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PREFACE. -
ily
and

This book is the outgrowth of a series of articles prepared iith
the author for the students in machine shop practice at the Uput
versity of Illinois; some of ‘these articles having recently besho
published in “Machinery.” An effort has been made to treat tily
subject in a clear and comprehensive manner, carefully avoiding
all unnecessary matter and presenting to the apprentice and
mechanic many- points pertaining to the tools with which they
come in daily contact, and about which they are oiten unable to
obtain all the information necessary, in order that they may use
these tools correctly and efficiently.

In treating on the various classes of small and machine tools,
the author has endeavored to bring out much pertaining to the
construction and care of these tools, as well as upon their uses.

The importance of the machinist having at least a limited
amount of information on the subjects of Fastenings, Gearing,
and Belting and Transmission Machinery has prompted the addi-
tion of chapters upon these subjects.

The author wishes to acknowledge his indebtedness to the
publishers, the Industrial Press, and the tool manufacturers, who
have so kindly assisted him in getting together many of the illus-
trations and tables used in this work.

March, 1903. W. H. VAN DERVOORT.






INTRODUCTION.

The correct manipulation of metal working tools comes per-
fectly natural to many of our voung mechanics, and they easily
become expert in their use. It seems to be born in them, and
they make good workmen no matter how poor the tools with
which they work and how bad the instruction they receive; but
where one such man is found there will be a dozen others who
can acquire the necessary skill to be called good machinists, only
after careful study and close application of the most thorough
instruction. The time required to accomplish this will depend
entirely on the man and the conditions under which he works.
Under favorable circumstances two to six vears will be required.
The more the apprentice reads and thinks the more quickly will he
master his trade. Every apprentice should be a regular sub-
scriber to at least one good paper treating on the subject and
should rReAD it. He should never fail to look over the advertising
pages of each issue, as these pages constitute a perfect index of
progress along the line of his chosen occupation. The reading
will create thought, will broaden the ideas and put the yvoung
man in a better position to appreciate what he sees and hears.

The young machinist must keep constantly before him the two
requisites of a good mechanic—accuracy and rapidity. The first
he must acquire, and if he would succeed in these days of close
competition, he must couple with it the ability to produce such
werk quickly. He should, above all things, train his judgment,
having it continually with him, and should learn as quickly as
possible the strength of the materials with which he is to deal.
This will come more by experience than by calculation and let
good judgment and common sensc aid in making the experience
bill low. .

“Observation is a great teacher.” Therefore he should learn
to observe, noting carefully the ways in which the skilled me-
chanic performs his work. His thoughts must he kept contin-
ually on the work in hand, studying Dbetter and quicker ways to
do it. He can gain the confidence of his emplover in no better way
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than by strict atteniion to his work. careful observance i all
regulations pertaining to the management oi the plant. and a
sincere disposition to do at all times his very best. He should
be perfectly free to ask questions : sensible ones. as the other kind
will injure his cause. He must be cautious about making sugges-
tions as they are usually not thankfullv received. \When the
foreman gives precise instructions as to how to periorm a picce
of work. the instructiviis must be followed to the letter. even
though he thinks he can do it in a better way. He is probably
wrong. but if not the upportunity to do it his wav will come soon.
and in such a way us 10 plcase rather than provoke. by proving
the better method.

He must learn to take a hint. as the foreman may at times
suggest rather than tell him that it would be best 10 do the other
way : and above all things he must not have to be told a second
time. It is bad to duplicate accidents to tools or mistakes on
work. and especially so when previously cautioned on thesc
points.

He cannot be too neat and orderly, not only with his tools and
work. but in his personal appearance.

The young mechanic should never lose an opportunity to visit
other shops, as he will be sure to get some good ideas from them.,
More can often be learned in some poorly equipped. ill-man-
aged concern than in a shop running under the most perfect sys-
tem, as we are often more forcibly impressed with the how not to
do it, than with the how. A careful perusal of the trade cata-
logues issued by all the leading machine and small tool builders
cannot fail to be of value, as in those catalogues will be found
many excellent cuts, with description of tools, and often valuable
hints on their manufacture and uscs.

Mechanics who learned their trade hefore the introduction of
modern tools and methods frequently fail to appreciate the im-
portance of their making an effort to familiarize themselves with
the nicer points of detail of the later small and machine tools.

The successful working and tempering of high grade steels
and the methods of grinding now employed have been the principal
factors in the successful manufacture of the many excellent small
tools now in use. Detter tools, better methods, better workmen
and the best of mechanical ability have evolved from the ill-
designed and inefficient tools of but a few years ago the excellent

s of to-day.
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Many mechanics, hoth old and young, fail to appreciate t'e
finer points in a good tool; they fail to realize that every line,
curve and angle in its construction represents the most careful
study. and in most cases have been arrived at only zfter years of
experimentation.

In taking up the subjects pertaining to machine shop tools,
their construction and uses, two general subdivisions may be
made, small tools and machine tools. Under the head cof small
tools may be placed all hand tools, measuring tools, cutting tools
used in machine tools and jigs. The subdivision of the work com-
monly performed on metal-working machine tools may be briefly
outlined as follows:

First—Turning and Boring; as performed in the lathe, screw-
machine, turret-machine, vertical boring mill, etc., in which the
work is usually made to rotate to a cutting tool or tools which,
aside from feeds, are stationary. This operation usually pro-
duces curved or circular surfaces, both internal and external, but
may, as in facing, produce a plane surface.

Second—Planing Operations; as performed on the planer,
shaper, slotting machine or key-way cutter, where the work is
given a straight line motion to a stationary tool, or, as in the
three latter types of machines, the tool is given a straight line
motion over stationary work. In the former case the feeds are
given to the tool while in the latter the work usually receives one
or both of the feeds. In the case of the traverse head shaper,
however, the tool is given both feeds over perfectly stationary
work.

Third—Milling Operations; as performed on the various types
of milling machines where a rotating cutter produces plane,
curved or formed surfaces on the work, the latter usually receiv-
ing the feeds.

Fourth—Drilling ; the forming of circular holes in solid stock
by means of a revolving tool at one operation, the tool usually
receiving the feed. Drilling differs from boring in that the latter
term applies to the enlarging and truing of a hole already formed.

Fifth—Grinding ; these operations involve the removal of metal
and finishing of the surface by an abrasive process, the material
being ground rather than cut away. The universal and surface
grinding machines correspond with the lathe and planer, a rotat-
ing wheel of emery or corundum taking the place of the cutting
tool in the latter machines. Grinding operations, although neces-
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s ily slow, make possible the accurate finishing of the hardest
nietals,

The scope of this work will not permit going too much into the
details of machine tool construction. It is, however, hoped that
the principal points of construction and methods of operation may
be brought out cleariy and in such a way as to aid the young
mechanic in quickly becoming master of the several classes of
machine tool operations above enumerated, and suggest some
thought for the older mechanic.
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CHAPTER 1.
THE HAMMER AND COLD CHISEL.

The hammer and cold chisel are a noisy pair with which the
apprentice becomes acquainted early in his shop experience, and
his aching arms and battered knuckles tell of the introduction.

The machinist hammer, as generally used. weighs from three-
fourths to one and one-half pounds, exclusive of handle. It

"o e ad

FIG. I.

is made of high-grade steel, carefully tempered on head and
pene and usually of the form shown in Fig. 1. The eye is left
soft as it will, in that condition, better resist the shock without
danger of cracking. The head is usually made cylindrical with

\j;/ﬁ

WY

PIG. 2.

a slightly crowning face. For the hall pene is often substituted
the straight pene, Fig. 2, ar me, Fig. 3. The pene
is .used almost entirely { .. The eye should
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be enlarged slightly at each end: the handle can then be fitted
in from one side and wedged to fill the enlargement of the cve
on the other side. lard, smooth wedges are not suitable for this
purpose, as they jar loose too easily.  Soft wood or roughed metal
wedges serve the purpose well,

The handle should be of straight-grained. dry, second-growth
hickory, twelve to sixteen inches long: depending on the weight
of the hammer. The handle should not be too stiff in the shank,
as too rigid a connection hetween hammer and hand causes undue
shock, and consequent tiring of the hand. Tt should be so set in
the cve that its length is at right angles to the axis of hammer
head, and its long cross section parallel with this axis.

The face of the hammer should be kept true and smooth, by
careful grinding and polishing. Should the edges become chipped

4

FIG. 3.

a good smith can dress and retemper the head, making it as good
as new.

In its use the hammer should be grasped near the end of the
handle, giving it a free arm swing and carrying the head through
a nearly vertical plane. [If the plane of the swing approaches a
horizontal the weight of the hammer will produce a twisting
effort on the fore arm which will be very wearing. The handle
should be grasped with only sufficient force to safely control the
blow.

Machinists® cold chisels, for ordinary shop uses, are generally
made from seven-cighths or three-fourths inch octagonal steel,
and when new should be about eight inches long.  The flat sur-
facing chisel, as shown in IFig. 4, should be dressed about three
inches back from the cutting edge. The flats A A\ should he
plane surfaces symmetrical with the sides of the octagon. The
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thickness of the bit at C should not exceed three-sixteenths inch
for ordinary work and can usually be made somewhat thinner.
Care must be exercised in the grinding of the facets cc. The
angle of their faces with each other will depend on the hardness
of the metal to be cut. For the softer metals, as copper, babbitt
and lead, 25 degrees to 30 degrees will work well; for brass and

N /—.\i_‘}J A B
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FIG. §.

<ast iron, 40 degrees to 55 degrees; and for steel, 60 degrees to
70 degrees. The smaller this angle the more nearly will the center
line of the chisel approach the plane of the work and the greater f
will be the cutting resultant of the blow. It is therefore advisable
to make this angle as small as the nature of the work will permit.
These facets should be ground straight in their width, as shown
at A, Fig. 5: not rounded as shown at B, as in that case the
facet would not form a guide and it would be found difficult to

/} E E
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FIG. 6. . FIG. 7.

make .a smooth, straight cut. The facets should also be ground

at a uniform angle with the flats, thus bringing the cutting edge
parallel with the flats, as shown in end view at A, Fig. 6, and
not as shown at B. The cutting-edge formed by the intersection
of these facets should be at right angles to the length of the chisel.
For smooth chipping the cutting-edge should be slightly rounded

in its length, as shown in Fig. 7. When ground straight the cor- X
ners, e e, are likely to dig into the work and are more apt to hreak
away than when ground rounding.
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In forging, the cutting-edge should always be made wider
than the diameter of the body of the chisel. When the tool is to
be used on wrought iron or steel this width should exceed the
diameter from one-thirty-second to one-sixteenth of an inch,
Fig. 4: but when for use on the softer metals the excess may
be as much as one-half of the diameter of the body, as shown in
Fig. 12.

The flat chisel can be modified in form to suit special con-
ditions, as for example, the cutting of the flat sides of a mortise
requires a chisel the axis of which will follow a line nearly par-
allel to the work surface. Such a chisel is shown in Fig. & in

FIG. 8.

which one flat is parallel with the length of chisel having at the
end a wide facet at a slight angle with the length, this in order
to be able to guide and control the cutting-edge of the tool.

The cape chisel is used as a parting tool, for grooving and key
waying. It is of the gencral form shown in Fig. 9. In this

ﬂ___A_*____. IR :Tl) \‘l_i 3]

FIG. 9.

chisel the thickness at .\ must be less than the length of the
cutting-edge in order that the tool can be given a small amount of
side-motion in the groove it cuts, otherwise it would be difficult
to guide the cutting-edge. This chisel, when made as shown in
Fig. 10, forms the tool usually used for grooving straight ail ways

FI6G. 10, .
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in loose pulleys and shaft-bearings. Tor cutting spiral grooves in
half boxes this chisel should be forged with a curved instead of a
straight bottom face.

The diamond-pointed chisel is shown in Fig. 11. This tool is

. — “)l\; )
e\
)

FIG. 1I.

usually used for squaring corners, and is generally made as shown
in figure. : !

The head of all chisels should be dressed round and somewhat
reduced in diameter, as shown in figures. When the head be-
comes hattered redress it, as small pieces of steel are apt to fly
from a bushed chisel head, embedding themselves deeply in the
hand holding the chisel.

In using the cold chisel grasp it near the head with the full
hand, knuckles up. Do not hold it too tightly but with sufficient
force only to guide and hold it to the work. When the surface
of the work is difficult to get at the workman is justified in hold-
ing the chisel between thumb and fingers, or with palm of
hand up.

The eve should follow the cutting-edge, not the head of the
chisel, when delivering the blow, and light taps with the hammer
should not be used before each heavy blow. It will require

D ‘—j
__J (L )\

FIG. 12,

some practice before the beginner can accomplish this . ithout
disastrous results to his knuckles.

In tempering the chisel for general machine shop work it
should be drawn nearly to a blue which gives a tough temper that
will stand well on all, except chilled iron and hard steel work.



CHAPTER 1L
THE FILE AND FILING,

A piece of high-grade crucible steel, forged to shape, groand,
cut and carefully tempered, forms that tool so indispensable to
the mechanic—the file.

The file maker is no longer compelled to forge his blanks from
stock of unsuitable proportion, but receives from the steel manu-
facturers stock of the required cross-section to make all standard
shapes.  This reduces the forging to a minimum, it heing enly
necessary to cut the stock to the required lengths, to draw down
the point and form the tang, the latter operations being very
rapidly performed under power hammers.

The National Association of File Manufacturers prescribe to

10 .
12 .
u 16"

FIG. 13.

the steel makers the forms of cross-sections they require.  Con-
scequently, all makers of file steel can furnish any section correct
to gauge. In Fig. 13 are shown the correct cross-sections of
steel for flat files, even inch lengths, from 4 to 10 inches,  In
Fig. 14 are shown the cross-sections of file steel for all the shapes
in general use.  [Kach section is for an 8-inchfile, full scale. The
names of the files made from steel of these sections are, referring
to the numbers of the figure: 1, “Hand™; 2, “Flat™: 3. = Mill": 4,
“Pillar”; 5, “Warding™; 6, “Square™; 7, “Round™: & “Hali-
round”; g, “Three-square™; 10, “Knife™: 11, "Pit-=saw™: 12,
“Crossing™: 13, "Tumbler™; 14, “Cross-cut”™; 15, “Feather-edge™:
16, "Cant-saw™; 17, "Cant-file”; 18, "Cabinet™: 19, "Shoc-rasp™:
20, "Rasp.”
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It will be noticed that many of these files are named from the
form of their cross-section, and that those so named are the
ones most used for general work; while the others receive their
names from the special character of the work they are expected to
be used upon. It will also be noted that.the stock for files of rec-
tangular cross-section may be classified as to thickness as fol-
lows: “Square,” the thickest; “Pillar,” “Hand,” “Flat,” “Rasp”
and “Warding.” As to width, “Hand” is the widest; “Flat,”
“Rasp,” “Mill” and “Warding” are the same width; “Pillar”
materially narrower, and “Square” the narrowest.

The “Half-round” is not a full semicircle, the arc being about %

%
7 -

7

S

6 17 1 19

13 M 5 16
FIG. 14.

one-third of the full circle. On the other hand, the "Pit-saw"” is
a full half circle in section.

The “Three-square,” “Cant-saw’ and “Cant-file” differ in sec-
tion in their angles, the former having equal angles, Go degrees,
and equal sides, the next 35—35 and 110-degree angles, and the
latter 30—30 and 120-degree angles.

The length of the file is measured from point to heel, and does
not include the tang. The tang is usually made spike shaped to
receive a plain ferrule handle. Some makers modify the form
of tang to fit patented handles.

As forged, the blank for a “le, Fig. 15, is parallel in

\
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thickness from heel to middle and tapered from middle to point,
making the point about one-half the thickness of the stock. The
edges of the blank are usually left parallel. They are, however,
sometimes drawn in slightly at the point.

The *“Flat™ file blank, Fig. 16, is parallel in both of its longi-
tudinal sections from heel to middle and tapered in both sections
from middle to point. the thickness of point being about two-
thirds. and width about one-half that of the stock.

For the “Mill” file the blank is parallel in thickness from heel
to point, and usually tapered to about three-fourths the width

FIG. 15. FIG. 16,

of the stock. The “Mill" file is often made blunt—that is, of
equal width and thickness throughout its length.

The blank for the “Warding™ file is tapered in width from
heel to point and is of uniform thickness. Aside from width, the
“Pillar” file is similar to the “Hand" file. The “Pillar” file is also
made in narrow and extra narrow patterns, the extra narrow
approximating a square in section. ' '

The “Three-square,” “Square” and “Round™ are also made in
slim and blunt forms. The “Slim” is a file of regular length, but -
smaller cross-section, and the “Blunt” of equal cross-section
from heel to point, being either “slim” or regular.

After forging, the blanks are thoroughly annealed in anneal
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surface of the work that only a few teeth at any particular point
in the length of the file will cut. The metal left between these
teeth will be removed by the teeth following, perhaps a dozen or
more rows of teeth being requ.ced to finish the cut started by
one. This is shown, for a “Single-cut™ file, in Fig. 21, where

the scveral irregular lines rcpresent as
- - — many tooth outlines drawn on an exagger-
-— ated scale. These teeth come successively
to the work, and if all their high points
B were brought together they would form a
e — straight line, as shown, which would be the
outline of the resulting cut.

The cutting of an increment cut file con-
sists in the forming of the teeth by a chisel
operated in a machine, and so controlled
that the spacing between teeth may be increased or decreased, the
same being subject to a small amount of irregularity, as well as
a slight variation in the angle of the tceth with each other. As
manufactured by one company, the spacing of the teeth from
point to middle is increased, and from middle to heel decreased.
Another leading manufacturer increases the pitch from point to
heel. It will be understood that the increment of space is very
small. In a 12-inch “Bastard” file, having teeth spaced progres-
sively wider from point to heel, the pitch of teeth at heel is about
.01 of an inch greater than at the point, which makes the average
increase per tooth about .00003 of an inch.

In machine-made files the cutting is very rapidly performed.
the chisel receiving from 500 to 3,500 blows per minute, de-
pending on the weight of the file being cut. The blank is cut
from point to heel, and when turned over is placed on lead strips
to protect the teeth already formed.

After cutting, the files are inspected and assorted as to quality.
They are then tempered, any material change in shape due to
hardening being rectified at the time of tempering, after which
they are ready for final inspection. This consists of trying each
file on a piece of hard steel and making sure that it is free from
temper cracks. They are next coated with oil and wrapped in
oiled paper, to prevent rusting, after which they arc packed in
hoxes, ready for the market. :

The teeth of a file remove metal by a shearing cut. This is
most apparent in the “Single-cut” files, where the teeth have

FIG. 2I.
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lateral length; but is equally true of the pointed tooth of the
“Double-cut™ file.

A file bites freer on work having a narrow surface than a wide,
because fewer teeth come in contact, at any point in the stroke,
with the work surface, and consequently less pressure is required
to make the file bite. On very thin work the teeth of a “Double-
cut” file bite so freely-that the danger of breaking them is great.
For work of this character the long tooth of the “Single-cut” is
best adapted, as its form gives it greater strength, and the shear
of the cut is smoother, one tooth coming into cut as another
leaves. On the broad surfaces, however, the teeth of the “Double-
cut” have the advantage.

A file is “tapered” when it is thinner at the point than at the
middle, and is “full tapered” when thinner at point and heel than
at the middle. The reasons for thus tapering a file are, first to

A
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FIG. 22.

reduce the number of teeth that come in contact with the work,
and, second, to cnable the opcrator to file a straight or plane
surface. The first reason is evident; the second is shown in Fig.
22, If the file is perfectly straight, as shown in 1, the motion
in order to produce a plane surface on the work must be abso-
lutely parallel to this surface. This the most expert mechanic
can scarcely be expected to do, and the result will be work
rounded at the edges A and B. If the file is tapered, its surface
will be slightly convex, as shown in 2, and if moved entirely
across the surface, straight work will result. The workman will
experience little difficulty in accomplishing this, as he can allow
the motion of the file to deviate slightly from a straight line, and
stur not cut away the edges A and B. If the file is not moved
clear across the work, a concave surface will of course result.
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The tempering is certain to distort the file somewhat, and it
will, as a result, usually be found to have more “belly,” as this
convex quality is called, on one side than on the other. It is
the side having the most “belly,” and the highest part of that,
that the careful mechanic will always select for use in his most
particular work., This high point he readily finds by running
his eye along the edge of the file from point to heel.

The file does not bite the cast metals as readily as it does the
rolled, consequently a sharper file is required for cast iron and
brass than for wrought iron and steel. For these rcasons the
new files should be first used on the cast iron and brass, and when
they become too dull to work these metals efficiently, they may
be used on the steel and wrought work. A new file will pin and
tear the surface of these latter mectals much worse than the file
that has seen a moderate amount of duty on cast iron and brass.
A new file will leave a smoother surface after it has been used
for a few strokes, thesc strokes causing the high teeth to give
down a little, wkich prevents the danger of their scratching the
work.

The first dozen strokes of a new file on a tough piece of steel
frequently lessens its cutting value as much as an hour's steady
use on soft cast iron, vet not seriously injuring it for the steel
work. Narrow surfaces are exceedingly hard on new files, and
especially so on the double cuts, as but few teeth come in
contact with the work, and they bite so freely that they are broken
off by the excessive strain.

Not until the file becomes too dull to be used efficiently on the
narrow steel work should it be used on the scale of cast iron or
forgings, as this scale is frequently harder than the file.

The term “cross-filing” applies to those filing operations in
which the file is pushed endwise across the work. When in cross-
filing the character of the work requires a heavyfile, it should
be held in both hands, as shown in Fig. 23, the end of the handle
abutting against the palm of the hand, thus giving a good bear-
ing to receive the thrust on the work stroke. When held in this
manner an extremely tight grip is not required, which makes it
much easier on the fingers and enables the workman to more 1read-
ily control the file.

When a very light file is being used on the work it is usually
best to hold it with one hand, as shown in Fig. 24. In this case the
thumb rests against the side of the file just ahead of the handle,
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and the fore finger extends along the top, considerable downward
pressure being exerted by this finger, as near as possible, over
the working surface of the tool.

When the file is of medium size and thin, if held as shown in
Fig. 23, the pressure at the ends will bend it down, making
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it concave on its under surface, which will cause it to cut
away the metal at the edges, as shown in Fig. 25. 1f, however, it
is held a ~ ~wm in Fig. 26, the downward pressure of the thumb

411 - ‘n the opposite direction, and thus enable the
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operator to move it across the work without cutting away the
edges. When the thumb becomes tired, the position shown in
Fig. 23 can again be taken, the ball of the thumb bearing down
hard on the file and the fingers lifting at the point accomplish
the same object. Either of these methods of holding is difficult
to maintain for more than a few moments at a time, consequently
a stiffer file, having considerable belly, is preferable on work of
this character.

The value of a good file handle should be appreciated. It
should be of good size, well formed, smooth, properly ferruled
and, most important of all, so secured to the tang that its cen-
ter line is parallel with the length of the file. Handles made of
soft, tough wood arc preferable, as they are lighter and less liable
to crack when forced on the tang. The soft-wood handle, if pro-
vided with a hole for the reception of the tang of a diameter
slightly greater than the thickness of the tang, can be driven on
without danger of cracking. If of hard wood a good job requires
heating the tang red hot and burning the hole in the handle: to
fit it. Care must be exercised, or the temper of the teeth near
the heel will be drawn. A picece of wet waste wrapped around the
heel will prevent this.

When the work surface is so broad that the file cannot bhe held,
as shown in Fig. 23. on account of the handle striking against
the edge of the work, a surface file holder must be used. In
Fig. 27 is shown such a holder. The bottom of the handle is pro-

FIG. 27.

vided with a tapered, dove-tail slot to receive the tang, the outer
puint resting on the top of the file. Before applying the handle
file the edges of the tang to approximately fit the dove-tail slot,
as this may save a jammed set of knuckles. In using a file with
this holder, the fingers of the left hand, resting on the top of the
file, must give nearly all the pressure necessary to make it cut.
The form of surface file holder shown in Fig. 28 possesses the
advantage of giving the operator a handle similar in shape and
position to that used on ordinary narrow work. The rod en-
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ables the left hand to so grasp the point of the file that the down-
ward pressure may be applied with less fatigue to the hand than
in the case shown in Fig. 27. When the handle is screwed tight
against the shoulder, the rod draws up on the point, thus tending
to give the file more curvature, an advantage of considerable mo-
ment in filing accurate plane surfaces.

Ordinarily the surface of the work on which the file is to be
used should be held at the height of the workman's elbow, thus
allowing the direction of motion of his forearm to be in a line
parallel with the plane of the work surface. This position of the
work allows the workman's arm to swing freely at the shoulder
with the least possible amount of motion at the wrist and elbow.
If the work surface is broad it should be held somewhat lower
than the elbow, thus enabling the workman to more easily
reach over the entire surface. If, on the other hand, the work
is of a fine character, depending largely on the eyes and a delicate
touch, it should be held much higher. For work of this char-
acter the file is usually held in one hand and the high position of

FIG. 28.

the work prevents the fatigue incident to a bent position over fine
work.

For heavy cross-filing, which requires a considerable amount
of pressure on the file, the workman should stand slightly back
from the work with one foot considerably in advance of the
other. On the forward, or work stroke, the pressure exerted
on the file should relieve the weight on the forward foot, the
rear foot bracing against the stroke. On the return stroke the
forward foot should again take its portion of the weight, and
the file should be relieved from all pressure, but not raised from
the surface of the work. Only at such times as it is necessary
to examine the condition of the surface being operated upon
should the file be taken from the work, its removal for cleaning,
however, being excepted.

The workman'’s body should, in heavy cross-filing, move back
and forward with the etenlag, thus making the back and legs
do a part of the v 1 otherwise come entirely on the
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arms. When the work is of a lighter character and the quality
of the finished surface rather than the quantity of metal removed
must be considered, the workman should stand in an upright
position, doing most of the work with his arms.

In cross-filing, and more especially where much metal is to be
removed, the direction of the strokes -should be varied fre-
quently. This not only enables the production of truer work,
but faster reduction of the metal. The file when pushed end-
wise produces small grooves or channels in the direction of the
stroke, and when the direction of the stroke is changed the file
teeth come in contact with the tops of the ridges between the
grooves, thus diminishing the area of tooth contact with the
work surface, and consequently increasing the bite; that is, for
cqual pressures,

In cross-filing the file should be held at quite an angle with
the direction of the stroke, which has the effect of giving the
file a side motion as it is swept forward. This improves the

condition of the surface filed, prevents to a marked degiee deep
grooving and brings the file under more perfect control.

When the surface is narrow and a large amount of metal is
to be removed quickly, the angle at which the file is held may be’
changed, as shown in Fig. 29. As the contact arca is small in
this case the bite is free. A new file should never be used for
this purpose, as the teeth will take hold so frecly that they will
Lreak off or at least lose their keen cutting edges very quickly.
This is much more disastrous on the delicate points of the
double cut than the long teeth of the single-cut files. Work of
this character should be held close down to the top of the vise
jaws, thus preventing chattering.

In selecting a file for any piece of work the 1
of the work surface must determine the shape as
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to use. The hardness of the metal and the amount of stock to be
removed, together with the quality of the finished surface that is
desired will determine the degree of coarseness in the cut of the
file used.’

If the surface is a flat one, the hand file, the curvature of the
sides of which makes it best suited to such a surface, or its im-
mediate associates, the flat, mill or pillar files, will be used. The
length will depend upon the extent of the surface, files shorter
than 8 inches being used only on very light work and for the
heaviest work seldom exceeding 18 inches in length.

If the surface is an interior one, as is the case with the walls
of a mortise or key-way, the pillar or square file will usually be
used. The pillar file provided with one safety edge it best suited
to this work when the dimensions of the work will admit of its
use. The extra narrow pillar can usually be used in any slot
in which a square file of same length can be operated. If the

FIG. 30.

opening is very narrow a warding file may be advantageously
used. As this file is very thin and of equal thickness from point
to heel, the operator must depend on springing the file enough
to give the required ¢urvature for true filing.

In filing square or round holes as large a file as can be freely
operated in the openings should be used, and if very small a
slim square or round may be used, which gives the same file
length, but smaller cross-section, thus enabling the use of the
longest file possible. If the hole is short as compared with
the " ngth of the file, the latter may be held at point and handle
an! still allow enough length for a suitable stroke. When, how-
ever, the hole is a long one, the file must be held as shown in
Fig. 30. If the round file is materially smaller in diameter than

le it is enlarging, as shown in Fig. 31, it will be difficult
- hole even approximately round; but if larger, as
tter results can be obtained, inasmuch as the arc
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of contact is very much greater. Ordinarily work of this kind
does not require great circular accuracy.

When the curvature becomes too great to admit the use of the
round file, the half round takes its place. With the larger circles
it is not possible or even desirable to have the round side of the

FIG. 3I. PIG. 32.

file fit the curve, but the results requiréd are in such a case ob-
tained by giving the file a side sweep on the forward stroke.
Thus in Fig. 32. when the file is given only a back and forward
motion, it is impossible to maintain the smooth curve, but if,
as shown in Fig. 33, the file is swept sidewise on its forward

FIG. 33.

motion from A to B, and after every few strokes reversed, so as
to give the sweep from B to A, thus causing the file marks to
cross each other, true work can be obtained. The file should, as
with the hand file, be well curved in its length, so that any por-
tion of the surface may be brought into action. It should be

FIG. 35.

given a slight rotation in the hand as it is pushed forward in or-
der that the same high spot may cut through the entire stroke.

-\ safety edge on a file is oneghaving no teeth. The safety edge
enables the mechanic to file one of two surfaces A, intersecting
at right angles, without injuring the other B, as shown in Fig.
34. The safety edge on a new file should always be passed over
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a grindstone or emery wheel before depending on its “safety,”
as in the cutting of the sides the stock is expanded over the edge,
making a slight concave, as shown at A, in Fig. 35. While the
points of the teeth do not, in cutting, form out full over the
safety edge, the roots of the teeth do, and they arc very apt to-
scratch the surface the edge is expected to protect. A very satis-
factory safety edge is made by grinding the teeth from the edge
of a full cut file.

: As the teeth of files of rectangular cross-section are not fully
formed at the corners, it is not possible to file a full square with
them, since the rounded corners of the file leave a small fillet in
the angle of the work. By grinding a safety edge on a full-cut
file, teeth projecting to the extreme corner will be obtained, and
the angle of the work can be completely formed. As these cor-
ner teeth are very delicate, they must be used only for the finish-
ing strokes, which virtually limits this file to that one operation,
as only the edge or the side opposite the safe edge can be used
for other work without injury to the corner teeth. Tt will usu-
ally be found quite satisfactory to finish these corners with the
cdge of a small finely cut half-round file, used as shown in Fig.

| ©

FIG. 38.

36. By canting the file slightly and using a reasonable amount
of care, good results will be obtained in this way.

A carefully filleted corner, as shown in A, I'ig. 37, is difficult to
obtain. A flat or square file used on surface C and D is very
apt to get into the fillet. and if a safety edge is used, leaving the
work as shown in B, Fig. 37, considerable difficulty will be had

FIG. 37A. FIG. 37B.
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in bringing down the corner with a round file without its cutting
into the faces C and D. A flat file with rounded edges and the
teeth ground from one side makes a good file for work of this
character when the curvature of the file’s edge conforms rea-
sonably close with the curve of the fillet. The faces C and D
after being finished will not be injured in the use of the safety
side file. The faces will steady the tool, and its round edges will
form the corners, it, of course, being worked in from each side
of the angle.

When the end of a slot or mortise is to be filed circular the
round file usually does the work. As there is difficulty in pre-
venting the round file from cutting into the sides of the slot, it
will be found advantageous when much of this work is to he
done to take a round file somewhat larger in diameter than the
width of the slot, and grind flats on opposite sides, making it
narrow enough to work freely in the slot, as shown in Fig. 38.
When, however, the ends of the slot are formed by a drill"and
reamer, and the sides filed down to the dotted lines, as shown
in Fig. 39, the edges of the file should not only be safe, but
rounded, as shown, to prevent the
corner teeth from gouging into the
curved ends.

Correct methods of holding
work for filing must not be over-
looked. If the work is large and
heavy, it will simply require suit-
able. rigid support to bring it to the
proper height to be operated upon. A very large percentage of the
work will be held in a vise. It is important that the work surface
be as close down to the top of the jaws as possible, in order that
it can be rigidly held.

If the work must be held by its finished surfaces, smooth vise
jaws should be used. As it would be impossible to keep the
jaws in this condition false jaws must be used between the
work and the vise jaws. These can be made of soft copper or
sheet lead, pounded into the proper form to fit nicely over the
jaws. The spring visc jaw shown in Fig. 40 is well adapted to
this purpose. Paper fiber faces applied to these jaws are ex-
cellent when the surface of the work caught is large enough to
distribute the pressure over the face fairly well.

When a large amount of bevel filing is to be done some form

FIG. 39.

Id



THE FILE AND FILING, 39

of jig or clamp should be used to hold the surface filed in a
horizontal plane, as shown in Fig. 41.

If very thin work is to be filed on its faces, it will not be possi-
ble to hold it in the common vise, as the top edges of the jaws
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are usually worn rounding, and the work is frequently of irreg-
ular outline. It may be secured to a block of hard wood by brad-
ding around its edges, and the block held in the vise. The brads
will file down with the work, and the flat surface prevents the
work from springing.

The term “draw filing™ refers to that use of the file in which
the direction of its motion over the surface of the work is at
right angles to its length. In draw filing the file is grasped by its
ends with both hands, as shown in Fig. 42. The handle is usually

F1G. 42.

removed, as the file cannot readily be controlled when one hand
grasps the handle.

As the belly of the file can be brought to bear on the high
spots more readily and under better control than in cross filing,
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more accurate results can be obtained by draw filing, ¢ven by a
ess skillful mechanic. For a given pressure, the file in draw
filing does not cut so deep or remove so much metal as in cross
filing. 1t is not, therefore, well adapted to the quick removal of
large amounts of metal. but when an accurate surface or a finely
finished one is required, it can best be obtained by draw filing.
The grain or lay of the finish produced by draw filing will be in
the direction of the strokes, and much finer than can possibly be
obtained with the same file in cross filing.

When a surface is to be reduced wholly by filing, a second
cut or a smooth file should be used in cross filing to remove
the deep file marks made by the rough or bastard file, which
is used to remove the bulk of the metal, thus producing a smooth
surface for the final draw-filing operaticn. A file coarser than
a second cut is not suitable for draw filing.

In modern practice neariy all surfaces that are to be finished
arc machined smooth, true and practically to size, so that draw
filing alone will remove all tool marks and prepare the surface
for polishing, or scraping, if it is to be an accurate bearing sur-
face. In general, machined surfaces should he filed as little as
possible in producing the required finish.  If filed too much, the
surface becomes untrue, and can be brought hack only at the
cxpense of much time and careful work. 1t is very important in
machining surfaces that are to be accurately finished by filing
to make the finishing cut a light one, with the cutting tool so
adjusted as to leave a smooth, true surface, and thus requiring
the minimum amount of filing.

After draw filing, the surface is usually given a finish by rub-
bing it down with fine emery cloth and oil.  For this operation
the emery cloth is secured to a narrow block of wood, or wrapped
around the file. In either case it is given the same motion as for
draw filing. When a very fine finish is desired the surface is
first draw filed in the direction of the lay of the final finish, with
a smooth file. The direction of the strokes is now changed to
right angles, with the required finish, a dead smooth file being
used.  This latter cut serves to level off the tops of the small
ridges left by the first filing. The final finish will be obtained
by rubbing the fine emery and oil over the surface in the direction
of the first filing. A\ piece of clean leather. charged with washed
cmery and oil, is excellent for this purpose,

When a concave surface is to be draw filed. the half round
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smooth or second cut file should be used, as shown in Fig. 43.
The file should be rotated slightly in the hands, so as to bring
different portions of its surface into action. It is best to give it
a small amount of end motion, just enough to cause the file marks
to cross each other.

In draw filing convex or cylindrical surfaces, a flat file or the
flat side of a half-round file will usually be used. Such surfaces
are generally so filed to produce finish only, and when cylindrical
truth is required must be very carefully done. As shown in Fig.
44 the file surface in contact with the work is very narrow, and
consequently the pressure on the file must be very light. As
shown by the dotted lines, the angle of the file with the horizontal
should change slightly, yet a uniform amount, with each stroke.

In the draw-filing operations the work should be done on the

FIG. 43. TFIG. 44.

forward stroke, the file being relieved of all pressure, but not
raised from the surface of the work, on the return stroke,

In the filing of rotating work, as between centers in a lathe,
there is danger of too high a cutting velocity. This is especially
true when the diameter of the work is large. The tooth of a file,
like any other cutting tool, will give down if made to do its
work too fast. As practically all filing of this class is upon work
that has previously been machined round and smooth, files coarser
than the second cut are little used, the smooth mecting most
requirements.

This class of filing operation is for two general purposes : first,
to reduce by a small amount the diameter of the work, and
second, to finish or preparc its surface for finish. When accurate
cylindrical truth is required, it'is very important that only a small
amount of filing be done on the work, as it is ime *9 file

. *
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any considerable amount from its surface without throwing it out
of round. The finishing cut 1n the machining should, therefore,
be as smooth as possible, and very close to the exact finish diam-
eter. The danger of filing work out of round increases as the
speed of rotation decreases. That is, if the work is of small
diameter and makes a number of revolutions per stroke of the
file, the surface will be nearer round than when only a few turns
are made per stroke. \When the work diameter is large, making
the rotation slow, it is practically impossible to file equal amounts
from all parts of the surface, inasmuch as parts of the surface
of the work are quite certain to come under the action of the
file more frequently than others. It is best in filing this class
of work to give the file a comparatively slow stroke, and as long
a one as possible.

It must be remembered that, ordinarily, the motion of the file
to the work in cross, or draw filing, is comparatively slow—say
forty strokes per minute of perhaps eight inches each. As the
file is cutting only about one-half of the time, the actual velocity
of cut in such a case would be not far from fifty feet per minute.
The intermittent motion of the cut prevents the teeth from be-
coming extremely hot.

In filing revolving work, the number of strokes per minute
will not be so great, but the length of the stroke will be some-
what increased. This will give practically the same cutting
speed, due to the motion of the file, as in cross filing. To this
must be added the velocity of the work surface under the file,
which will vary from fifty to one hundred feet per minute. In
cross filing stationary work, only a short length of the file's sur-
face is cutting throughout the stroke, which concentrates the
work on relatively few teeth. In the filing of rotating work,
however, nearly all of the file's length is brought into action at
cach stroke, which offsets largely the disastrous effect on the
teeth, due to too high a cutting velocity.

The file must not be held stationary, allowing the work to
revolve to it, as in that case a few teeth do all the cutting, and
a grooved surface is quite certain to result. The file should
be held as for cross filing, IFig. 23, and should, as it is moved
forward over the surface of the work, he given a small amount
of lateral motion. 1If a large amount of metal is to be removed
the file should be pushed diagonally over the work, as shown :
Fig. 45. the direction of the stroke being frequently chang
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thus causing the file marks to cross each other, which, as pre-
viously explained, causes the file to cut more rapidly and pro-
duce a truer surface than when continually moved in one direction.
When, however, a nice finish is required, the stroke should be at

FIG. 45.

right angles to the axis of the work, as shown in Fig. 46, and
should, as indicated by dotted lines, be kept parallel to this posi-
tion, in its sweep from left to right.

In filing rotating work, as in the draw filing of cylindrical
surfaces, the number of teeth in contact with the work surface at

me————————,
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any instant is relatively small, consequently less pressure is re-
guired to “he file bite, other things being equal, than in the
filing of ces. This feature also enables the use of files
on vhich, due to their concave surfaces, could
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not be used on plane work. This affords an excellent oppor-
tunity for using up those files, or parts of files, which, owmg
to their warped condition, are unfit for careful work on plane
surfaces.

In filing the face of a rotating disk the same care in the selec-
tion of the file must be used as for work on a stationary plane
surface, only the high spots being available for this purpose.
This, unlike the work on the cylindrical surface, concentrates
the work on a small portion of the file's surface, and consequently
the velocity of the work should be lower. For this class of filing
the file must be held firmly, to overcome its tendency to move in
and out on a radial line.

In the filing of all rotating work, and especially work having
projections or irregularities, ‘care must he exercised to prevent the
file from catching in the work. For this purpose a file without
a handle should not be used, as in the case of its catching it is
very apt to drive back, forcing the tang into the operator’s hand
or wrist. Frequently, when the character of the work necessitates
filing up close to the face plate. chuck, or driver, it will be found
convenient to run the lathe backward, the operator standing at the
back of the machine.

A file to do its work fast and well should be kept free from
its cuttings. If the metal is of a non-fibrous nature, as with cast
iron or brass, the cuttings pack solid between the teeth, thus
holding the teeth out of the work and preventing the file from
biting freely. A sharp blow of the file's edge against the vise
back after every few strokes will remove most of these cuttings;
if. however, too many strokes arce taken hefore cleaning they
lodge so finely that a file brush, as shown in Fig. 47. must be used

to remove them. These brushes are usually made of fine wire
mounted in leather, and tacked to a light wooden back. A stiff
bristle brush serves this purpose well, and for very fine-cut files
is preferable to the wire.

In filing stecl and wrought iron, the character of the ma-
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terial reduces the disposition of the cuttings to pack between
the teeth; but, under most conditions, a more serious trouble.
that of “pinning” occurs. Cuttings “pin” when they lodge so
firmly that they cannot be removed with the brush. Unlike the
particles of cast iron, which crowd down below the cutting
edges of the teeth, and do not injure the work, but simply re-
tard the cutting of the tool, the pin usually stands well above
the teeth and scores the work surface at every stroke. The “pin”
can usually be removed by drawing the wire file brush firmly
across the surface; those that resist this treatment being removed
by the scorer. The scorer is simply a piece of soft wire flattened
thin at the point, and carried broadside, rather than edgewise
across the file surface. After a few strokes it becomes serrated and
constitutes a short tooth comb, which picks out the pins quite
easily.

Pinning may be somewhat reduced by chalking the surface
of the file, which has also the effect of reducing its bite. A lit-
tle oil on the file will frequently reduce the tendency to pin. It
should be used, however, only on the fibrous metals, as it glazes
the surface of the non-fibrous metals, making them harder to
cut.

Chalk is usually applied to a file when a smooth, fine work
surface is desired. The effect of the chalk is to prevent the teeth
from cutting as freely as when it is not used, and thereby pro-
duces about the same result as would occur if a finer cut file had
been used. It becomes necessary to rechalk the file after each
cleaning, an operation requiring some time, and which can, by
using the fine file, usually be avoided.

When oil has been used on a file it can readily be removed by
thoroughly chalking and brushing two or three times, as the chalk
soaks up the oil and leaves a dry surface.

) In fine filing operations, where it is quite important to know

the exact spot on the work surface where the file is cutting, the
surface can be dimmed after every few strokes by passing the
palm of the hand over it. The dry, soiled hand will deaden the
surface enough to clearly show where the file cuts on its next few
strokes, and will in no way injure the cutting of the tool.

Files are frequently injured by improper care while not in use.
‘When boxed at the factory they are brushed over with oil and
wrapped in oiled paper, which prevents them from rusting. When
this oil has disappeared they will, if exposed to moisture, rust
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readily. As there is a large exposed tooth surface the deterioration
due to rust is rapid.

Files should never be thrown together in a drawer, or even
allowed to come into contact with each other, or with other
tools, as the delicate edges of the teeth are most easily broken
down, and the value of the file seriously impaired. They should
be kept in a drawer, separated from each other by low partitions,
and arranged according to length, section, cut and condition, thus
facilitating the selection of any desired file.

Any form of file rack, in which the file hangs from its handle,
is satisfactory. The tendency is for files to accumulate, a large
number that are nearly worn out littering up the file drawer or
rack, injuring the good ones and doubling the time required in
selecting a file for any picce of work. _

A number of these partially worn files are quite necessary in
the file drawer of the mechanic who is engaged on work of a gen-
eral character, as he will very carefully avoid putting the new or
better ones on the hard scale of castings or forgings.

The machinist should at all times exercise good judgment in
the selection of the proper file for any piece of work as he cannot
otherwise expect to get economical results from the files he uses,
Except in cases where his work is all of one character he will ex-
perience little difficulty in so selecting that he will always be able
to use his partially worn files to good advantage on much of his
work, thus saving the new ones for the best work.

The broad surfaces of cast metals require the sharpness of
the new file to properly cut them, while the narrow surfaces
are readily cut by the somewhat dulled teeth of the file that
has seen a moderate amount of service.  Steel and wrought work
will reduce the file to a condition where its further use is un-
cconomical except as it may serve to protect the better ones by
being used for cutting thin, hard materials and removing fins
and scale from castings and forgings.

Thin castings, and especially the fins on them, are quite apt
to be chilled, making them harder than the file, a condition not
conducive to the health of that tool. The sand must be thor-
oughly removed from castings before applying even the poorest
file, as otherwise, the grindstone action will soon render the file
absolutely useless. }

The sand can be largely removed by brushing, but t
only by a chemical treatment which softens rather than -



THE FILE AND FILING. 47

it. This process, commonly known as pickling, consists in the
washing or soaking of the castings in a blue vitriol solution, or
dilute sulphuric acid. The length of time the casting should re-
main in contact with the pickling solution depends on the strength
of the solution and the degree of softness required. They should
be thoroughly washed off with water when taken from the bath
and after drying the scale can be brushed with a wire scratch-
brush or rattled off. When the castings so pickled are to be
finished on any of their surfaces by painting, it is important that
they are thoroughly cleaned, as otherwise the scale will eventually
flake off, taking the finish with it. In such cases the castings
when removed from the acid bath should be thoroughly soaked
in a neutralizing bath of strong, hot soda or potash water. They
can then be rinsed in hot water and dried.

Pickling operations should be performed in a well-ventilated
room, or preferably in the open air, as the fumes are poisonous,
and in the case of sulphuric acid, explosive when mixed with the
proper proportions of air. The pickling vats if of iron must be
lined with sheet lead. Vats of wood are frequently used, care
being taken to protect the hoops or other iron fastenings from
coming in contact with the solution. A wooden vat lined with
sheet lead makes a very satisfactory combination. Vessels of
glazed or vitrified earthenware are suitable when the work is
suspended and not thrown into the solution.

For cleaning brass castings a solution of nitric and sulohuric
acids with water is usually used. The common proportions are
1 part nitric acid, 2 parts sulphuric acid, and 2 parts water. The
castings are left in the solution but a short time and then thor-
oug!!*- rinsed first in cold, and then hot water, after which they
.are dried in sawdust.



CHAPTER I11.
SCRAPERS AND SURFACE PLATES.

The scraper is a tool used by machinists for producing truer
surfaces than can be produced by the ordinary planing and filing
processes. It is strictly a tool to be used on stationary work, al-
though the distinction between it and the hand turning tool used
by the brass worker is not clearly drawn.

The flat hand scraper, as usually formed, is shown in Fig. 48.

FIG. 48.

It is forged from a piece of flat steel of from 34 to 1}4 inch in

width by 14 to 3-16 of an inch in thickness. The point is drawn

down so that the end is about 1-16 of an inch thick, as shown

in Fig. 49. The flats should be ground well back from the
e
\
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FIG. §I.

point and the end at right angles to the length of the tool, as
shown at A, Fig. 49, thus making the angle of the cutting edges
but slightly more than 9o degrees, as shown at 13, same figure.

The end should be ground slightly rounding in its length to
prevent the corners from digging into the work and the tools
taking too broad a cut, which tends to produce a waved or chat-
tered surface.
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- If the end is ground so as to give one side a keener cutting
edge, as shown in Fig. 50, this edge will cut faster, but the surface
produced will ordinarily not be so smooth as in the former case,
it being difficult to prevent the tools chattering.

The scraper. including handle, should be from 10 to 12 inches
long, depending on the size of stock and the character of the
work on which it is to be used. If too long it will be springy and
will not do good work. As the angle forming the cutting edge
must be kept very sharp, a high temper is necessary, and the end
faces after being ground must be oil-stoned often in order to make
the tool cut properly.

The double ended scraper shown in Fig. 51 is a form fre-
quently used. This scraper should be made somewhat longer
than the one shown in Fig. 48, from 14 to 16 inches being about
right. The central portion, which serves as a handle, should be
enlarged and knurled, or twisted in the forging, so as to enable
the hand to grip it firmly.

A form of scraper shown in Fig. 52 is sometimes emploved on
fine work. The disadvantages of this form arise from its hid-
den cutting edge while at work, and its having but one cutting
edge, thus necessitating more frequent grindings than with the
straight tool.

The scrapers shown above are suitable for use on plane or

FIG. §2. FIG. 53.

convex surfaces. If a concave surface is to he worked upon,
a scraper of semicircular cross section, as shown in Fig. 53, will
be used.

Frequently in scraping circular surfaces, and more especially
in the softer metals, as brass or babbitt, a three-cornered scraper
can be used to advantage. Such a tool is shown in Fig. 54.

FIG. 54.
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detects any dust or grit and spreads the marking thinner and
more uniformly over the surface than can be done with a piece
of rag or a brush. The work surface is now rubbed over thé
surface plate, the high points on the work being shown by the
marking rubbed from the true surface of the plate. These high
points, if small and few in number, may be reduced with a fine
file until the work, when moved over the plate, will show fairly
good contact. The file should be used up to that point -in the
operation at which more time would be required to make the file
cut on the proper spots and sufficiently light to prevent pitting
than would be required to remove the metal with a scraper. The
workman'’s judgment must determine this point, and much time
and hard work will be saved if his judgment is good. A file hav-
ing considerable belly should be used for this purpose.

The thickness of the coating of marking will depend upon the
condition of the surface, the nearer it approaches a plane the
thinner the marking must be. If too thick false bearings will
show, which lead to confusion and errors in the scraping. For
the finest work it must be rubbed down so thin as to be scarcely
visible, and the dark brown spots left on the work will then
show true bearing points. The harder the surfaces are pressed
together the plainer will the marks appear, the higher ones look-
ing the brightest. '

When the work is heavy and awkward to handle the surface
plate may be rubbed over it. After each course with the scraper
the surface must be remarked. For the first few courses the
strokes of the scraper may be moderately long, never exceeding
three-fourths of an inch, but as the surface becomes truer and
the bearing points close together, the strokes must be made
shorter, being careful not to overrcach the marked points. Each
course must be made at a considerable angle with the preceding
one, thus preventing the waved surface that results from numer-
ous cuts across the work in one direction.

The scraper should be held as shown in Fig. 56, and pressed
firmly to the work. The pressure required depends upon thke
hardness of the metal being scraped and the condition of the
cutting edge. This must be carefully considered in accurate fin-
ishing, since as the tool dulls the pressure must be increased in
order to give cuts of equal depth.

The degree of accuracy required svery case determine
how far tl 1d be c strictly first class



52 MODERN MACHINE SHOP TOOLS,

job there should be contact over practically the entire surface,
as shown by the extremely thin coat of marking. Such surfaces
are comparatively expensive to produce.

When two plane surfaces are to move over cach other, as so
frequently occurs with machine parts, both may be trued to the
surface plate, but usually the nature of the work will prevent
the use of the plate on both, in which case one surface may be
trued to the plate and the other fitted to this surface.

When two plane surfaces that are not intended to move over
cach other are to be fitted together one should, if possible, be
trued to the plate and the other fitted to it, but frequently in
such cases it is not possible to apply the plate to either surface,
and usually motion of the one surface over the other cannot be

PI1G. §6.

had. In such cases the process known as “bedding’” must be
used.  When possible one surface will be trued to the plate,
then covered with marking and placed in position over the
surface it is to be fitted to, when a sharp blow with a mallet or
soft hammer will cause it to mark the high spots on the latter
surface. These spots can be scraped away and the process con-
tinued until the marks appear uniform over the entire surface.
If necither of the parts can be applied to the plate, one must be
machined and finished as true as possible and the other fitted to
it.  This will, of course, not give true plane surfaces, but in
nearly all cases where motion between the surfaces is not ex-
pected, a uniform bearing is all that is necessary. As before, the
coating or marking will depend upon the condition of the surfaces.
1f too heavy at any time the foree of the blow will spread® ~
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the low spots, thus giving false bearings. Pedestal bearings, con-
necting rod brasses and similar parts, must usually be fitted in
.this manner.

Cylindrical surfaces, as shaft, spindle and pin bearings, also
depend largely upon the scraper for bringing them to their true
bearing surfaces.

In such cases the bearing is usually fitted to its spindle, the
latter taking the place of the surface plate. It follows that if
the spindle is not round a perfect bearing will not result. Since
in machine construction the cylindrical truth of all spindles must
be sufficiently exact to satisfactorily perform the operations for
which the machine was intended, the bearings may be so fitted.
In high grade machine construction the spindles are ground
and lapped cylindrically true, thus enabling the skilled workman
to scrape the bearings for these spindles as accurately as he could
produce a plane surface from a standard surface plate.

In the absence of a standard plane a true plane surface may
be originated in the following manner: Take three plates, the
surfaces of which have been brought to approximate planes.
Determine by means of the straight-edge which of these plates
is the nearest true. Call this plate A and the others B and C.
Assume A as a temporary standard, and fit B and C to it. The
surface outline of A is shown to an exaggerated scale in Fig.
57. In Fig. 58 are shown B and C placed together after having

FIG. 57. FIG. 58.

been fitted to A. If now B and C are fitted to each other, being
careful to correct equally the error on each, it is evident that
cither B or C will be nearer a true plane than A. Now select
one of these plates, say B, as a temporary standard and fit A and
C to it. Then fit A and C to each other as before. Next select
C as the standard and repeat the process. Each repetition of
this operation will bring the surfaces ncarer to true planes, and
when they finally interchange, showing perfect contact between
any two, th “- hag been completed.
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Surface plates are designed to resist as much as possible the
deflection due to their own weights. In large plates this is an
extremely important point in their construction. For the final
finishing the plates could be tested while standing on their edges,
but if trued in this position they would sag in the center when
turned down. It would, therefore, be necessary to apply them to
the work in the same position in which they were finished, which
would be extremely awkward.

A surface plate should always rest upon three points of sup-
port and should be kept in a substantial wooden box, from which
the cover can be easily removed, exposing the surface when in use
and protecting it when not in use from accidents due to articles
falling on and marring the face, as well as from the dust. When
not in use the surface should be kept oiled to prevent rusting.
which would impair its accuracy.

The surface plates should be kept in a temperature as uniform
as possible and not varying far from that at which the plate was
finished, as the expansion due to changes of temperature is
very apt not to be uniform and the truth of the plate thereby
affected.

In using the plate, wipe any dust or grit from the face before
applying the work. otherwise there is danger of scratching the
surface. A careful workman tests small work on the edges of
the plate rather than in the center, and thus prevents dishing
the plate through wear.
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CHAPTER 1V.
STANDARDS OF MEASURE.

Modern methods of manufacturing interchangeable machine
parts necessitate the extensive use of standard gauges. A stan-
dard gauge is a fixed caliper, the distance between the measuring
surfaces representing a certain definite portion of the British Im-
perial vard, which is also the standard in the United States. This
British yard is the distance between two very fine rulings on
polished gold plugs inserted in a certain bronze rod commonly
referred to as bronze No. 1, and carefully guarded within the
walls of the Houses of Parliament.

As changes in temperature affect the length of the bar, the dis-
tance between the lines is standard at 62 degrees Fahrenheit. The
rulings on the gold are so fine that they are hardly visible to the
naked eye, necessitating the use of the microscope for making
comparisons.

A number of copies of the British yard were made for distri-
bution among the different governments and to preserve as refer-
ence in case of accident to the original standard. Of these only
two, bronzes No. 19 and No. 28 were exactly standard, the others
varying slightly from the original. Both of these are retained
by the British government as exact representations of their stan-
dard of measure. '

By act of the British Parliament, the Imperial yard was legal-
ized in 1855, and the following year copy No. 11 was presented to
the United States Government. At 62 degrees Fahrenheit No.
11 is .000088 of an inch shorter than bronze No. 1, and is ex-
actly standard at 62.25 degrees. The temperature at which these
bronzes are standard is usually referred to rather than the amount
of their error at 62 degrees Fahrenheit.

The exact subdivision of this standard yard into its thirtv-six
equal divisions, each of which represents one inch, and the still
further divisions to the fraction of an inch was a task of no small
proportions. Sir Joseph Whitworth obtained the inch subdivi-
sion by making first three end measure test pieces, each equaling
as near as possible one foot. Keeping these pieces continually
of equs % they were worked down until the three when
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placed end to end exactly equaled the standard vard. By con-
tinued subdividing the foot picces were reduced to inches.  For
the fractional division of the inch he depended on the accuracy
of a screw. The enormous amount of time and work required
to make this subdivision can hardly be appreciated, and when
completed the uncertainty of maintaining the test pieces as stan-
dards due to the wear on the measuring faces by the repeated
trials necessary in the comparing of working test pieces renders
the method unsatisfactory. These uncertainties were climinated
in the method proposed by Prof. William A. Rogers and so ably
carried out by himself and the Pratt & Whitney Company. This
method substituted for the end measure test picces a graduated
steel bar, thus making a line measure reference. As working
gauges are made of tempered steel, it was important that the ref-
erence bar be made of the same material, since the effect of
changes in the temperature affects to an unequal degree the ex-
pansion of different metals.  As repeated comparison with the
bronze standard would not be practical or even desirable, it was
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FIG. 59.

decided by the Pratt & Whitney Company to construct a hard-
ened steel bar, to be graduated and compared with the official
standard, and that this bar, when its precise relation to the stan-
dard was established, might thereafter be used as a standard with
which to compare steel gauges and tools necessary in the produc-
tion of accurate interchangcable work.

Of the five bars graduated and compared with bronze No. 11
the shortest, a tempered steel bar, 6 inches long and Y2 inch
square in cross section is the one about which manufacturing in-
terests most center. The upper surface of this bar is ground
and polished to a perfect plane, and 4 inches of its length grad-
uated, as shown in Fig. 59. The subdivisions along one edge
arc inches, half inches, quarters, eighths and sixteenths, along the
opposite edge, tenths and twentieths and through the center a
series of lines representing the exact hottom diameter of U, S,
standard thread gauges from '] to 4 inches, with a band of rul-
ings immediately below of 2,500 per inch. These lines were cut
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with a diamond, and are exceedingly fine, being not greater than
1-25,000 of an inch in width.

.\ complete description of the method employed for ruling
and comparing these bars with the standard, bronze No. 11, to-
gether with a description of the Rogers-Bond comparator, is given
in a book published by the Pratt & Whitney Company, entitled
“Standards of Length and Their Practical Application.”

The most careful investigation of this steel line-measure bar
shows it to be but five millionths of an inch longer at 62 degrees
" Fahr. than 1-9 of the Imperial yard. The greatest error in any
of the subdivisions does not exceed 1-50,000 of an inch. By
means of microscopes provided with micrometer eye pieces the
reading or comparing of lines on these fincely ruled bars can be
made with the greatest exactness, and at the same time not im-
pair in any respect their accuracy by wear, as is the case when
using end measure standards.

As a measuring machine, the essential features of this remark-
able instrument and its working may be briefly stated as fol-
lows: Two accurately lapped surfaces corresponding to the anvil
and measuring point of the common micrometer serve as caliper
points, between which the articles to be measured are placed.
The measuring point is secured in the end of a sliding plunger,
which carries in a suitable position a small plate, upon which
is ruled a veryv fine reference or setting line. DBack of, and
capable of motion, parallel with the plunger is a carriage
mounted on suitable guides. Secured, adjustably, to this carriage
are two powerful microscopes, each provided with micrometer
eye pieces, by means of which variations in the setting as small
as 1-60,000 of an inch may be read. The standard steel bar is so
placed that one of the microscopes passes over its surface when
the carriage is moved along its guides. A spiral spring attached
to the measuring plunger in a suitable manner provides equal
pressure of contact between point and work as between point
and anvil.

In operating, the surfaces of the measuring point and anvil
are brought into contact, the carriage is moved to the point at
which one microscope shows exactly over the line on the plate
on plunger, and the other microscope is adjusted to read ex-
actly on the initial line of the standard bar. The plunger is now
moved back, and the article to be measured placed between the
points. The carriage is now moved along its way until the first
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correctness of caliper gauges. To insure against errors aris-
ing from the use of gauges which, through wear or accident,
have become incorrect, it is important that they frequently be
referred to the corrective gauge. Caliper gauges which have
worn on the faces until they are oversize, can be brought up to
standard by pening lightly the outer edge of the crescent.

The use of standard gauges and micrometers has done much
to systematize, improve and lessen the cost of many lines of
manufacture. With our present excellent systems of gauging
it would be quite possible to build the many parts of a steam
engine or machine tool in many different shops throughout
the country and to assemble these parts into a perfect working
machine.

In the manufacture of gauges the cost depends very largely on
the degree of accuracy obtained. A set of cast iron plugs and
rings for common work can be ground correct to one-fourth of
a thousandth without much trouble. But when of tempered steel
and the error reduced from 1-4,000 to 1-50,000 of an inch, the
cost of production due to this great refinement increases many
times.

Gauges that are to be finished to the highest possible degree of
accuracy are, after being hardened, ground to nearly the required
dimensions, and then stored away to “season.” Gauges that are
finished immediately after hardening will frequently crack open
several months later. It has been found. however, that if the
gauge is allowed to stand for about a year before the finishing
work is done on it, it is not apt to crack thereafter. Gauges are
made standard at 62 degrees Fahrenheit.



CHAPTER V.
CALIPERS.

Calipering tools may be classed under two heads—transfer and
recording. The transfer class includes all calipers used to trans-
fer scale dimensions to the work, work dimensions to the scale,
or to receive and transfer from one piece of work to another a
dimension without reference to its exact magnitude. The record-
ing caliper is provided with a scale which gives the length of
the dimension measured as well as forming a transfer instru-
ment. This latter class includes the vernier and micrometer
calipers. The large and heavy calipers of this class are called
“bench micrometers.” Recording calipers are usually graduated
to read to one-thousandth of an inch, which makes them suffi-
ciently accurate for use on all ordinary mechanical operations,
When, however, the tool is designed for greater accuracy, it
becomes necessarily more delicate and expensive; and is nat
suitable for general shop work. Such instruments come under
the class known as ‘“‘measuring machines,” which are used as
test instruments.,

The transfer calipers are of three general forms: firm joint,
lock joint and spring, the latter two usually being called adjust-
able calipers.

Calipers to be first-class should have well proportioned legs
made of high grade steel, preferably tempered, with a carefully
fitted joint having a uniform amount of friction at all positions
of the legs, thus insuring a smooth, steady motion when setting.

In Fig. 70 are shown at A and B a pair each of outside
inside firm joint calipers, and at C a pair of inside lock joint cal-
ipers. In this tool a tapered socket joint enables the short atm
A\ to be rigidly locked with the outside leg B by tightening the
knurled nut C. Thke nut D, which is coned on the bottom, moves
over a stud, which is secured in the middle leg, and moves
through a slot in A.  Secured to A is a small cone, against
which the cone nut bears, thus forcing the middle leg away fogim
A when D is tightened down. A stiff spring set in the un
of A resists the separation and holds the joint steady.
may be set to approximately the size desired, the joim
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and the final adjustment obtained by turning the nut D. By ad-
justing C to give the correct friction this tool may be used as
a firm joint caliper.

At D, Fig. 70, is shown a good example of the numerous forms
of spring calipers in use. Its construction is clearly shown in
the figure. They may be had with solid or slip nut on the screw,
a slip nut being shown at E, Fig. 70. It is a split nut pivoted at A
with a light spring in a recess inside the knurled head, which
holds the halves together at the threaded end, the outside of
which is coned to fit a recess in the post or caliper leg, which
prevents the nut from opening when the tension of the joint
spring is upon it. The slip nut saves time in setting the calipers,

FIG. 70.

which is of material importance where numerous settings are to
be made. '

The skillful use of transfer calipers depends entirely on the
good judgment and delicate touch of the operator. He must
recognize contact, between the points of the caliper and the
work, without pressure. The ability to make a sure calipered
fit is an accomplishment that comes only with practice. In set-
ting calipers to a scale care must be exercised, the chance for
personal error being great. In setting the outside calipers the
-scale should be held vertically in the left hand, with the end of
the little finger resting against the side at the bottom end to

scale,
L 7L
2 re-
ody,
ment
d be
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held in the right hand, as shown in Fig. 72, the thumb and fore-
finger operating the adjusting nut.  The upper caliper puint
rests against the side of the scale and over the graduations. The
lower point rests against the end of the scale, but the eye must
determine when the upper point coincides exactly with the re-
quired reading. The end of the scale should be square, only a

FIG. 71.

comparatively new steel scale heing suitable, as an old one is
frequently worn cnough to make it appreciably short.  When
the caliper is heavy the little finger of the right hand should
he pressed against the lower leg to steady and support it.  The
slight angularity of the points with the plane of the scale, due
to dropping the lower point below the graduated surface, has

FIG. 72.

an appreciable effect on the accuracy of the setting only when
adjusting for the smaller dimensions.  This error may be avoided
by slightly twisting the caliper so as to spring the legs sidewise
enough to bring the points in planes parallel to the surface of the
scale.
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In setting the inside calipers to the scale the end of the scale
should be placed against and held at right angles to a plane sur-
face; one point of the caliper placed against this surface and the
other adjusted to the required reading on the scale. It is very
important that the scale be held perfectly at right angles, as a
slight variation makes considerable error in the reading. It is
not good practice to set both points to lines on the scale, as the
chance for error is much greater than when the measurement is
referred to one end of the scale. '

In transferring a setting from one pair of calipers to another,
the reference pair should be held in the left hand, with the
lower point resting against the end of the little finger. The lower
point of the pair being set should be brought in contact with
this point, the end of the finger serving to steady the points. The
upper point should then be so adjusted that it just makes contact
with the upper point of the reference pair. The accuracy attained
depends entirely upon the skill with which this adjustment is made,
other than the slightest pressure between the points serving to
distort the measurement.

Assume that a shaft is to be turned to 434 inches in diameter
and a hub bored to fit this shaft. The outside caliper will be set
to size, as shown in Fig. 71, involving the first chance for error.
The bar will now be turned and finished to the caliper size, allow-
ing a second chance for error. The third opportunity for error
arises in the setting of the inside to the outside calipers, and
finally the fourth in boring the hub to the dimension of the in-
side caliper. Of these the first two affect the diameter of the
work and the last two the fit.

In using the outside calipers they must pass squarely over the
work, just touching it. The lighter the touch the greater the
accuracy attainable. For final calipering the work must be sta-
tionary, as a rotating.piece will draw the calipers over long be-
fore they are down to size. When a number of pieces are to be
turned to sample, it is permissible to set the calipers so that the
contact will just sustain their weight, turning all of the pieces
so the contact will be the same. This, however, can hardly be
called calipering.

In setting the inside calipers to the outside, the contact be-
tween points should be, as near as a delicate touch can deter-
mine, the same = rontact between outside caliper points and
the wo~’ uld then be bored to that diameter
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which gives the same contact between the inside calipers and the
walls of the hole as between the inside and outside calipers.

The caliper shown at A in Fig. 73 is technically known as a
“transfer” caliper. I‘requently it is necessary to caliper a piece
of work the shape of which makes it impossible to remove the
calipers without loosing the setting. In this tool the leg A is
secured to the blade I3 by the stud and nut C, the stud striking
against the end of the small slot. The caliper is then set, for
example, to the larger diameter of a chambered cylinder, and the
juint nut tightened. securing D and B to each other. C can now be
loosened and the leg A moved to allow the tool to be removed
from the work. When moved back against its stop it will show
the original setting. Only calipers of the very best construction
should be depended upon for this kind of work.

FIG. 73.

The thread caliper is shown at B in Fig. 73. Tt has wide, thin
points for calipering both the top and bottom of screw threads.

At C, Fig. 73, is shown a hermaphrodite caliper, a tool having
one caliper and one divider leg.  The divider leg is preferably
adjustable, and when caliper is of the spring pattern the caliper
leg must have right and left feet, as the legs cannot pass by each
other as with the firm or lock joint patterns. This caliper is a
valualile tool for centering, and scribing purposes.

The key hole caliper, shown at 1D in Fig. 73, is a valuable
tool on work the shape or position of which will not allow the use
of two curved legs.

The vernier caliper. an example of which is shown in Fig. 74,
is a form of heam caliper which depends for its setting on a
graduated scale on the side of the heam, the subdivision of the
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wear, may be closed onto the screw by advancing the nur toward
the voke, the stem being threaded on a slight taper. The gradu-
ated shell or thimble is attached to the end of the screw and rotates
with it, moving along and over a shell on the shank. As the screw
does not extend out of the yoke it is completely encased and pro-
tected from dust or injury for all positions of the measuring
point within the range of the instrument. The small knurled exten-
sion to the thimble serves as a speeder for rapidly advancing the
screw. The knurled nut in the yoke contracts a split bushing over
the measuring stem, thus locking it in any desired position. The
measuring point and the anvil against which it strikes are care-
fully hardened and ground, making the surfaces parallel planes.

The micrometers of this class are usually provided with a
screw having forty threads per inch. The barrel is graduated to
tenths and fortieths of an inch. Thus one revolution of the
screw advances the thimble one division on the barrel, which
equals 1-40 of an inch or .025 inch. As the circumference of the
thimble is divided into twenty-five equal parts, 1-25 of one
revolution of the screw advances the measuring point 1-25 of
1-40 = 1-1000 of an inch. When the end of the measuring noint
and the anvil come in contact, the zero points on barrel and
thimble should coincide, thus avoiding the necessity of a cor-
rection for each reading. As the measuring faces and screw wear
slightly, it is necessary to provide some means of adjustment in
order to keep the zero reading correct. In this particular instru-
ment the barrel may be rotated on the shank sufficient to bring the
lines correct. In others the anvil may be forced ahead by means
of a small screw in the yoke.

As these instruments are graduated to read decimally, a table
of decimal equivalents is usually stamped on the sides of the yoke,
eighths, sixteenths and thirty-seconds on one side, and sixty-
fourths on the opposite.

In Fig. 77 is shown a micrometer caliper to take sizes between
one and two inches. When the zero points coincide, the face of
the measuring point is exactly one inch from the face of the
anvil. A I1-inch reference disc, hardened. ground and lapped to
size is furnished with each caliper with which to test the correct-
ness of the setting.

Although a half, or even a fourth of one-thousandth can be .
quite readik ~d on the reading, which brings it within

‘mary work, it is frequently desirable

































CHAPTER VI
GAUGES AND INDICATORS.

There is nothing more confusing to the young mechanic than
the use of the several systems of gauges used in designating
the sizes of wire, machine screws, drills and plate thicknesses.
L'nfortunatel_\',' most of these dimensions differ from each other
for corresponding numbers by comparatively small amounts, yet
an amount sufficient to cause error if the one is mistaken for
the other. The following table gives for comparison values for
only a few numbers under each of the several gauges in most
common use:

¢ O | & 5| = o | = - . < v
%154 B 858 | BT E |Sph| g | £
Fl Eg B2y | 2a | X & S| nss - G &
O |85, 0|87 P 80| 81?588 EO | EEO
- (28 §- " Ewg | & 4 23|38 —_ )
¢ | B35 S858 |t |2 |2d Za%| 88 |88
z |l< & |Gfa 3L wz |? |STR| @B |3 &
1 .2893 .3 3 .227 | .228 | .28125 | .0156 o071
5 1819 | .22 .212 | .204 | 2055 | .21875 | .0303 34
10 .10189 ' L134 .128 | .101 |.1935| .14062 | .027 .189
15 .05707 | .072 .072 | .178 {18 .07031 | .0345% .255
20 .03196 .035 .035 | .161 161 L0375 0434 .321
' ' ; l

The dimensions are purely arbitrary. The American, or
Brown & Sharpe gauge, was brought out in the production of a
gauge to overcome the irregularities in spacing of the Birmingham
wire gauge. In this gauge the dimemsions increase by a regular
geometrical progression. The largest dimension is No. 0ooo,
which equals .46 of an inch. The next smaller number, 000, is
obtained by multiplying .46 by the constant .8yos22. This pro-
duct again multiplied by the same constant, gives the next smaller
number, and in like manner each number is the product of the
preceding number and this constant. A comparison of the Eng-
lish and American gauges is best shown in Fig. 92, where the
peculiar irregularities of the former are plainly shown.

The Imperial wire gauge differs hut little from the English. It
was adopted by the English Board of Trade in 1884 as a substi-
tute for the Birmingham gauge. The Stubs’ steel wire gauge
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the manufacturers of brass and copper stock, who have adapted
the American standard, do not confine themselves exclusively
to this gauge, as much of their product is still gauged by the
English system.

The Stubs’ drill gauge varies from the Stubs’ steel wire gauge
by from o to 3 thousandths of an inch oversize, which is simply
the average oversize, determined by a great number of measure-
ments, of wire drawn through Stubs® wire gauge dies. and might
be compared with a maximum limit gauge, as the dies, when
worn to such an extent as to produce wire over the sizes indi-
cated by the drill gauge, are replaced by new ones.

It will be noted that as the designating number of the gauge
increases, the dimensions decrease for all except the steel music
wire and machine screw gauges, which increase in diameter as
the number increases.  This also tends much toward confusion,
and may Dbe looked upon as another anomaly of the present
gauge systems. tw

The gauges. or tools for indicating the gauge of wire or plates,
are of two forms, the angular and the notch.  The angular gauge
is shown in Fig. 3. With this tocl the measurement is made
by passing the screw, wire or plate into the angular opening
until it touches hoth sides: the reading opposite the poipt of con-
tact giving the gauge of the material.  When used for gauging
plates, this gauge should be made with open end, as shown at
C. On the one side is graduated the English and American
standards, and on the other the machine screw gauge and parts
of an inch. The notch gauge is shown at .\ in Fig. 94. In using
this tool the article measured should just pass through one of the
slots, the number opposite indicating the gauge. These gauges
may be had with the decimal equivalent of cach size stamped on
the back of the tool, which will frequently be found a great
convenience.  Another form of notch gauge is shown at B in
Fig. 94. This is called a rolling mill gauge, and is used for
gauging sheet metals.  They may be had either in the English or
United States standard plate gaugres.

As there is considerable wear upon gauges of this class, and
especially those of the noteh pattern. it is important that they
should he made of good steel, carefully hardened and tempered.
In order that tools of this character can be put upon the market
at a reasonably low price. high accuracy requirements in their
manufacture cannot he attempted.  For all ordinary gauging they
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in contact with the surface to be tested. The reading is magni-
fied by the long pointer, and the zero of the scale is at the cen-
ter of the arc, which reads ten-thousandths of an inch each side
of this point. A light spring, secured to the pointer, and held
between adjusting screws near the pivot, provides for the con-
venient adjustment of the pointer to the zero reading, no matter
what the position of the arm. _

Instruments of this character must be carefully made, and are
of great value in the crection and testing of accurate machinery,
When, however, only an indication of untruth is required, as in’
the chucking, centering or setting up of work, a much cheaper tool
serves the purposc, as for example, the one shown in Fig. 106. In
this tool the pointer is held in a universal socket, which is carried
on the end of a bar of suitable form to clamp in the tool post
of the lathe. If the point is brought against the rotating work.
the amount of motion at the outer end of the pointer indicates

FIG. 106.

the extent to which the work is out and the way in which to move
it in truing. It is a superior method of truing nice work, which
will not injure its surface, as is so apt to be the case when trued
to the point of a lathe tool.

One of the neat applications of this tool is in the centering of
a picce of work, in the chuck or against the face plate, to a point.
The sharp end of the indicator pointer is set in the point to be
centered, and the work revolved. This causes the outer end of
the pointer to describe a circle, the diameter of. which deter-
mines how much the point is out of center. By properly set-
ting the instrument this circle will be described around the tail
center, and when the ~work is exactly centered the pointer re-
mains stationary in front of the tail center. )

The above serve to illustrate a few of the many applications
of an exccedingly satisfactory, yet not extensively used, class of
test tools.



CHAPTER VIL
RULES, SQUARES AND OTHER SMALL TOOLS

" No tool in the machinist’s kit is more often referred to than
the steel rule. Upon it he depends in making all ordinary meas-
urements and for the setting of his calipers and dividers. In
Fig. 107 is shown a standard steel rule or scale. They are made
“in various lengths, from one to forty-eight inches, with any de-
sired gradation, not exceeding 1-100 of an inch in fineness. For
shop work the graduation most used is eighths, sixteenths, thirty-
seconds and sixty-fourths, on the four corners of the scale. A
scale graduated sixteenths, thirty-seconds, sixty-fourths and one-
hundredths is convenient, as the 10oth graduations will serve
for measurements when required in decimals.t Where all the
work is measured by fractions, however, the former is the safest

FIG. 107.

ruling to use, as there is then no danger of inadvertently mis-
taking a tenth for an eighth division, etc. For this reason, rules
graduated in twelfths and fourteenths should not find their way
into the machinist’s tool box, as he will not have occasion to
use these divisions, and their presence will call for greater care
in selecting the proper division, with the loss of time incident to
changing ends with and turning over the rule in order to get
at the division required. The end graduation, as shown in Fig.
108, is frequently very convenient in taking measurements in re-
cesses where the length of the scale would prevent the use of the
regular graduation.

{ Standard steel rules, as made by our leading makers, are re-
markably accurate. To be sure, the length varies slightly with
the changes in temperature, but these changes are not ordinarily
great, and the material measured i » affected about the
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same amount in the samc direction; so we may feel assured that
any errors arising from this source are well within the limit of
the personal error of the operator in making a measurement.
The late refinements in the manufacture of steel rules have
enabled the production of very accurate tempered ones on com-
paratively thin stecel. What we usually know as the standard
rule, however, is graduated on thick steel, and is not tempered.
The tempered rules possess the decided advantage of resistance
to wear. An untempered rule is easily mutilated, and soon
rounds its corners through wear, making its ends unfit for ref-
erence. The tempered rules may be classed as heavy, tempered,
semi-flexible and flexible. The heavy are about one-tenth: the
tempered, one-twentieth: the semi-flexible, one-fortieth, and the
flexible one-cightieth of an inch thick. For general work the
heavy or tempered will be found best suited. The flexible are
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FIG. 108. FIG. 109.

graduated on one side only, and are of valuc in measuring curved
or irregular outlines. |

In this connection it will be well to call attention to the gear
rule shown in Fig. 109. Its application is in the sizing of gear
blanks and where, by rule of thumb, two diametrical pitches are
added to the pitch diameter of the gear in obtaining the whole
diameter. Thus, if the pitch is No. 7 diametrical and the num-
ber of teeth 34, then the pitch diameter = 34-7 = 4 6-7 inches,
and the blank or whole diameter = 4 6-7 + 2-7 = 5§ 1-7 inches,
which can be taken directly from the scale. This rule is of great
convenience where many blanks for varying pitches and num-
bers of teeth are to be sized.

In Fig. 110 is shown a neat kink which will be found of value
in taking measurements similar to the ones shown in the figure,
as well as for setting inside calipers. The hook may be quickly
removed. It is hardened, and in connection with a tempered
rule forms a reliable tool, .

In Fig. 111 is shown d standard steel square. This tool is









RULES, SQUARES AND OTHER SMALL TOOLS, 97

as shown. The blade is a standard steel rule, splined to receive
the key which draws the edge of the blade close to its seat in
the beam.

In Fig. 117 is shown a box square, or as it is more commonly
known, a key seat rule. With this tool lines upon a cylindrical
surface parallel with the axis may be drawn. While it is in-
tended for use on external surfaces, as shown at .\, Fig. 1R it
will at times serve a good purpose on internal, as shown at B,

FIG. 117.

PIGS. 118 AND 119.

same figure. A form of box square, shown in section in Fig.
119, possesses the advantage of wider range than that of Fig. 117.

In Fig. 120 is shown a pair of key rule blocks attached to a
common steel rule thus making a very simple and cfficient key
seat rule.

For a great deal of his work the machinist is satisfied with
using the edge of a good steel rule to determine its straightness;
but when he wants to know to a certainty that the work is
straight it is a source of great satisfaction to bhe able to refer to a
standard straight edge Such a straight edge is shown in Fig.
121. It is a piece of steel of thickness depending on its length,
nicely finished, with its two edges parallel with cach other and
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<isely as the surface plate is used in the production of broad
plane surfaces, and they are generally much larger and heavier
than the style shown in Fig. 121.

Hack saws are used for severing purposes, both by hand and
power, the comparatively recent introduction of the power
hack saw machine having increased many times the possible use-
fulness of the hack saw blade, a cut of which is shown in a hand
frame in Fig. 123. The original Stubs’ and German blades were
soft enough to be sharpened by filing, were made of excellent
material, and were high in price. Their expense and the trouble
required to keep -them properly sharpened limited their use to a
narrow range. The bringing out of the modern hard blade, at a
price sufficiently low to warrant throwing it away as soon as it
became too dull to do satisfactory work, has practically super-

FIGS. 123 AND 124..

seded the old blade and made the hack saw one of the most
important tools in the machinist’s kit. ~

Hack saw blades are made with fourteen teeth per inch for .
general work. When, however, they are to be used on tubing
or thin metal a greater number of teeth is advisable, as they
will not bite so freely, and the danger of stripping the teeth is
much less. For this purpose blades having twenty -five tecth

per inch may be had.

As with a file, the fineness of the bite depends on the number
of teeth in contact with the work. The judgment of the operator
must, therefore, determine what pressure to apply on the saw
for the varying conditions of cut. As with other cutting tools, the
hack saw does more work and stands up to it better when the

AR



100 MODERN MACHINE SHOP TOOLS.

pressure is sufficient to make the teeth cut free, rather tha
scrape and glaze the surface, as is the result when the pressure
is too light. The blade must be strained in the frame to prevent
its kinking. The strokes should be uniform, not exceeding forty
per minute. Qil should not be used on the teeth, as it decreases
their cutting efficiency. Blades are regularly made from six to
cighteen inches long, those exceeding twelve inches being little
used. For any work the blade should be as short as possible, as
the cost of the blade and danger of breakage increases with its
length. Blades longer than eight inches for hand and twelve
inches for power frames are seldom required. The frame should
be stiff. In this respect the non-adjustable, or solid one, shown
in Fig. 124, is preferable.  All hand frames should be so con-
structed that the blade can be faced at right angles to the posi-
tion shown in the figure, which is quite necessary when a deep
cut is to be taken nccr the edge of the work.
Everybody uses the screw driver, yet how seldom, even among
mechanics, do we find it properly ground. In Fig. 125 is shown
at .\ an cdge view of the point of
a screw driver, as usually ground:
and at I3 a view showing how it
should be ground. When the
B screw driver, A\, is applied to the
slot of the screw head it bears only
D at the center of the upper edges.
% C and D, of the slot, and the force
%I required to turn the screw forces
"~ the driver out of the slot, which
injures, if not completely ruins, the
head of the screw. With B the
case is different. The parallel sides of the bit take squarely
a hold of the sides of the slot and the screw is driven without in-
jury, and with much less exertion than in the former case. The

screw driver should be made of good tool stecl and given a tough
temper.

FIG. 125.

In Fig. 126 is shown that much used tool, the monkey wrench.
This is a genuine wrench, and should only be used as such. It
should never be used as a hammer: neither should it be expected
to stand all the force a thoughtless workman can apply at the end
of four feet of gas pipe slipped over the handle as an extension.
It should, however, when properly closed on the flats of a nut,
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stand safely all the average man would care to exert with both
hands on the handle. As the nut often starts more easily with a
quick jar or shock than by the application of a steady force, it
is permissible to strike the end of the handle in the direction
shown by the arrow with a rawhide or wooden mallet, or the
end of a soft block of wood. The operator’'s judgment must
determine how heavy a blow he can safely use.

The surfaces A B should be smooth, plane, and parallel with
each other. These wrenches usually fail by bending at C. If
the bend is slight, A can be most easily made parallel to B by
filing, but when badly bent it should be carefully straightened.

The jaws of the wrench and the nut or square upon which it

FIGS. 126 AND 127.

is being used will be least injured when the jaws are closed
firmly on the work. This necessitates slackening them slightly
and closing again every time the wrench is changed. By giving
the hand a slight rolling motion around the handle, with the fore-
finger against the knurled head of the wrench screw, a sufficient
amount of motion can be given to the sliding jaw to close on
and release from the work without loss of time.

The sliding jaw, due to its long bearing on the shank, is much
stronger than the fixed jaw,'(.consequentl_v the wrench should be
operated in the direction of the arrow, Fig. 126. An examina-
tion of Fig. 127 shows that when turned as above indicated the
maximum pressure comes at B and C, which places the shorter
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leverage on the weaker jaw. If turned in the opposite direc-
tion the pressure comes at D and E, which increases the bending
tendency at F, and also the pressure on the screw.

The great variety of combination wrenches on the market pos-
sess little merit. When we use a wrench we do not want to have
a hammer, a screw driver, a nail puller, and a dozen other “uscful
tools” in our way at one time.

When finished standard nuts are to be turned the solid wrench
is preferable to the adjustable, as it can be made to fit closely
to the nut with less danger of injuring it. In IFig. 128 is shown
a finished case-hardened, solid wrench. The angle of the opern’
end is fifteen degrees with the length of the handle, which enables
a hexagon nut to be turned when the wrench can be carried

FIGS. 128 TO 132.

through thirty degrees only. These wrenches may be had double
ended. The box wrench has a closed opening, as shown in Fig.
129. This particular form is commonly called a tool post wrench.

The socket wrench, shown in Fig. 130, is made for square and
hexagon nuts and cap screws, which are to be operated upon in
deep or inaccessible places. When a great many small nuts are
to be quickly set, the socket wrench, in Fig. 131, operated in a
bit brace, does the work rapidly.

It frequently happens that a nut must be turned which is in
so inaccessible a place that the handle of the wrench can be car-
ried through only a few degrees. In such cases, the ratchet
wrench, shown in Fig. 132, serves its purpose well, the effect on
the nut being much more saticfactory than when the set chisel
and hammer are used. In the use of all solid wrenches they
must fit the nut closely, as otherwise both nut and wrench will
be injured, the nut rounding and the wrench spreading.



CHAPTER VIIL
DRILLS

The twist drill which has come into such universal use, has
superseded the old, flat, forged drill which, for so many years,
held without rival the first position as a tool for producing cir-
cular holes in metal. For the needs of its day, it served its purpose
well. The advancements along mechanical lines demanded a
better tool for this work, however, and the twist drill resulted,
brought out in practically the same form as now used, the prin-
cipal recent improvements being mostly in slight changes in
form, and its more accurate production due to improved methods
of manufacture.

The flat drill, as used for metal work, is generally of the form
shown in Fig. 133. It is made from round stock, is forged thin at

— |\l

FIG. 133.

the lips, and ground as shown in the figure, with three cutting
edges—A, B and C. This is a very accommodating sort of a tool,
being capable of producing a number of holes of different diam- .
eters, yet, approximately equal to the width of the drill. The dis-
advantage of this adjustability, however, lies in the fact ‘that the
size of hole wanted cannot ordinarily be produced.

The flat drill has no lands, as that part of the twist drill be-
tween flutes is called, to steady and guide it in the work. Conse-
quently, the hole drilled will usually not be round, and should the
point of the drill strike the side of a small blow hole or soft spot
in the metal being drilled, as frequently happens in working cast
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metal, the point will drift toward this spot, thus making a hole
that is neither round nor straight. This is shown at A in Fig. 134

In order to drill holes approximately to size with the flat drill,
it is necessary that the cutting lips be most carefully ground. The
angle of the lips with the axis of the drill must be equal, other-
wise one cutting edge will perform all the work, and will dull
quickly, due to this double duty. The pressure on the cutting lip
will crowd the point, causing it to revolve in a small circle about
the center of revolution. This will cause the other flute to cut
slightly at its outer end, thus producing a hole of larger diameter
than the width of flat. This is shown at B, in Fig. 134.

The cutting lips should be of equal length, with their intersec-
tion in the axis of rotation of the drill. If one lip is longer than
the other, the diameter of the hole drilled will depend on the

A o B
FIG. 134.

length of this long lip, as it will rotate about C, its central axis,
as shown at A, in Fig. 135.

In case the intersection of the lips does not fall on the axis
of the drill, the one lip is thereby made longer than the other,
and the hole drilled will again be large, as the tool will spring an
amount sufficient to allow it to revolve about C instead of its true
axis, and the length of the long flute again determines the diam-
eter of the hole drilled, as shown at B, in Fig. 135.

The first cost of the flat drill is small, and the results obtained
by its use usually poor. Its only advantage lies in the fact that
it can readily be forged and tempered to do work on extreinely
hard metals. The flat drill, ground thin and tempered hard, is a
valuable tool for drilling hard steel or chilled iron, as it will in
that form take hold of metal that the twist drill will not touch.
It also makes a convenient extension drill, as it can be readily
formed on the end of a long bhar of steel.



DRILLS. 10§

The flat drill is not adapted to the drilling of deep holes, as it
does not free itself of chips. It is largely used for roughing out
cored holes, preparatory to boring, which work is very destruc-
tive, due to scale and sand, to the land clearances of twist drills,
When so used in a lathe, the drill is held against the dead center
and fed forward by the tail screw, the work revolving.

About 1860, twist drills, having milled flutes, were first placed

A B
FIG. 135.

on the market. Previous to this date, however, drills with flutes
produced by filing and the twisting of the flat stock had been
used to a limited extent.

In Fig. 136 is shown a taper shank twist drill. A A are the
flutes. B B the lands, C—the metal between the flutes—the web,
D D the lips, E the shank and F the tang. The center or grinding
line is the fine line running along the bottom of cach flute, and
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FIG. 136.

serves as a guide to the lips in grinding so their intersection will
fall in the center of the drill.

The three clearances in the twist drill arc: first, the “hody
clearance” of one-half to one-thousandth of an inch per inch of
length of the fluted portion ; second, the “land clearance” of about
onc-half of one circular degree as shown at A .\ in the end view,
FFig. 137, and last, the “lip clearance” made by grinding back the
ends G G of the lands, Fig. 137, to properly clear the cutting
edges H H.

There are three cutting edges, H, H and C: of these C is the



106 MODERN MACHINE SHOP TOOLS,

least effective, as it is not a free cutting edge and grinds rather
than cuts the metal. By reducing the thickness of the web at
the point as shown in Fig. 138, thus making the eutting edge C
short, the efficiency of the drill is materially improved. This is
of greatest value with drills of large diameter where the webs are
made thick to give the necéssary strength. The points may be
thus thinned by grinding on a small emery wheel.

The flutes of twist drills as usually manufactured are cut by
milling from stock of round cross section. Numerous attempts
have been made to produce a satisfactory hot rolled drill, in which
the flutes are formed by passing the stock which is rectangular in
cross section and heated to a forging point, through spiral rolls.
A hot forged drill has recently been placed on the market. In

FIG. 138. FIG. 139.

this tool the flutes and twist arc produced by forging, and great
strength and durabiiity of cutting edges are the claims for it by
the manufacturers.

In order to give the drill greater strength toward the shank,
the web is increased in thickness from the point to the end of the
finte. This thickening of the web is accomplished by gradually
withdrawing the milling cutter from the blank as the cut ad-
vances. This makes the flute shallower at its upper end, with a
gradually decreasing area of cross section. from the point to the
shank. This contraction of the flute arca prevents the free de-
livery of the chips and consequent clogging of the drill. It is
therefore neccessary to make the flute arca equal throughout its
entirc length. This is usually accomplished by making the pitch
~f the flute spiral uniformly greater from point to shank, and is
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known as the Morse taper. which is approximately 5g inch per
foot. The exact taper for the several sizes is given in the follow-
ing table: also the limiting sizes of drills on which cach taper is
generally used: -

TABLE OF MORSE TAPERS.

[ oy | N

No. of Taper. Taper per foot. |Smlllstl ']l?::le r‘.mngl L“E::‘hl,)r‘:l;;t‘“t

1 .605 1y ' ‘

2 .600 i

3 .60s 1

4 .215 ; 2

H .625 3

6 .634 Special. Special.

In Fig. 143 is shown the shank of what is known as the
grooved shank drill to be held in a special chuck. These grooves
may also be applied to taper shanks. Drills are also made with
square shanks to be held in ratchets and bit braces, also with shanks
of various special forms.

Taper shank drills are made and carried in stock by 1-G4 inch
sizes from 14 of an inch to 2} inches, and by 1-16 inch sizes from
2% inches to 3 inches. All sizes over 3 inches are special and
made only to order. Straight shank drills are made by 1-64 inch
sizes from 1-16 of an inch to 2% inches. A regular straight shank
drill is the same length over all as a taper shank. What are
known, however, as jobbers’ sets, running from.1-16 of an inch
to 14 inch by 64ths, are considerably shorter than the regular
lengths. The wire gauge sizes run from No. 8o—the smallest
twist drill regularly made—to No. 1. The No. 1 wire gauge drill
is .228 or about 15-64 of an inch in diameter, while the No. 8o
is but .0135, or a little more than 1-100 of an inch in diameter,
This latter drill is an exceedingly delicate little tool, having flutes
quite perfectly formed.

Drills are made in what are known as letter sizes, from .\ to Z,
A being the smallest, .234 of an inch, and Z the largest, .413 of an
inch. These drills are made with straight shanks. Millimeter
sizes from 6 to 50 m.m. are made by most American makers.
From 6 to 25 m.m. sizes increase by ¥4 m.m. advances. The milli-
meter drills are made in both straight and taper shanks.

It has not been found practical to give drills smaller than No.
74 wire gauge, .0225 of an inch, land ¢ and many drills
considerably larger than this are not
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Practice is somewhat at variance as to the best speeds at which
to run drills. The later tendencies are to reduce the feeds and
increase the number of revolutions, that is for the smaller sizes.
For the larger sizes, the number of revolutions varies little from

TABLE OF DRILL SPEEDS.

Diameter of Drills, Sl:’f;i ‘:; dvg:;'fh,t ;Speed for Cast Iron.| Speed for Brass,
vg inch 1312 2383 3544
;lg ¢ 55 1191 1772

g 397 565 855
¥ 265 375 570
8 183 267 412
g’ ¢ 147 214 330
L7 112 168 265
% 96 144 227

1 o 76 115 191
18 ¢ 68 102 170
1 58 89 150
% ¢ 53 81 136
1 ¢ 46 74 122
155 ¢ 40 66 113
1% 37 61 108§
1% 33 55 98
2 o 31 3 92

the old practice. The above table gives the speed of drills in
revolutions per minute as recommended by a leading manufac-
turer of drills. |

A rule that is easily remembered and gives approximately the
correct speed is, dividing 8o, 110 and 180 by the diameter of
drill, will give the number of revolutions per minute for work on
steel, cast iron and brass respectively. The results will be rather
low for the smaller sizes and high for the larger sizes.

The-feeds for drills should vary with the diameter of the drill
and the hardness of the metal being drilled, and will usually be
1-200 to 1-50 of an inch per revolution of the drill.

In drilling wrought iron or steel, the drill should be flooded
with oil, or some suitable drilling compound, which lubricates
the cutting edge and carries away the heat of friction. Cast iron
and brass are drilled dry.

A drill with cutting lips having no angle of rake will work best
in brass. A straight flute drill or twist drill with lips ground as
shown in Fig. 144, is well suited to this work.

In drilling deep holes in steel, especially when the drill is held
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drill.  The machinist soon fixes in his mind the proper tap drills
for the taps he most uses. When there is any uncertainty as to
the proper diameter, consult a table of tap drill sizes or caliper
the end of the taper tap, and select a drill that will just allow the
point of tap to enter: this will give a full thread. The following
table gives the sizes of tap drills from !4 of an inch to 14 inches
for the V and United States Standard threads. The United States
Standard number of threads per inch are those taken.

TAP DRILI. TABLE.

, Drill for U. S. S. .
Diameter of Tap.| No. of Threads. ‘ Thiead Drill for V Thread.

J T B e ——

X 20 Y
18

X
16 .
14
13
12 'S
ik
10 |

PR N
O
m—— X
D Sepe = N e et

1 8
1 7
:?f (75 /¢ 1
1 1
5 6 o il

The location of a hole to be drilled is usually indicated by a
center punch mark; if the hole must be drilled exact to this center
a circle of diameter equal to the diameter of the hole to be drilled
should he described about the punch mark as a center, as shown
at A in Fig. 147. A few light prick punch marks should be made,

A

FIG. 147.

A A A A, on this circle. If the drill runs to one side as shown
at B in Fig. 147, it can be drawn back by cutting away the wide
edge with a cape chisel as shown at B: this chisel cut should run



DRILLS. 113

" to the center. The drill must be brought concentric with the
circle AAA A in this manner before it begins to cut the full
diameter, as it cannot then be readily shifted. When the surface
upon which the holes are laid out is a machined one, it is often
better to scribe a circle about the center mark slightly larger in
diameter than the required hole and drill to the center of this
circle. This leaves the laying out circle on the work and readily
shows any inaccuracy in the drilling.

The laying out and drilling of holes in this manner when ac-
curate location is necessary, requires care and skill -and is usually
an expensive operation. When many similar pieces are to be so
drilled, it is usual to provide a suitable jig or drilling template,
which insures accuracy and requires very much less time. The
subject of jig drilling is taken up in Chapter XXVII. On a large
amount of drilling work the hole in one part serves as a guide
for drilling other holes in other parts of the work, and in many
cases it is possible to use one piece of work, which has been care-
fully laid out and drilled, as a template for drilling other similar
pieces.

When the point of the drill breaks through the work and the
pressure is thereby greatly reduced, care must be exercised in
the handling of the feeds to prevent the drill from worming or
drawing through without cutting the full circle. In case this
occurs, one of three things will certainly result: break the work,
the drill, or stall the machine. .\ straight flute drill or a twist
drill with lips ground as shown in Fig. 144 will not worm through
and are good tools to use for drilling thin or sheet metals.

Keep the drill sharp by proper grinding.



CHAPTER IX,
RE.AMERS.

In order to produce holes as round, straight, smooth and uni-
form in diameter as is required in the construction of accurate
machinery, a reamer must be used. As has been shown in a pre-
ceding article, the drill cannot be relied upon to produce holes
possessing the above qualities.

-\ reamer is a sizing tool having two or more teeth either par-
allel or at an angle with each other, the latter forming what is
known as a taper reamer. These teeth may be either straight or
spiral; a spiral tooth producing a shearing cut, while a straight
tooth gives a square cut.

s to their construction, reamers for producing parallel holes
may be divided under two general heads—solid and adjustable.
All taper reamers came under the solid class. A solid reamer is
one having a shank and teeth made from a single piece of tool
steel. The expansion reamer is a built-up tool, the usual form
consisting of a shank and head, the head having suitable recesses
in which are secured the cutting tceth. As adjustment to com-
pensate for wear only is attempted, the amount of expansion is
small.

The number of teeth, their form and spacing are the important
considerations in the construction of this tool. Reamers having
fewer than five tecth are not to be used where accurate cylindrical
truth is desired. .\ reamer having three teeth cannot be de-
pended upon to produce round holes, inasmuch as any irregu-
larity in the hole being reamed affects the cutting of the tool
This is shown in Fig. 148, where a depression A exists in the
drilled hole. When the tooth I} comes to this point it drops in,
thus decreasing the cutting of C and D, and produces a hole not
round. The same effect to a lesser degree is produced in a reamer
having four teeth, TFig. 149. When the cut is rclieved at A, the
pressure of the cut at C will crowd the tool toward E. Since the
pressure of cut at B and D balance each other, any decrease of
cut at C causes an increase at D, and D and C will overbalance D,
the body of the reamer moving an appreciable distance toward
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‘E. With five or more teeth this effect practically disappears. The
‘more cutting edges, the more smoothly will the reamer work.
The construction of adjustable reamers does not admit of as many
teeth as can be formed on a solid reamer, yet the advantage of
adjustability to a certain extent offsets this.

Reamers having an even number of teeth equally spaced do not
produce as good results as those having an odd number of teeth.
In the former, the teeth fall opposite each other, causing greater
tendencies to vibration, and in the case of reaming irregular holes,
the greatest cut will be carried on two opposite teeth; but with an
odd number of teeth, the greatest cut must be carried on at least
three teeth.

Reamers having an even number of teeth but irregularly spaced
are very extensively made. A cross-section of such a tool is

FIG. 148. . PFIG. 149. FIG. 150. FIG. I51. FIG I52.

shown in Fig. 150. The effect is practically the same as having an
odd number of teeth.

The form of tooth usually emploved is shown in Fig. 151. The’
front face is on a radial line, the flute being well filleted at the
root. If an angle of rake"is given the tooth, as shown in Fig. 152,
and specially so if the fillet at root is cut away, the tooth will
spring out under the cut, producing an oversize hole.

The grinding of the clearance on top of the tooth is an impor-
tant point in the construction of a reamer. The clearance should
be sufficient to properly relieve the cutting edge. If too great
clearance is given, the tooth will be weak and chatter in the work.
As frequently produced, the cleared surface is slightly concave,
the amount depending on the diameter of the emery wheel used
in grinding it. As a plain surface is desirable, a wheel of large
diameter which gives approximately such a surface. should he
-employed, or better still the face of a cup cmery whe: - ‘ives
a straight clearance.
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The flutes and square on the end of shank are next cut by milling
processes. Tempering is_the next operation, from which it usually
comes warped to a greater or less extent. After straightening,
the centers are lapped out and the reamer ground in a grinding
machine to diameter and cylindrically true. All standard reamers
are made .0005 of an inch over size. This is because a new reamer,
before being used, should have its cutting edges stoned slightly.
which will just about bring it down to exact diameter. If this is
not done, the edges will give down a little on the first few holes
reamed: so that if the reamer was made to exact diameter it
would fall below size too quickly. The shank is usually ground
about .001 of an inch smaller than the fluted portion, and in its
use serves as a gauge to indicate when the reamer has fallen,
through wear, below .001 of an inch under size. The shank should
not be marred in any way, as in that case the purpose for which
it was so carefully brought to size is lost, and in cases where the
reamer is passed through the work, damage to the hole is apt to
result. The last operation previous to grinding the clearance and
final inspection in the manufacture of a reamer is the buffing out of
the flutes. This is done by passing them under a small vulcan-
ized emery wheel, which has first been trued to the exact outline
of the flute.

The hand reamers are regularly made in two lengths; what is
known as the short reamer being considerably shorter both in
the flute and shank than the regular or jobber's recamer. The
diameter of the point is about 1-64 of an inch under size, the tool
tapering to exact diameter at about one-fourth the length of the
tooth from the point. The balance of the teeth are ground nearly
parallel, the diameter at the shank end being from .0oo05 to .00075

" of an inch small. This slight taper counteracts the tendency that
all reamers have to ream a hole slightly over size at the top,
which is due to the tool remaining longer in contact with the
wall of the hole at the top than at the bottom. The limit of
error allowed in their manufacture does not exceed .00025 of an
inch. -

When, for the parallel shank of the hand reamer, a taper shank
is substituted, the reamer becomes adapted to use in a drill press
or other machine. The form and length of flute is the same as for
the regular hand reamer, except at the point, where the teeth
instead of tapering for one-fourth of the length of the flute. run
parallel to the point. This form is used because the reamer cv
























CHAPTER X.
SCREW THREADS, TAPS AND DIES,

As to their uses, screw threads may be divided into two classes ;
first, those used for fastenings; and second, those used for com-
municating motion. The term “fastenings™ is applied to any
device used to hold together two or more pieces, either holding
them rigidly together or constraining any relative motion be-
tween them. The important position that the screw thread holds
under this head becomes forcibly apparent when we consider a
machine, as a lathe, for example, and wonder how we would man-
age to hold its numerous parts together without the use of this
device. The lead and cross feed screws in a lathe are examples of
screws used to communicate motion. ’

In Fig. 172 are shown the threc forms of threads used for
fastening. '

In the V thread the angle of the sides with cach other is 6o
degrees, the top and root of the thread being sharp.

The United States standard thread, or as it is often called,
the Sellers or the Franklin Institute thread, is the same as the
V. with the top cut off and the root filled in. The amount taken
from the top and added to the root is one-eighth of the height
of the V thread, thus making the United States standard thread
three-fourths the depth of the V thread. The United States stand-
ard form of thread was recommended by the Franklin Institute
in 18064. This system was devised by Mr. William Sellers. and
has become the acknowledged standard thread in the United
States. Its points of superiority come from the fact that it does
not cut so deep into the stock as does the V' thread, thus leaving
a stronger root, while the small amount cut from the top and
bottom of the V thread has little strength value. It is more
cheaply produced, as threading tools with flattened points stand
up under their work much better than those with sharp points,
and the filled root does not form a distinct fracture line as docs
the sharp root of the V' thread. This form of thread is well
adapted for interchangeable work, heing used by the leading
builders, and its complete adoption should he urged by all.
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In the WhitwortH or English standard thread the tops of the
threads are rounded off and the roots filleted in. The angle of
the sides with cach other is 55 degrees, and the amount taken
from the top and added to the root is one-sixth of the height of
the V thread, having sides at a 55 degree angle with each other.

Fach of the threads shown in Fig. 172 is to scale for stand-
ard one and one-quarter inch bolts, and the dimensions given will
facilitate comparison.

’

274°

-,

WHITWORTH THREAD

-

14

?I1G. 172.
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In Fig. 173 are shown three forms of screw threads used for
<ommunicating motion.

The pitch of the screw is the. distance it advances in making
one revolution; thus, the pitch of a screw having eight threads
per inch is one-eighth of an inch. It is usual to refer to the
number of threads per inch, rather than to the pitch. For ex-
ample, in Fig. 172 it is seven threads per inch, rather than .143
oi an inch pitch.
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All screw threads may be either right or left handed. Fig. 17
illustrates a left hand screw. The left hand screw enters its nut
by turning it counter clockwise.

When a steep pitch is desired and the diameter of the stock
would be too small to permit the use of a single thread, two or
more parallel threads, dividing the pitch into two or more parts,
may be used.  Such are known as double, triple and quadruple
threads. A triple thread is shown in Fig. 175, with single thread
of same pitch shown dotted.

The United States standard admits of no oversizes and specifies

LEFT-HAND THREAD

FIG. 174, FIG. 175.

the number of threads per inch for each size, as well as prescrib-
ing the form of thread. For special work, however, it is fre-
quently advisable to use a different number of threads per inch
from that specified in this system, but such will, of course, not
be standard, and must always be looked upon as special. The
following table gives the principal diameters and corresponding
numbers of threads, as determined in the United States standard
SVStem:
TABLE OF SCREW TIREADS,

. N Number of Threads! . Number of
Diameter of Bolts. per Inch, ! Diameter of Bolts. Threads per Inch.

% 20 ¥ 134 7
1“-'._ 18 i 1 !{ 7
3g 16 | 1% 6
Te 14 i 1lg 6
¢ 13 1 13 5
,",.. 12 !l 2 ay
* 11 | 234 4
y 10 . 3 3%
J8 9 I 3% 3%

I 8 | 4 } 3

The screw threads with which the machinist has to deal are
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shank, with milled square to receive the tap wrench. This shank
is frequently turned to the exact diameter of the root of the thread,
and used to gauge the final settings of the single pointed thread-
ing tool, with which the thread of the tap is finished, it having
been previously roughed down with a chaser. This work is done
in a lathe having an accurate lead screw, the accuracy of the tap
depending largely upon this screw.

Hand taps are made in sets, three taps comprising what is
known as a tap set. These are called the taper, plug and bottom-
ing, as shown in Fig. 176. As manufactured by the Pratt &
Whitney Company, the only difference between these taps is in
the form of the point. They all have the same thread parallel at
the root, and if passed entirely through the work will produce
similar threads. The taper tap is parallel on the point for a dis-
tance cqual to one-fourth the diameter of the tap. This point is
made the diameter of the roots of the teeth, which is the correct
size of the hole to be tapped in order to produce a full thread.
The teethr at the shank end are parallel for a length equal to the
diameter of the tap, and the balance of the teeth are tapered to
the parallel portion at point. This gives a number of teeth be-
tween which the cutting duty in forming a full thread is divided.

The taper taps manufactured by some makers have teeth, in
which the root diamcter is small at the point, increasing con a
uniform taper to the parallcl portion near the shank end, and thus
dividing the taper between the top and root of the teeth.

In the plug tap the first three teeth are tapered off, as shown,
while in the bottoming tap the teeth extend full to the point. The
fractional teeth at the point, which would be very apt to break,
arc ground away.

The taper tap is best suited to the starting of a thread, hut
unless the hole passes clear through, a complete thread will not
be formed. The plug tap makes a full thread nearly to the bot-
tom of a hole, which may be finished to the very bottom with the

bottoming tap. The bottoming tap should be used, however._

only to finish out the thread, as practically all the cuttmg is
by the four point tecth, which severely taxes their s
possible, it is best to drill the holes sufficiently d
plug tap to finish the required length of thread.
The plug tap is best suited to gencral work, but 1
care in starting it axially true with the hole than
Machine taps are usually made of the plug pattern, 1
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held true to the work, no difficulty is experienced in starting them
straight. ’

Four grooves are ordinarily milled in the tap, thus forming
four sets of cutting edges. The form of this groove varies some-
what, but has little effect on the cutting qualities of the tap. Tt is
usually so formed as to bring the cutting faces of the teeth on a
radial line, as shown in Fig. 177, and should
be only deep enough to allow room for chips
and oil when tapping deep holes. If the
groove area is made too large the strength of
the tap is seriously impaired. It will be notic-
ed in Fig. 177 that the teeth are comparatively
short, less than one-third of the circumference
having teeth. The shorter the teeth the less FIG. 177.
will be the frictional resistance and the weaker
will be the tooth. As tap teeth are shortened by grinding from
the front face, the teeth must not be made too short when new.

Hand taps and al! others that are backed out of holes tapped
are not given thread clearance. As standard taps do not admit of
oversizes, a relieved thread tap would, if standard when new, fall
below proper diameter when ground on the front faces in shairpen-
ing. A\ tap having relieved teeth will, when backed out of the
thread it is cutting, allow the cuttings to wedge between thread
and tecth, seriously injuring hoth work and tap. The backing
of such a tap while in the work will frequently shale off the front
face of the teeth. .

Taps that pass through the work by driving continually for-
ward, as with nut taps, are given relieved teeth: they cut freer
and there is less friction between tap and thread, but should not
be turned backward in the thread. The relief on these teeth is
produced with uniformity and rapidity on machines specially de-
signed for this purpose.

Standard taps are made from one to five one-thousandths of an
inch oversize to allow for the wear on the top of the teeth. This

means:; than the one-eighth is taken from the top
of : ster and sides of the teeth being cor-
e “ fit of the thread.

lley tap used largely for tapping the
hubs, a hole being drilled in the rim
ap and shank to pass through. Tt
shank : the diameter of the shank
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Diameter of Pipe. Number of Threads, Tap Drill.
ts 27 e
A 18 1
# 18 1
e 14 3
¥ 14 I

1 1 Iy
. ks i H
1, i, i
2 ty 2y
374 8 2(}
3 8 35
3l 8 33
4 8 4%

In case a pipe reamer is not used for sizing ahead of the tap
the holes may be drilled 1-64 inch larger for the small sizes and
1-32 inch for the large sizes.

Fig. 182 shows a machine or nut tap. It is provided with a
long easy taper on the threaded portion and a long shank some-
what smaller in diameter than the root of the thread.

-\ combination drill and pipe tap, shown in IFig. 183, is in quite
general use. It is a valuable tool for drilling and tapping gas
and water pipes under pressure. '

A collapsing tap is one in which the teeth or chasers, after cut-
ting the thread, are carried toward the center enough to allow
them to clear the threads so that the tap can be removed without
backing. This not only saves time, but the wear on the teeth
incident to backing them out of the threaded hole. A form of col-
lapsing tap manufactured by the Geometric Drill Company is
shown in Fig. 184.

The mechanism is such that when the two side stops come in
contact witl. the work the lead or draw of the tap relcases a clutch
in the head which unlocks the mechanism and the chasers are in-
stantly collapsed. The setting of the stops determines the depth of
the threaded hole. The chasers are then expanded again and
locked in position for the next operation by means of the handle
shown on the body of the tap. A graduated adjustment provides
for slight variations in the diameter of the tap.

The advantages of the collapsing tap over the solid lies in the
saving of time due to being able to allow the machine to run
continuously forward, thus saving the time required with the
solid tap to back out. The backing out not only injures the tap
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It frequently is necessary from the nature of the work to use
a single handle. In such cases the operator must grasp the head
of the tap and wrench with his left hand and balance the trans-
verse moment of the pull at the end of the handle, allowing only
the turning effort to be received by the tap.

In tapping full threads in tool steel great care must be cxer-
cised, especially if the stock is not thoroughly annealed. If much
of this work is to be done two taps should be used, the first one
through removing only a part of the stock, and the second finish-
ing. In tapping double threads, two, or even three taps, should
be used. This becomes necessary from the fact that with a double
thread twice the amount of stock must be removed per revolution
of the tap as with a single thread of the same depth. Taps for
square threads should also be used in pairs, unless made extra
long with a long tapered portion.

When a thread is to be tapped at right angles to the surface,

FIG. 185.

do not depend on the taps following the drilled hole, but in start-
ing test the angle by squaring to the shank of the tap. A tap
started crooked must be squared up while the first two or three
threads are being cut; an attempt to square it later may result dis-
astrously to the tap, and will produce a threaded hole enlarged at
the opening.

Dies may be divided into two general classes; the first should
include all dies requiring to be passed over the work several times
in the production of a finished thread: the second, those that pro-
duce a finished thread at oncc over.

The first class, example of which is shown in Fig. 185, con-
sists of a stock in which cutting dies are held. These dies are
capable of sufficient separation to enable them to be passed over
the work upon which the thread is to be cut. Dy means of a set
screw or threaded handle the dies may be closed an amount suf-
ficient to make them cut a full thread.
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side of the tool a micrometer adjustment, which controls all the
chasers, is. quickly made, thus making it possible to make a tight
or loose fitting screw as desired. The die head shown is provided
with a roughing and finishing attachment controlled by the small
lever at the back. In using this attachment the chasers are held
out for the first cut over about 1-100 of an inch, which is taken
at the second cut. This is necessary only when extremely uniform
and accurate threads are required. The chasers may be very
quickly removed for sharpening or changing from one size to
another.

FFor pipe threading opening dies are very extensively used.

The advancing edgé of the die chasers in all forms that produce
a finished thread at one cut, is chamfered off for two or three
teeth, which divides the cutting duty and facilitates starting the
thread. The die should not be run bottom side up on the work.
as in that case the first tooth does nearly all the cutting duty.
Only in unusual cases is a workman justified in this procedure.

Oil should always be used liberally on the tap or die when cut-
ting steel cr wrought iron: a little oil on the tap when cutting
cast iron or brass makes it run easier and does no injury to the
thread or the tool. Sperm or lard oil is best for this purpose.

In threading steel or wrought iron by hand the tap or die
should, after every two or three turns forward, be given a slight
turn back. This facilitates the removing of the cuttings and -
allows the oil to find its way to the points of the teeth.

No matter how accurately a tap or die is cut the hardening
process will distort it somewhat. 1f this distortion followed any
fixed law, allowance could be made in the threading that would
offset this variation, but as the distortion is variable, even when
the conditions are the most uniform possible, it is difficult to make
allowance for it. As a general thing the taps contract in length,
thus decreasing the pitch, and expanding in diameter.

A die of stanrlard diameter must not he used to thread stock
that is one-thirtyv-second of an inch oversize, as the strain on the
die parts is too great.

The practice of rolling iron one-thirty-second of an inch cver-
size is to be condemned as the cause of mistakes, lack of inter-
changeability and general confusion, at the same time having no
advantages. It is not practical to roll ordinary bolt stock to cx-
act sizes, yet the variation need not be great and can be taken care
of by the standard dies.
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The speed at which threads may be cut with taps and dies
in power machines depends very largely upon the character of
the work, quality of the thread required and the conditions under
which the work is performed. Cast iron and brass can be
threaded at much higher speeds than steel. For equal diameters
fine pitches may be cut at higher speeds than coarse pitches.
Smooth, accurate threads require comparatively slow speeds.
IFor rough work a speed of from 15 to 20 feet per minute is satis-
factory when the work and cutters are flooded with good screw
cutting oil. A speed of 10 feet per minute is quite fast enough
when smooth, accurate threads must be had. When the work
has been heated up by a preceding operation the speed for thread-
ing cannot be as high as if the work was perfectly cold. This is
usually the case on the screw machines where the threading fol-
lows a heavy turning operation. s the threading requires hut
little time as compared with the turning it is common to sacrifice
speed in threading for higher efficiency in turning, all of which
tends toward truer and better threads.

To determine the diameter of hole required to give a full
thread, caliper the root diameter of the tap. the point of the taper
tap, or consult a table of tap drills. The number of threads per
inch is always plainly stamped on the tap or dic. Remember that
Ulnited States standard for five-cighths of an inch is 11, not 10,
and for half an inch is 13, not 12 threads per inch. Always keep
die and tap threads sharp by grinding from the front faces of the
teeth. When dull they jam rather than cut the stock and require
excessive power to operate them.



CHAPTER XI
DRILL AND TAP HOLDERS.,

Drivers adapted to the proper holding of drills and taps while
in use are quite essential to their long life. Very frequently the
shank end of these tools gives out while the cutting end remains
in good condition. This usually comes from not having the
proper holders in which to drive them, but very frequentl\
through the sheer carclessness of the operator.

A mechanic is always annoyed when he finds the drill he
wishes to use with the shank mutilated and the tang twisted.
Workmen cannot be blamed for not using what their employers
will not furnish, yet very frequently they will not use them, or
rather use them properly when they are provided. A dog tight-
ened onto the shank of a taper shank drill, with a bar of iron
resting on the shank and under the tail of the dog, will hold
the drill from rotating when held against the tail center of the
lathe and operating on chucked work. At least it will hold it
part of the time, the rest of the time it is slipping under the dog
screw, which plows up the surface in fine shape. Of course, the
cperator who would use a taper shank drill in this manner has
not the time to smooth up the shank when he finishes with the
drill, but leaves it for the other fellow to do. The other fellow
is also in a hurry, and jams the drill into the taper, tearing
the drill press spindle, growls because it won't run true, and
finally when he twists the tang off, declares that taper shank
drills are not fit to drill lead with, and all hecause the taper, due
to its roughed condition, not fitting properly in the bearing in
the spindle, threw the entire load on the tang, which should not
be expected to carry it.

Drills are usually held in sockets or chucks, depending on
whether they have taper or straight shanks. As has already been
explained in a preceding article, the shanks of taper shank drills
are turned to standard tapers. While great refinement is not
exercised in producing these tapers, they will be found to vary
but little from the exact taper. This is of importance because
the socket shown in Fig. 195 should drive the drill not by the

ng alone, hut largely by the friction between the surfaces of
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shank G and the collar B. F I are fiber washers between the
sliding surfaces, which gives a smooth motion when slipping
occurs, and enables the operator to more easily adjust the tool
to the proper grip. The collar C forms a lock nut to preserve
adjustment. The bushings E, which carry the drills, fit in A,
being driven by two keys. In its use the collar B is adjusted up
until the friction will just nicely drive the drill. This tool, which
is made in two sizes, is provided with the necessary bushings for
holding drills and taps up to 1Y} inches in diameter. Although
bushings for holding the ordinary square shank taps may be had,
the tap with special shank as shown in the figure is best adapted to
use in this holder. In machine tapping, and especially where
more than one size of drill is to be used, much time may be saved
by the use of this holder. Take, for example, the drilling and tap-
ping of engine boxes, where two drills are used, one the diameter
of the stuil through the cap, and the other the tapping size .for
the stud. Each drill is placed in a holder, E. The changes from
stud drill or tap drill and to tap are made by slipping out the
one holder and putting in another, all of which may be done with-
out stopping the spindle.

Another form of friction tap holder is shown in Fig. 207. In
this holder the upper half of the clutch is keyed to the shank,
the lower half turning iree on the end of the shank. The jaws
of the clutch are beveled on their edges. the spring, which is
readily adjusted for tension, holding the halves in contact. When
the drive on the tap hecomes too heavy, the bheveled edges force
the clutch halves apart. thus allowing the machine spindle to
rotate without turning the tap.

The frictional drive tap holders shown in Figs. 206 and 207
require a reversing spindle machine in which to operate them. In
FFig. 208 is shown the “Star” tapping attachment which contains
a reversing mechanism, thus adapting it to tapping work on ma-
Chines without reversible spindle.  \s with the others it is pro-

#led with an adjustable friction drive which can be adjusted to
i reguired tension to drive any size of tap the tool will operate.

I its operationgthe body of the tool is held from rotating by
szring the chain shown to some fixed part of the drilling ma-
In driving the tap forward the upper spindle, which is
“** lower. is engaged with the lower by allowing
the Wy to engage the clutch. which is keved to

‘lock with the lower. The upper bevel gear
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slots cut in the shank which engage the four corners of the square
on the tap shank. It is an excellent wrench for driving pin
reamers.

Frequently the nature of the work prevents the use of a tap
wrench having two handles. In such cases the single handled
wrench is used. The handle is preferably attached to the shank
through a ratchet, which enables the operator to take shorter
strokes than would be necessary with the solid end wrench. Some-
times a common monkey wrench is used for this purpose. Tt
should be a good wrench, having square, true jaws, which should
be carefully tightened onto the tap shank each time the wrench
is put on. In using a single-handle tap wrench, the workman
must steady the shank with the left hand, so as to offset the side
pull on the tap.
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that the steel if hardened throughout changes somewhat in form
and receives temper strains, which, although relieved in the grind-
ing, does not allow the tool to immediately take its permanent set.
IFor this reason a mandrel that has been hardened throughout
should be first rough ground, leaving a small amount for final
finishing. This finishing should not be done for some time after
the rough grinding. thus allowing the tool to season and to acquire
permanent set.  The set will not be appreciably altered if only a
very small amount is left for the final finish.

Hardening makes the mandrel stiffer and less liable to surface
injury than in the case of the unhardened one. It is not, how-
ever, for the purpose of allowing careless workmen to run their
cutting tools into its surface with the idea that it will not be
injured thereby. Cutting tools are usually made of a higher
grade steel than the mandrel, and often tempered harder, in which
case the mandrel suffers if the tool comes in contact with it.

These mandrels are usually tapered about one-hundredth of
an inch to the foot, the diameter being exact at the center. The
size is stamped on the flat at the larger'end. They will fit holes
reamed with standard reamers, although the taper prevents uni-
form grip on the work at the two ends of the bore. In forcing
these mandrels into the bore, good judgment must be exercised. as
they constitute a wedge, which will produce enormous pressure
if forced too hard, resulting in bursting the work if hard and
brittle, or if soft in permanently enlarging the bore and giving it
a taper corresponding to that of the mandrel.

The use of the hardened and ground mandrel does much
toward the preserving of uniformity in the size of holes, in the
work of shops, where these tools are used. A hole only a few thou-
sandths of an inch under or over size prevents, in the first case,
the mandrel from entering, and in the latter allows it to fall
through. Tts slight taper makes it a good comparative gauge by
means of which minute differences in diameter of bores may be
compared by the relative distance to which the mandrel enters.

Expansion mandrels, while possessing the decided advantage
over the solid ones of a parallel grip in the bore of the work, have
too often the disadvantage of complication of parts, which makes
them unsuitable for the most accurate work, and especially so after
they have become somewhat worn. These objections, however,
-an hardly be said to exist in the case of the mandrel shown in

‘g. 219. This mandrel consists of a cast-iron bushing, having a
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will not be held concentric with its axis. The coning bush, B, may
be shrunk on, pinned or threaded to the mandrel, and C should be
keyed and backed up with a nut. These bushes should be turned
in place on the mandrel centers,

For mandrels of large diameter the form shown in Fig. 223
is frequently used. Here the draw bolts, A A, two to four in
number, take the place of the nut in the preceding figure. As be-

¥IG. 222.

fore, one disk is secured to the mandrel and the other keyed but
capable of motion over it.

In Fig. 224 is shown a kink in mandrels that for some classes
of work can be used to advantage. As with all tools of this
class it should be reasonably well made, accurately finished as to
diameter and parallel. A short piece of round drill rod serves for
the roller which lies in a milled groove that is a few thousandths -
of an inch deeper at the back than the diameter of the roller. In

FIG. 224. FIG. 225

operation, the first start of the work to turn wedges the roller be-
tween the slot and the wall of the bore, holding the work firmly
from turning. A slight backward turn releases it, and the mandrel
can be slipped out without pounding. The bore of the work must
fit the mandrel exactly, as the slack is all taken up on one side,
which will throw the work out of true if lcose. This mandrel
would not be suitable for work on which the pressure of the cut
was in the direction of its axis, as in most milling and planing be-
tween centers.
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When the bore of the work is threaded, the mandrel must be
provided with a thread to fit the bore, and a radial face, against
which the work screws to a stop. This is commonly known as
a nut mandrel, and in its simplest form is shown in Fig. 223
Work that is to be finished on this mandrel should at the time
of threading, if possible, have one face turned at right angles
to the bore, so that it may seat squarely against this face. This.
however, is not possible when the work is tapped, as is the case
with nuts.  Since, for rapidity of manipulation, the mandrel
should not fit the thread of the work too closely, an untrue
seat cocks the work, and it is not faced squarely. The ball seat
face of the mandrel shown in Fig. 226 overcomes this difficulty
very nicely. )

In finishing round, smooth machine parts on a screw or nut
mandrel, they usually tighten under the pressure of the cut so
firmly against the face, that it is difficult to remove them without

FIG. 227.

injuring their finish. The mandrel shown in Fig. 227 is a valuable
tool on work of this character. The collar A forms the bearing
face T and is keved to the mandrel, the spline allowing it to slip
back when the nut B is slacked, and thus relieves the pressure
between F and the face of the work. By using a finer pitch thread
in B than the mandrel thread, C, or a left-hand thread in B, when
C is right hand, the collar may be omitted. This makes a cheaper
mandrel, but is not so good, as the nut and work lock so firmly
that considerable force is usually necessary to start the former.
When the work is to be faced the threaded portion of the mandrel
should be somewhat shorter than the thickness of the work, thus
allowing the cutting tool to reach the tops of the threads in the
bore without injuring the mandrel threads.

A stub mandrel is one used in the end of a piece of work, as
shown, for example, at A in Fig. 228  These generally fit a tap-
ered seat, and are special in character.

Mandrels will usually drive the work by friction. If the work
is large in diameter for the size of the bore, it should be driven,
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if possible, from a point near the circumference, independent of the
mandrel. A mandrel the surface of which has been oiled slightly,
will drive nearly as well as if dry; and the chances of abrasion,
in case of slipping, with its certain injury to tool and work,
materially decreased.

Mandrel center bearings are often made too small to wear
well, as the intense pressure between the machine center and
the bearing prevents proper lubrication and increases the chances
of breaking off the center. A shallow trench, cut to the point
of the machine center on the top side, improves the chances
of getting oil to the bearing and does not injure the center, the
pressure on it being generally from the under side. When rotat-
ing between rigidly clamped centers, the slight expansion of

FIG. 228.

FIG. 229.

the mandrel, due to the heating of the work, will frequently
increase the pressure between centers and bearing sufficient to
“force out all lubrication, and cause abrasion of the surfaces,
which is certain to ruin the bearing. This trouble is most likely
to occur when the work is rotating at a high rate, as for filing or
polishing. This bearing should, therefore, be of liberal size and
well lubricated.

Since the value of a mandrel depends largely upon the con-
dition of its center bearings, it is very important that they
be carefully protected from injury in driving. Nothing harder
than a copper hammer should be used on the mandrel ends. A
babbitt hammer or raw-hide mallet is preferable. If these are
not available, a block of tough wood, end grain, must be used
under the common hammer. The mandrel block shown in Fig.
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When arranged as shown in the figure, however, H corresponds
to C, and [ to D, J rotates with I and gears with the interna!
gear on the back of the face-plate and thus gives a second geared
reduction,  The velocity ratio would then be 30-80 X 30 v
40-200 - 3-80 or for the 25 revolutions of the cone in the formcr
example the spindle would revolve 25 X 3-80 = 15-16 of one
rovolution,

In large lathes performing very heavy duty, the application
of the power to the circumference Jf the face-plate steadies the
cut and removes the excessive torsional strain that would he
thrown upon the spindle if all the power was transmitted
through it.

The tail-stock, or foot-stock, as it is frequently called. i
accurately fitted to the inner shears, It can be moved along the

<

Kl 23T FIG. 238.

shiearsand clamped firmly to them at any point.  The function
o the tinl stock s to carry the tail or dead spindle.  This spindle
it hearing closely, can be moved in or out through a con-
sidevable vange and clamped inany position.  The axis of the
dead w|lllu||v extended should be coincident with the axis of the
Ine spindle, The dead spindle is alwayvs provided with a cross
adjustiment: commonly called the set over and much used for
turning external tapers on work held between centers, as well
i for making the close adjustment necessary to bring the center
exacthin line for parallel turning.

A formof tail stock Targely used in Europe is shown in Fig.
239. It is becoming quite popular among American builders.



THE LATHE. 169

Its leading advantage is in its use on a lathe having a com-
pound rest, as it allows the rest to swing around parallel with
the shears and still get in reasonably close to the center when
the tail-stock is close up to the carriage. It is commonty called
the “cut-away"” tail-stock.

The carriage is the tool carrying device and stands next to the
head-stock in importance, It rides, as shown in Fig. 240, on the

FIG. 239.

outer shears and is gibbed front and back to the outer under
faces directly below the shears. Gibbing to the inner under faces
and weighting the carriage have given over to the better practice
above referred to. The old weighted carriage in which a hzavy
weight, suspended from the bottom, held it to the shears precluded
the possibility of cross girts to stiffen the bed and increased the

FIG. 240.

wear between shears and carriage. The apron on the front side
of the carriage contains the feed mechanism and, with the ex-
ception of the make of lathe of which Fig. 240 shows the carriage,
the lead screw and lead nut. The details of the apron vary
considerably, all however, being intended to accomplish the same
results. In general, motion is transmitted from the splined feed
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rod through a keyed sleeve which slides over the rod and carries
a bevel gear which connects through a clutch and suitable train
of gears to the pinion which engages the rack on the under front
edge of the top of bed. In a similar manner the motion is com-
municated to the pinion on the cross-feed screw. By engaging
cither clutch the feed that it controls will operate.

\ suitable clamp for securing the carriage to the shears for
cross-feed work is always provided. The most common method
is to pinch cither the front or back gib, the square head screw
shown on the top right-hand side of carriage in Fig. 234 being for
this purpose. )

The slide rest which carries the cutting tool is gibbed to a
cross shear which is exactly at right angles to the spindle. In its
simplest form the slide rest is a single piece carrying the tool
post or clamp. This forms the most rigid rest, it having but the
one gibbed joint. The raise and fall rest is shown in Fig. 241. It

FIG. 242.

is a form of clevating rest. In Fig. 242 is shown a compound
rest. Phis form, while not as rigid as the plain rest, has become
very popular among machinists, because of its points. of con-
venience, Tt has the regular automatic cross-feed and the
auxiliary feed which can be operated at any required angle with
the spindle. This latter feed for the larger lathes is frequently
made awtomatic. Fhe manner in which it is accomplished by the
Putnam Machine Company, on lathes from 22 to 42 inch swing is
shown in Fig. 243 Here the splined cross-feed screw carries a
sleeve, which, by means of an eccentric operated by the handle
at the left, can be clutched with one of the four bevel gears that
transmit the motion to the nut.

The shide rest shown in Fig. 244 is for use on speed lathes as
shown in Fig. 232 for light turning work. It may be clamped
in anv “'~n on the bed. It is provided with hand
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feeds finer or coarser than these three changes can give, it is now
quite common to provide either a change gear connection with
the feed rod as shown in Fig. 245 or provisions for connecting the
feed rod with the change gear mechanism of the lead screw as

FIG. 245.

shown in Fig. 246. In Fig. 245, by changing places with gears A
and B, or substituting others any desired speed of feed rod C can
be obtained.  In Fig. 246 when gear E is in dotted position the
feed rod is driven by belt in the usual manner. When, how- ‘

FIG. 246.

ever, change-gear feeds are required E is in position shown and
is driven by the gear 1D which is secured on the sleeve A and
receives its motion through the change gears F and B. The
clutch G, which slides over a key in the lead screw L. is dis-
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engaged from the sleeve A, thus preventing the lead screw from
turning while the feed is in operation.

As the carriage must be capable of feed in either direction, a
change in direction of motion of feed mechanism must be pro-
vided for. This is usually accomplished by interposing an idle gear
either in the mechanism of the apron and allowing the feed rod
to rotate constantly in one direction, or in the head-stock gearing.
The latter is the more common method, inasmuch as a change
in direction of lead screw rotation is necessary and that cannot
be accomplished in the apron. In Fig. 247 is shown the arrange-
ment of gears usually employed. Gear A is secured to the spindle
of the lathe. When A gears with B, the direction of rotation of
the feed cone is as shown by the arrow. B and C rotate on studs
secured in a plate which turns about the axis of D. By throwing
the handle H down and C into mesh with A, B becomes in-

A
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OO
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FIG. 247.

operative and the direction of rotation of D is changed. The
stud G also carries one of the change gears E. The diameter of
gears B and C is immaterial, inasmuch as they are simply idlers
between A and D, and do not affect the velocity ratio. When
gear D is of the same diameter as gear A the stud and spindle
have the same rate of rotation. D is, however, frequently made
smaller than A, giving the stud a higher rate of rotation.

The mechanism shown in Fig. 248 is frequently employed for
reversing the feed in lathes and other machine tools. The feed
rod C carries two bevel pinions B and E and the clutch D. D
slides over a key in C and engages either E or B, both of which
run loose upon C and mesh with the bevel gear A. When D and
E are locked the rotation of A will be as shown by arrow, B
turning free on the shaft, and when B and D engage the direction
of A is reversed.
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The lead screw is one of the most important parts of the lathe,
as accurate screw threads cannot be produced with an inaccurate
lead screw. The builders of first class lathes use great care in
the production of their screws, the lathe used for cutting them
being provided with a carefully cut master screw which is used
only for the cutting of lead screws, used on that lathe. The wear
on this master screw is therefore very slight, and as soon as the
lead screw shows signs of inaccuracy the master screw is sub-
stituted and a new lead screw for the lathe cut. In this way the
standard of the master screw is very closely maintained.

The lead screw draws the carriage, the force being applied at
the nut. It is, therefore, best to take hold of the carriage as close
as possible to the shears and thus avoid the tendency to cramp
the carriage. In the lathes manufactured by the American Tool

FIG. 249.

Works Company, the lead screw is placed inside the shears, as
shown in IKig. 240, in such a manner as to get the most direct pull
on the carriage.

The lead screw nut is made in halves usually of brass and so
mounted in the apron that it can be readily closed onto the
SCTew.

In order to cut threads of different pitches with the same lead
screw a set of change gears must be provided for the lathe, so that
the advance of the screw, carriage and tool per revolution of the
spindle may be exactly cequal to the pitch of the thread bring
cut. In Fig. 249 is shown the common arrangement of change
gear, generally called a single gear.  Gears A, D, and L, and
the « ' ™ corresnord tn the same parts in Fig. 247. L is the
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lead screw, B the gear on screw, and F an idler .of any con-
venient size.

In cutting any number of threads per inch the point of the tool
must move along the work an amount exactly equal to the pitch
of the required thread for each revolution of the work, thus if the
pitch of the lead screw is 1-6 of an inch and the pitch of thread to
be cut is 1-10, it is evident that the lead screw will make less than
one revolution while the work is making one. The tool has ad-
vanced 1-10 of an inch and the lead screw must have rotated
through 6-10 of one revolution. If, therefore, the work and the
screw were geared together the ratio 6-10 would represent the
teeth in gear on spindle
teeth in gear on screw
be used as the gears A and D are generally of different diameters.

Assume A as having 4o teeth and D 20, then the stud G makes
two revolutions for one of the spindle and work. Assume the
lead screw as having six threads per inch, to determine the num-
ber of teeth in gears E and B to cut any required number of
threads per inch on the work. If six threads are required the
screw must make one revolution to the work one, and since gear
E rotates twice as fast as the work it should have one-half as
many teeth as gear B.

The following general expressions give the ratio of teeth on
stud to teeth on screw in problems similar to the above:

. This direct ratio cannot usually

ratio of

Teeth in gear on stud  spindle rotation threads on screw
= X
Teeth in gear on screw stud rotation threads on work

With same condition as above, required to cut 12}% threads:

Teeth in stud gear 1 6 6

Teeth in screw gear 2 12} 25

As 6 is too low a number of teeth for practical use both terms
of the ratio must be multiplied by some number that will give
gears of reasonable size. In the present case use 3 which gives 18
teeth in stud gear and 75 in screw gear.

Frequently when very wide ranges of screw cutting are desired
a compound system of gearing similar to that shown in Fig. 250
is used, thus avoiding the use of excessively large or very small
gears. In this arrangement H is the intermediate stud, I the
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first gear on stud and K the second. This gives two gear reduc-
tions in place of one in the single gear shown in Fig. 249. The
calculations for determining the proper number of teeth in cach
gear to cut any thread with the compound gearing involves one
more ratio than with the single.

Assuming the velocity ratio of the stud G and the spindle the
same as in Fig. 24y. and the lead screw 14 pitch, we first deter-
mine the velocity ratio between the stud G and the lead screw
necessary in cutting the required number of threads per inch on
the work. For example. to cut 100 threads per inch we would
find the ratios between the stud and screw = 14 X 8-100 = 1-25.
As we would not care to use a gear having fewer than fourteen

FIG. 250.

teeth on the <o a gear of 330 teeth would be required on the
serew if single geared. With the compound gearing, however,
we are enabied o Jdivide this ratio into factors 1-5 X 1-5 =1-25.
We conld therets re use ntteen teeth on gears E and K, and 73
teeth on gears T and B In like manner if 7o threads were tc be
cut o N Reroe X140 = 4-70. as ratios between stud and screw
- 2-10N 2.7, which would give 15 and 73 teeth for one pair and
2cand o teeth for the other pair.

\ry pair f gears, in which the teeth have the required ratin,
mar b sisedl it of course being Jesirable to so select the change
wears that the greatest possible number of required pitches mayv
be cut with as small an assortment of change gears as possible.

In crder to avoid the time lost in changing gears where large



THE LATHE. 177

variéties of different pitch threads are to be cut, several builders
have brought out lathes in which the change gears are all
mounted, a change from one to the other being made by a simple
lever movement. In Fig. 251 is shown this class of change gear
mechanism as applied to the Hendey-Norton lathes. It will be
noticed that the change gears are all mounted on the lead screw
and that the auxiliary shaft A is driven through the gear mechan-
ism from the spindle at a fixed velocity ratio with the spindle.
Gear B is an idler mounted on the shifting lever and communi-
cates the motion from A to any gear on the lead screw. In this
manner twelve changes in pitch may be obtained without chang-
ing gears and for each change in size of gear on A twelve more
pitches may be cut.

In this particular lathe the reversing mechanism of Fig 248 is
applied in the head as clearly shown in cut. By a suitahle com-
bination of levers the operating of the reverse is controlled by a
lever in the apron thus allowing the work to run in one direction
all the time.

In a mechanism of this character the gears must be rigidly
mounted and accurately cut and pitched, as otherwise in such
long trains the spring and back lash is excessive.

The form of thread usually used on lead screws has sides of
about 15 degree angle, as this form allows for taking up the wear
in the nut by closing it onto the screw. The United States stand-
ard thread is not well adapted as the stecp angle of its sides forces
the nut, which is necessarily made in halves, apart.

The lead screw and nut should never be used for ordinary
feeds as the screw would soon lose its accuracy through wear.
Unfortunately for the accuracy of the screw a comparatively short
portion of its length usually does most of the leading for threads
cut in the lathe, and as a result that portion becomes worn and
inaccurate while the balance remains in good condition.

The size of a lathe is commonly determined by its swing and
the length of the bed, the swing referring to the greatest diameter
of work, when held on the face plate or in a chuck, that the lathe
will turn over the shears. Thus, an 18-inch.by 10 foot lathe
means one that has a bed 10 feet long and will swing work 18
inches in diameter. The builder usually allows from 1§ to 15 inch
over the rated swing, thus making is possible to actually finish a
piece of work of the same diameter as the normal swing of the
lathe. The swing over the carriage and greatest distance - =en
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centers are also important dimensions. The former is usually
trom one-half to two-thirds the normal swing of the lathe.

The lathe should be well and accurately built, of ample weight,
with operating parts conveniently arranged. Weight is desirable
and usually indicates a first-class tool. This is not necessarily
true, however, as frequently a badly designed machine will have
certain parts excessively heavy with other parts correspondingly
light, the whole often making an unusually heavy machine—not
so good as the lighter machine in which good judgment on the
part of the designer has led to proper proportions for all the
parts. R

Lathe builders carefully test the accuracy of their lathes be-
fore sending them out. As it is frequently desirable for the me-
chanic to test his lathe as to accuracy of alignment, or in making
repairs on lathes that have become inaccurate through wear, the
following methods, commonly employed for this purpose, may be
of value.

To determine if the center bearing in the live spindle is axially
true with its spindle: Turn up, on accurately ground centers,
the test bar shown in Fig. 252. The shank S should fit the center
bearing nicely and the collars A and B should be exactly of the
same diameter. Place the test bar in the live center bearing,
leaving it unsupported at the outer end, and cause the spindle to
rotate. If the outer end of the bar runs perfectly true, then the
bearing must be concentric with the spindle. By using the test
indicator Fig. 105, the exact amount of the untruth, if any, may be
determined.

To test the parallelism of the live spindle and the shears: If
the center bearing has been found exactly concentric, place the
test bar in the bearing as before. Put a fine pointed tool or
scriber in the tool post and so adjust that it will just touch the
top of the collar A. Now move the carriage until the pointer is
over the collar B. If it touches it with the same degree of contact
as on A, the spindle must be horizontally parallel with the shears
and line of motion of the carriage. In like manner test the front
side of the collars A and B with the scriber, and if as before
the degree of contact is the same on both, the spindle must be ver-
tically parallel with the shears.

To test the carriage cross shears at right-angles to the spindle:
Take a very light cut over the large face plate and test with a
standard straight edge. If perfectly plane. the alignment is cor-
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rect. If the face plate is perfectly true and it is not desirable to
take a cut over it, a smooth ended tool held in the tool post can
be brought up to the face of the plate, near the center, just close
enough to pinch a piece of paper lightly. Now move the rest
out to the outer edge of the plate without allowing the tool or
carriage to shift along the bed, and if the paper is still pinched
to the same degree the alignment must be correct.

Assuming the face plate as true both on its face and circum-
ference, to test the alignment of the tail spindle:  Make a stub A
to fit the tail spindle bearing as shown in Fig. 253. Bring the

FIG. 252,
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spindle back until the taill scrdéw starts to expel the stub center
AL and so adjust the serew that when A\ bears against its point
a smooth turning fit hetween .\ and the spindle bearing results.
C is an arm passing through .\ and sccured by the thumb screiv
B. D is a pointer which passes through the arm C and is ield
by the thumb screw . Adjust the point E so it touches the
upper surface of the circumference of the face plate at G, Next
swing the arm around until point E comes on the bottom of the
plate at J. If I touches at J with same degree of pressurc as at
G, then the tail spindle must be at the same height as the live
nd in like manner if it bears equally on the two sides
e the cross adjustment must he right.
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In order to determine whether the center line of the tail
spindle is coincident with that of the live spindle we can reverse
the point of T and bring F into contact with the face of the
plate at H. If it maintains uniform pressure of contact while the
arm C is revolved entirely around, then the dead spindle is cen-
tral and parallel with the live spindle.

If the tail spindle has been set over for turning taper and it
is desired to bring it back central, first set it as near to the
correct position shown by the lines as possible, then place a long
bar hetween centers, similar to the one shown in Fig. 252. and
take a very light cut over the collars A and B without changing
the transverse position of the tool. Caliper the diameters of A
and D accurately. 1f they are not alike, make another set-over
adjustment of the tail stock and repeat. continuing to do so until
they caliper exactly alike.  Two trials will usually be found
stifficient.

To test the truth of the live center, place a bar between centers
and turn a small portion up as close to the live spindle as the
dog or driver will permit ; then reverse ends with the bar and test
the turned spot for truth of rotation. If perfectly true the live
center is running true. The centers in the test bars should always
be carefully reamed and lapped or worn down to true surfaces.

It is difficult to keep the lathe centers in good condition and
accurate work demands that they be so kept. The dead center
must be true and hard in order to wear well. The live center
need not be so hard, inasmuch as there is no wear between it and
the Dbearing in the work. The live center should be ground in
position by means of a center grinder. .\fter being ground the
live center should be removed from its hearings in the spindle only
when absolutely necessary, as it is practically impossible to put
it hack and have it perfectly true. A small prick punch mark
on the nose of the spindle and a corresponding one on the center
will enable the operator to put the center back as ncarly as
possible in its correct position. Tt is advisable, where nice work is
to be done. to always grind the live center after it has been re-
moved.  Tle center should always be ground to an angle of ex-
actly 6o degrees.
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CHAPTER XV.
LATHE TOOLS.

On the subject of cutting tools for the lathe we will consider
only the more general points, as practice alone can bring out
the details of proper form and setting.

The common lathe tool as shown in Fig. 275 is a short bar of
tool steel of rectangular cross section having a cutting edge
formed on one end by forging and grinding. The cutting edges

FIG. 275.

must be hardened and tempered in order that they may properly
cut the metals upon which they operate. The form of the cutting
edge depends upon the kind and hardness of the metal to be
cut, the amount of metal to be removed and whether the cut is
to be a roughing or a finishing one. These tools when new are
made from six to twelve inches long. their length depending

FIG. 276. FIG. 277.

upon the size of the lathe in which they are to be used. As the
cdges wear and are ground away they are redressed. thus
gradually using up the stock and finally leaving a short stub.
that is. as a lathe tool, of no further value.

The cutting edge of the lathe tool. as shown in Fig. 276, has
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what we term an angle of clearance A and an angle of rake B.
The angle of clearance has the greatest strength value, as the
smaller this angle the greater the support given the cutting edge.
For facing, the tool must have some clearance as otherwise the
cutting edge is held away from the work. On cylindrical work
if set somewhat below the center, it will clear the body of the
work but will not properly clear the feed.

The greater the angles of rake and clearance the more acute
will be the cutting edge and the finer and smoother the cut. If
the edge is too acute, however, it will not stand up to the work
properly. The angle of rake has the greatest cutting value, as
strength of cutting edge prevents excessive clearance.

A tool may have front rake as in Fig. 278, or side rake as 1x
Fig. 277. It is usual, however, to grind it with both front and
side rake as shown in Fig. 278. A tool without rake requires
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FIG. 278. FIG. 279.

greater force to drive it through the cut as it tears rather thaw
cuts the metal. It does not leave a smooth surface and springs
the work unduly.

IFor general practice the angle of clearance should be small,
only enough to properly clear the cutting edge, from 5 to 15
degrees usually being sufficient. The angle of rake, on the other
hand, should be as great as the character of the tool and hard-
ness of the work will permit. The small clearance angle gives
good support to the cutting edge and prevents its dipping into
the work. The large angle of rake gives keenness to the cutting
edge, making a tool that cuts smoothly and free. For these
acute cutting edges the temper cannot be too hard. as in that
case the edge chips off.  As the hardness of the metal operated
upon increases, the angle of rake must be reduced and the hard-
ness of the cutting edge increased.
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-The above does not apply to the working of brass, as that
metal should be worked with a tocl having slight clearance
and no rake.

For the same rate of feed a tool operating upon work of
small diameter must have a greater angle of clearance than is
necessary when used on work of large diameter, as the same
feed gives a greater pitch angle in the former case. This is
clearly shown in Fig. 279.

It is always desirable when a heavy cut is being taken to
have that part of the cutting edge presented to the work as
short as the strength and durability of the edge will permit.
-\ straight cutting edge. A. Fig. 280, at right angles to the axis
of the work presents the shortest possible length of cut, but the
delicate point of such a tool will not stand up well. If rounded
somewhat as shown at B, we get a cutting length but slightly
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FIG. 280. FIG. 281.

greater and of a durable form. If the point is too broad, as
shown at C, undue resistance is offered owing to the long line of
cutting action.

That portion of the cutting edge which lies parallel to the
axis of the work produces the finish while the portion at right
angles to the axis removes the metal. The finishing portion of
the cutting edge should be considerably longer than the rate of
feed, thus producing a smooth finished surface. If the cut is
light and the edge parallel to the axis is long, the tendency jor
the tool to dip or dig into the work is great and especiallyv ~o

when the angle of clearance is excessive and th- ng cdge
set high above the center.
In general a tool works best when set for he 1y

above the center. When above the center
tool or work causes the tool to dip into the
untrue surface. Soft ennte in the metal or
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cut will increase this trouble. As the spring comes from the
. tool post block and points below the cutting edge, setting the
tool down to the center of the work reduces but does not over-
come this difficulty. If the tool rest was perfectly rigid then a
tool having its cutting edge dropped to a line even with the
bottom of the tool at point of support would, owing to its own
deflection, swing out rather than into the work when set at or
below the center. In all cases the tool should be held as firmly
as possible and well back in the tool post.

In setting a tool for a heavy cut it should when possible be
set raking back rather than ahead as in case of its slipping
the tool post it will swing out of the work rather than into it.
This, of course, cannot he done when it is necessary to take the
cut close up to the dog or driver.

Cutting-off tools work free and smooth when given a small
amount of top rake. As with other tools, however, when used
on brass thev should have no top rake and will frequently be
found to work better with a small amount of negative rake.

The boring tool as commonly forged from bar steel is shown
in Iig. 281. The diameter and length of the stem depend upon
the size and depth of the bore in which the tool is to be used.
This tool is necessarily a springy one and should, therefore, be
as short and heavy as possible, thus requiring a large assort-
ment of sizes for any range of work.

Tungsten or self-hardening steel has come into quite general
use for lathe tools. It is an “air hardening”™ steel, and after
forging must be kept from water.  As it is “hot short™ it is ex-
ceedingly difficult to forge into any other than the most simple
forms.  Its great value over ordinary tool steel lies in its hard-
ness and temper-holding. quality, which makes it possible to use
higher cutting speed without injury to the cutting edge due to the
heating. It is several times more expensive than the best grades
of ordinary tool steel, and for this reason and also on account
of the difficulties met with in forging it, numerous forms of
holders for its efficient and cconomical use have been introduced.
In all such tools only the cutting portion is of the self-harden-
ing steel, the holder heing a drop forging of mild steel. The
cutting portion is of such form that it can be kept in proper
condition for work by simply grinding it, thus avoiding the ex-
pense of forging. In Fig. 282 is shown an Armstrong tool
holder of this class with straight hodv. Tt s Adso roade v
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The box cut-off slide as used on the turret is illustrated in
Fig. 301. It consists of a substantial back in which the tool-
carrying frame is gibbed. A pinion pivoted in the back engages
a rack on the frame, and by means of the lever on the pinion shait
a steady movement of the cut-off tool may be had. Suitable
stops make it possible to cut to an exact depth on any number of
pieces.

A mechanic’s success as a lathe hand depends very largely
upon the skill and judgment he exercises in the grinding and
setting of the cutting tools. They must at all times be kept in
proper condition. A dull or improperly formed tool will not
do satisfactory work and is frequently the cause of serious injury
or accident to the work.



CHAPTER XVL
CHUCKS AND DRIVERS FOR LATHE WORK.

The dog or driver connects the work with the spindle of the
lathe, and in its common form is shown in Fig. 302. For all
ordinary work this device scrves its purpose well; for very a-
curate work, however, the effect of its leverage must be taken
into consideration.  \s shown at A in the figure, the distance be-
tween the dotted lines represents the lever-arm, which acts on the
center as a fulerum, and produces, or tends to produce, a deflec-
tion in the work. Again, the force being applied at D, and the

-A

FlG, 302,

pressure of the ent at ¢, the tendency to bend the work will be
greater than when the point D has moved round 180 degrees, or
on the same side as the tool. The first of these objections is
overcome by using the straight-tail dog, as shown in Fig. 303.
with @ stud or driver bolted on the face plate, and the second, by
using @ double-ended dog and driving from opposite sides, as
shown in Fig, 3o4. The use of the double-ended dog is usually
not altogether satisfactory, as it is very difficult to so adjust the
drivers that the pressure aganst cach will be uniform. Double-
ended dogs are frequently made adjustable.  The usual way,
however, is to adjust the driver pins rather than the dog.

As the dogs above shown depend on a screw to hold them se-
curely on the work, care must be exercised or the work is very
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-apt to be injured. The screw should always have a hardened
flat or oval point. While such a point does not hold as firmly
as the cupped point, it does not cut into the work as badly. When
used on finished work a ferrule of sheet brass, or preferably,
copper should be put on the work under the dog to prevent any

FIG. 303. FIG. 304.

injury to the work surface. The screw should he tightened
c¢nough to safely drive without slipping. 1f the dog slips it is
quite certain to injure the surface.

For many cases, and more especially on finished work, the die

FIG. 305.

and clamp dogs, shown at A and B respectively, Fig. 305, are ex-
cellent. These dogs are very nicely made of forged steel and
hardened.
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In Fig. 306 is shown a form of clamp dog very well adapted
to the holding of tapered work.

In Fig. 307 is shown a bolt dog. This tool is clamped to the
face-plate so as to receive the head of the bolt. It will drive

FIG, 306.

square or hexagon head bolts, and, where a number are to be

operated upon, will save the time that would be required to put
on and take off the common dog.

When a dog must be used on the threaded end of a bolt or

m
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FIG. 307.

spindle it is necessary to protect the thread, or it will<be injured
by the dog screw. If the work to be driven does not require the
screw to be tightened very hard, a heavy piece of bhrass over the

thread will usually be found satisfactory. A common practice
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in cases of this kind is to jamb two nuts on the thread and place
the dog on the outer nut. In Fig. 308 is shown a very satisfac-
tory form of dog for use in such cases. It should be made of
forged steel, tapped the required thread, and split as shown.
The clamp screw locks it securely on the thread.

A hexagon nut tapped and split through on one side may be
locked on threaded work by clamping under the screw of the
common lathe dog, thus making a safe driver for threaded work.

FIG. 308. FIG. 309.

Very light work is frequently driven from the center without
the use of a dog, thus enabling the work to be machined all over
without changing ends. When an exact center is not required
in the finished work the square center may be used to drive it.
Instead of making a round center bearing on the live center end
of the work, a pyramidal or square center is formed with a punch.
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FIG. 310. FIG. 3I1.

This bearing fits over a square live center, which drives the work.
A square center is a difficult one to keep in proper shape.
Another method of driving light work from the center consists
in milling a thumb-nail notch in the live center end of the work.
as shown at A in Fig. 309 and using a live center with a driver.
as shown in Fig. 310. In this case true round centers are used.
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A great deal of work done between centers does not require 2
log. as a face-plate stud or driver will engage some part of the
work as shown. for example. in the case of a pulley in Fig. 3.
The driver in such cases should be placed as far from the center
as possible, thus making it firmer and steadier. The face-
plate driver should be a stiff. substantial one. A bolt strung full
of nuts and washers will answer after a fashion, but the on
shown at A of steel. or at B of cast iron. in Fig. 312, will Ie
found much more satisfactory. Two or three lengths will usual-
Iy meet all requirements. Lathes are usually provided with two
face-plates, one of large diameter and one of small. The small
plate is the one usually used for driving the dog on work held
between centers. It is generally a round plate with one or four
notches. The plate shown in Fie. 313 is sometimes used, but

I

FIG. 312. FIG. 313.

for reasons of safety is not as good as the round one. At least
one notch in cach plate should extend well down to the center,
thus cnabling the use of the smaller dogs when operating on
light work.

Lathe work not held between centers can be classified under
the head of center-rest, carriage, face-plate and chuck work, the
distinction between the two last classes being narrow. Center-
rest work includes all in which the center-rest carries one end
of the work and the live spindle the other. Carriage work in-
cludes such classes as are operated upon by a rotating cutter while
secured to the carriage of the lathe. Chuck and face-plate work
covers that wide range of operations upon work rigidly securerl
on the live spindle.

The lathe chuck is a device for holding work more firmly and
adjusting it more accurately than is Ltfm\-cnieml_v pos§ible when
clamped or the face-plate. Chucks are classified as in-


















CHAPTER XVIL

LATHE WORK—BETWEEN Cl":NTERS.

One of the first and simplest jobs the beginner does in the
lathe is to turn a plain spindle. He can begin, even on this job,
to exercise his judgment. For example, he is given a bar oi
round steel 2 inches in diameter and is to make a plain, straight
and true spindle 173 inches in diameter by 2 feet long. In cut-
ting this bar he must make the necessary allowance for squaring
up the ends. If cut in a cutting-off machine, 1-32 inch will do: if
in the power hack saw 1-16 inch should answer if the saw is
running reasonably true, while 14 inch or even Y4 would usually
be required if haggled off in the blacksmith shop. Having cut
the bar and made the required allowance in length, he next
centers it with punch and hammer. ’

The proper locating and forming of centers in work to be
machined between centers is of importance. When considerable
stock is to be removed from the work, and it is therefore not
necessary to use great care in locating the center, the careful
workman can, if the diameter of the work is not great, usually
spot the center sufficiently near by eye.

When the ends of the work are cut reasonably square, the
bell center punch can he advantageously used as shown in Fig.
325. The punch should be held squarely over the work as shown
at \\. If the work is not sawed reasonably square this tool
should not he used, as it will not show a true center as illustrated
at B. In Fig. 326 is shown a form of bell centering tool in
which a conical recess in the base holds the lower end of the
work true, while the bell which moves over a vertical guide lo-
cates the upper center.  This tool is very nicely adapted to the
centering of a large variety of small work.  The caliper-dividers
(hermaphrodite calipers) are perhaps more used for this work
than any other tool. The legs are adjusted, as shown in Fig.
327. to approximately the radius of the work, which has previous-
Iy been chalked on the end to more readily show the marks.
Three or four arcs are then scribed from about equi-distant points
on the circumference which intersect, as shown at A and B. The
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Place the pointer at approximately the height of the center and
scribe four lines, the work being rotated about go degrees for
cach line. The center of the small inclosed rectangle will be the
approximate center of the work. A pair of dividers can be used
in place of the surface gauge if desired. Having located and
prick-punched the centers, they should next be drilled and
reamed. If there is a small amount of stock requiring close
centering, the work should be placed between centers and rotated
on the light center-punch marks to determine whether they are
sufficiently accurate. This is determined by giving the work fast
rotation by drawing the hand over it quickly and holding a piece
of chalk against it to show the high spots.

If too badly out, the punch mark can be drawn over the re-
quired amount before drilling the center. The form of center
bearing should be as shown at B, Fig. 330. A hole of from 1-32

FIG. 330.

to 74 inch in diameter, depending on the diameter of the work,
is first drilled and then countered with the Go-degree counter
reamer shown at A and B in Fig. 171. The hole must be drilled
deep enough to prevent the lathe center from reaching the bottom. -
At C in Fig. 171 is shown a most excellent combination drill and
center reamer for this purpose. The drill steadies the reamer
and insures a true bearing and drilled hole of proper depth.

The drilled hole not only protects the delicate point of the
center, but serves as an oil reservoir to aid in lubricating the
center bearing. It should be filled with oil before putting the
work on the center.

In large center bearings on very heavy work it is frequently
desirable to cut with a small cape chisel one or more narrow
grooves through the bearing portion to facilitate the oiling of the
center.

Where a large amount of centering is done. a mwadhine Sox
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work, he should make a simple calculation in each case until his
eve tells him the proper speed without figuring it.

As the circumference of the work is approximately three times
the diameter, he would in the present-case have the work moy-
ing to the tool about six inches per revolution. At a cutting
speed of say 25 feet per minute, the work should make about
fifty revolutions per minute. Chalking a spot on the face-plate
and counting the revolutions will determine quickly whether or
not the speed is correct.

This matter of speed is of very great importance, not only in
its cffects upon the output of the lathe, but upon the workman
himself, as he quickly becomes tuned with his machine and loses
that snap and vigor at his work which comes from seeing every-
thing move along at a quick, business-like pace.

The young mechanic should familiarize himself at the begin-
ning with all the details of construction and manipulation of the
lathe itself. He will necessarily do work slowly at first, but he
must learn accuracy from the beginning. The speed will come
as he improves in skill and gains in confidence.

He must learn early the power of the machine, the strengt:
and wearing qualities of the cutting tools and the strength of the
materials upon which he operates. He will then not overtax the
machine and break or injure the tools and work; neither will he
take three cuts over a piece of work when two would have an-
swered quite as well. '

If the surface is to be a polished one, he must make some ai-
lowance for filing and finishing with emery. This is a matter of
judgment, and the beginner's judgment is usually poor, as he
leaves altogether too much to remove with the file, which takes
up time and injures the truth of the work. It is very difficult to
file much on rotating work and keep it cylindrically true. The
finishing cut should therefore leave the surface smooth, true and
within one to five thousandths of an inch of finished size, de-.
pending on the degree of accuracy required.

When the spindle is very long and its diameter relatively
small, it becomes necessary to support it at some intermediate
point or to provide some form of support immediately back of
the cutting tool, as otherwise it would, owing to its own weight
and the pressure against the cut, spring excessively, causing it
to chatter and leave an untrue surface. In such a case, the cut
would have to be very light to prevent the work {rom bhending,

~
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relieve the work of the deflection due to its own weight. The
jaws, if set too tight upon the work, will heat and score it.
QOil should always be used and the ends of the jaws kept in gool
condition. If the work is to be machined only at points on
its length, then the center rest should be set as near as possible
to the point where the work is being done, and thus give the
greatest amount of rigidity.

Frequently it becomes necessary to steady a bar for turning
that is not and cannot be made round at the point where the
center rest is to be applied. In such cases the device shown in
Fig. 332, and commonly known as a cat head, may be used. It is

FIG. 332.

simply a collar turned round on its outer surface and provided
with suitable set screws for centering it upon the work. This
gives a round bearing which, as before, is made to run within the
jaws of the center rest. The cat head must be so adjusted that
it runs perfectly true on the outside or otherwise the work will
not run true when the head is removed after turning. The
effect of crowding the work, with one of the jaws out of its true
axis of rotation, is to turn the work tapering. Thus, if the work
is crowded by the center rest toward the tool. it will be turned
smaller in the center than at the ends and in like manner larger
at the center if crowded away from the tool. Vertical motion
does not affect the diameter to so great an extent, since, if the
tool is set at the height of the center, the work can be raised or
depressed quite a distance without making much change in the
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diameter. If. however. the tool sets above or below the center.
a material taper will be given to the work. For exampie. it
the tool sets above the center and the work is depressed at the
center rest, it will be turned larger in diameter at the rest than
at the dead center. Very often it is desirable to support the woirk
right at the tool for the entire length of the cut. This is ac-
complished by using the follow rest. an example of which
shown at B in Fig. 331. It is quite similar in its most genera:
form to the center rest. having two jaws. one behind and the
other on top of the work. It is secured direct to the carriage and
consequently moves with the tool. If the work is in the rough.
the rest follows after the tcol. but if it has beer previcusiy rzed.
the rest may be set ahead of the tool. It is. hoewever. usually
preferable to have the rest follow rather :han lead the cutting-
tool. For work of small diametcr a single ‘aw with a V-end
serves well.

The producing of satisfactory results inn the use <f the fullow
rest requires good ju t on the part of the -
should be set as soon as puosstble afzer the cut has
center and while the work is ngid an rze. Anyv e
in the work surtace over which the :
reproduce these same irregziarities
the work. and it is. therefcre. verw
right. In the cuttmg of threais @r !
rest is indispensable. [t is als: :I
is being vperated apca by a cut=
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the live center. A collar can be clamped on the work to accomp-
lish this result, but this method is not satisfactory except, per-
haps, in the case of very light work, as the center rest is not rigid
against a side pressure and the cramp of the dog or driver is
quite certain to crowd the work off the center. A clamp. as
shown in Fig. 334, slipped over the work behind the dog and
drawn, by means of bolts, firmly against the face-plate will I
found quite satisfactory. It is necessary that the clamp be
drawn up squarely, as otherwise the truth of the work, especially
if light, will be affected.

In cases where there is no center bearing in the live center
end of the work, and one cannot conveniently be arranged for,
that end can be carried in a chuck. If the chuck is an inde-
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pendent one, the work must be very carefully centered in it. [If
a universal chuck is used and exact centering of the work is re-
quired, it is equally necessary to test the truth of the work, as
universal chucks, after being somewhat worn, lose their accuracy
for exact centering. The work should be caught close to the
ends of the jaws, except in cases where the jaws and surface of
the work gripped are known to be absolutely true; otherwise the
outer end of the work will be thrown out of the center of rota-
tion and, if brought back by the center rest, a spring in the length
of the work must result. Tt is, in any case, difficult to set the
center rest so that it will hold ihe axis of the work exactly coin-
cident with the line of the centers. If not so held, the work will
run true, but all cuts will he tapering. If it is much out in this
adjustment, it will cause the live center end of the picce being
machined to work on the centers or in the chuck jaws, the usual

iy
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result being the loss of the grip. The stiffer the work, the morc
noticeable this action.

The turning of external tapers can be accomplished in several
different ways. As above indicated, in center rest work, if the
rest holds the end of the work so that its center is back or ahead
of the line of centers, tapcred work results. In like manner,
where the work is carried on both centers, if the dead center is

“moved across the bed, the center line of ‘the work will be at an
angle with the direction of motion of the carriageqand tool, and
tapered work results. As all engine lathes are provided with a
set-over adjustment in the tail-stock, this method of turning tapers
is always available. As the amount of side adjustment is limited
to a small range, only slight tapers can be produced in this man-
ner, and especially so in cases where the work is long. Thus, if
the tail center can be set over one inch and the work is four feet
long, then, as shown in Fig. 335, it will be turned two inches

FIG. 335.

smaller at the dead center end than at the live center end, which
would give a taper of one-half inch per foot. If the work was
one foot long, as shown by the dotted lines, it would have a taper
of two inches per foot. The above indicates the method for
determining the amount to set the tail center over to produce any
taper per foot within the limits of the adjustment. Thus, if
the work is eighteen. inches long and a taper of five-eighths of
an inch per foot is required, at one foot the offset would be onc-
half the required taper or five-sixteenths of an inch, and at one
and one-half feet it would be 11X 5-16, or 15.32 of an inch.

This is, of course, only an approximate method for determin-
ing the proper amount of set-over, as the exact amount must,
nearly every case, be found hy trial. It will, however, serve bhev-
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be advanced quickly by hand, the only point Leing to carry it far
enough to take up the slack by the time the tool reaches the
work. On work of small diameter, where the tool strikes the
side of the center if moved beyond the end of the work, the back
lash can generally be taken up by pulling out or pushing sharpiy
in on the tool post, depending on the direction of taper the at-
tachment is set to turn. Thus, if it is set to turn an increasing
taper from the dead center toward the live, the angle of the
guide will be such that its end nearest the head stock will be the
closest to the shears and the inside face of the block will be forc-
ing the tool back from the center of rotation. It would then he
necessary, in taking up the back lash at the beginning of the cut,
to push the tool toward the center. The maximum range usual-
ly given the taper attachment is four inches per foot.

It is seldom necessary to turn or bore steeper tapers than can
be bored with the taper attachment. When, however, such are
required, a lathe with a compound rest can be used. Examples
of the compound rest are shown in Figs. 242 and 243. Its con-
struction is such as to allow the upper slide which carries the tool
to be set and secured at any angular position with the cross slide.
thus enabling the turning or boring of any taper. Although the
range is small, steep tapers are usually short, and it is consc-
quently seldom that the tool must be reset in turning any ordi-
nary taper. g

When a lathe is to be kept continually on taper work, a posi-
tive taper-turning lathe is superior to one having a taper attach-
ment. In lathes of this character the hecad and tail stocks are
mounted upon an auxiliary bed or platen which is pivoted at the
center and clamped at cach end of the main bed. The axial
alignment of the head and tail spindles is maintained, thus allow-
ing the work to bear squarely upon the centers. A suitabic
graduation at one end of the bed enables the operator to set the
line of centers at any desired angle, within the range of the ma-
chine, with the shears and line of travel of the tool. This ar-
rangement not only possesses all tire good features of the taper-
turning attachment, but eliminates the troubles arising from back
lash.

In all taper turning it is neccssarv to set the point of the
cutting tool at the height of the center in order to obtain the
taper indicated by any setting. If the tool is set above or bel-
center, the resulting taper will be less : “ahtly concave
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In turning an external taper to fit a tapered bore the correct
taper st be obtained hefore the work is brought down to exaa
size.  In making the preliminary setting for the first cut tw
great rather than too smail a taper should result, as the measure-
ment will be takan at the small end, and if the taper is too smali
the work, while large enough at the small end, will be under size
at the large end.  In getting the exact taper the work should he
triedd in the bore after cach cut.  As long as the difference in
taper is considerable the sense of feeling may be depended upon
to determine which way to vary the taper in order that it may
correspond with the taper of the bore. When too close to note
the error by that means, draw three lines with chalk lengthwise
on the surface and at approximately equal distances apart. Place
the work in the hore and turn it carefully through a complete
revolution. - Upon removing it, if the chalk marks have been
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FIG. 337.

rubbed apparently equal their entire length, the taper is correct.
If. however, the marks have rubbed at one end and not at the
ather, a further adjustment must be made and another cut taken,
FFor very accurate work a marking of Prussian blue is used in-
stead of chalk. 1t is applied with the finger and rubbed down
until the coating is very thin.  In testing, the work should be
turned in the opposite direction to that in which it rotated in
machining, as the feed of the tool leaves a thread-like surface
which tends to worm the work tight into the tapered bore.

After the correct taper has been obtained, the work can le
turned down to exact size, calipering at the small end.

What is commonly known as offset turning between centers
i~ illnstrated by the example shown in Fig. 337. In this case it
15 required to turn the pin of the crank shaft, the shaft proper
having been turned or preferably roughed down nearly to size.
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The offsets are at a distance from the center of the shaft equul
to one-half of the required.throw of the crank. By means of a
surface gauge and plane table upon which the crank rests, the
centers of the shaft, the offset centers and the center of the crank
pin are brought into the same plane. By now placing the shaft
on the offset centers, the center of the crank pin falls in the
center of rotation, and by means of a long tool that will reach
the pin through the throat of the crank, it is readily turned.

A sufficient counterweight should be placed on the face-plate
opposite the shaft to balance it and thus make the lathe rotation
smooth. As it is not possible to use a center rest on work of
this kind, and as danger of springing the shaft is great, consider-
able care must be exercised in turning the pin. In turning the
shaft, a center rest can-be used. It is usual to place a block
firmly in the throat opposite the ends of the shaft to prevent
springing the arms together. The finishing cut should be a
light one taken with the block removed and the centers very
lightly adjusted, thus insuring a true running shaft when com-
pleted. Eccentric turning comes under exactly the same head.
The center of the eccentric, however, usually comes inside th¢
bore and the offset centers can therefore be placed in the mandrel
itself.

When a number of crank pins are to be turned, a face-plate
fixture and floating tail center offset, as shown in Fig. 338, proves
a very efficient tool. The shafts are all turned to the same diam-
eter, which should be enough over size to allow for a finishing cut
after the pins are finished. As the shaft is firmly held in the
long jaw, a much heavier cut can be taken over the pin than when
held as shown in Fig. 337. The tail offset carries an eccentric
or floating center which can be adjusted to the tail center and
clamped in position.

In screw cutting between centers the proper change gears are
adjusted on the lathe to give the required pitch, as described in
Chapter XIII. The cutting tool is firmly clamped in the tool
post with its center line at right angles to the axis of the work.
The center gauge, shown in Fig. 97, may be advantageously used
for setting the tool. The height of the tool should be such that
its top face lies in a radial line drawn from the center of the worl:.
If set above or below this position the angle of the thread cut
will not correspond with the angle of the tool, nor will the sides
of the threads be straight. The nut is next closed onto the
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After each cut over the work, it is necessary to draw the tool
out from the cut before reversing the work for returning the
tcol to the point of starting. This is due to the back lash in the
long train connecting the tool and spindle. The tool should be
carried slightly beyond the point of starting in order that the
back lash will be taken up by the time it enters the cut. If it
become necessary for any reason to remove the tool from the
tool post before the thread is completed, great care must be ex-
ercised in resetting it. The lathe should be run forward one or
two .revolutions, which takes up the back lash and starts the
carriage forward, after which the tool can be set to the groove
already cut. After the thread is started, the driver should not be
removed, and if the work is removed for testing, it is necessary
to put it back on centers with the dog or driver engaging the
same notch in the face-plate. For this reason it is preferable to
use for threading a small single-notch face-plate. If the work
is long and springy, the follow rest B, Fig. 331, should be used to
support it. '

In cutting double threads it becomes necessary after the first
thread has been completed to advance the cutting taol an amount
equal to one half the pitch, as shown in Fig. 339. This may
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FIG. 339. FIG. 340.

readily be accomplished as follows: In lathes where the ratio
between stud and spindle is one, mark a tooth on the stud gear
and the corresponding tooth-space on the intermediate gear.
Drop the intermediate gear out of mesh and turn the spindle until
one-half of the number of the teeth in the stud gear have passed
the marked space on the intermediate gear. Throw the gears
into mesh and proceed with the cutting. It is, of course, neces-
sary that the stud gear have an even number of teeth in the above
case. If the ratio between stud and spindle is other than ome.
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the stud gear must be rotated an amount proportional to that
ratio. The better and more convenient method, however. is to
have milled notches in the face-plate accurately indexed. Re-
move the wor!- and place the tail of the dog or driver in the
notch diametricall: opposite the one in which it was while the
first thread v.as being cut. For triple and quadruple threads the
above methods are equa'ly applicable. '
As the common thread-cutting tool cannot be given any top
rake it is not free cutting. The strain upon it is consequently
great, and it at once hecomes a hard tool to keep sharp and in
proper condition. When the lathe has a compound rest the tool
shown in Fig. 340 may be used for cutting V threads. The con-
pound rest is set at 6o degrees with the axis of the work as shown
in Fig. 341, and the tool set with the thread gauge in the usual
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FIG. 341.

manner. The tool is given top rake and cuts a clean chip from
the end a, it being advanced to the work by the compound slide.
For cutting square threads, the tool used resembles a cutting-
off tool with the plane of the blade set at the angle of the pitch
of the thread, as shown in the end view, Fig. 342. The amount
of this angle varies for all pitches and diameters, but the side
clearance is usually sufficient to allow some variation in diameters
without changing the center angle.
For all classes of work on center it is very important that the
centers be kept true and smooth.  They are turned in the head-
indle to the correct angle, tempered and ground.  The tail or
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dead center is ground first and the live center is then ground in
place, and preferably not removed from its bearing after grind-
ing. The live center should be marked close up to the nose of
the spindle with a corresponding mark on the spindle, thus mak-
ing it possible to always put it back in the same position.

Before putting centers into their bearings, both surfaces
should be carefully wiped clean and dry.
> In Fig. 343 is shown a form of lathe center that can be very
easily kept in shape without excessive grinding.

In most threading work on the lathe the nut is not opened
from the lead screw after the thread is once started; the lathe
after each cut being reversed and the tool run back to the be-

FIG. 342
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FIG. 343.

ginning of the thread. When the thread is a long one much time
is lost by following this method, and the nut should be disengaged
and the tool moved quickly back to the beginning of the thread.
In all cases where the number of threads per inch being cut is a
multiple of the number of threads per inch on the lead screw,
they may be cut simply by engaging the nut at any position on
the screw; thus, if the lead screw has six threads per inch, 6.
12, 18, 24, 30, etc., threads per inch may be cut by catching the
thread at any point, it being impossible to catch the tool in any
position other than the right one. The reason for this is evident
from the following consideration. Assume the carriage and tool
in the correct position and the nut engaged, the lead screw having
say six threads per inch; if now we open the nut and move the
carriage in either direction, the nut cannot catch until the cat-
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riage has moved a distance equal to the pitch of the lead screw
or a sixth of an inch. For six threads this of course catches
the next thread: for twelve threads it misses one and catches
the second; for eighteen it misses two and catches the third, etc.

For threads of which the number on the lead screw is a mul-
tiple, as 1, 2 and 3 with a six-pitch lead screw, the nut can readily
be caught by inspection. Thus, if cutting one thread per inch the
nut will catch exactly right on every sixth thread; in cutting two
threads it catches on every third thread, and in cutting three on
every second thread. Inspection must determine whether it has
caught the right thread before setting the tool into the cut.
Other threads, as 8 or 10, may be caught by inspection: thus on
the six-thread lead screw, moving the nut three threads moves

FIG. 344.

the point of the tool 14 inch, which just catches the fourth threal
on the ecight-thread work, or the fifth thread on the ten-thread
work. Ifor any pitch other than those for which the above is ap-
plicable set the tool for the cut slightly beyond the end of the
work and mark the position of the carriage in any convenient
way. A stop clamped to the bed against which the carriage may
be brought is very convenient. Next mark the face-plate anil
note the position of this mark with reference to some fixed point
on the lathe. After cach cut open the nut, move the carriage to
the stop and bring the face-plate to the mark, when the nut can
be engaged with the lead screw, all parts being in the same posi-
tion as when the thread was started.

It is frequently desirable to run a rough or cored hole on the
dead center.  This would quickly cut the center and ruin it for
accurate work until reground. The hole in work of that char-
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manner or by allowing it to rotate free of the centers and oscil-
lating it by means of a wrench or lever. These latter methods
are slow and require an extra workman.

An ingenious lathe attachment for backing off the teeth of
milling cutters is shown in Fig. 347. In a device of this character
either the tool or the work must be given a slight in-and-out mo-
tion for each tooth on the cutter being relieved. In the case
shown, the tool is held in the tool post and advanced to its cut in
the ordinary manner. The mandrel A of the attachment has its
centers slightly eccentric, the amount of the eccentricity being

FIG. 347.

enough to produce the desired amount of relief on one tooth
of the cutter if mounted directly on the mandrel. The arm L
is secured to the mandrel and driven from the face-plate by the
carrier D.  The sleeve B, which carries the cutter being operated
upon, revolves freely upon the mandrel. The gear b is secured
to the sleeve and the gear a is loose on the sleeve, and is heid
from rotating by the arm d which is sccured to it and rests upon
the top of the tool: c is a pinion carried loose on the stud D and
gears with a and b. Gear b has a smaller number of teeth than
a, and as a does not rotate, the rotation of the pinion ¢ around a
advances b and the sleeve and cutter a certain fixed amount at
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cach revolution of the mandrel. The geared ratio is such for
any given number of teeth in the cutter that the advance per
revolution is exactly equal to the circular pitch of the teeth in
the cutter. The turning is such as to bring a tooth to the tul
when the center of the mandrel is farthest from the tool, thus
giving the relief as the tooth advances to the tool. It is evident
from the above that the space between the teeth must be at least
cqual to the length of the tooth. As this division of space anl
tooth in relieved milling cutters is not usual, it is necessary to
allow the cutter blank to stand still while the mandrel is moving
through a part of its revolution.  This is accomplished by making
the circular pitch of the teeth on about one-half the circumference
of b equal to that of the teeth on a and the teeth on the balance
of I of somewhat greater circular pitch.  For that portion wher:
the teeth are the same on a and b, the pinion simply turns arounl
both and the sleeve remains stationary.  During the balance of
the  revolution, however, the sleeve will advance an amount equal
to the circular pitch of the cutter’s tooth.

With the regular tools and feeds on the engine lathe, plane,
cylindrical and conical surfaces are readily machined.  If the sur-
face is spherical or of irregular outline, a forming toolor some
special attachment must be used on the lathe to produce the n-
quired outline.  If the work is of circular section, the forming
tool can usually he used to excellent advantage, as illustrated in
IYigr. 348, In this case the tail-stock cap shown in the figure is
first chucked, hored at A, faced at B and threaded at D. It is
then placed on a threaded mandrel and driven on the centers.
The forming tool I, which is secured in the ordinary tool-post,
forms the bead and is set in until the proper diameter at F is ob-
tained.  The tool G, held in like manner, forms the hub anl
rounded end of the cap, the tool being set in until the diameter
at H is equal to that at .\ common tool is then used to pro-
duce the evlindrical surface 1. If the length T is short it would
be possible to combine the two forming tools into one.  As the
cutting edge is a long one it is, in any event, desirable to rough
off the scale and true up the casting before applying the forming
tools.  This can he done by operating the regular feeds by hand.
IT the work does not run true when the forming tool is set to the
cut, it will be difficult to produce satisfactory results, as the
spring of tool and work will vary at different points in the revo-
lution.  The length of cutting edge that can be emploved de-
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pends in any case upon the stiffness of the work and the rigidity
of the lathe in which the work is to be done. Another illustra-
tion of this system of forming is shown in Fig. 349. Here the
rim of a hand wheel rounded by the forming tool is shown. 1f
the section of the rim is a full circle, as at A, two settings of
the tool are required, one of which is illustrated in the figure. It
is here even more important than in the example shown in Fig.
348 to first rough the stock until it runs true, as the heavy cut of
the forming tool will otherwise spring the work so that it will
not run true when finished. For roughing out the rim a side-
cutting tool can be used to good advantage, setting it at different
angles to produce a section similar to that shown in the figure at
B. If the tools are carefully made and kept in good condition,
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FIG. 348. FIG. 349.

very satisfactory results can be obtained upon a wide range of
work, similar to the above examples.

The tools should be so made that they can be sharpened Ly
grinding from the top surface. If the tool is carefully made
and the scale removed from the stock, it will do a larger amount
of work before dulling materially. Forming tools of this char-
acter are not expensive to make, and, when any . considerable
amount of similar work is to be produced, will pay for themselves
very quickly.

The tool shown in Fig. 349 may be used for turning balls from
stock held between centers or in a chuck, a- " Fig. 350.
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If the stock is held in the chuck, the ball will not be disfigured
with the center bearing. A small tip will, however, remain where
cut from the body of the stock. In forming balls in this manner
it is necessary to caliper the diameter carefully, advancing the
tool only far enough to produce a true sphere. This method
will be found very convenient in the forming of balls on the ends
of handles, the ball in such cases not being cut from the body of
the stock. and perfect spheres not being necessary. In Fig. 351
is shown a simple ball-turning device. The shank of the cutter
holder is round and fits in a suitable bearing which is clamped
to the tool block. On the outer end of the shank is secured a
longr lever or preferably a worm and gear mechanism for rotating
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FIG. 350. FIG. 351.

the cutter head and tool to the work. Although a truer sphere
can be obtained with this device than by the use of the forming
cutter shown in Fig. 330, the surface will not be as smooth as
with the latter. The more elaborate device shown in Fig. 352 is
better adapted to the turning of larger balls than either of the
methods above referred to. While this attachment can be pro-
vided with a shank and held in the tool-post, it is much more
rigid when secured directly to the tool-block or.in the place of
the compound rest. The construction of the device is clearly
shewn in the figure. In order to produce a true sphere the cen-
ter of rotation of the cutter-carrving disk must be exactly under
the center of rotation of the work, and the distance of the point
of the tool irom the center of rotation then determines the sediim
of the ball. By sctting the tool with its point past the .
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the disk and bringing the center of the disk back from the center
of rotation of the work a concave section can be produced in the
work, the character of the section depending upon the relative
position of centers and tool point. With work held in the chuck
and the center of the disk under the center of rotation of the
work, it is possible to produce on the end of the work either a
convex or concave surface depending on whether the point of
the tool is back or ahead of the center of rotation of the disk.

A convex or concave surface can readily be turned with a tool
held in the common compound rest, the only difficulty being in
the control of the feed. When the cuts are light, however, satis-
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FIG. 352. FIG. 353.

factory results can be obtained by moving the rest by hand, hav-
ing its clamp bolts tightened just enough to steady the motion.

In cases where the outline is irregular and too long to be
conveniently produced with the forming tool, a common tool
may be made to do the work, its motion being controlled by a
guide having the same outline as the one desired and controlling
the tool on the taper-attachment principle. The general arrange-
ment is shown in the top view of a lathe carriage, Fig. 353. In
this case the slide is disconnected from the cross-screw. B B is
the guide which is secured to the bed of the lathe and independl-
ent from the carriage. The finger A is secured to the slide anil
bears against the guide B B. A cord C is attached to the side,
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passes over the pulley D and carries the weight W which serves
to hold the finger A to the guide at all times. The point oi
the cutting tool must travel with the finger A, and, tracing the
outline of B B, produce the same outline on the work. In this
arrangement the tool is usually set to the work by adjusting it
through the tool-post. A threaded adjustment in the finger A
makes a good adjustment for the finer tool settings. This methol
is applicable only when the cross-section of the work is round.
If an irregular cross-section is required, a different arrangement
involving the use of a pattern or dummy is generally emploveil.
The dummy is a pattern of the same cross-section as that re-
quired on the work, and is mounted either on the same axis as
that of the work rotation, or on a separate axis so geared as to
make the same number of revolutions as the work, When the

FIG. 354.

work is short and both it and the pattern can be mounted on the
same axis, the former method is, owing to its simplicity, prefer-
able. In Fig. 354 is illustrated the former method. As in Fig.
353, the cross-feed screw is disconnected from the cross-slide and
a weight provided for holding the finger against the pattern B,
which rotates with the work. A second tool-post, back of the
one carrying the finger, holds the tool that operates on the work.
[t is cvident that the motion of tool point and finger is the same
and that the outline of the work will be the same as that of the
pattern. If the two tool-posts cannot be set sufficiently far apart
to allow for the required length of cut, the finger can be carried
on a suitable bracket secured to the side of the tool-block. It is

ite possible by careful adjustment to start the cut with the use
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of the pattern, and allow the finger to lead from the pattern on to
the work, thus enabling a long cut to be made with a short pai-
tern. A careful readjustment of the finger is required for each
cut in this case. It is not necessary that the pattern be of the
same size as the work section, as it is frequently desirable to
make it of a different size.

It is quite possible to adapt the method of Fig. 354 to internal
work. In Fig. 355 the work is secured on the tool-block and the
pattern on the boring bar. In this case the work moves with the
pattern instead of the tool. The example shown illustrates the

FIG. 355. FIG. 356.

method of boring an elliptical hole. By using a movable hea:l
boring bar a thin pattern is all that is required. As a wide range
of patterns can be used many forms of cams can be produced by:
the above method.

The same method shown in Fig. 353 is applicable to face
work on stock held against the face-plate or in the chuck. In
this case the weight is placed at the end of the bed, the guide is
secured to the cross-slide and the finger to the tail-stock, all as
shown in Fig. 356. Many outlines can readily be produced in
this manner. The tool is operated by the regular cross-feed
mechanism. :



CHAPTER XVIIL
N FACE-PLATE, CHUCK AND CARRIAGE.

of the work done in the lathe may be classed
it comes under the following classifications:
center rest. carriage. face plate and chuck work. An example
i a twring operation under the first class was shown in Fig.
333. .3» wors of thiz kind is usually performed on solid stock,
a hle mudan first be drilled sufficiently large to allow the boring
tesl W enter.  The driliing of this hole can be done to good
a:lvantaze in the lathe by using a twist drill held on the tail
center.  The taper shanx drill with holder, shown in Fig. 357, is
best suttad 1o this work as it clears itself readily of the cuttings
and the hlider prevents injury to the shank. In no case should
the raper shank «rill be held by a dog secured on the shank, as
it 1> quite certain to slip and injure the tool. If a dog is to be
used at all for thic purpose, it should be in connection with a
straight <hank driil provided with a flat spot on the shank for the
set-serew of the deg to seat upon. When considerable drilling
ot this kind 1s to be done in a lathe, it is advisable to have a set
of Jdril! sockets ntted to the bearing in the tail spindle.  This
not only makes a more satisfactory method for holding the drill,
but overcomes the danger of the dnill drawing off the tail center
and being bent or broken by the cramp it would receive due to
the single-handled holder.

When holes of a considerable depth are to be drilled in this
manner in steel, it is difficult to properly lubricate the cutting
edges of the drill, and often the work and tool begin to heat and
the cuttings to fill up the flutes.  The drill must, therefore, be fre-
quently removed for oil and cleaning.  These difficulties are al-
most wholly overcome by using the oil tube drill in places of
this kind, as it provides for a constant and liberal supply of oil
at the point, which not only improves the cutting and clear-
ing of the chips, but carries away the heat of friction and thus
enables the crowding of the drill to its full cutting capacity. As
in this class of drilling the drill does not rotate, a common socket
can be used in connection with the oil tube drill, it being simply
weessary to tap for a small gas pipe connection in the side
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of the socket over the supply hole in the shank of the drill. In
an operation of this kind the important point is to get the drill
started true. If the work has been centered for other operations
previous to the drilling, this center forms a seat for steadying
the point of the drill in starting. Even though this center runs
perfectly true, it cannot be relied upon for starting the drill true.
It is, therefore, necessary to steady the end of the drill in a di'f-
ferent manner. In Fig. 358 is shown a common method. The
steadying tool, which is held in the tool post, is made to bear
against the front side of the drill, as close to the point as pos-
sible. The drill should be held so that one lip is on the back
side of the work surface or opposite the steadying tool. As
the cut is started, the drill is crowded slightly back of the center,
making the one lip do all the cutting. This makes it virtually a
rigid boring tool that cannot sway and produces a surface con-
centric with the axis of rotation. Just before the drill begins to
cut a full diameter hole, the steady tool should be backed away
and the point of the drill left free to follow the center of rotation.
If this work is carefully performed, it is possible to start a drill
almost exactly true. When the surface into which the drill is to
enter is plane, the centering tool with flat drill point shown in
Fig. 359, and held in the tool post, is used. It forms a good seat
for the drill to start in.

For uniformly true and central holes the drill cannot be relied
upon, and its use in the lathe is comnfined almost entirely to the
opening up of the work previous to using a boring tool. For
example, if a 1-inch hole is required in a piece of work held on a
face plate or in a chuck, a 1-inch drill could not be depended upon
for anything like a satisfactory result and a 63-64-inch drill fol-
lowed by a 1-inch reamer would be almost as bad. The only
correct way in such a case would be to first use, say, a 15-16-inch
drill which would remove most of the stock and allow a boring
tool to enter. It can then be bored with the boring tool to the
proper diameter or, if it is to be finished with a reamer, it should
be bored to within about 1-100 of an inch of the exact size, which
trues the hole perfectly previous to the reaming. The reamer
should be held on the tail center, which latter must be exactly

central. If the ‘s nffset, a tapered hole will necessarily
result.
The s ‘ng up previous to boring de-

pende T# the finished hole is to
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desirable, inasmuch as they must be somewhat more than twice
the length of the bore, while, with the latter, a length but slightly
greater than the bore is all that is required.

In Fig. 360 is shown a plain boring bar of the former type.
The cutting tool may be of flat steel secured in a mortise through
the bar by suitable wedges, or it may be, as shown in the figure,
of round steel, fitting nicely the hole through the bar and secured
in position by a set-screw which seats on a flat spot filed on
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FIGS. 361 AND 362,

the tool. The set-screw should have a smooth, flat point so that,
when moderately tightened, the tool can be driven under it in
adjusting the cut. This class of boring bar is suitable only on
work secured to the carriage, as the work must be given the feed
over the cutting tool. In Fig. 361 is shown a traverse head
boring bar. A tool-carrying head fits nicely upon this bar. It is
splined to receive the ki - secured in the head. The
feed or traverse of the ! :d by means of a screw
usually driven by a s 1. By substituting for
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the star a spur gear on the screw and gearing this with a pinion,
keyed on the lathe center, a smooth, steady screw feed results,

When the bar is of large diameter as compared with the head,
the screw can be dropped into a suitable spline, thus getting it out
of the way and protecting it from injury. Boring bars of mod-
erate size are preferably made of a medium grade of tool steel,
as this is much stiffer than mild steel. For large bars, mild steel
or cast iron is suitable.  When cast iron is used, the ends should
be plugged with steel to receive the centers, as the cast iron wears
too rapidly to retain an accurate center bearing. Movable head
boring bars, in which the head is traversed by means of the regu-
lar carriage feed, can be used to good advantage in cases where
the bar remains stationary and the work rotates. In Fig. 362 is
shown a movable head bar of this class operating upon a cylinder
sccured to the face plate. The bar carries a long sleeve, one
end of which terminates in the cutter. A dog or wrench secured
to the outer end of the sleeve prevents it from turning and the
tool post bearing against the arm of the dog transmits the regu-
lar carriage feed to the tool. By off-setting the tail center as
shown by the dotted line, a tapered hole results which will be
larger at the inner end of the bore, with the tool set as in the
figure, but if the cutting tool is set at 180 degrees from the posi-
tion shown, the bore will be larger at the outer end, as indicated
by the dotted lines.

Unless the character of the work is such as to enable its outer
end to be run in the center rest when the bore is long, rotating
the work is not satisfactory, as its outer end is too far from the
lathe spindle to be sufficiently rigid.  When the work is clamped
to the carriage, it is alwavs preferable to feed the cutting tool
rather than the work as the carriage can then be clamped rigidly
te the bed. This insures a more accurate bore as the carriage,
unless very closely gibbed, will lift on the up cut of the tool.

In Fig. 303 is shown a movable head bar operating upon a
cylinder clamped to the lathe carriage. In this case, off-setting
the tail center as the bar rotates will not enable the boring of a
tapered hole. The tapered hole, however, can be obtained by off-
sctting one end of the boring bar as shown dotted in the figure.
If desired, the offset can be put on the bar itself, in which case it
can, as shown in Fig. 304, be offset at the tail center end. By
making the center hearing adjustable, as shown in the figure, any
desired taper within the limits of its adjustment may be obtained.
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In boring work, it is very important to see that the work is prop-
erly secured on the carriage, face plate or in the chuck. It
must be held sufficiently rigid to prevent its working loose and,
at the same time, must not be sprung out of shape as, in such
cases, when finished and removed from the lathe, it will be found
out of true. In straight cylinder boring, more than one cutting
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FIGS. 363 AND 364.

tool is usually employed as a single cutter springs the bar, thus
requiring very light finishing cuts to produce satisfactory results.
Three cutters steady the bar nicely, especially if care is exer-
cised in setting the cuts about equal. A tool for finishing should
not follow a roughing cutter, inasmuch as all the springing of the
roughing cutter, due to its unequal work at different points of
the bore, will be trapsmitted directly to the fit == and
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of this kind a set of special jaws could be used in the standard
chuck. They would not be as convenient, however, as the special
chuck. _ .

It is psually best to chuck work from the outside rather than
from the inside, as the danger of breaking is less. When the
work is light, and it must for the roughing cuts be chucked
firmly, it is certain to be somewhat distorted. In such cases the
chuck jaws should be eased off slightly before taking the finishing
cut. Small pulleys, gear blanks, etc., should when possible be
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FIG. 366.

chucked on the hub. When so held and properly bored and
turned, the finished work will run true. If the rim of the blank
or pulley is heavy, as is the case with balance wheels, it should be
chucked out upon the inside of the rim, setting the chuck jaws
as close to the ends of the arms as possible. This allows the
tool to be brought to operate upon the entire rim surface as well

as upon the bore. Ur -~ wing light rims, and too large
it; diameter to chuck ers, as shown in Fig. 367,
secured to the fac n the pulley arms near

the rim, fom
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When the work has a reamed bore upon which it can be
finished, a split chuck can be used to excellent advantage. Sy
a chuck for smaller diameters is shown in Fig. 368. The tape
shank fits the center bearing in the head spindle. The nose
drilled, tapped and split, as shown. A tapering screw fits th
threaded bore, and when screwed in, expands the chuck enoug

AW

- —-

FIG. 367.

tc grip in a close-fitting bore. These chucks should be tempered
and ground perfectly true. Their advantage over a hardened
mandrel on this class of work lies largely in the convenience in
putting on and removing the work and in the ease with which
the cutting tool may he brought to the edge of the bore without
fear of running into the mandrel.

Nearly all turret machine operations are upon chucked work.

F1G. 368.

T1. the case of work upon bar stock some form of universal chuck
iv always used. The stock is of comparatively small diameter
and the tools that operate upon it are brought successively into
action, cither by hand or automatically. A pointing box tool bevels
the end; a roughing box tool passes over, taking the bulk of the
stock ; the finishing box tool reduces to exact diameter; the die
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threads it, and the cut of slide with an inverted tool in the back
“holder chamfers the head, after which the tool in the front head
cuts it off. For this class of work on steel a copious supply of
thr ead-cutting oil must be constantly applied to the tool.

For bar work a comparatively small assortment of tools may
be made to do a very wide range of work, but with turret ma-
<hi nes operating upon cast work, this is not usually the case, as
each particular job usually requires its own special tools. Boring
ire the turret lathe is usually performed with a bar having a pilot
Proint and carrying suitable cutters, as shown in Fig. 369.

A suitable bushing in the nose of the spindle steadies the pilot
<emnd of the bar. A roughing cutter is used to remove the heavy
Stock, and this is followed by a sizing cutter in a second bar, or if
the distance from the inner end of the bore to the nose of the
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FIG. 369.

spindle is sufficient, a sizing cutter may be used in the first bar.
It should be so located that it does not start its cut until after
the roughing cutter clears the work, as otherwise the spring of
the roughing cut will affect the truth of the finishing cut. It is
usual to finish the hole to exact size with a reamer, carried also
in the turret.

The above is a job for a plain turret lathe. If face surfaces
are to be machined, and the number of pieces required will war-
rant making the tools, a facing cutter may be used as shown in
Fig. 370. The hole having been reamed to size in the work, the
pilot bar P steadies the work while it is operated upon by the
face cutter C, which is secured in a heavy cast head I, which in
turn is bolted to one of the flat faces of the hexagon turret.
Heavy spindle power is required to drive cuts of this character.
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end milling cutter or a short boring bar. The outer end of the
spindle carries the gear B gear C meshes with B and is carriel
or a radially adjustable stud. Gears B and C should be maile
to interchange or even be replaced by others, and thus provide
tor changes of speed on the spindle. The driving pulley E s
carried loose on a suitable stud D, which clamps over the nose of
the tail spindle. A pair of universal couplings with a telescp |
ing shaft connects £ and C and transmits the power. In th
operation of this attachment belted power is transmitted t F
and to the regular lathe feeds used for advancing the cutter to
the work. The face plate must be blocked to prevent the work
from turning.  In IMig. 374 is shown a satisfactory methad of
blocking the face plate and, at the same time, of providing an
adjustment for accurately locating the position of the hore, An
attachment of this kind will frequently be found quite valuabi

FIG. 374.

as. for example, in the boring of a crank disc for shaft an!
crank pin, the attachment bhoring the hole for the pin with rex
sonable certainty of getting it parallel with the bore for the crank
shaft.

Fig. 375 serves toillustrate a class of attachments that can be
advantageously used for performing milling operations on the
lathe,  The attachment shown is secured to the tool block in the
place of the tool post. The construction is such as to provide
tor suitable vertical adjustment, and the milling cutter to be used
i< carried on an arbor held between the lathe centers. The attach-
tent shown is suitable only jor light milling operations, as it is
not sufticiently rigid for heavy work.  .\n attachment constructed
along the same lines and attached to the carriage in place of the
eross=slide can be made sufficiently rigid to enable heavy work
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- to be done upon it and will, in the absence of a milling machine, be

" found a most useful device.

] The boring of spherical sockets can readily be accomplished
by means of the special attachment shown in Fig. 376. The
small gear is mounted on the flattened end of a stub center which

¥IG. 375.

FIG. 376.

is fitted to the tail spindle bearing. The cutting tool is secured
in the face of this gear and the gear caused to rotate by means
of the rack which is carried in the tool-post and actuated by the

regular cross-feed on the lathe cutting edge of the tool
must be set at the height e
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When a piece of work is to be externally turned to fit a certain
hole or hore the character of the fit must be specified as a working
fit, which may be close or easy; a driving or forced, or a shrink
fit. The working fit indicates that the one moves over the other,
cither by sliding or by rotation, and the niceness of the fit will
depend on the accuracy required and the means of producing
perfectly cylindrical surfaces. In all working fits the difference
in diameter of cylindrical surfaces must be enough to allow a thin
film of oil to cover the surfaces. When very accurately formed
the difference in diameter can be extremely small and a perfect:
working fit maintained. 1f, however, the surfaces are not per-
fectly true and smooth more allowance must be made, as other-
wise the motion of the one upon the other produces heat, which
usually causes unequal expansion and consequent locking of the
two parts, the lubricant being forced from the surface. If slid-
ing or rotation is forced under these conditions, the surfaces will
scize and abrasion occurs.

The larger the diameter the more allowance must be made
for proper working fits. For small spindles accurately surfaced
.00025 to .0o1 inch is sufficient, while with larger sizes from .005
to .ot inch must be given,

Driving and press fits are those in which the shaft or plug
is finished slightly larger than the bore and forced into the bore
by driving or by pressure. On small work the operator usually
depends upon his judgment as to the proper allowance. A differ-
ence for each inch of diameter of the work of from .0or1 to .003
usually covers the range from medium to heavy forced fits.
Shrink fits may be conveniently made on work of small or large
diameter, as they involve only a means for heating up the ring
or bore an amount sufficient to enlarge it, by expansion. enough
te allow the shaft or center to enter casilv. Driving fits are
adaptable only to comparatively small diameters, as a hammer or
sledge is usually employed to drive the parts together, while
the forced fits involve some form of powerful press. Forced
fits also are adaptable to comparatively small diameters ; thus, the
driving axle of a locomotive is forced into the hub of the driving
wheel, but the tire of the wheel is always shrunk onto its center.
It making forced fits the surfaces are coated with oil, which is
of course not done in shrink fits,

In making a forced fit there is a tendency to swage the metal,

ile with the shrink fit the bore closes squarely down upon the
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center. The strains produced in either case are enormous. With
a press fit it is very important that the parts come together
squarely. With a shrink fit the bore usually expands enough to
allow the shaft to enter freely. The correct placing of the parts
together must be quickly done, as otherwise they will lock. Should
the spindle fail to enter readily or stick before it is in the proper
position, it must be instantly driven out. This may result from
having allowed too much for the fit or from not heating the ring '
a sufficient amount.

Forced fits being made with oil on the surfaces, which lubri-
cates and preserves these surfaces, make it possible to remove
by pressure the spindle when desired. With shrink fits this is not
always possible, the surfaces are not lubricated and frequently the
bore is heated an amount sufficient to cause a scale of oxide to
form, which so roughens the surface that it clings firmly. If
the bore is small the shaft can usually be moved by heating the
ring and forcing under a powerful press. The shaft should be
kept as cool as possible while the ring is being heated by appli-
cation of cold water as close to the ring as possible. Care and
judgment must be exercised, and even then the surfaces are
quite certain to be injured by abrasion. When the work is of
large diameter and the center can readily be kept cool as with
the locomotive driving wheel the ring can be heated until it
drops off from its own weight.

From the above it will be noted that for work of large
and medium diameter the shrink fit is most applicable and for
work of smaller diameter the forced fit is best. In fact on small
diameters where there is any likelihood of ever wishing to separate
the parts the shrink fit should not be used.
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through on a coarse feed. This tool should have a broad cutting
edge, very slightly rounded in its length; should be ground with
very little clearance and stoned true and smooth. Its cut should
be a light one and the cutting speed well within the safe limit ir
the steel employed.  The object of the coarse feed is to dis
tribute the cut over a greater length of tool edge and to periorm
the work with the fewest number of revolutions possible, thus re-
ducing the wear on the cutting edge to a minimum and produc-
ing a parallel bore.  \Where a number of bores are to be finished
to approximately the same diameter, it is advisable to have the fin-
ishing tool set in an independent head which can be substituted
for the regular head.  This virtually corresponds to a reamer and
makes possible very close duplication of hores.

The end of the cvlinder is next faced with the facing head
shown, and if desired the holes for the cylinder head studs may
be drilled and tapped by operating the cross and vertical table
adjustments and using a drill and tap in the main bar. Whee
a number of cevlinders are to be bored it is usually found more
ceconomical to do the drilling and tapping in a smaller machinc.



CHAPTER XX.
PLANING AND SHAPING MACHINES.
Thetr Tools and Attachments.

The planer and shaper, with their modifications the slotting
machine and key-seater, constitute a distinct class of machine
tools, the office of which is to machine plane and irregular sur-
faces that can be most readily machined by a straight-line cut.
Although a considerable amount of work that, until a few years
ago, was classed as planer and shaper work has been turned over
to the milling machire, there still remains a very wide range of
work that must continue as planer and shaper work. These tools
bear to the machining of plane surfaces practically the same re-
lationship that the lathe does to the machining of round work.
The cutting tools used on the planer and shaper are practically
the same as those used on the lathe, and the general principles in-
volved in the operating of the machines are quite similar.

The planer and shaper, although used on the same class of
work, differ materially in design. In the planer the work moves
to the tool, while with the shaper the tool moves over the work.
In the planer the vertical and lateral feeds are given to the tooi,
while on the shaper the lateral feed is usually given to the work,
the vertical feed, however, being given to the tool. In what is
known as the traverse head shaper, both feeds are given to the
tool and the work is held perfectly stationary.

In Fig. 388 is shown a standard modern planer. The bed is
deep and heavy with the work table moving in inverted vees.
The housings or uprights are secured firmly to the bed and cross-
tied at the top. The cross rail is gibbed to the front of the hous-
ings and carries the tool head. The cross rail is adjustable verti-
cally, being operated by the two elevating screws, by hand on the
smaller machines, and by power on the larger ones. On the large
machines, two heads are frequently used on the cross rail and one
on the face of each housing, thus enabling several cuts to be
taken on thie work at the same time.

The important featuresof the planer are its table driving mech-
anism including reversing gear and the mechanism for operaxing
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-gear drive. The rack A is secured to the bottom of the table.
The gear B meshes with the rack and is driven from the pul}ey
‘C through the gear reductions E F and B H. D and I are loose
pulleys carrying belts that run in opposite directions. When the
belt running in the direction of the arrow is on the pulley C the
‘table and work niove toward the tool, and when the reverse belt
is thrown upon C the table moves the work away from the tool.
The backing belt is usually driven at about four times the velocity
of the forward belt, thus giving the table what is termed a quick-
return motion. The object of this is to get the table and work
back and ready for another cut with the least possible loss of
time. As applied to the planers by different makers, this mech-
anism differs somewhat in its arrangement, but in all cases is a
simple geared reduction.

The reversing mechanism differs materially on the various
machines. That used by the Gray Company on the planer shown
in Fig. 388 illustrates one of the simpler methods. As quite
clearly shown, the belt-shifting rings are attached to a pair of
arms controlled by cams. The dogs, which clamp to the side of
the table at any point in its length, engage the shipper lever on
forward and return strokes, through the connecting rod, and
move the cam plate and belt arms. The motion is such as to
cause the belt driving to be shifted from the tight pulley before
the other belt is shifted on, thus preventing both belts from get-
ting on to the tight pulley at the same time. As these belts must
be shifted very quickly and, when the table is making short
strokes, very often, it is quite necessary that the belts be narrow
and run at a high velocity. These belts will not shift properly if
run too tight, and should always be of the best grade of double
leather belting in order to stand the wear and pressure on the
-edges. As it is frequently necessary to run the work out from
under the tool to take measurements, and it is not desirable to
change the position of the dogs, the shipper lever is provided with
a trip stop which can be raised, to allow the dog to pass over
without changing its position. The planer cannot be depended
upon to stop its table at exactly the same place each stroke. This
variation may arise from changes in the pressure of the cut, but
more frequently from changes in the speed of the belts, thus vary-
ing the time in which the inertia of the rotating parts is over-
-.come each time the belt is shifted.

In Fig. 390 is illustrated a planer with a spiral geared ot
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snake, should give the full feed adjustment for each stroke. In
Fig. 388 the arrangement shown is simple and effective and in
modified forms is largely used by the different builders.

The head which operates the feed is driven by the extended

FIG. 39T.

pinion shaft, the arrangement of parts being as shown in Fig.
392. The disc A is secured to the shaft and consequently ro-
tates with the pinion, right or left handed rotation depending
upon the direction in which the table is moving. The disc car-
ries a casing B and cover C, the cover being held to B with the

FIG. 392.

three studs D D D and against the friction washers E and F with
a uniform pressure by the spiral springs under the nuts on the
studs. If the casing is relieved, it and the cover C, together with
the wrist pin G, rotate until the casing is again held. In the back of
the casing is a slot H into which the stationary pin I extend
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The length of this slot is determined by the amount of casiy
rotation required.  In action, the table starts on its stroke: I
and G rotate until 1 strikes the end of the slot H and the rak
has Iwen moved up or down, depending upon which side of the
center the pin G is. \s the table continues its stroke, the dise
A\ slips between the washers E and I, and G remains stationan.
When the table starts on its return stroke, 2\ rotates in the opp-
site direction, carrving with it B and G until the pin strikes the
other end of the slot, the rack having received motion in the op-
posite direction to that given on the forward stroke. Thus the
rack is moved up and down once each time the table moves for-
ward and hack, and the amount of the rack motion depends upon
the distance B is from the center and is independent of the length
of the table stroke. .\ pinion X

gears with the rack and through

T a shaft carries the gear A, Fig

' - ’ 393. Gear B rotates free on the
shaft, gears with C, and on i
face carries the double pawl D.
1f the lower foot of this pawl, as
it stands in the cut. is thrown
in, 1t slips on the up stroke oi
the rack, but drives the gear b
in the direction of the arrow on
the down stroke.  If the upper
foot is thrown in it slips on the
down stroke and carries gear I}
in the opposite direction, the direction of feed being reversed.
It is evident that with the wrist pin G, Fig. 392, on the same sile
of the center, the feed oceurs at the beginning of the forward
stroke when the feed s inone direction, and reversal of the feed
makes it occur at the beginning of the return stroke.  The wear
on the feed mechanism is Ieast when the feed occurs at the be-

ginning of the return stroke, as it is not then necessary to move
the tool while cutting. On the other hand. feeding on the return
stroke makes the wear on the tool in dragging back somewhat
greater. When the heads are attached to the face of the hous-
ings, they are given a vertical feed on the housing in a manner
<similar 1o that already deseribed. By removing the gear C from
the eress serew and putting it on the feed rod, the vertical feed is
operated in a manner similar to that for the horizontal feed.
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When the work is very wide and overhangs the table by ap .
cessive amount it is necessary to provide some form of out-boy|
support for the outer portion of the work to rest upon.

On all planers the cross rail is elevated by two square-threy
screws set in the face of the housings and geared together at
top. These screws are preferably right and left handed and myy
Ii» very accurately cut, as otherwise the cross rail will not remaj
parallel to the table in its width at all positions. On the largq
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wided for their lubrication. The bearing surfaces are usually
coved to retain and distribute the oil with suitable wipers pro-
wvided to carry the lubricant to these surfaces. In Fig. 395 is
shown a common and very efficient method. An oil well or
ket is cored in the bed near the center of the table's motion,
and a pair of conical rollers carried in a suitable frame and held
against the surface by a spring carries the oil from the well to
the surface to be lubricated. The principal difficulty with this
arrangement comes when the table is worked on short stroke for
a considerable length of time, as in that case the portion over the
rollers only is properly lubricated. On long strokes, however,
the action is perfect. '

The planer table is always provided with a large number of
holes for stops and for bolting the work to the table, also with
suiitable T-slots. These holes should be drilled and reamed and
the T-slots planed or milled in order that the bolt heads may move
freely in them.

Fig. 396 shows a side view of a planer head. This same gen-
<eral form is used by all builders on both the planer and shaper.
Xt is nothing more than the compound rest on the lathe, having in
Aaddition the tool box and apron. The cross rail corresponds to

the carriage on the lathe. It is a rigid girder that contains the
<ross-feed screw and the vertical feed rod, and upon which the
saddle travels, it being securely gibbed to the cross rail. The
swing frame pivots at the center of the saddle’s face and may be
clamped at any desired angle, either side from the vertical, the
amount of the angle being determined by graduations either on
the edge of the frame or face of the saddle. The slider is gibbed
to the swing frame and operated by the feed screw shown in the
figure, either automatically or by hand. The automatic feed is
accomplished in the same manner as for the compound rest, a
section of which is illustrated in Fig. 243. The mechanism, of
course, varies somewhat with the different builders. The tool
box is pivoted to the slider and has a limited amount of adjust-
ment each side from the center, being clamped rigidly in any de-
sired position by the lock bolts shown. The apron, which fits
neatly in the tool box, is pivoted to the box at the upper forward
corner, thus allowing it to swing outward on the return stroke
and prevent the tool from dragging heavily over the work surface.
The tool post is secured to the apron. The office of the tool box
is to allow the tool to swing out from the work on the return
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middle portions. As more of the time of each revolution is
cupied by the cutting stroke with the quick return than with
simple crank motion, the velocity of the cut will be lower
more uniform, thus enabling a greater number of strokes
minute to be taken than would be permissible with the sir
crank motion. By carrying the pin I toward its center of r
tion, the length of the stroke may be shortened by any des
amount.

The Whitworth quick return motion, as illustrated in Fig.
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FIG. 400.

is very largely used for shaper drives. Referring to the fi
P is the pinion that transmits the power to the gear G. ca
it to rotate at a constant rate of speed. G rotates upon a
stud B of large diameter. The crank A is fixed to the sh
which has a bearing in B cccentric to its center. A pin
fastened in the face of the gear GG and engages in the slo
the back of the crank, thus causing the crank to rotate wit
gear. .\ pin X carries the end of the connecting rod R -
transmits the motion to the ram at Z. The path of D’s ro
is ahout the center of B. and the path of X is about the «
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to be fed over the surface one-fourth of an inch at each stroke
of the work. A tool of this class carrying a roughing and 1 i
ishing cutter must not be depended upon to produce satisfacin
work when good machined surfaces are required, as the spring
of the roughing cutter due to the inequalities of the work surface
is communicated to the finishing cutter, and this must as a resut
produce a finished surface having much of the irregularity of the
original rough one.  Single tools of this character with specia
formed cutting edges are much used on special work.

Planer and shaper tools should, almost without. exception, ke
ground with very little hottom clearance. The rake should he
suited to the hardness of the metal being machined. It is ad-
visable, when possible, to have the cutting edge well back under
the head so that the spring of the tool and head will not cause

FIG. JoN, FIG, Jot,

the cnting edge to dip ime the work surface: it also tends
prevent chattering, This point is illustrated in Fig, 408, wherd
at N s shown a too] whose cutting edge is well ahead. and at b
one with the cutting edge well back.  The dotted lines show
the path the cutting edge tends to follow in cach case. due to
the spring of the tool dtself. The spring of the head tends
cach case o let the point into the work, but nat so badly in the
case <hown at I as at A\ On all wop and side cuts the tedl
swing~ out and away from the work surface on the return stroke.
For mnder ents, however, except those of comparatively slight
angle from the vertical, where the head can be angled to meet
the condition, the sond mast be held Trom swainging out on the
rorern <irec kel as it weatd in that case cnuse irenbles afting the
worl e Lreeading it che te ot head. bor under cms the

hestd Lave g tene <hank onwen welt abewve the clamp

avd Wlooned out at the top as shown e 40000 As the ool
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- «drags back heavily in such cases, the wear on it is excessive.
A side head, due to its position, is well adapted to under-cut
work. Where much under-cut work is to be done and a side
head is not available, or owing to the position of the work sur-
face, not adapted, a relieving tool similar to the one shown in
Fig. 410 can be made at a small expense. In this tool a stud
Pprojecting from the side of the shank carries a small tool hold-
ing collar, which can rotate on the stud until the stop A
-strikes the shank. A light spring S bears against the stop, al-
lowing it and the tool to swing back from the work on the re-
turn stroke and bringing it back again for the beginning of the
forward stroke. For finishing cuts at coarse feeds the broad
nose tool shown in Fig. 411 is used. The corners are slightly

>
w

FIG. 410. FIG. 411.

rounded, as shown at A, B, and the tool given only a slight
amount of clearance, as shown.

The planer and shaper, when equipped with suitable attach-
ments, are capable of a very wide range of what might be termed
special tooling operations. An emery-grinding head is secured to
the cross rail with suitable belted connections to drive its wheel
and the planer table at the proper speeds, and the planer is con-
verted into a very creditable plane grinding machine. This
transformation, however, is not to be advocated, as the bearing
surfaces of the planer are not properly designed for the pro-
tection necessary against the flying particles of emerv. The cor-
version, however, into a plane milling machine is more ~om-
mendable, as the planer when provided with suitable fecds for
the table is fairly well adapted to milling work. In Fig. 412 is
illustrated a device that can readily be attached to the cross riil
of any planer, virtually converting it into a slab milling machine.
The head of this attachment is so construcied that the spindle
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figure. The vise shown at B is provided with a circular bas
usually fitted with two tongues to fit the wards or T slots in the
planer table and thus insure its being put on at the same angular
position with the line of the table’s motion. The circular bottom
of the vise is pivoted at the center of the base and provided with
a graduated rim, thus making it possible to set the jaws at any
desired angle with the table’s length. In this vise blocking is
used between the clamping screws and the movable jaw. Itis
quite necessary in any planer vise to have the movable jaw s
sccured that it can be clamped down closely to its seat, as other-
wise the clamping of the work between the jaws will cause i
to lift. The shaper vise is considered a regular shaper attach-
ment, and is always furnished with the machine. The sliding
jaw is always operated by a screw and gibbed to the body of the
vise. !
The attachment shown in Fig. 415 is a special tool for the

FIG. 415.

planing of circular surfaces, as, for example, locomotive driving
boxes. Its range is comparatively small. The long shank is heid
in the regular tool clamps. The head of the attachment is
pivoted at its center in the end of the arm and operated by a
shaft carried in a recess in the back of the arm. A worm and
worm gear at the upper end of the bar provides a suitable feed
drive for rotating the tool. When a considerable amount of work
is to be done with the attachment a suitable automatic feed can
readily be applied to the worm.

The milling machine has taken most of the center work away
from the planer. .\ pair of planer centers, however, an example
of which is shown in Fig. 416, is frequently of great value. Thev
are usually tongued to fit the wards in the table, and the heal
spindle is so indexed that the circle can be divided into a large
number of equal narts.

.,
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the: eross rail and the motion is transmitted to the nut by two
pasrs of miter gears.

Spiral planing attachments similar to the one shown in Fig.
308 arc frequently applied to planers for the grooving of spinl
rolls and work of that class. Another attachment for the cuttivz
of spirals on the planer consists of a rack secured to the side i
the planer bed at about the height of the surface of the work
table. .\ pinion carried on a shaft running in bearings secured to
the surface of the table and at right angles to its length gears
with the rack. This cross shaft through a pair of bevel gears
transmits-its motion to a spindle parallel with the table’s length
and to which the work to be spirally planed is attached. The
motion of the table causes the shaft, spindle and work to rotate
at a rate determined by the velocity ratio of the gears.

A shaper is sometimes used for key seating bores. There isa
vertical supporting knee attached to the table for holding the
work, and a special head attached to the ram in place of the
ordinary tool hox.  This head holds a cutter bar, which is in the
form of a broach, and will cut the keyway at one stroke of the
ram,



CHAPTER XXI.
PLANER AND SHAPER WORK.

The proper securing of work in the vise or on the shaper or
planer table for planing operations is a most important step in
the production of satisfactory work. As the variety of work as-
signed to these machines is great, the operator continually finds
himself against a new problem requiring good judgment and
care. In most cases much more skill is required in the setting
up of the work than in the machining. When the work is com-
pact and heavy, and the amount of metal to be removed is rela-
tively small, the danger of springing it is not usually great. 1f,
however, the work is large, of irregular shape or light, the
danger of springing is great. The springing is due to two
causes: First, by ununiform or severe clamping which distorts
the work and throws the machined surfaces out when it is un-
clamped ; second, the removal of the outer surface of a casting
or forging, which frequently relieves shrinkage and forging
strains and throws the work out of true. The first of thesc
troubles can be overcome only by using the utmost care in setting
up the work, and the second by, so far as possible, first roughing
off all surfaces before taking any finishing cuts, thus allowing
the work, after the roughing, to assume its normal condition as
to strains.

The most important consideration in the clamping of work
to the table is to locate the points of clamp pressure directly over
the points of support. The supports should be firm and bear as
equally as possible between the work and the table. When only
a thin shim is required to level up the work, it should preferab!y
be of metal, as cardboard, leather or any compressible material
will allow the clamp to spring the work. Good blocks and parallel
bars are indispensable in the planer outfit. For work where tic
points of support vary in height, leveling wedges and small jack
screws are most excellent, as they can be quickly adjusted to any
desired height. These leveling wedges, especially if a single
wedge is used. should be made with only a slight taper. In Fig.
417 is shown a pair of these wedges. \When carefully made they
form a good sypport and may be used to make the fine adjust-
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> is madc from square iron and forms a substantial and con-

maient form of clamp. Clamps of this character should be ap-
ied to the work in the manner shown in Fig. 421, as closely as

C

laced in the corners of the work. The clamp shown in Fig.

100
10

possible; that is, the bolt should stand close to the edge of the
work and the blocking for the outer end of the clamp as far

away from the bolt as convenient, thus throwing most of the bolt
pull upon the work and not upon the blocking, as would be the
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FIG. 422.

FIG. 423.
ase if the bolt was nearer the blocking than the work.

The
T-slots should be sufficiently deep to prevent any reasonable bolt

sull from breaking them out. This danger is, however, lessened
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by placing the work or its point of support as close up to the
bolt as possible.

If the entire surface of the work is to be machined, clamps
as above described cannot conveniently be used as it would
necessitate changing their position during the cut, a most deli-
cate operation with results usually unsatisfactory if a true surface
is required. When the work has considerable thickness, small
lugs or flanges can be cast on the edges for holding the clamp
point and in some cases a drilled hole in the edge of the work
can be made to receive the point of the clamp. In cases where
these methods are not convenient, the work can be held in the
manner shown in Fig. 422. Two forms of post are shown in
this figure, the one a plain pin to fit neatly in the round holes in
the table and the other with rectangular base and tongue to fit

FI1G. 424.

the T-slots. A common set screw with cone point fits any of
the tapped holes in the post, the height of these holes varying to
suit the thickness of the work and length of finger used. The
fingers are cupped to receive the point of the screw and the work
end pointed to engage a prick-punch hole in the side of the work
or preferably formed flat as shown in the figure. .\ suitable post
to receive the end thrust of the tool must in all cases be set ahead
of the work, and should be made of steel, preferably a low grade
of tool steel. to insure stiffness, and turned to fit neatly the holes
in the table. Tt should extend well into the hole, but should not
reach high above the table. from two to four inches being ampie.
The shorter it is, the less liable it is to get bent. In Fig. 423 is
shown such a post. The two holes drilled through it at right
angles to each other facilitate turning or pryving it up. when, from
any cause, it may stick too tight in the hole to be pulled out with
the fingers. '
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Round work may be held as shown in Figs. 424 and 425. In
Fig. 424 the bar rests on the edges of the T-slot. In this case
the edges should be in good condition. It is suitable for bars of
small diameter only, while with the method shown in Fig. 425
where a knee plate is used a bar of any diameter can easily be
held. ’

A pair of V-blocks can be used very advantageously for hold-

-
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ing round work. These blocks as shown in Fig. 426, should be
tongued to fit the wards in the table and the V-notches planed
with the blocks in place.

A good knee plate is frequently quite necessary 1n the securing

FIG. 425.

>
Sl

FIG. 426.

of work on the planer table. The regular knee on the shaper,

however, serves the purpose on that tool.
On long work the twisting, and deflection due to the weight of
the work itself, must, where accuracy is required, be taken carefully
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into consideration. For example, long lathe and planer beds must
in the machining be handled with great care. Take a lathe bed
that is to rest upon legs at each end. It should have the seats
upon which the legs are bolted planed first, the points of sup-
port being not at the extreme ends but at points about one-fourth
the bed's length from each end, with wedges so adjusted as nct
to twist the bed in its length. After planing the leg seats the
bed can be turned over and clamped directly on these seats, the
bed assuming its natural deflection, in which position the shears
are planed.

In securing work in the vise, the pressure of the jaw against
tte work should be as uniform along the surface gripped as pos-
sible. If the surface is somewhat irregular a soft packing, as
paper or leather, will equalize the pressure. If there is much
irregularity, however, it is preferable to cause the vise jaws to
grip the work at points rather than throughout their entire
length. For this purpose a wedge or solid block should be used
hetween the work and jaw and located as near the ends of the
jaws as possible. \When a jaw is tightened onto the work its
tendency is to lift, causing the work to lift on the movable jaw
side. For this rcason the movable jaw should be fitted nicely to
its slide with bolts, as previously shown in ¥ig. 414, for clamping
it firmly after gripping against the work. Planer vise jaws are
usually made of cast iron. and a false facing of soft steel secured
with bolts to these jaws is excellent when finished surfaces are
to be gripped between them. It is important for nice work to
keep the vise jaws in good condition.

The leveling and squaring up of work on the planer table is
important. If the work has been laid out or some of its surfaces
previously machined. the surface gauge will be used in bringing
these lines or surfaces parallel with the table. 1If a line on the
work is to be sct parallel with the line of motion of the table, the
surface gauge needle point will be adjusted to the line at one end
with the base of the gauge against the side of the slider. The
table is then moved under the cross rail and the other end of the
line brought to coincide with the point of the needle. Another
method is to square up from lines that have previously becn
planed with a fine sharp-pointed tool in the top surface of the
table, and with the caliper divider caliper from the blade of the
square to each end of the line on the work; or, if this line is not
too far from the edge of the planer table, the calipering may be
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w-the line to a straight edge placed against the side of the
& table. When the line on the work surface is to be set at
E angles to the length of the bed, the work is brought close
o the cross rail and the line adjusted to the surface gauge
le point, with the base of the gauge resting against the face
1e cross rail; or, as in the other case, the caliper divider with
raight edge placed against the face of the cross rail can be
n the manipulation of the planer and shaper the beginner
Ild keep a few points closely in mind. All planers and geared
rers do not have a fixed length of stroke, the depth of the cut
the speed of the countershaft affecting slightly the points at
*h reversals take place. Some allowance must therefore be
e for the overtravel of the tool. An excessive amount of over-
el, however, means a large loss of time. Roughing cuts
ild be as heavy and at as coarse feeds as the machine will
reniently handle and the strength and character of the work
permit. Before planing side surfaces see that the top of the
box is inclined from the work. This allows the tool to swing
and clear the work surface on the return stroke. If it is not
ned the point of the tool drags hard on the work surface, and
ild it be inclined to the wrong side the tool will swing into
work, doing much damage. Raising the tool clear of the
k on the return stroke preserves the cutting edge. Means
automatically accomplishing this are frequently cemployed.
p the cross rail clamped firmly to the housings when in use
parallel with the table. Before putting in the feed see that
feed gear is on the right spindle, as otherwise the tool may
: up or down when it is intended to move across the work.
there are usually more ways than one to do cvery piece of
k, study the way in which it can best be done. The manner
‘hich the work is set up, the kind of tools used and the way
‘hich they are ground. as well as the efficient handling of the
hine. all have an important bearing on the quality and amount
1e work turned out.
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:ibbed to the knee of the machine, thus providing a work
at may be rotated or moved to any position in its plane
to the cutting tool and within the capacity limits of the

e.
2 slotter is very largely used for the cutting of key ways
s and the machining of rectangular, circular or irregular
:s which cannot readily be done on shaper, lathe or mi'l-
achine. In Fig. 428 is shown a piece of work well adapted
» slotting machine. The surfaces a, b, and ¢ can be ma-

d on the slotter more advantageously than on the planer or

FIG. 428.

1aper, as the side rests solidly upon the table and the form of the
.otting tool is adapted to the job. On planer or shaper a knee
late must be used to clamp the work to, and an extension tool
nploved.

The half boxes used on locomotive driving axles as shown in
ig. 429 illustrate another slotter job. Here the cylindrical bear-
1 surface is machined by placing the work concentric with
1e work table. The table is so placed with reference to the too!
1at the necessary amount of rotation can be obtained without
iterfering with the tool or head. After each downward or cut-
ng stroke the table is automatically rotated the necessary amount
f feed for the next cut. By using a fine feed and a properly
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formed cutting edge on the tool very smooth true surfaces resul,
Connecting-rod ends and crank eyes are advantageously m-
chined on the slotter.

The tools for the slotter are either forged on the end of heay
square bars of steel or inserted in steel bars of ecither square «
round section. When forged the tool is usually of the forn
shown in Fig. 430. The cutting angles are the reverse of thee
of lathe and planer tools. The end angle turns the chip and s
the angle of rake with x as the angle of clearance. As with
planer tools the angle of clearance should be small in order w

prevent the tool from chattering and digging into the work. The -
o
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FIG. 429.

angle of rake v should he as great as the hardness of the metal
operated upon will permit.

FFor squaring out corners a tool similar to the diamond point
is usually used. DBy properly indexing the rotating table spur and
internal gear may be cut on the slotter, using a cutter of the cor-
rect tooth space outline.

The key seater is an outgrowth from the slotting machine,
and although designed for cutting kev wayvs only, will, when
provided with suitable attachments, perform various classes oi
slotting machine work. A standard key seater is shown in Fig
431. 2\ cutter bar is operated by a crank motion in the base of
the machine, similar to the drive on a slotting machine. Tiwk
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r to work out square corners. For the cutting of external
ways in short shafts and spiders the key-seater is excellently
ited.

“or the kev-seating of very large, heavy work portable key-
ars are used. In Fig. 434 is shown a Morton portable ma-
e opcrating on a large pullev. These tools are made in four
i, ranging from 24 to 72 inch stroke. They are virtually
v stroke shapers without columns. They are operated either
| rope transmission or electrically, a motor in the latter case
g attached directly to the machine.



CHAPTER XXIII.
MILLING MACHINES.

The milling machine and its great popularity are due to the
peculiar adaptability of the rotating cutter to the machining of
plane and irregular surfaces on such a wide variety of work.
The variety of work that the milling machine is capable of per-
forming is much greater than can ordinarily be accomplished on
the planer or shaper.  In thoroughly familiarizing himself with
these machines the mechanic has much more to learn as to set-
tings and manipulation in the milling machine than in the plane
and shaper. With the latter machines, however, more skill i
required in the manipulation for the production of accurate work
than with the former. This arises from the fact that on the
planer all measurements must be separately made, inasmuch as
the cutting tool generates the profile of the work by a series of
parailel cuts, all changes in plane of the profile requiring sepa-
rate adjustments and measurements. With the milling machine,
however, the cutter is so formed as to generate the full profile of
the work surface as the cutter advances, setting measurements
alone being necessary.  With the planing machines the accuracy
of the work depends very largely upon the personal skill of the
operator, while with the milling machine the accuracy of the
cutting tool has much to do with the quality of ‘the work. With
the milling cutter and the work once set, the accuracy with
which a certain work-surface profile can be produced upon one
or more picces depends wholly upon the wear on the cutting
cdges of the cutter. s the cutters are usually formed with a
number of teeth, the work is divided up among these teeth, re-
ducing the wear upon them. This is not only bhecause each unit
of length of cach tooth performs only a small portion of the
total work as compared with the cutting edge of the planer tool
of unit’s length, hut hecause that particular portion of the tooth
is performing work for only a small portion of each revolution,
thus giving it an opportunity to ceol and recover hefore ecach
time it comes in contact with the work.

The advantage of the milling machine over the planer lies very
largely in its ability to produce, with reasonable accuracy, a large
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number of duplicate surfaces, the formed cutter and removal of
the personal error in the making of measurements by the oper-
ator being the factors that enable it to produce these results. For
the producing of many plane surfaces, and especially on work
that is not to be duplicated, the milling machine possesses no
advantage over the planer and shaper. Its advantages for certain
classes of work, however, are great, as illustrated, for example,
in Fig. 435. This shows a milling gang cutter made up of seven
cutters and capable of producing at one traverse over the work a
profile that, if produced in a planer., would require no less than
eleven separate measurements, aside from the working out to line
of the curved portion. It is only after the operator has become
skilled in its use and thoroughly familiar with its every detail
that he can appreciate the great capabilities of this class of ma-
chine tcols.

When used as a manufacturing tool, producing large numbers

FIG. 135.

of duplicate parts, the results ohtained from the use of the milling
machine lies almost wholly in the intelligent selecting of proper
cutters and fixtures for each special operation and when once set
does not require highly skilled labor to operate it. When used as
a jobbing machine, however, the operator should be quick and
skillful to obtain good results.

The plain and universal milling machines of the column pat-
tern are_ most extensively used for general shop purposes. In
Ilig. 436 is shown a universal machine of this pattern. The col-
umn and knee resemble somewhat the same parts in the shaper.
The upper portion of the column carries the spindle and cone,
the spindle on all other than the smallest sizes being back-geared
in precisely the same manner as on the lathe. The outer end of
the spindle is always supported by a suitable overhanging arm.
The work table is adjustable in * from the face
column and vertically, these a 1g made t
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so on the back-geared machines where the variation of the siz
and speed of cutters is considerable. This range of feed is
ustally accomplished by means of stepped pulleys, gearing. ar
a combination of the two. Thus a pair of four-step pulleys wil
give four changes of speed and if these pulleys are of different
sizes, by transposing them on their spindles four more change
may be obtained. .

The power of the feed mechanism must be sufficient to pull
the feeds under all conditions, and convenient in changing from
one rate of feed to another. The importance of being able to
make quick changes may be illustrated in the case of large dia-
meter end or radial milling cutters operating upon wide work.
The rate of feed on entering and leaving the work can be ma-
terially greater than when the cut is operating on the full width
of the work. If the cuts are comparatively short the time saved
by entering and leaving the work on quicker feed is of material
portance.

On machines other than the smaller sizes, automatic in and
out and vertical power feeds are usually provided.

The all-gear feed mechanism used on the Cincinnati milling
machines is shown in detail in Figs. 445 A-and B and 446 A
and B, By means of the sliding gear in the upper gear hox.
two changes of speed are given to the vertical shaft for each
speed of the spindle. The vertical shaft through the pair of
lower bevel gears drives the two feed gears which in turn drive
the two feed cones which run loose and independent of cach
other on their shaft.  The large feed gear meshes with the small
gear on one cone and the small gear meshes with the large gear
on the other cone,

The intermediate gear by means of a suitable mechanism
may be made to gear with any one of the cone gears, thus giv-
ing a wide range of feed changes. In changing feeds the upper
lever, 446 A, is placed in the extreme left-hand position. This
throws the intermediate gear, Fig. 446 B, back an amount suf-
ficient to clear the cone gears. Dy placing the lower lever in
position indicated for the desired feed, the intermediate gear
will be placed opposite the proper gear on the cone.

Moving the upper lever to the right engages the gears. The
variations in the rate of feed obtained give nearly a uniform
progression.

The dividing or universal head is the part of the universal
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of the gear and spindle. The crank moves over a caretuliy
divided dial which is secured to the head. A small pin, ad
justable radially in the crank. may be set to engage m the holes
of any of the circles.  As it is not desirable to have the mudey
plates too large in diameter or the holes too small, several
plates are necessary in order to get the range of divisions us
uallx required.  With the one shown three plates are tmished,
malking all divisions up to 30. all even divisions o w0, with
martiy of the uneven divisicns between 30 and 100, and wmany
evern and uneven divisions above 100. The sector serves to
assist in counting the number of spaces hetween the holes and
can be adjusted to include any desired number of spaces between
its two radial arms.

As much of the miscellaneous dividing work done on an

FIG. 447.

index head is for 2, 3, 4; 6, 8. 12 and 24 parts, a more rapid
weans of obtaining these divisions than by turning the worm
is frequently applied. In the centers shown, there are 24 holes,
cqually spaced, in the face of the worm gear, with a substantial
pin arranged to engage in them. \When dividing by these holes
the worm is dropped out of mesh with the gear.

The universal head is a more complicated picce of mechan
ism. In Fig. 448 are shown side and end sectional views of the
Brown & Sharpe universal dividing head. .\ side view is shown
in Fig. 449. The worm gear I is attached to the spindle, and «
side shaft carries the worm A.

The spindle head is mounted in a suitable housing and can
be elevated through an angle of 9o degrees and finmly clanpeed
in any position. The spindle may also be depressed thronglh i
few degrees. The universal head. as made by some builders is
capable of spindle settings at any angle within o and 1%, deprees,

When used for plain indexing the worm can b disengraged
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held by a spring between the dividing plate and the crank with
just enough friction to keep it in position when set.

The sleeve to which the index plate I is secured, carries a
gear on its inner end which meshes with another gear on the
axis R and about which the head rotates in setting to different
angles. This latter gear meshes with a third gear on the same
axis and secured to the upper of a pair of spiral gears, which
transmit the motion from the train of gears leading from the
table feed screw. A post may be drawn out from the head and
caused to engage in a suitable notch in the back of the plate. or,
in cases where the holes are drilled through the plate, in one of

FIG. 450.

FIG. 451. FIG. 452.

the holes. This secures the dividing plate from rotation and divi-
sions on the spindle are obtained in the same manner as described
above. When it is required to rotate the spindle while the work is
being operated upon by the cutter, as is the case in the cutting of
spirals, a geared combination between the worm spindle and the
table feed mechanism becomes necessary.

The milling machine is capable of receiving a large variety of
attachments for performing special operations, or regular opera-
tions with greater facility than can be had with the machine in
its standard form.

The vise is a regular attachment on all universal machines
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and plain machines of the column pattern. It is of two standard
forms: plain, as shown in Fig. 450, and swivel as shown in Fig.
451.  The plain vise is provided with tongues to fit the wards in
the work table and can be readily set with the jaws parallel with
or at right angles to the spindle. It cannot, however. be con-
veniently set at any other angle. The swivel vise has a gradu-
ated base resting on a plate which is tongued and bolted to the
wards in the table. The swivel vise is very convenient for angu-
lar milling. A special tilting vise shown in Fig. 452 is, with its
tilting jaws and swivel base. well adapted to the milling of a
large variety of angular surfaces. In all milling machine vises
the movable jaw is accurately fitted and gibbed to the body. and
the jaw faces, which are usually made of soft steel, are secured
to the jaws by means of screws. The surface of the jaw faces
should be kept true and smooth, as they will then hold finished
work surfaces true for the cut and without injury to the work.
Extra jaw faces hardened and with roughed surfaces may be
used for holding forgings, castings and rough work. For the
holding of special and irregular work special formed jaw faces
may be substituted for the regular ones.

As the universal dividing head is a part of the universai
milling machine, it is not considered as an attachment. The
plain index head already described under Fig. 447. however, is
strictlv a milling machine attachment. A first-class, three-
jawed universal chuck fitted to the spindle of the index head is a
very necessary accessory to the machine, as much of the work
to be operated upon can or must be held in the chuck.

The vertical spindle milling head shown in Fig. 453, when ap-
plied to the plain or universal machines, converts them into verti-
cal spindle machines. These heads are supported on the overhang-
ing arm. and the nose of the spindle bearing.  The vertical
spindle is driven from the main spindle by bevel gears. A
graduated index enables it to he set at any desired angle from
the vertical, thus making it pessible to mill many angular sur-
faces with a plain end or shank milling cutter.  These attach-
ments are very convenient for the cutting of T-slots, kev seating
and profiling, as well as angular work. Another attachment.
termed a umversal milling attachment, is shown in Fig. 454.
This has in addition to the vertical spindle an auxiliary ome at
right angles to it and driven from it by means of spiral gears.
With this auxiliary spindle set parallel with the surface of the
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head stock spindle carries at its outer end a bevel gear which
revolves upon it. The rear face of the bevel gear is provided
with circles of drilled holes, similar to an index plate. A radial
arm keved to the spindle carries a pin which engages in the holes
of the plate and through which the drive is carried from the

FIG. 459.

gears to the spindle. The balance of the gear combination is a
suitable system of change gears substantially as described in con-
nection with the universal dividing head. A worm feed operated
by hand is usually provided on attachments of this class.

An attachment for the cutting of cams is shown in Fig:

MACH
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FIG. 460.

460. It consists of a base plate A, which can be bolted to
the work table of the milling machine, and a head stock which
is mounted on the slide C. C is gibbed to slide in the base
plate. The head stock carries a spindle with a worm gear
(5 on its outer end. The worm S engages the gear and the spin-
dle is given a slow feed rotation by the pulley P or a crank which









CHAPTER XXIV.
MILLING MACHINE CUTTERS.

The milling of metallic surfaces requires a rotating cutter pr-
vided with one or more teeth having an edge and temper suited
to the nature of the material operated upon. s to constructir,
milling cutters may be divided into the two classes—solid an!
iscrted tooth, A small and most of the medium-sized cutters
may be hrought under the first class, as they are made from a
<ingle picee of tool steel: hut when the dimensions become large
the cost of the steel is an important point, which, together with
the risks incident o the proper hardening of such large masses
of toal steel, warrants the greater expenditure of labor usuall
necessary in the making of inserted tooth cutters. The inserted
tooth cutter has only teeth of tool steel, the core or body being
of cast iron or mihd steel

A< 1o classification, milling cutters naturally fall under four
heads, as determinad by the four distinet varicties of work jer-
formed, s follows s Axial—those cutters used for milling plain
surfaces which are parallel to the axis of rotation of the cutter:
Radial - those which will mill plane surfaces at right angles 1
the anvis o Angnlar --those used in milling plane surfaces at an
angle other than go degrees with the axis: and Form catters.
ool Tor machinimg all corved or ireegular surfaces.

In Fige 303 Vs shown an axial or plaim milling cutter, as it is
candic calleds T has teeth onthe ey indrical surface onldy, which.
when the cutter exceeds about one-halt inch in thickness, ar
et spdtallvy as shown i the figure. When these cutters are
"o than three sinteenths of anineh in thickness, they are cabled!
wetd Shitting <iws, and the sides are ground slightly o dishing.
alich serves teogive the teoth clearance in the grooves they cat
Ihis s of much importance when the cat is deep. as is frequently
the casc when nsme the metal Shting <aw.

The sphoat tecth on these cnters are necessary for the follow-
e reasons, 11 the teeth are straight, cach tooth as it comes
e action would stnke sqoare against the work, producing a
shoek and comsegaent springing of work and cutter arbor: and
as cach tooth deaves the werk the sudden release of  pressure
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parallel, the drive coming on a key which engages the keyway cut
across the butt of the mill.

The inserted tooth is well adapted for use in cutters that must
be kept up to fixed dimensions, as the teeth when dull can be
set out and reground to the exact required dimensions.

When in radial cutters of the class shown in Fig. 464 a fixed
thickness must be maintained, they are made as shown in Fig. 483
and known as interlocking cutters. 'After each grinding it 1s
necessary to put thin washers between the sections to make up for
the reduction in thickneds, due to the grinding. = With large
built-up cutters, interlocking sections are generally used where
fixed widths must be maintained.

The diameter of a milling cutter should be as small as the
work will permit. The smal! cutter requires less power to drive
it, cuts smoother, keeps sharp longer, makes its cut on a shorter
length of feed than a large cutter, and is lower in first cost.
Plain or axial cutters can usually be of small diameter as the cut
is seldom deep, and the surface machined requires length rather
than diameter of cutter. This is, however, reversed in the facc
or radial mill, where the diameter of cutter depends entirely
on the width of the surface to be milled.

Milling cutters are usually made with the front faces of the
teeth radial, thus giving no angle of rake. The angle of clear-
ance should be about 3 degrees; the width of the top of the tooth
being. before the first grinding, from .02 to .04 of an inch wide.

Too much stress cannot be laid on the importance of keeping
milling cutters sharp, and especially the formed cutters. When
a cutter starts to dull it begins to crush and remove by abrasion
rather than cut the stock. This produces excessive friction be-
tween the teeth and work, and unless the cutter is ground
promptly, its edges will be entirely lost. In the case of a formed
cutter, when dull, a few revolutions will often so badly snub
the teeth that a fourth or even more of each tooth will be ground
away before their perfect section is reached. This is a tedious
process, and unless great care is exercised is very apt to result
in destroying the temper on one or more of the teeth.

The grinding of formed cutters requires an emery wheel of
thin, dished section with a straight face at the edge. The tendency
is to grind too much from the outer part of the tooth face,
thus making a negative rake angle and poor cutting teeth. For
grinding the ordinary form of tooth, a thin wheel of quite large
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cutters of different thickness. When the overhanging arm sup-
ports the bar at the end, a suitable bearing is provided on the
end of the arbor. For supporting the bar midway in its length,
a collar somewhat larger in diameter than the others fits a suit-
able bushing in the overhanging arm. Arbor nuts should be
right or left-handed, depending upon the direction of rotation, as
a slipping cutter should tend ta tighten rather than loosen the
nut. Cutters of small diameter can usually be driven by the
friction between washers and cutters alone. Larger sizes, how-
ever, should be keyed to the arbor and for this purpose a spline is
cut the full length of the arbor.

In putting collets and arbors in their bearings in the spindle,
both surfaces should be wiped clean and dry and driven snugly
together. A soft hammer or block of hard wood should always
be used to drive with.



CHAPTER XXV.
MILLING MACHINE WORK.

Dividing a circle into equal parts by means of the plain or
universal spiral head on the milling machine is known as “index-
ing.” When the index plate is secured to the spindle as at C,
Fig. 448, and the divisions obtained by rotating the plate and
spindle together, it is" known as direct indexing. = When the
spindle is rotated by means of suitable geared connections and the
index plate remains normally stationary the term indirect index-
ing is usually applied. The indirect method can be classified
under three heads, simple, compound and differential.

Since, as shown in Fig. 448, forty turns of the crank J and
worm A are required to make one turn of the spindle the follow-
ing rule for simple indirect indexing may be given. Take 40 as
the numerator and the required number of divisions as the
denominator, and reduce. Thus, it is required to cut 32 teeth
in a gear. 40-32, or 1 8-32 of one revolution of the crank will
make one division on the blank. .

The sector should be set to include 8 spaces (9 holes) on the
32 circle, or 4 spaces on the 16 circle could be used. If ro8 teeth
were required, then 40-108 = 20-54 = 10-27, or 10 spaces on the
27 circle would give the required division. This ratio is not
affected by multiplving or dividing both numerator and de-
nominator by the same number. Therefore after reducing as
low as possible, if that denominator does not correspond to
the number of holes in any circle available, we can multiply or
divide it by any number that would give us the proper number.
also treating the numerator in the same manner. For example.
25 divisions require 4o-25 =1 3-5 turns. We can use any circle
divisible by 5, as 20, or 4 times the denominator. Multiplying
the numerator by 4 also, gives 12 holes in the 20 circle.

It frequently becomes necessary to divide a circle into a num-
ber of parts which can not be obtained in the regular manner
because a circle of the required number of holes is not on the
index plate. If a circle for making one-half the required di-
visions is on the plate, every other tooth can be cut; the work
can then be rotated through one-half of one space and the bal-
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ance of the teeth cut. Thus if g6 teeth are required and no
circle available, set for cutting 48 teeth, which gives 10 spaces
in the 12 circle or 15 spaces in the 18 circle. . After cutting once
around, move the pin through 714 spaces, and being careful that
it is not moved, cut partly through on the tooth; stop the ma-
chine without throwing out the feed and carefully adjust the
driver to make up for the 14 space, which brings the pin into
another hole, and proceed with the cutting as for the first half.
With care in the adjustment, the error in making the 14 setting
will be slight.

A method of compound indexing can be used to excellent ad-
vantage for obtaining with the regular plates many divisions
that may not be had in the regular manner. The application of
this method requires plates with the holes drilled through, and
the back pin R, Fig. 448, radially adjustable. The method con-
sists in indexing forward on the front side of the plate in the regu-
lar manner and adding to or subtracting from this movement an-
other movement indexed from the back side of the plate. From
tables calculated by W. Gribbons and given complete in “Con-
struction and Use of Milling Machines,” a treatise published
by the Brown & Sharpe Mfg. Co. To divide into 91 parts, index
forward, on the front of the plate, six spaces on the 39 circle;
then index forward on the back of the plate, 14 spaces on the

6 14 2 14 98+ 182 280 4o
‘49 circle. This gives — + - = — + — = —— = — = —
39 49 13 49 637 637 91
or the equivalent of 40 holes in a g1 circle. If gg spaces are
required, index forward 15 spaces on the 27 circle and backward

. . 15 5 5 5
5 spaces on the 33 circle. This gives — — — = — — — =

165—45 120 40
= — = —, or the equivalent of 40 holes in a g9

297 297 99
circle.
For the two cases above given the method is exact. For a
large number of the divisions practically possible the method is
approximate. For example, to divide into 212 parts. 34-47

turns forv ' R.49 of a turn forward gives 211.9995 teeth,
.a div wurate for all practical purposes. In
t ~essively cut, 17 turns of the work

all of the divisions.
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Had two idlers been used the rotation would have been in oppo-
site directions and 41 would have been the spacing number inas-
much as the plate has gained a crank rotation.

The manufacturers furnish a complete table of change gears
for dividing all numbers up to 360. Take for example the division
317—referring to the table—gear 64 should be used on the worm
C, and gear 24 on the spindle E, with one idler. The ratio of
worm to spindle rotation is 44 = 34 and as the plate and crank ro-
tate in the same direction, the spindle loses 3§ of one revolution
for every 40 revolutions of the crank, or 3 full revolutions in 320
turns of the crank giving 317 as the number of divisions. Set
the sector to give 14 turn of the crank, or 3 spaces on the 24
circle.

When the required ratio would give gears too large or too
small in diameters they are compounded, thus keeping diameters
within reasonable limits. Spirals cannot be cut when the head is
geared for differential indexing.

For correct indexing there should be no slack or back lash
in any of the parts. It is advisable, however, not to carry the
crank and its pin past the hole, but to bring it up to the hole
without the necessity of carrying it back, which would serve to
let any slack affect the accuracy of the division. It is advisable,
in order to prevent confusion, for the operator always to rotate
the crank in the same direction, unless there is some special rea-
son for doing otherwise.

The radial arms of the sector are held in posmon with refer-
ence to each other, by friction. In rotating them over the face
of the plate, always take hold of the arm that strikes the pin, as
there will then be no danger of changing their relative position
through striking the pin with considerable force.

In Fig. 491 is shown an end view of the dividing head, de-
scribed in Fig. 448, secured on the end of the work table. The
spindle S carries a spiral gear at its farther end, meshing with
the upper spiral gear shown in Fig. 449. The gear marked
“screw” is keyed to the feed screw and through the compound
idlers transmits its motion to the gear on worm and through the
- spirals and spur gear connection to the worm and worm gear.
‘When the spindle is so geared the post R is disengaged from the

ate and the worm shaft is driven from the dividing plate through
"~ and the crank J. It is obvious that when the feed
, the plate I is held without the pin R and the re-
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quired divisions obtained by carrying the crank over the plate in
the usual manner.

With all universal machines a table of change gears is pro-
vided for determining the proper gears to use for producing a
large number of spirals of different pitch. Any desired pitch of
spiral can be obtained by making special gears, and a good many
pitches not given in the table may be produced by other combi-
nations of the regular gears than those given. The proper gear

Q

[e]

Firet Grur . B )
on [T
Socond Gear - -
on Stud

FIG. 491.

for a required spiral pitch may be readily determined from the
following considerations.

The table lead or feed screws usually have four threads per
inch. Assuming that number, if the gear of the screw had the
same number of tecth as the one on the spindle S and was geared
directly with it (that is, simple, not compound geared), then 40
turns of the screw would make 4o turns of the worm and one
of the spindle: and as four turns of the screw are required per
inch of the table motion, the pitch of the spiral would be 10
inches. If a spiral pitch of 6 inches was required, 6 x 4 = 24,
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the number of revolutions the screw must make while the work
rotates through one revolution. Then the ratio

24 teeth in driven gear

40 teethin driving gear
Put gear with 40 teeth on the screw and gear with 24 teeth on the
spindle S. It is best when possible to use the simple gearing. If,
however, the ratio is such that one of the gearswould be extremely
large or small, then the gearing should be compounded. For
example, required pitch of spiral 3214 inches; 3215 X 4 = 130,
or the revolutions of the screw per revolution of the work
130 No. teeth in driven gear

40 No. teeth in driving gear

As 130 would be a rather large gear and probably not furnished
with the machine we could reduce the ratio to §§, but this would
also give numbers of teeth not usually furnished. It would then
be necessary to compound. Resolve the ratio 18¢ into fac-
tors 3t x A8, As these numbers are too low we can multiply both
numerator and denominator by the same number, and we would
have, for example, 42 X 4 = #§ and 3% X 4 = $§ and as
#$ x §§ = the ratio 33 we may use gears 40 and 52 as the
driven gears. Either 20 or 32 can be placed on the screw and
the other will be the inside gear on the stud. Either the 40 or
52 can be put on the worm shaft S and the other will be the -
outside gear on the stud. If any of the gears called for were
not found in the regular set, the numbers could be changed by
treating both numerator and denominator without changing the
ratio. Thus in the last problem, if the last set did not contain
a gear of 20 teeth, we could divide both numerator and denomi-
nator by a common factor and multiply the results by a number
that would give numbers corresponding to available gears. Thus
in the ratio 44§ divide both by 5 = 4 and multiply both by 6.
This would give §§, which alters the numbers but does not change
the ratio. In this manner it is usually possible to so manipulate
the ratios that the exact or a very close approximation to the re-
quired pitch can be obtained with the regular gears.

The arrangement shown in Fig. 449 gives the proper rotation
for cutting a right-hand spiral. If a left-hand spiral is required a
reverse gear must be put into the series. This gear is carried on
a suitable arm, and the gear marked 40 drives 72 through this
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gear, thus changing the direction of rotation of the worm
and spindle.

In the cutting of all spirals the work table must be set a
angle with the cutter’s axis, an amount equal to the spiral
of the work. For equal pitch of spiral this angle varies with
diameter of the work; the larger the diameter the greater
angle. ,

In the cutting of any spiral the pitch of the spiral, the spinl
angle, the number of teeth and the form of the cutter must be
known. Having this data, the work is placed between centen
and the cutter brought over its center. The proper change gan
for giving the required pitch are adjusted and the table swmg
toward the column the amount of the spiral angle. The roa-
tion of the. spindle must be left-handed for left-handed spirak,
and right-handed for right-handed spirals, this change in &
rection of rotating being obtained by putting in or taking ont
an idle gear in the change gear mechanism.

The proper rotative speeds and feeds are very important
as they are the principal factors upon which the output of the
machine depends. As the toughness and hardness of the differ-
ent grades of the several metals varies so much, it is impossible
to lay down any fixed rules to be followed. With cutters other
than the most delicate the very fine feeds are to be avoided, as
the cutting edges stand up better under a moderately heavy cut.
than when scraping the metal away.

Milling cutters must be kept sharp. As soon as a cutter
loses its keen cutting edges it dulls very quickly and does not
produce smooth or accurate surfaces as it springs away from its
work. A cutter must not be run backward when against its cut,
as the teeth are not strong against a backing pressure and are
apt to be broken off.

For the standard carbon steel milling cutters, a surface speed
of 30 to 4o feet per minute can be maintained on soft machinery
steel, thoroughly annealed tool steel and wrought iron. In such
cases, however, the cutters should be sharp and lubricated with
screw cutting oil or some good compound. On cast iron cutting
speeds of from 4o to 6o feet per minute can be maintained. de-
pending on the hardness of the iron. On brass a speed of from
8 to 100 feet per minute is suitable. These speeds may. with
cutters made of special air hardening steels, be materially in-
~reased.
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The depth of cut and rate of feed employed are dependent
upon the hardness of the metal, its strength to resist the cut,
rigidity with which it is held, and character of finished surface
required.

In general finishing cuts with plain axial mills are taken at
quick speeds and fine feeds. With radial mills finishing cuts
may be taken at coarse feeds, as the character of the cut due to
the long cutting edge, does not show a waved or uneven sur-
face.

In the case of expensive gangs of cutters, and more especially
on those where fixed dimensions necessitate great care in grind-
ing, it is advisable to hold the cutting speed down somewhat.

The following table will be found convenient for determin-
ing the proper number of revolutions for cutters of ditferent
diameter to give cutting speeds up to 60 feet per minute.

TABLE OF CUTTING SPEEDS.

Teadm s | 100 | 15’ | 200 | 25 | 30 | 35 | 40 | 45" | 50 | 60

Diam. REVOLUTIONS PER MINUTE.

1% 38.2 76.4 | 114.6 | 152.9| 191.1| 229.3|267.5| 305.7 | 344.0 382.2| 458.7
3% 306 61.2| 91.8| 122.5|153.1| 183.7(214.3 | 244.9{ 275.5 306.1{ 367.5
¥ 254 50.8| 76.3| 101.7|127.1| 152.5|178.0| 203.4 | 228.8 254.2| 305.1
%i 21.8 43.6 | 65.5) 87.3|109.1]|130.9(152.7|174.5|196.3 ; 218.9| 261.9
1 . 19.1 382 s57.3| 76.4| 95.5(114.6/133.8(152.9 172.0; I91.1 | 229.2
1% 17.0 34.0| 51.0| 68.0| 85.0|102.0|/119.0{136.0| 153.0 170.0 | 204.0
1% 15.3 30.6| 45.8| 61.2]| 76.3| 91.8{106.9|122.5|137.4 ' 153.1 183.
134 13.9 27.8| 41.7| 55.6] 69.5| 83.3] 97.2| 111.1|125.0 138.9|166.8
1Y% 12.7 25.4| 38.2| 50.8( 63.7| 76.3| 89.2| 101.7| 114.6 127.1|152.4
15 11.8 23.5| 35.0| 47.0| 58.8| 70.5| 82.2| 93.9|105.7 117.4|141.0
13 109 21.8| 32.7( 43.6| 54.5| 65.5| 76.4| 87.3| 98.2 109.1|130.8
1% 10.2 20.4| 30.6| 40.7| 50.9| 61.1| 71.3]| 81.5| 9I1.9 101.9| 122.1
19.1 | 28.71 38.2| 47.8| 57.3| 66.9| 76.4| 86.0 95.5|114.6

»
o
-

24 8.5 17.0| 25.4| 34.0| 42.4| 51.0| 59.4| 68.0| 76.2 8s5.0| 102.0
2% 7.6 15.3| 22.9( 30.6| 38.2| 45.8| 53.5| 61.2| 68.8 76.3| 91.8
23| 6.9 13.9| 208 27.8| 34.7| 41.7| 48.6| 55.6| 62.5 69.5| 83.4
3 6.4 12.7| 19.1| 25.5| 31.8| 38.2| 44.6( s51.0| 57.3 63.7| 76.5
3%! 5.5 10.9| 16.4| 21.8| 27.3| 32.7| 38.2| 43.6] 49.1 54.5| 65.4
4 l 4.8 9.6 14.3] 19.1| 23.9| 28.7| 33.4| 38.2 43.o| 47.8| 57.3
4% 4.2 85| 12.7| 16.9| 21.2] 25.4| 29.6| 34.0 38.|| 42.4| 50.7
5 | 3.8 7.6 11.5| 15.3] 19.1| 22.9| 26.7| 30.6| 34.4, 38.2| 45.9
5% 3.5 6.9 10.4| 13.9| 17.4( 20.8| 24.3| 27.8| 31.3| 34.7| 41.7
6 | 3.2 6.4 9.6| 12.7| 15.9| 19.1| 22.3| 25.5| 28.7| 31.8| 38.1
7 | 27 5.5 8.1| 10.9| 13.6| 16.4] 19.1| 21.8| 24.6' 27.3| 32.7
8 2.4 4.8 7.2 9.6 11.9{ 14.3] 16.7| 19.1| 21.1| 23.9| 28.8
9 | 2.1 4.2 6.4 8.5| 10.6] 12.7| 14.9| 17.0 19.11 21.2| 25.5
10 | 1.9 3.8 5.7 7.6| 9.6] 11.5| 13.4] 15.3| 17.2 19.1| 22.8

The smaller milling cutters which are carried on an arbor
are usually driven by the friction between their faces and the
arbor collars. They should therefore be rotated in the direction
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“work as shown at D, the table stops, provided with all milling
machines, should be used and thus prevent any possibility of the
work moving in or away from the cutter when correctly set.
‘When it is necessary to use both sides of the cutter at the same
time, as in Fig. 493, the direction of the feed should be deter-
mined from a consideration of the amount of stock to be re-
moved from the sides. If the rotation of the cutter is as indicated
and the most stock is to be removed from the surface A, then the
feed should be in the direction shown by the arrow. The cut on
the upper surface then tends to retard the feed and the cut
on the lower surface to draw the feed: and since the cut on
the upper surface is heavier than that on the lower, the re-
tarding pressure is greater than the drawing, and a smooth,
steady cut results, with a minimum danger of injury to the

FIG. 493.

work and cutter. If the cut was heaviest at the surface B,
the cutter should be started from the opposite end and the direc-
tion of the feed reversed.

Plain surfaces may usually be milled either by the plain
axial milling cutter or a radial or end mill. The axial cutter
leaves a smoother surface and is more easily kept in order than
the radial. The tendency to spring and distort the work is,
however, greater with the axial cutter, as the pressure of the cut
is very largely at right angles to the work surface, while with
the end mill the pressure is almost wholly in the direction of the
feed. The character of the work usually determines which class
of cutter to use. At 1 and 2, Fig. 494, are shown two ways of
milling a common hexagon nut. The straddle mills of No. 2
are radial cutters and, as arranged, finish two surfaces each
time over the work. An end mill might be used, in which case
but one surface would be finished at a time. In any case the
diameter of the mili should be as small as strength and con-



s, MODERN MACHINE SHOP TOOLS.

w-mence Wil permit.  An inspection of Fig. 495 shows e
.r this. [f the porticn D E F G of the work is t; te
t. the cutter, it is evident that the smaller cutter X

Tra-cn

Ve vy

[ et P A

FIG. 494.

will travel the distance B in completing the cut, while the cutter
Y omust travel the distance N0 11 the width W of the work is
snall, the saving in time required for the work by using the
small cutter becomes a censiderable portion of the total time.
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The first cost of the smaller cutter is less and the power required
to drive it also less than with the large cutter.

In placing cutters on the arbor, the faces of the cutter and
the arbor collars should be carefully wiped and thus insure a
true running cutter. As shown in Fig. 496, a small piece of
cutting or dirt A between the faces, causes a spring in the
arbor and the cutter will run out of true. When made, the
faces of these collars are carefully brought parallel with each
other and. with reasonable care, they can be kept in this condi-
tion. When, as in 2 and 3, Fig. 494. two cutters are to be
used for straddle work, it is necessary when the distance between

FIG. 495.

A ]
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the faces of the work is to be of exact dimension, to have collars
of suitable length. As the regular collars usually make up by
eighths above one-fourth inch, suitable washers must be pro-
vided for making up the exact dimension. These may be had
with parallel faces and varying in thickness by .oor-inch, thus
making it possible to obtain any desired dimension between the
faces of the cutters. When it is required to machine the top
surface of the work, a plain axial cutter can he used between
the straddle mills in place of the collars and washers.

At 4. Fig. 494, is shown the final operation in the milling of
a T-slot. The neck of the slot and all the metal possible should
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be rst removed with a plain axial cutter. as in Fig. 497, which
#aves 2 minimom amount of work for the more delicate T-slnt
cutter u: perform.  [f the mature of the work is such thata
plain catter cannce be used. the stock can be removed with an
end mill In this case. a cutter somewhat smaller in diameter
than the required width cof the neck must be used first, as the
spring of so small a curter when taking such a heavy cut would
cause the work to be untrue. The neck can then be finished to
exact width by passing a sizing cutter through or by trimming
cach side with a fimishing cut with the roughing cutter. The mill-
ingor'a\'-slot.s.th.missimilartothatofthe'l'-slot.the‘
mest of the stock preferably being first removed with a plan |
cutter cr an end mill. The cutter shown could be used to com- |
plete the work at once. without the use of a stocking cutter as
it is provided with teeth on its shank. This is not, however, the

FIG. 497. FIG. 498. FIG. 499.

customary method. as the necks of these cutters are not usually
provided with teeth and the spring of the cutter makes smooth,
accurate results very hard to obtain.

At 6, Fig. 494, is illustrated a method of milling the guides
of a housing. With a cutter of proper thickness and diameter,
both sides and bottom of the guides are finished at one cut.
This figure serves to suggest one of many similar operations
that can be performed with a plain cutter. No. 7, Fig. 494.
shows how the milling machine can be used for boring and
facing work. The work is clamped to the table of the machine
and a short boring bar placed in the spindle bearing. If the
hole to be hored is of considerable length and diameter, the
outer end of the bar should be formed to fit the bearing of the
overhanging arm, thus making it firm and capable of producing
a smooth ¢rie bore.  An automatic in-and-out feed is very de-

: of this character. It will also be noted that the
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No. 10, Fig. 494, shows the method of cutting spur gears
in the plain or universal milling machine. One or more of the
gear blanks are mounted on a mandrel and placed between the
centers, the gear cutter having been previously placed on the
arbor and the table adjusted in and out so the center of thc
cutter falls in the line of the work centers. The index is set to
give the correct number of divisions and the work elevated until
the rotating cutter just touches the rim of the gear blank. The
graduated dial on the elevating screw is then set to zero, the
work moved out from under the cutter and raised an amount
equal to the required depth of the tooth. Spur gears too large
to swing between centers can often be cut by placing the index
head spindle in a vertical position and carrving the blank on a
vertical mandrel held in the spindle. This places the blank in
a horizontal plane and the cutter is set to depth by the table
feed screw and the work fed to the cutter by the vertical feed.

In Fig. 500 is shown a method of cutting a large spur gear in
a plain milling machine using a plain dividing head clamped to
a knee plate. The gear shown is 30 inches in diameter. The
greatest care must be taken in an operation of this kind as the
leverage on the spindle of the dividing head is considerable and
the chances of shifting the work great, especially if the cutter
is a little dull. By previously gashing the work with a plain cut-
ter, the chances for a true job are very materially improved.

Another method of cutting large spur gears in the milling
machine is illustrated in Fig. 501. This is known as the under
cutting method which is accomplished by raising the dividing
head and tail stock by means of suitable elevating blocks and
providing a substantial outer support for the milling arbor. An
adjustable post in the tail stock raising block can be brought to
bear against the rim of the blank immediately over the cutter,
thus taking the cutter thrust and relieving the centers of this
strain.

The fluting of the tap shown at No. 11 is similar in all
respects to the fluting of the reamer in No. 9. No. 12 shows the
method of hobbing a worm gear, the blank having been pre-
viously gashed. The hob is a cutter of exactly the same shape
as the worm that is to mesh with the gear and simply forms out
the teeth, the blank rotating free on the centers. In gashing the
teeth of the worm gear before hobbing, it is placed on the mar
drel between centers and the index set for the proper number
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-—barallel with the work table. The proper cutter for the particu-
-“ar pitch and number of teeth is placed on the cutter arbor
=-and brought central with the work.
> For any pitch the depth and width A
" at the outer end of the tooth is the
*. same as for spur gears. As the inner
end of the space is narrower, the cut- c
ters for bevel gears must be thinner --g---
than for spur gears. The index hav-
- ing been set for the proper number
of teeth a few center cuts are taken,
The index pin is then advanced a few
holes and the work moved out a few | v
thousandths from the central position . FIG. 502.
and the cutter again passed through
the spaces already cut. This should remove some of the stock
from the side of the teeth, taking more at the outer end than at
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the inner end. The index pin is next carried back double the
number of holes it was advanced and the work moved in double
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hewy;_ flyte in a twist drill should be less at the shank end than
&hc point. It is therefore necessary to elevate the point some-

=at. When the flute is to be cut from the very end of the
“-ipk', the shank must be held in a chuck on the spindle of the

FIG. 505.

universal head, and for the outer end, supported on a suitable
steady rest. If, however, the work can be carried on centers
and the cutter dropped into its cut as close to the point as pos-
sible, better results can usually be obtained with less liability to
accident. In this case, the head spindle can be dropped a few

FIG. 506.

degrees below the horizontal position, or the tail center raised
to give the proper taper to the web of the drill.  The hacking
- off of the lands of the drill, as shown in Fig. 500, is a somewhat
difficult operation, requiring good judgment on the part of the
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until the jaw touches the arbor. If the contact is uniform the
full length of the jaw, the setting is correct. This pre-supp o
a true rumning arbor. Squaring from the front face of tic
column with an accurate square is equally satisfactory and th:
better method if the arbor is not dead true. For the 9o degre
position square the jaw from the arbor.

Viise jaws are nicely finished and made of hard or soft ste,
the hard jaws being most used. They are so secured that they
may readily be removed and special jaws applied in their placc.
The faces are at right angles to the work table, which insures
the milling of the top surface of work at right angles with it
sides when clamped squarely in the jaws. '

For the holding of round work a special \" jaw as shown

=M=

||Il‘

‘ ™t

FIG. 310,

in Iig. 510 is well suited.  This gives a three line contact lie-
tween work and jaws and prevents the work from tipping wup
or down, It also insures, on work of equal diameter, the same
height of setting, a verv important condition, which is difficu’t
to obtain with certainty when the work is allowed to rest on the
face of the vise slide. or on a parallel.  For much special weri
false vise jaws can be used to very excellent advantage as they
may he formed to irregular contours of either work or cutter.

In Fig, 511 is shown an example of heavy gang milling.  In
this case the seats for caps and quarter box cheaks are finished
at once through. Tt involves the finishing of five horizontal
and three vertical surfaces. The gang is made up of four stand-
ard cutters and one special inserted tooth cutter.  The diameter
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whe hub of the upright part. It is possible in this way to
®.«=hine any number of pieces and have them all alike,

“The methods for securing work to the table of the milling
= <chine are quite similar to those used on the planer. The same
>N ts, clamps and blocking being equally suited in both cases.

is ordinarily necessary to clamp the work quite securely as
- tendency to shift under heavy cuts is great. As milling ma-

ine tables are not ordinarily provided with holes for stop
™ s, it is frequently necessary to holt suitable stops to the table.

bar laid crosswise on the table and held with bolts in two or
“wore of the T-slots makes an excellent stop. Round true iron
ovashers holted to the table may also serve as suitable stops.

DBars of cast iron planed true and having tongues on the bot-
“®om side to fit in the wards of the table will be found very con-

FI1G. 314,

venient for much work that requires two surfaces to he milled
parallel with each other. Such a bar is shown in end view in lig.
514. They are simply used for sctting the cedge of the work
-against serving as a stop and insuring quick and accurate align-
ment. By making a casting in the form of a right angle triangle
with tongues on one edge, a very satisfactory cross table stop 13
formed for. milling surfaces at right angles to ecach other.

The knee plate is much used for holding work on the mill-
ing machine, and especially in the case of special work where a
plate serves as a jig. It should he provided with tongues for
properly lining it on the table, and when used for gencral
work the upright arm should have a goodly number of slots or
holes for receiving the clamp bolts.

Chuck work should he kept as close up to the jaws as possi-
ble. thus making it rigid. When it is necessary to operate on a
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_<enter line a a of the work. This roughs down one of the
" straight sides of the cam. Next rotate the chuck slowly by means
" of the worm and gear until the cutter has roughed all the sur-
face around to the point b. DBy next dropping the work, the other

I

, .
FIG. §516.

straight side is milled. As machined the two straight sides will
be flat but the circular portion will be somewhat concave, duc to
the high position of the cutter. For the finishing cut the cutter
should be set with its center at the height of the work center.

FIG. 516A.

This brings all of the work on the end of the cutter which
leaves a straight surface, but does not cut as freely as when
for roughing. This class of work brings considerable strain
wear on the worm and gear of the dividing head,
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Cutter vibration can usually be traced to some slack in tabe
joints or spindle bearings. Heavy cuts on frail work are apt t
chatter. Straight cutter teeth are much more apt to cause chatier
than spiral ones. A harmonic relation between the numbers oi
teeth in the back gears and the number in the cutter, when the
machine is running in back gear, is without doubt a frequent
cause of chattering.

The graduated dials on all table feed screws are of grea
value in sctting cutters in the proper position relative to the
work. They should, when possible, be used for “making these
settings, care always being exercised in taking up the slack or
back lash in the screws. -

In the milling of steel and wrought iron a cutter, lubricant
is used. Lard oil is generally considered the best for this pur-
pose, although its high cost often precludes its use some form of
compound heing substituted. Many of the soap and soda com-
pounds are very good substitutes. The object of lubrication
is to supply, not only enough of the lubricant to keep down
friction. hut enough to carry away the heat of friction and thus
preserve the cutting edges and make possible higher cutting
speeds.  Cast iron and brass do not require a lubricant.

Castings that are to be milled should be free from sand and
hard. flinty spots. It is desirable to pickle them and in the
case of small castings, which are very apt to he hard, to anneal
them. These operations are inexpensive and rapid and will save
many cutters and much grinding. B
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In the templet-planing process the sides of the teeth are
with a pointed tool, the path of the point being guided by a
plet of the correct outline. This process is much slower thum
rotating formed cutter method and consequently is lhittle wel
for other than the cutting of miter and bevel gears, to whid
work it is admirably adapted. In Fig. 517 is illustrated the Ghsn
templet bevel gear planer and in Fig. 517A an outline of its mow
ments showing how it is possible to make the point of the cuttg
tool duplicate the templet outline to a uniformly reducing sck
from the outer to the inner end of the tooth, thus giving a corret
outline tooth, its accuracy depending upon the accuracy of the
templet. With the formed cutter it is possible in bevel gear cn-

FI1G. §IFA.

ting to give a correct tooth outline only at one point in the tooth’s
length. The method is, however, much more rapid and for the
tiner pitches is much used.  For the coarser pitches and relatively
lunger teeth, where quiet, smooth running gears are required, the
planing process is used.

The gencrating of conjugate tooth outlines, or in other terms,
the forming of the teeth upon cylinders that will cause them to
roll together as the pitch circle of the one would roll upon the
pitch circle of the other without slipping, is a condition that can
only he obtained by a molding process.

When two newly cut gears run together, a molding process
takes place, the high parts wearing down and gradually produc-
ing a smooth running conjugate tooth. 1{ the teatn of one peas
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i

r Were covered with fine file-like teeth it would quickly mold the

- Beeth of the other gear.

("»

- The forming of teeth in this manner by a process known as
the molding-planing process has but recently been put into a

‘practlcal form for spur gear cutting in the Fellows gear shaper.

The single-tooth molding-planing process, as applied in the

- Bilgrim machine, generates conjugate teeth on miter and bevel

gear blanks.

The making of formed gear cutters involves the laying out
of the templet and making of the negative cutting tool as described
in connection with Fig. 472.

As the tooth outline varies with the number of teeth in the
gear a cutter can be made exactly correct for but one number of
teeth. In practice, however, the outline varies so slightly, espe-
cially for the larger numbers of teeth, that one cutter, although
exactly correct for but one number of teeth, is used for cutting
quite a range of numbers. As the tooth outline changes very
rapidly for the lower numbers of teeth the range is small for
these numbers. In the involute system the permissible range is
much wider than in the cycloidal system. In the following table
is given the numbers and range of Brown & Sharpe involute gear
cutters :

No. 1 will cut wheels from 135 teeth to a rack.
“ 2 “ “ “ 55 134 teeth.
“ 3 “ * D -~
“ 4 “ “ “ 26 ¢ 34 ¢
“ 5 “ “ “ 21 “ ¢ 25 “
g 6 [y “ ‘o l7 “ “ 20 €“
“ 7 “ “ “ 4 “ “ 16 “
“ 8 «“ “ “ 1z “ 0 13 “

In cases where a finer division is required in the number of
teeth to be cut with each cutter, as sometimes occurs when very
smooth running gears are required, intermediate cutters between
those regularly used may be had on special order. The range of
these cutters is given in the following table:

No. of Cutter. Range. No. of Cutter, Range.
1874 80 to 134 teeth. 54 19 to 20 teeth,
216 42 “ 54 ‘“ 6]2/ ]5 . l6 “
3% 30 34 ¢ 73 13
15 23 25
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In the cycloidal system 24 cutters are required for cutting al
numbers from 12 teeth to a rack as given in the following tabl;

Cutter A cuts 12 teeth. || Cutter M cuts 27 to 29 tecth.
" B cuts | & ! - N cuts 30 te 33
- C cuts 14 ¢ O cuts 34 to 37
" D cuts 15 * P cuts 38 to 42

E cuts 6 - “ Q cuts 43 to 49
" F cuts ) 2 * R cuts 50 to 359

G cuts 8 " - S cuts 60 to 74
- H cuts 9 “ : T cuts 75 to g9 *
" T cuts 20 ° “ U cuts 100 to149 ~
" J cuts 21 to 22 ‘ “ V' cuts 150 to 249
Y K ocuts 23 to 23 ¢ s W cuts 250 or more.
" I ocuts 25 to 26 i * X cuts Raek.

For hevel gear cutting, involute teeth, cight cutters having
the same range as above given are required. These cutters « rfer
from those used for spur gearing in that they are considerally
thinner, a condition made necessary by the cutters having to pass
through the narrow end of the tooth space. The regular bevel

FIG. §18.

grear cutters are thin enough to pass through the narrow end of the
space where the length of the tooth is not more than 1-3 the dis-
tance from the outer end of the tooth to the point at which the
axes intersect. \Where an extra length of tooth is required. an
especially thin cutter must he used.

Cutters for spur gears have the pitch and the range of teeth
stamped on them. Cutters for bevel gears have the pitch, but not
the range stamped on them, inasmuch as the range does not or-
dinarily correspond to that given for spur gears. The selecting of

”
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pitch, the more cutters it is possible to mount in one
This condition at once makes the gang a purely manu
tool, which can be advantageously adapted only in cases whes
large numbers of each size of gears are to be cut. In using thee
gangs, care must be exercised in setting to the exact depth of
and that the blanks are of exact diameter, as inaccuracies i
these conditions will produce thick or thin teeth.

These cutters are ground from the front face without chang-
ing their form.  With these gangs as many as ten finished teeth
may be cut at one passage through the blank. Under ordinary
conditions the excessive heat generated by the removing of »
much stock necessitates a somewhat slower rate of feed and cutter
rotation than can be employed with single cutters. A jet of com
pressed air directed against the work and cutters makes possible
much higher speeds. )

The Clough duplex cutter, as shown in Fig. 520, althougha
form of gang cutter, finishes but one tooth at a time. The object
of this cutter is to produce gears having a widely different number
of teeth, that will interchange with a single cutter. Correct tooth
outline must of necessity be sacrificed in accomplishing this end.
Gears cut, however, with these cutters run fairly well together
and will work with gears cut with regular involute cutters. Gears
having 3o teeth or over are finished entirely by the inside faces oi
the cutter. For numbers lower than 30 the flanks are finished
by the outer faces of the cutters,

The methods of cutting spur and bevel gears already descrilxd
in Chapter XXV, require the continuous attention of the operator
with a constant danger of his making an error in division. Auto-
matic grear cutting machines insure better gear at very much lower
cost.In Fig, 521 is shown an automatic gear cutter capable of
cntting spur gears only up to 4o inches in diameter by g9 inches
face.

In Fig. 522 is shown an automatic gear cutter for cutting both
spur and hevel gears up to 18 inches diameter by 4 inches
face.

In these machines all movements are entirely automatic. The
work is secured to the dividing head spindle; the necessary change
gear adjustments made for dividing the work ; the work set to the
cutter so as to cui the proper depth of tooth, the correct cutter
having previously been put on the cutter spindle, and the machine
started up. V" * in the cutter advances
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at any angle between a horizontal and a vertical position
with the cutting of bevel gear in the milling machine, the
must pass twice through each space, the automatic features of
machine, however, remaining the same as for spur gear cuttmg.

Due to their smoothness of action, spiral gears running ind
are largely used for driving the cutter spindle. As the centerd
the cutter must, for spur gear cutting, be under the center of the
work and as the cutters vary in thickness, it is necessary to giw
the spindle an adjustment endwise and to provide a suitable gauge
for setting the cutter central.

The feed to the cutter slide on the machines shown is accon-
plished by a slow rotation of the feed screw, which rate can be
varied within necessary limits by a change of gearing. The auto
matic disengaging by stops of the clutch, which engages the for-
ward driving gear with the feed screw, stops the feed. The same
movement engages the screw with a qaick-running reverse gar
which brings the slide back very rapidly. The changes from the
one movement to the other occur without pause or shock.

The exactness with which the dividing mechanism performs
its work is dependent upon an accurately cut worm gear and
worm: accurately cut change gears; nicely fitting bearings and
adjustments permitting of no back lash; and an escapement move-
ment which allows the locking disc-shaft to make exactly one
revolution, or, as is the case with the Brown & Sharpe machines,
two or four revolutions at the time the division is made. In these
machines a side shaft rotating at a constant rate of speed carries
a clutch which at the instant of the tripping of the escapement
stop engages the locking disc causing it to rotate through one.
two, or four revolutions, depending on the setting. This has the
advantage of reducing the number of change gears necessary.

Referring to Fig. 523. B is the gear on the locking shait, C
and ) are intermediate gears on a stud, and E is the worm gear,
which transmits its motion to the worm through a pair of miter
gears. The number of teeth in the worm divided by the number
of teeth to be cut, represents the ratio that must be made up by the
change gears. Thus if 120 teeth are required the ratio is one,
and gears must be sclected that will give this ratio, as B 50, C 5o,
D 60, and E 60. If, for example, 82 teeth are wanted,

120 60 2 30

R~ 41
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¢ iving gear B 100, C 50, D 30, E 41. As a gear with 41 teeth is

* not available, 60 and 82 may be used on D and E. If in the latter

* «case 41 teeth were wanted, two revolutions of the locking disk
<could be employed, using the same change gears.

Where work of small diameter is operated upon, the outer end
of the work mandrel is supported by an overhanging arm and
no further support is necessary. If of large diameter the end of
the mandrel is carried in an outboard support, and a rim support
steadies the blank immediately back of the cutter. In setting the
work to depth it should be lowered until the revolving cutter just
touches the circumference, and the dial on the elevating screw then
set at zero. It should then be dropped the required amount for

woRm GEAR.

'
120 rl‘znt

- — WORM CHANGE GEAR.

FIG. §523.

the cut by passing somewhat beyond the required distance and
turning up to the mark, thus avoiding any error due to back lash
in screw and connections.

Gear cutting machines when used on steel gears are provided
with an oil pump for supplying a liberal amount of screw cutting
oil on cutter and work. In the cutting of steel gears, when prop-
erly lubricated, a high rotative cutter speed with very fine fecds
are usually advisable. The lubricant prevents the heating of the
cutter and the fine feed overcomes its tendency to “hog” into the
work.

The cutting of bevel gears in the automatic machine shown
in Fig. 522 does not differ materially from the milling machine
method described in connection with Fig. 503. The side mov
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&ooth would by the molding process produce a correct involute
«outline on the tooth of any gear that, meshing with the rack, was
«aused to pass this cutting face. Upon this fact is based the
smethod by which the Fellows cutter is finished. The cutter hav-
3ng been planed from a blank, as shown in Fig. 528, and hard-
€ned, is put on a special grinding machine and the tooth outlines
ground to the correct form, the operating of the machine depend-
ing upon the principle above explained and clearly illustrated in
Fig. 529. The rack, of which the face of the wheel forms the side
of one tooth, is a fixed imaginary orie and the cutter blank is
given, by a suitable mechanism, a true rack and pinion motion

CUTTER BLANK
FIG. 528.

past the face of the emery wheel, which grinds the sides of the
teeth, one at a time, to the correct form.

In its operation the cutter and blank are so geared together
that they rotate the same as two complete gears in proper mesh.
After starting the machine, the cutter is fed toward the hlank
until it has cut the exact depth of the tooth. Rotation which cor-
responds to a feed then begins, a small amount at the beginning
of each stroke, when the cutter is clear of the work and continues
until the cutting is finished.

The method of holding the work is shown in I'ig. 527. a suita-
ble face-plate and clamp with a work support in connection with
the draw stroke on the cutter making a very rigid combination.
When the character of the work necessitates it, the cut can he
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taken on the down stroke, such usually being the case when
cutting internal gears. The stroke of the cutter ram is adjustable,
as to length and position.

Since the teeth of the cutter are conjugate to the generating
rack. all gears cut with the cutter are conjugate to it and to cach
other. One cutter will therefore cut all gears from a pinion to a
rack.

Bevel gears having the octoidal form of teeth are cut theoreti-

Whee

VA WA

Cutter ' '; . FiRd
FIG. 529.

cally correct by a molding planing process in the Bilgram bhevel
gear planer, Fig. 530. The generating tool has a straight cutting
cdge and is given a motion parallel with the root of the tooth and
constantly moving toward the apex of the pitch cone.

In this machine the gear blank is given a rolling motion as it
swings under the cutting tool. This motion is accomplished by
means of a pair of bands wrapped about a portion of a conical
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where the root outlines of the teeth are so nearly parallel that a
1isk cutter would clip off the teeth too much, thus making the space
wide and the tooth thin, as well as destroying the form of tooth
section.

The end cutter is given the same shape as the desired tooth
space and rotates at right angles to the axis of the blank, both axces
being in the same plane. The end cutter is a delicate tool that
rapidly loses its form and does not produce a spiral groove or tooth
space having exactly its outline.

The disk cutter is best suited to this worl\ as it cuts faster and
retains its shape well. When made of small diameter it can or-
dinarily be used on low numbered pinions with satisfactory results.
In its use the axis of the blank must be placed at go degrees, minus
the spiral angle, from the cutter arbor, the direction in which the
angle is measured depending upon whether the spiral is to be right
or left handed. The blank as it is fed to the cutter is given the
proper rotation to produce the required spiral.

As the disk cutter operated in the universal milling machine
forms the most practical method of producing spiral gears, we will
consider that method of cutting in the following examples.

In preparing to cut a spiral gear in the universal milling ma-
chine the operator shotild observe the following points: Having
selected the proper cutter and secured it well toward the outer end
of the arbor in order to allow plenty of room to swing the table
without striking the housing, or upon the spindle of the universal
attachment, he will proceed as follows: First, move the saddle
until the centers of the spindle and center plane of the cutter coin-
cide. This will bring the center of the cutter over the center about
which the work table rotates in setting for the spiral angle.

Adjust the dividing mechanism to give the number of teeth
desired the same as for spur gear cutting and release the pin on
the back side of the index dial so that the dial may rotate with the
worm spindle.

The spindle must be geared with the feed serew in order to
obtain the required pitch of the spiral. .\ table furnished with
the machine will give the change gears to use for a large range
of pitches. If the pitch required docs not exactly coincide with
any given in the table, it will usually be sufficiently correct to use
the one nearest the proper pitch.

The spindle will have right or left hand rotation, depending
on whether the gear is to have right or left hand spirals. The
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direction of rotation is changed by driving through an idle gur
carried on a second stud.

Next swing the table, or the universal spindle as the case my
be. through the spiral angle and elevate the knee until the revolving
cutter touches the circumference of the blank. Back the blank
from under the cutter and again elevate the work. this time i
amount equal to the depth to be cut in gear. In returning, lower
the work a little so as to clear.



CHAPTER XXVIL
DRILLING MACHINES AND DRILLING WORK.

Drilling machines constitute a class of machine tools which has
developed from the lathe. The standard drilling machine in its
various forms consists primarily of a revolving spindle for carry-
ing the cutting tool ; a work holding table and a substantial framc
connecting the two. The details of spindle adjustments and
spindle drives and feeds, while differing in points of detail in the
several designs and classes, all bear close mechanical relations with
each other.

The specific field for this class of tools is the drilling and boring
of holes of comparatively small diameters. The reaming and tap-
ping of these holes are in many cases added to the work of the
drill and by means of special tools and fixtures much work for-
merly done in the lathe is now being performed on drilling ma-
chines. The relative importance of this class of tools in manufac-
turing shops has been measured largely by their ability to do
strictly drilling work. As a manufacturing tool, it is, however,
due to its simplicity, the readiness with which it can be ganged,
and its comparatively low cost, rapidly growing in favor.

In Fig. 532 is shown a standard pattern upright drill.  This ix
a back geared machine, the hack gear mechanism being inclosed
in the upper horizontal spindle cone. This gives the spindle eight
speeds. The spindle has a three-speed automatic feed with an
automatic stop for knocking the feed off at any required position
of the spindle. Both wheel and lever feeds are also provided with
a provision for quickly moving the spindle when the worm on hand
wheel is disengaged from its gear. The rack and pinion method
of moving the spindle is common to practically all makes and styles
of drilling machine. The spindle has its lower bearing in a quill
which is given a close sliding fit in the head. The feed rack is
secured to the quill. The machine shown is of the sliding head
pattern, the head having a vertical adjustment on the front face
of the column to adapt the machine to work of different heights
and drills and tools of varying lengths. The head is counter
weighted by an equivalent weight on the inside of the column and
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be used to very good advantage. The box contains four guars,
one cut on the lower end of the taper spindle, another on the
spindle carrving the drill chuck with the two others mounied
together on the stud shown. The arrangement is precisely like 2
back gear with an increasing rather than a decreasing spindle
speed.

The securing of work on the table of the drilling machine re-
quires clamps, bolts, jacks and blocking, the same as for planer
and milling machine work. The same care should also be exer-
cised in the setting, as true work requires careful setting. The
use of the square and surface gauge, and good parallel bars
are indispensable in setting up work for drilling. For throuch
drilling the work must he so located on the table that the drill
in passing through will enter a slot or the central hole on the
table. If the drill is too large or for any other reason this can-’

FIC, §45.

not he done, the work should he placed on parallel bars sufficiently
thick to raise the work enough to allow the drill to pass through
without spotting into the table.

The work table should be kept in good condition, and to drill
a hole into it should be an unpardonable offense.  As the work
table on upright drills turns about its center and the table arm
turns on the column, it is possible to so adjust the table that any
point on a piece of work clamped to it can be brought under the
center of the drill.

For drilling surfaces at right angles to a plain surface. the
work can be secured to a knece plate or preferably to the table of
a horizontal spindle drill.  Round work can be advantageously
clamped in a pair of go degree V7 blocks. -

For the holding of small and medium sized pieces of work
the drilling vise is much used. In Fig. 545 is shown a form of
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drilling vise with an angular adjustment to the sliding jaw for
holding tapered work. Nearly all pieces of work can be held in
some manner in a vise, and in some cases when a large number

FIG. 546B.

of irregular shaped pieces are to be drilled it is found advisable
to make special false vise jaws for holding them.

In Fig. 546 is shown, at A, a new drilling vise with a cross
section at B. The method of operating the sliding jaw in this
vise is such as to always hold the jaw tight down to its slide,

FIG. 547.
which prevents lifting and drawing the work out of true in tight-
ening.
In Fig. 547 is shown a special jig drilling vise. It consists
of a substantially made plain drilling vise with the jig drilling
attachment shown. The attachment is secured to the stationary
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jaw. The peat C pesmits 3 vertics] and 2 tmming admamer x]
i~ finmly clunped in posttion. The voir V. winst s
drilling Insshing 12, can be adjumed Jor ength. The stume E i
In, are aleo adjustable. When 2 nunfber of gaeces ar 10 b Gl
ulike, the first one js clamped in the vise and the g E o 2
wljusted 1 it, The work sbould reet. If posaible. uvn the vaw o
the vine or on suitable parallede i order that al prece x e
jnt intes the vise in the same rdative position.  The businng. via
properly adjusted, insures the drilhng «f fix bule v e o
telitive gumition, within reasonabie hmiss. on all fhe pieres. 3
vine of this descrijption proves an dficient soul for many drilimg
operitionn,

Nevelann of work in the manufacturing shop presems as man

T g FI1G. 549.

P aludbie e e ane e does the work handled in the drilling
e he Dindhings s veallv o conneetingg operation between the
b el s aubhing: o machine parts.  These parts are
trnes b pined ek ol o danensions, but the accuracy with
loe b ol ctoecthorand thein interchangeability is dependent
ot e the mamer e wiich the drilling s performed.
ot e dndlne e ot only make possible exact dupli-
e bat e mnch tnne that would otherwise be devoted to
e L ont on the warl . g < are manufacturing tools of, as
wornle Toed et cont e then ceonomy «lcpcmls very larg 'l_\' on
the b an pneces to be drilled,
Pradhne e can e divided into two general classes, plate
eand o e\ plate deilling jigois one whick can be laid
that vpwn the st faee of the work, properly located and clawvged
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d and bored. All holes in the jig are located with reference
he bore of the work. The lower portion of the jig holds the
k central and the upper portion carries the bushings. These
s are nicely fitted together and suitable dowels insure their
avs remaining in the required position, relative to each other.
the holes that are low on the work surface, extended bush-
s are used.

In Fig. 553 is shown a simple form of box jig used for drill-
holes in round work at right angles to each other. The
struction is evident from the cut. The work is slid to a stop

FIG. §53.

the jig and clamped in position. The hole E is drilled
ugh the bushing C, and F is drilled through the bushing D
1 the jig resting on its faces A and B respectively. When
angle A O D} is a right angle, the holes will be drilled at right
les with each other. By making the angle A O B any re-
'ed angle the same angular relation between the holes drilled
result.
From a consideration of Fig. 552 it is evident that when holes
to be drilled in a piece of work at any angle with each other,
"~ can be used. This jiz must contain the work and have
faces, one to receive the bush and the other to rest
"able, at right angles to each required hole.
f steel and wrought iron requires lubrication
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for the cutting tool. Cast iron and brass are drilled dry. &
with other cutting tools lard oil makes the most satisfactory la-
ricant. [t is expensive, however, and as a result cheaper i
and drilling compounds comprise the lubricants most used. Asthe
lubricant conducts away the heat of friction gencrated in the cn-
ting of stock, it should be freely applied and provisions made for
delivering it to the very cutting edge. This, as previously de-
scribed, is accomplished by means of oil tube drills. These when
used in a revolving spindle require a special form of socket which
can he connected by pipe or tubing with a pump, for forcing the
lubricant. '

The drilling of deep holes is usually accomplished in special
drilling machines using pod drills. Long twist drills are na

FIG. §54.

well suited to the drilling of deep holes inasmuch as the strain
tends to untwist and make them vibrate and catch in the work.
There is also not sufficient land area to satisfactorily guide the
drill, thus making it difficult to drill true, straight deep holes.
The pod drill is shown in Fig. §54. 1t is of semi-circular cross
scetion, the radius of the section being equal to the radius
of the required  hole. Al the cutting is done by the
end face at .\ B which is given the necessary clearance, and
for drilling steel a small amount of top rake. An oil tube D,
hedded in the shank, supplies the lubricant to the cutting edge.
FFor this class of drilling it is usual to rotate the work to a sta-
tionary drill.  The feed, however, is usually given the drill.  For
the drilling of deep holes of large diameter, the drills used have
an inserted cutter which can be removed for grinding and set
out to compensate for wear.
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drill is well adapted. Such a tool is shown in Fig. 557. Tk
head H carries two cutters C C and the pilot P. The small hok
for the pilot is first drilled, after which the tool shown sweep
out the balance of the stock with the least possible amount ui
cutting duty.

When a large hole of considerable length is to be drilled &
is good practice to drill a small lead hole the required depth fire.
This not only aids in starting the large drill true, but preven:
the grinding action on the inefficient cutting edge, at the end of
the web. In cases of this kind and for the enlarging of cored
holes. the three-flute drill is superior to the ordinary form.

For the handling of work on the table of the gang drill wher:
it is necessary to move the work from spindle to spindle, some

x
illy

form of universal vise or chuck, that will permit the work to read-
ily center, must be emploved. I the operations require but little
power aind consequently cause only a slight turning effort, the
work can be held in a drilling vise and moved to the spindles.
the operator centering and holding it while the work is done.
O heavier work, however, and in cases where all spindles are
operating at the same time a special arrangement must be em-
ploved.

Take for example the finishing of the collar shown in Fig.
558 which is regularly a turret lathe job. The guide shown
in Fig. 550 is the same length as, and secured to the table in such
a position that the center line A B is in the plane of the spindles.
The chuck or vise for holding the work is fastened to, or made



DRILLING

MACHINES AND DRILLING WORK.

417

a part of the slide, shown in Fig. 560. This slide fits over the
guide, Fig. 559. The work is secured to the upper half of the
slide which due to the two motions readily centers itself undei
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FIG. 558.

the spindle. After the first spindle has performed its operation the
slide is moved along the guide to the next spindle and another
slide with another piece of work is put on the guide and brought

e e e, —————————

FIG. §59.

to the first spindle.

After each operation the work is moved to

the next spindle and when finished the slide is taken off the end
of the guide, and returned to the starting end for another piece.
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TIn this manner several spindles are kept busy, each doing its
particular work.

In the present example, Fig. 558, the chuck used can be made
as shown in Fig. 561. The ring R is secured to the top of the slide,
and the work W gripped by the three set screws S S S. In
removing the work, but one of these screws is loosened. The
work is put in with the top face F down. The first spindle car-

al

|
||l1'i

FIG. §62. FIG. 563.

ries a three-fluted drill 1-64 inch under the finished diameter of
the hole. The second spindle carries a reamer which sizes and
finishes the hole.  The third spindle carries the facing head
shown in Fig. 562, which consists of a cast iron head H with the
hardened and ground pilot pin P and the inserted cutter with a
cutting edge at C which sweeps the face E of the work, leaving
it smooth and true. By grinding the cutting edge perfectly par-
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allel to the opposite edge of the cutter and securing it squarely
against the seat S in the Head this tool will face square. The
work is now removed from the chuck, the upper half of the slide
taken off, and the fixture X shown in Fig. 563 put on. P isa hard.
ened pilot, the upper end of which is made into an expandiny
chuck, as shown. The frame Y Y has a bearing fit at S S on the
pilot post and is threaded on the nose of the spindle. .\ tuming
tool T and a facing cutter C are secured in the proper positions
in the frame. The work is secured to the post as shown with
the unfinished face F up. The downward feed of the spindle
first turns and then faces the work.

The above example, although involving simple operations
on a very plain piece of work, serves to illustrate how many picces
of work can be put on a gang drill and produced at a much lower
cost than is possible on a single spindle turret machine.

Small pulleys, cones and plain work up to 6 and 8 inches m
diameter can be advantageously bored and turned by the above
method in the drilling machine, when they can be gripped sufha-
ently rigid by the bore.  When that cannot be done the arranze-
ment shown in Fig. 372 can be applied and the work rotated to a
stationary cutter.

The boring and reaming of large parallel holes in the drilling
machine is accomplished in a very satisfactory manner by the
method shown in IFig. 504, In this case a 5!4-inch cylinder i
inches long is accurately bored in the heavy standard pattern
32-inch uprieht drill, shown in Fig. 532.  As the bottom of th
engine bed shown is closed an extended boring bar cannot be used.
The work is squared up on the machine table T and firmly clamp-
cdan arm .\ supporting the upper end of the work. The voke Y is
bolted to the table and extends into the work through an opening
in the side. This voke carries a pilot bar P which fits in a tap-
cred bearing at E. The boring bar I3 threads on the nose of the
spindle and has a reamed hole H through it to receive the pilot
bar . The cutters O are secured in the end of the bar an.!
rough out the stock at the first passage through the bore.  Sizing
cutters are next substituted for € C and the bore brought to
reaming size. .\t the end of this cut the facing cutter F whick
is secured in the head of the bar, as shown, is carried down and
the end of the evlinder faced by a sweep cut.

The construction of the end of the bar is such that the cut-
ters (C C and the sizing cutters can be changed without altering
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ir Jdimensions. This is especially important with the sizing
ter, as it will carry through several bores without regrinding.
e pilot bar P is now taken out and an inserted blade reamer

@9

FIG. 564.

on the end of the boring bar is floated through the bore
¢h, round and parallel.
on the above work comes irom the shop ot
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the B. F. Barnes Company, and its size retaining features are of
special interest.

It is shown in Fig. 565. The cutters, one of which is shown
at A and B, are inserted in the head, as shown. The shank i
each cutter is tapered and drawn firmly to its seat by the bok
shown in B. The cutter disc corresponds to one thread of a
coarse pitch square thread screw, a portion of which is grouni
away. as shown at C. In obtaining the required size. the cut-
ters are numbered, hardened and fitted in the head. The head
is then placed on a mandrel between centers in the grinding ma-
chine and the cutters ground to the circle D D of the exact di-
ameter required. They are then removed and each cutter ground

FIG. 505.

to the diameter E I, and replaced in the head, each cutter in its
respective bearing as indicated by the numbers.  This is im-
portant inasmuch as the locations of the bearings vary somewlhat
and consequently all the cutters are not of the same diameter.

The cutting edge can be set to a line across the face of the
head and by grinding from the face X only in sharpening, the
exact diameter of the tool can be maintained until the cutters
are entirely ground away. Dy keeping a record of the diameter
of cach cutter, others can be made at any time without the ne-
cessity of the first grinding operation above referred to. The
objection to this tool is its comparatively short cutting edges.
It is only adapted to reamers of the larger sizes, as enough cutters
cannot be pnt in a head of small diameter.
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ing material used being of such a fine character as to leave
a smooth, highly-finished surface. This class of work is usually
dore on the buffing spindle shown in Fig. 568. Buffing do:
not leave a true surface and is consequently confined strictly ty
polishing work.

The grinding of twist drills is a very particular operatica,
requiring a skillful operator, if perfermed by hand. 'In Fig. 35;
i1s shown a twist-drill grinder in which the twist drills may be
gr und with the assurance that the angle and clearance will he
correct and equal on both sides.

In the machine shown, the construction is such that drills of
any diameter within the limits of the machine may be ground
with but one preliminary adjustment for cach size.

Unfortunately a twist drill can be ground by hand on a plain
emery wheel, which fact keeps the twist drill grinder out of many
shops where its use would add materially to the efficiency of the
drilling equipment.  Correctly ground drills cut faster, stand up
longer between grindings and produce the proper size of hole.
A correctlv-ground drill seldom breaks, as it cuts freely ahead of
its feed and does not scrape and jam, as is the case when clear-
ance and angle are wrong.

Grinding machines for the grinding of common forged lathe
and planer tools are manufactured, and in shops where large
numbers of forged tools are used have proved very efficient.  In
the working of these grinders the tool is clamped in a suitable
head and presented to the emery wheel at the proper rake and
clearance angles.

Cylindrical grinding as a class, covers all forms of grinding
operations upon external and internal cvlindrical surfaces.  The
universal grinding machine, or, as it is sometimes termed, grind-
ing lathe, shown in Fio, 572, s specially adapted to this very ex-
acting class of work, Al machines of this class consist of a
swivel table carrving a suitable head and tail stock. and of a
wheel stand carrving the grinding wheel.  The arrangement of
parts is such that cither the wheel stand is eiven the feeding mo-
tion past a stationary table or the platen is given the feed past
the wheel. The adjustments are such that the wheel can be set
in or awav from the line of the work center, or can be turned to
stand at anv desived anele with the line of the feed travel, which
is necessary for face and steep angle grinding.  The sv ,
can be set at an anzle with its travel, or th
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wheel where the table is stationary, thus making possible the
grinding of long tapers. For internal grinding, a small spindle,
run at a high rate of speed and carrying an emery wheel small
enough in diameter to operate in the bore to be ground, is used.
These machines are provided with suitable pumps for supplying
an abundance of water to the whecl and work, when the character
of the work is such as to require it. As these machines are ex-
pected to produce work smooth and cylindrically true, they are
most carefully built, and should embody all the refinements known
in machine tool construction. The spindle for carrying the emery
wheel is perfectly balanced and runs in very close-fitting boxes,
as any slack in the bearings or lack of balance proves fatal to the
production of correct results. Provisions are made for rotating
the work. when held between dead centers, with a spring tension
adjustment on the tail center, thus reducing the danger due to
expansion and the unequal wearing of the center bearings. The
screw adjustment for setting the wheel up to work is graduated
to thousands of an inch, thus forming an excellent guide in de-
termining the amount of stock removed.

The application of an automatic cross feed to the whecl stand
is a valuable addition to the plain and universal machines, as it
advances the wheel to the work by fixed amounts at the begin-
ning of each cut, thus making the conditions more uniform and
requiring less attention on the part of the operator. The amount
of feed for each passage of the wheel over the work can be varied
to suit the condition. A feed as fine as 14 of %5 can be ob-
tained, which would reduce the work 14 of 54 for each passage
of the wheel across it. An automatic stop tiirows out the feed
when the wheel has advanced the required amount. As this
mechanism is necessarily very sensitive and delicate it must be
kept perfectly clean and well lubricated.

Plain grinding machines are in many respects similar to the
universal machines. As thev are, however, used for straight
cvlindrical and long tapered work, many of the universal features
are dispensed with, making them strictly a manufacturers’ ma-
chine.

The wheel for any class of grinding should be properly
adapted to its work as to shape, grade, and hardness. The shape
and character of the work determine in any case the shape of the

to use; while the material of which the work is composed,
t of metal to be removed, and the condition of the
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to perform the required work. It is also necessary to usc the
coarser feed and light cuts in order that the wheel may cover
the entire surface before it drops materially in diameter. The
direction of feed is changed for each time over the work, which
also tends to even up the wear on the wheel.

All manufacturers of grinding wheels, however, give a table
of speeds for the different diameter of wheels they manufacture,
but these speeds are not always best suited to the work. All
wheels should fit easily, yet closely, on their spindle to prevent
danger from cracking, and a soft washer of uniform thickness
should be placed between the sides of the wheel and the clamp-
ing washer. The wheel should be firmly clamped and trued be-
fore using. Manufacturers test all wheels by running them
at a speed considerably above their rated speed.

In the grinding of long work it is quite necessary to support
it at one or more points between its end bearings, as otherwise
it will spring and chatter, making true smooth work impossible.
For this purpose, suitable steady and follow rests are provided
with the machine.

In Fig. 573 is illustrated the method of grinding slight tapers

FIG. §73.
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in the universal or plain grinding machines. By means of 3
screw and graduation at the end of the table it is swiveled to the
required angle with the line of travel of the slide. In this mar-
ner tapers up to 1% or 2 inches per foot may be ground. When
a steeper taper is required it can be obtained in the universal ma-
chine by setting the wheel slide to the required angle, as shown
in Fig. 574. In this particular case, two tapers, one of 43 de-
grees and one of 5 degrees are required on the work. By swing-
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FIG. §74. 7

ing the swivel table to 5 degrees from the line of its trave! the
shight taper can be ground by the travel of the table past the wheel.
By setting the wheel slide to 50 degrees, as shown, the steep
taper is ground by operating the wheel slide, the swivel table re-
mamning <tationarv.  If but the 45 degree taper was required, the
table would be left central, and the wheel slide set to 45 degrees.
As shown in the cut, the corner of the wheel is dressed to give
a entting face of suitable width.



GRINDING MACHINES AND GRINDING. 433

In Fig. 575 is shown the usual method of face grinding. The
work is held in the chuck or on a face plate as shown. If the
face is to be a plane surface, the head spindle axis is set at right
angles to the wheel spindle. By varying this angle concave or
convex, conical surfaces may be obtained.

In Fig. 576 is shown the method of grinding internal surfaces

FIG. §575.

with the internal fixture. The example given serves to illustrate,
as in Fig. 574, the settings for both slight and steep tapers. The
small taper is obtained by setting the swing table to the required
angle with the travel of the table slide and the steep taper, by
using the wheel slide set to give the wheel the required line of
travel. It will be noted that in using the internal grinding fix-
ture, the position of the wheel table is reversed from its universal
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positinn and the fixture secured to the end of the table. A bet
mg jack is substitazed for the emery wheel spindle and the spinde
of the internal fixture driven by a Bght canvas belt from the jag.

Although the spinvle of the mternal grinding fixture is drive
at a verv high speed. the diameters of the wheels used are so smal
that it is not possible to obtain a periphery speed as high as wodli

FIG. §576.

be desired. Tt therefore is necessary to use a free cutting wheel
and to rotate the work to it at a comparatively slow speed.

On these machines all work and wheel settings are to care-
fully graduated arcs. These graduations cannot, however, be
relied upon for exact settings within the accuracy limit of the
machine. 1f, for example, the machine is set for parallel grind-
ing on a certain class of work, the head stock is mped and
the spindle thrown out of para!'~! =th the t+ avd;
it will be found practically i1 et
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shown in Fig. 582 are used. Several forms of discs are used.
The discs arc made of hard steel or chilled iron and tum frecly
upon a pin. In their action the teeth of the discs break up th
surface of the wheel as they roll together and dislodge the high
particles of,the wheel by a picking action.

Lapping is a refined grinding process used for the final finish-
ing of machine ground surfaces, usually of hardened steel. A
lap is usually made of cast iron. copper or lead, the surface being

i

FIG. §82A.

'

FIG. 580, FI1G. 581, FIG. 382B.

coated with very fine washed emerv. In Fig. 583 is shown a
form of lap well suited to the finishing of cylindrical surfaces.
The body of the lap is of cast iron with lead or copper strips
a a a a extending through it.  These soft strips serve to hold the
emery better than a harder material. DBy slightly reducing the
diameter of the lap by means of the thumb screw, as the grind-
ing proceeds, the work may be brought to the required size. In
its use. the work is usually rotated at a comparatively high speed.
and the lap held by the hand. Dy moving it slowly from end to
end of the surface heing finished, parallel work can he obtained.
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oil, immediately after taking it from the fire. This sudden cool-
ing of the steel is necessary, and the success of tempering depends
very largely upon the manner in which it is done. The shape and
character of the work must in every case determine the manner
in which the steel is presented to the cooling bath. Salt added to
the water in which the quenching is performed intensifies the
hardening effect. If the body of steel is large, a large volume of
cooling solution is necessary.

When the work is of a bulky character, that part which first
enters the cooling bath is quite apt to harden better than the top.
inasmuch as the boiling action prevents the water from coming in
actual contact with the surface longer at the upper parts of the
- work than at the lower. For this reason, on heavy work, a large
" jet of water is frequently forced against the upper portion of

the work.

Cooling in oil is for many classes of work considered superior
to water or brine. In its softer action and more rapid conduction
of the heat from the steel, lie the advantages in oil quenching.
Sperm or cottonseed oils are those usually employed. In using
the fish oils, some means of ventilating that will carry away the
disagreeable odor should be employed. Springs of all classes
are usually hardened in oil.

When the lead bath is used for heating more or less of the
lead and its dross will adhere to the work if it is put in drv. By
covering the work with a thin coating of soft soap before im-
mersing it, a thin charred covering will form over the surface of
the steel which prevents the lead from adhering to it when re-
moved from the bath. By first plunging the work into a brine
solution this coating is removed, leaving a clear gray surface on
the work.

When the workman is not familiar with the hardening of a
particular brand of steel from which some expensive tool is made,
it is usually advisable for him to experiment upon a small piece
from the same bar and thus determine the lowest heat at which
the steel will properly harden. It is important that the article
hardens on the first heat as reheating is quite apt to injure the
quality of the steel and adds to the possibility of loss by cracking.

Having hardened the work to a degree considerably beyond
that required, it is then necessary to temper it, which involves
the reduction of the hardness to the point necessary for the work
reguired of the tool. The tempering of steel is accomplished by
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gradually raising its temperature until the hardness has drawn «r
let down to the required point, when plunging the steel into watr
fixes the hardness. \When the temperature has reached abow
600 degrees Fahrenheit the hardness has been drawn down
through the several points at which cutting tools for the varous
uses are tempered. 1f the rise in temperature continues past this
point the hardness continues to disappear in proportion te the
amount of heat given it. \When a red heat is reached it has lox
all the hardness given it in the hardening process and is again
back to its normally soft condition.

The correct tempering of a piece of hardened steel for any
class of work must therefore depend upon the workman's ability
to raise the temperature to the proper degree before cooling.
This he accomplishes by one of two methods: first by actually
measuring the temperature with a thermometer and second. by
what is known as the color method. Except in cases where tem-
pering is done in a manufacturing way the latter method is the
«ne always emploved.

An understanding of the colors, the corresponding tempera-
tures and the relation between color and hardness are quite
necessary,  Lathe and planer tools are given a hard temper. Their
color is a straw vellow, which comes at a temperature of 460 de-
grees. .\ bhrown vellow at 500 degrees is used for milling cut-
ters, taps, dies, and reamers,  Light purple at 530 degrees is
about right for twist drills and wood working tools and dark
purple at 350 to a dark blue at 570 degrees is usual for cold
chisels, serew drivers, and wood saws.

In determining the proper temper by means of a thermometer
the following method is emploved: Take for example the tem-
pering of a quantity of small taps. Having been properly hard-
ened they are placed in a wire basket and the entire | -
pended inan iron vessel filled with sperm oil.
covered with a closely fitting cover having a hole
top sufficiently large to permit the stem of a thermomes
is in the oil, to extend through for reading. As the
tures required are considerably helow the boiling point
cury, a mercurial thermometer havir‘mPecessary ™
bhe emploved for determining prop res.
sary to cover the oil closely, as o al
the high temperatures emploved.

f the vessel and the temperature o
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gradually raised until, in the present example, the thermometer
indicates a temperature of 500 degrees. In order to obtain a
perfectly even temperature in the oil it is advisable to arrange
for some means of stirring it while the heat is being applied.
The basket and its contents are taken out when this point is
reached and immersed in cold water with the assurance that a
uniform temper has been obtained in the entire batch.

In tempering by color, the article after being hardened is made
bright by grinding or buffing. Taps and reamers for example
are, after hardening and before tempering, ground in the flutes,
thus leaving bright surfaces to show the run of the color. The
article is then held over the fire, being constantly turned in such
a manner that all parts are equally exposed to the heat. The
raising of the temperature should be gradual and the surface
closely watched for the first show of color. The color will start
with a very light tinge of yellow which gradually changes into
a straw vellow and next into the brownish yellow. If it is a
tap or a reamer it is quickly immersed in cold water just as the
vellow blends into the brown. If it was, for example, a cold
chisel, the colors would be allowed to run from the yellow through
the purples and into the dark blue. ,

As is the case when heating for hardening, difficult work,
especially if long, can usually be heated for tempering in a muffler
to very good advantage.

An excellent method of heating for tempering small tools, as
taps, reamers, cutters, etc., is in a bath of sand. A suitable tray
covered with about one inch of pure white sand supported over a
series of gas burners is employed. By first burning all the im-
purities out of the sand false colors will not be shown on the

' The article, if small or thin, can be
id, but if larger, it should be buried in
he surface being exposed to show the

piece of steel, the strains are such that
sually undergoes a change. This may
ing or the tempering or both. In such
and reamers which receive their final
after they are tempered slight changes in
me. With long taps, drills, formed cut-
more serious question. Take, for ex-
) feet long. Although the greatest care
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is exercised in tempering, it usually comes out badly bent. I
straightening work of this kind it is necessary to heat it g
very nearly to its temper point, place it between a pair of center,
revolve it quickly by drawing the hand over it and note with:
piece of chalk the high point or belly. Place it with the belly
down and by means of a lever or small jack having a quick pitch
screw, spring the work in the direction opposite to its curvature
and beyond its proper position an amount somewhat greater than
its temper bend. Hold it in this strained position for a few
seconds, remove quickly and immerse in cold water. The ex-
perience gained in a few trials will usually enable the operator to
successfully straighten work of this character.

As a general rule it is not advisable to leave tool steel long
in the fire as “soaking” is usually injurious to its structure. Oc-
casionally, however, a piece of steel known to be of good quality
will resist hardening properly when treated by the regular meth-
ods. In such cases it can usually be hardened if allowed to re-
main in an even fire and “soak” for a considerable length of time.

When a hard surface and soft center are required, as is often
the case when the tool must stand severe strains and shocks, it is
given a quick surface heat, the core remaining comparatively
cool, and then plunged into the cooling solution. This hardens
the surface and leaves a soft strong core. Large mandrels,
punches, dies and articles of that class are usually hardened in
this manner.

As the high carbon steels harden at comparatively low heats
theyv should never be given a high heat either for forging or hard-
ening as the dangers of burning them are great.

Forged articles, as lathe tools and cold chisels, are usually
hardened and tempered with the same heat. In such cases only
a small portion at the cutting edge is tempered. It is heated
for a considerable distance back from the part to be tempered
and the heat in this portion is used in drawing to temper the
cutting portion. Tor example, a cold chisel which should be tem-
pered for only a short distance back from the point, is given a
proper heat for hardening at the point and this heat allowed to
run back two or three inches.  In quenching only the point for a
half inch or so back is immersed and held until the red has nearly
faded out of the heated portion. It is then removed and the
bit brightened up, by a few quick strokes over its surface with
a piece of emery cloth, sand stone or any grinding material at
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hand. The operator then watches for the color, the heat in the
balance of the tool being sufficient to draw the point. The straw
colors will start first and move toward the point; these will be
quickly followed by the purples and the blue, and just as the
required color reaches the point the tool is plunged in the water.
When too much heat remains in the tool after the hardening of
the point, the temper draws too fast and the point must be im-
mersed a second time to check the drawing, as it would not do
to immerse the whole tool while so much heat remains in it. On
the other hand if too little heat remains with which to draw the
temper, it will be necessary to draw in the open fire as above
explained.

What are known as tungsten or self-hardening steels have
come into very general use for machine shop cutting tools which
require no machine work upon them and little or no forging.
These steels are produced by adding several per cent of the
metal tungsten to the carbon steel. This makes a steel possess-
ing great hardness without the necessity of tempering. It is
very “short” when heated and requires great care and skill in
forging. It is usually used in special holders and ground to
shape without the necessity of forging. After heating for forg-
ing the steel must be allowed to cool in the air as immersion in
water is sure to crack it. It must be nicked on an emery wheel
and broken to required lengths, as it cannot be cut when cold.

The demand for high cutting speeds and the comparatively
recent introduction of high speed cutting steels to meet this re-
quirement is creating a vast amount of interest. These steels
are, unlike tungsten steel, capable of annealing and consequently
can be used for making tools of finer class, as milling cutters,
reamers, etc. In some recent experiments by the author with
“Novo” air-hardening stcel, cutting speeds as high as 110 feect
per minute at coarse feed and moderate cuts on mild steel forging
without lubrication, were successfully maintained. Although the
cutting edge quickly drew to a dark blue it held its keenness for
an unusual length of time. It is quite evident that for heavy
roughing work these steels are remarkably well adapted and that
the rigidity and ordinary spindle speeds of standard engine
lathes are not sufficient for its most effective use.

In forging the “Novo” steel it is at all temperatures other

rite heat “hot short” and crumbles or crushes away. It
wnt and for forging and hardening must be given
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a uniform white welding heat. When thus heated, for hardz-
ing, it is placed immediately under the strongest and coldest o
blast available and left until quite cold. It is not drawn «c
tempered after hardening.  These steels, although extremely harg,
possess reasonable strength. It is advisable. however. for hay
work to use as large a bar as possible, not only because bt
support to the cutting edge can be had, but because the larz
body of steel conducts away the heat caused by the cutting mudh
more rapidly than can a small tool.

The case hardening of iron and mild steel is a process where-
by the surface of the work is converted into tool steel and hari-
ened.  This is accomplished by heating the work in comtas
with a material, rich in carbon, which gives up its carbon to tie
work.

When large numbers of pieces are to be case hardened ther
are packed in an iron box with granulated rawbone and ane
charcoal mixed in ahout equal proportions.  For the rawbuie
mayv be substituted bone black, charred leather or some one of
the various special preparations for this work.  The box is seale’
with an iron cover and fire clay at the joints to exclude the ai
and prevent the escape of the gases as far as possible. It is thes
placed in the furnace and allowed to slowly heat up to a low re!
heat, at which temperature it is maintained for a length of time
depending upon the depth it is desired to convert the surface of
the work into tool steel. Under favorable conditions the sarface
will harden to a depth of 1-32 inch, by heating about two honrs:
116 can be obtained in from five to six hours and by heating
for cighteen or twenty hours, a hardened surface as thick as (-
Lach can he abtained.

\fter heating the contents of the box, it is dumped into a tank
of cooling water preferably of considerable depth, as the articles
should he well cooled before they reach the bottom. By allowing
the articles to fall a <hort distance through the air before strik-
ing the water, the coloring of the surface will be improved.

When onlv a few pieces are to he treated, they may be
heated i an open fire to a bright red: the surfaces to” he hard-
encd then covered with evanide of potassium and again heated
before cooling in the water. The thickness of the case hardened
surface thus obtained is quite thin. Dy several applications of
the evanide it can be made sufficiently thiel- for most require-
nients,



HARDENING AND TEMPERING. 449

4)

. Another and very satisfactory method is to melt in a black lead
crucible, equal parts of cyanide of potassium and fine salt.
. Bring this up to a bright red heat and immerse the articles to be
» hardened in it, leaving for a length of time depending on the de-
. gree of hardness required. Five to ten minutes will give a thick-
- mess sufficient for all ordinary requirements.
When finely mottled surfaces are desired, the work should be
polished and thoroughly cleaned before treating. The blowing of
. air through the cooling water at the time the work is cooled will
~ add much to the beauty of the markings on its surface.



CHAPTER XXX
FASTENINGS.

The term “fastening™ applies to those devices nsed n e
machinist for holding together in their relative pusioms %
various elements that make up a machine. Ther mporan: &
mechanical work cannot be overestimated. and a briei descnag
of the more important cases seems advisable.

With few exceptions, all threaded fastenings use the iz
V' or United States standard form of thread. In Fig. &3z
shown the three forms of machine bolts most used. The mar-
facturers of machine bolts have adopted the United States sas.-
ard form of thread and as a consequence these bolts run reasa-
ably close to size, but a trifle small. A 3« bolt. for example. wiil
pass through a $x drilled hole. The square head and nut bolt as
shown at .\ is most used on general work. \When the nut comes
in a place where it is difficult to get at it with a wrench. the
hexagon nut is substituted for the square. At B the bolt has
both hexagon head and nut, presenting a more finished appear-
ance. The snap or round head machine bolt is shown at C. It
differs from the others only in its form of head. Carriage bolts
are similar as to diameter and form of thread to the machine bolt
shown at € with the exception of a square under the head which
prevents them from turning when used in wood. The length of
this squire section is approximately equal to the diameter of the
holt.

On square and hexagon head machine bolts, the thickness of
the head is 34 the diameter of the bolt and the thickness of the
nut is 1'% the diameter. The width of the head and nut be-
tween flats is 134 the diameter of the bolt in both the hexagon
and square.  The width from angle to angle on the hexagon is
two times the holt diameter. A table of weights and dimensions
of machine holts is given in Chapter XXXTV.

Turned machine bolts, commonly known as coupling bolts, are
much used for holding together machine and engine parts. In
such cases they fit closely in reamed holes.

Machine bolts with specially formed heads and nuts are fre-
quently used. As they are not regularly n stock by the
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shown in Fig. 588, at A, is a very common methid. The thone
nut is called a lock or check nut and is nsmally ape-fR'i w
bolt diameter in thickness. The check nut is wsuails ez x
the outside; a better distribution of the strams. however. -
tained when the thin nut is placed on the inside. This arrang.
ment of nuts while not absolutely proof against thar wiricny
loose. can usually be relied upon. By allowing the bok o e
tend through the nut an amount sufficient to permit dniing :
hole and incerting a cotter kev, as shown at B. a most saniu-
tory safeguard against loosing the nut is obtained. The cre
kev in connection with the jam nut is perfectly safe.

Devices of the character of the one shown in Fig. 3& ar

FIG. §88. FIG. 5§89.

oceasionally used in connection with standard nuts.  More often.
however, a special nut having a notched rim is used in connectim
with & dog to engage the notches and secured to the body of the
work,

Cap screws are similar to coupling bolts without nuts. In
Iig. 3090 are shown three styles: at A, a square head; at D a
hesagon head, and at C.a form known as a tap bolt which is
threaded close under the head.  When cap screws are used in
places where they must often he turned, they are usually of the
forms shown in Fig. 591 and known as collar cap screws. l

Cap serews with slatted heads toe Avivex, ate Shew
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sharp V and Uhnited States standard threads; unless the latter i
specified, orders are always filled with V threads.

Square and hexagon nuts may be had either hot or cold pres:.
ed, commonly known as black and bright. The cold pressed nut
are those usually used on machine and engine work. A plan
nut, tapped and faced on the work side meets the necessities of
any case. It is not, however, when applied to well-finished wark,
in keeping in appearance. It is therefore usual to use what are
termed semi-finished, finished or finished and case hardened nuts
on good work. A semi-finished nut is faced bottom and top and
chamfered on the top. A finished nut has its faces buffed or

FIG. 594.

ground smooth in addition to the facing, and the case hardencd
nut, as its name indicates, is hardened after being finished.
Kevs and feathers are much used in machine construction in
the fastening of the parts to shafts.  In Fig. 594 are shown the
three forms of kevs most used.  The round key, shown at .\,
is used in places where little power is to be transmitted and on
light work only. A small hole drilled half in the hub and hali
in the shaft receives the round key, which is usually not tapered
and driven firmly in. DBy tapping the hole, a headless screw can
be substituted for the round kev.  This not enly provides a means
for removing if necessary, but prevents the possibility of any
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motion in the direction of the shaft’s length. Keys of this kind
can be properly applied only when the end of the shaft and hub
are in the same plane. When the hub and shaft are of different
materials, as is usually the case, difficulty is experienced in mak-
ing the drill follow the joint, as it will tend to crowd toward the
softer metal. '

Where the strains transmitted are moderate, the flat key
shown at B may be employed. As the flat on the shaft can, if
necessary, be filed, this forms a most convenient method of key-
ing after a shaft is in place. The width of the key should be
from one-quarter to one-third the diameter of the shaft. If the
key way is tapered in the hub the key should have the same taper
and can be driven firmly to its seat. If the key way is straight
it is necessary to use two set screws over the key.

The flat key sunk in the shaft, as shown at C, is the most
reliable and consequently most used. It is a tapered key fitting
closely in the sides and driven to a tight top and bottom fit. By
using a straight key way with set screws over each end the key
may be made straight.

Practice as to the taper and dimensions of keys is somewhat
at variance. Good practice, however, indicates the use of 3-16
of an inch taper per foot with a width of kev equal to one-quarter
the shaft diameter and a thickness equal to one-sixth the shaft
diameter. For shafting a width equal to one-quarter the diameter
and a thickness 1-16 of an inch less than the width is much used.

Tapered keys are little used by machine tool builders owing
to their tendency to throw the parts out of true, due to the radial
strain. For such work straight square keys fitting neatly on the
sides but loose top and bottom are much used. Straight keys
should be set one-half their thickness in the shaft and the depth
of key seat should be measured from the sides, not the center,
With tapered keys the depth of key way in shaft should be one-
half the thickness of the key at its middle section. A recom-
mended practice is that the depth of key way in shaft should equal
two-fifths the thickness of the key at its thick end.

Feather keys are much used by machine tool builders. They
are usually of a thickness greater than their width and are not
fitted tight top and bottom. - When fitted in this manner the key
does not hold against motion along the shaft, consequently very
close fits between shaft and hore are necessary.

Sliding feathers are those which are doweled in the hub
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come. If the plate is thick the edge after punching should be
thoroughly annealed. The use of a drift pin in rivet holes to
bring them fair is very objectionable as it strains the plate, fre-
quently cracking it. In the drilled holes the sharp edges left are
objectionable and should be slightly rounded for best results.

Rivets are usually set hot as they fill the holes better and due
to their contraction in cooling draw the plates very firmly to-
gether. In cases where the rivets are long, it is usually necessary
to cool the heads before riveting them, as otherwise the excessive
amount of contraction is quite apt to break the rivet. It is most
important in all cases that the amount of plate lap and the size
and pitch of rivets be properly proportioned.

The strength of a riveted joint depends largely upon the man-
ner in which it is put together. When properly designed and put

P
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FIG. 605.

together, single-riveted joints will average from 50 to 55 per cent
of the plate strength and double riveted joints from 65 to 70 per
cent.

A stay bolt is a piece of iron or steel threaded its entire length
and used to support parallel surfaces in boilers which are com-
paratively close together. By means of a long stay bolt tap, the
holes in the plates are tapped together, the bolt is then screwed
through the plates, cut off and riveted over, as shown in Fig.
604. When the plates are too far apart to permit the use of
threaded stay bolts, some other form of stay must be used. The

\a] stay, Fig. 605, is frequently used. This braces the flat
hell of the boiler. The feet are riveted to end and
| connecting them is of the proper size to carry
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of a fire box, are supported by arch or girder stays. Such a stay
is shown in Fig. 606. The ends of the stays are supported on
the sides of the fire box and the crown bolts shown support the
crown sheet against the downward pressure.



CHAPTER XXXIL
GEARING.

The term gearing, although a general one covering all means
of transmitting motion, is more especially applied to wheel gear-
ing in which motion is transmitted from one shaft to another by
means of toothed wheels.

Two perfectly smooth rimmed wheels rolling together consti-
tute a geared pair, commonly known as friction gears inasmuch
as the one drives the other by friction. When the force trans-
mitted is in excess of the frictioned resistance, slipping occurs
and consequently a fixed relationship between the axes of the two
gears can not be maintained. Such a pair of wheels are shown in
Fig. 607, A and B.

In general practice frictional gearing is not extensively used.
It is frequently found in mill and hoisting work and more especial-
Iv in gears for reversing purposes. This class of gearing should
be very carefully made. The wheels must be round and the sur-
faces as true and smooth as possible. At least one of each pair
should have a scft surface as of wood, leather or paper. This
should be the driving wheel,- the driven having an iron face, as
in the case of any slippage, the wear on the soft-faced driver will
be equal at all points on its surface and it will tend to retain its
original round condition. If on the other hand the iron faced
wheel is the driver and the soft faced wheel for any reason should
stop, the driver would quickly wear a concave spot in the soft
cover of the driven wheel.

If we assume the wheels of Fig. 607 of the same diameter and

y slip, a point on the rim surface of

- of speed as any point on the rim of

that these points travel in the unit of
ity.”

t measures angles is termed its

eels A and B, the linear and

angt we substitute for B another
whe A, the linear velocity of any
an equal the linear velocity of

ouble that of B consequent-
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All gears have an imaginary circle called the “pitch circle”
which corresponds to the circumferences of the wheels shown in
Fig. 607 and are the circles which would, if the tops of the teeth
were cut off, roll together with the same angular velocity as did
the gears. This circle is shown in Fig. 608. That part of the
tooth outside of the pitch circle is called the “addendum” and the
portion inside is called the "land,” or “dedendum.” That part
of the tooth outline outside of the pitch circle is called the “face”
and that part inside of the pitch circle the “flank.” The “pitch
point” is where the “face” and “flank” join at the “pitch circle.”
The *‘root circle” passes through the bottoms of the teeth and
the “addendum circle” passes through the tops of the teeth. The
diameter of the “addendum circle” is the whole or blank diameter
of the gear.

The “circular pitch” of gear teeth is the distance measured on
the pitch circle from the pitch point of one tooth to the corres-
ponding point on the next tooth. By “diametral pitch” is meant
the number of teeth in the gear per inch of its pitch diameter.
Thus if the pitch diameter of a gear is 10 inches and there are
80 teeth in the gear, the diametral pitch would be 8. The pitch
circumference is, in the same case, 10 X 3.1416 = 31.415 inches

31.416
and

= .3926 = the circular pitch. In any case 3.1416
8o
X the diameter divided by the number of teeth equals the circular
pitch and as the diameter divided by the number of teeth equals
1 3.1416

, the simple expression
diametral pitch P
pitch where P = the diametral pitch. Nearly all gear calcula-
’ T of the diametral pitch. In the mak-
usually based on the circular pitch,
from the diametral pitch as above.
1ecessary to know the circular pitch
the teeth.

= the circular

one inch
ndard gear teeth
diametral pitch
rives for the whole diameter, the
the addendum. The flank of the
for the working depth twice
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the addendum or two diametral pitches. Bottom clearance is
usually made equal to 1-10 of the thickness of the tooth on th
pitch line.

The thickness of the tooth and width of the space measure
on the pitch line are for carefully cut gears practically equa
When the teeth are cast and consequently nat perfect as to form
it is necessary to make the tooth slightly thinner than the spac.
This difference is called the back lash.

In a pair of gears the distance between their axes is equal to
the sum of their pitch radii, or is equal to one half the sum of
their teeth divided by the diametral pitch.

The number of teeth in a gear may be found by multiplying
together the pitch diameter and the diametral pitch. If the num-
ber of teeth and the diametral pitch are known, the pitch diameter
is found by dividing the number of teeth by the diametral pitch
and if the number of teeth and the pitch diameter are known, di-
viding the number of teeth by that diameter gives the diametral
pitch.

The whole diameter in any case equals the pitch diameter plus
two diametral pitches, or if the number of teeth and diametral
pitch are known add two to the number of teeth and divide by the
diametral pitch. In cases where the circular pitch is given, re-
duce it first to diametral pnch by dividing 3.1416 by it and apply
the above rules.

The ratio between the number of revolutions that one gear
makes for one revolution of its mating gear is called the *“velocity
ratio.”  This ratio equals the number of revolutions of one gear
in a given time divided by the number of revolutions of the other
gear in the same time, or what is the equivalent, the pitch diame-
ter of one, or its number of teeth, divided by the pitch diameter
or number of teeth of the other. The above considers the gear:
as round and turning about their central axes, thus giving a
constant velocity ratio.  This is the condition most common ia
practice. L

In the cases of lobed and clliptical gearing, the v
is constantly changing and for any part of a revolu
taken in terms of the pitch diameters, acting at that inse
the ratios of complete revolutions are considered, the
had in terms of the revolutions per + *** nf time or the

tecth.
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The gears in common use may be divided into classes as fol-
Tows:

First, spur gears; those having straight tooth elements par-
allel with the axis and used for connecting parallel shafts. The
teeth are cut on parallel cylinders.

Second, bevel gears; those having straight tooth elements
which meet in a common or focal point and are used for connect-
ing shafts whose prolonged axes intersect. The teeth are cut on
conical surfaces.

Third, worm gearing; those having spiral tooth elements and
used for connecting shafts at right angles, axes not intersecting.
The teeth are formed on cylindrical surfaces.

Fourth, spiral gears; often called, twisted, screw, or helical
gears; those used for connecting shafts which are not paralle!
and do not intersect. The teeth are formed on cylindrical sur-
faces.

As it is of very great importance in nearly all cases to main-
tain a constant velocity ratio at all points in a gear’s rotation, care
must be exercised in the forming of the teeth. Many forms
of tooth outline can be made that will meet this requirement, but
for reasons of a practical nature, and the necessity for uniformity,
but two systems are in general use—the “involute” and the *‘cy-
cloidal” systems. Of these two systems the “involute” form of
tooth is the more used and considered by many of the best au-
thorities on gearing, as superior to the “cycloidal” system. In
fact the general adoption of this system has been strongly urged
and from the point of uniformity in gearing construction would
be a most desirable move.

The “involute” tooth has a single curve outline. The “invo-
lute” curve is the curve generated by the end of a non-stretching
band, as it is unwrapped from a cylinder, as shown in Fig. 609.

and b comparatively close together and
iat distance, the other points, c, d, e, etc.,
irough each point draw a tangent to the
» tangent the number of spaces it is from
, thus locating a point of the curve, as
passing through a series of points thus
of the circle. If the points are taken
7 make the chord and its arc connect-
*his method may be considered exact.

1 approximates the “involute” curve
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Jocate the pitch point B and take the other pitch points, C, D,

“‘etc., at distances from B = to !5 the circular pitch. Describe
the semi-circle B O. The base circle passes through the point
A. The arc B” B’ described about A as a center gives the tooth
outline approximating very closely to the true “involute.” By
stepping around the base circle the other tooth curves may be
«drawn in.

The line X X drawn through the points A and B is called the
Tine of action and is in the Brown & Sharpe system 1414 degrees
from the normal tangent Y Y.

When “involute” gears have less than 30 teeth, the single arc
approximation cannot be used inasmuch as the space left is too

FIG. 6I1.

narrow at the bottom, causing the face of the mating gear tooth
to interfere. In these cases the arc is carried from the addendum
to the base circle. From this point the flank is drawn for a
short distance parallel with a radius to the middle of the tooth
space and completed with a short arc described from the pitch
center of the adjacent tooth and blended into a fillet, the radius
of which is equal to 1-6 the width of the space at the addendum
circle.

By some authorities the single arc approximation is not
recommended for tooth outlines of gears having less than 60
teeth.

The tooth of the “involute” rack has straight sides. which

right angles to the line of action, as shown in Fig. 611.
he rack is to gear with pinions having fewer than
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teeth, it become: of the rak
teeth to prevent tooth,
The Grant out “involute’
gear teeth to approximate the following table
and illustrated in Fig. 612.
GRANT'S
TEETH.
Flank Radies,
10 2.28 .69 . .22
11 2.40 .83 72 .27
12 2.51 .96 .80 .3t
13 2.62 1.09 .83 34
14 2.72 1.22 .87 .39
15 2.82 1.34 .90 43
16 2.92 1.46 R 47
17 3.02 1.58 92 50
18 3.12 1.69 .99 .54
19 3.22 1.79 1.0, .57
20 3.32 1.2 1.08 .60
21 3.41 1. 1.09 .63
22 3.49 2.06 111 .66
23 3.57 ~ 2,15 1.13 .69
24 3.64 2.24 1.16 71
25 3.71 2.33 118 .74
26 3.72 2.42 1.20 .77
27 3.85 2.50 1.23 .80
28 3.92 259 1.25 .82
29 3.99 2,67 127 .85
30 4.06 2.76 1.29 .88
31 4.13 285 1.31 .91
32 4.20 2.93 1.34 .93
33 4.27 3.01 1.36 .96
34 4.33 3.09 1.38 ‘99
35 4.39 316 1.39 1.01
36 4.45 323 1.41 1
37—40 4 20 134
41—45 4.63 1.48
46—51 5.06 1.61
52—60 5.74 1.83
61—70 6.52 2 07
71—9o0 7.72 2.46
9I1—120 9.78 3.11
121—810 13.38 4 26
181—360 21.62 6.88

Draw the rack tooth by the special method.

In this system all gears up to 37 teeth have tooth outlines !
a double arc approximation and above that number a single a
outline. These determinations are based on a 15 degree line (
action.
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In the application of the Grant method, Fig. 612, the pitch,
.~ addendum, root, working depth and base lines are laid out. The
_ base circle is taken at 1-60 the pitch diameter inside of the pitch
circle. If the data is in terms of the diametral pitch, the face
and flank radii are taken from the tabulated columns under diam-
etral pitch, and if in terms of the circular pitch they are taken
from the columns under circular pitch. These values are divided
or multiplied, as indicated, by the pitch. The pitch points are
next located, and with the dividers set to the face radius, the
faces are drawn in from the pitch point to the addendum with
centers in the base circle ; and in like manner with the flank radius,
the flanks are drawn in from the pitch point to the base line.
From the base line to the working depth the flank is a radial line

FIG. 612,

from the center of the blank. A fillet between working depth
and root completes the tooth outline. The rack teeth in this
system have flanks, and the inner half of the faces, at 15 degrees
with the pitch line. The outer half of the tooth face is drawn
from a point in the pitch line with a radius equal to 2.10 inches
divided by the diametral pitch or .67 inches multiplied by the
circular pitch.

Gears having the “involute” form of teeth are the only ones
that can be run with the axes at varying distances and still trans-
mit uniform angular velocity. The line of action varies, how-
ever, as the axes are separated.

In the “cycloidal” system of gearing the tooth outline is made

f a double curve, the face being an “epicycloid” and the flank

xcycloid.” The system is commonly known as the “epi-
* system.
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An “epicycloid” is the path of a point in the generating circle
rolling on the outside of another circle, which in gearing problems
is the pitch circle. A “hypocycloid” is the path of the point gen-
erated when the circle is rolled on the inside of the pitch circle
These curves are shown in Fig. 613.

When the diameter of the generating circle is equal to the
radius of the pitch circle the path of the generating point is a
radial line. The prevailing practice makes the flank of the 135
tooth gear in this system radial which for an interchangeable
system makes the diameter of the generating circles equal to the
pitch radius of a 15 tooth gear.

In the Grant system a gear of 12 teeth is taken as the basis,

which gives a stronger pinion tooth for and above fifteen teeth
than the 15-tooth basis.

The rack of the interchangeable cycloidal system has teeth
of double curve outline. generated by rolling the generating circle
along each side of the pitch line, as shown in Fig. 614. These
curves are cycloids.

Although it is a comparatively simple operation to lay out
the “cycloidal™ form of tooth by means of the rolling generating
circle, numerous approximate methods are in use. Notably the
Grant three-point double arc approximation and the Klein method
by the use of tabulated co-ordinates, which latter method is also
applicable to the “involute™ tooth outlines.
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As in spur gearing, where we assumed two cylinders as rofling
together, we may in bevel gearing assume two cones or portion
of cones as rolling together. If they roll without slipping, the
angular velocity is the same for all points and the velocity ratis
is the same at any point between the base and the apex. If nov
we assume the surfaces of these cones as pitch surfaces, and pr-
duce teeth upon them, all lines of which terminate in the apex «
focal point, we have a pair of bevel gears which will roll to-

H

FI1G. 616.

gether without slipping and will, if the teeth are of correct form,
maintain the same velocity ratio as

In bevel gears the relations |
and numbers of teeth and velocit
gearing, thus making calculations
same as given for spur gears.

In obtaining the data for bevel
a scctional drawing of one-half of each ge
shown the usual method of laying out. The
centers O Goand O H oar © ximum pit
and M [F are laid out, ¢ 1gths p1
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The section of the worm as shown at S, Fig. 618, is oi i
same outline as a rack of corresponding pitch and may be
cither the “involute™ or “cycloidal” form. The “involute”isfy
form usually employed, as the straight sides of its teeth i
much easier to produce on the hobbing cutter, Fig. 474, whid
is used in cutting the worm gear, than the *“‘cycloidal” form,

As worms are usually cut in the lathe using the regulx
change gears, their pitch is expressed in terms of circular pad
rather than diametral. This pitch is usually called the lead of the
worm and is the amount the thread advances at each revolution.
The spaces between the teeth of the worm from which the ho
is to be made are cut without clearance and the whole diameae
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is made greater than the diameter of the worm by twice the
amount of the root clearance necessary.

In Fig. 619 is shown an end section of worm and worm gear,
The whole diameter, throat diameter, pitch diameter, and root
diameter are indicated in the figure. These dimensions are found
by the same rules as for spur gearing,

The diameter of the worm is usually taken at from four to
five times the pitch, but is not limited in diameter, thus making
possible considerable variation in the pitch centers. As with
“involute™ gears, the velocity ratio remains constant when the
axes are separated.  This is frequently made use of in the case
of low numbered worm gears to avoid tooth interference. With
the usual worm thread, having its sides at 14%4 des  » =ith the
axis, interference begins at 30 teeth whan the P h,
By slightly rounding the ends of
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awill blend into each other, forming what is known as the twisted
#ear, the outline of the teeth heing of any desired form. When
khe teeth have a uniform spiral as shown at B, Fig. 621, the gear
ms called a screw or spiral gear.

When the teeth of twisted gears are other than true spirals,
“they must work together the same as spur gears on parallel axes,
the pitch surfaces rolling upon each other. With screw gearing
the axes may be at any angle with each other, and for all angles
there will be sliding contact between the teeth along the pitch

D
7
/
1]
A / B
E C F
B
)
<
c
A,
E F
FIG. 622. FIG. 623,

surfaces, it being greatest when the axes are at go degrees with
each other.

In practice the teeth of twisted gears are formed to a true
spiral, all such gears being technically known as spiral gears.

The pitch of a spiral is the distance it advances in one revolu-
tion and corresponds to the pitch or lead of a screw thread. It
is a true helical curve, which, when developed on a plane, becomes
a straight line, as shown in Fig. 622 at A C D B, where E F =
the pitch and F B the circumference of the cylinder on which the
spiral is wound. a = the angle of the spiral with the axis and is

I
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termed the spiral angle. The spiral angle for equal pit
with the diameter of the cylinder on which the curve
The smaller the cylinder the less the angle. With a cyli
finite diameter the angle becomes go degrees, and t
straight line, which gives in practice the rack tooth.

The pitch surface of a spiral gear is cylindrical, ar
calculations are based on this surface.

The normal helix is a spiral curve on the pitch su
ing the teeth at right angles. Upon this curve the non
pitch B, Fig. 623. is measured. A is the circular pitcl
Jdendum and tooth outline are determined from the n
3. not from the circular pitch A, as in spur gearing
case a cutter of thickness equal to one-half A at pitch
remove too much stock, making the tooth too thin. B
normal pitch, however, we are enabled ordinarily tc
gears with regular gear curters.

The teeth of spiral gears may be either right o
spirals, the distinction between right and left being t
for screw threads. \When the axes are parallel, as at (
one gear must have right and the other left hand ¢
the spiral angles must be equal in each gear. This ar
allv taken small. seldom exceeding 20 degrees. If tc
angle is taken. the end thrust on the bearings, due to tl
of the teeth to <lip on wach other along the pitch line,
cessive,  The angle should be great enough to insure @
pairs of teeth having contact points constantly passing
centers. The width of faces will determine largely tl
use inany case. wider faces and smaller angles going -

Since in spiral wears on parallel axes the spiral a
be equal. the pitch of spiral will be equal in both gears
they are of the same dizmeter. 1, for example, one gea
times the pitch diameter of the other. in order to hav
~piral angle its spiral pitch must be three tmes as gre:

\With the axes at right angies both gears will have ¢
or left hand spirals.

Consider a pair of spira! gears on parallel axes A a1
Fir. 021, with <piral angles of 33 degrees. Gear A T

uralnally swing the
away from that of B \ssunaing that the spiral a

hand <piral and IV a Teit band,

changes.it will gradually decrease until it hecomes zero d
at 45 degree

we have a spur gear when the avis of .
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~ axis of B. Continuing to swing A, the spiral angle changes from
right to left hand, and at go degrees it becomes the same as B. If
any other spiral angle, as 20 degrees, had been taken, A would have
become a spur gear when its axis had passed through an angle
equal to the spiral angle or 20 degrees, and beyond that position
the spiral would be left handed, increasing to 70 degrees at the
go-degree axis position. From this the following rules are de-
duced: First—When the gears both have right or left hand
spirals the 'sum of the spiral angles equals the angle between
axes; second—When the gears are right and left handed, the
difference of the spiral angles equals the angle between axes.

The velocity ratio of spiral gears cannot be determined by
direct comparison of pitch diamfeters, as in spur gearing, but must
be found from the angles of the spiral in each gear. Thus if the
spiral angles of two gears are the same, the velocity ratio will be
inversely as the pitch diameters, but if the spiral angles are not
equal, the number of teeth per inch of pitch diameter will vary
and the above ratio will not held.

This is well illustrated in a worm and worm wheel, where, if
the worm has a single thread, it is reallv a spiral gear having a
single tooth, and the velocity ratio will be the number of teeth
in the gear. If the worm has two, three or more teeth, the spiral
angle will be different in each case and the velocity ratio equai
to the number of teeth in the gear divided by the number of tecth
in the worm. Increasing or decreasing the pitch diameter of the
worm will change the spiral angle of the teeth in gear and worm,
but will not affect the velocity ratio. In any case the velocity ratio
will depend upon the number of teeth and their spiral angle, as ex-
pressed in the following proportion: v, the velocity of the small
gear. is to V, the velocity of the large gear. as D, the pitch dia-
meter of the larger, times the cosine of its spiral angle is to d, the
pitch diameter of the smaller, times the cosine of its spiral angle.

With the axes at any angle the teeth slide upon each other,
this action being the greatest when the axes are at right angles
with each other. As this sliding contact produces friction between
the teeth and excessive end thrust along the axes, spiral gears
with axes other than parallel or nearly so are not suitable for
transmitting heavy powers at high velocities, as the wear is ex-
cessive and the frictional losses make the cfficiency low. When
the axes are at right angles as in the spiral worm gear and worm,
the conditions are the most unfavorable for the economic trans-
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“variation in the distance; third—the velocity ratio; and fourth—
the power to be transmitted.
When the distance between centers is fixed, it will often be
found difficult to obtain correct velocity ratios, as the normal
-circular pitch will usually give a fractional diametral pitch which
would, unless approximately close to some standard pitch, require
-a special cutter. When the distance between centers can be varied,
‘as is usually the case, the proper numbers of teeth, with their
spiral angles, to give the desired velocity ratio, may be selected,
and the correct normal circular pitch to suit a standard cutter as-
'sumed. The circular pitch then equals the normal circular pitch
divided by the cosine of the spiral angle. The circular pitch times
the number of teeth equals the pitch circumference of the blank
from which the pitch diameter of the blank may be found. The
whole diameter will equal, as in spur gearing, the pitch diameter
plus two times the addendum. The addendum equals

1 inch

Diametral pitch

The involute form of tooth is the one generally used.

In the pair of gears shown at C in Fig. 621, the distance be-
‘tween centers is fixed at 2 inches and the velocity ratio is orte;
the pitch diameters are 2 inches, and since the axes are paral-
lel the spiral angles and numbers of teeth must be equal in each
gear. In the gear shown the spiral angle is 45 degrees and the
<diametral pitch 10, giving 20 teeth in each gear. Pitch circum-

6.2832 inches
ference == 2 # = 6.2832 inches; circula: pitch = ——M
20
= .3141 inch; normal circular pitch = .3141 inch cos 45 degrees

3.1416

==.2213; normal diametral pitch = = 14.15 = 14 approx-

2213
imately, .
2
Whole diameter = 2 inches 4+ — = 2 1/7 inches,

14

By increasing the pitch diameter slightly a 14-P. cutter would
‘be correct, but since from data that is not permissible it will be
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necessary to use a cutter having the fractional pitch 1413 «
cut the teeth slightly shallower than exactness would demani
using a 14-1". cutter. The latter method would ordinarily b
followed.

Having determined the pitch of the cutter, the next stepist;
find the shape of cutter to use, as indicated by the numbers. This
may be obtained from the expression used by the Brown &
Sharpe Manufacturing Company, where T. the number of teeth
stamped on cutter, = N, the number of teeth in gear, = hy the

20
cosine* of the spiral angle. In the present case T =-—=:4,
-3
which requires cutter No. 3.
The pitch of the spiral must be next determined. In any caseit
will equal, from Fig. 622, the pitch circumference —- by the

6.2832 inches
tangent of the spiral angle, == in above‘case ——— = 0.8

inches.

PROBLEM 2.—AXES PARALLEL, VELOCITY RATIO IV,
. In Fig. 623 at B is shown a pair of spiral gears on paraliel
axes, in which the velocity ratio is one and one-half. From con-
siderations for strength these gears should have teeth cut with a
1o-P cutter. Assume:

Spiral angle, 25 degrees.
Number of teeth in pinion, 24,
Number of teeth in gear, 30.
Normal circular pitch, .314.
Normal diametral pitch, .10.

314
Circular pitch s = ———————— = .335.
Cos 2§
F
Piteh circumference == ’
R.04

Pirch hameter ———

3.1410



GEARING. 485

= 2 inches
Whole diameter = 2.56 + = 2.76 inches
10
: 24
Number of cutter = ———— = 29, giving cutter

cos? 25 degrees
. No. 4.
l 8.04
Pitch of spiral = ——————— = 17.25 inches.
tan 25 degrees

For the Gear.

Pitch circumference = .335 inch X 36 = 12.06 inches.

12.06 inches
Pitch diameter = ————— = 3.83 inches.
3.1416
2
Whole diameter = 3.83 inches + — = 4.03 inches.
. I0
36

Number of cutter = ——————— = 44, giving cutter
cos? 25 degrees
No. 3.
12.06
Pitch of spiral = —————— = 25.88 inches.
tan 25 degrees

The spiral of one should be right-handed, of the other left-
handed. The distance between centers equals one-half the sum
of the pitch diameter, == 3.185. This distance may be changed
= by increasing or decreasing the number of teeth: of course the
i in. the number must be such as not to affect the velocity

PROBLEM 3.—AXES AT RIGHT ANGLES.

case of spiral gears with axes at right angles,
In this case the velocity ratio will be pro-
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portional to the pitch diameters only when the spiral ange :
degrees.  In both gears assume the following case:

Velocity ratio, 1 to 2%4.

Normal diametral pitch, No. 8.

Number of teeth in gear, 30.

Number of teeth in pinion, 12.

Spiral angle of teeth in gear, 30 degrees.
To determine the following :

For the Gear.
Normal circular pitch = .393 inch.
.393 inch
Circular pitch =2: ———«—— = 4385 inch,

cos 3o degrees

Pitch circumference = .4385 X 30 = 13.155.

13.155
Pitch diameter - - == 4.18 inches.

31416

2 inches
Whole diameter 4,18 inches 4+ ———— = 4.43 inches.
8
30

Number of cutter = ———— = 40, giving

cos? 30 degrees
No, 3-
13.155 inches
Pitch of spiral=x ————— == 22.8 'inches.
tan 30 degrees

For the Pinion.
Spiral angle of teeth in pinion - .. go degrees — 30 degre
00 degrees,
Narmal circular pitch = .3y3 inch,

393 inch
Circular pitch - ——— . 780 inch,

cos 00 degrees
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- Pitch circumference = .786 inch X 12 = 9.432 inches.

9432
Pitch diameter = = 3 inches
3.1416
T 2 inches
W hoie diameter — 3 inches 4 = 3.25 inches.
8
12
Number of cutter = ————————— = 30, giving cutter
cos? 60 degrees
No. 4.
9432
Pitch of spiral = ————— = 5.44 inches.
tan 60 degrees
41843
Distance between centers = ———— = 3.59 inches.

2

On account of the great obliquity of the teeth the pinion should
be the driver, and in general the gear having the larger spiral
" angle should be the driver.

PROBLEM 4.—AXES OBLIQUE.

Taking up next the case where the axes are neither parallel
nor at right angles,

Assume the following data:

Velocity ratio, 1. to 214.
Normal diametral pitch, 10.
Number of teeth in pinion, 16.
Number of teeth in gear, 36.
Angle between axes, 50 degrees.

If the end thrust is to be equally divided between the bear-
ings of the two gears, then the spiral angle of each gear should
be one-half the angle between axes, or for the above problem
25 degrees; and both gears will have right or left-hand spirals.
If, however, the minimum amount of sliding between teeth is
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desired, then the graphical method given by MacCord my
used. It may be stated thus: The angle between the axs
each gear and the diagonal of the parallelogram having for:
jacent sides lines in the axis and corresponding in length
the velocity of each gear. Fig. 625 gives the approximate sp

FIG. 625.

angles. In the present case the resulting angles are 15 degr
for the pinion and 33 degrees for the gear.

The Brown & Sharpe Company’s practice is to take a m
between the angles given by these two methods, which gives
the above 20 degrees for the pinion and 30 degrees for the ge
On this basis the determinations are as follows :

For the Gear.

Spiral angle = 30 degrees.
Normal circular pitch - 314 inch.

.314 inch
Circular pitch. —————— =362 inch,
cos 30 degrees

Pitch circumference = .362 inch X 36 =13.032 inches.

13.032 inches
Pitch diameter :2: ————— '8
3.141¢€
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2 inches

Whole diameter = 4.18 inches 4 = 4.38 inches.

10
36
Number of cutter = ——————— = 48, giving cutter
cos? 30 degrees
o. 3.
13.032 inches
Pitch of spiral = ——————— =22.58 inches.
tan 30 degrees

For the Pinion.
Spiral angle = 20 degrees.
Normal circular pitch = .314 inch.

.314inch
Circular pitth=———— = 334 inch.
cos 20 degrees

Pitch circumference = .334 inch X 16 = 5.344 inches.

5.344 inches
Pitch diameter = ———— = 1.7 inches.
3.1416
2 inches
Whole diameter = 1.7 inches + = 1.9 inches.
1o
16
Number of cutter = ————— = 14, giving cutter
cos? 20 degrees
lo. 7.
5.344 inches
Pitch of spiral = ———————— = 14.6 inches.

tan 20 degrees

Distance between centers = 2.94 inches.
A pair of gears cut according to this data is shown in Fig.
24 at C.



CHAPTER XXXII.
EELTING AND TRANSMISSION MACHINERY.

The tran-mission of pewer by belting is a subject of grar
importance aned one that should receive more thought and gy
«n the part «f the machinist. A better knowledge of the charac
teristics of lelting and the problems of belt gearing increass
materially the respect of the average mechanic for a piece of gd
wather.

A belt is a dexible band passing over twe. or meare p
the purjese of transmitting motiom from the one to the sther,
A\~ s drive depeneds on its frictional resistance to slipping and as
it i~ .f @2 mere or less elastic nature, it cannot be depended apon dor
the transmissien 1 exact veloecity ratios.

There are twe general classes of belting, flat and round, the
f1mer beingg used om flat or crowned pulleys. the latter on grisse!
or ~heave pulless, The materials used in the manufacture f
belting are leather anl cotton for dat belts, and leather. cotiom,
and manila Tor the roand belts. Rubber is extensively used .n

cotten helts £ inereasing the driving power and rendering thex

aratior nreeds Of the alune matenials leather is the mest im-
cortnes nnt the cne nunoot csed in manafacturing works,

Foasior ety ot e i varions grades, and there s prob-
W s et hrteanng olls excepted, with which the
aettTnoteoer omies o contact that requires better judgment i

. .

Seosclemnr s e anerst selectingg of the hides, the proper tan-

Canedl above all the part of the hide aseld in the

are el I it manufacture, are the imponant

e the mning T e sd plece of leather belting.
oo e e S anw cue Hllustrating the character of the

- o T e DT T lse

R Rt Thar certien included in the dotted lines

fuoe DD et wartos grades of belt, andd iz termed
e T et s e Bl catstde of the Uhatt” 1s soft and
Calh ol Te e e i cheap belts] s totally unfit
ot e s b et b o T ik known as the center

- e e Tee cine erabinge of the better belts. Of
. P o : L it O 1) is the best, as it is the
I T S L O cart ¢f hide. T
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J M P K is known as shoulder stock and used for the lower

~ grades of belting. What is known as strictly short lap, center

,‘:' ll;

:.l'

" stock belt, must be cut from the portion A B C D. As there is so
.~ small a piece of this grade of leather in each hide it goes without
~ question that much of the so- called center stock comes from the
'parts EF B A and D C G H, with tendency to run into
* the portion ] M P K. The shoulder stock is tough and heavy,
but stretches in an irregular manner and should not be found in
first-class belting. Shoulder stock is preferably cut crosswise
of the hide, as it stretches into better shape when so cut.

All hides used for belting leather should be carefully tanned,

FIG. 626.

and afterwards curried or softened by “stuffing” with hot
grease, a process which lubricates the fibers of the leather and
converts the hard, dry hide, as left by tanning, into a strong, pliable
leather. The hide is then thoroughly stretched and cut to re-
quired widths. As all strips other than the one having the center
of the hide as its center will stretch more on the one edge than
the other, it is desirable to take out most of this stretch before
the belt is put into use. It is not, however, advisable to take out
all of the stretch, as the belt is then rendered “dead,” and lacks

s slaaticity so desirable in a good belt.

ather is scarfed to uniform thickness and by careful
nolishing is brought into the smooth uniform condi-
found in the commercial leather belting. The
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weight of the belt is an important feature, a heavy belt being, as
a rule, more desirable than a light one. Heavy single belts are
cut from selected hides with a view to obtaining weight. Belts
from lighter hides are frequently made heavy by excessive stuffing.
This is not desirable. When belts are required heavier than the
thickest hides will make, it is necessary to glue two or more thick-
nesses together, making “double,” “triple,” or ‘“quadruple” ply
belting. What is termed a “light double” belt is made of two thick-
nesses of thin hides, one side unusually being belly or shoulder
stock. The weight of the “light double” belt is about one and one
half the weight of single belt. Double belt is twice the weight of
single; triple three times the weight, etc. In the making of
double Dbelts the strips should be so placed that edges of greatest
stretch will come opposite so as to average up the stretch and
make good running belts. The opportunity for fraud in the
making of leather belting and especially in the heavy plies is
great. Low prices usually mean light weight or poor quality,
which is generally not discovered until the belt begins to go to
pieces after short service.

Light and heavy double belts are used for transmitting heavier
power than the single belt will satisfactorily stand. Usually for
drive belts it is better to use a double belt than a single
one of greater width. Light double belts are well adapted to use
as shifting Delts, where there is considerable wear on their edges.
also for shifting belts on cones. A double belt should not be
used on pulleys of too small diameters, as the short bend breaks
. the joint.

In a piece of belting leather the strongest section is on the flesh
side. The hair side is relatively weak, hard, and liable to crack.
Tor this reason the hair side cf the belt should always be run next
to the pulley, as it brings the fibers on the flesh side, which can
best resist the strain, under tension as the belt passes over the
pulley, and the hair side, which can least resist the strain, under
compression.  Delts run in this manner seldom crack, while on
the other hand if run flesh side to the pulley transverse cracks
arc sure to show up on the hair side which gradually grow
deeper and eventually ruin the belt. The hair side of the belt
is the smoother, comes in hetter contact with the surface of the
pulley and by actual test will transmit about 25 per cent more
power, other conditions being equal, than when the flesh side is
run next to the pulley.
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The ultimate tensile strength of leather belting, depending
on its quality, varies through a wide range. Most samples fall
within the limits of 2,000 to 5,000 pounds per square inch, with
X,000 to 2,000 pounds at properly laced joints. Cotton belting
has greater strength than leather, and when coated with rubber
clings to the pulley more closely than leather. It is much better
than leather for use in damp places or where subjected to material
changes in temperature. Leather belting cannot be used in places
where there is dampness, as it starts the glued joints and other-
wise injures the belt. By a special waterproof treatment leather
belting is made to stand a limited amount of dampness, but rub-
ber-covered cotton will be found preferable under such con-
ditions. Leather belting should not be used in temperatures
higher than 110 degrees.

The power that can be transmitted by a belt varies, according
to conditions, through very wide limits, consequently fixed rules
cannot be laid down for the calculation of belt powers. As a pull
of 33,000 pounds through a space of one foot in one minute repre-
sents one horse power of work, a pull of 33 pounds through a
space of 1,000 feet in one minute would represent the
same amount of work. By increasing the velocity or the
tension, the work performed is correspondingly increased.
The working strain on good leather belting may be taken
at from 45 to 6o pounds per inch of width for single belts
and at double that amount for double belts when the thickness
is double that of the single belt. From the above, a heavy single
beit running at 1,000 feet per minute will transmit 60-33 or 1.8
horse power, while a heavy double would transmit 3.6 horse power.
At 4,000 feet per minute these same belts would transmit 7.2
‘and 14.4 horse power respectively, and if the widths were in-
creased to 10 inches they would transmit 72 and 144 horse power
respectively. The tables ordinarily used give powers somewhat
under the above, a common rule being to allow one inch of
width at 1,000 feet per minute for every horse power with single
belts and one-half inch of width for double belts. This rule gives
a most liberal margin, especially for single belts. Excessively
tight belts should be avoided not only because of the injury to
*he belt but because of the excessive strains on shafting, boxes,

pulleys. Covering the face of the pulley with leather increases

hesion of the belt from 30 to 40 per cent. A cover of this
'st be carefully put on, for best results, the leather from
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In the majority of cases belts are used to connect parallet
Rihafts. When shafts rotate in the same direction, the connecting
%ndelt is called an “open” belt, and when they rotate in opposite
Mirections it is called a “crossed” belt. The arc of contact is that
iportion of the pulley's surface covered by the belt. It is evident
'that the “arc of contact” is greater with the crossed then with
‘the open belt, and that a crossed belt will, other conditions being
equal, transmit more power than an open one. Wide crossed
belts should be avoided in cases where the shafts are close to-
gether.

The adhesion of the belt to the pulley is dependent upon the
condition of the belt and pulley surfaces, and the weight and
tension of the belt. If the shafts are close together the weight
of the belt is small and its tension must be greater in order to
transmit a given power. When the shafts are reasonably far apart

FIG. 632.

the weight of the belt adds much to its adhesion to the pulleys.
For narrow belts 10 to 15 feet are good centers when the belts
are operating over pulleys of comparatively small diameters. With
wider belts operating over larger pulleys 20 to 25 feet should,
if possible, be allowed, and for heavy drive belts 30 to 50 feet
are usual. Too long a belt is liable to whip, especially in cases
where the power transmitted is not perfectly steady. Whipping
injures the belt and causes severe strains on the machinery.

When possible the lower side of the belt should be the ten-
sion or driving side. making the condition as shown in Fig. 632.
If the top side is the driving side, the condition becomes as shown
in Fig. 633. The arc of contact is much greater in the first case,
and as a consequence a more powerful drive is obtained than in
the latter case, all other conditions being equal.

When parallel shafts in a vertical plane are connected as shown

. 634, the tension must be much greater than in the cases
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FIG. 634.

FIG. 633.
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“When the centers are close and a tightener becomes necessary
3t should always be put on the slack side of the belt as shown in
Fig. 636. This location puts a minimum amount of pressure
—on the tightener and its bearings. Tightener pulleys should be
©f liberal diameter in order to prevent noise and wear due to

high rotation and injury to the belt due to a short reverse bend.
In Fig. 637 is shown a method of driving two parallel shafts

FIG. 637.

from a third parallel with them. One belt runs on top of the other
on the driving pulley.

In Fig. 638 is shown what is generally known as a quarter
turn belt, commonly used for connecting shafts at right angles
with each other and in different planes. The location of the pulleys
must be such that the belt leads from the face of one to the
center of the face of the other. With this arrangement the direc-

tion of rotation cannot be reversed. The pulleys should have
liberally crowned faces and pulley A should have a face 1};
times the width of the belt. The centers must be reasonably far
apart to give good results.

When shafts are in the same plane and at an angle with each
other they may be connected as shown in Fig. 639 by what is
called a quarter-twist belt operating over mule pulleys. The pul-
leys should all be of the same size and well crowned. By having
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the mule pulleys so mounted that their axes may be inclia
cach other, the driving pulley may be made of a larger o
diameter than the driven.

When belts run on straight-faced pulleys it is nec
guide them on the pulleys in some manner, as otherwise
quite apt to run off, and especially so if the shafts are no
parallel with each other. In such cases a pair of fingers,
which the belt runs, is placed a short distance from th
pulley on the side of the helt which leads onto the pulley.
on the edges of the pulley are frequently employed. As 1

FlG, 639.

form of flange guides the belt after it makes its bearing
face of the pulley, the destructive action of the flange on 1
of the belt is great, due to the resistance of the belt to a
in direetion after it has come in contact with the pulley
This action is reduced somewhat by under cutting the
the Hange so that only its outer portion comes in contact
edge of the belt, thus virtually forming a guide at some
from where the belt comes in contact with the pulley's face

When bhelts are not to he shifted the usual method of
is by crowning the face of the pullevs.  The belt then tend:
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’—* the high part of the pulley for the following reasons: If, as
Bown in Fig. 640, the belt is forced to one side, the edge a be-
omes stretched, making that part of the belt in contact with the

==pualley’s surface of conical shape, with the edge a traveling faster

than the edge b, thus causing it to run in the direction of the
—Arrow and to center itself on the pulley. '

When the shafts are parallel a belt always runs to the high

Jpart of the pulley. If, however, the shafts are not parallel and the

high side is caused by the position, and not the shape of the

-

[~
—7

b e ——

L

FIG. 641.

pulley, as shown in Fig. 641, the belt runs to the low edge, inas-
much as it passes onto the pulley in a spiral direction and all
points when they first come in contact with the pulley’'s surface
are carried in the direction of the pulley’s rotation as indicated
by the arrow.

When the distance between shafts becomes great, leather belt-
ing is no longer suitable for transmitting the power and con-
necting shafts or rope belting is substituted. The connecting shaft
method is but little used and is well adapted only when the shafts
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arc in the same horizontal plane. the connection usually bege
made by two quarter-twist belts as shown in Fig. 639.

The use of rope transmission has nearly superseded the siait
methad because of its higher efficiency and greater fexibiliny, i
ix difficult to conceive of any combination of shafting as th e
tiom, angles, ete., that camnot be successfully connected up i
rope drives,

As wire rope transmissions are not frequently used in shy
drives, only those cases pertaining to cotton and manila rope drivey
will be considered.

FFor the transmission of power, only the best of cotton and
manila rope is suitable.  Cotton rope because of its greater fle-
hility is better adapted for service on small diameter sheaves tian
manila rope. It is not as durable as the manila, has not the te-
sile strength, is harder to splice, and higher in first cost.

The manila rope used for transmission purposes should be of
the best possible quality, manufactured from long fiber manila
which has been carefully cleaned and selected.  The smaller ropes
are made of three strands, with four and six strands for the heavier
repes. The four and six strand ropes have a central core around
which the strands are laid. The principal wear in transmission
e pe comes from the continuous rubbing of the fibers together. To
cverceme this has been the great study on the part of the transmis-
~in rope manatacturers,  The free use of a lubricant, as plumbag.
awid wallow, en the core and inner strands of the rope serves to
~crien and reduce the wear on the fiber.

Mhe

& of transmission rope is a most important opera-
teroamd vne upon which the success of the drive very largely
Soresdse s The sphice is the weakest point in the rope, vet if prop-
ettt will wear well and seldom gives trouble, Tt is quite
“ocessiany than the splice be a long one, and when finished of the

ittt ctetoner s the batance of the rope. The ends must be s
soctned oy wil ot wear or cause their covering strands
toowes Lt frecinyg the ands enough to allow them to whip
cotoas oy pass over the sheaves, Old sailors do not know how
tooss o trarsntissten repe, and should not be called upon for
i wcnoe \ carern! sncchanie, Tollowing instructions, usually
Bais e o sl momahing asatisfactory splice. It is extremely dif-
Hewlt ot st e d plece of new e into an old one, as the streteh
et e U ropes which carses it o pull away from the new.

iBete s doso considepai'e ditfercce in Jdiameters, Inosuch cases
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the new rope should, if possible, be thoroughly stretched before
putting it in, and the old rope laid slack in the splice, an amount

ENDS OF CORE STRAND AND WHERE STRANODS
ARE MESMED TOGETMER.

FIG. 642E.

wholly dependent upon the judgment of the workman, to
the stretch in the new rope.
The illustrations in Fig. 642 and the instructions
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these furnished by the Link Belr Mackzers o o, -

standard rope splices.

TO SPLICE A FOUR-3TRAND MANIZL L # I

Tie picces of twine a and b arcund the roze 2 i
half the length of the splice from the ends.  See @ik i
of splice.)  Unlay the strands of each rope tacx 1o 2
Butt or mesh the ropes together and twist corresgenia
together to keep them from being tangled. as shiwz = A
Unlay strand 8 and carefuily lay strand 7 in s pace I
tance equal to three-fourths its length.  Strand 3 is nex
about one-quarter its length and strand 6 lapi e its a0
ends of the cores are now cut off so thev just meet.  Uxnlay
1 three-quarters of its length, laving strand 2 in s place
strand 4 one-quarter of its length, layving strand 3 in &ts

Cut all the strands off to a length about 20 inches 1
venience,  The rope will now have the appearance shows
Fach pair of strands is now subjected to the following opr
(See figure ()

Split strands 7 and & in halves from the ends to the g
meeting at the body of the rope. The end of each half st
now whipped with a small piece of twine. Take half strand
corresponding half strand a and tie them in a single knot,
ing the knot down firm and taking care the varns lie in
the knot has the same appearance as the rest of the rope

now pass on to 1),

e rope is now opened by inserting a marlinspike b
strannds R and the cther two strands at a point just bevo
koot Half strand 8bis pulled out and half strand ;a pul
m place of half strand 8h: care being taken in pulling i
strand =4 to keep the rope smooth and firm, also to ke
varns twisted the same amount as in the rest of the rope.
tinae this operation until about one-quarter of half strand
used. Then drop a varn from cach strand by pulling
halt ~trand Kb less one varn and pulling in half strand 3
one varn, thus keeping the number of yvarns in the stra
saine aned the rope the same size as at any point. Go on as |
droppime aovarn at every second opening until all of the yar
dropped. The dropped yarns are laid over the strand
wothed on and pulled under the adjacent strands respe
at the tune they are dropped by opening the rope. They ar
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<ut off to about 2 inches long. Half strands 8a and 7b are treated
in like manner, going in the opposite direction.

The ends of the yarns left sticking out will partly be drawn
into the body of the rope and partly worn off in a short time, so
that the locality of the splice can hardly be detected.

In the larger ropes from one inch up, two yarns may be
dropped at a time when that stage of the splice has been reached,
as it would make too long a splice to drop them one at a time.

Size of Rope. ' Length of Splice.

9% inch 12 feet
% - 13
% - 1y

I g 14 13

14 ¢ 15 “

1570 16

13 “ . 18-

) 7 18

1% [ 20 “

.

There are two systems of rope transmission in common use—
the “multiple system” and the ‘*continuous system.” The
“multiple system”™ consists of independent ropes running
side Dby side, while the “continuous system” consists of one
rope wound around the pulleys several times. The “multiple
system™ is much used for transmitting heavy powers, and while
not so adaptable to many special drives, possesses some important
advantages over the “continuous system.” In the case of a rope
failure it can be removed, the balance of the ropes carrying the
load until the repair can be conveniently made. As idlers and
tension pulleys are not ordinarily required, the rope is not sub-
jected to a continuous reverse bending, thus making it more dur-
able. In Fig. 643 is shown an example of the “multiple system”
of rope driving.

In the “continuous system.” an example of which is shown
in Fig. 644, a single rope is used, it being wrapped continuously
about the drive and driven sheaves with a tension idler to take up
the slack. The use of the tension carriage is necessary in order
to take up the stretch in the rope and maintain a uniform tension
in it. " The position of the tension carriage should be such that it
takes care of the slack at the point where it naturally accumulates.
In the example shown the last strand from the driver leads over
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sulting in a more uniform wear on the rope than when it runs
without rolling.

The width of the groove at the pitch line is such that the
rope bears on the sides, thus wedging in and causing a high {ric-
tional resistance to slipping. When used as an idler the bottom
of the groove, as shown at B, is semicircular, the radius being
equal to or slightly greater than the radius of the rope when
new.

When the sheave has two or more grooves it is very important
that they be of the same shape, size, and diameter in order to
avoid any slipping or “creeping” of the rope. Sheaves smaller
in diameter than 30 times the diameter of the rope should not be
used with ropes under 1}4 inch. With ropes over 1!4 inch in

FIG. 645.

diameter the sheave should not be less in diameter than 40 times
the rope diameter. The larger the sheave the less the bending of
the rope and consequent wear upon it.

The usual speed at which ropes are operated is between 3,000
and 4,000 feet per minute. When the speed exceeds 4,000 feet,
but little gain can be had in the power transmitted up to 5,000
feet, and above that speed the power transmitted, due to the ex-
cessive centrifugal action, falls off rapidly.

The table in Chapter XX X1V, compiled by C. W. Hunt, gives
the horse power of ‘‘Stevedore”.transmission rope at various
speeds.

Shafting as universally used at the present time for power
transmission purposes is of mild steel finished smooth, round and
true, either by turning or by cold rolling. Turned steel shafting
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determined, mark these points with copper tacks driven in the
floor and bearing a center punch mark at the correct point. Set
the transit over one of these points and line it to the correspond-
ing point at the other end of the line and next establish as many
points in the line on the floor as there are hangers. The points
should be just outside the hanger bearings and the distance from
point to point should be found by tape measurement. By dropping
a plumb line over the side of the shaft at each point of its support
and adjusting the hanger until the plumb centers over the marked
tack in the floor the horizontal alignment is obtained. The vertical
alignment is next obtained by taking level readings on a rod held
vertically against the under side of the shaft. the hangers being
adjusted until all readings are alike.

When the only apparatus to hand is a spirit level, a straight
edge and plumb bobs, the following method may be emploved. It

if

y{ ~———————-
o —————————

AR A\ R \m SN

FIG. 654.

should, however, be noted that the ordinary level is quite unsuit-
able for this class of work. An accurate one must be used. The
correct end points, having been determined on the floor as in
the former case, stretch a strong fine line tightly over these points
and just clearing the floor; establish the other points by this line,
and plumb the shaft to the points so found for horizontal adjust-
ment. For the vertical adjustment drive a small-headed nail a
short distance in the floor by the side of the tack representing one
of the end points. As the plumbing was from the side of the
shaft and the floor points are consequently one-half the shaft
diameter from the vertical line through the center of the shaft, the
nail should be located from the point in the direction that will
bring it in the vertical line referred to. Move to the next point
and locate a nail as at the first point. Drive this nail in until an
accurate straight edge resting on its head and the head of the
first nail shows perfectly level with the second and continue for
the entire number of points, thus giving a level line of nail heads
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under the center of the shaft. Next adjust a tram to the et
distance between the top of the first nail head and the bottom of the
shaft and adjust the shaft vertically at all other points to just touh
the tram. It is usually advisable to tram the two ends of the shifi
first, locating the hangers at the ends, so the shaft comes withi
the adjustment of the boxes. This method is illustrated i Fig.
654, and makes a simple and reliable method.

Another method, not so reliable as the above, is as follows: For
the horizontal adjustment, drop a plumb line from the side of the
shaft at each bearing, and standing at the end of the shaft diret
the necessary adjustments to make all of the lines appear as one
single line to the éye. For the vertical adjustment begin at one
end of the line, place the level on the shaft and adjust the second
bearing until the first section shows level. Move to the second
section and adjust the third bearing until that section is
level, and in like manner carry the level through the entire length

FIG. 655.

of the shaft. If in this method it is difficult to keep the plumbs
from swaying, immerse cach bob in a bucket of water, which will
aid much in bringing them to rest.

When shafts are to be made parallel with each other it is
usually better to establish points on the floor and work from these
than to attempt to tram a measure in mid air. When shafts on
different floors are to be made parallel the plumb line must be car-
ricd through a hole in the floor, being careful that the line does not
touch the sides of the hole.

The above methods are applicable to most cases found in
practice.

A jack shaft is usually a short shaft which receives the full
power from the motor and distributes it to the other shafts.

Machine shop line shafts are usually speeded at from 125 to
150 revolutions per minute and wood shop lines at from 250 to
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300. The comparatively low speed for machine shop lines is made
necessary in order to use drive pulleys of fairly good diameter
for the slow speed machine tool counter shafts.

It is always best when possible to apply power to a line shaft
as near its center as possible. Heavy drive pulleys should be
Pplaced close to the hangers, and the belts should lead in opposite
directions as much as possible, in order to balance up those strains
which tend to throw the shaft out of alignment.

In calculating the speed of pulleys the following ratio may be
-employed.

Diameter of driver Revolutions of driven

Diameter of driven Revolutions of driver

Take for example Fig. 655. The pulleys A, B, C and D are
respectively 40, 10, 60 and 8 inches in diameter, and the shafts
make 100, 400 and 3,000 revolutions per minute. This constitutes
a compound drive. Consider each drive separately. Assume A as
the driver of the first pair and C the driver of the second pair.
B and D are the driven. If A and its revolutions and the diameter
of B are given to find the revolutions of B.

40 Revolution of B 40
= ————— revolution of B=100 X — =400
10 100 10

If D must make 3,000 revolutions and its diameter is assumed
as 8 inches, then to find diameter of C we get

Diameter C =3000 3000 240
= , diameter of C=8X — =—=060
8 400 400 4

In any case multiplying the diameter of one pulley by its revolu-
tions and dividing the product by the diameter or revolutions of the
other pulley will give the revolutions or diameter of the second
pulley, as the case may be.

Tables giving horsepower and other tables pertaining to shaft-
ing and belting are given in Chapter XXXIV.

The electrical transmission of power is now being very largely
employed, especially in cases where the distances are great. The
convenience of the system has made it a very popular one. The
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small power user can-buy his power from the central power station;
and the large plants, requiring power in widely separated build-
ings, can concentrate their engines and generators in one station
and distribute the power to any required number of motors opcrat-
ing the various line shafts. It is usual to put a separate motor
on each line and to hold the length of the line with-
in reasonable limits. This makes possible the shutting
down of any one line for repairs or other purposes with-
out affecting the balance of the plant, a condition frequently of
great value. The concentrating of the power into one plant and
the employment of large units add much to the efficiency of operat-
ing over several small units scattered about the plant. The losses
in generators, motors and line usually reduces the mechanical
efficiency of the system to about 80 per cent. of the power devel-
oped by the engine. Belts, rope and shafting are more efficient
for short transmission, but when the distances become great. the
electrical transmission leads in points of efficiency, cost, safety and
convenience.

The application of motors directly to machine tools is coming
into quite extensive use. The advantages are chiefly in the dcing
away with the overhead work, thus leaving an unobstructed
passage for the operating of cranes and carriers. It is also possihle
to set the machine in any position regardless of the direction of
the line shaft.

The motors used for this class of work arc either of the con-
stant or variable speed class.  With the constant speed motors the
counter cone is driven by the motor, cither directly or by belt. and
the variations in spindle speeds are obtained in the usual manner.
In the variable speed motor system, the motor drives the spindle
directly, the changes in speed being accomplished by changing the
speed of the motor.
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CHAPTER XXXIII.
- MISCELLANEOUS SHOP EQUIPMENT AND CONVENIENCES.

The use of compressed air in the shop for the driving of small
motors, air hammers, drills, hoists, etc., is quite common. Its
convenience and adaptability to these uses more than balance the
losses incident to its compression. Any form of air-driven tool
or motor is necessarily an extravagant one so far as cost per horse
power developed is concerned.

Many of these motors could be operated by steam, but the heat
would prevent them from being conveniently handled and the
exhaust must be piped outside. \Vith air, on the other hand, the
tool or motor is kept cool and the exhaust discharges in the rcom.

One of the most important uses of compressed air is for hoist-
ing work. In Fig. 656 is shown a pneumatic hoist. It consists of
a cylinder, of diameter suitable for the loads it has to lift, in
which a piston having a cup leather packing is fitted. The piston
rod carries a hook at its lower end for receiving the connecting
rope or chain from the load. The compressed air is piped to a suit-
able three-way cock which admits and releases it from under the
piston, depending on which way the cock is turned.

In its action the air hoist is much quicker than the chain hoist.
It lifts its load without shock or jar, and is generally considered as
an economical method of lifting material. It is usually attached
to a crane or some form of carrier, as it is in most cases necessary
to pick up the load at one place and deposit it in another. If
the distance carried is great, the hoist is uncoupled after the load

" is lifted, the air in the cylinder holding it up, providing the cock

and rod gland do not leak. This avoids a very long connecting
hose. The amount of air required to make a lift depends on the
weight raised, the full tank pressure being required only in the
case of a maximum lift. A considerable amount of waste usually
occurs in the filling of that portion of the cylinder at the bottom
which does not represent lift. Thus, if the piston lifts one foot
before it begins to raise the load, that volume must be filled with
air at the required pressure before any useful work is performed.
It is, therefore, always best to couple as close to the work as possi-
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ble and get the required height of lift in the lower portion oi the
piston'’s stroke.

Hoists of the class shown require considerable head room.
When this is not available the cylinder may be placed in a hoi-
zontal position, as shown in Fig. 657. As shown, the lift is mad
on the push stroke, and the method of coupling gives a lift double
the stroke of the piston. Short cylinders of large diameters sus-
pended as shown in Fig. 656 and using a push stroke with a multi-
plying gear, are frequently used in places where head room is
limited. They possess the advantage of not taking up so mch
room, laterally, as the form shown in Fig. 657. ~

Elevators are frequently operated by pneumatic hoists, either
by direct or a multiplied lift.

Pneumatic hammers for chipping, riveting., and calking have
come into very general use. With them a very great saving in
labor is effected, as one hammer in the hands of a competent
operator will perform the work of several men with hand tools.

In Fig. 658 is illustrated a pneumatic hammer suitable for
medium heavy chipping and calking. A hose connects the hollow
handle with the air supply and the valve which admits the air to
the cylinder is controlled with the thumb. The cylinder conuins
the piston or hammer at the handle end, and the anvil which carries
the chisel or other tool at the nose end. The pressure of the air
is employed in giving the piston 4 rapid reciprocating motion, it
striking with full force on the anvil at each forward stroke and
cushioning against the air on its return stroke. These hammers
are made in various sizes, suitable for all classes of work. The
tool shown weighs 8 pounds and requires 25 cubic feet of free air
per minute compressed to 8o pounds with which to operate it.

The pneumatic drilling machine shown in Fig. 659 is a portable
tool much used for drilling and reaming on boiler, bridge and
structural steel work. The machine shown is virtually a small,
high speed. reciprocating engine. It has four single acting cylin-
ders with nicely fitted trunk pistons, which are connected with a
double throw crank, carrving at its lower end a pinion which
meshes with a gear on the drill-carryving spindle. The tool shown
weighs 30 pounds, requires 335 cubic feet of free air compresse to
80 pounds per minute to operate it and w#l drill successfully holes
up to 244 inchae in diameter. \arious types of rotary engines
are a* ass of machines. They are not as economical
i lowever, as the piston types.
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;e cast iron plates planed smooth and true, and mounted
ible legs, are very convenient for the laying off of work.

FIG. 672.

Chey should be kept for the purpose intended and not allowed to
re used as shelves for other purposes.



CHAPTER XXXIV.,
TABLES ASND USEFUL DATA,

The taldes and data comuained in this chapter have beer
selerted with the view of getting together, in convenient form,
the talxlated micrmation to which the mechanic most frequently
wishes tu refer.
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TABLR OF DECIMAL EQUIVALENTS OF 8THS, 16THS, 32D8 AND 64THS OF AN INCH.
& 015625 3] .285625 i1 .5156%5 4t .765625
& 03126 % 28125 i .63128 i3 18126
&% 046875 11 .208876 31 .546875 §t .798875
™« .0825 s 3126 Y 5635 13 8125
& .078125 41 328125 i 518125 31 .828125
& 00376 3 34375 i3 .50876 31 84375
o 108375 1 .360876 it .608376 $1 .85683156
] 125 i 376 H K~ 3 875
A 140828 % 300028 i1 .640825 $1 .890825
% 15625 i o 3 65625 EH 90825
i1 171875 1 421875 1 .611875 it 921875
ey 1876 & 4378 IH 6876 is 9375
i 125 1 453128 i .708125 it 963125
N 21876 8 46876 i 71878 33 96875
i1 234375 i1 484376 1% .784876 31 984378
3 t 5 1 ) 1 1.
DIFFERENT STANDARDS FOR WIRE GAUGE IN USE IN THE UNITED STATES.
Dimensions of sizes 1n Decimal Parts of an Inch
-~ o 3 ~
5 & £ E % £ Be sk
§e g CER L g3 53
2o 5 ‘5:8 20 S oy 25
g g3 gg =g aj £E
z & @ B 2 B 7ze
0000 46 454 .3838 A00 e 40625 0000
000 40084 425 3625 302 . 875 000
00 3648 38 348 375 00
1] 32486 34 324 3125 0
1 2803 .3 300 27 28125 1
C 2 25763 284 276 219 D 2
3 250 262 212 . 3
4 1 .238 232 207 2 4
5 18194 22 212 204 21875 5
[] 16202 203 182 .201 31 [}]
7 14428 .18 176 199 1875 v
8 12849 .165 .160 197 171876 8
9 11443 .148 J44 .19 15625 9
10 10189 J34 128 191 .1 10
11 000742 12 118 .188 A% 11
12 080808 109 104 185 108375 3
13 071961 085 .002 .182 08375 3
14 084084 083 080 180 078125 14
15 057068 072 072 138 0703125 16
16 05082 .085 064 175 0625 16
17 045257 0640 066 172 05625 17
18 040303 0476 (48 .168 .05 . 18
19 03580 0410 040 164 4375 19
20 031961 0348 036 .161 378 20
21 028462 03175 032 167 034375 21
2 025347 0286 .28 .186 03125 2
23 022571 0258 024 .153 (8123 3
2 10201 0230 22 .151 025 24
25 0179 0204 (20 148 (21875 25
% L0181 018 146 018735 8
b4 0173 L0164 143 0171875 27
28 .0162 0149 139 015625 28
20 .0150 0136 184 0140825 29
80 0140 0124 27 0125 30
81 0133 .0118 120 .0108375 3l
=8 0128 0108 116 01015623 2
8 0118 .0100 118 009375 3
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004 0080 0070 .108 00703125 38
PR .0088 108 0066406225 K1d
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WERIGHTS OF SQUARE AND ROUND BARS OF WROUGHT IRON IN POUNDS PER
LINEAL FOOT.—KENT.

Iron weighing 480 1bs per cubic foot. For steel add 2 per cent.

Thickness Weight of Weight of || Thickness Weight of Weight of
or 8quare Round Bar | or Square Bar | Round Bar
Diamoter OUne Foot One koot Diameter ne Foot One Foot
in Inches. Long. Long. in Inches. Long. Long.
s 013 010 4 556.01 43.21
I 033 o1 4 56.72 4455
M A17 082 4 88.45 4591
208 164 4 60.81 4729
328 .256 4 61.90 48.00
460 388 63.80 60.11
s .638 501 4 65.64 51.65
833 4854 4 67.60 53.01
. 1.055 828 4 00.20 54.50
1302 1.023 71.30 56.00
1.578 1.287 4 AU 57.63
1.876 1473 75.21 50.01
2201 1.728 | 4 7120 60.63
2.552 2.004 4 79.22 a2.22
2.930 2.301 41 81.28 63.82
1 8.333 2618 5 83.33 65 46
1% 8.768 2.965 b 85.43 67.10
1 4219 3.313 B;t 87.66 68.76
15 4.701 3.003 5 89,70 70.48
1 5.208 4.001 371 91.88 72.18
1 5.742 4.510 5 94.08
1 6.902 4.950 94,30 75.64
1 6.888 5.410 08.55 7740
1 7.600 5.800 100.8 79.19
1 8.138 6.392 5 103.1 81.00
bl 8.802 6.913 106.5 82.83
1 9.492 7.456 5} 107.8 84.60
1 10.21 8.018 110.2
3 10.95 8.601 b 1126 88.46
bt 1.72 9.204 5 115.1 90.38
1 12,51 9.828 5{ 11715 220
3 1 10.47 i 6 1200 9425
2 14.18 11.14 6! 126.1 98.2
2 15.08 11.82 6 130.2 1023
2 15.93 12.63 6 135.8 106.4
16.88 1325 [} 140.8 110.6
2, 17.83 14.00 148.3 1149
18 80 14.17 151.9 119.3
2 19 80 15.56 67 157.6 128.7
2 83 16.38 7 163.3 128.3
2 21.89 17.19 7 160.2 1339
22.97 18.04 7 175 2 137.6
2| 24.08 1891 7 }g%g 14?.48
2.21 mﬂ g 147.
2.37 20. 193.8 152.2
21.65 21.64 200.8 pL g}
21 28.76 23.50 208 7 163.4
3 30.00 23.66 8 213.3 167.6
3 81.28 24.68 8! £26.9 178.2
255 .57 8 240.8 180.2
3 33.87 28.60 8 258.2 20.4
1 21.65 9 210.0 3121
3 88.58 2878 9 285.2 224.0
31.97 .29.82 208 238.3
37 30.39 30 94 316.9 8.9
8! 40 83 32.07 10 3333 818
4230 323 10! 350.9 27185.1
43.80 3440 1 961.5 288 6
3";, 45.33 35 60 1 385.2 02.8
g 46.88 36.82 1 408.3 316.8
3 48.45 38.06 114 421.9 3313
R 50.08 39.31 1 408 346,
3} 51 68 40.50 11 460.2 381.4
4 53.33 41.80 12 480, 371,
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WEIGHT OF FLAT BAR IRON.
= . THICKNESS IN INCHES.
25 : - —
B= d ¥ & M S ¥ | & X 5 ¥% Iy 1
! [
Ibs. Ibs. 1bs. 1bs. lbs. Ibs. ' lbs. Ilbs, I 1bs. 1bs. Ibe. |
.63 .84 |
.79 108 1.83
.96 1% 1.58 1.80
111 148 18 228 258
1.26 1.68 2.11 2.53 29 %
142 1.90 2.37 2.84 338 3N
1.58 211 263 3.16 368 421
174 232 2.89 8.47 406 48
1.90 2.58 8.16 3.7 442 506
S 171 205 2.7 3.42 4.11 49 ¢
37 1.8¢ 221 2.95 3.68 4.42 5.16 5%
40 .9 197 237 3.16 3.95 4.74 658 62
A3 2.63 8.37 4.21 5.05 58 ' &u
45 1.34 3.68 4.47 6.2 s
47 1.42 3.7 4.74 58
50 1.60 .00 5.00
53 1.68 4.21 528
I . 387 4.42 5563
.68 | 405 4.63 8.79
8l 4.24 4.84 6.05
3 63 442 5.05 6.32
% 4.79 5.47 6.84
;; B8 689 737 884
4 5.63 6.32 7.89 9.47
4 5.89 6.74 8.43 10.10
¥ 628 7.18 R 10.74 131
5.68 663 7.58 9.47 .38 15.18
A 6.00 7.0 8.00 10.0 12.00 1400 Jem
5 6.32 737 842 1053 1263 1674 &
14 6.63 17.74 8.84 11.06 14.26 15.47 | 1788
M 6.4¥5 8.10 2.2 11.58 13.89 16.21 158
a3 6.05 7.28 847 9.68 12.10 14.53 186.95 | 1057
6 .32 7.68 8.84 10.10 ) X 15.16 17.68 | &2

Thickness in inches,

WEIGHT OF SUPERFICIAL FOOT.

PLATE IRON.

Weight, 1bs,

Thickness in inches.

Weight, Ibs,

I‘ﬁ
%

[N
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SPROIFIC GRAVITY AND WEIGHT OF VARIOUS METALS.

Weight ofa Weightofa

S8pecific
METAL. Cubic Inch  Cubic Foot
Gravity. in Lbs. in Lbs.
Aluminum, cast......... .. 2, 0028 160,
wrought 2.67 00068 166.6
Antimony...... 6.712 A28 419.6
Brass, Sheet, Oopper 75 Zinc 25~ 8.450 3056 528.
o Yollow. Copper 66, Zinc 34 8.300 2007 517.9
**  Plate 8.380 3028 5229
o . 810 2080 506.3
. ire.......... 8.214 2078 518.5
Bronze, Gun Metal................. 8.750 3165 546.9
Copper 84, Tin 16.. . 8 832 3194 5619
*  QCopper 81, Tin )9. crierees 8.700 2029 508.1
. Phosphor—Bearing Meta ..... 9.214 3882 575.8
Copper,csst ceeeenes o ceree o s 8.788 3179 547.2
p) .. 8.608 8146 543.7
**  wire and bolts, 8 880 3212 586.1
Qold, gnre, cast... 19.258 6965 1204.
**  hamm 19.361 7008 1210.
** 22 carats fine 17.486 6325 1083,
‘** 20 carats flne 15.700 5682 981.8
Iridium, hammered. 23.000 8319 1437,
Iron, cast, gun metal 7.308 264 456.2
* ordinary, mefl...c.e..... ... 7.207 450.4
**  wrought bara. PN 7.788 2817 486.8
* wrought wire  ......... 7.774 2811 483.8
- wrought rolled phlea 7.704 o 481.6
, cast.. ... 11.352 4106 %09.5
“ rolled ..o...l Ll 11.388 4119 7117
Mercury—40 deg... 15.682 5661 978.3
i iﬁ d 13.588 4918 849.8
. 13.569 4908 818.1
* 212deg 13.3:0 4836 835.7
Nlckel. S eee 8 800 3183 550.
t . 8 2004 Al7.4
Plntlnnm. hammered .. .. 2.387 7366 1271.
DAtIVE .. ...iiiiiiieeiaes ceen. 16.000 5787 990.9
by TO| .. FPTTPTT 22,060 7982 13:9.
RedLead .........coovvniveiinnes cnnens 1(8).?;(‘) 324 gx
silver. ure, cast . . 8788 L
“"m baiasii W B =
m and len: g B X
. : =
o crucible . . 490,
T mered ;%g o 6!.!71
in, Cornhh hamme g 2679 4
ure. 7.291 2037 455.7
ch. cast.. .. 6.861 2482 428.8
rolled ......... 7.181 28 449.4

WEIGHT OF VARIOUS BUBSTANCES.—RICHARDS,

Weight of R Weight of
Name of Substance. 1 Cubic Foot Name of Substance. 1 Cubﬁ: Foos
in Lbs. n L

Oils, various..

b4 to 67
Acid, Sulphu 114 to 116
Oak Wood .. . 42 to 53
Pine, White 21 to 80
Pine, Yellow 35 10 45
Afr. ....... .08 to .080
Steam .05 to .085
SNOW..cevieerrennennanans 52 to 6.6
Coal Gas. .....,........ .035 to .086
Carbonic Acid. .. ... . 122 to 123
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Simapson Bolland.
—
| Will Weigh when Cast in
Welchln:n One Pound, —
Made of— . Yellow
Cast Tron. Zinc. Copper. Brass. '(;-.l
Lbe. Lbs. Lbe. Lbe. Ly,
e 10.4 28 122 19
129 e 1583 148 Y
[.¥] 82 0.1 9.7 »
125 > ¥ 1une s Hs
187 ni »ns 19. [ 13
.1 136 167 18 n
9. [} 104 0.1 Rn

Petrolcum, light

TABLR OF RELATIVE VALUR OF NON-CONDUCTORS.
Chas E. Emery.

Non-Lonductor, « Value, Non-Conductor. Value,
Wood Felt ... La0 | Lowm, dry and
Mineral Wool N AR i Slaked Lime .mn ﬁ
Mineral Wool wuh Tar.... k) Gas Houre Carbon. K]
Sawduat .. wsasees . Ko Asbestos . . 83
Mineral Woul No. 10000000000 Kad Coal Ashes ........ T
Charcoal . ....... ...... . K Coke in lumps k-
Pine Wood. across fiber .. . .. a8 Air space undivided.......... . 1%
PROPERTIER OF METALR.—RICRARDS.

B ' ;

' Weight in | Weightin  Relatie Tensile | Melti
Names of materials.  lhaofa | e ofa .h n:'::ﬂ: i Polotin

cubie foot. ;cuhkinch. Wn!er. 1,000

section Fahrenbeit,

Wrought jron. avge. 4830 ey T7.:00 000 3000
Cast iron, &0 B U 7300 1m0 230
Cast steel, e 480 20 +.800 100,0m 2500
Beesemer steel, 480.0 20 7.058 0,000 20
Capper, . MT0 T ¥ - = 200
Brass, et S0 N1 & 1.0
Tin, w0 210 L] "
Lead. - .0 AN 1 o
Silver, i a0 SO 10 128
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TABLE OF EMERY WHEEL SPEEDS.

Rev. per Minute Rev. per Minute Rev. per Minute
Di Whee or for for
am, . Surface 8 Surface Speed Surface %ged
of 4,000 Feet. of 6,000 Feet. of 6,000 t.
1 inch. 18979 19,009 22918
3. 7,630 9,549 11,450
3 5,083 0,368 7.630
4 " 8,820 4,716 6,780
5 8,056 3,820 4,584
6 2,646 3,183 3.8%0
70" 3,188 2,728 8274
8 1910 2387 2,885
) U 1,628 1,910 2,208
2 1,273 1,602 1,910
4 v 1,001 1,984 1,687
16 968 1.194 1,432
18 ¢ 849 1,081 1373
20 T84 955 1,148
PO [ 868 1.042
Fy Y 637 796 936
28 586 733 879
28 546 683 819
BT 500 637 764
HC Y 4T 508 718
H 449 561 674
% 424 631 637
o 383 478
420 384 456 548
4“4 847 434 521
46 332 415 494
4 318 397 AT
5 308 383 450
52 ¢ 204 869 441
5 23 364 425
56 218 341 410
58 264 830 396
o 238 319 383
THE SPEED OF DRILLS.
Cleveland Twist Drill Co.
Diam. Speed Speed S Diam. ] 8 S
of for Sof! for Fgl?d of romt or l;g:d
Drill. Steel. Iron. Brass. Drill. Steel. Iron. Brass,
Y 1,84 2,128 3,648 1/ 108 216
912 1,064 1.824 1 102 118
608 710 1214 14 12 192
456 532 912 14 9l 106 182
’e 865 425 730 1% 87 101 174
9’ 304 355 608 1 83 97 165
/A 200 304 520 17 %3 150
%4 238 26 456 134 76 80
2 28 405 1% 73 85 145
ix’ 182 213 365 1 70 82 140
i 166 £ i 68 ] 185
¥% 158 177 W 1% 85 6 130
3 140 164 280 1} 63 73 125
;{. 10 162 200 l%‘ 60 71 122
ie 122 142 243 1 59 60 118
1 114 133 238 2 57 a7 14
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TABLE OF SIXES OF TAP DRILIA.

Tap Diameter. | Threads perInch. | Drillfor V Thread. | o DHAIX
16 0
M 2 H }g 2 h A ﬁ" “ll ‘ )
% W }g }g n'l,‘ uu H
% 14 16 18 | A A A
Y] u 16 18 it u u
ol R Uy Yy "
% 1 13 M| % N | | i
% 13 14 vs n e
% i }‘l' 3 1 “& “f % %
% a }g 1n 12 n“ % % %
¥, |3 u, "
1 | 8 1t U

TAP DRILL SIXES.

For Gas Taps.
of Tapor Diameter of Tap or
8ize of Pipe. Diameter of Drill. Size of Pipe. Diameter of Drill.
foch 11 inch lu inch 13} inch
o a, < I 2 -
(]
: o X - ay
(]
) S ! % " | ng - T
MACHINE SCREW TABLE
!
Screw Gauge Dianwter in | Approximate | No. Threads 8ize of
Size. Decimals. ! umeter. per Inch. Tap Dnil
2 w2 o e b "
3 3 Lx] . t " [
4 i 1106 ) I K ] o
3 158 I ] » »n
I | RE a ® 5
. ! RE 11 St » n
b ' 1631 3 x -4
® ; € i H %
10 2 < -1 5
1 | -1 o ' 24 2
12 2158 i ! b1 i
13 259 . b4 15
1 i kT i X B
15 ] 255 74 -1 8
16 ) 284 ot = [
K | 218 - I~ 2
| | M7 I 1~ 1
19 ! k) e I~ ¢
3 ! 221 I 16 D
b h Sace ) 16 J
¥ = N In . N
¥ R LU 3 1% P
N K- i 14 R
n R i U
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TRANSMISSION OF POWER BY LEATHER BELTING.
Single Leather.

Belt Speed. 600 1800 2400 3600 4200 4800 5400 6000
Width of Belt. HP HP HP HP HP HP

O TN 4 7 8 9 10
2in.......... teabasseinas 8 pus 16 18 20
din. ....... 12 21 % 27 30
4in. ..ol vesniie bn 16 28 33 36 40
20 35 40 4 0

% E 43 48 54 60

40 48 56 64 72 80

: ] 45 54 63 13 81 90

40 50 60 70 80 90 100

48 60 2 84 96 108 120

56 70 84 98 112 128 140

64 80 9 112 128 14 160

Double Leather.

RBelt Speed. 1200 1600 2000 24C0 2800 3200 5000
Width of Belt. HP HP HP HP HP
12 16 20 50

5

100

125

150

16 32 200

20 40 200 250

% 48 240 800

30 60 300 330

88 2 370 450

40 80 2/0 0 380 400 500

ROPE DRIVING.
TABLE OF THE HORSE POWER OF TRANSMISSION ROPE BY 0. W. HUNT.

The working strain is 800 lbs. for a 2-inch diameter rope and is the same at all
speeds, due allowance having been made for loss by centrifugal force.

Speed of the Rope in Feet per Minute.

Diameter Smallest
Diameter
Rope. | i Pulleys.
1500 3000 | 3500 | 4000 4500 5000 ' 6OVO  TOOO
RN R N B
58| 67| 7.2 1.7 7.7 %1 4.9 0 in.
82| 91| 98 108 18| 93 6.9 38 in.
107|119|128 136 187|125 8.8 42 in.
168|186 200 212 214|195 132.8 b4 in,
23.1/26.8|288 306 308288 1908 60 iu.
28|34 (392 4185 418|874 278 72 in.
4284786 i 512 844 548|800 359 84in.
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TRANSMITTING EFFICIENCY OF TURNED IRON SHAFTING AT DIFFERERT SPEXIS,

As Prime Mover or Head Shaft carrying Main Driving Pulley
or Gear, well supported by bearings.

Number of Revolutions per Minute.

Diameter ‘
Shaft. | T g i ‘

of Rba P ] 125 : 200 t 25 20 WM W

| | BFEF L

1“ 1 T . T LX

.. . ue 1 ns

¢ o, \ 1t 8 x

in. 'R

| @

[

TRANSMITTING EFPICIENCY OF TURNED IRON SHAFTING AT DIFFERENT SPERDS.
As 8ocond Movers or Line 8hafting. Bearings 8 Feet Apart.

Number of Revolutions per Minute,
Diameter of Shaft. i ) ‘
100 15 180 ' 175 %00 288 20O 25 W00 T W
Inches. H. P. H.PH.P.RHP. . | H.P.
1 6 | -89 104 119 179 |
] 78 | 109 187 | us [ 218 L
2 8.9 188 188 177 0 | ' 386 |
10.6 159 185 313 31.8 '
128 19 2 B | I 8
15 % 2 “
1 0 8 » 43 52
28 2 3 40 48 ‘ |00
3 0 &, 4 52 @ ! 90
B 41 b1 68 T8 ‘ ‘
47 0 71 &3 e o
88 T3 RN 103 | [ |’
4 71 N | (oS - !

TRANKMITTING EFFICIENCY OF TURNED IRON BHAFTING AT DIFFERENT SPERDS,
For faimply Transmitting Power.

Number of Revolutions per Minute.
Diameter of Rhaft. '

| 100 150 200 | 238 300 367 ' 400
Inches, H. P. H. P CHoOPD H. P H. H.P.
1 6.7 10.1 ! 157 179 203 225 2
1 8.6 128 I O | 28 | B8 .0 U3
13 10.7 16 215 25 P » 8 43
12 1132 19.7 2.4 31 8 39 “ 48 5
2 |16 u r 3 L4 48 53 ' 58 [ ]
2 19 20 |38 44 5l | B7 63 70 7
2 34 E 45 52 0 68 7 83 90
b8 ) 47 53 [ 2 (] 7 88 98 106
g 81 47 o™ a2 Kt 83 93 | 1%
B4 41 a2 It K3 97 11 125 167
3 | hd 81 9 108 126
3g a8 108 12 137 160 (K2
e 85 128 150 171 i M2
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CAPACITY OF ROUND TARKS AND CYLINDERS IN CUBIC FEET AND IN U. 8. GALLOR.
(FROM TRAUTWEIN.)
Of 231 cubioc inches (or 7.4805 gallons to a cubic foot) ; and for one foot of b of
the cylinder. For the contents for a greater diameter than any in the table © the
%ty opposite one-half said diameter, and multiply it by 4. Thus, the number of
cubio feet in one foot length of a pi 80 inches 1n diameter 1s equal to 8.728X4=34912
cubic feet. 80 also with gallons and areas,

. For 1 foot - For 1 foot For 1 foot
E - in length. in length. in length.
Q
g = . 8
g & " %: §g ‘ sg
5 k-1 ;g B8 L]
- @0 b -] Q
@ [ -1 o8 BB 8
g 29 3 L " 83
3 ®o 5 g =° °
A [ <) [} o

0026 634 5625 2485 1.850 ' 19 1583 1960 W73
0040 7 5833 2073 1999 19 165 2014 15
0057 642 2868 214 N 1.666 2182 162
0078 6250 k8 2205 Wi¢ 1708 202 1715
0102 6458 B25 2450 21 1.750 2408 17
0129 66687 BH80 2611 21 L2 2521 18.88
0150 6875 SBT3 27T 2 1838 26040 1973
0183 7033 J840 2948 21g 1875 2761
202 Al76 3125 19017 2885 2158
0270 50 4418 3306 23 1958 3.012
0312 7708 K 3492 AU 2000 3142 180
917 4923 3682 25 2.083 400
0408 8125 5185 3819 28 2166 3687 /.58
. H333 5455 4081 27 2250 3976 2.7
0918 8512 50 42606 28 2333 4216 319
12650 LI50 6013 4498 20 24186 4587 3.3l
1632 8968 6308 4714 XN 2500 4.900 A2
2006 SNI6T 6600 4937 . 81 2583 5241 AN
2550 955 6903 ¢ 5163 32 2606 5585 41L.78
3085 9583 7213 535 33 2750 5940 4443
3673 H702 0 7530 5633 34 2.833 6.305 4117
3 A310 1foot 7854 5878 5 2916  6.681 49.08
3 4008 1042 8528 635 36 3.000  7.060 5388
% Hids 1LOK3 M8 - 6.805 &7 3083 7468 @ 5588
4 AH2% 134 1125 0940 7435 38 3.168 7876 5842
300 4 1.167 1.069 7997 39 3.250 8208 6.8
L2283 43¢ 128 1147 8.578 40 3.333 R728 65.20
05 15 1.250 1.227 9.180 . 41 3416 9168 6858
1.0 Ihlg LR 1.310 9.801 42 350 9.620 71.96
1.124 16 1.333 1.30 10.44 43 3.5 10.084 543
124 163 - 1,375 1.485 111 44 3.666  10.560 79.00
1349 17 1.417 1.576 11.79 45 3760  11.044 K2.62
1409 17 1458 1.670 12.50 46 3833 11.540  8AR
0 1.594 18 1.500 1.767 13.22 47 3916 12.48 ®).12
L2418l 1542 1.867 1397 48 4.00  12.560 FUN(7

CAPACITIES OF RECTANGULAR TANKS IN UNITED S8TATES GALLONS, FOR EACH
FOOT IN DEPTH.

= Length of Tank.

o

E°E - i

- Feet.| Ft.In. [Feet.! Ft. In. |[Feet.| Ft. In.| Feet. | Ft.In.| Feet. | Ft.In.| Feet

Ft.In.| 2 2 6 3 3 6 4 4 6 b 5 6 6 6 6 7
2 — | 202 3740 | 44.88 | 5238 | H9 84| 67.32 7481 82.29 89.77 97.25 | 4.3
2 6. . 518010 65.45 | T4 80| 84, 93.51 | 102.86 | 112.21 21.56 | 130.91
3 6782 | TR.HE | BO.TT| 100,99 | 112.21 | 12343 | 134.656 | 145.87 | 157.09
36 e 91.64 [104.73] 117.82 | 13091 | 144.00 | 157.08 | 170.18 | 183.27
4 — oo |119.69] 134.65 | 149.61 | 164.57 | 179.53 | 184.49 | 200.
4 6 151.48 | 168.31 | 185.1 21.97 | 21880 | 235.43
5 - e 187.01 | 205.71 | 224.41 | 243.11 | 281.82
5 6 e e 220.28 | 246.86 | A7.43 | 28.00
6 - e .. 209.30 | 291.74 | 314.18
6 6 . 316.05 | 340.38
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Aband aaaaof leather or steel is placed on the wheel. The rod R attached to
the brake at the distance L from the center of rotation holds the brake
rotatini:uh the wheel. This rod is attached to a suitable scale beam by means of
g:loht P can be weighed. By means of the nut H and screw 8 the brake can

usted to absorb the wer of the engine.
ethenhnveatoroel’mﬁzthroushadmmremmd by the radius L and

g

FIG. 673.

the number of revolutions the wheel makes, or, in other words, the distance the point
1" would move in one minute if {free to turn.

force X distance P X 2L X* XN

33,000 foot pounds - 83,000

when P = the force in pounds; 2L = the diameter in feet of the circle through which
the foree ncts, = = the constant 3.1416 by which the diameter is multiplied to obtain
the circumfterence, and N = the number of revolutions per minute.

The brake horse power = horse power =
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INDEX.

A Boring mills, horizontal
Boring mllls relation to the lathe. =
Addendum circle ................ 465 ' Borlng nlils, universal ...........
Adjustable hollow milllng "tool. .. .. ’USIBUIIIIL' mill work, securing........
Adjustable reamers .......... 114, 120! Boring parallel holes In the lathe.
Adjustable limlt gauges.......... 91 |uorlng mills, vertical.............
Adjustable dies ... ............... 136 ' Boring, wsetting up work for......
Advantage of radlal mills. Boring spherical sockets..........
Advantage of collapsing tapu Boring tapered holes with boring .
Advantages of expansve mandrels. . 158 1Y S 252
Advantages of patent lathe tools.. 201 |DBoring tools ............. 200-202-203
Alining shafting................. 51" Boring work secured to the lathe
Anmzular and notch gauges ........ carriage
Angular milling cutt>rs. . ... ... 336, .{ m Box cut-off slide
Angular veloelty ................ Box tools ............
Angular drilling ................ 4].'} Butling spindle
Arbors . ... . i 154 [ Bushings, for jigs
Arbors, milling ................. 348 | Brazing furnace ........
Arbors, shell end mill............ 346 [ Brown and Nharpe tapers
Arbors, thread .................. 347
Arch stays ..........coiiiinnnnn, 4062
Automatic gear cutting machines.. 384 C
Automatic screw machine ........ 191
Circulating speed of pulleys. ....... 52
(alculation of cutting speeds...... 204
. B (‘alculations for indexing on auto-
matic gear cutters .......... 386
Back facing ................. 415 |Caliper dividers ....... 220
Back gearing. computation of...... 167 |Calipers . ....... 64
Back gear. friction............... 101 |Calipers, firm join 64
Back gearing, triple............. 167 |f'aliper gauges .......... 80
Ba(k lash, effect of on taper turn- ( alipers, hermaphrodite........... 68
% ......................... 230 [Calipers, how held ......... PN (133
Balum ng of pulleys ............. 521 {Calipers. keyhole ......... ceeeee. U8
lalencing way ................. 521 [Callpers, lock joint .............. 64
Bearing. shaft .................. 511 [Callpers, micrometer ...... 70
Bell center punch............... 220 |Calipers, recording ............... 64
Ball turning . ................... 243 | Calipers, spring joint ............ (113
Belting .......... .. ............. 490 [Calipers, thread ................. 68
Belting, care of leather. .......... 403 ) Calipers, transfer, types of........
Belting, double, triple, etc........ 402 [ Calipers, use of ... .............
Belttng, examples of drives. 497 | Callpers, vernler ................
Belting, hides used for leather. 490 | Cam cutting attachment . ..
Belting, leather ................. 400 | Cam milling, example of.
Belting, leather strongest section of 402 |Cape chisels ............
Belting, methods of lacing........ 495 [(Case hardening .................
Belting, methods of laipplng ....... 494 | Care in heating tool steel. .. ... ...
.Belting, power transmitted by..... 493 |Care In Indexing ................ )
Belting, preparation of leather..... 491 | Care and use of drill chucks...... 151
Belting. reasons for running hair (are of centers . ................. 236
side next to the pulley........ 96 [Care of files ................... 40
RBelts, run of on pulleys........... 201 [ Care of lathe centers ............. 181
Bevel gear cutting ............ 365-387 | Care of mandrel centers ......... 161
vel fear cutting In milling ma- C'are of surface plates............ a4
...................... 5 | Care necessary in chucking........ 255
Bevel gear cutting, selecting of cut- Care to exercise in putting on arbor
ters for .................... 382 cutters ......... ... 0. 161
Bevel gears ..................... 467 | Carrlage bolts .................. 450
Bevel gears, laying out........... 474|Cat head ....................... 226
Bevel gear planer. Belgram. 392 | Causes of inaccurate work wlth ﬂa(
gear planer, (Gleason . 392 drill 1
planer...... . 299 | Center bearlng, reamers.
................ 450 | Center bearings, form of.......... 222
.............. 450 | Center bhearings, lubrication of.... 222
.............. 451 |Center gauges . .................. 88
.............. 250 | Center head square, use of........ 22
holes in heavy (‘enter reamer, combination...... 222
............ 420 | Center rest .................... 225
............ 268 | Center rest work, example of...... 227
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rilling machine, manufactures.... 406 |File handles ....... chteeeeiiean 32
LArills 1or brass work ............ 110 | File holders, surface ............. 32
pPrllls \\lth ‘‘constant” nngle of I'ile teeth, effect of form of. ]

flu ... 107 | Flles, annealing of blanks
Drills, t‘on,ed

Files, blank forms..... PN 2
rills’ with hollow shanks | Files, care of ................... 45
EOrills with grooved shanks Files, cleaning of................ 44
HOrills, causes of inaccurate work Files, cross sections of............ 22
with flat ................... Flles, classification of ........... 25
Weklin, gang ... Files, double cut ................. 25
Drills, horizontal spindle o | Files, effect of sand and scale on.. 46
Drills. multiple spindle ........... 399 | Files, grades as to coarseness..... 25
Drills, ol tube . ... i Files. hand cut .................. 27
Drilix, ofl tube, use of............ ¢ Files, how held in operating...... 31-38
Drillls, portable ................. o|Files, lengths ................... 23
Drills, radial ................... Illes, machine cut ............... 20
Drills, rolled ................... Files, names of ................ 22-23
Drills, straight flute ............. Illes, necessity of belly in......... 2
Drills, three-flute Flles, pinning of ............. 45
Drilis, twist ...... IFlles, preparatlon of blanks for cut-
Drllllng tables, universal ......... thngz ............. 25
Drilling vise .............. | Files, mcks for....... 46
Drivers. nut(.h 213 | Files, rasp .......... . 25
Drivers, nut .................... 2 2| Flles, safety edges on 36
Drivers for threaded work 212 Flles, selecting of, for any class of
Drivers, pulley 21 Work ..............eiun. 30-34- -u.
Driving ﬂt, allowange for Files, single cut ................. 25
Driving fit, detinition of 2621 Files, use of chalk and oll on...... 45
Driving large work on the mandrel. 160 Filing, direction of strokes ........ 34
Dummy. use of in turning cams... 2481 Filing, effect of narrow surface on
Duplex gear cutters ............ 383 file teeth . ..................
Duplex milling machine .......... 317 |Filing. fillets «...................
Filing. flat surfaces .............
Filing, Interior surtaces .........
B IFiling, mortises ... ..........
Fillng. position of work for
Flectric transmission of power.... 513 | Filing rotating dises . ............
Fmery wheeln ... .. Filing rotating work ............
Emery wheel dresse Fillng. position of workman.......
Emery wheels, relecting of for any I'lling square corners .. ..........
clasg of work ............... 430 | Filing square and round holes
Emery wheels, speed of .......... 130 Filing thin work .................
Epicycloldal curve .............. 472 | Finlshing cuts after roughing. .. ..
Effect of carbon in steel.......... 440 | Filterlng of ofl .................
Effect of sand and scale on files.. 46| Finishing for planer tools .
Effect of tempering on dies ...... 140 | Fitting surfaces by “‘bedding"
Efficlency of toothed gearing...... 474 'Flat drills ... ..., . e
Elements of lathe................ 165 | Flat keys ...........
Elements of spiral gears.......... 479 | Flat turret lathe
End measure gauges............. M [Fly cutter ... ... ... ... ...,
Engine lathe ................... 165 | Follow rest ...........
Example of center rest worke..... 227 | Forced fit, definition of. 2
Example of heavy gang milling. 21Forged drills ................... 106
Example of heavy turret work. 8 [ Formed cutters ................. 243
Example of slotting machine work. 7 | Formed gear cutters............. 381
.Example of cam milling.......... 376 |Formlng tools .................. 207
Examples of jig milling.......... 374 | Form of center bearings........... 202
Examples of vertical milling...... 370 | Forms of cold chisels ............ 20
Example of box jJig.............. 412 | Form of flutes and teeth taps..... 131
Examples of jigs ................ 411 | Forms of hammers .............. 17
Example of turret faclng......... 257 | Forms of scrapers .............. 48
Exercise of judgment in turning. ... 224 | Frictlonal tap holders....... 147, 140
Expanding mandrels............ 154-156 | Frictlonal gearing . .............. 463
F G
Face plate carrlers............... Gang drill work, examples of .

Face plate chucks.
Facing in boring 'mi
Facing work in the milling machine

Gang drills . ... ...
Gang drilling jigs ..
Gang mllling cutters

Fastenings . ..................... (ang milling, example of heavy. 372
Fastenirgs for screw threads ...... Gang milling, fmportance of...... 313
Feather keys . .... et Gang planer tools . ............... z1
Fegther, sUdIDg . ................ Gauges, adjustable limlt. .. ... ..., 00
Feeds, aummatlc vertical for shnp- Gauges, angular and notch ....... K4

L2 o, . 2 Gauges, callper .................. (H1)
Feed gear reversal ............... Gauges, center ................. 86
Feed rods ... ................... (auges, corrective ............... [, 34
Feeds for milling ............... Gauges, depth . .................. 8
Feeds, geared .................. Gauges, arill ................... R4

Fellows gear shaper ............. Gauges, end measure
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Gauges, lHimit ................... G1|Hobbing machine
Gauges, mwanufacture of . . 63 [ Hobs, worm . ...
nut and washer ... .. Holnts, hand.......

. plug and ring. .. Holsts, pnenmatic ..
Gauges, serateh ... Hollow hexagon turret iathe
Gung screw thread ... .. .. e

Hollow milling tool, .nl)\.nl.u.l»
Horse power, bruke ..
detmiri

standard care in use of.
Gauges, standard ..o

Hlorse power,

Gauges, standard thread . e 2 | Horse pow imndicated ...
Gauges, surfacee ........ R HOrse power, measieing

How to find tap drill s
How to sharpen dies U
liypocyclofdal eurve ... ...

Gaugen, thickness

Gaugex, thread ...
Gouges, use of ...
gen, wire L., ..
A CHtters ...

Gear cutting, duplleation sy u-m 1
Gear cutters, duplex ..., .......
aroentters inogmngs ... Importanee of drill and tap kaoldees,

car entting in plaln milling 1 Importance of aane milhng .
chine, by under cut method. .. 365 | lmportance of umdmg

Gear cutting, lmge spur, in plaln fmportunce of Keeplngs snup o Altwrs
milling machine ... ... ... .... 3635 | lmportanes of milling mwaeni
Gear cutting machines, antomatie. . 384 | Increase twist in aillls. L
Gear  entting, molding  planing Independent chueks. .. ... L
method oL L 8o [ Indexing, ecave im0
Gear  eatting, templet : Indexing, ers. .. ..
method oL, Indexiug.  cowp
Genr snaper, Fellows e . Indexing. differ
Gears, bevel ..., . L . Indexing on antomar

Gears, toothed P e caleulations for ... ... .
Gears, worm ... .. .. Indexing, plain ..
Gearing Indexing, rule tor. ..

Indicator, nse of test.
vinfluence of form nml
teoth In v
Inslde micrometer
Internal grinding
Involute enrve .
Involute tooth ontlin nm-rnxlmnt-
method of laying out......... 6

Gearing, cloldal, ~yst
Gearing, eficlency of
Gearing, frictional
Gearing. Involute
Gears, mmternal ... ..
Gears with axex  at
tanees L
Gears, spiral ...

lI.l- I\ W

tat ...
. £lb head
1 ronnd

1 tper of,
17 Woodrfr .
1N iKnee plate, securi IIL
17

N 1]

1

Gears, spur ... ...
Gradunted dlals on feed scerows, use
of e e J
Graduate machine dials,
l-l|lll|1-l’. cutter and reamer. Jacks, planer ... ... R || 1]
twiste deill Jig, box, example of | R4
ey lindrieal Jlgw, drilling, « Inssifieation « Ho
mportnnee of Jign --xnmphw of i
fnternal .. .. tles, for deilling R U}
achine, plain s of wang deilling. . ... ooy
‘hine, univers; Jig milling, example of. . ... LLooar
atlons, classification of
stevp tapers © s e
portable o o0 '
t.nu«l--l. Toal oo
Key rule bloeks, ............. .1
l Ke sente - R
H PRey seators, portable. .
I Key seatlng fn a shaper
Hack ~saw Nlades © o0 o 0. 'K ways, cutting of ...
& ' Irawing of.
L

ner ol
Cahressing andd (-_nndll

Peats ol L0 L
hm-ll-\

Knee plate, use of ..
ORnnrling tools. .o e 206

L

wate .

e

””,.\ ||~.-‘l for lllm.'
Hizh speasd wmillin iment
Hints on planer ne nipntation ...,

caleulations. ...
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athe chucks........ccovveeinnnn 214, Methods for testing squares. . 05
Athe, dimenslons of ..... e 177 | Method of lacing belung. .. ... 49
athe dogs .............0c00uenn 210 | Methods of lappng belung........ 494
Aathe, elements of..... veveeees.. 165 | Methods of producing screw threadn 129
«athe, englne .................. 165 | Micrometer calipers, beam...... . 76
Athe, BaP .. .iveiiininreeneanen 184 | Micrometer calipers, bench........ v
sAatie head stock .......... v.... 160 Micrometer callpers, for measuring
Lathe, lmportance of............. 163 screw threads ............... 73
Lathe, monitor.................. 189 | Micrometer calipers, Inside........ 81
Lathe pans ........ooeiein.n. 523 | Micrometer calipers, large........ T4
Lathe, pit ........... Micrometer calipers, reaamg of.... 71
Lathe, pulley use of........ T2
Lathe racks 028 e 348
Lathe, relationship with other tools 163 “for certain
Lathe, speed or hand............. 164 over planing.. 312
Lathe spindle bearings........... . 166 | Milling planer 203
Lathe tail stock................. 168 | Milling eth.. ... 345
Lathes, testlng of................ 179 | Milllng of.. 378
Lathe tool8 ... vuevrnnennnnnnnnn 197 | Milling of small
Lathe. tool makers............ ... 182 dia L 361-345
Lathe tools, patent............... 200 | Milling cutters, angular ... . 336-330
Lathe tools, patent, advantages of.. 201 | Milling cutters, axial............. 336
Lathe tools, threading............ 203 | Miiling cutters, classes of......... 336
Lathe tools, setting of........... Milling cutters, inserted tooth. 343
Lathe. two spindle............... Milling cutters, formed..... 336-339-341
Lathe, turret................... Milling cutters, grinding of........ 345
Lathe, turret chucking...... Milling cutters, meth of driving. 346
Lathe. wheel....... Milling cutters, nicked teeth...... 337
Laying out bevel gears......... Milling cutters, radial . 236
ad BCrew . .............. Milling cutters, straddle.......... 337
Iead screw nut.................. Milling, direction of feed and rota-
Lead screw threads. .............. tion of cutter for............ 358
................. Milling, examples of....... .3.»0-.;01-.«;.;
cutting . ......... Mllling head, universal........... 32
,,,,,,,,,,,,,,, Milling head, vertieal spindle...... 32¥
,,,,,,,,,,,,,,,,, Milling, in the lathe............. 260
sgearing. ........ Milling machine as a manufacturing

. e tool ... 313
Li- ng........o.nn Milling machine, duplex........... 37
Link planing attachment.......... Milling machine feeds. .. ......... 321
Limlt gauges ...... . .. Milling machine feeds, all gear.... 322
Locating drilled holes. . Milling machlne, plain ........... 31
Lock nuts ................... Milling machine, slabbing .

Lubricatlon of center hearings.... 222! Milling machine, universal 313
Lubrication of drills. ... .......... Milling machine, vertical splndlv 317-310
Lubricating machine centers...... Milling machines, importance of... 312
Lubricating, planer ways.......... 280 | L iieeees [N 338
Lubrication of milling centers..... 378 ut. e 338
Lubrication of taps and dies...... 140 lathe ................... 189
Monkey wrenches ................ 100
Movable racks .................. D25
- Movable head bars ........ 250
itters, for ..., 25
Machine bolts ................... 450 ated drilis and r uses. 107
Machinists’ cold chisels........ .. 18 indle drflls............ 399
Machine cut files. ................ 26 read Screws........... 128
Machinists’ hammers.......... 17
Mandrel block ..... 161
Mandrel centers ...... 154 N
Mandrel centers. care of...,...... 161
)
%{:ﬂg::}sprf‘?"“ﬁ U }‘.f; Names of filex .............. .22, 23
Mandrels, driving In Dbores........ 161 t“("""':" of l,’f"y In flles.......... 29
MMandrels, expanding........... 154, 156 Xl S lerahner RRURER. .......... o35
Mandrels, expansive, advantages of. 158| nit. m:rl me Il 381
Mandrels for conical bores........ 158 Sut ’Iock;“ ¢ . ‘;’2
Mandrels for large bores.......... 159t FOERB e reres A0
Mandrels, hardened and ground.... 1353
Mandrels, influence of on slzes of

DOFe] L .. .. 158 o
Mandrels, nut..........cocvvvunnn 159
Mandrels, solld «... 134 Object of temperlnz ..........
Mandrels stub ....... .... 160} Odontograph, Grant's involute.
Mandrels, taper of............... 156 Ofl, filtering of ..................
Mandrels. with ends only hardened.. 153 o’ pump ...
Manufacturers' drilling machine. 406 [ Ofl separator ...................
Mearuring machine, Pratt & Whit- Ofl tube drllls ............... .

1 L 78| Open side planer ................ 279
Meaguring machine, Rogers-Bond.. 57 Open slde shaper ............ ... 288
Measuring machines, Sweets...... 79| Overhanging arm supports. . ... e . 321
Mechanical equivalent of heat...... 542! Oversize in taps ................. 181
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INDEX.
‘lecting files for any class of work Stays, crown gheet ...........
30, 34, 46| Stays, diagonal ...,
elf-hardening steel .............. 200 [ Nteady Fest ...........

elf-opening dles . ..... .
iellers’ planer table drive. ...
{ensitive drills
~Imper attachwments
NS¢l NCrews .. .
Settlng of lathe tools. ..
Netting of rivets
Netting tool for taper turning.
Netting up work for boring. ..
Shart, bearing
Shaft, couplings ..
Nhatting, alining
Shaper, draw stroke . ...
Shaper, movable head .. ... ..
Shaper. open xide
Shapers, dmrucn-rlmh- |mrt~x .
Shapers, crank driven.
Shapers, rmk driven. ...
Nheaves, rope
Shell reamers
Shrink fit, definition of . .
Single ent files
Nlabbing cutter
Nleeves, drill
SHde rest .. .
Nlotted link, for shaper .

Slotting attachment .. .. .
Nlotting machine .......... ... ...
Nlotting machine work, 1-xn|npl(- of.
Nockets, drill ... ... L.
Nockets, speclal form of drill.

Nockets for ofl tube drills. ... ... ..
Rockets, frictional drivea ..

Nackets, grip
Nockets, lathe
Nolld dies
Nolid mandrels ...
Nolid reamers
Special form of drill sockets.
Special tool for plnnlng

surfaces  .........
Npeeds for milling untc-ru
Spherleal turning
Spherical socket boring
Speed of emery wheels,
Speed of hand larhe
Npindle ends squaring off.
Spiral cutting attachment
Spiral, cutting of a...
Spiral gears .. .................
Spring for planer tools
Spring jolnt calipers . ..
Npiral gears, data for.
Spiral gears. elements of
Splral geared planer.
Npiral gearing, prnhlc-nw ir
NSpiral gears, cutting of
NSpirals, caleulations for the
gears

S|pur gears
Nquare, box
Nquare corner filing.
Squarex, comblnation

Nquares, methods for testing
steel

Squares, «tandard
Kquares., thin steel
Nquaring off spindle ends
Standard gaugos
Standard  gradvated

bar, Pratt & Whitne)
Standards of measore

Ktandard pattern drilllng machines,

Ktandard steel rules . ..
Standard stee]l wqnares,

Ktandard thread x:mu:mn
Ntraightening of tempered work . .
Stralght edrex, eavt fron
Ntralght edges, steel, .. .....
Ntay bolts
Ntay bolt taps. ..

line-measure

138

eircular

Steel, alr hardening tool
Steel, effect of carbon in
steel hardening
Nteel, heating of ...
Steel, quenching or
Steel, self-hardening tool
Ntock, keeping or
Ntops, milling machine tabl
Ntud holts
Ntud xet
Supporting work nn( round
Surface dize grinder ..
Surface tile humc-rn

Surface gauge, use of
Nurface grinder
Surface plates ...
Nurface plates, care of. ...
Nweep cutter
Nweep drilling
Nweet's measuring machines
Nyatems of rope transmission

T

'luble "lf capacitien of rectangular
an -

l‘nl»lo of capacities of round tanks.
Table of clreumferences, areas,

squares, ete., of clreles
‘Table of eycloldal gear cutters.
Table of decimal equivalents. . ...
Table of dimensiong of keys and key

ways

e of emery wheel speeds. .
able feeds on milling machines
I'nble of gas tap sizes.......
Table of horse power of transmis-
slon rope . L. L.
Table of involute gear cutters. .
Table of machine screws
‘Table of metrie conversions
Table of milling speeds
Table of propertles of metalx. ..
Table of relatlve values of non-con-
ductors
Table -of size of tap drills. .. ..
Table of screw threads
Table of sizes of chimneys with ap-
proximate horse power hollers.
Table of specific gravity and welght
of varfous metalx
able of speed of drills
able  of standard dimensions of
wronght iron steam, gas and
water plpes oo Lo L
Table of different nmntluulx for
wire gange in the U, N
Table of standard wam:ml bolts and
nuts L.
Table of tap drill
Table of tap drill =
Tables for transmittin
turned shafting
Tables of rransmission of power by
leather helting
Table of units of heat in one pound
of fuels
Table of weleht of fat bar tron.
Table of weleght of plate fron
Table of welght of castings rom
PALICIAN

Table of welghts of square and
round bars of wrought fron. ...
Table of welght of varfoux sub-

stances . .......... . ...
Table feed rack, dangers
Tan apd dis action wha-n «Inll

Tap drill sizes ..
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Tap drill sizes, how found........
‘Tap holders, frictional 1

Tap wrenches..........
Taper attachment

Taper driil shanks
Taper grinding .
Taper keys
‘Taper milling
‘Taper pins
Taper reaming
‘Taper turning
Taper turning
Taper turning
Taper turning with compound rest.
‘Taper turning, setting of tool for..
Tapers, Brown & Sharpe
Taps., care in the use of.
Taps collapsing
Taps, combination drill and pipe..
Taps, form of flutes and teeth
Taps, hand
Taps, hob and pipe .
Taps. pul
Taps,
Taps.
Taps,
Taps,

attachment
lathe

bolt
taper, plug and bottoming. . 3
use of two on heavy tnpplng ld
of in sand

of

Tempered : ng of. ..
Tempering by color 4
Tempering in oll
‘Tempering, object of
Tempering of steel
Tem!)erin;. warping of articles in. . 44.>
Testing of lathes 179
Thread calipers
Three flute drills
T slot cutters
Tool grinder
Tool clamps, planer
Tool, for planing key-ways
‘Tool setting., influence of on taper
turnlng ...
Tool, special, for planing circular
surfaces 206
Tools for slotting machine. ... .... 308
Tools, spring for planer 202
Tools, finishing for planer
Tools, under cut for planer
Toothed wears
Tote boxes
Transmission of electric
Transmitting motion
threads
Turning a plain spindle
Turning eams . ... ... L
Turning conecave and convex =sur-
faces oL e -
Turning cross-head pins.
Turning crank pins
Turning, exercise of judgment
Turninge
Turning
low
'irnine.
‘Turning
Turning
Turning
Turret
Turret
Turret
Turret
Turret
Turret
Tarret,
Turret
Turret

227

in.
-

frregular outlines. .. .. .2
use

work by of hol-

POSE e e

offset  work
shafting
spherieal work
taper work
boring, example of
chueking lathe, automatie.

chuekineg Iathes. oo L.
drilling machines
facing, example of
machine operations
on earringe
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Sloane. Electric Toy Making, Dynamo Building and Electric Moter
Constructiont
This work treats of the making at home of Electrical Tolys, Electrical
Apparatus, Motors, Dynamos and Instruments in general, and Is de-
signed to bring within the reach of young and old the manufacture of
genuine and useful electrical appliances. Third Edition. Fully Illus-
trated. 140 I'ages. Cloth.......ceicevesreeecessccsanscsssscsnees $1.00

Sloanc, Rubber Hand Stamps and the Manipulation of India Rubber:

A practical treatise on the manufacture of all kinds of Rubber ar-
ticles. 146 Pages. Second Edition. Cloth............. teeieessssees $1.00

Sloane., Liguid Air and the Liquefaction of Gases:
Contalning the full theory of the subject, and glving the entire histo]
of liquefaction of gases, from the ecarllest times to the present. t
shows how liquid air like water is carried hundreds of mliles and Is
handled in open buckets. It tells what may be expected from it In the
near future. 365 Pages, with many Illustrations. I[landsomely bound
in Buckram. Second EdItIon ..........iiceeeecesccccsonssnsec:oes $S60

Sloane. Standard Electrical Dictionary:
A practical handbook of reference, containing definitions of about
5,000 distinct words, terms and phrases. An entirely New Editlon,
brought up to date and greatly enlarged. Complete, Concive. C(Con-
venient. 682 IP'ages, 393 Illustrations. Handsomely bound in Cloth.
BVO. cevvrnveconnns et e [ Cibiiessieriairensesss 38,00

Usher, The Modern Machinistt
A practical treatise embracing the most approved methods of modern
machine-shop practice, and the applications of recent improved ap-
pliances, tools and devices for facllitating. duplicating and expediting
the construction of machines and thelr parts. A new book from cover
to cover. Third Editlon. 257 Engravings. 322 Pages. Cloth........ $2 80

Van Dervoort, Modern Machine Shop Tools; Their Construction,
Operation_and Manipulation, Including Both Hand and Ma=
chine Toolss

A new work treaticg the subject In a concise and comprehensive man-
ner. A chapter on Gearing and Belting, covering the more lmportant
cases, also the Transmission of Power by Sharting with formulas and
exampler 18 included. Thix book i= strictly up-to-date and is the most
(..m..i’-w. coneixe and useful work ever published on this subject.
Containing about 600 Pages and 600 Illustrations .................. $4.00

Woodworth. Dics, Their Construction and Use for the Moderm
Working of Sheet Metals:
A treatlse upon the designing. constructing and use of tools, fix-
tures and devices, together with the manner in whleh the, should be
used in the power press, for the cheap and rapid production of sheet
metal parts and articles.  Comprising fundamental designs and prac-
tleal pointx by which sheet metal parts may be produced at the mini-
mum of cost to the maximum of ontput, together wlith special refer-
ence to the hardening and tempering of press tools, and to the classes
of work which may be produced to the best advantage by the use of
dies in the power press. Contalning 400 Pages. 500 [llustrations .. $3.00

Woodworth, Hardening, Tempering, Annealing and Forging ef
Steels
A new hook containing special directions for the successful hardening
and tempering of all stecl tools.  Milling cutters, taps, thread dies, ream-
ers, both solld and shell, hollow mills, punches and dies and all kinds of
sheet-metal working tools. shear blades, saws, fine cutlery, and metal-
cutting tools of all descriptions, as well as for all Implements of steek
hoth large and small. the simplest and most satisfactory hardening an
tempering processes are presented. The uses to which the leading bra.gds
of steel may be adanted are concisely presented, and their treatment “or
working under different conditions explained, as are also the special
methods for the hardening and tempering of special brands. Containing
About 320 Pages, BDOBE 250 IIIUSLTALIONS. « s rnsesssssescscorererens 33,50
























