 1i, 150.
cooler, ii, 499.
groove or curved chisel, ii, 76.
for brasses, ii, 150.
heavy, for hot bearings, ii, 41%

INDEX
Oil test, Swiss, ii, 155.

Oiling apparatus, ii, 471-472.
devices for planer beds, i, 416.
true surfaces, ii, 135.
Oils, testing for acids, 1i, 153.
testing for salts, ii, 153Open brasses. ii, 149.
sided sbafting Hangers’ il, 193.
spindle lathes, tailstocks for, i, 187.
Operation

of motors,

principles of, ii,

542.

Originating angles, screw threads, i. 92.
cams, 1, 326

fly cutters, ii. 21.
gear teeth, i, Chaps. I., ITJ.. III.

index wheels, i, 345.

cation of, i, 425.
simple form of 1, 426.
with tool
t, 1, 425.
tools for broad
finishing feeds, i,424.
clearance of, i,
for slotted work, i, 424.
gauge for, i, 423.
shapes of, i, 424.

Plane surfaces. friction of, ii, 135.
Planet motion, i, 75.
Pianimeter, ii, 452.
Planing curved work, i, 420.
guideways, i, 421.
Planing-machine, i, 406-426.

Packing a piston gland, ii, 348, 349.
rings, limited expansion, ii, 349.
Paddle wheels. ii. 476-477.

Paning or pening. 11. 72.
hammers. 11, 68.
Pantagraph engine for dressing the cutters for gear teeth, i, 38.
motions. ii. 449.

Paper friction wheel, i. 78.

32.

holes and taper plugs for hydraulic
fits, 1, 365.
rods. keys for. i, 128.
Paring chisels. ii, 271.
Patching broken frames, ii, 178.
Path of gear tooth contact. i, 13, 16.
lathe, brake for, i, 149.

slide-rest for. i, 149.
with wooden bed, i, 149.
Pattern. makers’ lathe, i, 148.
pipe gauge. 1, 379.
Patterns, brasses, proper shape for, ii,
132.

spacing gear-wheel teeth on, i, 58.
Pattern-wheel scale. i. 51.
Pening or paning. il, 72.

Plate couplings. ii, a
system of ice making, ii. 503.
Plates, angle. for planer tables, i, 418.
Plug and collar gauges, i, 357.
Plug gauges for threads, i, gr.
Plumb level, ii. 136.
rule, li. 136.
Plunger pumps, 11, 402-419.
Point of compression, ii, 408.
cut off, ii, 408.
release, ii, 408.
Poker, ii, 401.
Polarity, analysis of, ii, srs.

shell-rose, i, 284.

spacing the teeth of. i, 282.
spiral teeth for, i, 282.
square, ii, 99.
taper, 11, 99.
Reamer-pin, with facing tool, i, 449.
Reamer-teeth, odd or even, i, 282.
ing of, i, 282.
Reaper-files, ii, 91.
Reboring eviinders in place, ii, 160.
Receiver pressure, ii, 329.
Receivers, ii, 355, 357heating, ii, 355.

of brushes, ii, 622.

Polishing clamps, i, 311.
Poppet valves, cylinder, ii, 357.
Pop piston for water clearance, ii, 349.
Port, negative or blind, ii, 320.

Recentring turned work, i, 304.
Reciprocating motion, gear for, i, 77.

Recording meters, ii, 598.
Red marking for vise work, ii, 96.
Reducing krife, i, 2c5.
Reduction of temper, ii, 493.
Refitting leaky cocks and plugs, li, 144.
Refrigeration, Chap. XLIII., 11, 497.
rption system,
soz.
admission valves of compressor, ii,

oblique trunk, ii. 346.

openings. diagrams of, ii, 372.
large, li, 349.
supplementary exhaust, ii, 337.
Position of em
wheel, ii, 35-37.

Sol.

air cooled, ii, 497.
ammonia storage tank, ii, 500.
ete cooler, ii,
brine plant system, 11, soo.

Power drilling machine, i, 428.
delivered by motor, ii, 541.
lathes, i, 130.

tank, ii, 503.

chill room, ii,100.

loss of, ii, 541.
Eling. machine. i, 470.
of an engine, testing, ii, 440.

circulating medium, ii, 497.
compressor, ii, 499, 50r.valves, ii, sor.

of waterfalls, transmitted, ii, 567.

threading

condenser, ii. 499.

machine, i, 46s.

cooling disks, 11, 499.
direct expansion system, ii, 498.
evaporation, ii, 497.
expansion coil, 11, 498.

Powers. mechanical. li, 437.

Pipe line service. 11, 502.
Pipe-threading by hand, 1, 463.
by power. 1, 463.

Pressure and volume of steam, ii, 443.
electric, raised gradually, ii, 566.
indicator, 11, 500.

main va'te on its seat, li, 367-369.
receiver, ii, 3209.

machine. 1. 475-477.
machines, construction of, i, 463.
Piston, constuction of, ii, 230.

Priming.

4r2.

examinirg, ti, 345.

forcing vapor in condenser, ii, 500.

its causes and prevention, ii,

Protractors .bevel, i, 380.
Propeller, sc "ew, 11, 477.
Pulley balancing, device for, ii, 203.
boring machine, 1, 438.
calculating
speeds of, li, 204.

speed, 11, 228, 339.
valves, ii, 339, 410, 502.
Pit lathe, 1, 153.
Pitch, alteration in hardening, 1, 108.
circle, the diameter of, 1, 1.

correcting the errors of, i, 109.
gauging the, after hardening,

i,

108

line of cams, 1, 80.
lines of elliptical gear teeth. 1, 70.
machine for measuring. ‘1,

south wall, ii, sos.
triple, ii, 50s.
aHbees air, li, 506.
oil cooler, ii,

oil, distribution of, ii, soz.
pipe line service, ii, 502.
piston valves, ii, soz.
proportion employed, ii, 503.
separating tank, 11, 500.
supplying ice water, ii, 503.
thermostat regulator, ii, 503.
Regulating pumps, 11, 420.

conside
as a lever, li, 437.
crowned, ii, 201.

expansion, li, 200.
lathe, 1, 150.

number of teeth, and diameter, 1, 68.

of gear wheels. scale for, 1, 52.

of screw threads, i, 85.

scale for, 1, 52.
Pivoted arms for tooth-templates, 1, 44.
Plane blades. 11. 77.
blades, finding shapes of, for mouldings, 11, 78-83.
Planer beds. fat guideways for, i, 414.
beds, oiling devices for, 1, 416.
chuck. for curved work. 1, 420.
chucking halves of pulleys on, i,

423.

self-oiling, 11, 200.
solid and split, ii, 200.
transmitting power of, ii, 204.
turning, i, 318.
turning, special lathe for, i, 211.
wood, 1i, 200.
Pump air chambers, 11, 420.
capacity of, ii, 420.

Regulator, ii, 586, 588.

centripetal
action, ii, 374.
driven by friction disks,
ii, 360.
forces, ratio of, ti, 373.

Springs, auxiliary, i1, 373.
Relay cylinder, 11, 347.
Reheater, 1i, 376.

chambers, 11, 363.

displacement, 11, 419.
plunger, ii, 419.

principles of action of, ii, 419.

Release, the point of, ii. 408.
Releasing devices, tailblock with, i, 185.

Bu valves and cages, ii, 363.

mping

Relief valve. 11, 344, 472.
Removing corroded bolts, i, 122.
corroded nuts, 1, 122.
featheredge, 11, 54.

engine, ii, 355-366.

qasiliary, li, 363.

Pumps, belt, 1i.

chucks. i. 419.
for spiral grooved work, i, 419.
clutches, friction, i. 409.

compressor

420.

for ammonia, ii, 498.

cones, abutment, 1, 409.

double acting, ii, 355, 419.
for circulating. 11. 355, 472.

driving arrangement, i, 408.
ear. 11. 64.
ead slides, wear of. 1. 412.
heads, feed motions for, 1, 414.

lift and force, ii. 419.
plungers, connection of, ii, 359.
r
ting. i1. 420.

|
1,

421.

supplementary tables for, 1, 417.
tool, aprons for. i, 413.
tool-holder, applications of, i, 425.
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Reversible jawed chucks, i, 237.

| Quadruple engine, ii, 35r.
arranged as a pair of compound, ii,

forms of boits for, i, 417.
:

motions compared, i, 401.
Reverse keys, 1, 116.

Q

»1, 407.

swivel heads for. i. 412.
swivelling tool holder. i, 412.
tables, angle plates for, i, 418.
chucking devices for, 1, 422.
chucking machine beds on,

Resistance, 11, 542, 543, 544, 546. 591, 592,
595.

Rests, follower, 1, 234.
Return cams, designing, i, 82.

rotary, 11, 419.
single acting, li, 419.

V-guideways for, 1, 414.
increase of speed. i, 407.
or iron planing machine. i, 402.
shapers. reversing, i, 398, 399-

movement of, i, 407.

keys, i, 116.
Repairing broken frames, 1i, 178.
connecting rods, ii, 124.
Resharpening files, i1, 95.

for marine engines, i1, 468.

graduations of. 1, 390.

351.

rtering machine, 1, 219, 434.
uestions for engineers, eel
for operators of electrical
machinery.

i,

643-

“

Suick removal, bolts for. 1, 116.
ick-return motion, Whitworth's,
391, 401.

injecting oil in compressor, ii, sor.
insulation, ii, 505.
double, ii, sos.
freezing room, li, 506.
materials, ii, 505.

Profiling machine, ii, 31, 32.

position. 1. 238.

Reamers, adjustable, ii, 99.
chucking, 1, 280.
chucking for true work, i, 283.
for framing, 11, 99.
inding the teeth of, i, 282.
If round, ii, 99.
hand, ii, 98.
shell, i, 283.

Pounding, the causes of, ii, 168.

tongs. il, 143.
vises, 11, 142.
work. erecting, li, 144.

ii, 87.

number of teeth for, i, 282.
rose-bit or rose, i, 283.

Potential indicator, ii, 596.

Pins and their adjustment, i, 117.
filing. 11. 103.
Pipe cutters. il. 142.
gauge, pattern-makers’, 1, 379.
threads. taper for, i, gs.

cutting machine, ti, 59.
feed saw bench, ii, 301.
transformed intoa cutting tool, 1, 36.
Radial drilling machines, i, 430, 431.
Radiation of heat, ii,
Railways, electric, engines for, ii, 539,

Ratchet brace, i, 457.
feeds. 1, 173.
Rates of feed for finishing cuts, i, 307.

of dies in bolt cutting, i, 473.

Pinion bevel, drawings for. i, 59.
with dovetail teeth. 1, 60.

Racing and hunting,
ii, 347.
Rack and pinion wheel, 1, 1.

Rasps, kinds and cut of,

of otae pins for locking, i, 128.
Post drill, i, 43r.

Pillow-block. fitting brasses to, ii, 131.
for shafting. 11. 194.

Riv

Rake, ii, 401.
Ramsden'’s dividing eneine. 1, 349.

1, 410.

:

shapers, link motion for, 1, 399.

i.

crank pins, ii, 73.
joints, forms of, 1i, 384.
proportioning,
ii, 386-382.
strength ofa 386
unevenly spaced rivets, ii, 385.

Riveti

545-

shifting mechanism, i, gro.
tables, 1. 414.
tables, slots and holes in, i, 415.
transmitting and arresting motion,

Pp

VOLUMES.

Raised V-guideways, lathes with, 1, 182.

large, chucks for, 1, 423.
motions of. i, 402.
open side, 1, 411.
post, 1, 411.

threads, starting, i, 338.

TWO

Planer tool-holder, examples of appli-

cutting strokes, i, 411.
eed mechanism. i, 409.

calipers. making. ii, 105.
the various forms of. 1, 360.

Pattern

THE

countershafting, 1, 409.

surface plates. ii, 135.
templates for screw threads, j, 92.
©utside and inside chasers, i, 335.

Parallel cutters, grinding, ii.

TO

Reversing gear, steam, 11, 325-327.
steam to aid the hand, ti, 325.

steam to wholly move gear, ii, 325.
modifications, ii, 326, 327.
Revolving cutters for gear t
1, 37Rheostat, ii, 588, 624.
Ribbing lathe shears, i, 184.
Right and left angular cutters, ii, 18.
and left hand cutters, ii, 18.
Ring work, expanding chucks for, i, 241.
winding, il, 515.
Rivet diameters, ii, 388.

Rivets, diagonal pitch of, ii, 385.
spacing of, il, 385.
Rod.feed for screw machines, i, 206.
Rolling motion of gear teeth, i, 16, 27.
Rolling circles, by using two. the pinion
may contain but one tooth
less
than the wheel, i, 26.

circles for internal

gearing, i, 25.

curves for gear teeth,
i, 43.
Roll-turning lathe, i. 215.
lathe, tools for, i, 216.
calender, method of driving, i, 2eo.

Rose-bit or rose reamers. i, 283.
Rotary nut-tapping machine, i, 475.
converters. electrical, ii, 577.
planing machine, i, 395.
pumps,

1], 4r9.

Roughing cuts,

feeds for. i,

Rough surfaces, joints for. i1, 138.
Round corners. filing out, ii, 95.

files, using of, i1, 95.
half-round files. 11, go.

three-square files, ii, go.
Round-nosed chisels, ii, 75.
tools, i, 258.
Rule for computing threads, i. 95, 96.
for finding horse-power, ii, 450.
for locating pitch line of worm, i, 29.

for finding the chord pitch. diametral pitch. and arc pitch, ij, 3.
for proportioning the steps of the
driving cone, i, 159, 161.

Russian sheet iron, gauge for, i, 387.
Rust or caulked joints, 11, 140.

S
Safety devices for planer heads, i, 413.
fuses, ii, 584.
advantage of lead, ii, 585.
material, ii. 585.
principle of operation. ii, 584.
single and double pole, ii, 585.
stop motion for governors. ii. 277.
Safety-valve, the inspection of, ii, 400.
calculations for, 1i, 441.
Sag of belts, ii, 210.
Salts and acids, testing oils for, ii, 153.
Sand-blast process. ii, 96.
Saturated steam, Ii, 442.

Saw back, ii, 97.
machines, re-sawing band, ii, 310.

Saws, hardening, ii, 494.
stiffening,
ii, 495.
Sawyer’s valve for governors, ii, 416.

Scale for moulding

knives. ii. 83.

for dimensions of gear wheels, i, 52.
for gear teeth, 1. 52.
for pitch of gear wheels, 1. 52.
of tooth proportions, i, 54.

Scouring commutator, ii, 567.

Scraped joint ane: il, 137.
Scrapers. angles for facets of, ii, 97.
applications of, 1, 332.
for finishing, 1, 307.
for true surfaces, ii, 97.

various forms of. ii. 97.
Scrapipg out cylinder heads, ii, 160.
p iron, furnaces, Ii. 247-

Screw-cutting, driver for, i, 223.
face plate for, i, 223.
feed regulators for, i, 171.
hand tools, 1, 96.
machine, 1, 157.
pitches, metric system, i, 322.
reversing tool traverse in, i, 168.

with hand tools, i. 324.
Screw-driver and shape. ii, 97.
Screw-machine, i, 153. 155.
box tools for, i, 208
chuck for, i, 205.
cross-slide for. i, 205.

cutting lathe, 1, 152.
feed gear for, 1. 205.
cutting-off tool for. i, 208.
examples of use of, i, 203.
for heavy work, 1, 201.
light work, 1, 203, 204.

large capacity, 1, 155.
or screw-making lathe, i, 200.
stop motion for, i, 206.
threading tool for, i. 208.
tool-holders and tools for, i, 202.
turret of, 1, 205.
with special wire feed, i, 153, 206.
Screw-propeller, ii, 477.
Screw-slotting lathe, 1, r9r.
- screw-thread angles. gauge for, i, gr.

cutting tools. the wear of, i, 89
standard

forms of, i, 85, 86.

Screw-threads, alteration of shape, i, 89.

pitch of, 1, 85.
uirements of. i, 86.
self-locking, i, 85.
tools for cutting, i, 87.
variation of pitch, i, 87.
Screws, i, 117.
belt, ii, 216.
differential, i, 118.
set. i, «17.
variation of pitch, i, 87.

Scroll chucks, i. 238.
chuck threads, wear of, i, 238.
Seams for boilers. forms of, ii, 38%.
Securing feathers, methods of, i. ra0.
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662Securing devices, nut, i, x20.
pins for exact adjustments, i, 121.
Segmental gear, breakage, ii, 380.
ents, commutator, li, 510, 521, 522.

Self-acting lathe, English form of, i, 148.
locking bolts, i, 117.
nuts, i, 8s.
screw threads, i, 8s.

Self-adjusting couplings, ii, 198.

Self-oiling pulleys, ii, 201.
Self-tightening lathe dog, i, 223.
Series, connection, ii, 516.
winding, il, 512, 545.
proportion of coils, ii, 513
Set-screws, i, 115.
application to hubs, i, 127.
Setting angular grooving cutters, ii, 28.
double eccentric by lines, ii, 175.
connecting rod brasses, ii, 125.
Corliss valves, ii, 318, 319.
eccentrics on crank shafts, ii, 174.
engine cylinders, ii, 159.
engine guide bars, ii, 162.
engine valves, ii, 314-320.
guide bars by stretched line, ii, 163.
ine shafting in line, ii, 184, 185.
locomotive slide-valves, 11, 412.

numbers and tabular values for
odontograph, i, 50.
overtail stock to turn tapers, i, 312.
slide valves, il, 173.
threading tools, i, 266.
up or aligning new engines, il, 165.
up axle box wedges, li, 436.
up keys of connecting rods, il, 127.
valve of engine, ii, 314-318.
work after case hardening, ii, 129.
Settings for boilers. ii, 396.
Shaft bearings, hollow, ii, 377.
flexible, io driving drills, i, 459abides ii, 271, 283-294, 377.
Shafting, collars for, ii, 189.
couplings, errors in, ii, 196.
hangers, open-sided, 1i, 193.
various forms of, ii, 192.
pillow blocks for, ii, 194.
speeds for, ii, 190.
tests of, ii, 188.
turning,
three-tool slide-rest, i, 143.
Shafts, sinking feathers in, ii, ror.

Shaking grate bars, ii, gor.
Shank cutters, 1i, 19.
cutters, applications of, ii, 20.
feed for, ii, 20.

sizes of, ii, 21.
drill, improved form of, i, 446.
Shanks, drill, 1, 445.
Shapes of boring bar cutters, i, 29r.
of centres for large work, i, 299.
crowns of brasses, li, 127.
cutting edges of chisels, 1i, 74.
file teeth, 11, 85.
hammer eyes, li, 72.
lathe boring tools, 1, 28s.
lathe tools, 1, 254.
planer tools, i, 424.
Shaping-machines, i, 389-392, 397-402.
centres for, 1, 397.
crank motions for, i, 4or.
holding cylindrical working, 1, 394.
holding taper work in, i, 394.
losing its position, 1, 389.
or planer shaped, with tappet motion for reversing, 1, 399.
quick return, 1, 389
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Slide-valve, exhaust lap of, ii, 230, 408.

attachment for, ii, 378.
controlling, ii, 273.
construction of, i1, 376.
lead adjusting, ii, “33.
setting a, ji, 418-426.
squaring, ii, 418.
the Allen, ii, 409.
the D, ii, 408.
Webb’s, ii, 409.
Slide-valves, balanced, ii, 409.
circular, 1i, 409.
aceie nine, li, 412.

double ported, ii, 409.
steam lap of, ii, 408.
the lead of, ii, 408.
Sliding motion of gear teeth, i, 16, 27.
motion of worm-wheel teeth, i, 28.

Slots

and

holes

in planing-machine

tables, 1, 417.
Slotted work tools for, i, 424.

Slotting and paring machine, i, 460.
Slotting-machine, 1, 459.
sectional view of, i, 460.
tool-holders, i, 460, 461.
tools, i, 461.

Snifting valve, ii, 472.
Socket wrench, i, 125.
Sockets, drill, i, 445.
Solenoid, electric, 1i, 508.
Solid and split pulleys, ii, 200.
ended connecting rods, ii, 114.
tap wrenches, i, 110.

Spacing reamer teeth, i, 282 ; ii, 98.
rivets in boiler seams, ii, 385.

Sparking, ii, 608, 626.
causes and remedies, ii, 608, 616, 622.
evil results of, ii, 6c8.
length of spark, 11, 616, 630.

reduced by shunt coils, ii, 629.
Special sliding spindle-head chucks for
watchmakers’ lathes, i, 100.
forms of chucks, i, 241.

Bending lathe, i, 197.
index
plate for gear cutting, ii, 7.
lathe for pulley turning, i, 211.
for wood working, 1, 208.
for brass work, i, 216.
Specks in cast-iron work, i, 307.

Speeder and Sawyer valve, ii, 276.
Speeders for governors, ii, 416.
of automatic engines, ii, 459.
emery wheels, ii, 39.
governors, ii, 416.

grindstones, ii, 52.
pulleys, calculating, li, 204.
shafting, ii, 1go.
work on, i, 195.

Speeds and feeds for twist drills, i, 277.
for cutting

wrought iron, i, 294.

Spherical work, slide-rest for, i, 123.
Spindles, live,with coned journals, 1,157.
various methods of locking, i, 186.
Spiral cutters, grinding teeth of, ii, 36.
feed in cutting, ii, 27.
grooves, drill stock with, 1, 445.
planer chucks for, i, 419.
springs, winding in the lathe, i, 329.
teeth for reamers, i, 282.
Spiral gears, ii, 65-67.
Spirit levels, 11, 136.
Split nuts, i, 118.
Spoon bit, i, 452.

quick return link motion, i, 399.
reversing mechanism, i, 393.

Spring adjustment of governors, ii, 416.
calipers, i, 360.
of engine guide-bars, ii, 162.
swages for blacksmiths, ii, 231.

setting work in, 1, 394.

Spring tools, i, 263.

tool holders, 1, 394.
uniform speed, 1, 402.
with travelling head, i, 397.
Shears, lathe, i, 182.
Sheet iron, gauge for, 1, 387.

metal measuring machine for, i, 348.
zinc, gauge for, 1, 387.
Shell reamers, i, 283.
reamers, arbor for, 1, 283.
rose reamers, 1, 284.
Shoes for lathe rests, i, 197.

Shrinkage fits, i, 366.
gauge for, 1, 367.
of iron, i, 368, 374.
system at the royal gun factory at
Woolwich, i, 367.
Shrinking work, to refit it, 1, 374.
Shunt, circuit, 11, 621.

coils to reduce spark, ii, 629.
wound electrical machines, ii, 512,
ee
Side gale in lathe tools, i, 256.
tools for lathe work, 1, 26r.
Siphon. il, 475.

Sizes of lathes, i, 130.
Skew bevel.gcar wheels, i, 6r.

Slackening of nuts, i, 118.
Slice bar, 11, gor.
Slide, construction of, i, 390.
Slide-rest, American form of, i, 132.

compound tool-holder for, 1, 174.
detachable, i, 143.

double tool holder for, i, 169.

ae Were form of, i, 132.
for lathes, i, 131.
pattern lathe, i, 149.
special lathe, i, 145.
spherical work, i, 133.
weighted elevated, i, 171.

Abbed, elevating,
i, 160.
various forms of, i, 132.
slides of planes, construction of, i, 412.
of planer heads, wear of, i, 412.

Springs for indicators, 11, 448.
Spur wheel, annular, i, 23.
compared with annular, 1, 32.

construction of pattern for, i, 54.
drivers, breaks of, ii, 379.
rim, breakage, ti, 380.
teeth, chipping of, ii, 380.
contact of, ii, 380.
number of, ti, 380.
proportions of, ii, 380.
Square-threads, clearance of tools in
cutting, 1, 269.
cutting, 1, 269.
dies for finishing, i, 270.
worms to work with, i, 29.
Square work, steady rest for, 1, 233.
bevel, 1, 380.
:
centre, advantage of, 1, 303.
various forms of, i, 303.

centring,
i, 300.
holes, device for drilling, i, 450.
reamers, ii.

go.

shanked drills, i, 446.
the T, i, 379.
the try, i, 379.
Squaring a valve, 1, 315, 418.
Standard bar for the United States standard of measurement, 1, 341.
amount of current, ii, 581.
for taper work, i, 316.
for wire, etc., i, 384.

gauges, diameter of work limits the
application of, i, 363.
motors, dimensions of, ii, 633.

plug and collar gauges, i, gr.
screw threads, i, gr.
sizes of washers, i, 123.

taps, i, 104.
variations in, i, 341.
Standard cutters, li, 17.
Starter, motor, ii, 544.

Starting a generator,
629, 632.

ii, 607, 616, 619,
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Starting a locomotive, ii, 432.
a slide valve engine, i1, 416.
arc lamp circuits, ii, 576.
electric motor, ii, 543, 574, 610, 616,
619, 621.

Stationary engine boilers, ii, 382, 403.
Steady-rest cat-head, i, 233.
clamps, i, 233.
for square and taper work, i, 232.
improved form of, i, 233.
or back rest, i, 231.
work, drivers for, i, 225.
Steam, ii, 442.
action on one side of each piston
only, ii, 337.
admitted to indicator, ii, 446.
amount of, used in engines, ii, 452.
compression, ii, 262, 267.

condensation, il, 26s.
engine high pressure, ii, 404.
expansion of, ii, 264, 443.
fire engine, ii, 462, 463.
hammer forging, examples in, ii, 241.
jacketing, il, 355.
te of slide valves, ii, 408.
lubricators, ii, 476.

pipe thread, tapping machine, i, 477.
couplings, il, 351.
pipes, dies for, i, ror.

ports, jigs for cutting out, ii, 463.
pressure absolute, ii, 348, 443.
mean effective, ii, 336.
reversing gear, li, 325, 327, 422.
saturated, 11, 442.
superheated, ii, 442.
tight nuts, i, 118.

volume and pressure of, ii, 443.
waste, ii, 264.

wire drawing, ii, 261, 262.
weight of, ii, 445.
Steering gear for fire engines, i, 75.
Stepped connecting-rod straps, ti, 117.
reamers for taper work, i, 285.
Stiffening saws, ii, 495.
Stock, adjustable, i, 448.
Stocks and dies, i, 97, ror.
for drilling machines, i, 449.
forms of, 1, ror.

Stone drill, i, 454.
Stop motion for gear wheels, i, 7.
for screw machines, i, 206.
lathe, i, 153.
Straight-edge and applications, i, 381.
Straightening

lathe work,

device

for,

i, 305.
machine for bar iron, i, 305.
wire, chuck for, i, 30s.
work in the lathe, 1, 304.
Straight-line engine, automatic, ii, 460.
important details of, ii, 461-462.
Strains on boiler shells. ii, 383.
Strap ended connecting ple 8li, 116.
Straps, connecting rod, ii, 115.
connecting rod, fitting, ii, 120.
Strength of boiler plate, 11, 382.
boiler shells, ii, 382.
gear-wheel cogs, i, 66.

ear-wheel teeth, 1, 64.
ine-shafting, ii, 190.
wire, experiments on the, 1, 387.
Studs, i, 117.
Sun-and-planet motion, i, 75.
Superheated steam, ii, 442.
Supplementary planer tables, 1, 417.
Surface condensers, ii, 472-474.
condensing engine valves, ii, 474.
Surface gauge, i, 378.
Surface plates, originating, i, 383; ii,
132.

Surfaces, rough, joints for, il, 138.
true, ates te for, 11, 97.
Surfacing lathe, i, 153.
Swing-frame, i, 158.
attaching, 1, 169.
for lead screw, i, 139..

Switchboards, ii, 598.
connections, ii, 598.

convenience, ii, 601.

description, ti, 601.
dynamo bus, 11, 602.
equalizing bus, ii, 605.
location, ii, 607.
material, ii, 602.

street service bus, ii, 602.
3-wire system, li, 603.

use of, il, 6or.
wire connections, ii, 607.
Switch, electric, ii, 585, 609, 625.
forms of, ii, ps 586.
movement of, 11, 586.
Switches, types of, ii, 585, 586, 624.

Swivelled tool-holding devices, i, 413.
Swivelling vise chucks, i, 395.
vises, li, 6
Swivel head lathe, i, 152.
Swivel heads, construction of, i, 389.
for planers, 1, 412.

Swivelling tool-rest, i, 174.

Table of pressure, temperature and volume of steam, ii, 399.
screw threads, i, 107.
sizes of, bolts and nuts, i, 114.
milling-machine cutters, ii, 17.

tapping drills, i, 445.
twist drills and shanks, i, 442.
speeds for twist drills, i, 277.
spring for indicators, ii, 448,
standard for the V-thread, i, 9s.
Tabular valves and setting numbers for
odontograph, i, 51.
Tail-block lathe, i, 18s.
Tailstock, adjustments of, i, 245.
chucks, i, 135, 145.
construction of, 1, 209.

for drilled work, 1, 279.
engine lathe, i, 135.
open spindle lathes, i, 189.

securing and releasing, i, 136.

Tandem compound engine, ii, 327, 377.

Tangent screw, i, 1.
Tap-wrenches, adjustabie, i, 110.
Taper-bolts, standards, i, 359.
cutters, fixtures for, ii, 34.
for pipe threads, i, 95.

grinding, il, 33.
oles, device fot drilling, i, 451.
milling,
ii, 30.

pins,

fitting, i, 128.

position for locking, i, 128.
plugs for hydraulic fits, i, 365.
reamers, il, 99.
taps for blacksmiths, i, 106.
threads, cutting, i, 338.
turning attachments, i, 126, 129, 143,
157, 160.
feature, unusual, i, 154.

lathe, i, 126, 142.
Tapered connecting-rod ends, ii, rn
Taper-work, centres for, i, 226.
chucking, i, 394.
fitting, i, 313.
fixture for grinding, ii, 33.
gauge for setting over, 1, 313.
rinding, 1, 313.
eys, i, 115.
plug and collar gauges for, i, 357.
standard gauges for, 1, 316.

steady rest for, i, 233.

stepped reamers for, i, 285.

turning, i, 126, 129, 312, 313.
wear of lathe centres in, i, 312.
Tapers for live centres, 1, 159.
Tapping, i, 111.
device for drilling machines, i, 427.
drills, table of sizes uf, i, 445.

machine

477:

for steam pipe thread, i,

Taps, clearance on, 1, 102.

collapsing, machine, 1, 107.
for lead, i, 109.
for very
straight holes, i, rog.
form of, i, 103, 104.
improved forms Of, j, 103.
number of cutting edges, i, 106, 471.

taper, for blacksmiths, i, 106.
taper, the friction of, 1, 102.
wear of, 1, 89.
Technical terms in lathe work, 1, 296.
Teeth, angular, end thrust of, 1, 69.

angular or herring bone, i, 69.
cast, the contract of, 1, 67.

curves of elporel: 1, 73.
file, shapes of, 11, &s5.
gear-wheel factors of safety, i, 64.
for variable motion, i, 74.
requirements of curves, 1, 7.
helical, i, 69.
reamer, number of, i, 282.

spacing Of, 11, 98.
Temper, blacksmiths’, 1i, 492.
rawing the, il, 494.
manufacturers’, 11, 492.
reduction of, il, 493Temperature for measurements, 1, 305.
of work on lathes, i, 196.
Tempering, ii, 492-496.
color, ii, 492.
heating in fluxes, il, 494.
methods
of, special, 11, 493-496.
outside, il, 495.
using a muffle, ii, 493.
warping in, ii, 493.
Template, 11, rro-112.
of Corliss bevel-gear engine, i, 45.
for curves, 1, 384.
marking division lines on the
face of a gear-wheel, i, 59.
filing a link slot, 11, 129.
gear teeth, i, 43, 44.
involute curves, 1, 32.

|

planing teeth to shape, 1, 54.
rolling gear-tooth curves, i, 43.
gauges for end measurements, 1,
6.

Tension of belts, ii, 211.

Testing

seen

angle of bevel wheels while ir

the lathe, i, 60.

boilers, strength of, ii, 488.

T
Table of arc and diametral pitches, 1, 3.
change wheels, screw cutting, i, 180.
feeds for twist drills, i, 277.
index holes for gear cutting, Ii, 7.
natural sines, i, 3.
of electric wire, 1i, 633.

of wrought iron tubes, i, 95.
pitch-diameter, pitch, and number
of teeth in gear-wheels, i, 68.

engine alignment, ii, 166-172.
engine guide-bars, ii, 163.
|
indicator expansion curves, 11, 449.
lathe carriages, ii, 182.
lathe tail-block, i, 187.
lathes, i, 180, 181.
lines, il, 582.
lubricants, il, 12.
OS, 11, 153, 154.
shafting, 11, 188.
squares, various methods

or. 1, 370

INDEX
Testing the power of an engine, ii, 440.
various methods of, i, 187.
Test questions for engineers, ii, 637.
for operators of electrical machinery, 11, 643.

Theoretical compression curve, ii, 458.
diagram, li, 449.
expansion curve, ii, 449, 450.

Thimble joints, ii, 141.
Thinning twist-drill points, il, 44.
Thread angles, gauge for, i, 91.
cutting, 1, 111.
avoiding friction in, i, 474.
dies, 1, 97, 101.
taps, 1, 102.

tools, angles of, i, gr.
wear of, i, 88.
pitch varied by hardening, i, 87.

screws, forms of, 1, 85.
Threaded work. drivers for, i, 225.
Threading dies, cutting speeds for various Sizes, 1, 474.
dies, hob for, 1, 474.

machine, hand bolt, i, 464.
~ hand revolving head, i, 465.

pipe, 1, 463, 475-477.
power,

1, 466.

tools, circular, i, 264, 267.
for gauges, i, 266.
screw machine, i, 203.
holders, i, 267.
internal, i, 264.

setting, 1, 266.
the level of, i, 26s.
Threads, diameter at the roots of, i, 269.
left-hand cutting, i, 322.

method of measuring, i. 95.

square, clearance of tools for. 1, 269.

Three and four jawed chucks, i, 237.
Three-phaser, ii,

558.

Three-spindle dling machine, 1, 434.
nut tapping machine, i, 475.
Three-tool slide-rest for shafting, 1. 143.
Three or four boring bar cutters, 1, 290.
Throttle valve, adjusting, ii, 347.
leaky, ii, 418.
gears, li, 229, 348.
Throttling engines, ii, 230.

and expansion governing, 11, 295-300.
Throttling governors, il, 416.
Through
keys and keyways, i, 116.
Thrust bearings, li, 447.
on wheel shafts, i, 16.
Tit drill, 1, 443.

Tool aprons for planers, i, 413.
edge, oilstoning, ii, 54.
facing with reamer pin, i, 449.
front for lathe work, i, 254.
holders, boring, i, 287.

combined, 1, 273.
for compound slide-rests, i, 174.
circular cutters, 1. 272.
octagon boring tools, i, 175.
screw machine, 1, 202.
shaping machine, 1, 394.

lathe for outside work, 1, 270.
planer, i, 426.
slotting machine, 1, 460, 461.
swivelled, 1, 273.
threading, i, 267.
holding devices, i, 173.
swivelled for planers, 1, 413.
rest, swivelling, 1, 174.

taps, improved, 1, 103.
Tools, caulking, ii, r4r.
box for screw machine, 1, 208.
circular cutting, 1, 267.
cutting-off or grooving, 1, 262.
cutting, the utmost duty of, 1, 258.
diamond-pointed, i, 254.
facing or knife, i, 262.
for cutting rods in pieces, i, 305.
a worm in a lathe, ‘1, 62.
screw threads, i, 87.
wood slips, 11, 271.
roll turning,
1, 215.
screw machine, i, 202.

standard shapes, 1, 111.

testing lathe centres, 1, 298.
planer, clearance of, 1, 424.
for coarse finishing feeds, 1, 423.
slotted work, 1, 424.
gauge for, i, 423.
shapes of, i, 423.
round-nosed, i, 258.
spring, 1, 263.
square-nosed, 1, 260.
thread-cutting, 1, 97.
threading for screw machine, 1, 264.
__
with side rake, i, 256.
Tooth form, variation of, 1, 15.
proportions, scale of, i, 54.
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Tooth templates, pivoted arms for, i, 44.
Trammelling connecting rods, ii, 122.
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Wear of groove cams, 1, 84.

Valve breaks, ii, 378.
controlling slide valve, ti, 273.

discharge, of compressor, Ii, sor.

Trams or trammels, i, 377.
Transformers, ii, 567, 575.

double exhaust, ii, 311.

construction of, il, 577.

double ported, ii, 242, 245.
edges, 11, 379.
examination of, ii, 378.
expansion, li, 247, 260, 475.
for marine engines, ii, 476.
for triple expansion engines, ii, 471.
gear, li, 355,
358.

diagram, ii, 575.

inducing voltage, Ii, 575.
primary current, ii, 575.
principle of action, it, 575.
secondary current, ii, 575.
stationary, ii, 575.
step down, Ii, 577.

gear, the eorliss. ii, 456.

step up, il, 577.

globe, pattern for, ii, 281.

voltage, ii, 575-577.

Kingston, ii, 472.
lap, 1i, 234, 235.

use of, ii,577.

gridiron crosswise, 11, 377.

Transmitting power, electric, ii, 567.
Traversing milling machines, ii, 9.
_ spindle lathe, i, 218.
Triple expansion engine, ii, 468.
link motions of, ii, 470.
valves of, ii, 339.
geared lathe, 1, 153.
riveted joints, ii, 385.
Tripod bearing, i, 156.
True plane, originating, ii, 132.
surfaces, oiling, ii, 135.
scrapers for, ii, 97.
Truing lathe centres, devices for, i, 297.
Trundle-wheels, i, 1.
Try-squares, i, 379.
T-squares, i, 379.
Tube plate cutters, i, 448.
Tubes, boiler, arrangement of, ii, 396.
bursted, il, 435.
Tubular work, ihe mandrels for, i, 227.

lead adjusting, ii, 241, 418.
" measuring, 11, 173, 316.
mechanism for operating, 11, 360.
Meyers, ii, 248.

motion, ii, 349, 353,

Turned work, recentring, i, 304.

Turning a cylinder cover, i, 318.
calender rolls, i, 215.
irregular shapes, i, 210.

machine, feed motions of, i, 436.
for boiler makers, i, 435.
mill, i, 211.
;
outside threads, i, 338.
pulleys, i, 318.

shafting, three-tool slide-rest, i, 143.

poppet, cylinder, ti, 357.
pot openings, large, 11, 349.
roell, ii, 376.

relief plate, ii, 308.
setting, ii, 314-320.
snifting, ii, 472.
spindle, hollow, ii. 370.
Speeder and Sawyer, ii, 276.
Squaring a, li, 315, 418.

steam distribution, ii, 235, 244.

stuffing-box, adjustable, 1i, 312.

thin plate, ii, 349.
throttle freezing, ii, 418-419.
travel, ii, 373.
wear without leak, ii, 349.
Varving points of cut-off, 11. 254-262.
Velocity, uniform for gear wheels, i, 16.
Vertical boilers, 11, 391-393.
boring and turning machine, }, 221.
generators, ii, 532.

milling machine, ii, 31.

tapers, 1, 136, 3r2.

Turret for screw machine, i, 205.
hexagonal, 1, 159.
lathe, combination, i, 154.
lathe, two speeds, i, 153.
Twin cutters, ii, 18.
milling, advantages, ii, 25.
Twist drills, i, 274.
clearance of, 1, 274; il, 41-44.

effect of improper grinding, i, 276.

water tube boiler, 11, 392.

Ak Sod kat for planer heads, i, 414.
Vibration, 1i, 379.
Vise, ii, 72.
chucks,
for vise work, i, 396.
chucking work in, i, 393.
construction of, i, 392.
holding taper work in, i, 394.
rapid motion, i, 396.

swivelling, i, 395.
various forms of, i, 394.

feeds and speeds for, i, 277.

fluting, ii, 29.
front rake of, i, 275; ii, 44.
inding, i, 276.
arge, thinning the points of, ii, 44.
table of sizes of, i, 442.

Twisting of electric field, 11, 543.
Two-jawed chucks, 1, 236.
Two-phaser, 1i, 558.

U

hand, ii, 104.
work, examples in, ii, r02z—135.

red marking
for, ii, 96.
Volt, ii, 512.
construction, ii, 594.
meter, 11, 593, 624.
principle of action, ii, 594.
Voltage, i1, 513, 516, 633.
automatic regulation, ii, 513.
drop, ii, 513.
hig

pipe, 1, 95-

inducing, 11, 575.
loss of, 11, 578.
reduced, 1i, 576, 621.

;

finished bolts and nuts, i, 113.

United States standard for rough bolts
and puts, 1, 114.
for screw thread, i, 86.
Unpacking arc lamps,
ii, 574.
Universal
drill, i, 430.
boring, drilling and milling machine, i, 438.
chucks, 1, 238.
coupling, ii, 199.
cutter and reamer grinder, 1i, 48.
construction of, ii, 48.
~
method of using, ti, 48.
work done on, 11, 48, 50.

inding lathes, i, 192, 194.

joint for drill brace, 1, 456.
machine, i, 196.
milling-machines, ii, 2-15.

for heavy work, ii, 15.

V

Vacuum gauge, ii, 476.

line of indicator diagram, ti, 447.
Valve, cut-off, ii, 367, 369, 410.
action, il, 233.
admission, of compressor, sor.
attachment to slide rod, 11, 349.

balanced, ii, 246.

’ il, 567.

increase Of, ii, 567, 621.

United States standard thread for gas
for

413

motions, diagram oe ll, 235, 238.
multiported, ii, 257.
of surface condensing marine engines, ii, 474.
overtravel, 11, 237.

Tumbler-files, ii, gt.

663

Volume and pressure of steam, Ii, 443.
V-slide lathe shears, 1, 182.
V-thread standard, 1, 93.

V-tool for starting threads, 1, 337.

nuts, 1, 120.

planer head slides, 1, 412.
scroll chuck threads, i, 238.
spindles of lathe tail- block, i, 18s.
taps, 1, 89.
worm and worm-wheel, i, 28.

upon
grooved friction wheels,i, 79.
Weight
of steam, Ii, 443.
Weighted elevated
slide-rest, feed
Welded connecting
Welding stub ends

slide-rest, 1, 168.
motion for, 1. 168.

rods, aligning, 11. 118.
of connecting rods,

il, 118.

Wheel, emery, position of, 11, 35.
rack and pinion, i, 1.
rim, spacing the teeth on, i, 56, 58.
shafts thrust on. 1, 16.
tire, throwing off, ii, 435.
worm, 1, I.

Wheels, bevel line of faces, i, 22.
clock, 1, 21.
considered as levers, ii, 437.
emery, balancing, ii, 39.
grades of. 11, 39.
qualifications of, ii, 38.
speeds of, 11. 39.
work suitable for: li, 39.
friction, 1, 77.

Wheels, friction, material for, i. 77.
for transmitting motion, 1, 21.
gear drawings for, i; 59.
intermediate, i, 319.
number of cutters for a train of, i, 39.
paddle, ii. 476.
trundle, i, 1.
White-metal lined boxes, Ii, 155.
Width and thickness of chisels, ii, 74.
Winding armatures, ii, 510.
field, ii, 512.
;
formed coil, ii, 515.
lap, li, 516.
ring, 11, 515.
series, il, 512. 540.
shunt, fi, 512, 540.
spiral ati oe 1, 329.

strips and their use, i, 382.
three stages of, ii, 516.

wave, il, 516.
Wire-drawing, steam, ii, 261, 262.
Wire-feed for screw machines, i, 206.

gauge, 1, 387.

Wire, strength of, experiments on, i, 387.
Wires, electric, table of, ii, 633.

resistance of, ii, 633.
size of, for incandescent lamps, ii,
633-

Wood pulleys. ii, 200.
turning, hand tools for, i, 338.
work, counterbore for, i, 449.
drill for, 1, 449.
drivers for, 1, 225.

lathe, face plates for, i, 247.
twist drills for, i, 279.
Wood-working lathes. chucks for, i, 242.
special lathe for, 1, 208. .
Work, cored, drivers for, i, 225.
face plate, examples of, i, 249.
holding straps. 1, 244.
hollow centres for, i, 226.

shrinking. to refit. i, 374.

Worm and worm-wheel,
gears, 1. 62; il. 64.

1, 28.

eircular pitch of, li, 64.
wheel, application

of. i, 30.

cutting teeth of, i, 42.
enveloping teeth, i, 28.

number of teeth in, i, 29.

Ww
wee hangers, ii, 193.
arping,

hi

11, 493-

id of files, 11, 93.

Washers, I, 123.
standard sizes of, i, 123.
Watchmakers’ lathes, i, 188.
Watch manufacturers’ hand lathe, 1, 191.

lathe, details of, 1, 190.
Water, li, 442.
clearance in engine, 11, 349.
discharge, ii, 369.
evaporation, calculation of, ii, 452.
gauge glass, li, 400.
joints, 11, 139.
tube boiler, vertical, 1i, 392.

Waterproofing insulation, il, 519.
Watts, ii, 593.
Wattmeters, 11, 597.

Wave winding, il, 516.
Wear of dies, 1, 89.
back bearings, i, 158.

sizing blanks, ii, 68.
teeth, sliding motion of. i. 28.
Worm towork with a squarethread,1, 92.
Wrench, adjustable, i, 125.
for aailte, bolts, i, 125.

jaws, angle

for, 1, 123.

monkey, 1. 125.
pin, 1, 126.
sockets, 1, 125.
various forms of. 1. 125.
Wrist plate adjusting, 11. 318.

Wrought iron, cutting speeds for, i, 294.
Y

Yoke and guide-bars, ii, 421.

Zz
Zigzag riveted seams, il, 384.
Zinc gauge, the American sheet, i, 387.
gauge, @“
“Igian sheet, i, 387.
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