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CHAPTER I

YWHEEL AND AXLE WORK

In MACHINERY's Reference Series No. 79, “Locomotive Building—

Part I,” were described, step by step, the operations followed in making

the main and side rods of a consolidation freight locomotive. In

the following the same consecutive method will be followed in de

scribing the machine shop work on the axles, wheels, centers, tires

and crankpins, in the Juniata Shops of the Pennsylvania Railroad at

Altoona, Pa. The finished product resulting from these operations

is shown in Fig. 33, which illustrates the main driving wheels and

axle of a new design of exceedingly heavy passenger locomotive, recently

built. These are 80-inch wheels, the largest now used in regular pas

ZººZºº

Fig. 1. Raw Material for the Wheel and Axle Work

senger service. The locomotive, being of the Pacific type, requires

three driving axles in all. -

In Fig. 1 is shown a stock pile of forgings and steel castings in the

yard outside the shop, from which the finished work in Fig. 33 is

built up. The axles and pins are forged from nickel steel. The

tires are made by the circular rolling process, and are received at

the shops rough. The wheel centers are steel castings.

The Main Axles—Drilling and Inspecting Holes

Fig. 2 is a drawing of the driving axles of the K-2 Pacific type loco

motive, giving the principal dimensions. As shown and as seen also in

the axles in the pile at the right of Fig. 1. holes are drilled clear

through the axle centers, the diameter of the hole being 2 inches in this

case. The purpose of this hole is simply to permit inspection of the



4 No. 80–LOCOMOTIVE BUILDING

interior of the forging. If there is a defect in an axle forging any

where, it may be expected at the center, where seams due to piping

and other troubles would surely be found if they were present at all.

By examining the interior surface with an electric light mounted on

a long rod and provided with a reflector, it is possible to be assured

that each one of the thousands of driving axles used on the locomo

FIRST AND THIRD DRIVING AXLES

PACIFIC TYPE LocoMotive
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Fig. 2. Rough and Finished Turned Dimensions for Driving Axles

-tives of the Pennsylvania system is flawless and homogeneous. This

is a form of insurance which is rather expensive, but it is exceed

ingly effective.

Two forms of axle boring lathes are shown in Figs. 3 and 4, the

first of these being the older design. In this machine, as shown, a

hollow spindle is used, large enough to take the work in bodily. This
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is grasped by a chuck at the front end, and is centered and supported

at the rear end on the points of three set-screws, so that it runs prac

tically true. The drill itself is stationary, being grasped in a clamp

bushing on a special carriage. The supporting bushing guides the

drill close up to the work, starting it truly and keeping it in line until

the end of the operation, thus assisting in keeping the hole con

centric. The reason for revolving the work instead of the drill is, of

course, that the hole can be kept concentric with the work when

this is done. If the work were stationary while the drill only revolved,

the chances are that the hole would run away out from the center line

of the work, especially if it should meet a flaw or a hard spot in the

metal.”

Now while it is necessary to revolve the work, it is evident that

this involves constructional difficulties in the lathe itself. The spindle

- - Zºº&Y

Fig. 3. Drilling the Test Holes in the Axle Forgings

shown in Fig. 3 has to be of a very large diameter, and must be run

at very high speed if it is to allow a modern inserted blade drill to

operate to the best advantage. To overcome the necessity for revolv

ing a large spindle at high speed, the improved form of axle boring

lathe shown in Fig. 4 was developed. Here the spindle is of ordinary

proportions, the work being held at one end in the chuck while it is

centered and grasped at the other in a revolving holder of the “cat

head” type. This simplifies the problem by reducing the spindle

diameter. Still further benefit is derived by revolving the drill itself

at a high rate of speed instead of having it stationary as in Fig. 3.

The work is also revolved, but all the beneficial results in the way of

truing up the hole, can be obtained if the rate of revolution is quite

slow. In the case shown, for a two-inch hole, the axle revolves at 15

revolutions per minute, and the drill in the opposite direction, of

course, at 75 revolutions per minute.

*See MACHINERY's Reference Book No. 25, “Deep Hole Drilling.”
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The drill head is clamped to a regular lathe carriage, and is con

nected for driving the drill with a special splined shaft at the back

of the lathe. Unlike the machine shown in Fig. 3, this is practically

a regular engine lathe, with only the addition of this splined driving

shaft, the drill head on the carriage, the bushing support for the drill,

and the revolving rest for the front end of the axle. Otherwise it is

provided with lead-screw, change gears, and all the other requirements

of the standard engine lathe. It may be used as an engine lathe when

the attachments are removed. It is motor-driven, with a controller

operated from the carriage.

A well-known type of deep-hole drill is used for this operation. It

consists, as shown in Fig. 6, of a long bar A of steel, with a slot milled

across its front end, in which an inserted blade B of high-speed steel

is held by means of a taper pin C. Square grooves are provided on

each side for the escape of the oil and chips. In circular grooves on

Machinery,N.Y.

Fig. 6. The Drill used for Deep Boring in the Machines

shown in Figs. 3 and 4

the side, tubes D are brazed, which lead the oil from the socket iſ,

the lathe carriage through to the cutting point. The only part of this

drill subject to ordinary wear and replacement, as will be seen, is the

steel blade B, which is very simple and inexpensive. These lathes,

of course, are provided with power pumps, settling tanks, etc., for

handling the lubricant, which in this case is a soda-water compound.

This is delivered to the carriage by a “trombone pipe” arrangement

in the case shown in Fig. 4. -

Fig. 5 shows one of the holes drilled and under inspection. For

this purpose an electric light is passed in at one end of the bore, pro

vided with a reflector so mounted as to shade the eyes of the inspector

from the direct glare of the filament, and still show clearly the walls

of the bore, by the reflected light. As these holes have been drilled

for inspection and insurance only and are of no further use, they are

promptly plugged up again to provide centers for the Subsequent
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machining operations on the axles. Various methods of plugging

have been tried; but the one which has proved the most satisfactory

in the long run at the Juniata Shops is the method which is also the

simplest—namely, that of reaming out the ends of the bore with a

taper reamer and forcing in corresponding taper plugs in the wheel

press. The reamer and the plugs have a taper of 34 inch per foot. In

-- - tºº

Fig. 7. Forcing Taper Plugs into the Ends of the Bore of the Axle

Fig. 8. Centering the Axle Preparatory to Turning

Fig. 7 the plugs are shown being pressed into place; a pressure of

approximately 15 tons is used for this operation. The axles are now

to all intents and purposes solid, and are treated as such throughout

the remaining operations.

The axles are now ready for the turning operations, and the Special

machinery operations.
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Finishing the Driving Axles

Fig. 8 shows the axle being centered. This is done in a special

machine. The two ends are grasped in V-jaws tightened by right

and left-hand screws, which center the axle in front of two drill

spindle heads, one at each end. These heads are driven by bevel gear

ing from a splined shaft running through the center of the bed, and

each is provided with a threaded quill and handwheel for feeding.

As usual in centering, a leading hole is first drilled and this is then

finished out to a center by the use of the countersink shown. The

drift hole provides for rapid changes of drill and countersink.

From the centering machine the axles are taken to the lathe shown

in Fig. 9, where the journals and wheel-fits are turned. Templets

are used for the lengths of these cuts, one of these templets being

shown laid on the wheel-fit at the near end of the axle. Fixed gages

are also used for diameters. One of these is shown applied to the

Fig. 9. Turning the Axles

journal, while the other is lying on the top of the carriage. The

journals are finished by the rolling operation shown in Fig. 10. The

roll is mounted in a forked holder in the tool-post, and fed back and

forth across the work under a considerable pressure. There is an

opportunity here for the display of judgment by the operator in the

matter of the pressure applied. This must be heavy enough to roll

down the tool marks and harden the surface. If too great a pressure

is applied, however, these results are not obtained; instead, the surface

is flaked and disintegrated, leaving it unfit for use in the bearing.

A little kink in estimating the smoothness of a surface is worth

mentioning. The instinctive way of doing it is to run the tip of

the finger across it to see how it feels. A more delicate test, however,

consists of running the edge of the thumb-nail over the surface. For

SCme reason this shows up ridges and irregularities of the surface

much more sensitively than does the flesh of the finger tip.
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The axle is now taken to a special milling machine, where the key

seats are cut 90 degrees apart on the ends, the two operations being

simultaneous. This machine is shown in Fig. 11. The construction

of the machine is plainly evident. The axle is mounted on its centers,

and is supported on V-blocks which in connection with the weight of

the axle, serve to keep it from moving under the cut. Two sliding

ºw.

Fig. 10. Finishing the Axle Journels with the Rolling Tool

Fig. 11. Keyseating the Axles on a Special Quartering Milling Machine

cutter heads are provided, with axes at an angle of 90 degrees with

each other. This brings the wheels on each side of the engine with

the crankpins exactly 90 degrees apart; in other words, it “quarters”

the wheels.

The cutters on these spindles have to be accurately centered, of

course, if the quartering of the keyways is to be accurate. For this
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purpose a center line is provided on the back slope of the teeth, half

way between the sides of the cutter. This line on the cutter, in the

original construction, was lined up with a pointer set in a stud in a

bracket provided for the purpose on the cap of the cutter spindle bear

ing. The seat for the stud is shown, though the bracket is not in place.

This method of centering has been changed somewhat in the practice

of the shop. Instead of using this pointer, a reference surface shown

at A in the engraving is used on the tailstock, and the 'measurements

are made from this to the face of the cutter to set it central. This

would seem to be a very satisfactory method, as it would not be affected

by wear in the slides and changes in the tightness of the gibbing,

owing to the fact that the reference point or surface is directly

mounted on the member which supports and centers the work.

After the keyway's have been cut on this machine the axle is ready

for assembling with the wheel-centers.

Finishing Operations on the Crankpins

The crankpins are machined from the stough forgings by obvious

chucking and lathe operations which do not need to be described in

detail. With the Walschaerts valve gear, these pins are of two kinds,

depending on whether the Walschaerts crank is to be screwed and

doweled into a counterbore, as in the case shown in Fig. 14, or is to

be keyed and bolted with a split hub, onto a seat turned on the outer

end of the pin, as for the case of the K-2 wheel shown in Fig. 33.

The pins shown in Figs. 12, 13, and 14 are of the former sort. Fig.

12 shows the operation of milling the keyseat for the fit of the pin

in the main driving wheel center. This keyseat is, of course, required

for the main pin only, as this is the pin from which the valve gear

connections are made. The other crankpins are forced into place

without keying. In Fig. 12 the work is simply held between centers

in an ordinary horizontal milling machine, and the keyway is cut

with a mill properly centered. At B is a key, set into the keyway of

a templet mounted just back of the pin; it is used merely to indicate

the existence of the templet, which is out of sight. The latter has on

it a line corresponding with one scribed on the pin, with which the

Walschaerts return crank must match. This templet is used, there

fore, in locating the keyway with reference to the line of the crank.

In Fig. 13 the crank has thus been properly located. In Fig. 14 it

is shown on the drill press while the three dowel holes which locate

it with reference to the pin are being drilled. These holes, as shown,

after passing through the flange of the crank, are drilled half into

the hub of the crank and half into the counterbore of the pin, locking

them firmly together. The crank itself is, of course, held in place by a

bolt passing through the center of the pin, and fastened by a nut on

the inner face of the wheel.

Boring the Tires

In Fig. 15 is shown a section through the driving wheel rim and

tire. The method used on the Pennsylvania. R. R. for holding the tire

in place is clearly shown. The usual lip or shoulder is provided on
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the outer edge of the tire for taking the heavy thrust of the rail

against the flange of the tire in rounding curves, taking switches at

high speed, etc. In addition to this, a groove is turned in the bore of

the tire and into this is set a series of plates about 214 inches wide

and 15 inches long, as shown, held to the inner face of the wheel

rim by %-inch rivets. Six of these plates are ordinarily used, spaced

equally around the rim. -

This provision for locking the tire in place is made necessary by

the tendency which tires have to loosen from the centers under cer

tain conditions. It is a common occurrence to have a tire so heated

by the slipping of the wheels on the track in starting at heavy loads,

that it will loosen from the center and start to slide off. It cannot,

of course, come clear off, as it is retained in place by the flange strik

ing against the rail. The tire is shifted from its position, however,

and when it cools again the gage of the engine has been widened,

necessitating a cautious trip to the shop for reheating and replacing

the tires. By the use of various methods of locking, of which the clip

arrangement here shown is one of the most satisfactory, this difficulty

is avoided.

The tires are received from the rolling mills rough all over. The

finish rolling is, however, accurately and smoothly done. The first

operation consists in boring the tire for its fit on the wheel center,

and also for forming the retaining lip or shoulder. This operation

may be done in either the wheel lathe or the boring mill. In Fig. 16

the tires are being bored in the lathe. They are held on the faceplate

by clamps and blocking, and are mounted on parallels to provide clear

ance for the boring tools when working at the extreme inner edge.

The tire is located in place for clamping and is accurately centered

by a set of stops with adjustable screw-points, located between each

of the four clamps shown. The operations of boring, and of forming

the lip, are all of an obvious kind and do not need to be described in

detail. An interchangeable blade boring tool is used. The inside

diameter is accurately turned to a standard length gage.

Operations on the Wheel Centers

The wheel centers shown in Fig. 17 are of cast steel. Two forms

of counterweights are used. One style shown in this figure is cast

solid with the wheel centers. This is the style commonly used on

passenger wheels of large diameter, where it is possible to get a large

enough weight and one far enough from the center to produce the

required balancing effect. On freight engines, in general, where the

wheel is very much smaller in diameter, it is not usually possible to

get into the required space enough weight in cast iron. On this

account such counterweights are ordinarily cored hollow, and poured

full of lead so as to get the required weight in the required space.

Instead of pouring this into an enclosed space, the Pennsylvania prac

tice is to pour it into open chambers, as shown plainly in the

freight wheel in Fig. 20. After these have been poured full, a plate

of steel is bolted on for a cover, preventing any possibility of the



WHEELS AND AXLES 15

J
e
u
Ț
I
q
.
n
H
e
q
!
J
o
,
e
z
u
o
n
g
e
q
)
º
u
!

-
4
1
0
M
e
I
ſ
q
A
A
1
9
4
u
e
O

l
º
e
t
ų
A
A

e
q
q
.
8
u
ņ
º
e
q
-
e
J
a
e

‘
8
1
º
º
ſ
t

·

o
g
ſ
o
w
ą
g
o
l
e
e
q
A
^

B
u
p
a
ſ
ı
'
O
I
u
ſ
e
W
.
q
o
u
ſ
-
o
8

x
o
j
r
e
q
u
e
O

‘
L
I
'
8
'
，

e
A
p
ļ
o
u
u
o
o
o
º
I
e
d
Â
L

:
，
:
N
º
f
i
.
u
º
u
ſ
q
0
o
№
T

|
N
A
M
O
H
S
T
E
E
H
A
A

u
H
o
n
g

·
·
•

•
L
-
1
3
T

į
ſ
. %

ſ
a
e

F
º
–
–
–
·

8
3
H
S
w
^
^

a
n
H
B
Z
N
O
8
8

Z
Z
Z
Z
Z

Ø
Ź
Z
Z

|
5

·
1
3
3
1
_
.
!

A
T
N
O
Ķ
ī
n
º

L
H
S
D
I
Ł
u
"
B
O
I
S

L
H
9
1
8

N
O
A
B
»

i
N
i
d
×

N
.



16 No. 80—LOCOMOTIVE BUILDING

lead being lost out. The advantage over the closed chamber lies in

the fact that in the latter case, the interior is difficult to clean properly

and difficult to fill properly; it is common for the lead filling to shake

loose and to rattle around as the wheels revolve.

The first operation, if the wheel is to have a hub liner or washer,

is the turning of the seat for this with dovetailed grooves to hold

Fig. 19. Boring and Turning the Wheel-center

it in place. This is done on the boring mill. The pouring of a bronze

liner that will not crack while it is cooling is an operation that many

railroad shops have difficulty with. The method here followed, how

ever, obviates this trouble entirely. The secret of success is shown in

Fig. 18, where the wheel-center is seen mounted on horses directly
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over the crucible oil furnace in which the bronze is being melted. The

hub of the wheel is not merely warmed, but is heated to a high degree,

being somewhere near the point where it would begin to show redness.

When the bronze is poured into the heated hub, the liner and the hub

shrink together, so that the cracking of the former is entirely obviated.

It may be said that the cracking of the liners does no particular harm,

it being, in fact, common custom to use them in this condition; but

certainly the cracking does them no good, and when it can be avoided

by a simple process like this the little extra trouble, is worth while.

The wheel-center is now taken to the boring mill, and is first

mounted with the inside surface uppermost. Here the periphery and

the inside edge of the rim are faced and the hub bored and faced.

The wheel is then turned over and mounted as shown in Fig. 19. Here

the outside edge of the rim is faced, as is also the hub and its exten

º

Fig. 20. The Counterweight Poured into Open Chambers

sion for the crankpin. The center is shown between the two opera

tions in Fig. 20, which also shows very plainly the open form of

chambers provided for receiving the counterweight lead in freight

locomotive practice. -

The particular wheel here illustrated is intended for the electric

locomotive on the New York Tunnel service. It will be noted that only

the two outside chambers are filled with lead. This particular cast

ing is intended for the rear wheel, in which only the weight of the

side-rod is to be balanced. If the same casting were to be used for

the main driving wheel, the weight of the connecting-rod from the

jack-shaft would also have to be balanced, requiring all the chambers

to be filled with lead. This construction permits the use of one cast

ing for both styles of wheels, thus simplifying the question of patterns,

and making the castings, in a way, interchangeable.

The hub surface of the axle and crankpin is next marked with chalk,
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as shown in Fig. 21, for scribing the keyways for the axle and the

pin. A templet is used for this operation, two forms of which are

shown in the engraving. The one in place is for the K-2 or Pacific

type locomotive, in which the return crank for the valve gear is

located at the proper angle by the keyway of the crankpin. The

templet consists of a cross made of rectangular steel, provided with

sº. ºczzº

Fig. 22. Keyseating in the Slotting Machine with Special Squaring Plate

for Setting the Work

gage marks and a circular segment for locating it on the axle bore,

and with a disk templet, as shown, for scribing the crankpin bore

and marking the keyway. Of the four projections on this disk the

two shown nearer the axle are for the keyways, that on one side being

used for the right-hand wheel, and the one on the other side for the

left-hand wheel.



WHEELS AND AXLES 19

For lighter types of locomotives, the crankpin keyway is put directly

in line with the axle keyway, both being on the connecting center line.

For this condition the templet shown lying against the wheel is used.

This is located in the axle bore in the same way, and the crankpin

bore is scribed. The long steel bar to which the other members are

fastened is the width of the key used in both bores, so this is used

for scribing their location. For locomotives using the Stevenson gear,

no keyway is required for the crankpin, of course; so only the axle

keyway and the crankpin hole are scribed, to insure proper quartering.

When the keyways have been thus laid out, the wheel center is

taken to the slotting machine, as shown in Fig. 22, where the keyways

are cut to the lines scribed in the previous operation.

For those centers where the keyWays are in line with each other

and on the center line of the axle and crankpin, great assistance is

given in the matter of setting up by the plate shown at C. This is

^Zºº

Fig. 23. Pressing the Axle into the First Wheel

fastened to the face of the column of the machine by studs, and is

carefully set so that its surface is exactly at right angles to the ways

on the bed, on which the work-table is adjusted in and out. By setting

a square against this accurate surface, the wheel-center to be machined

may be set so that the two keyways exactly square up, and are thus in

line with the ways of the machine. When the tool is right for cutting

one keyway, the work may be shifted over to cut the other without

further setting.

The next operation, not illustrated, is the drilling of the various

holes required for the tire retaining plates, the counterweight cover

plate, etc. After this operation, and the pouring of the counterweights,

the center is ready to be forced on the axle.

Assembling the Wheels, Axles and Tires

The wheel-press is shown in use in Figs. 23 and 24. The first opera

tion shows the press immediately after the forcing of the axle into the
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first center. The axle is supported from the tie-bar in the usual sling,

accurately set for height by means of the screw adjustment shown.

The wheel center rests on a roller support, by means of which it may

be turned until the keyway exactly lines with the key fitted in the

axle. -

Fig. 24 shows the second center being forced on. This is also

mounted on a roller support for bringing the keyway in line with

the key. Blocking is used, as shown, So that the ram applies its

pressure to each side of the hub, forcing it down to its seat on the

axle, and allowing the end of the latter to project through it slightly

if its length is such as to require this. -

For a 10-inch wheel-fit like this, the axle is turned approximately

0.010 inch larger than the bore of the hole in the center, the usual

rule being about one-thousandth inch allowance per inch diameter of

fit. An axle of this size would require anywhere from 120 to 145 tons

Azººx/WZY

Fig. 24. Pressing the Second Wheel onto the Axle

pressure to force it home, this pressure varying with the character of

the machining on the surface fitted and with the exact dimensions to

which the parts are finished.

The wheels are now ready to have the tires shrunk on them. Where

this tire-shrinking job is done on the wholesale as it is, for instance,

at the Altoona repair shops, a heating furnace is used into which the

tire is set bodily. In continuous operation this arrangement heats a

great number of tires per day. For establishments where the opera

tion is only occasional, the favorite arrangement is to provide a pipe

slightly larger in diameter than the tire, and provided With a Series

of jets through which a gas flame is directed on the tire around its

circumference. For the number of tires per day, however, which have

to be attended to at the Juniata shops (one locomotive per day is

the regular capacity) the arrangement shown in Fig. 25 has been

found entirely satisfactory. It provides for heating the tire uniformly
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around its circumference with a single flame, this flame being so

arranged as to be capable of accurate control and to give an economical

and efficient flame.

As shown in the engraving, the arrangement consists of a turntable

on which the tires are mounted, a combustion chamber of sheet iron

lined with fire-clay, and a burner in which crude oil is atomized by

compressed air at the regular shop Service pressure. The combustion

chamber is swung on a swivel, as shown, so that it may be directed

properly against the work. The burner is supported by it, and is sup

plied by flexible pipes. The tires are mounted two at a time on the

turntable, which is slowly revolved by a push from the operator every

once in a while. To determine when the tires have reached the proper

heat, an inside solid gage is used, similar to the one used for boring

Fig. 25. Heating the Tires on a Turntable for Shrinking onto the Centers

the tires in Fig. 16, but larger, of course, by the amount of expansion

the tire must possess before it can stretch over the wheel-center.

When it has expanded to the point where the gage will enter the

bore of the tire in any direction, the tire is picked up by the crane and

dropped on the floor of the shop. The crane then picks up the axle

with the two centers and drops one of the centers into the tire. The

Second tire is then picked up and dropped onto the upper wheel-center,

the combination being left in the position shown in Fig. 26 until the

tires shrink on. The centers and tires rest against the lip on the

latter, of course, so that they shrink squarely into position. The chalk

mark “H” On the lower tire means that the tire is hot. The correct

ness of this statement could, without doubt, be determined by experi

ment.

After the tires have cooled down so that they are firmly shrunk into

place, the Wheels are taken to the quartering machine shown in Fig.

28, where the crankpin holes are bored. This well-known tool bores

the crankpin holes exactly 90 degrees from each other. This is, of
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course, a matter of great importance, for if the various pairs of driv

ing wheels are not all accurately quartered, with crankpins at exactly

the same radius, they will cramp and bind in the connecting-rod

brasses, until these are distorted or worn loose enough to allow for

the inaccuracy. If the quartering machine is accurately made, the

wheels may have their crankpin holes bored in them with perfect con

fidence that they will run properly under the locomotive.

The axle is located by its centers, as in the case of the axle keyseat

milling machine shown in Fig. 11. On each end of the bed two heads

are mounted, one on one side and one on the other, adjustable for the

throw of the crank; 2ach carries a boring spindle as shown. Between

the wheels are furnished outboard bearings for the boring-bars, per

mitting heavy cuts to be taken without vibration or chatter, and with

out danger of inaccuracy. The rims of the wheels are clamped to this

support, as shown, to hold them firmly in position. If the quartering

of the keyways in the axle, and the slotting of the keyways in the hubs

of the driving wheel, are properly done, the outlines scribed on the

crankpin hub at each end can be accurately finished out by this boring

Operation.

If the wheel cannot be set so that the crankpin holes, as bored by

the machine, will finish out to the line on each wheel, it is evident

that the keyway on the hole that does not finish out will be out of

place, throwing the pin around, and therefore disturbing the relation

of the return crank which operates the Walschaerts valve gear. A check

is thus furnished for all preceding operations, so far as they refer

to the valve gear. It is not expected, and indeed is not found, except

in rare cases, that the preceding operations have been at fault, but

wherever they have been, notice is served of the difficulty in time

to make such corrections as may be required before the engine is

assembled. It should be noted that the keyway is filled with a dummy

key, approximately flush with the cored hole, before boring the crank

pin seat. The operation is not so hard on the tool as it would be for

the blade to pass through the open keyway at every revolution.

It will be seen that the quartering machine is arranged so that

the boring slides can be mounted on the opposite sides of the heads

from that shown, if desired. This makes it possible to quarter wheels

in which the right side leads, as well as those in which the left

side leads. Engines are now made with the left side leading as

standard practice, but some of the older designs, which have to be ,

reckoned with in repair work, call for the right side leading. Pro

vision also has to be made for this in the axle keyseating machine

shown in Fig. 11. Here it is not so much trouble to change the

machine over, as the milling heads are simply fed along the slides

until they have passed each other and are working on the opposite

ends of the axle. The feed-screws are long enough to permit this.

Turning the Tires

Another operation, shown already performed in Fig. 30, is the

turning of the tires, which is done in the wheel lathe in which the
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Fig. 29. Finishing the Ends of a Gang of Crown Brasses in a Double-spindle Milling Machine
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tires were bored, in Fig. 16. All passenger locomotive tires are

turned on centers the last thing before the crankpins are forced in

place, before the wheels are sent to the erecting floor. On freight

locomotives, which do not run at so high a speed and are not so

hard on the track, the tires are simply centered very carefully for the

boring, finish turning not being required.

The standard contour for driving wheels on the Pennsylvania.

Fig. 31. Forcing in the Crankpins

system is shown in Fig. 27, which also gives details as to the road

and shop limits for the height of the flange and the thickness of

the rim. Whenever one of the flanges wears down below the road

limit given for dimension A, the wheels are brought into the shop to

be turned off again. When this has been done so often that another
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turning would reduce dimension B below that given for the shop

limit, the tires are scrapped. Whenever dimension B, in service,

wears below the road limit given for that dimension, the tire is

scrapped. The measurements for determining dimension B are taken

from the V-groove shown turned in the outer face of the tire, which

is 14 inch below the minimum limit. This groove is cut into the

tire in the wheel lathe during the turning operation. Dimensions for

flat tires with the various limits are also given in Fig. 27.

Driving the Crankpins and Finishing

Fig. 31 shows the operation of forcing the crankpins into place.

In this operation the thrust of the ram against the wheel is taken

care of by backing the latter against the “post,” which is adjustable

to the proper position on the top and bottom tie bars. This gives a

solid backing for the pressure required to force the pin in place.

About 0.008 inch allowance for driving is made on a crankpin fit

CT-S
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Fig. 32. Method of Testing and Quartering

of 8 inches in diameter, the pressure required ranging from 75

to 100 tons. It may be mentioned in this connection that the driving

pressures for all axle and crankpin fits are recorded at the shops,

and put on permanent record for use in case of any question arising

as to the service of the engine on the road. The engraving shows

the second pin being driven, the first having already been forced into

place by an identical operation. -

It was stated that an accurate quartering machine will take care

of the proper boring of the crankpin holes without requiring any

anxious thought in this matter on the part of the workman. It is,

however, well to know how to test the quartering, so as to make sure

that the machine is right in the first place, or to make sure that it

does not for any reason wear out of line as time goes on. Fig. 32.

shows how this testing is best done. The two wheels on the sam

axle are shown at L and M.
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The first thing to do is to set the wheel so that crankpin N is

exactly vertical over the center of the axle. This is done, as shown,

by hanging a double plumb-line over the crankpin and rolling the

wheel slightly one way or the other until it is located in position

so that the center of the axle O is exactly equidistant between the

two lines, or until the crankpin circle, struck with the dividers from

center O, just touches the two plumb-lines equally on each side. Of

course, in locating the center O, the axle sould be prepared the same

as is customary for tramming in setting the valves. For this purpose,

the center hole should be pounded full of lead and a new fine center

accurately located on it. At the Altoona shops this center is located

from a proof circle T turned with a sharp pointed tool on each

end of the axle, while it is still in the axle lathe as shown in Fig. 9.

By striking with the dividers from this proof circle as shown in the

- -

Completed Driving Axle and Drivers for Heavy Pennsylvania.

K-2 Type Pacific Passenger Locomotive

Fig. 33.

detail P, the center may be accurately located. Where it is not

customary to turn a proof circle on the axle end, a ball point divider

is used to scribe the proof line before the center is plugged up. Arcs

are struck as shown from this proof circle until they intersect at

the center, which is then marked with a prick punch. It is more

accurate, however, to turn the proof circle T at the time the journals

are turned. -

Having set one side with the pin exactly vertical over the axle

this way, the other side, shown at M, should be exactly horizontal

with the center. To prove this, first set up a table having a surface

plate R mounted on it. With a precision spirit level, the best obtain

able, bring this surface-plate to an accurate horizontal position. Then

by means of a surface gage, test the center Q Cf the crankpin and O

of the axle to see if they are the same height. The centers of both

the pin and axle on this side should, of course, have been filled with

lead and accurately centered in the same way as previously described,
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and as shown at P. If the lines cn the vertical and horizontal sides

have been proved to be correct by this method the wheels are properly

quartered and the machine has done its work properly.

It is of great importance that the man in charge of the wheel

work should know that the quartering machine is in good condition.

If he is sure of this, he can meet with confidence the various reports

of inaccuracies and difficulties in this particular that are sure to come

to him from engines in actual use. He can meet such “kicks” with

calm assurance, knowing that while something is doubtless the matter,

it is not the quartering that is at fault.

The wheel, after being painted, is now ready for the assembling

floor. The method of construction here described, it will be seen,

makes use of the ordinary tools of the railroad shop and represents

“good practice.” Attention should be called particularly to the fact

that fixed gages are used for all the important operations. This

relates to the diameters of journals and axle fits, the boring of the

tires, the turning of the wheel centers, etc., and besides this, as was

explained, the use of the templet method of marking the keyseat and

the bore of the crankpin furnishes an automatic check on all of the

most important operations of the series.



CHAPTER II

DRIVING BOX MANUFACTURE;

Among the great variety of manufacturing operations to be found

in a locomotive building shop, the making of the main bearing boxes

is one of those Worthy of detailed illustration and description. The

operations as laid out in the Juniata shops have proved to be efficient

and accurate, but at the same time inexpensive in the matter of the
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Fig. 34. The Main Driving Boxes for a Heavy Pacific-type

Passenger Locomotive

outlay for special tools and special machinery. Only standard ma

chine tools are used on this job, such as find a large range of usefulness

in the railroad shop. The number of special appliances is reduced

to a minimum. For this reason the lay-out of the operations requires

as high a grade of ingenuity as is needed for devising expensive

special appliances for rapid manufacturing. In the description, We

will begin with the machining of the various separate parts, proceeding

therefrom to the assembling and machining of the finished product.
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The Design of the Driving Box

A typical locomotive driving box is shown in Fig. 34. This design

is used on an exceedingly heavy Pacific type locomotive. The box

is of simple construction, consisting of but two parts, the driving box

casting itself, A, and the crown brass B, which is driven into place

in a machined seat where it is pinned by the two brass plugs shown

at CC. These effectually prevent its loosening under any conditions.

The cellar D, is indicated by the dotted lines only. The cellar used is

a patented device of special construction, whose manufacture is a

separate matter from that of the remainder of the box. It is held in

place by two pins E. -

This design of driving box has a plain finished face at a for the

wheel thrust. The wheel itself has a bronze liner, which forms a

suitable surface for contact With the steel casting face at a. Some

Fig. 35. Enlarged View showing the Two Inserted Tooth Mills

of the boxes shown in the following engravings, however, have a

bronze liner inserted in Surface ac. Some of these liners are shown

in Figs. 39 to 42. These are used when the hub of the driving wheel

is not lined, but is simply faced up true on the steel surface. Still

another method of treating surface a is to groove it out and pour a

babbitt lining, on which a true bearing surface is faced. The standard

practice here is to put bronze liners on the boxes, for the reason

that it is more difficult to replace a liner on a wheel than on a

box. Furthermore, when mounted on the wheel, the liner detracts

from the length of the fit between the wheel and axle. This should

be noted in connection with Figs. 49 and 50.

Machining the Crown Brasses

The first operation on the crown brasses or bearings, which are

made of phosphor-bronze, is shown in Figs. 29 and 35. They are

mounted, eight at a time, on long parallels on the bed of a duplex
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milling machine. An ordinary angle-iron serves to take the thrust

of the feeding at the end as shown. The castings are held down on

the parallels by simple bc1ts and straps in the central T-slot of the

table, each strap spanning the distance from the top surface of one

brass to that of the next. The strap of the first brass has, of

course, as shown in Fig. 35, to be blocked at the outer end. In setting

these up, the parallels are first lined up with the T-slot of the table,

to serve as a gage. Then the separate brasses are put in place with

the bolts between them, and packed solidly up against one another and

against the angle-iron at the end, and set so that all of them project

over the parallel the same distance; this leaves about the same amount

of metal to be removed from all of them in finishing the ends. As

each brass is put in place, care is taken to see that it is at right angles

with the face of the parallels, a square being used for the purpose.

Fig. 86. Turning Two Crown Brasses at once on a Special Arbor

"After being properly set and tightened down in this position, the

cutter-heads are adjusted to the required distance apart, dividing the

chip equally between each end of the work. The cut is then taken

across as shown.

The next operation is that of turning the outside diameter of the

brasses for the fit in the seat on the main bearing casting. This is

done in the engine lathe, as shown in Fig. 36, on a special arbor

whose details are shown in Fig. 37, and which permits turning two

at a time. The special advantage of this arrangement is that the two

brasses are set halfway round from each other on the arbor so

that the lathe is cutting all the time. This is not so hard on the

lathe as is the case when only one is being turned so that the single

tool is “cutting wind” half the time. It also gives more rapid pro

duction, as two pieces are cut in practically the same time as one with

former appliances.

In Fig. 37, which shows details of the device, the arbor carries a

-
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fixed flange in the center. The two brasses to be machined are clamped

against the opposite faces of this flange by nuts and washers. Each,

it will be seen, is thus clamped in place separately, and either member

can be loosened without loosening the other. This construction is im

perative in the matter of handling these heavy parts and clamping

them in place in the lathe Without the help of a laborer. The brasses

are clamped on their faced ends, and are supported and lined up

by means of “cat heads.” There are two of these for each brass, and

each has three bearing points for the inner surface of the work, set

to line up the periphery properly, so that it will finish out when it is

bored in place in the main casting.

Originally it was proposed that a special double carriage lathe be

provided for this work. All that was found necessary, however, was

to mount a supplementary slide on the carriage of an old lathe, and

provide this with a second toolpost, as shown in Fig. 36. For this
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Fig. 37. Details of Special Arbor and Supports used for Turning

Crown Brasses

work the arrangement is as satisfactory as a more expensive two

carriage lathe would be. The total time required for taking roughing

and finishing cuts on two of these crown brasses is twenty-two

minutes.

The final finishing operation on the brasses, before forcing them

into the bearings, is that of milling the edges to fit the retaining

lips in the bearings. The form is given these edges by means of two

formed and relieved milling cutters, as shown in Fig. 38. These are

both mounted on the arbor, at the same time, with an overhead support

between them to reduce the chattering. A knee-brace is also used,

as shown. The work is clamped down to V-blocks, each of which is

provided with a hole for the passage of the bolt for clamping them

in place, there being a bolt between each adjoining pair of brasses. A

gage is provided of the exact contour of the outside and edge of the

work, to which the brasses must fit after this cut has been taken.
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Allowance is made in this gage for the extra stock required for the

force fit for assembling them in the bearings. The time required

for each brass on this milling Operation is seven minutes.

Operations on the Bronze Thrust Liner

As previously explained, most driving boxes are provided with

bronze thrust liners. The first operation required on these liners

Fig. 38. Milling the Edge of the Crown Brasses for the Fit in the

Main Bearing Casting

Fig. 39. Facing the Bronze Liners for the Hub Bearing, on a Feceplate

provided with Special Jaws

is shown in Fig. 39. This consists in facing the two sides of the

phosphor-bronze liner casting. For this work the faceplate of an

old lathe was equipped with the simple appliance shown. These

appliances consist of three chuck jaws for gripping the outside of
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the casting, an adjustable support or spreader for keeping the ends

from Springing together (as shown, this is operated by a right- and

left-hand screw), and a three-bearing centering support in the inside

of the casting, clamped in place by the central nut and washer. These

simple devices hold the liner firmly in place for facing off front and

back. One chip only is taken on the back side, with one roughing

and one finishing chip for the bearing side of the liner.

In Fig. 40, the next operation on the liners (that of turning the

outside) is shown. This is done on the table of the boring mill

without special fixtures. The boring mill has a great advantage over

the lathe, where work is to be done in stacks, as in this case. It is

possible to locate the work and clamp it in place without difficulty, as

there is no tendency for it to fall off the faceplate onto the floor while

it is being set and clamped.

The top liner of this pile has been scribed with a templet to the

outline desired. This outline is set so as to run concentric with

the tool point, and the pile is squared up on its outside edges to

match it, so that they all finish out alike. This operation includes

two cuts, one roughing and One finishing.

The next operation consists in machining out the interior outline

of the liner. This is also done in multiple, a stack of thirty-two

being machined at once in the case shown in Fig. 41. As before,

the upper liner has had the desired outline scribed upon it, and the

circular interior surface or edge has been centered with the axis

of rotation of the work-table, the whole pile being carefully lined

up with this upper piece by means of a square, set on the table. The

work being thus clamped in place, the jaws and lip are first finished

out to the required outline (see Fig. 41), and then, as shown in Fig. 42,

the rotary feed is applied, and the inner circle is cut out to the desired

radius.

First Operations on the Driving Box

The first operation on the main driving box itself consist in ma

chining out the fit for the crown brass. This operation is done on the

circular table of the slotting machine, as shown in Fig. 43. The

table having been set so that the tool point gives the proper radius,

the work is mounted square with the table, and in a position which

permits the interior to be machined out, allowing stock all around as

well, as determined by a templet laid on the upper surface. The

diameter of the crown brass fit, and the depth of cut at the retaining

lips are made to match a templet having the exact contour of the

crown brass, with suitable allowance for the force fit.

While set up in the slotter for the operation shown in Fig. 43,

the workman scribes a line With the surface gage on the face of the

casting on each side, at the same height all around. This line is

used for the next operation, shown in Fig. 44, which is that of facing

the back of the casting in the boring mill. This is being done in the

nearest of the three mills shown. By setting the casting up to the

scribed lines, the squareness of the facing with the seat for the crown

brass is assured. The bearing is then turned over onto this faced
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seat and the outer face with the recess for the liner is machined.

Where babbitted thrust surfaces are to be used, this surface is grooved

for retaining the babbitt. The total time required for facing both

sides, including counterboring and grooving, is two hours.

The work is slotted in this manner before facing, for the reason that

the slotting is the vital operation, and the one where there is the

greatest liability of not having stock enough to finish out. At the

same time the facing, when it is to be counterbored for a bronze liner,

must be concentric with the crown brass fit. For this reason it is

safest to slot out the fit as the first operation.

Laying-off and Planing the Bearings

The first assembling operation is that of forcing the crown brass

into the bearing. This is done under the hydraulic press as shown

in Fig. 45. The crown brass is driven in at this time, before the

planing operations, for the reason that the pressure of forcing the

brass into place springs the bearing casting somewhat, so that it

would not be safe to machine it beforehand. The workman consumes

about nine minutes per piece in this operation. The castings with

the brasses in place are now taken to the laying-off table, where, by

means of a templet located by the projecting outside edge of the crown

brasses, a line is scribed across the front face of the bearing. This

is used in setting up in the operation of planing out the shoe and

wedge fits for the frame pedestal.

For this operation, the work is set up on the planer table, as

shown in Fig. 46. A large rectangular box casting forming a sort

of angle-plate is clamped to the middle of the planer table, with its

sides parallel to the ways. To each face of this casting are bolted

and strapped six bearing castings as shown. Each of these is shimmed

up from the table so that the line scribed in the laying-out operation

just mentioned, is parallel with the platen, and at the same distance

from the top of the table on all the castings, as shown by the surface

gage. When the bearing castings have been set up on each side of

the double angle-plate in this way, the grooves for the shoe and wedge

fits on each side are planed to the proper width and distance from

the front face, and to the proper height from the reference lines

scribed by the templet.

The groove for the shoe and wedge fit, of course, is tapered 3/16

inch from each side as shown in Fig. 34, to allow the locomotive

frames to rock on the springs without cramping the boxes. To obtain

this double taper, each of the bearings is next loosened from position

while a parallel shim of the proper thickness is inserted between

it and the face of the angle-plate, at what will be the lower end when

it is in place on the locomotive. They are then all clamped down

again in this position while the planer tools rough out one-half the

taper on each side of the slot of each casting. Then the castings

are again loosened up while the shim is removed and changed so

as to block out the work at what will be the top end of the casting.

The work being again clamped down into place, the reverse taper on
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each side of each slot is worked out. This finishes the slots on one

side.

In the next operation the bearings are all turned over and the

shoe and wedge fit slots planed on the other side. In this case there

is no packing underneath them, nor elaborate setting to be done,

as they are simply clamped against the face of the double angle-plate

and are squared up by resting on parallels placed between the finished

shoe and wedge fit and the top of the table. As before, the double taper

to permit the rocking of the engine on the axles and the springs is

effected by shimming out first one edge of the box and then the other,

on the double angle-plate. The total time on each bearing casting

for planing the shoe and wedge fits, With the tapers for the rocking

motion, is about three hours.

Miscellaneous Operations

Each box has now to be laid out accurately for the cellar fit, and

for boring the crown brasses. This is done by the use of the templet

Zºrzz

Fig. 47. Laying out the Cellar-fit and Bore on the Bearings

and scratching gage shown in Fig. 47. The face of the scratching

gage, shown at A, is laid against the bottom of the finished surface

of the shoe and wedge fit, while a line is scratched with the scriber

along the knife edge B on the face of the box liner. Templet M is

then laid on the face of the casting, and lined up by the mark just

scribed. The scriber is again brought into play, and the lines for the

bore and for the cellar fit are drawn on the face of the bearing.

In Fig. 48 one of the bearing castings is shown mounted on the

table of the slotter for machining the cellar fit. It is mounted

on parallels, of course, to allow clearance for the slotting tool. This

machining operation simply consists in slotting to the lines scribed

by the templet, and to the proper width to fit the cellars. This opera

ion, on a large bearing, takes about one and one-half hour.

The next operation consists of facing the thrust surface, if babbitt is
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to be used, or in driving the liner into place if a phosphor-bronze

surface is desired. This having been done, the face of the bearing

is finished off in the boring mill. This is being done in the middle

machine of the three shown in Fig. 44, which happens to be at work

on an engine truck bearing instead of a main bearing. The time re

quired for this operation is about nine minutes per piece.

A variety of holes for different purposes have to be drilled in the

bearing, with its liner, crown brasses and cellar, which is now fitted

into place. These various holes (oil holes, bolt holes, dowel holes

for retaining lining, etc.), require about three and one-half hours

complete. This varies somewhat, depending on whether hard grease

or oil lubrication is to be used.

Boring the Boxes

The next and final operation is that of boring out the bearings.

This is done in a double-table boring machine, as shown in Figs. 49

Fig. 48. Machining the Cellar-fit in the Slotter

and 50. It might be asserted, in connection with the opening remarks

of this chapter, that this is a special machine. It is so in a sense,

as it has a number of special features, consisting principally in the

extended length of table used, and in providing two tables instead

of one, with an intermediate bushing support. But these features

are as applicable and useful in everyday boring practice, where a

number of small or medium sized parts have to be handled, as for

this particular work; so it is hardly fair to call this a special boring

machine for this particular work. -

As shown in Fig. 49, four bearings are bored at once, with a

multiple blade boring-bar. The tables are long enough so that while

this operation is in progress the workman can be removing and

replacing four other pieces of work at the other end of the tables.

There is thus little or no lost time in the operation of the machine.

The workman is kept busy.
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Fig. 49. The Last Operation. Finishing the Bearings on the Boring Machine.

Note use of Air Drill for Traversing Double Table

Fig. 50. The Work Completed. Finished Bearings ready for Removal from Boring Machine
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As is also shown in Fig. 50, the work is clamped down onto parallels

in the shoe and wedge slots, and it is located as well against

parallels extending lengthwise of the tables for squaring up the work

with the spindle of the machine. The lines scribed by templet M

in Fig. 47 are relied on for setting the table of the machine to the

proper height in beginning a lot of bearings, and also in adjusting

each particular bearing to the proper position on the table. For

this, measurements are taken from the end of the table to the scribed

line on the face of each bearing, and all are made uniform.

Fig. 49 also shows another ingenious feature—namely, the use of

an air drill in traversing the table from one extreme to the other,

when changing from a finished to a rough set of castings. This

distance is so long as to be tedious, when a change is made by hand.

By hitching an air drill to the cross-feed, however, it is shifted

very rapidly and easily.

This operation of boring the boxes is performed at the rate of

fifty-five minutes per box. This includes rounding the corners of

the bearing, as shown, and also the boring out of the cellar to the

same radius and the same round. The completed work is shown

in the foreground of Fig. 50. This is the last operation. At its

conclusion the bearings are ready for assembling in the finished loco

motive.

The time given on the various operations takes account of setting

up the machine, taking measurements, and all other necessary but

“non-productive” periods.



OUTLINE OF A COURSE IN SHOP AND DRAFTING-ROOM

MATHEMATICS, MECHANICS, MACHINE DESIGN

AND SHOP PRACTICE

Any intelligent man engaged in mechanical work can acquire a well-rounded

mechanical education by using as a guide in his studies the outline of the

course in mechanical subjects given below. The course is laid out so as to

make it possible for a man of little or no education to go ahead, beginning

wherever he finds that his needs begin. The course is made up of units so that

it may be followed either from beginning to end; or the reader may choose

any specific subject which may be of especial importance to him.

Preliminary Course in Arithmetic

JIG SHEETS 1A To 5A:—Whole Num

bers: Addition, Subtraction, Multi

plication, Division, and Factoring.

JIG SHEETS 6A. To 15A:—Common

Fractions and Decimal Fractions.

Shop Calculations

Reference Series No. 18. SHOP

ARITHMETIC FOR THE MACHIN IST.

Reference Series No. 52. ADVANCED

SHOP ARITHMETIC FOR THE MACHINIST.

Reference Series No. 53. USE OF

LoGARITH MIC TABLEs.

Reference Series Nos. 54 and 55.

SoLUTION OF TRIANGLES.

Data Sheet Series No. 16. MATHE

MATICAL TABLEs. A book for general

reference.

Drafting-room Practice

Reference Series No. 2. DRAFTING

ROOM. PRACTICE.

Reference Series No. 8. WORKING

DRAw INGS AND DRAFTING-ROOM KINKS.

Reference Series No. 33. SYSTEMS

AND PRACTICE OF THE DRAFTING-ROOM.

General Shop Practice

Reference Series No. 10. EXAMPLES

OF MACHINE SHOP PRACTICE.

Reference Series No. 7. LATHE AND

PLANER Tools.

Reference Series No. 25.

DRILLING.

DEEP Hole

Reference Series No. 38. GRINDING

AND GRINDING MACHINES.

Reference Series No. 48. FILES AND

FILING.

Reference Series No. 32. SCREw

THREAD CUTTING.

Data Sheet Series No. 1. SCREW

THREADS. Tables relating to all the

standard systems.

Data Sheet Series No. 2. SCREws,

BoLTS AND NUTS. Tables of standards.

Data Sheet Series Nos. 10 and 11.

MACHINE Tool, OPERATION. Tables re

lating to the operation of lathes, screw

machines, milling machines, etc.

Reference Series Nos. 50 and 51.

PRINCIPLES AND PRACTICE OF Assemi

BLING MACHINE TOOLS.

Reference Series No. 57.

SPINNING.

METAL

Jigs and Fixtures

Reference Series Nos. 41, 42 and 43.

JIGS AND FIXTURES.

Reference Series No. 3. DRILL JIGS.

Reference Series No. 4. MILLING

FIXTURES.

Punch and Die Work

Reference Series No. 6. PUNCH AND

DIE WORK.

Reference Series No. 13. BLANKING

DIES.

Reference Series No. 26. MoDERN

PUNCH AND DIE CoNSTRUCTION.

Tool Making

Reference Series No 64, GAGE

MAKING AND LAPPING.

Reference Series No. 21. MEASUR

ING TOOLS.

Reference Series No. 31. SCREw

THREAD Tools AND GAGEs.

Data Sheet Series No. 3. TAPS AND

THREADING DIES.

Data Sheet Series No. 4. REAMERs,

SOCKETS, DRILLS, AND MILLING CUTTERs.

Hardening and Tempering

Reference Series No. 46. HARDEN

ING AND TEMPERING.

Reference Series No. 63. HEAT

TREATMENT OF STEEL.

Blacksmith Shop Practice

and Drop Forging

Reference Series No. 44.

BLACKSMITHING.

Reference Series No. 61.

SMITH SHOP PRACTICE.

Reference Series No. 45.

ING.

MACHINE

BLACK

DROP FoRG

Automobile Construction

Reference Series No. 59. MACHINEs.

Tools AND METHods of AUTOMobiLE

MANUFACTURE.

Reference Series No. 60.

TION

BILES.

CoNSTRUC

AND MANUFACTURE OF AUTOMO



Theoretical Mechanics

Reference Series No. 5. FIRST PRIN

CIPLES OF THEORETICAL MECHANICS.

Reference Series No. 19. USE OF

1ForMULAS IN MECHANICS.

Gearing

Reference Series No. 15. SPUR

GEARING.

Reference Series No. 37. BEVEL

GEARING. -

Reference Series No. 1. WoRM

GEARING.

Reference Series No. 20. SPIRAL

&EARING.

Data Sheet Series No. 5. SPUR

GEARING. General reference book con

taining tables and formulas.

Data Sheet Series No. 6. BEVEL,

SPIRAL AND Wormſ GEARING. General

reference book containing tables and

formulas.

General Machine Design

Reference Series No. 9. DESIGNING

AND CUTTING CAMS.

Reference Series No. 11. BEARINGs.

Reference Series No. 56. BALL

BEARINGS.

Reference Series No. 58. HELICAL

AND ELLIPTIC SPRINGS.

Reference Series No. 17. STRENGTH

of CYLINDERS.

Reference Series No. 22. CALCULA

TIONS OF ELEMENTS OF MACHINE DE

SIGN.

Reference Series No. 24. EXAMPLES

of CALCULATING DESIGNs.

Reference Series No. 40. FLY

WHEELS. -

Data Sheet Series No. 7. SHAFTING,

KEYS AND KEY WAYS.

Data Sheet Series No. 8. BEARINGS,

Coupli NGS, CRANE CHAIN

AND HOOKS.

Data Sheet Series No. 9.

SI,IDES AND MACHINE DETAILS.

CLUTCHES,

SPRINGS,

Data Sheet Series No. 19. BEI.T.,

RoPE AND CHAIN DRIVES.

Machine Tool Design

Reference Series No. 14. DETAILS

of MACHINE Tool DESIGN.

Reference Series No. 16. MACHINE

Tool, DRIVES.

Crane Design

Reference Series No. 23. THEORY OF

CRANE DESIGN.

Reference Series No. 47. DESIGN

of ELECTRIC OVER HEAD CRANES.

Reference Series No. 49. GIRDERS

For ELECTRIC OVERIHEAD CRANES.

Steam and Gas Engine Design

Reference Series Nos. 67 to 72, in

clusive. STEAM Boilers, ENGINES,

TURBINES AND ACCESSORIES.

Data Sheet Series No. 15. HEAT,

STEAM, STEAM AND GAS ENGINES.

Data Sheet Series No. 13. BoILERS

AND CHIMNEYS.

Reference Series No. 65.

AND CoNSTANTS FOR GAS ENGINE

SIGN.

ForMULAS

DE

Special Course in Locomotive Design

Reference Series No. 27. BOILERs,

CYLINDERs, THROTTLE VALVE, PISTON

AND PISTON ROI).

Reference Series No. 28. THEORY

AND DESIGN of STEPHENSON AND WAL

SCHAERTS VALVE MOTION.

Reference Series No. 29. SMOKE

Box, FRAMES AND DRIVING MACHINERY.

Reference Series No. 30. SPRINGS,

TRUCKS, CAB AND TENDER.

Data Sheet Series No. 14. LOCOMO

TIVE AND RAILWAY DATA.

Dynamos and Motors

Reference Series No. 34. CARE AND

REPAIR OF DYNAMOS AND MOTORS.

Data Sheet Series No. 20. WIRING

DIAGRAMs, HEATING AND VENTILATION,

AND MISCELLANEOUS TABLES.

Reference Series Nos. 73 to 78, in

clusive. PRINCIPLES AND APPLICATIONS

OF ELECTRICITY. -

Heating and Ventilation

Reference Series No. 39. FANs,

VENTILATION AND HEATING.

Reference Series No. 66. HEATING

AND VENTILATING SHOPS AND OFFICEs.

Data Sheet Series No. 20. WIRING

DIAGRAMs, HEATING AND VENTILATION,

AND MISCELLANEOUS TABLES.

Iron and Steel

Reference Series No. 36. IRON AND

STEEL.

Reference Series No. 62. TESTING

THE HARDNESS

METALS.

General Reference Books

Reference Series No. 35. TABLES

AND DURABILITY OF

AND ForMULAs Fort SHOP AND DRAFT

ING-ROOM.

Data Sheet Series No. 12. PIPE AND

PIPE FITTINGs.

Data. Sheet Series No. 17. MECHAN

ICS AND STRENGTH OF MATERIALs,

Data Sheet Series No. 18. BEAM

ForMULAS AND STRUCTURAL DESIGN.

Data Sheet Series No. 20. WIRING

DIAGRAMS, HEATING AND VENTILATION

AND MISCELLANEOUS TABLEs.



No. 45. Drop Forging.—Lay-out of Plant; Meth

ods of Drop Forging; Dies.

No. 46. Hardening and Tempering.—Hardening

Plants; Treating High-Speed Steel; Hardening

Gages.

No. 47. Electric Overhead Cranes.—Design and

Calculation.

No. 48. Files and Filing.—Types of Files; Using

and Making Files.

No. 49. Girders for Electric Overhead Cranes,

No. 50. Principles and Practice of Assembling

Machine Tools, Part I.

No. 51. Principles and Practice of Assembling

Machine Tools, Part II.

No. 52. Advanced Shop Arithmetic for the

Machinist.

No. 53. Use of Logarithms and Logarithmic

Tables.

No. 54. Solution of Triangles, Part I.-Methods,

Rules and Examples.

No. 55. Solution of Triangles, Part II.-Tables

of Natural Functions.

No. 56. Ball Bearings.-Principles of Design

and Construction.

No. 57. Metal Spinning.—Machines, Tools and

Methods Used.

No. 58. Helical and Elliptic Springs.-Calcula

tion and Design. -

No. 59. Machines, Tools and Methods of Auto

mobile Manufacture,

No. 60. Construction and Manufacture of Auto

mobiles.

No. 61. Blacksmith Shop Practice,—Model

Blacksmith Shop; Welding; Forging of Hooks and

('hains; Miscellaneous.

No. 62. Hardness and Durability Testing of

Metals,

No. 63. Heat Treatment of Steel.-Hardening,

Tempering, Case-Hardening.

No. 64. Gage Making and Lapping.

No. 65. Formulas and Constants for Gas Engine

Design.

No. 66. Heating and Ventilation of Shops and

Offices.

No. 67. Boilers.

No. 68, Boiler Furnaces and Chimneys,

No. 69. Feed Water Appliances.

No. 70. Steam Engines.

No. 71. Steam Turbines,

No. 72. Pumps, Condensers, Steam and Water

Piping.

No. 73. Principles and Applications of Elec

tricity.—Static Electricity;

ments; Batteries.

Electrical Measure

No. 74 Principles and Applications of Elec

tricity.—Magnetism; Electro-Magnetism; Electro

Plating.

No. 75. Principles and Applications of Elec

tricity.—Dynamos; Motors; Electric Railways.

No. 76. Principles and Applications of Elec

tricity.—Electric Lighting.

No. 77. Principles and Applications of Elec.

tricity.—Telegraph and Telephone.

No. 78, Principles and Applications of Elee

tricity.—Transmission of Power.

No. 79. Locomotive Building.—Main and Side

Rods.

No. 80. Locomotive Building.—Wheels; Axles;

Driving Boxes.

No. 81. Locomotive Building.—Cylinders and

Frames.

No. 82. Locomotive Building.—valve Motion.

No. 83. Locomotive Building.—Boiler Shop

Practice. -

No. 84. Locomotive Building.—Erecting.

No. 85. Mechanical Drawing. — Instruments;

Materials; Geometrical Problems.

No. 86. Mechanical Drawing.—Projection.

No. 87, Mechanical Drawing.—Machine Details.

No. 88, Mechanical Drawing.—Machine Details.

No. 89. The Theory of Shrinkage and Forced

Fits.

No. 90. Railway Repair Shop Practice.

No. 91. Operation of Machine Tools.—The

Lathe, Part I.

No. 92. Operation of Machine Tools.-The

Lathe, Part II.

No. 93. Operation of Machine Tools.—Planer,

Shaper, Slotter.

No. 94. Operation of Machine Tools.-Drilling

Machines.

No. 95. Operation of Machine Tools, Boring

Machines.

No. 96. Operation of Machine Tools.-Milling

Machines, Part I

No. 97. Operation of Machine Tools.-Milling

Machines, Part II.

No. 98. Operation of Machine Tools.-Grinding

Machines. - -

No. 99. Automatic Screw Machine Practice.—

Operation of the Brown & Sharpe Automatic Screw

Machine.

No. 100. Automatic Screw Machine Practice.—

Designing and Cutting Cams for the Automatic

Screw Machine.

No. 101. Automatic Screw Machine Practice,—

Circular Forming and Cut-off Tools.

No. 102. Automatic Screw Machine Practice.—

External Cutting Tools.

No. 103. Automatic Screw Machine Practice.—

Internal Cutting Tools.

No. 104. Automatic Screw Machine Practice.—

Threading Operations.

No. 105. Automatic Screw Machine Practice.—

Khurling Operations.

No. 106. Automatic Screw Machine Practice.—

Cross Drilling, Burring and Slotting Operations.

No. 107, Drop Forging Dies and Die-Sinking.—

A Complete Treatise on Die-sinking Methods.

No. 108. Die Casting Machines,

No. 109. Die Casting.—Methods and Machines

Used; the Making of Dies for Die Casting.

No. 110. The Extrusion of Metals, Machines

and Methods Used in a Little-known Field of

Metal Working.

No. 111. Lathe Bed Design,

No. 112. Machine Stops, Trips and Locking De

vices.--Also includes Reversing Mechanisms and

Claruping Devices.

ADDITIONAL TITLES WILL BE ANNOUNCED IN MACHINERY FROM TIME TO TIME



MACHINERY's DATA SHEET SERIES

MACHINERY's Data Sheet Books include the well-known series of Data Sheets

originated by MACHINERY, and issued monthly as supplements to the publication;

of these Data Sheets over 500 have been published, and 6,000,000 copies sold. Re

vised and greatly amplified, they are now presented in book form, kindred sub

jects being grouped together.

delivered anywhere in the world.

The price of each book is 25 cents (one shilling)

CONTENTS OF DATA SHEET BOOKS

No. 1. Screw Threads.—United States, Whit

worth, Sharp V- and British Association Threads;

Briggs Pipe Thread; Oil Well Casing Gages;

Fire Hose Connections; Acme, Worm and Metric

Threads; Machine, Wood, Lag Screw, and Car

riage Bolt Threads, etc.

No. 2. Screws, Bolts and Nuts.—Fillister-head,

Headless, Collar-head and Hexagon-head Screws;

Standard and Special Nuts; T-nuts, T-bolts and

Washers; Thumb Screws and Nuts; Machine Screw

Heads; Wood Screws; Tap Drills.

No. 3. Taps and Dies.—Hand, Machine, Tapper

and Machine Screw Taps; Taper Die Taps; Sellers

Hobs: Screw Machine Taps; Straight and Taper

Boiler Taps; Stay-bolt, Washout, and Patch-bolt

Taps; Pipe Taps and Hobs; Threading Dies.

No. 4. Reamers, Sockets, Drills and Milling

Cutters.—Hand Reamers; Shell Reamers and Ar

bors; Pipe Reamers; Taper Pins and Reamers;

Brown & Sharpe, Morse and Jarno Taper Sockets

and Reamers; Drills; Wire Gages; Milling Cutters;

Setting Angles for Milling Teeth in End Mills and -

Angular Cutters, etc.

No. 5. Spur Gearing.—Diametral and Circular

Pitch; Dimensions of Spur Gears; Tables of Pitch

Diameters; Odontograph Tables; Rolling Mill Gear

ing; Strength of Spur Gears; Horsepower Trans

mitted by Cast-iron and Rawhide Pinions; Design

of Spur Gears; Epicyclic Gearing.

No. 6. Bevel, Spiral and Worm Gearing.—Rules

and Formulas for Bevel Gears; Strength of Bevel

Gears; Design of Bevel Gears; Rules and Formulas

for Spiral Gears; Diagram for Cutters for Spiral

Gears; Rules and Formulas for Worm Gearing, etc.

No. 7. Shafting, Keys and Keyways.-Horse

power of Shafting; Strength of Shafting; Forcing,

Driving, Shrinking and Running Fits; Woodruff

Keys; Standard Keys; Gib Keys; Milling Key

ways; Duplex Keys. -

No. 8. Bearings, Couplings, Clutches, Crane

Chain and Hooks,—Pillow Blocks; Babbitted Rear

ings; Ball and Roller Bearings; Clamp Couplings;

Flange Couplings; Tooth Clutches; Crab Couplings;

Cone Clutches; Universal Joints; Crane Chain;

Crane Hooks; Drum Scores.

No. 9. Springs, Slides and Machine Details.-

Formulas and Tables for Spring Calculations; Ma

chine Slides; Machine Handles and Levers; Collars;

Hand Wheels; Pins and Cotters; Turn-buckles.

No. 10. Motor Drive, Speeds and Feeds, Change

Gearing, and Boring Bars, Power required for

Machine Tools; Cutting Speeds and Feeds for

Carbon and High-speed Steel; Screw Machine

Speeds and Feeds; Heat Treatment of High-speed

Steel Tools; Taper Turning; Change Gearing for

the Lathe; Boring Bars and Tools.

No. 11. Milling Machine Indexing, Clamping

Devices and Planer Jacks.-Tables for Milling Ma

chine Indexing; Change Gears for Milling Spirals;

Angles for setting Indexing Head when Milling

Clutches; Jig Clamping Devices.

No. 12. Pipe and Pipe Fittings.-Pipe Threads

and Gages; Cast-iron Fittings; Bronze Fittings;

Pipe Flanges; Pipe Bends; Pipe Clamps and

Hangers.

No. 13. Boilers and Chimneys.-Flue Spacing

and Bracing for Boilers; Strength of Boiler Joints;

Riveting; Boiler Setting; Chimneys.

No. 14. Locomotive and Railway Data.—Loco

motive Hoilers; Bearing Pressures for Locomotive

Journals; Locomotive Classifications; Rail Sections;

Frogs, Switches and Cross-overs; Tires; Tractive

Force; Inertia of Trains; Brake Levers.

No. 15. Steam and Gas Engines.—Saturated

Steam; Steam Pipe Sizes; Steam Engine Design;

Volume of Cylinders; Stuffing Boxes; Setting Cor

liss Engine Valve Gears; Condenser and Air Pump

Data; Horsepower of Gasoline Engines; Automo

bile Engine Crankshafts, etc. -

No. 16. Mathematical Tables. – Squares of

Mixed Numbers; Functions of Fractions; Circum

ference and Diameters of Circles; Tables for Spac

ing off Circles; Solution of Triangles; Formulas

for Solving Regular Polygons; Geometrical Pro

gression, etc.

No. 17. Mechanics and Strength of Materials.—

Work; Energy; Centrifugal Force; Center of Grav

ity; Motion; Friction; Pendulum; Falling Bodies;

Strength of Materials; Strength of Flat Plates;

Strength of Thick Cylinders, etc.

No. 18. Beam Formulas and Structural Design.

—Beam Formulas; Sectional Moduli of Structural

Shapes; Beam Charts; Net Areas of Structural

Angles; Rivet Spacing; Splices for Channels and I

beams; Stresses in Roof Trusses, etc.

No. 19.-Belt, Rope and Chain Drives.—Dimen

sions of Pulleys; Weights of Pulleys; Horsepower

of Belting; Belt Velocity; Angular Belt Drives;

Horsepower transmitted by Ropes; Sheaves for

Rope Drive; Bending Stresses in Wire Ropes;

Sprockets for Link Chains; Formulas and Tables

for Driving Chain.

No. 20. Wiring Diagrams, Heating and Ventila

tion, and Miscellaneous Tables.—Typical Motor

Wiring Diagrams; Resistance of Round Copper

Wire; Current Densities for Various Contacts and

Materials; Centrifugal Fan and Blower Capaci

ties; Hot Water Main Capacities; Decimal Equiva

lents, Metric Conversion Tables, Weights and

Specific Gravity of Metals, Drafting-room Con

ventions, etc.

Machiseiy, the leading journal in the machine-building field, the originator of

the 25-cent Reference and Data Books.

yearly. Foreign subscription, $3.00.

Published monthly. Subscription, $2.00

The Industrial Press, Publishers of MACHINERY,

49–55 Lafayette Street, New York City, U. S. A.
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