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CHAPTER I

IMACHINING LOCOMOTIVE FRAMES*

The frame of a locomotive might appropriately be called the founda

tion or backbone, as it holds in position the driving and reversing

mechanism, spring rigging and other important parts which form the

running gear. The complete frame is composed of right and left

sections which extend longitudinally from either the cylinders or

“bumper” at the front, to the foot-plate at the rear of the fire-box.

These sections are not always composed of one continuous piece, but

are often formed of two or three parts which are joined or spliced

together by tightly fitting taper bolts. The general arrangement of

the frame depends, of course, upon the design of the locomotive. When

the frame is erected, the two sections or halves are bolted to the cylin

der castings and they are further stiffened and held in alignment by

cross-ties and braces. This matter of bracing is very important, as a

rigid structure is necessary to withstand the severe strains to which

the frame is subjected. As the driving wheels are held in position by

the frame, the latter not only receives heavy fore-and-aft thrusts, but

also severe lateral strains, especially when the locomotive strikes a

curve at high speed; consequently, if the frame is weak and yielding,

a fracture is only a question of time, and, from the beginning, there is

likely to be more or less trouble with the driving wheel journals and

rod bearings because the running gear is not held in alignment. Design

ers have had considerable difficulty in providing adequate frame braces

on locomotives equipped with the Stephenson valve mechanism, because

of the room required between the frames for the eccentric rods, links,

etc. This difficulty, however, has been largely overcome by the exten

sive use of the Walschaerts valve gear which is located entirely outside

of the driving wheels and permits braces to be used without inter

fering with the valve motion, at a point where they are needed most.

The machining of a locomotive frame would be a rather difficult

proposition for the average machine shop, because of the size of the

work and its unwieldy proportions, but in a modern locomotive shop,

the operation is commonplace. At the Juniata shops of the Pennsyl

vania Railroad, the methods of handling this class of work are of excep

tional interest, principally because of the high standard of efficiency

maintained for the various machining operations. While this work

is comparatively rough, if judged by the toolmaker's standards, con

siderable accuracy is necessary for certain surfaces, but the framework

from start to finish is particularly noteworthy as an example of rapid

machining rather than skillful and accurate work. The Juniata shops

have, under normal conditions, a capacity for building a complete loco

motive every day, and this rate is sometimes exceeded, so that the .

s

*
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MACHINING THE FRAMES 5

machining of frames is an everyday occurrence. Practically all of the

locomotives built in these shops at the present time, are equipped with

cast-steel frames instead of wrought-iron frames which were used

almost exclusively a few years ago. Frames that are cast are much

cheaper than the forged type, and another advantage of using cast steel

is that pads or other projections can be easily and neatly formed on

the frame pattern.

Straightening and Planing the Frames

The cast-steel frames are usually warped more or less as they come

from the foundry, owing to unequal cooling, and it is necessary to

Fig. 2. Where the Warped Frames are straightened prior to Machining

straighten them prior to machining. This straightening is done under

a large steam hammer as indicated in Fig. 2. The frame is heated suf

ficiently to insure a permanent “set” when straightened, and it is made

approximately straight by giving it a few blows with the hammer.

The work is then ready for the first machining operation which is that

of planing the sides and edges. Two frames or sections are planed

simultaneously on a very rigid planer having five tool-heads. A view

of this machine taking a roughing cut over the sides of two frames

is shown in Fig. 1. The work is held on the platen by screw-stopg

and toe-dogs or “spuds” which are placed in an inclined position to

force the work down. Stops are also set against the frames at the

most advantageous positions to take the longitudinal thrust of the cut.

Part of the time, all five planing tools are at work, the three tool-heads

on the cross-rail being used to plane the sides of the two sections, while
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the right and left side-heads plane the edges. The three upper tools

are started so that each rough planes about one-third of the surface

formed by the two castings. In this way the roughing is, of course,

done in much less time than would be required if an ordinary two

head machine were employed. As many of these castings have spongy,

sandy spots, blow-holes or similar defects on the cope side, a generous

allowance is left for planing in order to remove all porous material.

Owing to the power of this machine, very heavy cuts can be taken

without difficulty, as indicated in the illustration Fig. 1. The planer

is motor-driven, and momentarily as much as 90 horsepower is required

zºº

Fig. 3. Cast-steel Locomotive Frame on its Way to the Shop

for driving, owing to the heavy “hogging” cuts which are taken in

the tough cast steel. When roughing, the tools frequently cut to a

depth of from 1/2 to 3/4 inch with a feed of 3/16 inch. The average

depth of cut for the five tools, however, would be somewhat less than

the figures given. After the three heads on the cross-rail are started, the

right and left side-heads are set for planing the edges. The work is set

up for rough planing the first side, with the top edge of each section

outward. This is done so that the top edges can be finished with refer

ence to pads for braces or brackets which are located on the inside

of the top and bottom rails of the frames. After the roughing cuts on

one side are completed, the finishing cuts are taken with broad flat

tools which are given a feed varying from 1 inch to 1% inch per stroke.

Only two of the cross-rail heads are used for finishing, so that each

frame can be planed by a continuous cut in order to obtain a smooth

surface free from ridges. The frames are next turned over for rough
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8 No. 81—LOCOMOTIVE BUILDING

ing and finishing the opposite side, reversing the position of the work

illustrated in Fig. 1. The opposite edge of each frame is now in the

outward position, thus permitting the ends of the pedestals to be rough

planed. The finishing tools are set for planing the second side by

means of a post or height gage to which the cutting edges are adjusted.

In this way the proper thickness is quickly obtained, although a fixed

caliper gage is used to check this dimension. After the sides have been

finished in this manner, a frame of the type illustrated in Fig. 4 is

planed at A for the reception of the trailer frame T which fits into a

pocket as shown. This pocket, in turn, is finished to the correct width

and depth in another machine. This completes the planer work.

º

Fig. 5. Frame mounted on Horses for Laying-out Operation

Laying Out the Frames

The frames are next laid out for slotting, though this operation is

only necessary for every fifth or seventh frame (depending on the

size) owing to the method of slotting them in stacks, as will be ex

plained later. The work is placed on horses (as shown in Fig. 5) and

steel templets are used to give the required outline. One of these

templets conforms to the shape of the pedestal jaws and another gives

the outline for the cylinder fit at the front end. Before placing the

templets on the frame, the surfaces on which finished lines are to be

scribed, are moistened with water and then coated with a soft red

stone called “keel.” This leaves a dull red finish on which the scribed

lines are easily seen.

The templets are aligned by the planed edge of the frame and enable

the required outline to be quickly scribed on the finished surface. A

number of bolt holes which cannot be drilled to good advantage by the

use of jigs are also laid out by the use of templets which have small

holes corresponding in location with the holes to be drilled and these
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are transferred to the work by using a light punch. After the templet

is removed, two concentric circles are stamped around each center with

special punches similar to those shown in Fig. 6. These punches have

V-shaped annular ridges which form neat rings or grooves, one of

which represents the size of the hole while the other remains as a

“witness” to show whether or not the hole has been drilled central.

The punches are made in various sizes and they are much superior

to the old method of scribing and dotting a circle, when laying out

holes.

Slotting the Frames

The slotting operation, which is the next in the regular order, is

performed by the large machine shown in Fig. 7. A stack of from five

to seven frames (the number depending on the size), can be slotted

simultaneously, so that it is only necessary to lay out the one which is

Fig. 6. Special Punches used for Laying out Holes

to be placed on top. As the illustration shows, the machine has three

slotting heads. These can be traversed longitudinally along the bed

by power and each slotting ram has a rapid power cross-movement, so

that different heads can be easily and quickly adjusted to the required

position. In setting up a stack of these frames, each section is placed

against angle-plates at the rear which are in line with the slotter bed.

All the frames are first adjusted longitudinally in order that the faces

of all jaws will true up when the top frame has been planed to the

lines previously scribed. The crosswise position of the work is then

checked by testing the alignment of the lower frame with the bed.

When this lower section is accurately located, the frames above are

set by it in a crosswise direction by using a large square.

This slotting machine is operated by two men who proceed with

the slotting operation in Such a Way that the three heads are used

simultaneously as much as possible. The method of machining a stack

of three-jawed frames similar to the type illustrated in Fig. 4, will

illustrate how the machine is handled. One man begins slotting the

shoe face m of the middle jaw, while the second man is rough planing

the pocket c for the cylinder. When the first man has slotted the face

of jaw m, he moves to the front and begins slotting shoe face f. In

the meantime, the second man starts a finishing cut over surface c,

and then begins work on the bracket pads b with the third head. The
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MACHINING THE FRAMES 11

reason the first man moves from the central jaw to the front, is that

he is then in a position to watch the slotting head which has been

started on a finishing cut along pocket c by the second man. In this

way the two men shift from one point to another, the order of the

operations depending, of course, on the arrangement or design of the

frames being machined.

Fig. 8 is a detailed view, showing one of the three slotter heads. The

'slotting ram and its reciprocating mechanism is carried by a slide S

which can be traversed laterally along the cross-rail shown. The rapid-tra

verse movements of this slide and also the power movements for shifting

Fig. 8. Detail View of One of the Slotter Heads—Seven Frames

are being Slotted simultaneously

the entire head longitudinally along the bed, are controlled by the vertical

levers L seen at the left end of the cross-rail. This view shows the slotting

tool just beginning a cut across the front or shoe face of the jaws. After

the shoe faces f, m and r (which are square with the top of the frame)

have been sotted, the tapering wedge faces w are finished. As those

familiar with the construction of locomotives know, one side of the

frame jaws is made tapering to provide an adjustment for taking up

lost motion between the driving-wheel boxes and the frame shoes. It

might also be mentioned, incidentally, that the rear jaws are given this

taper rather than the front ones, because the latter are subjected to a

greater pressure when the engine is running ahead, and it is better

to have this pressure against a vertical surface than one that is taper

ing. The taper or wedge side is planed, on this particular slotter, by
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MACHINING THE FRAMES 13

swiveling the cross-rail, on which the ram is mounted, to the required

angle as indicated by suitable graduations. The slotting operation also

includes the finishing of the top surfaces d, as well as the lower ends

of the pedestals for the braces e which are bolted across each pair of

jaws. In order to strengthen the frames, all corners have large fillets,

and when these are being formed the slotting tools are turned by

swiveling the tool-bar about its axis, the handwheel W. (Fig. 8) being

used for this purpose.

The most important part of frame slotting, from a standpoint of

accuracy, is that of planing the square shoe faces, which must be

finished the right distance from each other, within close limits, because

Fig. 10. Eight Trailer Frames set up for Milling the Edges

these are the surfaces which determine the location of the driving

wheels when shoes of a standard thickness are used. Gages are used

for measuring these distances, the front and rear jaws being gaged

from the central one which is machined first. The distance between

shoulder h and face f is also carefully gaged, as this shoulder bears

against the cylinder saddle and determines the longitudinal position of

the frame. The jaw faces of the right and left frame sections must

lie in the same plane and any irregularity in the location of shoulders

h would affect the position of the jaws. The end k of each main

section is also finished to provide a surface for locating the jig used

for drilling the bolt holes for the trailer frame splice. Surface k

is machined to a given distance from face r as shown by a fixed gage.

Milling the Trailer Frames

One of the most interesting operations on the frames is that of

machining the section T, Fig. 4, called the “trailer” or rear frame.
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Of course, it will be understood that these trailer frames are only used

on locomotives of the passenger type having trailing wheels, which

differ from the drivers in that they simply carry weight and are not

connected by the side-rods. The trailer frames are forged and they are

finished on the sides and edges in the powerful horizontal milling ma

chine shown in Fig. 9. These forgings are not made very close to

the finished size, because With the improved milling practice, the

metal is removed so rapidly that it would not be economical to forge

too close to the finished dimensions. The amount of metal removed in

Fig. 11. End View of Trailer Frames and Milling Machine

machining these frames is indicated by the fact that a rough frame

weighs about 2212 pounds, whereas one that is finished weighs only

1725 pounds. The frames are first milled on the sides, two being

placed on the machine at one time as illustrated in Fig. 9. The work

is shimmed up with liners or thin wedges and held by ordinary clamps

as shown. A stop-bar is placed across the outer end to take the thrust

of the cut. As the milling cutter advances, the clamps are shifted

from one point to another. The cutter used is 33 inches wide, and

when the edges are being milled, practically the entire width of this

cutter is in use. It consists of three 11-inch units having inserted

blades which are held in accurate helical grooves, giving a constant

cutting angle for the full width of the blade. These cutters are made
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in the Juniata shops and they are partly responsible for the efficient

milling practice in connection with frame and rod work.

After both sides of all the frames in a lot have been machined, the

edges are milled to the proper contour. At the present time, eight of

these frames are milled on the edges simultaneously. The way the

work is set up is indicated in Figs. 10, 11 and 12. Two broad clamips

are placed across the top and the frames are held laterally by screw

stops along the sides. The rear clamp is provided with eight set

screws which insure a bearing on each frame section. The outer frame

on the operator's side has lines showing the required outline for the

finished edges. These lines are transferred from a steel templet before

Fig. 12. Stack of Trailer Frames blocked up for Milling Taper End

the frames are placed on the machine. The frames are first set up as

shown in Fig. 10, and are then turned over for milling the opposite

edges. As section F, Fig. 13, and middle section I, are tapering, it is

necessary to block up the work as indicated in Fig. 12, in order to

secure a straight tapering surface. This particular illustration shows

the frames set for milling the tapered end F, Fig. 13. The irregular

outline at the center and the radius at the wide end, are formed by

adjusting the milling cutter vertically by hand as the work feeds

forward.

In order to show how rapidly these rough forgings are machined

to the proper size and shape, we shall give the actual time required

for milling the various surfaces of the frames and the approximate

depth of the cut. The various surfaces to which the data refers are

marked in Fig. 13 by letters, and the lengths in each case are also

given. Part A having a length of 5 feet 81% inches is milled in 56

minutes, and the average cut varies in depth from 12 to 33 inch. Of
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courseitwillbeunderstoodthatthetimespecifiedisfor eightframes,sothatifweonlyconsideroneframe,section Aismilledin7minutes.ThetimetakenforsectionB
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inch;sectionD,time43minutes,depthofcut5%inch; sectionEisfinishedbyplaningpriortomillingoperation;

sectionF,time1hour40minutes,depthofcut1%to2%

inches;sectionG,time28minutes,depthofcut3%to1

inch;sectionH,time41minutes,depthofcut,1%to21%

inches;sectionI,34minutes,depthofcut34to7%inch;

sectionJisfinishedbyplaning;sectionK,time1hour15

minutes,depthofcut$4to#4,inch;sectionLisfinished byplaning;sectionM,time55minutes,depthofcut$4to %inch;sectionNisfinishedbyplaning.Thetimegiven formillingthesidesKandMisfortwoframes.The amountofmetalremovedfromtheedgesoftheeight framesisapproximately1356pounds,whereas2542pounds
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that the foregoing figures do not cover the time required for setting and

clamping the work on the machine. -

* Drilling and Finishing the Frannes

There are a great many parts attached to the frames, such as

brackets for the Spring and brake rigging, stiffening braces, pedestal

braces and many other parts, all of which require bolt holes, so that

the drill press work is quite extensive, as is indicated in Fig. 4. Three

large radial drilling machines are used for this work. The frame is

first set up for drilling all the side holes, as shown in Fig. 14, and it

Fig. 15. Rounding the Corners of a Frame prior to Erecting

is then placed in a vertical position for drilling the pedestal-brace bolt

holes. Most of the holes are drilled by the use of plate jigs which are

located by previously machined surfaces and, in some instances, by lines

drawn for this purpose when the frame is laid out. High-speed steel

drills are used and these are flooded with soda water so that very

rapid work is possible. As it is important to have accurately fitting

frame bolts, the various holes are finished by 'reaming at the time the

framcs are erected, as Will be described later. -

After the frames are drilled they are removed from the machine shop .

to the erecting department, as the work has now progressed to the

point where it is ready for assembling. Before referring to this

last step in connection with the framework, attention should be called

to the fact that all of these different operations are performed pro

gressively, the work being advanced from one machine to the next
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without making any retrograde or backward movements. This is also

true of other classes of work, the machines being arranged, as far as

possible, so that the work moves along in a direct line as it passes

from the stock pile to the various machines and, finally, to the place

º

Fig. 16. Gouge-shaped Chisel used for Rounding Corners

where it is to be assembled. When we consider how many parts are

incorporated in a single modern locomotive and then remember that

approximately one such locomotive is being built daily at the Juniata

shops, the importance of direct methods and their bearing on the rate

of production can readily be appreciated.

Fig. 17. Frames after the Chipping is Completed

When the frames reach the erecting department, all corners are

rounded by pneumatic hammers (as indicated in Fig. 15) before assem

bling. The chisels used for this work are shown in Fig. 16. They

are shaped somewhat like a gouge but have a concave cutting edge.

The corners are finished to the required radius by a single cut and
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almost as smoothly and neatly as could be done in a planer with a

form tool. Two frames which have been finished in this way and are

ready for the erecting. gang, are shown in Fig. 17. This rounding

of corners gives the frames a finished appearance and also makes it

much easier to handle them, as all sharp edges have been cut away.

It is also thought that a frame having round corners is less liable to

fracture than one having square ragged corners, the theory being that

a minute indentation at the corner may, in time, develop a fracture.

Fig. 18. Special Machine for Turning the Frame Bolts

The main frame and the trailer frame (in this particular case) are

next aligned and the bolt holes for the splice at A, Fig. 4, are reamed.

After the splice bolts are inserted, the right and left frame sections are

tied together by the different cross-braces, and this is the first step in

erecting a locomotive. The two sections are mounted on blocks and

jacks and are then set level and parallel with each other. The various

cross-ties and braces are temporarily clamped in position for reaming

the previously drilled holes. As all the parts are accurately drilled,

the holes are usually in close alignment, so that little reaming is neces

sary to produce a smooth hole which will insure an even bearing

throughout the length of the bolt.
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The reaming is done by means of an air motor, and the time required

for reaming a hole and driving a bolt “home * is a matter of seconds

rather than minutes. The reamer is entered into the hole and the

motor-driven chuck is applied to the end. As the reamer only has a

taper of 3/32 inch per foot (which is the standard for all frame bolts),

it is quickly fed to the required depth. The reamer is then backed

out while it rotates in the same direction, and the chips are blown from

the hole by turning the air exhaust of the motor into it. A standard

bolt is next inserted and driven home by a few blows of the sledge.

& º

* …

Fig. 19. Frame after Cylinders, Braces and other Parts

have been assembled

This entire operation of reaming the hole, cleaning it and driving in

the bolt, is done in a surprisingly short time. As these men are con

stantly at this work, they have become very expert. No gages are

required for reaming, as the workmen know just how far to feed in the

reamer for any given bolt. When a hole is being reamed, the motor is

held by two men, while a third man measures the distance between

the reamer driving chuck and the frame in order to determine when

the reamer has reached the required depth. When a reamer becomes

too dull to work effectively, it is sharpened in a special grinding ma

chine. The importance of keeping the reamers in good condition can

best be appreciated by those who have tried to true up a hole with a

dull reamer. Before the erection of the frames is complete, they must

be bolted to the cylinder castings which form the principal support at
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the front. Fig. 19 shows an assembled frame after the cylinders, braces,

guide-yoke and other parts connected with the spring and brake rig

ging, have been attached. When the work has reached this stage, it is

only a matter of a few hours when the frame will be buried behind the

driving wheels of the assembled locomotive.

Turning Frame Bolts

The method of turning the frame bolts used in assembling the frames

is interesting, owing to the rapidity and simplicity of the operation.

The machine used resembles an ordinary four-spindle drilling machine,

as will be seen by referring to Fig. 18. The spindles are equipped with

chucks having hexagonal pockets, not unlike a socket wrench, which

fit the heads of the bolts and cause them to revolve while the body is

being turned. The turning is done by cutter heads located in the base.

There are two heads for roughing and a similar number for finishing.

The roughing heads have two blades or cutters which are about 5/16

inch or 3/8 inch thick and 1% inch long. These cutters are set diam

etrically opposite, and they remove the hard Outer scale. The bolt

body is rough turned close to the finished size, but this first operation

leaves it straight or of one diameter throughout. The work is then

placed in a finishing head. These heads also contain two cutters which

differ from those used in the roughing heads in that they are as long,

or longer, than the bolt body and are set to turn the bolt body to the

required taper. The turning operation, in each case, is performed by

feeding the revolving bolt down through a cutter head just as a drill

would be fed through its work. Several of these cutter heads may be

seen at the base of the machine. They are mounted in floating holders

so that they can adjust themselves to the bolt being turned. Very

rapid work can be done in this machine, one man keeping the four

heads in operation. The threading of the bolts is done in regular bolt

threading machines. -



ſº

r;

Is

tº:

CHAPTER II

MACHINING LOCOMOTIVE CYLINDERS*

The cylinders of locomotives vary considerably in their general

arrangement, and the exact method of machining them depends alto

gether on the type; but as the variations in practice are of minor

importance, we shall deal with the subject in a general way instead

of describing in detail the operations for each particular design. The

various operations referred to represent the practice at the Juniata

shops of the Pennsylvania Railroad, where all the passenger locomotives

and many of the freight class used in this extensive system are built.

* >==º->

º

--~~~2:22-22

Machinery

Fig. 20. Front View of Locomotive Cylinders of the Single-expansion

Piston Valve Type

The style of cylinder now used almost exclusively on the new locomo

tives built by the Pennsylvania Railroad is the single-expansion piston

valve type. Figs. 20 and 21 show two designs which differ in that the

cylinders illustrated in Fig. 20 are cast integral with the saddle,

whereas the cylinders shown in Fig. 21 are bolted to the saddle which

forms a separate casting. The advantage of this three-piece construc

tion is that a broken cylinder can be replaced more quickly because

the saddle does not need to be detached from the boiler or frames.

With the design shown in Fig. 20, considerable time is required to fit

and bolt the flange on the saddle of a new cylinder to the boiler.

Boring the Cylinders

The first machining operation on a cylinder casting is that of boring

the cylinder proper. The boring is done by the large machine illus

trated in Figs. 22 and 24. The cylinder casting is supported at the

MACHINERY, Railway Edition, April, 1912.
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right height by a fixture, as shown. The flanges are first rough-faced

by radial facing arms A and B, the tools of which are fed by the well

known star feed. The bore is then finished by one roughing and one

finishing cut, four tools being used for roughing and two for finishing.

Broad-nosed tools are used for the light finishing cut and are given a

feed of 9% inch per revolution of the boring-bar. As the boring-bar is

very rigid, these coarse feeds can be used without chattering. The

cylinder is also counterbored as far in as the inner edge of the steam

ports, to prevent the piston-rings from wearing shoulders at the ends

of the piston stroke.

After the cylinder bore is finished, the table or platen of the boring

machine is moved over the right distance for boring the valve chamber,

Fig. 21. Locomotive Cylinders having a Detached Saddle

the proper adjustment being determined by graduation lines at the

side of the table. In order that the valve chamber will be at the proper

vertical height after making this adjustment, the casting is originally

set up in the machine so that the centers of the cylinder and valve

chamber are in the same horizontal plane. Fig. 24 shows the position

of the work when set for boring the valve chamber. The flanges are

faced prior to boring, and the offset of the flanges with relation to the

cylinder flanges, is tested by a special gage. The valve chambers are

not bored to one diameter throughout, but have a shoulder at each end

for locating the valve bushings or linings which are afterward forced

into the bore. The piston-valve operates inside these bushings, which

can readily be renewed when worn. As the steam ports are machined

in the bushings, the latter must be accurately located lengthwise to

bring the ports in the right position. The proper location for each

bushing is secured by the shoulder previously referred to, in conjunc

tion with corresponding shoulders on the bushings; hence this shoulder

in the bore must be accurately located by another special gage.
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Planing the Cylinders

After the cylinder is bored, the various surfaces on the saddle are

planed. By the use of an ingenious set of fixtures, the castings are

quickly and accurately set up for the planing operations. Fig. 23 shows

the cylinder planer with these fixtures in place, and Figs. 25, 26, and 28

show different views of the work mounted on the fixtures. Three cylin

ders are placed in a row and planed simultaneously, and the fixtures

are so arranged that the bores of the various cylinders are aligned

with one another and with the planer platen. These fixtures consist

of heavy brackets or standards B having flanges as shown. The end

brackets have a single flange, whereas the two Which come between

Fig. 22. Boring a Locomotive Cylinder

the cylinders are double flanged. There is a central pocket A in each

flange face, and the distance from these pockets to the base is exactly

the same for each bracket. Each of the conical disks C which engage

the counterbores of the cylinders, has a cylindrical boss D on the rear

side which fits into any of the central pockets A. When a cylinder is

to be set up for planing, one of these conical disks is clamped in each

end of the counterbore by a bolt passing from one disk to the other.

The brackets are also bolted to the planer platen in the proper position,

as indicated in the illustration. The distance between the brackets is

governed by the length between the outer faces of the disks after the

latter are bolted in place, and the central pockets A are all brought

into alignment, laterally, by tongue-pieces on the base of each bracket.

The cylinder is next picked up by a crane and lowered until the disks

have entered between the brackets. The temporary holding bolt for
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the disks is then removed and the work is lowered until the cylindrical

bosses D on the disks, which slide through the vertical slots at E,

rest in the central pockets A of the fixtures. When three cylinder cast

ings have been set up in this way, the center line or axis of each cylin

der bore will be in alignment.

The valve chamber is next set vertically with relation to the center

of the cylinder. To obtain this setting, a spider F, Fig. 25, is placed

in the valve chamber and its hub is centered with the bore of the valve

chamber by using hermaphrodite calipers. The casting is then adjusted

vertically by the small supporting jacks seen in Fig. 28, until this center

is the required distance below the center of the cylinder, as shown by

Fig. 24. Cylinder set for Boring Valve Chamber

an ordinary surface gage. The height from the platen to the center of

th cylinder bore is accurately ascertained beforehand and remains con

stant for a given size fixture. After the three castings are set as

described, clamping pieces which fit in the slots E, Fig. 23, are tight

ened against the hubs of the conical disks by clamps H. The cylinders

are further secured by a long tie-bolt G, Fig. 25, which extends through

the three castings and holds both the work and fixtures rigidly together.

The side view, Fig. 26, clearly shows how the conical disks enter the

cylinder counterbores and align the three castings. By referring to

Figs. 25 and 28, it will be seen that these fixtures make it possible to

hold the three cylinders with very few clamps; in fact, the four clamps

in Fig. 28 are (with the exception of clamps H, Fig. 23, which are part of

the fixture) the only ones required. These fixtures have not only

effected a considerable reduction in the time required for setting the
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cylinders prior to planing, but they also insure accurate and uniform

work.

After the cylinders are set as described, the top surface I, Fig. 25.

which forms the joint between the right- and left-hand cylinders, is

rough-planed by using the two tool-heads. This surface is then finished

with a broad tool which is set to the right height for the final cut by

a special micrometer gage N. The cutting edge is adjusted to coincide

with the top of this gage, which is graduated with reference to the

centers of the fixtures so that heights from the center of the cylinder

bore can be read directly. The side J is next roughed out and finished

-

..…

Fig. 27. Planing Cylinders of the “Three-piece”. Type

by using a side-head, and while this surface is being planed, the seats

K and L (Fig. 28) for the steam and exhaust pipes, are rough-planed

with the opposite side-head. Side J is finished to a certain distance

from the planer housing, the measurement being taken with a special

vernier gage. By measuring directly from the housing, duplicate work

is assured and the liability of mistakes is lessened. This method of

measuring is made practicable by the improved fixtures, which are

always located in the same lateral position on the platen and, conse

quently, hold the finished cylinder bores in the same vertical and cross

wise position. The face M, against which the frame is bolted subse

quently, is planed at the same time the seats K and L are finished. The

half-seat K for the exhaust pipe, is gaged from the finished side J and

the steam pipe seat L is finished with reference to the exhaust seat.

The distance between surfaces I and M is measured by a special height

gage. This practically completes the planer work. Of course, the order
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of the operations is governed entirely by the shape of the cylinder cast

ing, and differs from that described in the foregoing, for other types

of cylinders.

Figs. 27 and 29 indicate the method of planing cylinders of the type

illustrated in Fig. 21, which, as will be recalled, are bolted to the

saddle. These castings are set up in the same way as described for

the style illustrated in Fig. 28. The planer work on the cylinder proper

is more easily done owing to the shape of the casting. The illustra

tions shows the two cross-rail heads rough-planing the saddle joint,

while the left side-head is planing small pads on the steam chest. The

- - - ºw

Fig. 29. Another View of the “Three-piece” Cylinders set up for Planing

tool is set for finishing the saddle joint by the same micrometer gage

previously referred to, but a shorter measuring rod is inserted in the

base for this particular style of cylinder. The pocket in the center of

the saddle joint is finished to fit the frame, and in the right relation to

the cylinder bore. There are also corresponding pockets in each side

of the saddle casting, and the frames pass through the rectangular

opening or mortises thus formed, as indicated by the section lines in

Fig. 21. The planing of this saddle joint and pocket is practically

all the planer work there is on a cylinder of this type. The nature of

the planing operations on the saddle is clearly indicated by the draw

ing Fig. 21.

Laying Out and Drilling the Cylinders

After the cylinders are planed, the accuracy of the machine work

previously done is tested and the casting is laid out for drilling holes

that cannot conveniently be jig-drilled. Fig. 30 shows the method of
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testing the location of the cylinder bore and valve chamber with rela

tion to each other and to the finished central joint which is resting

on the laying-out plate. The centering spiders shown are first accur

ately set in each bore and the respective heights of the cylinder and

valve chamber are determined by using a tall surface gage. These

heights are measured by comparing the gage pointer with a long steel

- - ºfºrº

Fig. S2. Drilling Frame Bolt Holes

scale held in a vertical position. While the use of the planing fixtures

previously described insures accurate work, it has been found advis

able to check important dimensions so that the cylinders can be

erected without delay due to imperfect work. After the height of each

bore has been checked, as described, the distance from the face of the

back cylinder flange to the finished projection A is carefully tested, as

this projecting flange rests against the frame and determines the cylin

der's fore-and-aft location.

Most of the holes in the cylinder are, of course, drilled by the use
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of jigs. There are, however, a few holes which cannot conveniently be

drilled in this way and these are laid out at this time. For example,

the small screw holes around the periphery of the flange, for fastening

the cylinder jacket, as well as those for lubricator and indicator pipes,

dripcocks, etc., are all laid out by hand. A center line L (see Fig 34)

is also drawn across the saddle face for locating the jig used when

. . . . .

|A|In
º

, º
T.

|

º

Fig. 33. Drilling Flanges

drilling the bolt holes for the steam and exhaust pipe seats at S and E.

This line is exactly central with the front and back flange faces of the

cylinder. A central point is first located at Li, Fig. 31, by measuring

from a long straightedge held across the front and back flanges. The

cylinder is then turned over and this line is carried across the saddle

joint by using a large square.

The drilling operations on the cylinder are of an obvious nature and

therefore a detailed description of this work Will be unnecessary. Prac
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tically all the holes are drilled by the use of jigs in large radial ma

chines. Fig. 32 shows a plate jig for drilling the frame bolt holes.

This jig is located by the finished end A on the cylinder, and the jig

for drilling the corresponding holes in the frame is set by a shoulder

which bears against end A, so that both sets of holes register closely

when the cylinder and frame are assembled; consequently, little ream

ing is necessary. The holes for the stud bolts which hold the cylinder

and the steam chest heads in place, are drilled with ordinary ring jigs

as indicated in Fig. 33. Fig. 34 shows the method of forming the seat

for the steam pipe. This pipe is not clamped directly to the cylinder,

º

Fig. 34. Reaming Seat for Steam Pipe

but bears against a cast-iron ring having a flat face on one side and

a spherical face on the other. The large reamer R forms this spherical

seat, which is clearly shown in the view to the left, Fig. 35.

Erecting Cylinders–Piston-valve Bushings

When the drilling is completed the cylinders are ready for the erect

ing shop. The right- and left-hand cylinders which are to be mates,

are set up and aligned as illustrated in the two views Fig. 35. The

saddle bolts through the front and rear flanges F are then reamed and

the tightly fitting taper bolts are inserted. The cylinders are now ready

to be attached to the frames. They are first bolted to the frames tem

porarily, and their position is carefully tested. The bolt holes are next

reamed and the right and left frame sections are bolted to their respec

tive cylinders.

The bushings or linings for the valve chambers are also inserted at
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this time. There are two of these bushings in each cylinder, which

are inserted from opposite ends of the valve chamber bore. The inside

of the bushing is bored to fit the piston-valve, and the outside is turned

to fit tightly into the cylinder. The boring is done in a vertical boring

machine, and the outside is turned in a lathe (as indicated in Fig. 36),

after the boring operation. The bushing is mounted on a large expand

ing mandrel, and it is turned from 0.002 to 0.004 inch larger than the

bore of the valve chamber, in order to secure a tight fit. This allow

ance varies somewhat for bushings of different diameter. After the

bushing is turned, the steam and exhaust ports, which are cored in the

Fig. 85. Cylinders aligned for Reaming Flange Bolt Holes

casting, are finished by milling. Two finished bushings are shown to

the right in Fig. 36. The large ports E are for the exhaust and the

smaller ports S register with the cylinder steam ports when the bush

ings are in place. These ports are milled to a standard width by

the use of gages. They are also located with reference to the shoulders

L which, as previously stated, come against corresponding shoulders in

the valve chamber, and determine the respective positions of the bush

ings. The distance between the steam ports is checked before the bush

ings are inserted in the cylinder. This preliminary test is made by

placing the two bushings in line, with the shoulders L the same dis

tance apart as the shoulders in the valve chamber. The distance be

tween the inner edges of the steam ports is then measured with a large

vernier scale V. A variation of only 0.004 inch is allowed for this

dimension. As the distance between the packing rings of the piston
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valves, and also the width of the rings, is accurately gaged, the proper

relation between the valve and the steam ports is secured within close

limits.

The finished bushings are drawn into the valve chamber by a screw

and air motor as shown in Fig. 37. This particular illustration shows

the motor arranged for drawing in the rear bushing. The screw, which

is rotated by the motor, is prevented from moving longitudinally by a

heavy strap which is placed across the flange as shown. After both

bushings are drawnºin against the shoulders, the distance between the

steam ports is again tested with the vernier scale. This second meas

Fig. 36. Method of Turning Valve Bushings and Preliminary Test

to determine Location of Steam Ports

urement is taken to make sure that the bushings are not held away

from their seats by small chips or dirt which may have been overlooked

when the bore was cleaned. Before the boiler can be erected, the curved

seat or saddle formed by the two cylinders must be fitted to the front

of the smokebox. As the steel sheet which forms the smokebox may

not be exactly circular, the saddle is always fitted to the particular

boiler for which it is intended. In order to obtain the required outline,

the boiler is lowered by a crane onto the frames and cylinders. The

boiler is then set level, both lengthwise and laterally, and it is also

centered with the frames. The outline of the Smokebox is then

transferred to the saddle flanges, by using a scratch gage. This line

represents the finished surface of the saddle, and it should be drawn

just far enough from the top surface, to permit truing the entire saddle

flange. When this line is scribed, the boiler is removed and a gang

of men chip the flange down to the required outline. This chipping
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is done by pneumatic hammers. There are raised pads on the saddle

flange as shown in the view to the left, Fig. 35, so that a comparatively

small surface requires chipping. When the flange is finished, the boiler

Fig. 37. Drawing in valve Bushing with Air Motor

is permanently bolted to the cylinders, and when this stage is reached,

the erection of the locomotive proceeds rapidly. The erecting practice

is described in MACHINERY's Reference Book No. 84, “Locomotive Build

ing, Part VI.” o



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.

ARITHMETIC For THE MACHINIST.

Reference Series No. 52. ADVANCED

SHOP ARITHMETIC FOR THE MACHINIST.

Reference Series No. 53. USE OF

LoGARITHMIC 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

SHOP

Reference Series No. 2. DRAFTING

ROOM PRACTICE.

Reference Series No. 8. WoRKING

DRAWINGS 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. DEEP HOLE

DRILLING.

Reference Series No. 38.

AND GRINDING MACHINES.

Reference Series No. 48.

FILING.

Reference Series No. 32.

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.

GRINDING

FILES AND

SCREW

PRINCIPLES AND PRACTICE of Assemi

BLING MACHINE TOOLS.

Reference Series No. 57.

SPINNING.

Jigs and Fixtures

Reference Series Nos. 41, 42 and 43.

JIGS AND FIXTURES.

Reference Series No. 3.

Reference Series No. 4.

FIXTURES.

Punch and Die Work

Reference Series No. 6. PUNCH AND

DIE WORK.

Reference Series No. 13.

DIES.

Reference Series No. 26. MoDERN

PUNCH AND DIE CONSTRUCTION.

Tool Making

METAL

DRILL JIGs.

MILLING

BLANKING

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.

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.

HEAT

MACHINE

DROP FoRG

Automobile Construction

Reference Series No. 59. MACHINES,

Tools AND METHODS OF AUTOMOBILE

MANUFACTURE.

Reference Series No. 60. CONSTRUC

TION AND MANUFACTURE OF AUTOMO

BILES.

BLACK



Theoretical Mechanics

Reference Series No. 5. FIRST PRIN

CIPLES OF THEORETICAL MECHANICS.

Reference Series No. 19. USE OF

FORMULAS 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

GEARING.

Data Sheet Series No. 5. SPUR

GEARING. General reference book con

taining tables and formulas.

Data Sheet Series No. 6. BEVEL,

SPIRAL AND WORM 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.

WHEELS.

Data Sheet Series No. 7. SHAFTING,

KEYS AND KEYWAYS.

40. FLY

Data Sheet Series No. 8. BEARINGs,

COUPLINGS, CRANE CHAIN

AND HOOKS.

Data Sheet Series No. 9.

SLIDES AND MACHINE DETAILs.

CLUTCHES,

SPRINGs,

Data Sheet Series No. 19. BELT,

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 OVERHEAD CRANES.

Reference Series No. 49. GIRDERS

FOR ELECTRIC OVERHEAD 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. FoEMULAs

AND CONSTANTS FOR GAS ENGINE DE

SIGN.

Special Course in Locomotive Design

Reference Series No. 27. BoILERs,

CYLINDERS, THROTTLE VALVE, PISTON

AND PISTON ROD.

Reference Series No. 28. THEORY

AND DESIGN OF STEPHENSON AND WAL

SCHAERT S WALVE 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 AND DURABILITY OF

METALS.

General Reference Books

Reference Series No. 35. TABLES

AND FORMULAS FOR 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.



ſº

Hardening Plants;

No. 39. Fans, Ventilation and Heating.

—Fans; Heaters; Shop Heating.

No. 40. Fly-Wheels.-The i r Purpose,

Calculation and Design.

No. 41. Jigs and Fixtures, Part I.-

- Principles of Jig and Fixture Design;

Drill and Boring Jig Bushings; Locating

Points; Clamping Devices.

No. 42. Jigs and Fixtures, Part II.-

Open and Closed Drill Jigs.

No. 43. Jigs and Fixtures, Part III.-

Boring and Milling Fixtures.

No. 44. Machine Blacksmithing.—Sys

tems, Tools and Machines used.

No. 45. Irop Forging. — Lay-out of

Plant; Methods of Drop Forging; Dies.

No. 46. Hardening and Tempering.—

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 As

sembling Machine Tools, Part I.

No. 51. Principles and Practice of As

sembling Machine Tools, Part II.

No. 52. Advanced Shop Arithmetic for

the Machinist.

No. 53. Use of Logarithms and Isogar

ithmic 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.—M a ch in e s,

Tools and Methods Used.

No. 58. Helical and Elliptic Springs.--

Calculation and Design.

No. 59. Machines, Tools and Methods

of Automobile Manufacture.

No. 60. Construction and Manufacture

of Automobiles.

No. 61. Blacksmith Shop Practice.—

Model Blacksmith Shop; Welding; Forg

ing of Hooks and Chains; Miscellaneous

Appliances and Methods.

No. 62. Hardness and Durability Test

ing 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 Chim

neys.

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

Electricity, Part I.-Static Electricity;

Electrical Measurements; Batteries.

No. 74. Principles and Applications of

Electricity, Part II.-Magnºſtism; Elec

tro-Magnetism; Electro-Plating.

No. 75, Principles and Applications of

Electricity, Part III.-Dynamos; Motors;

Electric Hailways. -

No. 76. Principles and Applications of

Electricity, Part IV.-Electric Lighting.

No. 77. Principles and Applications of

Electricity, Part V.-Telegraph and Tele

phone.

no. 78.

Electricity,

Power.

No. 79. Locomotive Building, Part I.—

Main and Side Rods.

No. 80. Locomotive Building, Part II.

—Wheels; Axles; Driving Boxes.

No. 81. Locomotive Building, Part III.

—Cylinders and Franes.

Principles and Applications of

Part VI.-Transmission of

No. 82. Locomotive Building, Part IV.

—Valve Motion.

No. 83. Locomotive Building, Part V.

—Boiler Shop Practice.

No. 84. Locomotive Building, Part VI.

—Erecting.

No. 85. Mechanical Drawing, Part I.

—Instruments; Materials; Geometrical

Problems.

No. 86. Mechanical Drawing, Part II.

—Projection.

No. 87. Mechanical Drawing, Part III.

—Machine Details.

No. 88. Mechanical Drawing, Part IV.

—Machine Details.

No. 89. The Theory of Shrinkage and

IForced 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 and Slotter.

No. 94. Operation of Machine Tools.-

Drilling Machines.

No. 95. Operation of Machine Tools.--

Vertical and Horizontal Boring Machines.

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. The purchaser may secure either the books on

those subjects in which he is specially interested, or, if he pleases, the whole set at

One time. The price is 25 cents a book.

TITLES AND CONTENTS ON BACK COVER



CONTENTS OF DATA SHEET BOOKS

No. 1. Screw Threads.-United States,

Whitworth, Sharp V- and British Associa

tion Standard Threads; Briggs Pipe

Thread; Oil Well Casing Gages; Fire Hose

Connections; Acme Tº read; Worm

Threads; Metric Threads; Machine, Wood,

and Lag Screw Threads; Carriage Bolt

Threads, etc.

No. 2. Screws, Bolts and Nuts.-Fil

lister-head, Souare-head, Headless, Col

lar-head and Hexagon-head Screws; Stand

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

Washers; Thumb Screws and Nuts; A. L.

A. M. Standard Screws and Nuts; Machine

Screw Heads; Wood Screws; Tap Drills;

Lock Nuts; Eye-bolts, etc.

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; Solid Square, Round

Adjustable and Spring Screw Threading

Dies.

No. 4. Reamers, Sockets, Drills and

Milling Cutters.-Hand Reamers; Shell

Reamers and Arbors; Pipe Reamers; Taper

Pins and Reamers; Brown & Sharpe,

Morse and Jarno Taper Sockets and Ream

ers; 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 Gearing; Strength of

Spur Gears; Horsepower Transmitted by

Cast-iron and Hawhide Pinions; Design of

Spur Gears; Weight of Cast-iron Gears;

Epicyclic Gearing.

No. 6. Bevel, Spiral and Worm Gear

ing.—Rules and TFormulas for Bevel

Gears; Strength of Bevel Gears; Design

of Bevel Gears; Rules and Formulas for

Spiral Gearing; Tables Facilitating Calcu

lations; Diagram for Cutters for Spiral

Gears; Rules and Formulas for Worm

Gearing, etc.

No. 7. Shafting, Keys and Keyways.—

Horsepower of Shafting; Diagrams and

Tables for the Strength of Shafting;

Forcing, Driving, Shrinking and Running

Fits; Woodruff Keys; United States Navy

Standard Keys; Gib Keys; Milling Key

ways; Duplex Keys.

No. 8. Bearings, Couplings, Clutches,

Crane Chain and Hooks.-Pillow Blocks;

Habbitted Bearings; Ball and Froller Hear

ings; Clamp Couplings; Plate Couplings;

Flange Couplings; Tooth Clutches; Crab

Couplings; Cone Clutches; Universal

Joints; Crane Chain; Chain Friction;

Crane Hooks; Drum Scores.

No. 9. Springs, Slides and Machine

Details.-Formulas and Tables for Spring

Calculations; Machine Slides; Machine

Handles and Levers; Collars; Hand

Wheels; Pins and Cotters; Turn-buckles,

etc.

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

Decimal Equivalents,

Steel Tools; Taper Turning; Change Gear

º: for the Lathe; Boring Bars and Tools,

etc.

No. 11. Milling Machine Indexing,

Clannping Devices and Planer Jacks.-

Tables for Milling Machine Indexing;

Change Gears for Milling Spirals; Angles

for setting Indexing Head when Milling

Clutches; Jig Clamping Devices; Straps

and Clamps; Planer Jacks.

No. 12. Pipe and Pipe Fittings.-Pipe

Threads and Gages; Cast-iron Fittings;

I3ronze Fittings; , Pipe Flanges; Pipe

Bends; Pipe Clamps and Hangers; Dimen

sions of £ipe for Various Services, etc.

No. 13. , Boilers and Chimneys.-Flue

Spacing and Bracing for Boilers; Strength

9f Boiler Joints; Riveting; Boiler Setting;
Chimneys.

No. 14. Locomotive and Railway Data.

—Locomotive . Boilers; Bearing Pressures

for Locomotive Journals; , Tlocomotive

Classifications; Rail Sections; Frogs,

Switches and Cross-overs; Tires; Tractive

Force; Inertia of Trains; Brake Levers;

Brake Rods, etc.

No. 15. Steam and Gas Engines.—Sat

urated Steam; Steam Pipe Sizes; Steam

Engine Design; Volume of Cylinders:

Stuffiing Boxes; Setting Corliss Engine

Valve Gears; Condenser and Air Pump

I)ata; Horsepower of Gasoline Engines,

Automobile Engine Crankshafts, etc.

No. 16. Mathematical Tables.—Squares

of Mixed Numbers; Functions of Frac:

tions; Circumference and Diameters of

Circles; Tables for Spacing , off Circles;

Solution of Triangles; Formulas for Solv

ing Regular Polygons; Geometrical Pro
gression, etc.

No. 17. Mechanics and Strength of Ma

terials.-Work; Energy; Centrifugal

Force; Center of Gravity; Motion; Fric

tion; Pendulum; Falling Bodies; Strength

of Materials; Strength of Flat Plates;

Ratio of Outside and Inside Radii of

Thick Cylinders, etc.

No. 18. Bean Formulas and Structural

Design.-Peam Formulas; Sectional Mod

uli 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.—

Dimensions of Pulleys; Weights of Pul

leys; Horsepower of Belting; Belt Veloc

ity; Angular Belt Drives; Horsepower

transmitted by Ropes; Sheaves for Rope

Drive; Bending Stresses in Wire Ropes;

Sprockets for Link Chains; Formulas and

Tables for Various Classes of Driving

Chain.

No. 20. Wiring Diagrams, Heating and

Ventilation, and Miscellaneous Tables.—

Typical Motor Wiring Diagrams; Resist

ance of Round Copper Wire; Rubber Cov

ered Cables; Current Densities for Vari

ous Contacts and Materials; Centrifugal

Fan and Blower Capacities; Hot Water

Main Capacities; Miscellaneous Tables:

Metric Conversion

Tables, Weights and Specific Gravity of

Metals, Weights of Fillets, Drafting-room

Conventions, etc.

MACHINERY, the monthly mechanical journal, originator of the Reference and

Data Sheet Series, is published in four editions—the Shop Edition, $1.00 a year;

the Engineering Edition, $2.00 a year; the Railway Edition, $2.00 a year, and the

Foreign Edition, $3.00 a year.

The Industrial Press, Publishers of MACHINERY,

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