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INTRODUCTION

The working of metal in some form has engaged man’s efforts
thousands of years. Over long stretches of the period, the products
achieved were those resulting from skill of hand and brain in the
use of crude or at best simple tools. Reference to a lathe is found
among the earliest of recorded writings. Such machines greatly
extended man’s productive capacity and enabled him to do things
almost or entirely impossible previous to their invention. Neverthe-
less, they were very crude and ineffective when compared with
the machines now used for machining metal.

The machining of metal received it greatest impetus with the
development of the steam engine. When this d-vice was perfected
to the point where a steady, economical and reliable source of
power was assured, tho developiiea: of tools and machines to
which power could be applied followed rapidly. Today the use of
machirery in producing consumer gcoe's has grown to such volume
that some pe-ple fear that we have come to the point where we
are controlled by the machinery created to serve us. Regardless
of these pessimistic opinions ar.d of the failures and shortcomings
of this machine age, the fact rcinains that machines and machine
products have made possible a standard of living unsurpassed in
history.

Lack of a definite and lasting classification makes it difficult
to determine the number of persons engaged in the machining of
metal, such as screws, bolts, automobile engines and parts, air-
plane engines, locomotives and other products. In view of this
situation no effort will be made to estimate the number of ma-
chinists, toolmakers, die sinkers or machine operators employed in
this country. That the total number is large is seen in data taken
from the 1940 census. These data show that in 9,107 establish-
ments, 881,827 persons were employed in the manufacture of agri-
cultural machinery, power transmitting machines, tools, boilers,
pumps, compressors, engines of all sorts, machinery used in the
production of food, oil, textiles and of machines used to produce
other machines. These figures did not include persons engaged in
the machining of metal in industries employing less than 10,000
people of which there were 39,541 with 1,076,890 employees. Some
of these undoubtedly employed machinists, toolmakers or machine
operators whose work was chiefly machining metal. These data
indicate that approximately one person out of every forty gainfully
employed in the United States is engaged part or full time in
the machining of metal in some capacity.



INTRODUCTION

Experiences gained in the school shop through work in the
machining of metal are worthwhile because: (1) they help one to
understand and appreciate how the machinist, the toolmaker and
the machiné operator serve society; (2) through these experiences
one is able to discover ability and a liking for, or lack of ability
and a dislike for, this sort of work as a possible vocation; (3) the
skills and work habits acquired are applicable and usable in many
industries and under many and varying conditions. One who be-
comes competent in the skillful operation of a machine has some-
thing he will never lose altogether. He may lose some of his refined
techniques temporarily but these usually can be restored with a
little practice. Furthermore, knowledge and ability to operate one
kind of a machine often is a decided advantage in learning to op-
erate a different type of machine. Good reputation achieved in
the school shop is of advantage in securing employment after grad-
uation.
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SECTION |

UNIT 1

SAFETY .

Safety applied to procedures in a school or
industrial shop resolves into using common
sense and good judgment. Modern machinery
is equipped with guards and devices designed
to protect the operator and make cperation of
equipment as safe as possible, However, statis-
tics show that guards and other safety devices
afford only 15 per cent protection. Thus 85 per
cent of all accidents in school and industrial
plants are due to a factor or factors that cannot
be guarded against by mechanical devices. The
principal factor accountable for preventable
accidents is the human elemen'. Strange a. it
may seem, the same percentage of accidents
attributable to the human element applies not
only to industrial plants, but to operation of
automobiles, farming, homemaking and most
other activities. Most accidents are a result of
someone’s thoughtlessness, carelessness or lack
of consideration of the rights of others and
may be avoided if one acquires thc habit of
thinking before doing.

If persons prone to accidents can be said to
be habitually careless, thoughtless and reck-
less, the opposite usually may be said of persons
whose records are reasonably clear; they may
be classed as habitually careful, thoughtful,
conservative and considerate.

Safety is principally a matter of striving
earnestly to learn and follow safe practices and
procedures at all times. It really is much more
a matter of do’s than don't’s. Specific applica-
tions are:

1. Always apply first aid treatment to cuts
or bruises, regardless of how slight. It is
good practice to allow slight and moderate
cuts to bleed for a minute or two before
attempting to stop the flow of blood. Free
bleeding will carry infectious particles out
of the wound. Severe cuts or bruises should

9)

&)

(%]

receive the immediate attention of a phy-
sician.

Always treat burns promptly, according to
their degree of severity. A first degree
burn is one in which the skin is merely
reddened, a second degree burn is one in
which the skin is blistered, and a third
degree, one in which the flesh is scared or
charred. Treat Jirst degree burns by ap-
plying a paste made of baking soda and
water, or by applying carbolated vaseline,
or any good burn ointment. Second and
third degree burns should receive the im-
mediate attention of a physician.

Always wear appropriate dress when
working around machinery. Keep your
necktie tucked into your shirt and your
sleeves rolled up or wear a garment with
tight fitting sleeves.

Persons with long hair should always wear
a cap when working around revolving
machinery.

Avoid standing in your own light. One
needs the best light possible to do accurate
work and avoid injury.

The school shops or laboratories are places
for purposeful activities, where the worker
needs and has occasion to direct his un-
divided attention to the activity in which
he is engaged. Do not divert his attention
by play, needless conversation, shouting,
whistling or boisterousness of any form.

Avoid grasping metal you suspect of being
hot. If doubtful, test by touching the piece
very lightly with the moistened tips of the
fingers.

When grinding tools or materials, protect
your eyes by using the shield provided; or
if none is provided, wear goggles.




10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

MACHINING OF METAL

Always keep the tool rest close to the
grinding wheel and the fingers from com-
ing into contact with the revolving wheel.
Do not hold short or Small pieces against
the wheel with the bare fingers.

Carefully observe cautions as to safe prac-
tices when using machinery, given at ap-
propriate places in the instruction units
which follow as well as those given by your

- instructor.

When it is necessary to approach someone
operating a machine, do so in such manner
as not to annoy or alarm him.

When in the vicinity of a machine from
which stock or parts are thrown occa-
sionally, make it a practice to stand where
you will be out of danger.

Keep your fingers away from moving
machinery or moving parts.

Before starting a machine, be sure that
all safety appliances with which it is
equipped are in place and operating effec-
tively.

Make a practice of always stopping ma-
chines to make adjustments or when per-
forming an operation where there is dan-
ger of the tool catching, for example, when
using an inside caliper.

Whenever you have occasion to remove
guards, change the normal position of the
machine, or remove parts to perform a
specific operation, be sure that all are re-
placed properly before leaving the ma-
chine.

When mounting stock in a machine be sure
that it is fastened securely between cen-
ters, in the jaws of a chuck, or on a face-
plate.

Always remove the chuck key immediately
after tightening the jaws on a lathe or
drill press chuck.

Always clamp the work to the drill press
table before starting to drill it.

When removing heavy chucks ask an asso-
ciate to assist you. When the chuck has
been removed place it in a rack or other
suitable place in such position that it can-
not roll or fall.

21.

22,

23.

24.

26.

26.

27.

28.

29,

30.

31.

32.

33.

Use a brush or a thin piece of wood to re-
move metal chips. Do not use your bare
hands.

Always use a belt shifter to change flat
belts.

When necessary to change V-belts stop the
machine, then change the belt.

Do not remove stock from the hack saw
while the machine is in motion.

Before starting to wipe revolving machin-
ery or the work with waste, be sure the
machine or the work has come to a dead
stop.

Place all waste material in proper recep-
tacles.

When closing electric switches always
grasp the switch by the insulated handle
and keep your hands away from the metal
parts of the switch or the switch box itself.

Before attempting to change fuses in in-
dividual starters be sure the main switch
is open and the switch box then closed
and locked.

When you desire the assistance of a fellow
student ask it in a gentlemanly manner. Be
sure to explain the nature of the assistance
wanted and any risks that may be involved,
for example, handling hot metal.

Practice being courteous, considerate and
obliging at all times and under all circum-
stances.

Practice lending a cheerful helping hand
when requested or when you observe some-
one in need.

Observe all rules of conduct regardless of
whether made by your classmates or the
school authorities. Generally, rules are for
the effective, wholesome and safe opera-
tion of the institution in the best and most
fruitful interest of all concerned.

Under all conditions stop, look and think
before you proceed in a dangerous or
definitely unknown and unfamiliar situa-
tion.

No person has ever achieved recognition_ as

a careful, considerate, thoughtful, far-seeing
workman who has not daily practiced these
virtues. o



SECTION 1i

MEASUREMENTS AND MEASURING INSTRUMENTS

UNIT 2

MEASURING INSTRUMENTS

The machinist uses many instruments for
making the measurements necessary in the
course of his work. Some of these measure-
ments need not be made with greater accuracy
than within limits of .01 of an inch. At other
times measurements must be made accurately
within thousandths of an inch. For making such
measurements, micrometer calipers or Jauges
are used.

RULES

The steel rule, Fig. 1, is the instrument u.ed
by the machinist for making rough measure-
ments. Steel rules may be had in lengths from
1 inch to 72 inches; commonly used lengths
are 3 inches, 6 inches, 9 inches, and 12 inches.
The better ones are made of spring steel, hard-
ened and tempered, and may be graduated on
one or both sides. Some rules are made with
one side graduated in 16ths and 32nds and the
other in 64ths and 100ths. Steel rules may also
be had in flexible form, in rustproof or stain-
less steel.
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Courlesy, L. S. Starrett Co.
FI6. |. MACHINISTS' STEEL RULES

COMBINATION SETS

The combination square, protractor and cen-
ter head, Fig. 2, is an instrument commonly
used by the machinist for laying out work,

testing for squareness, measuring angles and
finding the center of circular pieces.
DIVIDERS

These instruments are used chiefly for spac-
ing, scribing circles and arcs and for laying out
work. A, F.zx. 3, has a solid nut, while B has a
quick adjust.ng, au.omatic closing nut. Divid-
ers may be haa in sizes from 2 to 12 inches.

Courtesy, L. S. Storrett Co.
FIG. 2. COMBINATION SQUARE

Courtesy, L. 5. Stemett Ce, -,
Fi6. 3. DIVIDERS AR
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FIG. 4. CALIPERS

CALIPERS

These instruments are used chiefly for deter-
mining diameters. A, B and C, Fig. 4, are used
for measuring outside diameters and D, E and
F for inside diameters. C and F are called firm
joint calipers, while A, B, D, and E are spring
type, commonly called spring calipers. Calipers
may be had in sizes from 3 to 10 inches or more.

MERMAPHRODITE CALIPER

This instrument, Fig. 5, is used by machinists
for locating the center of circular objects and,
under certain conditions, for determining in-
side and outside diameters. A, is the firm joint
type, while B has a lock joint. It also is used
for scribing lines parallel with a surface, A,
Fig. 6, or for drawing lines at a desired dis-
tance from a curved surface, B, Fig. 6.
CALIPER RULE

The steel slide caliper rule, Fig. 7, is an
instrument used for accurately measuring the

Courtesy, L. S. Starrett Co.
FIG, §. HERMAPHRODITE CALIPERS

Rd

FIG. 6. SCRIBING LINES PARALLEL TO A SURFACE
WITH HERMAPHRODITE CALIPER

Courtesy, L. S. Starrett Co.
FIG. 7. CALIPER RULE

diameter of rods, tubing, and thicknesses of
sheet metal and bars.

CENTER GAUGE
This instrument, Fig. 8, is used principally
for grinding and setting thread cutting tools.

DEPTH GAUGE

This instrument, Fig. 9, is used to measure
the depth of recesses accurately and quickly.
The rod in A is forced downward by means of
a spring and is locked in position by means of
a clamping screw. B and C respectively have
micrometer and vernier adjustments.
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Courtesy, L. S. Starrett Co.
FIG. 9. DEPTH GAUGES

SURFACE GAUGE

This instrument, Fig. 10, is used for a vari-
ety of purposes but chiefly for locating dis-
tances from a base and for locating points at a
given height on opposite ends of an object lying
on:a flat surface. Another use is that of draw-
ing’a line at a given height on an irregularly
shiiped object, as, for example, a line on an
irregularly shaped casting.

SCREW PITCH GAUGE

This instrument, Fig. 11, is used to deter-
mine the pitch of a thread or to compare the
threads of different objects, as, for example,
the thread on a bolt with that on a nut. The
gauge has a number of notched blades. The
notches on each blade are cut to match the

Courfesy, L. S. Starrett Co.
FIG. Il. SCREW PITCH GAUGE

, ‘Cowrtesy, L. S. Sherrett
FIG. 12. MICROMETER CAI.IPER" '

Whgid
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FIG. 13. MICROMETER CALIPER FOR MEASURING
INTERNAL DIAMETERS AND RECESSES

pitch of a standard thread. Each blade is

stamped with the pitch or number of threads

per inch it represents.

MICROMETER CALIPERS

Micrometers are made in a number of shapes
and sizes. These instruments are designed for
making very close and accurate measurements.
The one shown in Fig. 12 is designed for meas-
uring outside diameters and thicknesses, while
the one shown in Fig. 18 is designed for meas-
uring internal diameters and recesses, and is
usually called an inside caliper.

WL ﬁ
e w.\ \\\

FIG. 14. VERNIER CALIPER

VERNIER CALIPER

This instrument, Fig. 14, is used for making
accurate outside and inside measurements and
for many other purposes.

UNIT 3

HOW TO USE A MICROMETER

The micrometer is a delicate instrument and
easily damaged; therefore, it must not be
forced over the work. Fig. 156 shows the various
parts of a micrometer and the form of its con-
.struction.

Coprtesy, Srown & tb-m Monutecturing
i ‘mm OF A MICROMETER CALIPER

. Ce.

The pitch of the screw threads on the inside
of the spindle is one-fortieth of an inch; there-
fore, a complete revolution of the spindle moves
it one-fortieth or twenty-five thouandths of an
inch. Notice the fine graduations or divisions
on the barrel, D, Fig. 16. There are forty of
these in an inch. Also notice that every fourth
division line is longer than the others and that
these are numbered 0, 1, 2, 3, 4, etec. Each of
these larger divisions represents 1/10 of an
inch.

s, W co. ,
m 1. mu.\‘nons ov m wcnwma wm;



HOW TO USE A MICROMETER 16

The beveled edge of the thimble E, Fig. 16,
" is marked in twenty-five divisions. Every fifth
" division line is longer and numbered 0, 5, 10,
" 15, etc. Rotating the thimble E through one of
these divisions will move the spindle backward
or forward, depending upon the direction in
which the spindle is turned, one twenty-fifth of
twenty-five thousandths, or one thousandth of
an inch; rotating it five divisions will move the
spindle five-thousandths of an inch.

PROCEDURE

CAUTION: When using a micrometer to meas-
ure work, the work must be stationary.

1. Hold the frame of the micrometer in the
left hand, then revolve the thim!le, E, Fig.
17, until the work just passes between the
anvil, B, Fig. 17, and the tip of the spindle,
C, Fig. 17.

2. Hold the micrometer perpendicular to the
axis of the work and adjust the spindle
until it lightly touches the surface.

3. With the “mike” in contact with the work,
as in Fig. 17 or 18, read the number of
vertical divisions on the barrel, D.

Removal of the micrometer before read-
ing may cause the spindle to revolve
slightly and thus cause an error in the
final reading.

4. Multiply the number of visible divisions
on the barrel, D, by twenty-five. Add to
this product the number of divisions on
the bevel of the thimble, from 0 to the line
that is even with the horizontal line on
the sleeve.

EXAMPLE: Fig. 17 shows 7 divisions visible
on the barrel, D, and 8 divisions on the thim-
ble, E, from 0 to the horizontal line on the
barrel, D. Therefore, the distance between the
anvil, B, and the tip of the spindle, C, is one

hundred seventy-eight thousandths of an inch.
This figure is found by multiplying the number
of visible divisions on the barrel, D, by 25 and
adding the divisions on the thimble, E, from 0
to the division mark even with the horizontal
line on D, in this case, 8. Thus:

7X.025 =.175+.003 =.178.

FIG. 17. JSING THE MICROMETER CALIPER

FIG. 18. USING THE MICROMETER ON WORK IN THE
LATHE

UNIT 4

_' . - HOW TO SET AND USE CALIPERS

%ﬂ outside, inside and hermaphro-
e calipers are used for measuring
ers and exterior surfaces. Inside

calipers are used for measuring inside diam- "
eters and the dimensions of recesses. Hermaph
rodite calipers are used principally for loca iy
centers on’ circular or approtimtdly ’ ‘
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stock. Both outside and inside calipers are made
with a spring joint, a firm joint, or a lock
joint, The latter has one loose leg and is com-
monly called a transfer caliper. The loose leg
type, Fig. 19, is used for obtaining measure-
ments of recesses which are wider at the bot-
tom than at the top or for securing the measure-
ment of a small object located so that it cannot
be measured with an ordinary caliper. Usually
calipers are set in one of two ways: first, by
adjusting the caliper until the object to be
measured will just pass between the extended
legs, and second by setting the caliper to a par-
ticular dimension as described below.

Courtesy, Brown & Sharpe Manufacturing Co.
FIG. 19. LOOSE LEG OR TRANSFER CALIPERS

PROCEDURE FOR SETTING THE SPRING

JOINT TYPE
1. Grasp the rule in the right hand and the

caliper in the left, as in Fig. 20.

2. Place the left leg of the caliper against the
left end of the rule, then adjust the right
leg by turning the thumbscrew with the
right thumb and forefinger until the leg
extends the distance desired, Fig. 20.

3. Test the setting carefully to see that it is
correct. Make adjustment if necessary.

PROCEDURE FOR SETTING THE TIGHT
JOINT TYPE
1. Set by closing or opening the legs with the
fingers.
2. Make final adjustment.
Final adjustments are made by tapping
an outer edge of the caliper lightly against
a solid surface to decrease the distance

R

'FIG. 20. SETTING THE OUTSIDE CALIPER

between the tips of the legs or by tapping
the inside of one leg lightly to increase
the distance between the tips.

3. Test and adjust in this manner until the
proper setting is achieved.

PROCEDURE FOR USING THE OUTSIDE
CALIPER
Accuracy in calipering can be achieved only
by developing a keen sensitivity to touch. Al-
ways hold the caliper very lightly between the
tips of the fingers. Continued practice will
achieve dexterity.

CAUTION: The work to be calipered must be
stationary.
1. Set the caliper.
2. With the work stationary, hold the caliper
perpendicular to the axis and pass it over
the work, Fig. 21.

FI6. 21. USING THE OUTSIDE CALIPER
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The piece has been reduced to the size
desired when the caliper, of its own weight,
just slips over the work. Do not force the
caliper. A correct measurement cannot be
thus obtained.

When turning work to size in the lathe,
take a trial cut at the end of the stock, stop
the machine and test with the caliper as
in Fig. 21.

If the work is still too large, take another
light cut, then test as before. Continue
cutting and testing until the caliper will
just slip over the work.

When calipering work machined in a
shaper, milling machine, grinder or planer,
proceed as in steps 3 and 4.

When the work is rotating about a cen-
ter and the machine is equipped with a
micrometer cross feed dial, measure the
diameter of the work, then calculaie the
amount of material to be removed. As-
suming the measurement is found to be 14
inches and the desired cimension is 14
inches, advance the micrometer cross feed
} the existing difference of }, or % of an
inch, then start the cut in the usual man-
ner. When the cut has advanced a short
distance, test with the caliper.

INSIDE

CALIPER

1.
2.

CAUTION: Never use an inside caliper on
work while it is revolving.

Stop the machine.

Place the caliper in the opening or recess
to be measured as shown by the dotted line

FIG6. 22, USING THE INSIDE CALIPER

5.

in Fig. 22, then raise the hand holding the
caliper until it is in the position shown by
the solid line in the illustration.

Adjust the caliper until the points of both
legs touch the walls of the recess very
lightly.

Remove the caliper and test the measure-
ment with a rule as in Fig. 23.

FIG. 23. SETTING THE INSIDE CALIPER

If the recess is not large enough, remove
a little more stock at the entrance, then
retest with the caliper.

Continue this procedure until the opening
at the top of the recess is cut to the size
required.

PROCEDURE FOR SETTING THE

1.

HERMAPHRODITE CALIPER

Spread the legs of the caliper to the posi-
tion desired.

Test the setting by holding the tip of
the bent leg against the end of a rule, the
tip of the pointed leg on the face of the
rule, and reading the distance between the
terminals of the legs.

Make slight adjustments as in step 2 under
“Setting the Outside Caliper, Firm Joint
Type.” s



18

MACHINING OF METAL

PROCEDURE FOR LOCATING CENTERS
WITH THE HERMAPHRODITE CALIPER

Chalk both ends of the stock.

Set the caliper to dpproximately half the
diameter of the stock, preferably slightly
less than half. :

Hold the caliper in a vertical position with
the bent leg against the outside surface of
the stock.

Holding it in this position, describe four
short arcs as in Fig. 24,

When the caliper is set at exactly half
the diameter of the stock, the arcs will
have a form as at A, Fig. 24. When slightly
less than half the diameter, they will have

FIG. 24, LOCATING THE CENTER WITH THE
HERMAPHRODITE CALIPER

FIG. 25. LOCATING THE CENTER

a form as at B, Fig. 24. When slightly
greater than half the diameter, the arcs
will have a form as at C, Fig. 24.

Make a punch mark in the center of the
area formed by the intersection of the ares,
or at the exact point of intersection, as
would be the case at A, Fig. 25.

Check the accuracy of the location of the
punch mark by placing the point of the
straight leg of the hermaphrodite caliper
in the punch mark, then rotating the cal-
iper and observing if the point of the bent
leg remains in contact with the work
throughout the course of rotation.

If the punch mark is not located at the
center of the work, draw the punch mark
in the direction desired, then test as in
step 6. See paragraph following step 10,
Unit 10.



SECTION 1l

THE TOOL GRINDER AND ITS OPERATION

UNIT 5

THE GRINDER AND GRINDING WHEELS

Grinders, either hand or power driven, are
used for keeping cutting tools sharp and for
shaping metals, Because of its greater cutting
speed and its capacity for grinding harder
metals, the grinding wheel of today has dis-
placed the old-fashioned grindstone.

TYPES OF GRINDERS

Although there are many types of grinders,
including pedestal grindars, bench grinders,
drill grinders, cylindrical grinders, centerless
grinders and others, only tool grinders will be
considered here, Fig. 26. Tool grinders are di-
vided into two distinet classes: (1)
grinders and (2) wet grinders. The dry wheel
usually has a coarse grain and is used for rough
grinding. The coarse grain cuts the metal easily
and prevents overheating. The wet grinder is
used principally for grinding tools. Generally
this type of wheel has a fine grain but, due to
the fact that the fine grain does not cut the
metal quickly, it is necessary to use water on
the wheel to prevent the metal becoming over-
heated. Some power grinders are equipped with
a pumping device, to keep a constant stream of
water or other coolant playing on the wheel.

The grinding wheel is a simple tool to use
but care must be taken in order to operate it
effectively, efficienfly and safely. When in op-
eration, the tool should be adjusted as
close to the wheel as possible in order to pre-
vent the work becoming wedged between the
rest and the wheel. After adjusting the rest,
it is good practice to rotate the wheel by hand
before turning on the power to determine if
the wheel will clear the rest. If the tool rest is
adjusted too close to an out-of-round wheel, the
“high spot” may strike the rest.

dry -

(19)

If too much pressure is used when grinding,
the tool or metal being ground will become over-
heated. The pressure or heat may cause the face
of the wheel to wear away more rapidly at some
points than others and thus become out of

SRR
Courtery, Atles Press Co.
FIG. 26. TOOL GRINDER B
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round. In order to distribute the wear evenly
on the face of the wheel, the work should be
moved back and forth constantly.

The harder the stock-being ground, the more
quickly the grains become dull; thus, the harder
the material, the softer should be the wheel.
This is not true, however, of wheels used for
grinding very soft metals such as brass, copper,
or aluminum. In this case a medium soft wheel
having coarse grains should be used. If the
wheel becomes glazed, because the cutting par-
ticles have become dull, or because the pores
between the cutting particles become clogged
or loaded with the material being ground, or if
it becomes out of round, it should be dressed
and trued with a wheel dresser.

When operating the grinding wheel, always
wear goggles to protect the eyes from flying
bits of abrasive or pieces of metal. To avoid
injury from flying particles, it is good practice,
if possible, to stand to one side of the wheel
instead of directly in front of it. If the hand
or finger touches the wheel and becomes
burned, it should be treated at once as infec-
tions easily result and are slow to heal.

GRINDING WHEELS

The composition of grinding wheels varies
according to (1) the type of grinder they g«
to be used on, (2) the kind of material to be
ground, and (8) the type of operation to be
performed.

Grinding wheels are made from a mineral
called bauxite. The ore is heated in an electric
furnace until it fuses and is then allowed to
cool slowly. In the cooking process it crystal-
lizes and becomes very hard. It is then crushed
(fractured) and particles with strong sharp
edges result. The particles are then accurately
graded according to their size. The grain or
coarseness of a wheel is designated by numbers
which indicate the number of meshes to the
inch of the sieve through which the particles
of abrasive pass, for example, 4, 6, 8 — 36 —
60, 77 — 100, 120, 150 — 240. These particles
are mixed with a bonding substance which acts
like a glue or cement. The mixture is then
molded to the shape desired and allowed to dry
partially, after which it is baked in a very hot
oven for many hours, then allowed to cool

slowly. After the baking and cooling processes
have been completed, the wheels are ready for
use.

About 80% of modern grinding wheels are
made with a vitrified bond compound of min-
eral and clay mixtures which fuse at a high
temperature, For wheels larger than 30 inches,
a bond consisting of silicate of soda and min-
erals is used. Very thin wheels are also made
by this process. Because this mixture fuses to
a hard cement-like material at a comparatively
low temperature, it may be molded onto iron
centers or backs.

Very thin wheels used for cutting off stock
usually have a bonding substance composed of
shellac and other organic materials which melt
at low temperatures. This allows the dull par-
ticles to be torn easily from the bond and the
new and sharp ones to attack the substance
being cut.

Wheels used for high speed snagging and for
severe cutting off operations generally are
made with a bakelite bond or rubber bonds
combining hardness with toughness.

For grinding aluminum, a wheel especially
designed for that purpose should be used. The
work should be held lightly against the wheel
and advanced slowly.

GRADE AND GRAIN OF GRINDING

WHEELS

Grinding wheels are graded according to
kinds and size of grain. Classifications include
coarse, medium, medium-fine and fine wheels.
Hardness grades vary from “soft” to ‘“hard”
wheels. A soft wheel is one from which the
abrasive grains dislodge easily; conversely, a
wheel which holds its grains securely is termed
a hard wheel. The grade and grain of grinding
wheels are specified by numbers and letters.
The number generally indicates the coarseness
of grain and the letter, “ degree of hardness.

SIZE OF GRINDING WHEELS
Grinding wheels may be obtained in a variety

- of shapes, such as disec, ring, cup and dish, and

in many sizes,
When specifying the size of a grinding wheel,
it is necessary to give the maker's name, the

. grade, shape, diameter, width of face, and the

size of the arbor hole.



SECTION IV

DRILLS AND DRILLING

UNIT 6

TWIST DRILLS, BORING TOOLS AND REAMERS

Drills are used for piercing or cutting circu-
lar holes into or through material. There are
many kinds of drills used for this purposc;
however, twist drills of one kind or another
are by far the most commonly used.

PARTS OF A DRILL

Generally speaking, a drill has three orin-
cipal parts: the point, the body, and the shank,
Fig. 27. The spiral grooves that wind around
the body of the drill are called flutes. The pur-
poses of the flutes are: (1) to provide a mean.
whereby a suitable lip or cutting edge may be
formed on the point of the bit; (2) to provide a
means and a channel whereby the chip re-
moved by the cutting lip may be carried to the
surface; (3) to provide a means whereby a
lubricant can easily be carried to the cutting
edge. The narrow strip of metal, labeled “mar-
gin or land,” Fig. 27, is formed by grinding
away some of the metal along the body of the
drill. The purpose of grinding away part of the
body stock is to give the drill clearance.

FIG. 27. PARTS OF A DRILL

(21)

The body of metal between the flutes forms
what is called the “web.” It is this part that
gives rigidity and strength to the drill. As the
web approaches the shank it tends to thicken.
This is accomplished by cutting the flutes
somewhat sh:liower but shihtly wider. Widen-
ing the flutes | »rmits free passage of the chips.

e shank, or that part of the drill which
fits the spindle or chuck of the drill press or
the 1wws of a brace, varics in shape either ac-
corc.ng to size or purpose for which it was
designed, Fig. 28. The bit with a square shank
is intended for use with a bit brace; B is an
ordinary straight shank and is found on drills
up 1o 4 diameter and intended for use with a
chuck; C represents a taper shank drill. Taper

<agank drills have standard morse tapers and
W1l fit the spindles of standard drill presses or
auxiliary sleeves. The tang on shank C fits a
slot in the spindle. This prevents the drill from
slipping or turning in the spindle.

C
Courtesy, Cleveland Twist Drill Co.
FIG. 28. TYPES OF DRILL SHANKS
DRILL SIZES
Drill sizes are indicated in three ways: (1)
by number; (2) by letter; (3) by fractional
parts of an inch. Drill sizes by number are
given in terms of wire gauge and range from
No. 80, which has a diameter of .0135 of an .
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inch, to No. 1 with a diameter of .228 of an
inch. Lettered sizes start with A and run to Z.
An A drill has a diameter of .234 and Z a di-
ameter of .413. Drill sizes given in fractional
parts of an inch may be had as small as g of
an inch in diameter to 3.5 or even larger on
request. Drill sizes designated in fractions of
an inch increase in size by z; of an inch up to
282 inches, after which stock drills increase by
35 or % of an inch. When desired, drills may
be had in fractional parts of a millimeter.

GRINDING DRILLS

Most of the difficulties encountered in drill-
ing may be attributed to improper grinding.
When grinding, three factors are important:
(1) correct lip clearance, A, Fig. 29; (2) cor-
rect lip angle, B Fig. 29; (3) correct location
of the point with respect to the center of the
drill, C, Fig. 29. Correct lip clearance is from
12° to 15°. This means that the heel of the lip
should be ground away that much. Lip clear-
ance permits the cutting edge of the lip to en-
gage the work. Correct lip angle for ordinary
metal is 59° with a line through the center of
the drill, B, Fig. 29. To check the lip angle, use
a drill grinding gauge. An angle of 59° is rec-
ommended because it has been found that drills
ground at that angle cut more rapidly and wit?
less exertion of power than when ground a
any other angle. When grinding drills for drill-
ing manganese steel, the lip angle should be
76°. This material is very hard and tough;
consequently the shorter lip secured when
ground at 75° takes less power to operate and

Courtesy, Clevelend Twist Driil Co.
FiG. 29. CORRECT ANGLES FOR DRILLS

does not cause quite so great a strain on the
drill. The point of a drill should have an angle
of 120° to 135° and be centered exactly in line
with the center of the drill, C, Fig. 29.

USING DRILLS

To secure the best results a drill should be
used at the correct speed and feed. The speed
of a drill refers to the rate at which it travels
at the circumference. This is called peripheral
or outside speed and is given in terms of feet
traveled per minute. The feed is the rate at
which the drill advances into the work per
revolution measured in fractions of an inch or
millimeter. For correct speeds and feeds, see
Unit 8.

When inserting a large drill, tap the point
with a lead hammer or a mallet to seat it
firmly in the socket. To remove a drill from
drill spindle or sleeve, insert a drift, Fig. 30,
in the slot just above the tang of the drill, with
the rounded edge of the drift against the
rounded end of the slot, then grasp the drill
with one hand and tap the drift lightly with
a hammer.

Courtesy, Cleveland Twist Drill Co.
FIG. 30. DRILL DRIFT

BORING TOOLS

When a drill of a particular dimension is not
available or when a very straight, accurate hole
is desired, a boring tool, Fig. 31, is sometimes
used. In such cases a hole large enough to per-
mit entry of the boring tool is drilled with a
standard drill.

FIG. 31. BORING TOOL

FIG. 32. COUNTER-BORING TOOL
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TABLE I

CAUSES OF DRILL BREAKAGE, DAMAGE OR INACCURACY v

Symptoms
Breaking of drill.

Breaking down of outer corners of
cutting edges.

Breaking of drill when drilling
brass or wood.

Broken tang.

Chipping of margin.
Chipping of lip or cutting edges.

Chipping or checking of a high
speed drill,

Change in character of chips while
drilling.

Hole too large.

Only one lip cutting.
Splitting up center.

Rough hole.

COUNTER-BORING TOOL

Probable Cause
Spring or back lash in press or
work.
Too little lip clearance.

Too low speed in proportion to the
feed.

Dull drill.

Material being drilled has hard
spots, scale or sand inclusions.

Too much speed.
Improper cutting compound.
No lubricant at point of drill.

Chips clog up flutes.

Imperfect fit of taper shank in the
socket—due to micks, dirt, burrs,
or worn out socket.

Oversize jig bushing.

Too much feed.
Too much lip clearar ‘e.

Heated and cuoled too quickly while
grinding or while drilling.
Too much feed.

Change in condition of the drill
such as chipping of cutting edge,
dulling, etc.

Unequal angle or length of the
cutting edges, or both.
Loose spindle.

Unequal length or angle of cutting
lips or both.

Too little lip clearance.
Too much feed.

Dull or improperly ground drill.
Lack of lubricant or wrong lu-
bricant.

Improper set-up.

Too much feed.

Remedy
Test press and work for rigidity
and alignment.
Regrind properly.
Increase speed or decrease feed.
Sharpen drill.

Reduce speed.

Use proper cutting compound and
correct application.

Increase speed.
Use drills designed for these ma-
terials.

Get a new socket or ream old one
to prevent recurrence,

Use proper size bushing.
Reduce feed.
Regrind properly.

Warm slowly before using.

Do not throw cold water on hot
drill while grinding or drilling.
Reduce feed.

Regrind drill properly.

Regrind properly.
Test spindle for rigidity.

Regrind drill properly.
Regrind with proper lip clearance.

Reduce feed.

Regrind properly.
Lubricate or change lubricant.
Reduce feed.

COUNTERSINKS

This tool, Fig. 32, is used to spot face for
bolts and screws, to enlarge holes to receive the
head of fillister head screws and for similar
purposes. Iy has a pilot or guide on the point
which frequently is interchangeable. Ordin-
arily, the pilot has a diameter about .002 of an
inch smaller than that of the drilled hole. A
counter-boring tool should be run at a lower
speed than a drill of corresponding diameter.
A lubricant should be used freely. Counter-
boring tools may be had in many sizes.

A countersink, Fig. 33, is used to enlarge
the end of a hole in conical form to receive the
head of a screw. The inclusive angle of the

AN

FI6. 33. ANGLES OF A COUNTERSINK
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Courtesy, South Bend Lothe Works
FIG. 34. TYPES OF COUNTERSINKS

point of this instrument is 82°. A and B, Fig.
34, illustrates two types of countersinks used
for drilling center holes in stock which is to be
turned while being held between centers. The

inclusive angle at the point of these tools is 60°. -

The 82° countersink should never be used for
countersinking centers, nor the 60° for counter-

sinking for screw heads. Thé combination.

countersink and drill, C, Fig. 34, is used for
drilling and countersinking centers in stock to
be held between centers. This tool drills and
countersinks at one operation. The combination
drill and countersink may be had in several
sizes.

REAMERS

A reamer is a device used to ream or enlarge
a drilled hole to the exact dimension desired.
Reamers are made in a variety of shapes and
sizes, A, B, C, D and E, Fig. 35, and may be
had in either carbon or high speed steel. Or-
dinary hand reamers increase in size by 'y of
an inch from } to } of an inch, by s inch from
4 to 1 inch and by 4 of an inch from 1 to 2
inches. Reamers may be had with straight or
spiral flutes, Fig. 35, and the flutes may have
a right- or left-hand spiral, depending upon the
material to be reamed and the finish required.

Reamers intended for use in a drill press
have standard Morse taper shanks.

When made, reamers are ground as close to
absolute accuracy as possible, and have a slight

FIG. 35. TYPES OF REAMERS

taper at the lower end. This makes starting
easier. When in use, a light cut should be taken,
.002 to .005 of an inch, and the tool handled
with care to avoid damage to the cutting edges.
A tap wrench fitted to the square part of the
shank is used to rotate the hand reamer, A and
B, Fig. 35.

For rough work or when taking rather heavy
cuts, an end cutting reamer, D, Fig. 85, should
be used. When a very accurate hole is required,
it is recommended that the hole be first ma-
chine or rough reamed to .002 of an inch under-
size, then accurately hand reamed to the dimen-
sion required.

Reamers should always be rotated in a for-
ward direction only, that is, in a direction
which will cause the front of the teeth to en-
gage in the work, usually clockwise. A reamer
should never be turned backward regardless

- of whether the tool is being advanced or with-

drawn. Turning the reamer backward will
cause the chips to wedge between the wall of
the hole and the cutting edges of the tool,
which in turn will cause the cutting edges to
chip off or become dull.
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UNIT 7

THE DRILL PRESS

The drill press is one of the most important
pieces of equipment found in a school or in-
dustrial shop. Its principal function is to turn
drills and reamers used in drilling or boring
round holes in various materials.

Courtesy, Atlas Press Co.
FIG. 36. DRILL PRESS

Variation in speed is accomplished by means
of a cone pulley driven by a V or flat belt. The

{ Source of power on most modern presses is an

individual motor mounted on the floor or at
the rear of the column, Fig. 36. On the larger
8izes of the more modern drill presses the
spindle speed and rate of feed are varied by
means of & series of gears. These are driven

by a single pulley, a silent chain, or by a direct
drive from the motor.

SIZE AND CAPACITY

Usually, the size of a drill press is given in
terms of the distance from the column to the
point of the drill. A 16-inch drill press will
drill a hole in the center of a circle 16 inches
in diameter. The vertical capacity of the ma-
chine is determined by the distance from the
table, in its lowest position, to the bottom of
the jaws of the chuck when fully elevated, less
the amount the drill projects. Another factor
deteriuining c.pacity is the distance of spindle
travel. Stiil another fictor is the size of drill
the quill or chuck will accommodate. Drill
press=es are made in many sizes and for a num-
ber ¢ special purposes. An example is the mul-
tiple spindle press used in the production of
automobiles.

PRINCIPAL PARTS

The principal parts of a drill press are:
base and column, spindle, motor and head, table,
feed mechanism, quill and chuck.

FEED AND SPEED

All drill presses are equipped with a hand
feed. In addition many are equipped with an
automatic feed. The speed of drill presses var-
ies from about 40 to 5,000 or more revolutions
per minute. When in operation, the speed

Courtesy, Afn Press Co.
FIG. 37. COMPOUND REST AND VISE
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Courtesy, Atlas Press Co.

FIG. 38-A. MORTISING ATTACHMENT

Courtesy, Atlas Press Co.

FI6. 38.B. SHAPING ATTACHMENT

should be determined by the nature of the work
and the size of drill used.

ATTACHMENTS

Special attachments, such as the compound
rest and vise illustrated in Fig. 37, can be had
for drill presses. A less complex device for
holding work may also be had, Fig. 49. Other
special features are: mortising attachments,
Fig. 38A, shaping attachments, Fig. 38B, and
tapping attachments, Fig. 38C.

Courtesy, Adlas Press Co.
FIG. 38-C. TAPPING ATTACHMENT

UNIT 8

DRILLING SPEEDS, FEEDS AND LUBRICANTS

The speed at which metal should be drilled
varies for different metals and with the size
of the drill used. The following are general
rules covering the cutting speed per minute
with the more common metals and smaller sizes
of carbon drills: Cast iron, 80 to 35 feet per
minute; mild steel, 830 to 35 feet per minute;
tool steel, 20 to 25 feet per minute; brass, 70
to 100 feet per minute. When high speed drills
are used, these speeds may be doubled.

To determine the number of revolutions of
the drill per minute necessary to give the cut-
ting speed desired, divide one quarter of the
diameter of the drill by the cutting speed de-
gired.

For example, to drill mild steel, a 1 inch
high speed drill should revolve at ¢ + 80 =
1280 r.p.m. A carbon drill of the same size
should revolve at about 40% of 1280 r.p.m. or

- 512 r.p.m. ‘
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TABLE II

TABLE OF RECOMMENDED SPEEDS
FOR HIGH-SPEED STEEL DRILLS

Speed in

F.P.M.

Mild Machinery Steel, .2 to .3 Carbon 80-110
Steel, .4 to .5 Carbon e e e e e 70- 80
Tool Steel, 1.2 Carbon . 50- 60
Steel Forgings . 50- 60
Alloy Steel . 50- 70
Stainless Steel 30- 40
Soft Cast Iron . 100-150
Hard Chilled Cast Iron 70-100
Malleable Iron . . 80- 90
Ordinary Brass and Bronze . 200-300
High Tensile Bronze 70-150
Monel Metal . . . 40- 50
Slate, Marble and %tone 15- 25
Aluminum and its alloys 200-300
Magnesium and its alloys 250-400
Bakelite and similar material 100-150

Wood . ... .. . 300-400
Carbon drxlls should be run at %peeds (i from 40%
to 50« of those given above.

FEEDS

Feeds are governed by the size of the drill
and the material to be drilled. The general rule
when drilling mild steel is to use a feed of .001
to .002 inch per revolution for drills smallcr
than § inch; .002 to .004 inch for drills § to §
inch; .004 to .007 inch for drills {1 to ! inch;
.007 to .015 inch for drills § inch to 1 inch; .015
to .025 inch for drills larger than 1 inch. Alloy
and hard steels should be drilled at a lighter

feed than given, while cast iron, brass and
aluminum usually may be drilled with a heavier
feed.

Extreme speed or feed will cause drills to
chip or break at the cutting edges or to split
the web; similar damage may also be a result
of improper grinding. Rapid wearing at the
outer corners of the cutting edges is an indi-
cation of too much speed.

LUBRICANTS

To maintain the speeds and feeds recom-
mended, it will be necessary to use a good cut-
ting compound. The following are recom-
mended in the order named:

Hard and refractory steel--Turpentine, kero-
sene, soluble oil,

Soft steel and wrouvght iron—Lard oil, solu-
ble oil.

Mulleable iron—Soluble oil.

B . ass—Dry.

Aluminum and soft alloys—Kerosene, soluble
oil.

Cast iron—Dry or with a jet of compressed
air as a cooling medium.

Do not use water to cool drills.

UNIT 9

HOW TO GRIND METALWORKING DRILLS

- Drills are used for producing round holes in
. metal. They are effective instruments for this
i purpose when properly sharpened. Three things
, are important when grinding a drill: proper
. lip clearance, length and angle of the cutting
' lip and location of the point.

Lip clearance is produced by grinding away
. the surface back of the cutting edge or lip,
. Fig. 39, If lip clearance were not given the
 drill, it would be impossible for it to enter the
{netal. Correct lip clearance for ordinary work
18 12°, A, Fig. 29. Clearance greater than this
 weakens the cutting edge.

- By experimentation and experience it has
 been found that the most effective lip angle for
'm.etal working drills is 69° with the axis, B,
 Fig. 29, The length of the lips must be equal,
88 must also the lip angle. Otherwise, one lip

will do more or all of the cutting and an over-
size hole will be produced, Fig. 40. Further-
more, the point will be off center which may
cause the drill to chip or break.

Courtesy, Cleveland Twist Driil c‘,‘ .
FIG. 39. LIP CLEARANCE OF PROPERLY GROUND ntiw :
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L

Courtesy, Cieveland Twist Drill Co.
FIG. 40. THE LENGTH OF THE LIPS AND THE LIP ANGLES
MUST BE EQUAL

Courtesy, Cleveland Twist Drill Co.
FIG. 41, THE POINT OF THE DRILL MUST BE IN THE
CENTER

To produce accurate work and to avoid un-
due strain on the spindle and bearings of the
drill press, locate the point in the center of the
drill. Fig. 41 shows the effect of the point being
located off center, even though the lip angles
are equal. To insure correct lip angles, test with
a bit gauge.

Some grinders are equipped with a drill
grinding attachment, Fig. 42. The V-block
holder on this device centers the drill and holds
it in place. A special lip stop and micrometer
feed insures accurate grinding of both lips.
PROCEDURE

1. Put on goggles. This should be done even
when the wheel is protected with a shield.

Courtesy, Atlas Press Co.
FIG. 42. DRILL GRINDING ATTACHMENT

Examine the grinding wheel to make sure
thé face is straight and true. If the face is
not straight and true, dress it with a wheel
dresser.

If a coolant is used, see that there is suffi-
cient liquid in the reservoir, then start the
machine.

Examine the angle at which the drill was
last ground. Check with a gauge, if avail-
able.

Assuming the angle is correct, hold the
cutting edge or lip of the drill parallel with
the face of the wheel and perpendicular to
the side, Fig. 43. Then bring the drill
lightly into contact with the wheel and at
the same time draw it slowly upward with
a slight rotary motion or stroke. Repeat
the operation until the cutting edge is
sharp and the correct lip clearance is
achieved. The rotary motion gives the bit
enough clearance.

Be sure to hold the drill at the correct
angle throughout the operation and hold it
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lightly against the face of the wheel. Other-
wise, there is danger of drawing the tem-

per by overheating, thus damaging the cut- 7.
ting qualities of the drill.
Give the drill a half turn and grind the
other cutting edge in a similar manner. Be
UNIT 10

sure to maintain the same angle on both
edges. .
Test the drill with a bit gauge. Be sure
that both cutting edges are the same length
and are ground at the correct angle. Make
correction if necessary.

HOW TO DRILL A HOLE

Holes may be drilled in most metals with an
ordinary twist drill, providing it is correctly
ground and a suitable lubricant is applied dur-
ing the operation. Cast iron, brass, copper, lead
or other soft metals require no lubricant when
drilling. For mild steel use lard oil, machine

oil,

soluble oil, sulfurized oil, or an alkaline

solution such as soda water.

PROCEDURE FOR DRILLING WORK

1.

CLAMPED FLAT ON THE TABLE

Locate the position of the hole with short
light lines drawn at right angles, A, Fig.
44.

With a center punch, make a distincet im-
pression at the intersection of the lines,
B, Fig. 44.

-

FIG. 44, CENTER PUNCHING

If extreme accuracy is desired, rub the
surface of the piece with chalk, mark the
center with a prick punch, then lay out the
size of the hole with a pair of dividers,
Fig. 45. Then with a prick punch, make

FIG. 46. SECOND CONCENTRIC CIRCLE SCRIBED

R e
i "‘\‘!\‘.‘ R 3\&\‘\«\%\\:\:
AND PUNCHED

four or more marks along the circum-
ference line as shown in B, Fig. 46.
These marks will enable the operator to
see if the hole is being drilled at the posi~
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tion desired, even though the circumfer-
ence line becomes erased. When a high de-
gree of accuracy is required a concentric
circle 75 to {5 of an inch larger in diam-
eter is sometimes drawn and punch
marked, Fig. 46. The second circle serves
as a check if the drill should happen to lead
off center and eliminate some of the punch
marks on the first concentric circle.

3. Examine the impression to see if the center
is located at the intersection of the lines
and is large enough to receive the point of
the drill.

4. Select a drill of the size desired, insert it
in the spindle or chuck and fasten securely.

6. Determine the speed at which the drill
should run to produce the best result
(see Unit eight) then adjust the drive
so as to produce the speed desired by
changing the belt or speed differential.

6. Place the stock to be drilled on a block of
wood on the drill press table. Round stock
should be placed in a V-block, Fig. 47.
Always make sure that the work is firmly
supported so that there will be no spring
when pressure is applied to the drill.

FIG. 49. VISE USED TO HOLD WORK

10. Raise the drill and examine the impression
to be sure that the hole has been started
at the position desired.

If the impression is not in the center, as
in A, Fig. 50, make a prick punch mark on

FI6. 47, ROUND STOCK SUPPORTED IN A V.BLOCK

7. Adjust the stock so that the punch mark the side of the impression toward which
is under the point of the drill. the hole is to be drawn, B, Fig. 50. The
8. Clamp or otherwise hold the work se- punch mark should be made far enough
curely on the table, Fig. 48. A vise, such from the center of the impression to draw
as shown in Fig. 49, is recommended, if the drill over the amount desired, Fig. 51.
available. If preferred or necessary, the center
9. Start the machine, draw the drill down may be drawn over by cutting one or more
until the point is in contact with the work, small grooves in the waste stock on the
then slowly advance the drill until a dis- side toward which the center is to be

tinet impression has been made. drawn, D, Fig. 50.
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If the machine is equipped with a power
feed, engage the automatic feed.

Fig. 52 shows how the chip should ap-
pear when mild steel is drilled with a cor-
rectly sharpened drill.

FIG. 52. DRILLING MILD STEEL
FIG. 50. MOVING THE CENTER OF A PARTIALLY
DRILLED HOLE 13. As the drill advances, pour a little more

oil on the revolving drill about half an inch
above the work.

14. When hand feeding and the point of the
drill breaks through the metal, decrease
the pressure on the feed mechanism, then
continue to feed forward slowly until the
hole is completed.

CAUTION: Be sure the stock is held securely
throughout the operation, particularly when the
point breaks through on the under side. If one
fails to do this, the piece is likely to spin around
with the drill and damage the drill or the work,
or injure the operator.

N

When it is necessary to drill a hole to
. a certain depth, draw the drill down as far
N\‘\: as it will go, then raise or lower the table

- W until the top of the work is just even with
FIG. 51. CORRECTED CENTER PUNCH MARK the point of the drill, then raise the table
an amount equal to the desired depth of
the hole. When the machine is adjusted for

L. If a lubricant is needed, pour a few drops depth, drill the hole in the usual manner.
of oil, or other suitable lubricant, into the Some machines are equipped with a feed
impression made by the drill. stop. In such cases one may control the

: 2. Draw the drill down and feed it into the depth of the hole by setting the stop at the

work slowly. - ‘ position desired. -

oy
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When the operation is completed, stop the
machine, remove the clamp, work and drill
and return them to the place where they
are kept when not in use.

PROCEDURE FOR DRILLING WORK

1.

2.

3.

4.

CLAMPED

IN A V-BLOCK

With a center punch, mark the position on
the stock at which the hole is to be drilled.
Select a suitable sharp drill and insert it
in the spindle or chuck.

Place the stock in a V-block and adjust
until the center of the punch mark is ex-
actly under the point of the drill.

If necessary, test the accuracy of the
setting by testing the center from both
sides with a surface gauge as in Fig. 53, or
by measuring with a rule and try square
as indicated.

FI6. 53. CHECKING THE CENTER PUNCH MARK

When the center has been located correctly
under the point of the drill, clamp the
piece in position on the table of the drill
press with a strap clamp as in Fig. 54. Be
sure the clamp is approximately parallel
with the table.

Adjust the machine for the correct speed
and feed, Unit 8.

Apply a suitable lubricant.

Start the machine, then draw the drill
down against the stock and continue feed-
ing it forward until the hole is drilled the
depth desired. Use the automatic feed if
the machine is so equipped.

FIG. §4. WORK CLAMPED IN POSITION ON THE TABLE

8.

When the operation is completed, stop the
machine, remove the clamp, stock and drill
and return them to the place where kept
when not in use.

PROCEDURE FOR DRILLING WORK HELD

AGAINST AN ANGLE PLATE

1. Accurately locate the point at which the

hole is to be drilled and mark it distinctly
with a center punch.

Secure a sharp drill of the size desired and
insert it securely in the spindle or chuck.

3. Bolt an angle plate on the table of the drill

press in such position that when the work
to be drilled is clamped against it a hole
may be drilled in the work at the position
desired, Fig. 55.

4. With a carriage clamp, fasten the work

securely to the angle plate.

/
1

FIG. 55. WORK HELD AGAINST AN ANGLE PLATE
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2.

HOW TO DRILL A HOLE

With the hand feed, advance the drill until
the point is exactly over the center of the
punch mark.

If necesary, adjust the table or the work
until the point of the drill is centered over
the punch mark.

If a lubricant is necessary, pour a few
drops into the impression made by the
punch.

Start the machine and draw the drill down
against the work. Use the power feed if
the machine is so equipped. Continue ad-
vancing the drill until the hole is drilled
the depth desired.

When the operation is completed, stop the
machine, remove the clamp, drill and work
and return them to the place where kept
when not in use.

OCEDURE FOR DRILLING A LARGE
HOLE
Prepare the stock in the usual manner and
fasten it securely on the table of the driil
press.
Select a drill of the size required, also a
small drill having a diameter comparable

UNIT 11

33

FIG. §6. DRILLING A LARGE HOLE

1o the thickness of the web of the large
drill.

Insert the smail drill in the spindle or
chuck.

Start the machine and drill the hole (pilot
hole), Fig. 56.

Remove the small drill and insert the large
drill in the spindle.

Start the machine and drill the hole as in
Fig. 56.

HOW TO BORE A HOLE WITH A DRILL PRESS

When it is necessary to produce a very

str

aight hole, it frequently is accomplished by

first drilling an undersize hole, then finishing
with a boring tool, see Fige 57. Boring is also
resorted to when a drill of the size desired is
not available. For ordinary boring, the hole is

dri

PR
1.

lled from {5 to 4 of an inch undersize.

OCEDURE
Clamp the stock on the drill press and in
the usual manner drill an undersize hole
of the dimension desired.

CAUTION: Do not loosen the clamps or change
the position of the stock on the table of the drill

press except for correcting any error made in
drilling.

Selectl a boring bar of suitable size and
insert it in the spindle of the drill press.
Tap the protruding end of the boring bar

FIG. 57. USING A BORING TOOL IN A DRILL PRESS

]

"
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with a lead hammer, thus seating it firmly
in the socket or spindle.

Examine the cutter to make sure it is
sharp. Grind it if necessary.

Adjust the cutter in the boring bar so that
it will make a cut of the depth necessary
to produce a hole of the size desired. Be
sure the bit is fastened securely.

Set the machine at the speea recommended
for drilling a hole of similar size.

Start the machine and feed the tool into
the hole, Fig. 57.

When the tool has entered the stock to the
point where a full cut is being made, stop

9.

UNIT 12

the machine and caliper or measure the
diameter of the hole accurately.

If the hole is not being bored the diameter
desired, make the necessary adjustment,
then continue boring until the job is com-
pleted. If the machine is equipped with a
power feed, its use is recommended.

CAUTION: When using a light boring tool be
sure to take a light cut and feed.

When the operation is completed, remove
the clamps, work and boring tool and re-
turn them to the place where kept when
not in use.

HOW TO REAM A HOLE BY HAND OR WITH A MACHINE

A reamer is used when it is necessary to pro-
duce a hole in metal which is both accurate and
smooth. A hole may be machine reamed or hand
reamed or both. A hand reamer is the more
commonly used in school shops.

PROCEDURE

1,

2.

Drill a hole about .002 of an inch undersize
for hand reaming. Allow from .002 to .005
of an inch when the work is to be both
machine and hand reamed.

Grip the piece to be reamed in a vise.

Select a reamer and a tap wrench of the
sizes desired.

CAUTION: Before using a reamer examine
the cutting edges to make sure they are smooth.
A burr on a cutting edge will ruin the work.

Fit the wrench on the end of the reamer.
Insert the point of the reamer in the hole,
Fig. 58, then accurately align it with the
axis of the hole and slowly turn it toward
the right (clockwise). Continue advancing
the reamer in this manner until the hole
is reamed its full length.

Be sure to use a lubricant, preferably
lard oil, when reaming steel.

When the hole has been drilled or bored
in either a drill press or a lathe, the hole
may be reamed with a hand reamer before
the work is removed from the machine.

If the work has been drilled or bored on

FIG. 58. STARTING A HAND REAMER

a drill press, remove the drill and insert a
lathe center in the spindle. Fit the wrench
on the shank of the reamer, then place the
point of the reamer in the hole. Draw the
center in the spindle down into the center-
hole in the shank of the reamer, Fig. 59,
then start turning the reamer with the
wrench. Continue turning the reamer and
advancing the center until the reamer has
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a lathe, place the reamer in the hole and
draw the dead center against the center
hole in the shank of the reamer. Turn the
reamer with a tap wrench and at the same
time advance it by advancing the dead
center. Either of these methods will insure
starting the reamer parallel with the axis
of the hole. When using either of these
methods be sure not to crowd the reamer
by advancing the center too rapidly.

6. When the hole has been reamed its full
length, continue turning the reamer for-
ward, to the left, and at the same time pull
upward on the wrench. Continue thus until
the reamer clears the hole. Never turn a
reamer backward; doing so will damage
the cutting edges and tear the work.

When work is to be machine reamed,
the operation should always be performed
h before the work is removed from the ma-

FIG. §9. USING THE DRILL PRESS SPINDLE TO KEEP ‘hine. Machine reaming should be done at

THE REAMER ALIGNED a slow or medium speed, preferably the
been advanced into the work far enough former. Machine reaming may be done in
to insure a straight hole, an inch or so. a drill press or a lathe, using a taper shank
If the work has been drilled or bored on reamer,

UNIT 13

HOW TO SPOT-FINISH METAL WITH A DRILL PRESS

Sometimes steel is given what is called a spot- needed, turn it with a shank that will fit
finish. This process consists of making a series the chuck on the drill press, B, Fig. 60.
of small circular spots on the surface of the 4. Mount the dowel securely in the chuck.

metal with a suitable device. The spots may be
made so that they are merely adjacent, or with
a certain amount of overlapping, usually the
latter, A, Fig. 60.

PROCEDURE
1. Machine or hand work the object to size.
2. Polish the surfaces to be spot-finished with
» fine aluminum oxide or emery cloth and
polishing oil.” A heavy machine oil may be
used for this purpose.
8. Cut or make a short piece of dowel of the
size needed to make the spots on the fin- . '
ished surface, Use a hard wood. .
The chuck on most drill presses in school : Q
shops will not take a dowel larger in di- . S PP
ameter than § inch. If a larger dowel is FIG. $0. SPOTFINISHING WITH A DRILL PRESS
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5. Start the drill press, then square the end
of the dowel by drawipg it down against
a sheet of abrasive cloth placed on the
table of the press.

6. Prepare a pasty mixture of fine emery and
lard oil. Coat the surface to be spot-fin-
ished with emery and oil.

7. Clamp a straightedge on the table of the
drill press, in such a position that when
the dowel is drawn down on the surface
of the work, a spot will be made near one
edge.

& - R S

FIG. 61. BEGINNING THE SPOTFINISHING

8.

10.

11.

12.

13.

14.

Place the work against the straightedge
and adjust it so that the first spot will be
made at one corner, Fig. 61.

Bring the revolving dowel into contact
with the surface of the work and hold it
there for about 10 seconds, then raise the
dowel and move the piece over the width
of one spot, or, if overlapping, about § of
this width.

Again bring the dowel into contact with
the surface and make a second spot. Con-
tinue thus until the end of the work is
reached.

Move the straightedge back the width of
the spot, or, if overlapping, § of this width,
then proceed as in steps 9 and 10.

Repeat the above steps until the whole sur-
face is spot-finished.

Remove the dowel and straightedge, then
thoroughly clean the drill press with an
old rag or waste.

With clean waste or a soft cloth, remove
remaining emery and oil from the finished
surface of the object, then apply a coat of
commercial antirust compound. Unless
protected, steel rapidly oxidizes or rusts.
The presence of moisture, even in small
quantities, hastens oxidization.



SECTION V

THE LATHE AND ITS OPERATION

UNIT 14

THE METALWORKING LATHE

The lathe is thought to be one of the first
machines invented by man. By whom or when
the first lathe was built no one knows. One of
the earliest known illustrations of a lathe is
shown in Fig. 62. It is what is known as a tree
lathe. This machine was intended for turning
wood, and, as may be seen, consisted of two
centers, a tool rest (the board in the rear) and
a means of rotating the work. Several things
in this ¢crude machine are common in modern
woodworking or metalworking laches: centers,
headstock, tailstock and legs.

FIG. 62. PRIMITIVE LATHE

From the time of this first invention until
1797 when an Englishman, Henry Maudslay,
designed and built the screw cutting engine

~lathe shown in Fig. 63 there doubtless were

i
i

. many improvements in lathe construction, but

none which were strikingly outstanding or effi-
'.cient. The outstanding feature of Maudslay’s
lathe is a lead screw geared to the spindle of

the lathe. This invention made possible the ad-

' vancement of the tool at a constant rate of

Speed and distance of travel.
In the older forms of the lathe, various means
- Were used to rotate the work, the most common

(37)

:i - _“"&;r
FIG. 63.

LATHE OF 1797

of w.och were ropes, foot treadles, hand cranks
and belts. The latter were used principally in
connection with water, steam and electrically
operated devices. The term engine lathe seems
to have originated from the practice of driving
lathes by means of a steam engine, which caused
a line shaft to rotate, to which the lathe was
connected by means of a belt.

MODERN LATHES

Modern lathes are highly efficient, accurate
and complex devices, capable of doing a great
quantity and variety of work. A well con-
structed engine lathe will, when properly oper-
ated, produce work accurate within .001 of an
inch or even less. Fig. 64 gives an idea of the
complexity of a modern lathe and shows many
of the principal parts.

Motion is transmitted to modern lathes by
means of individual motors. Sometimes the
motor is direct mounted, while on other ma-
chines it is connected by means of a short belt,
usually of the V type. Fig. 65 illustrates a type
of lathe in which the motor is mounted under
the head in the hollow leg. Fig. 66 shows a
motor mounted at the rear of the lathe and
power secured by plugging into a lamp socket.

The size or capacity of a lathe is given in
terms of swing and length of bed. The swing

refers to the diameter of work that can be:
rotated in the lathe. Thus a 16-inch lathe will .

R

PN
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Courtesy, South Bend Lothe Works
FIG. 64. MODERN

Courtesy, Soﬂh Bend Lothe Work:
FIG. 66. BELT DRIVEN LATME WITH MOTOR MOUNTED
IN THE STAND

swing work as large as 16 inches in diameter.
The length of a lathe should not be confused
with the maximum distance between centers
when the tailstock is moved to the rear end of
the lathe bed. The maximum distance between
centers, however, determines the length of stock
that can be machined. Stock which is somewhat
longer than can be machined between centers
FIG. 65. BELT DREN Lathe ™ "™  may be machined by holding the left-hand end
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Courtesy, South h;nd Lathe Works
FIG. 68. BORING ATTACHMENT FOR A LATHE

of the stock in a chuck and supporting the free
end with a steady rest, or by using a clamp or a
dog which can be fastened to the faceplate.

Lathes are made in a wide variety of types
and sizes, from the small precision lathe found
in watch repair shops to the immense machine
used in manufacturing big guns.

SPECIAL ATTACHMENTS
In recent years manufacturers have produced

!- attachments which can be employed on a lathe
. to perform functions or operations formerly

é

done on a special machine. Figs. 67, 68 and 69
illustrate, respectively, a milling attachment,
a boring attachment and a gear cutting attach-
, ment. Such devices greatly extend the variety
- of work that can be performed on a lathe.

Courtesy, South Bend Lathe Works
FIG. 67. MILLING ATTACHMENT FOR A LATHE

Courtesy, South Bend Lathe Works
FIG. 69. GEAR CUTTING ATTACHMENT FOR A LATHE
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UNIT 15

CUTTING SPEEDS FOR LATHE WORK
AND HOW TO CALCULATE THEM

Cutting speed refers to the rate per minute
at which the tool removes the stock from the
surface. F.P.M. indicates the Feet Per Minute
periphery (surface) speed of the revolving
work at the point of the tool; that is, the diam-
eter of the work at the bottom of the cut. Con-
ditions that affect cutting speed are kind of
material, kind of tool used (e.g. carbon or high
speed steel), rigidity of work, rigidity of ma-
chine, type of cut and kind of coolant employed.

The following speeds in feet per minute
(F.P.M) are recommended when using high
speed tool bits without coolant:

TABLE III

RECOMMENDED CUTTING SPEEDS FOR HIGH SPEED
Toor. Bits WITHOUT COOLANT

MATERIAL TURNING & BORING Cutting
Heavy Finishing Screw

Cut Cut Threads
Cast Iron ..., 60 80 25
Machine Steel .......... 90 100 35
Tool Steel, Annealed 50 75 20
Brass ......ccoieiennnnn. 150 200 50
Aluminum ................ 200 300 50
Bronze ......cereeen. 90 100 25

When using tungsten-carbide tipped tools,
the cutting speed should be increased markedly
— ordinarily, from three to four times the
speed recommended for high speed tool bits.

To find the cutting speed, multiply the diam-
eter of the work in inches by 3.1416. Multiply
the product found by the number of revolutions
per minute of the headstock spindle. Divide

this product by 12. This will give the cutting
speed in feet per minute.

EXAMPLE: What is the cutting speed in feet
per minute of a piece of cast iron 1} inches
in diameter revolving at 150.0 revolutions per
minute?

.2618
1.5 X 3416 X 150
12

or
1.5 X .2618 x 150 = 58.9, approx. 59 F.P.M:

To find the number of revolutions per min-
ute, the headstock spindle should make, to pro-
duce a cutting speed of a given rate, for
example 90 feet per minute, multiply the cut-
ting speed in feet per minute by 12, then divide
the product found by the product of the diam-
eter of the piece in inches multiplied by 3.1416.

= Ft. per minute

EXAMPLE: How many revolutions per minute
should a piece of mild steel 14 inches in diam-
eter make to produce a cutting speed of 90 feet
per minute? Refer to table above to find rec-
ommended cutting speed.

18 1
90 x 12- 18
158 5 51476 = 065450 = 275 R.P.M. approx.
25 2618
or
90 90

125 % 2618 = 32796 - 275 R.P.M. approx.

UNIT 16

GRINDING LATHE CUTTER BITS

Lathe tool cutters are ground at various
angles to give them keenness and strength.
Grinding a tool so as to produce excessive side
or front clearance will produce a keen but weak
cutting edge. Such an edge breaks easily be-
cause the supporting metal has been ground
away.

A tool is given side rake and back or top rake
to increase its keenness and to facilitate free
cutting. The angle of keenness, Fig. 70, varies

" from 60° to about 87° depending upon the kind

of metal to be cut. Neither side nor back rake
is required when brass or bronze is being
turned. - _—
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Courfesy, South Bend Lathe Works
FIG. 70-A. CUTTER BITS

The recommended angle of keenness for mild
steel and soft brass is about 60° and for cast
iron, hard steel and bronze 85° to 87°, For
machining mild steel, the cutter should be given
considerable back and side rake. For machin-
ing hard bronze, hard steel or cast iron, little
side or back rake is necessary. Back rake may
often be eliminated altogether.

" For different metals, the amount of front
clearance required, Fig. 71, varies from about
3° to 15°, For cutting mild steel, the bit should
be given a front clearance of from 12° to 15°
and a pronounced back and side rake, Fig. 72.
If the bit is-held in an Armstrong tool holder

FIG. 71. CUTTING ANGLES VARY WITH THE METAL
TO BE CUT

B

2 G

FIG. 72. CUTTING ANGLES FOR MILD STEEL

FIG. 73. CUTTING ANGLES FOR CARBON STEELS

only a very slight back rake, if any, need be
ground on the bit because of the angle at which
it is held. For cutting carbon steels, cast iron
or other very hard metals, the bit should be
given a front clearance of about 6° to 8° and
very little top or side rake, Fig. 78. For cutting
bronze or brass, the tool is given about 12°
front clearance, 6° to 8° side clearance and no
back or side rake. A parting tool is made with
a little side clearance on each side. It is. ground .

o
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with about 8° to 5° front clearance and no
side rake. A very slight back rake is provided
in the chip curve ground on:the top of the bit,
Fig. 74. This tool requires a special holder.
Threading tools are ground V-shaped with
an inclusive angle of 60°. The bit is given from
10° to 12° front clearance and from 8° to 10°
side clearance on each side, Fig. 75. The point
of the bit is flattened about } of the pitch for
National Coarse or National Fine threads.

Grinding high speed or carbon steel lathe bits
presents no special problem other than to ob-
serve that the correct angles are produced for
respective metals and that each ground face
is as nearly a straight plane as possible, and
never convex. Ordinarily, the nose of round-
nose tools should be ground elliptical rather

FIG. 75. CUTTING ANGLES FOR T-HREADNG TOOLS

than round. After grinding, whetting will pro-
duce a bit that will cut smoother and retain its
edge longer.

TIP AND ALLOY BITS

In mass production and for machining very
hard or abrasive materials tungsten carbide
tipped or some form of alloy bits, Fig. 7T0A,
increasingly are coming into common use.
Cutter bits of this type will stand very high
cutting speeds, generally two to three times
that of high speed steel cutters and they do not
lose their temper even when heated red hot.
These bits are hard and somewhat brittle, so
they should be ground with only sufficient
front clearance to permit the tool to cut freely,
also with somewhat less side and back rake
than in the case of high speed steel bits. They
should be ground on a soft or a special grinding
wheel and whetted with a hard, fine whetstone.
Tipped or alloy bits should be used only on ma-
chines which are rigidly constructed, and which
can be operated at high speed.

TOOLS FOR MACHINING ALUMINUM
When machining aluminum it is advisable

to use tools ground especially for the purpose.

Tools for machining aluminum are ground with

.more top and side rake than tools for ma-

chining other metals, Fig. 7T5A. Increasing the
side rake produces a shearing effect when
making the cut. The total angle of the cutting
edge should not be greater than about 35°.
When setting the tool, the point should be

. placed far enough above the center of the work

to provide a top rake of from 456° to 52°. Tools
for machining aluminum should always bhe

Side Rake sraéj
o1

EN

Courtesy, South Bend Lathe Works
FI6. 78-A. DESIRABLE SHAPE AND SETTING OF TOOL
FOR MACHINING ALUMINUM ‘
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whetted to a keen edge and should be smooth
and free of wheel scratches or wire edges, as
aluminum sticks to rough surfaces.

Aluminum may be machined with ordinary
high carbon tools, with high-speed tools, or
with tools tipped with tungsten-carbide. The

latter hold their edges longer, do smoother work
and give increased production.

Ordinarily, aluminum machines best at rela-
tively high speeds, with fairly light cuts and
frequent application of a coolant of equal parts
of kerosene and lard oil.

UNIT 17

HOW TO GRIND AND WHET LATHE AND SHAPER CUTTERS

Good smooth work cannot be done on the
lathe or shaper unless the cutters are sharp
and are ground at the correct angle. The angle
at which the respective cutters are ground gen-
erally is the same regardless of whether the
cutter is a forged tool or a high speed steel bit.
Carbide tipped and alloy bits are ground with a
little less front and side clearance than that
recommended for high speed steel bits.

A soft or medium soft grinding wheel is rec-
ommended for grinding cutting tools.

For grinding carbide-tipped bits, the appara-
tus and procedure shown in Fig. 76A is rec-
ommended.

PROCEDURE FOR GRINDING
LATHE CUTTERS L

1. Select a suitable wheel.

2. Examine the faces of the wheel for true-
ness and freedom from grooves.

3. If necessary, dress all of the surface to be
used until all ridges or grooves have been
removed and the wheel is running true,
with the face of the wheel perpendicular
to the sides.

4. Protect the eyes against flying particles
of loosened abrasive by using a shield and
goggles.

n some grinders a coolant is used.
When this is the case, be sure there is
sufficient in the container. Turn on the
coolant and allow it to run on the face of

e wheel for a minute before grinding.
5. Examine the angles at which the cutter
.. Wwas last ground and compare these with
(k4 the suggestions offered in Unit 16. If the
angles of front and side clearance and rake

are not correct they should be corrected.

6. Assuming the front and side angles are
correct, bring the heel of the cutter into

contact with the wheel, A. Fig. 76. Raise
the rear of the tool until the face being
ground rests its full length on the surface
of the wheel, B, Fig. 76. Holding the cutter
at this angle, slowly roll the tool from
right to left across the face of the wheel,
maintaining the same angle.
When grinding a flat surface, hold the
cutter at the desired angle and move it
" hack and forth in a path perpendicular to
the side of the wheel.

When available, a grinder with an ad-
justable tool rest is recommended, Fig.
T6A. Set the adjustable rest or table at the
angle desired, the angle of clearance re-
quired, and clamp it in position. Place the

FIG. 76. GRINDING CUTTER BITS
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Courfesy, The Norton Co.

FIG. 76-A. SHARPENING A CARBIDE-TIPPED TOOL ON
A METAL BONDED DIAMOND WHEEL

cutter on the rest, then bring it against
the face of the wheel and proceed as in
steps 7 and 8.

7. Continue grinding until all parts of the
cutting edge have been brought into con-
tact with the wheel. Be sure to maintain
the correct shape and angle.

8. Remove the tool from the grinder and care-
fully examine the cutting edge. If any
bright spots are visible, again bring the
part or parts of the cutter into contact
with the grinding wheel, then continue
grinding until all have been removed.

9. If necessary, grind the top of the cutter to
give it the amount of rake recommended,

,‘Unit 16. Ordinarily, grinding on the top
“'should be kept at a minimum.

PROCEDURE FOR WHETTING LATHE
CUTTERS
1. Secure a medium soft slipstone and apply
a little machine oil to one surface.

2. Hold the slipstone flat on the ground sur-
face, Fig. 77, then move the slip up and
down until the whole cutting edge has been
whetted. Bear heavily on the downward
stroke and very lightly on the return
stroke.

FIG. 77. WHETTING A LATHE CUTTER

PROCEDURE FOR GRINDING
SHAPER CUTTERS
1. Proceed as under “Grinding Lathe Cut-
ters,” steps 1 to 4 inclusive.

2. Examine the angles of clearance at which
the cutter was last ground and compare
these with the recommendations made in
Unit 16. Then make the necessary correc-
tions.

3. Proceed as under ‘“Grinding Lathe Cut-
ters,” steps 5 to 9 inclusive.

PROCEDURE FOR WHETTING SHAPER
CUTTERS
1. Proceed as when whetting lathe cutters.

UNIT 18

HOW TO LOCATE, TEST, DRILL
AND COUNTERSINK CENTERS PREPARATORY TO TURNING

The approximate center of round and irreg-
ular pieces of stock may be found in a number
of ways. The most commonly used of these will
be discussed in the following paragraphs.

PROCEDURE FOR FINDING THE CENTER
WITH A CENTER SQUARE
1. Secure stock of the size desired.

2. Chalk the ends of the piece thoroughly.

3. Set the stock on its end on a bench or grip
it in a vise.

4. Place the. center square across one end of
the piece as shown in A, Fig. 78, then
carefully scribe a line across the chalked
surface, '
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5. Give the square a third of a turn and
seribe a second line.

6. Give the square another third turn and
scribe a third line, B, Fig. 78.

7. Repeat steps 3, 4, 5 and 6 on the other end
of the piece.

8. Place the point of a sharp center punch
at the center of the intersection of the lines
on one end of the stock.

9. Holding the center punch in a vertical posi-
tion, strike it a light blow with a hammer.

10. Repeat steps 8 and 9 on the other end of
the piece.

11. Examine the position of the punch marks.
If each secms to be located in the center,
increase their depth by punching them a
little deeper.

If the punch marks are not in the e nter
of the piece, correct them as in the para-
graph following step 10, Unit 10.

FIG. 78. FINDING THE CENTER WITH CENTER SQUARE

PROCEDURE FOR FINDING THE CENTER
WITH DIVIDERS

1. Select and cut the stock to length.

2. Chalk both ends of the piece thoroughly.

3. Set a pair of dividers so that the distance
between the points 18 slightly less than half
the diameter of the piece.

4. Lay the work on a flat surface, preferably
a meta] surface plate, and hold it in posi-
tion with the left hand.

5.

Place one leg of the dividers on the plate
at the position where the work lies, Fig.
79, then make a short arc on the chalked
surface of the work.

Give the piece a quarter turn and repeat
the operation.

FIG. 79. FINDING THE CENTER WITH DIVIDERS

Continue this until the short ares form a
four sided figure, A, Fig. 79.

Place the point of a center punch at the
center of the four sided figure, then with
the punch held vertically, strike it a light
blow with a hammer.

Find the center of the opposite end in a
similar manner.

Examine the position of the punch mark
at each end of the piece. If each seems to
be located in the center of the four sided
figure, punch them to the depth desired.

Location of center may be checked with
a pair of dividers set to a distance equal
to the radius of the diameter of the stock.
Place the point of one leg in the punch
mark, then rotate the point of the other leg
around the circumference of the stock, ob-
serving how accurately the point follows
the circumference.

If correction of position of punch marks
is necessary, then proceed as in the para-
graph following step 10, Unit 10.

PROCEDURE FOR FINDING THE CENTER

WITH A HERMAPHRODITE CALIPER

1L
2.

Secure stock of the size desired.
Chalk the ends of the piece thoroughly.
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FIG. 80. SETTING THE HERMAPHRODITE CALIPER

81. FINDING THE CENTER WITH HERMAPHRODITE
CALIPER

Set the stock on its end on a bench or grip
it in a vise.

Set the hermaphrodite caliper so that the
distance between the point of the bent leg
and that of the straight leg, Fig. 80, is
about #; of an inch greater than half the
diameter of the stock at the end where the
center is to be located.

Place the bent leg against the side (cir-
cumference) of the stock near the top edge,
hold it firmly in this position with the left
hand, then with the straight leg of the
divider draw a short arc on the chalked
end of the stock, Fig. 81.

Move the bent leg of the caliper half of the
distance around the circumference of the
stock, draw a second short arc, then move
the bent leg one-fourth of the distance and
draw a third short arc. Continue thus until
four short arcs have been drawn, Fig. 81.

Place the point of a sharp center punch
at the center of the small enclosure made
by the four arcs.

8.

9.

10.

11.

1.

Holding the center punch in a vertical
position, strike it a light blow.
With the hermaphrodite caliper, check the
location of the center punch mark as de-
scribed in the paragraph following step 10
under “Finding the Center with Dividers.”
If the punch mark is not in the center
of the piece, correct the position as de-
scribed in the paragraph following step
10, Unit 10.
When the punch mark has been correctly
located, increase its depth by punching
a little deeper.
Locate the center at the other end of the
piece, if necessary.

OCEDURE FOR FINDING THE CENTER

WITH A BELL CENTERING CUP
Select and cut stock to size. Be sure the
ends are cut square with the axis of the
stock.
With a file, remove any burrs or projec-
tions on the circumference of the stock at
the end or ends to be centered.
Place the stock on its end on a flat solid
surface, preferably a heavy surface plate.
Place the bell centering cup over the end
of the work as in Fig. 82. Be sure the
barrel of the cup is held in a plane parallel
with the axis of the work.
Strike the center punch or plunger a sharp
blow with a hammer, thus locating the
center.
Locate the center at the other end in a
similar manner, if necessary. When neces-
sary to increase the depth of the punch
marks, do so in the usual manner, using an
ordinary center punch.

Courtety, South Bend Luthe Works *
FIG. 82. BELL CENTERING CUP
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PROCEDURE FOR FINDING THE CENTER

1.
2.

WITH A SURFACE GAUGE

Chalk the ends of the piece.

Mount the stock in a V-block or V-blocks
on a surface plate, Fig. 83.

Set a surface gauge and draw a line near
the approximate center of the piece, A,
Fig. 88.

Move the surface gauge to the opposite
end and draw a corresponding line on that
end of the piece.

Turn the piece a quarter of a turn or as far
as its shape will permit without raising
either center, then draw a second line on
each end.

Repeat steps 4 and 5 until a four sided
figure has been described on each end, B,
Fig. 83.

Place the point of a center nunch in the
center of the figure defined by the lines
drawn in steps 8, 4, 5 and 6, then strike the
punch a light blow with a hammer. Sink
the punch mark to the depth desired with
repeated blows.

Repeat the operation on the other end.

L |

Courtesy, South Bend Lathe Works

Fie. 84, FlNDING THE CENTER OF AN IRREGULAR SHAPE

Fig. 84 illustrates a method of finding
the center on an irregular shape. Note the
flat boss at the T end of the rest. This boss
is placed there for convenience in center-
ing the piece for turning.

PROCEDURE FOR TESTING CENTERS
1. Place the work between the lathe centers,

Fig. 85, then draw the tailstock center
tight enough to support the work.

. Hold a piece of chalk close to the work at

one end, Fig. 85. The hand holding the
chalk should be supported by resting the
arm on the compound rest or other suit-
able support.

. With the left hand, revolve the work and

at the same time advznce the chalk until
it just touches the revolving piece. The
chalk will make ¢ mark on the high side,
or the point farthest from the center.

This test may be made with the lathe
running at slow speed.

. Repeat the operation on the other end of

the piece.

If the stock is accurately centered, the
chalk will make a complete line around
the piece. When the centers are not true,
make necessary corrections as described
in the paragraph following step 10, Unit
10.

There are two common methods of drill-
ing and countersinking holes for centers.
In one method, the drilling is done in a
lathe; in the other, it is done on a drill
press.

When drilling in the lathe, if the work
is accurately centered and securely held in
a chuck, and the drill held in the tailstock,
it will not be necessary to locate the center
in the work before starting to drill.

FIG. 85, TESTING CENTERS WITH CHALK
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PROCEDURE FOR DRILLING CENTERS

1.

ON THE DRILL PRZSS

Secure stock of proper length. Be sure
the ends are square with the side of the
piece. .
Locate the center of the work at each end
of the stock and mark with a center punch.
Test the location of centers as described
under “Procedure for Testing Centers.”
Insert a combination drill and countersink
in the drill press chuck, Fig. 86.

For small or light work a No. 2 com-
bination drill and countersink will answer
the purpose. One of this size has a body
diameter of about # of an inch.

Place the work in position on the drill
press table and start the machine.

If available, a cup center accurately

centered under the spindle of the drill
should be used under the work. This will
largely offset irregularities on the end of
the work.
Draw the point of the drill into the im-
pression made by the center punch, Fig.
86, and drill until the tapered part of the
drill has entered about § of its full length.
If drilling steel, keep the drill well lubri-
cated.

A, Fig. 87, shows a correctly drilled and
countersunk hole. Notice that the lathe
center fits the tapered hole accurately with
clearance at the point; B, Fig. 87, is not
countersunk at the correct angle and C,

"FIG. 86. DRILLING csmsés WITH COMBINATION
. " DRILL AND COUNTERSINK

6.

Courtesy, South Bend Lathe Works
FIG. 87. POOR AND GOOD CENTER HOLES

Fig. 87, is drilled too deep to fit the center.
A center drilled and countersunk as at
either B or C, Fig. 87, will ruin the lathe
center.

Drill the other end in a similar manner.

PROCEDURE FOR DRILLING CENTERS
ON THE LATHE

.

Secure stock of proper length.

Locate the center of the work at each end
of the stock and mark with a center punch.
Remove the lathe center in the headstock.
Insert the shank of the drill chuck in the
headstock spindle, Fig. 88.

Select a combination drill and counter-
sink. A No. 2 or No. 3 will answer for light
or medium work.

FiG. 8e. INSERTING THE DRILL CHUCK IN THE
HEADSTOCK SPINDLE
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6. Insert the combination drill and counter-
sink into the jaws of the drill chuck and
fasten it securely with a chuck wrench.

7. Hold the center mark against the point of
the drill, then draw the tailstock up to
within } of an inch of the other end of the
work.

8. Tighten the nut that holds the tailstock to
the ways of the lathe.

9. Loosen the tailstock binding lever. This
will allow the dead (tailstock) center to
advance freely.

10. Place a little lubricant on the drill and
then start the lathe on medium or slow
speed.

FIG. 89. DRILLING A CENTER HOLE ON THE LATHE

11. Hold the work against the point of the
dead center with the left hand, palm up,
a5 in Fig. 89.

12. Feed th: work forward slowly, by turn-

ing the hand whel at the rear of the tail-
stock until the point of the drill enters the
marked center.

13, Continue advancing the combination drill,
slowly and carefully, until the tapered part
has entered the work about # of the length
of the taper.

14. When drilled to depth, draw the tailstock
spindle and work back until the drill clears
the hole, then stop the lathe.

15. Reyerse the piece and drill the other end.

UNIT 19

HOW TO SET A LATHE TOOL FOR TURNING METAL

The height at which a lathe tool should be
set depends upon the metal to be turned and to
some extent upon the operation being per-
formed. As a general rule the point of the tool
should be set about 5° above the center, except
when turning brass or copper, or when turning
a taper, cutting a thread, boring, or cutting off
stock. In all of these exceptions the point of the
tool should be at exactly the same level as the
axis of the work. When turning steel or cast
iron of small diameter, the point of the tool
should be set only very slightly above the axis
of the work. For turning aluminum, a tool es-
pecially ground and sharpened for that pur-
pose is recommended, with the point of the tool
set considerably higher above the axis of the
work than when turning steel. Regardless of

the operation to be performed or the kind of
metal being turned, always make a practice of
setting the cutter well back in the tool holder,
and the holder itself so that it projects but
slightly beyond the edge of the compound rest.
Always make certain that the tool holder is
fastened securely in the tool post and the cutter
in the holder. A loose cutter or tool holder may
cause an accident or damage the machine or
the work.

PROCEDURE
1. Select a sharp tool of the shape and kind
desired.
Select a roundnose tool for straight
longitudinal cuts or facing cuts in face-
plate turning, a right- or left-hand side
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tool for sharp shoulders, a roundnose tool
or a right- or left-hand turning tool for
cutting shoulders with-a fillet, a boring
tool for boring recesses, a parting or cut-
ting off tool for cutting narrow grooves
or cutting off pieces of stock and a thread-
ing tool for cutting threads, Fig. 90. For
turning cast iron, brass or aluminum, a
roundnose tool is generally recommended;
for steel, a roundnose or a left- or right-
hand turning tool.

iw mmumm i
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Counny, South Bend Lothe Woltt

FIG 90. CUTTER BITS AND THEIR APPLICATIONS

Courtesy, South Bend Lathe Works

FIG. 91. CUTTER BIT INSERTED INTO TOOL HOLDER

2.

Insert the cutter in the tool holder, allow-
ing it to project about one-half inch, as in
Fig. 91, then tighten the setscrew that
holds the cutter. Do not allow the cutter to

project more than the recommended
amount, unless conditions absolutely ne-
cessitate.

Insert the tool holder in the tool post and
adjust the point of the cutter to the height
desired by sliding the wedge backward or
forward in the tool post ring as occasion
requires. See Fig. 92.

FIG. 92. ADJUSTING THE TOOL HOLDER IN THE

TOOL POST

FIG. 93. TESTING THE HEIGHT OF THE TOOL

Clamp the tool holder in position by tight-
ening the setscrew at the top of the tool
post.

Test the height of the tool by running in
the cross slide until the point of the tool is
as close as possible to the point of the dead
center, Fig. 98.



HOW TO MOUNT WORK BETWEEN LATHE CENTERS 51

UNIT 20

HOW TO MOUNT WORK BETWEEN LATHE CENTERS N

Mounting work between centers is a very
common method of holding work while it is
being machined. To rotate the work, a face-
plate having an open slot on one side is mounted
on the spindle. A lathe dog with a bent tail is
mounted on the stock and the tail engaged in
the slot in the faceplate.

PROCEDURE

1.

2.

Remove the chuck if one is mounted on the
lathe spindle.

Clean the threads on the lathe spindle with
a piece of cloth or a small handful of waste,
remove any remaining lint or threads, then
apply a few drops of lubricating oil.

Test the points of the lathe centers for
alignment, as in Fig. 94. Both points
should be in the same horizontal and
vertical planes.

=
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Courtesy, South Bend Lothe Works

FIG. 94. TESTING THE LATHE CENTERS FOR ALIGNMENT

4.

Select a faceplate of suitable size. Clean
the threads with a piece of cloth or waste
and apply a few drops of lubricating oil.
Disengage the back gear, if any.

Hold the hub of the faceplate squarely
against the nose of the spindle with the
right hand, then rotate the cone pulley
with the left, as in Fig. 956. Continue ro-
tating the pulley until the faceplate comes
gently against the shoulder of the spindle.
If the spindle cannot be rotated, then ro-
tate the faceplate by hand, clockwise.

CAUTION: Do not allow the hub of the face-
plate to strike hard against the shoulder of the
spindle, as this may make it very difficult to
remove the faceplate.

10.

e

FIG. 95. MOUNTING THE FACEPLATE

Thoroughly clean the openings in the head
and tailstock spindles with a piece of
cloth or waste wrapped about a small stick.
Remove any remaining lint or threads.

CAUTION: Never put your finger in the hole
of the lathe spindle while it is revolving.

Wipe centers with a piece of cloth or waste.

Insert the soft center in the headstock
spindle and the hardened one in the tail-
stock. The hardened center usually has a
groove cut near the cone end, Fig. 94.
Fasten the lathe dog, Fig. 96, on one end
of the work with the bent tail pointing
outward.

FIG. 96. LATHE DOG IN POSITION

If the work where the dog is attached is
a finished surface, insert a small piece of
sheet copper or brass between the end of
the screw in the dog and the work; this
will prevent marring. ‘
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FIG. 97. ENGAGING THE LIVE CENTER

11. Place a little oil or white lead and oil in
the center to be engaged by the dead
(tailstock) center.

12. Engage the center hole in the work with
the point of the live center (headstock
center) with the tail of the lathe dog in
the slot in the faceplate, Fig. 97. Hold the
work in this position with the left hand.

CAUTION: Be sure the tail of the dog does
not rest on the bottom of the slot in the face-

plate, as that will prevent the center from entering
the countersunk hole in the work correctly.

138. Grasp the tailstock with the right hand
and move it forward until the point of the
dead center enters the center hole in the
stock.

14. Fasten the tailstock in position by tight-
ening nut, A, Fig. 98.

CAUTION: Before clamping the tailstock in
position, be sure there is sufficient room for the
saddle and tool block to operate freely.

15. Advance the tailstock spindle by turning
the handwheel at the rear of the tailstock
clockwise, Fig. 98, until the point of the
dead center enters the countersunk hole in
the end of the work and all motion endwise
is eliminated.

FIG. 98. ENGAGING THE DEAD CENTER

16. Turn the handwheel back very slightly,
then move the tail of the dog back and
forth and at the same time adjust the
handwheel until only a slight resistance is
felt, then tighten the tailstock binding
lever, B, Fig. 98.

UNIT 21

HOW TO MAKE ROUGHING AND FINISHING CUTS
ON A LATHE WITH THE STOCK MOUNTED
BETWEEN CENTERS OR IN A CHUCK

A roughing cut, as the name indicates, is a
cut taken to remove the rough stock on the
surface. Usually it is a heavy cut, depending
somewhat upon the amount of material to be
removed and the capacity of the tool to stand
the strain of removing a large amount of metal
as quickly as possible. Naturally, this leaves
the turned surface in a somewhat rough condi-
tion. In rough turning, the work should be
machined to nearly the finished size in prepara-

tion for the finishing cut. Whenever possible,
feed the cut toward the headstock, especially
when turning between centers. Experienced
workmen frequently finish the work to the
size desired with a single cut.

When taking a rough cut on cast iron, cast
steel or other metals that have a hard scale on
the surface, be sure to set the tool deep enough
to cut under the scale. Otherwise the hard scale
will wear away the cutting edge.
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Before mounting stock between centers, be
sure the centers are in line. Test by moving the
taiistock close to the headstock center, Fig. 94,
This is a very rough check and must not be de-
pended upon when accurate work is required.

A more accurate test may be made by turn-
ing a section at each end of the picce, then test-
ing for accuracy with a micrometer, or a cal-
iper. To make such a test, mount a piece of
stock between centers and feed the tool in at
A, Fig. 99, with the cross feed until the work
has been reduced about } of an inch in diam-
eter, then with the longitudinal feed advance
the tool until a straight cut about ) inch long
has been made. Then stop the lathe and with-
draw the dead center far enough to permit
swinging the right-hand end of the stock far
enough to the rear to permit the running of the
carriage to the right until the tool clears the
right-hand end of the stock. When moving the
carriage be sure that you do not change the
position of the tool by moring the cross feed,

FIG. 99. TESTING THE ACCURACY OF LATHE CENTERS

Replace the stock on the dead center and ad-
just for tension. Then, without changing the
cross feed, make a short longitudinal cut, as
at B, Fig. 99. With a micrometer measure the
turned sections at A and B. If the lathe centers
are in line with each other there should be no
difference in the diameter of the two sections.
In most cases a difference of .002 of an inch
or less may be disregarded.

If a difference in diameter greater than .003
of an inch is found, the centers should be
brought into alignment by setting the tailstock
over, in the direction desired, one-half the dif-
ference in diameter, for example, one-half of
003 or L0015 of an inch. For procedure in set-
ting the tailstock over, sce Unit 33.

After one has acquiree skill in operating a
lathe, he ma  use the automatic feeds when

that the safety device, Fig. 100, is set so as to
prevent the tool from advancing too far.

PROCEDURE FOR STOCK MOUNTED
BETWEEN CENTERS
1. Mount the work in the lathe. See Unit 20.
2. Select a sharp cutting tool of the size and
shape desired.

For roughing cuts, select a tool strong
enough to take a heavy cut. If the stock to
be machined is cast iron or steel and the
tool travels toward the headstock, the usual
practice is to select a right-hand turning
tool, Fig. 90. Use a left-hand tool if the

Courtesy, South Bend Lathe Works

FIG. 100. LATHE WITH DEVICE TO STOP AUTOMATIC FEED AT END OF CUT
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tool travels toward the tailstock. For turn-
ing brass, select a roundnose tool.

Insert the tool in the holder with the point
of the bit projecting about } inch, Fig. 91.

4. For turning steel or cast iron, set the tool

5.

holder in the tool post with the point
raised about 5° above the center of the
work, as in A, Fig. 101, and the nose of
the holder projecting very slightly beyond
the edge of the compound rest.

Swing the tool holder so that it is inclined
about 4 or 5 degrees to the right or left
depending upon the direction of travel.
Swing to the right when the line of travel
is toward the left, Fig. 101, then tighten
the setscrew holding the holder in the tool
post, also the setscrew holding the bit in
the holder.

N

FIG. 101, CUTTING STEEL OR CAST IRON

This cannot be done when it is necessary

to work close to the dog. In that case set
the tool holder in the tool post so that any
rotation of the tool holder, which will cause
the tool to dig, will be prevented by reason
of the tool holder being in contact with the
sides of the slot in the tool post.
With the cross feed crank, draw the tool
back until it clears the work, then start
the lathe and carefully advance the tool
until it is in a position to make a cut well
below the scale on the surface of the work.
When the tool is in position to make the
cut, advance it lengthwise of the work by
turning the apron handwheel 80 as to ad-
vance the tool.

8.

10.

11.

12.

FIG. 102. TESTING THE PIECE WITH THE CALIPER

When about § inch of the piece has been
machined, draw the tool back, then test
the piece for size with a pair of calipers
as in Fig. 102.

If the piece is under or over size, make
the necessary adjustment. Be sure to allow
about i%; of an inch for the finishing cut.

After making adjustments, proceed with
the roughing cut, feeding the tool forward
at the rate of about §; of an inch per rev-
olution. With experience, a heavier cut
may be taken.

Continue until the tool is within about an
inch of the dog, or, if the tool is set toward
the right side of the compound rest, until
the left side of the compound rest is within
} inch of the dog, then stop the lathe and
run the saddle back until the point of the
tool is back beyond the turned end of the
piece.

Remove the piece from between the cen-
ters, then remove the dog and place it on
the turned end. Again mount the stock in
the lathe and proceed as before.

PROCEDURE FOR PFINISHING CUT

1.
2.

3.

Adjust the tool for the finishing cut.
Machine a short section of the piece and
test for size.

Make adjustments if necessary, then test
again. When the stock is to be machined
within very close tolerance limits, test the
size of the work with a mierometer.
When the tool has been set so as to ma-
chine the piece to the dimension desired,
proceed as Yhen making a roughing cut.
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PROCEDURE FOR ROUGHING AND FIN-
ISHING CUTS WITH CYLINDRICAL
STOCK MOUNTED IN A CHUCK

1. Mount the stock in a chuck. See Unit 28.
Use a three-jaw chuck if possible and con-
venient.

If a four-jaw chuck is used, care must
be exercised in rechucking the work, other-
wise it will not run true.

2. Rough turn as when mounted between
centers. Be sure to stop.the lathe when the
edge of the compound rest or the point of
the tool comes within 4 inch of the jaws of
the chuck.

3. Stop the lathe, then turn the piece around
and chuck it again. Finish rough turning
as before.

4. Make the finishing cut in the same
manner.

UNIT 22

HOW TO FACE WORK MOUNTED BETWEEN CENTERS
IN A LATHE

PROCEDURE FOR FACING WORK

1. Mount the work between centers. Se: Unit
20.

2. Select a facing tool of the kind and shape
desired and mount it in the tool holder, as
in A, Fig. 103, with the point of the tool
on a level with the point of the tailstock
center.

FIG. 103. FACING WORK MOUNTED BETWEEN CENTERS

8. Start the machine, then advance the tool
until the point is almost in contact with
the center, Fig. 108, then, with longitu-
dinal feed, advance the tool so that it takes
a light‘ cut.

4. With the cross feed crank or knob, Fig.
104, draw the tool toward the outer sur-
face.

5 When other cuts are necessary, make them

" in a similar manner.

6. If the other end is to be faced, turn the
piece end for end and face as before.

" hang
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Courtesy, South Bend Lathe Works
FIG. 104. PARTS OF LATHE CARRIAGE AND APRON

PROCEDURE FOR FACING SHOULDERS
WITH A FILLET

1. When the shoulder has a fillet, a rounded
surface at the bottom of the shoulder, Fig.
105, select a roundnose tool and mount it
in the tool post with the point at the same
height as the point of the dead center.

2. Machine the curved surface of the fillet
with light cuts.

8. Starting at the root of the fillet, face the
shoulder, working toward the outer edge.
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FIG. 106. MAKING A CUT WITH THE PARTING TOOL

PROCEDURE FOR FACING SQUARE

SHOULDERS

When a square shoulder is to be machined,
the first cut often is made with a parting tool,
Fig. 106. This provides clearance at the end of
the part to be machined and permits of more
rapid machining as one needs only to approach
the end of the cut with care to avoid advancing
the cut too far.

1. Select a suitable parting tool.

2. Securely mount the tool holder in the post
with the point of the tool on the same level
as the point of the dead center, A, Fig.
107.

FIG.
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FIG. 108. REMOVING STOCK BETWEEN SQUARE

SHOULDERS

With the apron handwheel advance the car-
riage and tool to the position where the
shoulder is to be cut on the work.

Test the setting for accuracy by measuring
with a rule.

Set the caliper for the desired diameter of
stock at the shoulder.

Start the machine, then with the cross feed
screw, advance the tool into the work, Fig.
107. Be sure to make the cut in the waste
stock.

Hold the caliper lightly against the work
in the cut, Fig. 107. When the caliper
passes over the work, stop the cut im-
mediately.

If necessary to give greater clearance at
the shoulder, make a second cut as in steps
5 to 7 inclusive.

Remove remaining stock as when turning
between centers. See Unit 21 and Fig. 108.
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UNIT 23

HOW TO USE A STEADY OR CENTER REST
AND FOLLOWER REST ON A LATHE

The steady rest (sometimes called a center
rest), A, Fig. 109, is a device used to support
long shafts or spindles of small diameter while
they are being turned, bored or threaded.
When in use, the rest is mounted on the lathe
bed and held in position with a clamp. A fol-
lower rest, B, Fig. 109, is a supporting device
which, when correctly attached to the saddle of
the lathe and the supporting jaws adjusted to
the work, follows along the finished face of the
work and holds it steady against the cutting
tool. When machining very long rods, shafts or
spindles, it is sometimes necessary to use both
a center and a follower rest in combination,
Fig. 110.

PROCEDURE FOR MOUNTING THE
STEADY REST
1. Mount the rest on the bed of the lathe and
fasten it loosely.

2. Mount the work between centers. Do not
draw the tail center too tightly, as there is
danger of springing the work.

3. Adjust the center rest so as to support
the work most advantageously. Usually
this will be near the point where work is
to be performed or near the center. Tight-
en the clamping bolt.

4. Adjust the jaws so that each one comes
lightly into contact with the work, Fig.
111. The work should rotate quite freely.

5. Fasten the jaws securely, withdraw the

Courtesy, South Bend Lathe Works
FIG, 109. STEADY REST AND FOLLOWER REST

— 2 WY

Courtesy, .SouM Bend ‘Lafho Works
FIS. 110. USING BOTH STEADY REST AND
FOLLOWER REST

v N 2
FIG. 111, ADJUSTING THE STEADY REST

Courtesy, South Bend MoWw&
FIG. 112. FOLLOWER REST IN POSITION
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tailstock if necessary, then proceed to ma-
chine the work in the usual manner.

6. When the work is corfipleted, remove the
steady rest, clean the lathe and return
equipment to the place where kept when
not in use.

PROCEDURE FOR MOUNTING THE
FOLLOWER REST
1. Attach the follower rest to the saddle of
the lathe.
2. Mount the work between centers and turn
a small portion of the work to size.

8. Adjust the jaws of the follower rest so
that they bear directly against the rear of
the turned part of the work just back of
the cutting tool and on top of the work,
Fig. 112.

4. Clamp the jaws in position, then proceed
to machine the work in the usual manner.

5. When the work is completed, remove the
follower rest, clean the lathe and return
equipment to the place where kept when
not in use.

UNIT 24

HOW TO FILE AND POLISH WORK REVOLVING IN A LATHE

Filing work while it is revolving in a lathe
often is resorted to when only a very small
amount of stock is to be removed.

PROCEDURE FOR FILING

1. Grasp the handle of the file in the left hand
and the opposite end between the thumb
and fingers of the right.

2. Place the file flat on the work near the left
end of the part to be filed with the tip of
the file pointed toward the right, as in Fig.
113.

3. Press lightly on the file and at the same
time move it forward and to the right. At
the end of the stroke release the pressure,
raise the file from the work slightly and
draw it back for the next stroke. Take long
strokes and continue in this manner until
the piece is filed smooth.

“‘HVFIG. 113. FILING WORK REVOLYING IN A LATHE

PROCEDURE FOR POLISHING

1. Secure a strip of abrasive cloth, usually
aluminum oxide or emery cloth. A strip
about 11 inches wide by 10 inches long
will suffice.

2. Grasp the ends of the abrasive between
the fingers, then place the cloth across the
work and draw it across the rotating sur-
face as when filing.

3. Greater force may be applied if the abra-
sive is mounted on a thin narrow stick and
used as in Fig. 114,

4. To produce a finer finish and polish, use a
finer grade of abrasive and for ferrous
metals (iron or steel) apply a few drops
of machine oil on the abrasive.

Y

FIG. 114, POLISHING WORK REVOLVING IN A LATHE
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UNIT 25

HOW TO KNURL A PIECE OF MILD STEEL

Certain machine parts, such as knobs, cylin-
drical handles, round nuts and collars, are
knurled to improve their appearance and to
provide a surface which can be gripped more
effectively. Knurling tools are made with re-
movable rollers, Fig. 115. Knurling tools with
removable rollers may be used for producing
a fine, medium or coarse knurl by merely in-
serting a roller that will produce a knurl of
the degree of coarseness desired, for example
medium, Fig. 116.

Courtesy, South Bend Lathe Works
FIG. 115. KNURLING TOOL WITH REMOVABLE ROLLERS

MEDIUM FINE
Courtesy, South Bend Lathe Works

FIG. 116. KNURL

COARSE

PROCEDURE

1. Finish turn the work to the dimension de-
sired.

2. Select a knurling tool of the degree of
coarseness desired.

3. Insert the knurling tool in the tool post
with the front of the rollers flat against
the side of the work and both rollers in
contact with it.

4. Fasten the tool firmly in the tool post.

5. Throw in the back gears and start the
lathe on the slowest speed.

6. With the apron handwheel, move the car-
riage over until the right side of the roller
passes the right end of the piece about %
of an inch.

7. With the hand cross feed, force the rollers
about ¢, of an inch into the work, and at
the same time engage the longitudinal feed
of the carriage and allow the knurling tool
to travel across the face of the work, Fig.
117. Apply oil liberally throughout the op-
eration.

8. When the left ¢nd of the knurling roller
reaches the left end of the stock, stop the
lathe.

FIG. 117. USING THE KNURLING TOOL

9. Start the lathe in reverse, and at the same
time advance the knurling tool about 4
of an inch. Immediately engage the longi-
tudinal feed and allow the tool to feed
toward the right until the right side of the
tool is even with the right end of the work.

10. Repeat the operation until the knurling is
the depth desired.

UNIT 26

LATHE CHUCKS AND FACEPLATES

Lathe chucks and faceplates are devices for
mounting and holding work on a lathe while
being machined. When work is mounted on a
faceplate #t usually is clamped with bolts and

metal straps. The plate is equipped with slotted
holes to permit mounting work of varying size
and shape. Figs. 118A and 118B show work
mounted ready for machining.
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Courtesy, South ;nd Lufh: Works
FIG. 118-A. WORK MOUNTED ON A FACEPLATE WITH
METAL STRAPS

e

R . C et
Courtesy, South Bend Lathe Works
FIG. 118-B. WORK BOLTED ON A FACEPLATE

Co&r'nv: Soufth Bend Lathe Works
FIG. 119. THREE-JAW UNIVERSAL AND FOUR-JAW
INDEPENDENT CHUCKS

Chucks hold work by means of jaws which
may be adjusted to accommodate work of vary-
ing size or shape. A, Fig. 119, shows a 4-jaw
independent chuck. The jaws of this chuck
move independently. This greatly increases the

versatility of the chuck, as it may be adjusted
and used for holding work which is round,
square, rectangular or irregular in shape. The
Jjaws may be removed and reversed when oc-
casion requires.

B, Fig. 119, is a 3-jaw universal geared
scroll chuck. The jaws are reversible and op-
erate as a unit. This greatly facilitates center-
ing work. A 3-jaw chuck is intended primarily
for holding round work.

COLLET CHUCK

This form of chuck is used chiefly in produc-
tion and precision work. It is a device used
primarily for holding small work and may be
had in a number of sizes, designed for holding
round, square or hexagon stock, Fig. 120. A

B -M!'.‘h';.u‘\/;-ﬂ‘fﬂr
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Courtesy, South Bend Lathe Works
FIG. 120. COLLET CHUCK AND COLLETS

spring collet chuck should be used only for the
size of stock it is designed to hold, for example,
% of an inch. Furthermore, to avoid danger of
springing the chuck, it should not be used for
holding stock which is more than .001 of an
inch oversize or undersize. A collet chuck cen-
ters the stock more quickly and accurately than
any other type. Fig. 121 shows an assembly of
one form of draw-in collet chuck. The chuck is
drawn tightly into the collet sleeve, inserted in
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Courtesy, South Bend Lathe Works
FIG. 121. ASSEMBLY OF DRAW-IN COLLET CHUCK

the spindle by the turning of the handwheel
at the rear end of the spindle toward the right
and loosened by turning the wheel toward the
left.

Centering stock in a collet chuck is merely
a matter of placing the stock in the opening
in the collet and drawing the collet into the
collet sleeve so that the work is held securely.

SPINDLE CHUCK

This deviee, Fig. 122, resembles an ordinary
drill chuck, except that it is designed to screw
onto the nose of the lathe spindle. The movable
jaws are tightened with a pinion key. A spindle
chuck is used primarily for chucking small
round work, which it does quickly and accu-
rately within two or three thousandths of an
inch.

Courtesy, South Bend Lothe Works
FIG. 122. SPINDLE CHUCK

CHUCK
CLOSER

STEP CHUCK

Courtesy, South Bend Lathe Works
FIG. 123. STEP CHUCK AND CLOSER

STEP CHUCK AND CLOSER

This piece of apparatus, Fig. 123, is designed
for centering and holding small round dises. It .
operates on much the same principle as the
draw-in collet chuck.

UNIT 27

HOW TO MOUNT AND REMOVE LATHE CHUCKS

When mounting or removing lathe chucks,
take care to avoid damage to the threads in the
chuck or those on the nose of the lathe spindle.
To avoid injury to the operator, the instruc-
tions should be followed carefully.

PROCEDURE FOR MOUNTING CHUCK

1. Remove the live center by inserting a steel
rod of appropriate size in the hollow spin-
dle of the headstock. Grasp the projecting
end of the center in the right hand and the
rod in the left, then jar the center loose
by gently striking the encased end with
the rod.

2. Insert”a small wad of clean waste in the

hole in the spindle. This will prevent the
entry of dirt or metal chips.

3. With the bent tang of a file sharpened to
a point, clean the threads in the chuck. A
special tool such as shown in Fig. 124 may
be used for this purpose.

4., Wipe the threads with a piece of cloth
or waste, remove any remaining lint or
threads, then apply a few drops of oil to
the threads.

5. In a similar manner clean the threads and
shoulder of the spindle. Apply a few drops
of oil.

6. Hold the chuck squarely against the nose
of the spindle with the right hand and
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FIG. 124, CLEANING THREADS IN THE CHUCK

FIG. 125. MOUNTING THE LATHE CHUCK

arm, as in Fig. 125, then with the left,
rotate the spindle forward. Continue in
this manner until the hub of the faceplate
rests gently against the shoulder of the
spindle.

PROCEDURE FOR REMOVING CHUCK

A lathe chuck is a heavy piece of apparatus.
Consequently, when removing or mounting it
there is danger of injury to the operator, or of
damage to the chuck or the ways of the lathe,
unless care is exercised. The ways of the lathe
may be protected by supporting the chuck with
the right hand, as shown in Fig. 126. However,
‘this is practicable only when the chuck is small.

7
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FIG, 126. STEADY SMALL CHUCKS WITH THE
RIGHT HAND

FIG. 127. WAYS OF THE LATHE PROTECTED WITH A
CLEATED BOARD

v

FIG. 128. LATHE "CHUCK SUPPORTED WITH \&OODEN
CRADLE

Another means is a cleated board such as
shown in Fig. 127. This device is hooked over
the lathe bed under the chuck. Still another
device is the wooden cradle shown in Fig. 128,
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1. To remove the chuck, engage one jaw with
a monkey wrench, as in Fig. 129, or place a
strong bar between the jaws, then give the
bar a sharp jerk.

2. Grasp the cone pulley or drive belt with
the left hand. This will prevent the spin-
dle from revolving. Then give the handle
of the wrench a sharp jerk. This should
loosen the chuck.

3. If the chuck cannot be thus loosened, place
a block of wood under one jaw with one
end resting on the rear of the lathe bed,

as in Fig. 130, then throw in the back  pg 130, LOOSENING LATHE CHUCK WITH A BLOCK
gears and give the spindle a quick back- OF wWOOD
ward turn.

4. After loosening the chuck, grasp it with
the right hand and arm, Fig. 126, then
rotate the spincle backward with the left
hand. As the chuck approaches the end of
the thread on the spindle, press it against
the nose of the spindle and hold it firmly
to prevent falling.

5. If the chuck is too heavy to hold with one
hand and arm, a wooden cradle such as
shown in Fig. 128, may be used to support
the chuck while dismounting it.

6. Carefully lift the chuck from the ways of
the lathe and place it in the rack where it
is kept when not in use, or some place

WRENCH where it cannot fall or roll about.

UNIT 28

HOW TO MOUNT AND TRUE UP WORK
IN A FOUR JAW INDEPENDENT CHUCK

A chuck with independent jaws is often a ing or advancing the adjusting screw of
convenience, for example, when chucking a each jaw with a chuck wrench, Fig. 131.
piece of irregular shape, or when chucking a Use the concentric circles on the face of
cylindrical piece in such position that a hole or the chuck for approximate centering of
a recess may be bored off center. Another fea- the jaws.
ture of the independent jaw chuck is that the 2. Place the work in the jaws of the chuck
jaws may be taken out and reversed for certain and fasten it by lightly tightening the ad-
types of work. This feature is not peculiar to justing screw of two opposite jaws, for
independent jaw chucks as the same may be example, jaws 1 and 3. Tighten these just
done, although it seldom is, with 8-jaw uni- enough to hold the work securely.
versal chucks. 8. In a similar manner, tighten jaws 2 and 4.
PROCEDURE FOR MOUNTING STOCK Remove the chuck wrench. Make a practice

1. Adjust the jaws of the chuck to approxi- of doing this, otherwise you may forget it

mately the size of the work by withdraw- sometime and an accident may result.
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8. Give the work a half turn and tighten the
pair of jaws on the high side of the work.
9. Revolve the work as before and advance
the ‘tool’ until the point just touches the
A edge of the work. If the contact is contin-
700 <% uous, the work is properly centered. If not
centered, make adjustment as in steps 7
and 8, then test again.

PROCEDURE FOR CENTERING STOCK,
CHALK METHOD
1. Mount stock as in preceding steps 1, 2 and

3.
: . ; ; 2. Move the tool rest close to the work.
FIG. 131. ADJUSTING ONE JAW OF A FOUR-JAW 3. Revolve the work slowly by power or hand,
INDEPENDENT CHUCK then using the tool rest as a support for

the arm, bring a piece of chalk lightly into
contact with the revolving work, Figs. 133
and 134. The chalk will leave a mark on
the high side only.

Stop the lathe, then locate the high spot
(where the chalk has left a mark). Give

DTN
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FIG. 132. TRUING WORK IN A FOUR-JAW
INDEPENDENT CHUCK

4. Mount a suitable tool in the tool holder
and set it at the correct height for the work
to be machined.

5. Revolve the spindle slowly by-power-or by
hand, then advance the tool until the point
just touches the high side of the work, A,
Fig. 182.

6. Give the work a half turn; then measure
the distance from the point of the tool to
the edge of the work, B, Fig. 132.

7. Loosen the pair of jaws on the low side of
the work an amount equal to one-half the
distance from the point of the tool to the
edge of the work ; sometimes it is necessary
to loosen only one jaw.

FIG. 133, USING CHALK TO TRUE UP WORK




HOW TO FACE AND TURN WORK 65

the work a half turn, then slightly loosen
the adjusting screw on the side opposite
the high spot. Give the work another half
turn and tighten the adjusting screw, thus
pushing the work toward the low side.

If the chalk mark extends as much as

* one-third the distance around the piece, it

will be necessary to loosen two of the ad-
justing screws opposite the high spot, then
tighten the other two screws. Adjust one
pair of jaws at a time.

5.

UNIT 29

Revolve the spindle as before and again
hold the chalk against the work. Make ad-
justments if necessary. Continue in this
manner until the piece runs true. When
the piece is running true, the chalk will
make a line of uniform weight completely
around the work.

When the work is running true, firmly
tighten the adjusting screw of each jaw,
then proceed with the other machining
operations.

HOW TO FACE AND TURN WORK MOUNTED IN A LATHE CHUCK

Work may be mounted in a chuck and faced
to a true plane or turned to a given diameter.
Frequently the first step is to face or turn one
side of the work to a true plane.

PROCEDURE FOR FACING STOCK

1.

2.
3.

8.

9.

Mount the stock in a suitable chuck. See
Unit 28.

Select a sharp right-hand facing tool.
Mount the tool in the holder and adjust
the point or cutting edge of the bit so that
it is the same height as the center about
which the work rotates.

Incline the tool holder slightly toward the
right of a line perpendicular to the face
of the work, then fasten both it and the
bit securely.

Start the lathe, then with the cross feed
crank move the point of the bit toward the
center of the work, Fig. 135.

With the apron handwheel, advance the
tool so as to make a cut sufficiently deep
to get below the scale.

With the cross feed crank, feed the tool
steadily toward the left until the cut is
completed.

Take other necessary cuts in a similar
manner.

Finish with a light cut.

PROCEDURE FOR TURNING THE

2,

CIRCUMFERENCE
10

Mount the stock in a suitable chuck. See
. Unit 28.

Select and mount a sharp, roundnose tool

in the“tool holder.

FIG. 135. FACING STOCK MOUNTED IN A CHUCK

3.

4.

Adjust the point of the toql to the height
desired.

Incline the tool holder very slightly toward
the right, then fasten both the holder and
bit securely.

Start the lathe, then with the cross feed
crank, advance the tool so as to take a cut
of the depth desired, Fig. 136.

With the apron handwheel, advance the
tool about 4 of an inch, then with a caliper
or rule, test the work for size.

If necessary, make adjustments, then pro-
ceed to make the cut. Continue advancing
the tool until the point of the tool is about
§ of an inch away from the jaw of the
chuck.

Stop the lathe, then remove the work from
the chuck by slightly releasing two of the
jaws.
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9. Turn the work around and rechuck it with
the jaws of the chuck gripping the turned
surface. Before starting to turn the un-
finished part be sure the turned part of
the work is centered accurately.

10. Turn the unturned part of the circumfer-
ence as in steps 5, 6 and 7.

11. Set the tool to make a light finishing cut.

12. When the cut has advanced about } of an
inch stop the machine and carefully test
the work for size.

13. If necessary, make adjustments, then com-
plete the cut in the usual manner.

14. Stop the cut when the point of the tool
is about § of an inch away from the jaws
of the chuck.

15. With the apron wheel, run the carriage
back so that the tool clears the work. Do
not change the position of the tool unless
necessary to compensate for a slight varia-
tion in the diameter of the work (caused
by rapid cooling) following a long cut.

16. Slightly loosen two of the adjusting screws
and remove the work from the chuck.

17. Turn the work around and rechuck it on
the finished surface. Be sure the finished
surface is running true.

If there is danger of the jaws of the
chuck damaging the finished surface, in-

18.

19.

20.
21.

UNIT 30

HOW TO MACHINE BORE CIRCULAR RECESSES IN A LATHE

The interior of a circular recess may be ma-
chined with a side tool or with a boring bar
and bit, respectively, A and B, Fig. 137. When
machining work of this nature, it usually is
mounted on a faceplate or in a chuck.

PROCEDURE PFOR
MACHINING THE SIDE WALL
1. Mount the work on a faceplate, or in a
chuck.
2. Select a suitable tool — a right-hand side
tool or boring bar if the recess is open on
both ends, a side tool if one end is closed.

3.

sert a strip of copper or brass between the
nose of each jaw and the work.

Start the cut on the unfinished part of the
surface.

When the cut has advanced about ; of
an inch, test the work for size and make
adjustment if necessary. This may neces-
sitate adjusting the screws in the chuck in
order to correct slight inaccuracy in re-
chucking.

Complete the cut in the usual manner.
When finished, remove the work from the
chuck, then remove the chuck and return it
to the place where it is kept when not
in use.

FIG. 136. TURNING CIRCUMFERENCE OF STOCK

MOUNTED IN A CHUCK

Set the tool so that the point is level with
the center line of the work, Fig. 138.

Make sure that both the tool and holder
are fastened securely.

With the cross feed screw, advance the tool
so as to make a cut of the depth desired,
Fig. 188. '

With the apron handwheel, advance the
tool into the work about ¢ of an inch.
Stop the machine and measure the diam-

eter of the machined part of the recess
with a rule or inside caliper, Fig. 139.



HOW TO MACHINE BORE

BORING WITH A BORING BAR

FI6. 138.

8. Make adjustment if necessary, then com-
plete the cut.

When machining a recess with a closed
bottom, or a shoulder, be sure to stop the
cut just as the point of the tool reaches
the bottom or the shoulder.

9. If other cuts are necessary to enlarge the
opening, proceed as in steps 6, 7 and 8.

10. Set the tool to make a light finishing cut. 6

11, Advance the tool into the work about 4 of
an y then measure for size.

CIRCULAR RECESSES

12,

13.

1.
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Courtesy, South Bend Lathe Works
FIG. 139. CHECKING THE DIAMETER OF THE RECESS

If necessary, adjust the depth of cut, then
complete the cut.

When the work is finished, clean the lathe
and return equipment to the place where
it is kept when not in use.

PROCEDURE FOR
MACHINING THE BOTTOM

Set the point of a roundnose or a right-
hand turning tool even with the center line
of the work, with the longitudinal center
line of the tool perpendicular to the face
of the bottom of the recess.

Starting at about § inch to the left of the
center of the work, feed the tool into the
metal with the apron wheel.

When the tool has entered the metal the
depth desired, feed it toward the right
with the cross feed screw until the center
is reached.

Reverse the direction of travel and feed
toward the left inside wall.

When the cut almost reaches the side wall,
stop the machine and set the tool holder
at an angle sufficient to permit machining
into the corner.

The roundnose tool will leave a small
fillet in the corner; this may or may not
be permissible. In the event a square cor-
ner is required, remove the roundnose tool

“and insert a right-hand corner or side tool,
. Advance the corner tool with the apron

wheel until the blunt angle just strikes the
bottom, then with the cross feed screw,
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feed the tool slowly toward the left wall
of the recess.

7. Stop the feed when the left side of the
tool just touches the left wall of the recess.

OF METAL

8. Finish both bottom and sides with light
cuts, if necessary.

9. Clean the lathe and return equipment to
the place where it is kept when not in use.

UNIT 31

HOW TO MACHINE WORK IN A LATHE .
WHEN MOUNTED ON A MANDREL

Sometimes it is necessary to machine the
exterior of cylindrical work accurately in rela-
tion to a hole that previously has been bored in
the center of the piece. In such cases the work
is often mounted on a mandrel, Fig. 140, and
turned between centers. A mandrel is usually
a cylindrical piece of hardened steel turned with

Courtesy. South Bend Lathe Works
FIG. 140. MANDREL

Courtesy, South Bend Lothe Works

FIG. 141. MANDREL WITH SLOTTED EXPANDING
BUSHING

a slight taper. To meet an emergency, a man-
drel may be turned from a piece of soft steel.
Since a mandrel of fiven diameter has only
limited application, an expanding bushing, Fig.
141, is often used. The illustration shows a
mandrel equipped with a slotted bushing. The
bushing is bored with a taper corresponding to
the taper of the mandrel. A series of such bush-
ings greatly extends the adaptability of a man-
drel of a given size.

PROCEDURE
1. Secure or turn a mandrel of suitable size.
2. Apply a little oil to the surface of the
mandrel and to the side walls of the hole.
Distribute the oil evenly with the fingers.

Unless a lubricant is applied, there is
danger of the mandrel freezing in the
work, in which case it cannot be removed
without damaging the work or the mandrel
or both.

3. Insert the small end of the mandrel in the
hole in the object and force it in tightly
with a press or a lead hammer. The man-
drel must be tight enough to prevent slip-
ping while the work is being machined.

4. Mount the work between centers, apply
oil on the dead center and turn in the usual
manner. See Unit 21 and Fig. 142,

FIG. 142. TURNING WORK MOUNTED ON A MANDREL

6. To remove the mandrel, apply pressure to
the small end with a press or by strikinz
it with a lead hammer,

6. Clean the lathe and'feturn other equi;pmem
to the place where kept wmn mﬁ m m
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UNIT 32

CALCULATING THE AMOUNT OF TAILSTOCK SET-OVER FOR TURNING TAPERS

WHEN THE WORK IS TO BE TAPERED
ITS ENTIRE LENGTH
Subtract the diameter of the small end of the
taper from the large end. Divide the difference
by 2; the quotient will be the amount of set-
over required.

EXAMPLE: Calculate the amount of tailstock
set-over for turning a taper on a piece such as
Fig. 143.

Ll

14 —
2
_12/8 — § 8
-T2 T
§ + 2 = %" amount of set-over
required.

Solution:

FIG. 143. PIECE TAPERED (TS ENTIRE LENGTH

WHEN THE TAPER PER FOOT IS GIVEN

Divide the total length of the stock or the
distance between centers in inches by 12. Multi-
ply the quotient by {4 of the amount of taper

per foot given. The result will be the an\ﬁgnt )

of set-over required.

ExXAMPLE: Calculate the tailstock set-over
for turning a taper of § of an inch per foot
for a distance of 6 inches on a piece of shafting
16 inches long, Fig. 144.

Solution: Total length = 16"

Amount of taper per foot = §”

Total length
12

Given taper _ §

=35 = fs

= 16/12 = 4/3

4/3 X 1‘5 = - 5/12 or 417"

‘ amount of set-over
- required.

FIG. 144, PIECE TAPERED A PART OF ITS LENGTH

FIG. 145. PIECE TAPERED A PART OF ITS LENGTH

WHEN THE TAPER PER FOOT IS NOT
GIVEN, BUT THE DRAWING SHOWS
THE DIMENSIONS OF THE TAPERED
SECTION

Divide the total length of the piece by the
length of the portion to be tapered, Fig. 145.
Multiply the quotient by one-half the differ-
ence between the large end of the taper and the
small end.

EXAMPLE: Calculate the tailstock set-over
for turning a taper for a distance of 6 inches
on a piece of work 15 inches long. The large
diameter of the taper is to be 14 inches and the
small end 1} inches.

Solution :

(1) Total length 15 6

Length tapered part ~ 6 2
(2) Difference in diameters _ 14 — 14

2 2
14_9
8 8 § _
R R L

(3) Total length % Difference in dias. _

Length tapered 2 -
part
-22-%—-15-5 = %§” amount of set-

over required.
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UNIT 33

HOW TO TURN A TAPER WITH A METALWORKING LATHE

There are several ways of turning tapers in a
lathe. The most common ones are: setting the
tailstock over the amount desired; by means of
a taper attachment; or by setting the compound
rest at the angle desired. The latter method is
always used when very sharp, short tapers are
cut and for boring tapered holes.

PROCEDURE FOR CUTTING A TAPER BY
SETTING THE TAILSTOCK OVER

1. Find the center of the stock and prepare
it for mounting between centers in the
usual manner.

2. Turn stock to cylinder of size desired, then
remove work from between centers.

3. Calculate the amount the tailstock should
be set over.

Courtesy, South Bend Lathe Works
FIG. 146. TAILSTOCK SET-OVER SCREWS

4. Loosen the clamping nut, also the tailstock
set-over screw at the near side of the tail-
stock, for example, G, Fig. 146. This screw
should be drawn out the distance required,
for example, 1”. Next screw in the tail-
stock set-over screw on the opposite side
of the tailstock until the tailstock is set
off center the distance desired by the wit-
ness mark on the base of the tailstock, for
example, 1", Fig. 147. All lathes do not
have witness marks on the base of the tail-
stock. '

CAUTION: The set-over screws should always
be drawn up snug, but not tight, to prevent a
shift in position if the tailstock is moved.

5. Fasten the tailstock in position by tighten-
ing the clamping nut.

FIG.

Courtesy, South Bend Lathe Works

FIG. 148. CHECKING THE AMOUNT OF TAILSTOCK

10.

SET-OVER

The amount the tailstock has been set
over may be tested by moving the tailstock
close to the headstock, then with a rule
measuring the difference in alignment of
the points of the two centers, Fig. 148.
Mount the stock between centers. Be sure
to apply oil on the dead center.

Select a tool of suitable size and shape,
usually a right-hand turning tool. Mount
the tool in the tool holder with the point
of the tool just even with a line through
the center of the work.

With the apron handwheel, draw the tool
forward until it is in position to make a
cut, then with the cross feed crank, ad-
vance the tool so that it will take a- fairly
heavy cut.

Start the lathe, then feed the tool toward
the left in the usual manner, Fig. 149.
Continue advancing the tool with the hand-
wheel until the cut runs out, then with-
draw the tool and move the carriage back
to the starting point. Take a second cut
in a similar manner. »
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FIG. 149. CUTTING A TAPER WITH THE WORK MOUNTED
BETWEEN CENTERS

11. Measure a unit of length on the taper, for
example, one or two inches. At this point
measure the large end of the taper, then
measure the small end.

12. Calculate the amount of taper in the unit
of length, then compare with the amount
of taper required.

13. Make adjustment in taper if necessary.

14. With repeated cuts reduce the stock to ap-
proximately the size desired.

15. Set the caliper to the exact dimension,
then with a light finishing cut reduce the
piece to the size desired.

16. When the job has been completed, set the
tailstock -back in normal position.

Objections to this method of turning
tapers are: (1) The center holes wear un-
evenly. (2) Calculation is necessary for
each length of stock. (8) The procedure
cannot be employed to bore tapered holes,
except in some special cases.

PROCEDURE FOR CUTTING A TAPER BY
SETTING THE COMPOUND REST AT
THE DESIRED ANGLE

1. Mount the stock in the lathe, either be-
tween centers or in a chuck. Turn the piece
to a cylinder of the size desired.

2. With a sharp scriber, lightly mark the
terminus of the taper on the circumference
of the work.

3. Mount a suitable tool in the tool holder,
then set the point of the tool even with the
center of the work.

4. Set the graduated compound rest at the
angle desired, for example 60°, Fig. 150.

FIG. 150. CUTTING A TAPER BY SETTING THE
COMPOUND REST

5. Advance Jhe toal with the cross feed crank
and apron handwheel until it is in a posi-
tion to make a fairly heavy cut.

5. With the compound feed handle, A, Fig.
150, move the tool across the cut. At the
end of the cut draw the tool back and ad-
just it with the apron handwheel and cross
feed to make a second cut.

7. Make repeated cuts until the taper is cut
the size desired, finishing with a light cut.
The advantages of this method of turn-
ing a taper are: (1) The centers are al-
ways in line. (2) Once the machine is set
up, a taper of the same degree can be
turned regardless of the length of the
stock. (3) Given the degree of taper, no
further calculation is necessary.

PROCEDURE FOR TURNING A TAPER:"
WITH A TAPER ATTACHMENT

Fig. 151 shows a standard No. 5 Morse taper
being cut on a lathe with a taper attachment.
This device is standard equipment in commer-
cial shops but not so frequently found in small
sehool shops. Two forms of taper attachment
are shown in Fig. 1562. 152A is called a plain
taper attachment and 152B, a telescopic attach-
ment. When the latter is used it is not neces-
sary to disconnect the cross feed screw as de-
scribed in step 1.

1. Before engaging the taper attachment, it
is necessary to disengage the cross feed
screw, removing the screw that holds the
cross feed control nut on the saddle,
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b

Courtesy, South Bend Lathe Works

FIG. 151. CUTTING A TAPER WITH A TAPER
ATTACHMENT

Courtesy, South Bend Lathe Works
FIG. 152.A. PLAIN TAPER ATTACHMENT

2. Attach the connecting slide arm A to the
cross feed.

3. Engage the taper attachment on the ways

Courtesy, hS;wh Bend th Works
FIG. 152-B. TELESCOPIC TAPER ATTACHMENT

FIG. 153, CUTTING AN INTERNAL TAPER

and fasten it with the setscrew, C, Fig.
152A.
4. Set the taper slide bar at the angle desired
and clamp it in position with the setscrews.
5. Make the cut as in ordinary turning.

The advantages of this method of turn-
ing tapers are: (1) The centers are always
in line. (2) A taper of a given amount may
be cut indépendent of length. (3) This
method can be used when tapering either
external or internal surfaces, Figs. 151
and 153, respectively.

UNIT 34

HOW TO CUT THREADS IN A LATHE -

Cutting threads in a lathe is a common prac-

tice. The operation is performed by causing’

the lead screw to revolve at a desired ratio with
the spindle of the lathe through a series of
gears. The lead screw provides a positive and
constant feed.

The system of gears on modern lathes is such
that threads with a great variety of pitches may

be cut. The procedure to be followed in setting
up the lathe to cut threads depends upon
whether or not the lathe is of the standard
change gear type or the quick change type. For
the former, the problem is one of determining
the gears to be used on the stud and lead screw
respectively. This may be done by referring to
the change gear chart found on the front of the
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gear cover at the headstock end of a standard
change gear lathe, Fig. 154. In the first column
of the chart is found a list of common pitches of
threads, Fig. 154C; in the second, a list of the
stud gears available; in the third, a list of
available screw gears. Supposing one should de-
sire to set up the lathe for cutting 20 threads
per inch: follow down the first column until
the number 20 is found; then read the number
directly opposite in the second column, which,
on a South Bend lathe, is 16; finally, read the
number in the third column, which is 40. When
these two gears are mounted on the stud and
lead screws respectively, Fig. 154, the lathe is
set up for cutting 20 threads per inch.

CAUTION: The numbers found in the second and
third columns of the gear chart are not the same on
all makes of lathes. They vary with the pitch of the
lead screw.

Courtesy, South Bend Lathe Works
FIG. 154-B., END VIEW OF STANDARD CHANGE GEAR
LATHE

¥ CHART FOR THREADS ano FEEDS

9-INCH WORKSHOP MODEL C LATHE

THEEAOS  STUD INLEK SCHEW reeo

PERINCH GEATR GEARY, GEAR PER RES
24 FIG 48
24 Fio 54
16 FIG 40

4

16 16 44
16 FIG 4y
16 FI1G he
16
16

R

Courtesy, South Bend Lathe Works
FIG. 154.A. STANDARD CHANGE GEAR LATHE

If no change gear chart is found on the lathe,
the gears required for cutting 24 threads per
inch may be determined in the following man-
ner: measure and count the number of threads
per inch on the lead screw. Assuming this is
found to be 8, then the ratio of the stud gear to
the lead screw gear will be as 8 is to 24. This is
because the ratio of the number of teeth in the
change gears used will be the same as the ratio
between the threads to be cut and the threads
on the lead screw. No gear with 8 teeth is likely
to be found in the available change gears; how-
ever, since any multiple of the above gears will
serve the purpose, the problem may be solved
by multiplying both numbers by the same num- , c south Bond Lethe W
ber, for example, 2. When 8 and 24 respectively HG. 184.C. CHART FOR THREADS AND FEEDS

LONGITUDINAL POWER SCREW FEED IN
INCHES PER SPINDLE REVOLUTION
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are multiplied by 2, the products found are 16
and 48. Gears with 16 and 48 teeth respectively
are commonly found among change gears.

When threads are to be fut with a quick
change gear lathe, the principle of the ratio be-
tween the speed of the spindle and the lead
screw still holds. The problem of adjusting the
machine is, however, much simpler because a
quick change gear lathe is equipped with a gear
box which enables the operator to produce vari-
ous pitches of screw threads without resorting
to the use of loose gears. With a quick change
gear lathe, the pitch of the thread to be cut is
controlled by the position of the sliding gear,
the top lever and the tumbler lever. These are
clearly shown in Fig. 155A. To set the machine,
for example, a South Bend lathe, to cut 20
threads per inch, push in the sliding gear (A),
turn the top lever (B) to the extreme right,
and insert the tumbler lever (C) in the hole
under the column in which the number 20 is
found on the index chart, Fig. 155B.

Courtesy, South Bend Lothe Works
FIG. 155-A. QUICK CHANGE GEAR MECHANISM

When threads are being cut in steel, a rough
thread will result unless lard oil is applied
freely throughout the operation. If lard oil is
not available any good cutting oil will answer.
Apply the oil with a small paint or shellac brush
preceding each cut.

When it is necessary to remove the threading
tool for sharpening or for other reasons before
the thread has been cut to the depth desired,
great care must be taken in resetting it to in-
sure that it is following the original groove.

T INCH SOUTH REND QUICK CHANGE GEAR L ATHE

VOO E DN TN DA

o . . 1 el I I Wi, oo .

Courtesy, South Bend Lothe Works
FIG. 155-B. INDEX CHART FOR QUICK CHANGE
GEAR LATHE

This may be done by setting the top part of
the compound rest at a slight angle and making
other adjustments with the cross feed screw.
Another method is to loosen the dog and turn
the work until the threading tool exactly fits
the thread, then retighten the lathe dog.

To catch a thread when the tool has been
moved, engage the split nut and carry the tool
forward a few turns to take up backlash before
fitting the tool to the thread groove.

UNIFICATION OF SCREW THREADS

On December 18, 1948 an agreement was
reached on standardization of screw threads by
representatives of Government and Industry
Bodies of the United States, the United King-
dom and Canada. These representatives of the
cooperating countries were charged with de-
velopment of standards for screw threads. The
following quotation presents the chief features
of the agreement.

“The present unification agreement provides a
60° angle and a rounded root for screw threads.
The crest of the external thread may be flat, as
preferred in American practice, or rounded, as
preferred by the British. The number of threads
per inch for the various series of thread diameters
has been unified, and the limiting dimensions,
for three grades of fit have been agreed upon,
thus, interchangeability of screw thread parts,
based on the accord, now becomes feasible.

There is, however, a further degree of inter-
changeability attained by agreements on the nu-
merical values for allowances and tolerances,
thereby setting limits to the least and greatest
amounts of looseness between mating parts. Such
agreement provides for identity of sizes (or inter-
changeability of use) of screw thread gauges used
in the different countries for controlling the lirhits
of size of the threads. It also standardizes the
grade or grades of fits between mating pam "1

1 Technical Report 1815. National Burean of !tnmhrdp. v. B.
Dcpnt:nmt mmu. Washington D, C.
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The chief differences between the new stand-
ards and the American and National Coarse
and National Fine threads are the rounded root,
and optional rounded or flat crest. Maximum
and minimum major and pitch diameters have
been agreed upon, likewise maximum minor
diameters for both external and internal
threads.

A, Fig. 1556C shows the old American form
of thread and B and C show the standardized
form. To produce a thread with a rounded
bottom will require only rounding the point of
the tool used for cutting the old:form of thread.
Further modification of the shape of the tool
will be required to produce threads with
rounded crests. For threads with small pitch
the modification will be very slight.

A Original American Form of Thread
B and C New Standard Forms
FIG. 155-C. FORM OF STANDARD SCREW THREAD

PROCEDURE FOR A LATHE EQUIPPED
WITH A THREADING DIAL

1. Determine the number of threads to be cut
per inch.

2. Adjust the change gears to obtain the ratio
desired.

3. Mount the work in the lathe. Be sure the
dog is fastened securely, or if mounted in a
chuck, be sure the jaws are drawn down
tight.

4. Set the compound rest at 29°.

Setting the compound rest at less than
30° makes accurate adjustment of the
threading tool easier, should it be neces-
sary to remove the tool for grinding or
other purposes before cutting of the thread
has been completed. Another reason is that
it makes possible the removal of most of
the stock from one side of the thread only
‘when this is necessary because of a rough
or inaccurate surface. Furthermore, for
better finish, the tool should drag slightly
on the right-hand gide of the thread.

5. Select a sharp, correctly ground threading
tool, Fig. 1566. The inclusive angle of the
point of the tool should be 60°, with each
cutting edge having the same degree of
angularity.

6. Insert the tool in a holder with only the
ground portions of the bit projecting be-
yond the nose of the holder.

FIG. 156, TESTING A THREADING TOOL FOR CORRECT
ANGLES

7. Set the point of the threading tool even
with the center of the work. See A, Fig.
156.

8. Hold a thread gauge against the side of the

> work, then advance the threading tool and

set it square with the work as in Fig. 157.
Tighten the setscrew which holds the tool
in the post and again test it for squareness
with the work.

7’ 9. Test the height at which the point of the

tool is set, Fig. 158,

10. When the threads end at some interme-
diate point on the surface of a straight
cylinder, draw a line at the point desired
with a piece of soapstone or a sharpened
piece of chalk.

11. Advance the threading tool until the point
just touches the work, then adjust the mi-
crometer collar on the cross feed screw,
Fig. 159, to zero.

12. Draw the tool back past the right end of
the work, then advance the point of the tool
about .002 of an inch by turning the com-
pound rest screw toward the right.

Adjustments of depth of cut may be
made by advancing the cross feed or the
compound rest. Experienced workmen of-
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FIG. 157. SETTING THE THREADING TOOL SQUARE

13.

14.

WITH THE WORK

B

FIG. 158. TESTING THE HEIGHT OF THE THREADING
TOOL

ten take cuts heavier than .002 of an inch.
Start the lathe, then engage the half-nut,
Fig. 160, when line No. 1 on the dial indi-
cator, Fig. 161, is just even with the line
on the rim of the indicator.

The half-nut may be engaged on any line
when cutting an even number of threads
per inch. When cutting an odd number of
threads, close the half-nut on a numbered
line only.

CAUTION: When cutting threads in steel,
keep the point of the tool well lubricated through-
out the operation. Apply oil with a small brush,
Fig. 161A,

When the threading tool reaches the ter-
minus of the thread, quickly draw the tool
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Courtesy, South Bend Lathe Works

FIG. 160. PARTS OF LATHE CARRIAGE AND APRON

15.

16.

away from the work by giving the cross
feed screw one complete revolution toward
the left, and at the same time immediately
disengage the half-nut.

Draw the carriage back to the starting
point with the apron handwheel, then ad-
vance the tool slightly by turning the com-
pound rest screw toward the right, so as
to advance the tool about .002 of an inch.

Turn the cross feed screw one complete
revolution toward the right, then engage
the half-nut when the indicator registers
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Compound
Rest Screw

Micrometer

Courtesy, South Bend Lothe Works
FIG. 162. THREAD CUTTING STOP ATTACHED TO
DOVETAIL OF SADDLE

PROCEDURE FOR A LATHE NOT
EQUIPPED WITH A THREADING DIAL

17.

18,

Courncy, South lnd Lathe Works
FIG. 161. THREADING DIAL INDICATOR

Courtesy, South Bend Lathe Works
FIG. 161-A. APPLYING OIL WITH SMALL BRUSH

No. 1. Withdraw the tool at the terminus
of the thread by giving the cross feed
screw one complete revolution toward the
left, and at the same time, immediately
disengage the half-nut. A stop on the cross
feed, Fig. 162, saves time.

Repeat these operations until the thread is
cut to the depth desired.

Finish the open end of the threaded sec-
tion by neatly chamfering the end with a
right-hand turning or facing tool. This op-
eration may be performed with the thread-
ing tool, ®roviding care is exercised.

Proceed as with a lathe equipped with a
threading dial, steps 1 to 3 inclusive.

. Set the compound rest at 29°,
. Proceed as with a lathe equipped with a

threading dial, steps 5 to 11 inclusive.

. Draw the tool back past the right end of

the work, then advance the point of the tool
about .002 of an inch by turning.the com-
pound rest screw to the right.

. Engage the half-nut and clamp it firmly

to the lead screw, then start the lathe.
When the tool reaches the end of the
threaded section, quickly withdraw the tool
by turning the cross feed screw one com-
plete revolution to the left, and at the same "
time throw the reversing lever, thus chang-
ing the direction of travel of the carriage.

. When the point of the tool, on the back-

ward travel, is just even with the end of
the work, stop the lathe instantly. The
point of the tool must be exactly opposite
the bottom of the previous cut. With the
tool in this position, advance it by turning
the compound rest screw to the right about
.002 of an inch.

. Turn the cross feed screw one complete

revolution to the right, then start the lathe.
When the tool reaches the end of the
threaded section, quickly turn the cross
feed screw one complete revolution to the
left and reverse the lathe.

. Repeat steps b to 7 until the thread is cut

to the depth desired.

. Finish the open end of the threaded sec-

tion by neatly chamfering the end with a
right-hand turning or facing tool.
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A left-hand thread is cut in the same
manner except that the direction in which
the feed screw rotates is reversed, thus
causing the direction of travel of the tool
to change. This may be done by adding or
removing one idler gear in the change gear
train.On most lathes this is accomplished
by means of a lever at the left-hand end
of the headstock which, by shifting adds
or removes the idler gear. On some lathes
change in the direction of rotation of the
lead screw is accomplished by means of a
lever on the apron.

PROCEDURE FOR CUTTING INTERNAL

THREADS

For cutting threads on the inside of a hole a
special threading tool, A, Fig. 163, or a boring
bar fitted with a threading bit, B, Fig. 163, is
required.ll‘he top of the point of the tool should
be set at the same level as the axis (center) of
the work.

&

FIG. 163. TOOLS FOR CUTTING INTERNAL THREADS

1. Lay out and drill or bore a hole of the
size required. Provide clearance at the bot-
tom of the hole.

2. Select a correctly sharpened tool for cut-
ting internal threads.

8. With a thread gauge, set the tool so that a
line through the center of the cutting part
of the tool is perpendicular to the wall of
the hole, A or B, Fig. 164.

4. Clamp the bit in the holder securely and
clamp the holder in the tool post.

6. With the apron handwheel advance the tool
to within about } of an inch of the work,
then with the eross feed screw, adjust the

tool until the point is even with the near
wall of the hole.

6. With the compound rest feed screw, ad-
vance the tool about .002 of an inch.

164, SETTING THE BORING BAR FOR CUTTING
INTERNAL THREADS

FIG.

7. Start the lathe, then engage the half-nut
when line No. 1 on the dial indicator is
just even with the line on the rim of the
indicator.

When cutting threads in steel be sure to
keep the point of the tool well lubricated
throughout the operation.

8. When the threading tool reaches the ter-
minus of the thread, quickly draw the tool
away from the work by giving the cross
feed screw one complete revolution toward
the right, and at the same time immediately
disengage the half-nut.

9. Draw the carriage back to the starting
point with the apron handwheel, then, with
the compound rest screw, advance the tool
about .002 of an inch.

10. Turn the cross feed screw one complete
revolution to the left, then, when the in-
dicator. registers No. 1, engage the half-
nut. '

11. Again withdraw the tool at the terminus
of the thread as in step 8.

12, Repeat these operations until the thread is
) to the depth desired.
\ o
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UNIT 35

MILLING ON A LATHE

Courtesy, South Bend Lathe Works
FIG. 165. MILLING ATTACHMENT IN PLACE ON A LATHE

Many school shops and small machine shops
are not equipped with a milling machine and in
many cases do not have a volume of work which
would justify the purchase of an expensive
miller. To meet the needs of small school and
commercial shops some manufacturers of lathes
have designed and built milling attachments
for their products. These attachments, when
correctly mounted on the carriage of the lathe,
enable the operator to perform many simple

c«m«v S«M Bend Lethe Works
FiS. 166. MlLUNG ATTACHMENT SWIVELED VERTICALLY

milling operations, for example, cutting key-
ways, gears, slots and splines, facing and squar-
ing stock.

The attachment shown in Fig. 165 is simply
a device for holding the work in the position
desired. It may be swiveled on its base horizon-
tally and the slide swiveled in a vertical plane,
Fig. 166. The cutter may be mounted on a taper

Courtesy, South Bend Lathe Works

FIG. 167-A. MILLING CUTTER MOUNTED ON A
TAPER SHANK

Cmm«y South Bend Lathe Works
FiG. l67-l MILLING CUCTTERCQAOUNTED IN A SPINDLE

.r“ '
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shank which fits the tapered hole in the lathe
spindle, Fig. 167A, or if a cutter with a straight
shank is used, it may be mounted in a collet, or
in a spindle chuck, Fig. 167B. Cutters may also
be mounted on an arbor held between centers,
ag in Figs. 168A and 168B. The work is brought
into contact with the cutter by means of the
handwheel on the carriage, the cross feed and
the vertical adjusting screw at the top of the at-
tachment. The cut is controlled by appropriate
manipulation of the same adjusting devices.

Courtesy, South Bend Lethe Works

FIG. 168-A. MILLING CUTTER MOUNTED ON AN ARBOR
BETWEEN CENTERS

2 a b
Courtesy, South Bend Lathe Works

FIG. 168-8. MILLING CUTTER MOUNTED ON AN ARBOR
BETWEEN CENTERS

The attachments illustrated in Figs. 168A
and 168B are designed for cutting teeth on spur
and bevel gears, spirals and other forms of mill-
ing necessitating the use of a dividing head.

L

Co':y, South Bend Lathe Works
FIG. 169-A. GRINDING A MILLING CUTTER ON A LATHE

Courfos; SuM Bend Lathe Works
FIG. 169-B. GRINDING A REAMER ON A LATHE

Accurate and efficient mill work requires
sharp and correctly ground cutters. Figs. 169A
and 169B illustrate a lathe attachment designed
for grinding milling cutters, reamers, etc.

The procedures of setting up a lathe to per-
form a milling operation after the attachment
has been mounted on the carriage are very
similar to those described in setting up a stand-
ard milling machine; likewise, the manner of
mounting the work in the vise or on an arbor,
Units 50 to 58 inclusive. The rotation of the
cutter should always be opposite the direction
of feed. Thus, when the direction of feed is
toward the rear of the lathe, the cutter should
rotate clockwise.



SECTION VI

THE SHAPER AND ITS OPERATION

UNIT 36
THE SHAPER

The shaper is one of the most common and
useful machines found in the machine shop.
Primarily, a shaper is used to plane flat sur-
faces, although a skillful workman can manip-
ulate it so as to plane curved surfaces, cut
keyways, grooves and slots. The work is held
stationary on an adjustable table while the tool
moves forward on the cutting stroke, and re-
turns quickly to the starting point. In the
course of the return stroke the feed mechanism
advances the table the amount desired for the
next cut, usually not more than {% of an inch.

The size of a shaper is determined by the
maximum length of stroke it will take, for ex-
ample, 14, 16, 20 inches, etc. Most modern

Courtesy, Cincinnatl Shaper Co.

shapers are operated by individual motors FIG. 170. SHAPER
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FIG. 171. SECTIONAL VIEW OF A SHAPER (FRONT)
FIG. 172. SECTIONAL VIEW OF A SHAPER (END)
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which activate the driving mechanism of the
machine through belts, chains or gears.

PARTS OF A SHAPER

To the average person the shaper, Fig. 170,
looks like a rather simple piece of machinery.
However, ‘study of the sectional views, Figs.
171 and 172, and an examination of the labeled
parts in Figs. 173 and 174, show it to be a
rather complex machine.

THE DRIVING MECHANISM

The ram which drives the head holding the
tool is driven by a slotted rocker or vibrating
arm which is connected to the main gear or
driving wheel by a crankpin and a sliding
block, Fig. 171. As the driving wheel revolves,
the crankpin and the sliding block are carried
through a circular path. This causes the vibrat-
+ ing arm to move forward as the block travels
one portion of the path, and in the opposite di-
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Courtesy, Cincinnet! Shaper Co.

PARTS OF A SHAPER (FRONT VIEW)

rection as it passes along the remaining por-
tion. The crankpin which holds the sliding
block is fastened to a second block which oper-
ates in a radial slide on the driving wheel. The
position of this block is adjustable by means
of a shaft and bevel gears. As the crankpin is
drawn toward the center of the wheel, the dis-
tance the vibrating arm travels is shorter and
consequently the distance (stroke) traveled by
the ram. Acceleration on the return stroke is a
result of the crankpin, which motivates the
vibrating arm, having to travel a much shorter
distance to bring the vibrating arm back to the
point where the stroke starts than it travels in
making the stroke — a ratio of approximately
2 to 8, Fig. 176.

SPEED ‘ .
When set for any particular speed a shaper
will make a constant number of strokes regard-
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Courtesy, Cincinnetl Sheper Co.

FIG. 174. PARTS OF A SHAPER (END VIEW)

less of the length of the stroke. To maintain a
constant cutting speed (rate at which metal is
removed) the shaper must make twice as many
strokes when making a cut 3 inches long as
when making one 6 inches long. In modern ma-
chines, increase or decrease of speed is accom-
plished through a system of speed change gears
mounted in a box on the side of the machine,
or on the inside of the column, Fig. 176. The
gears. are manipulated by levers conveniently
placed near the position of the operator. An in-
dicator or an index plate indicates which gears
to engage in order to produce a given speed.

FERD
The tool may be brought into contact with
the work by moving the table along the cross

rail by means of a screw operated with a hand
crank, by raising the table with a crank or by
lowering the head on the end of the ram. In
addition to hand feed, many modern shapers
are provided with a horizontal automatic feed.
This is accomplished on the older types of ma-
chines by means of a notched wheel and pawl,
operated from the driving wheel by a connect-
ing rod and an adjustable link or similar device.
On modern types, change of feed is accom-
plished by a series of cams, for example, Fig.
177. The amount of feed is determined by the
number of teeth (notches) the notched wheel
advances on each return stroke of the shaper. -
The number of teeth advanced is determined by"
the position of the feed adjusting knob or hand«".
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Courtesy, Cincinnati Shaper Co.
FIG. 175. DIAGRAM OF STROKE CYCLE OF 24" SHAPER

Courtesy, Cincinnati Shaper Co.
FIG. 176, SHAPER SPEED CHANGE GEARS

wheel in relation to the link connecting the rod
and the feed rocking arm. The farther this
handwheel is from the center the greater the
amount of feed. On a cam actuated machine,
change of feed is accomplished by adjusting
the direct reading feed dial to the position de-
sired, for example, a position which will give
a feed of .06 of an inch. With this type, change
. of feed may be made while the machine is in
operation.

gl
Courtesy, Cincinnat! Shaper Co.
FIG. 177. TABLE FEED ACTUATING CAMS

TABLE

The table of a shaper consists of two parts:
the table itself constitutes the front section and
the apron or saddle constitutes the rear section,
to which the table is bolted. The apron has a
gib or hook-like projection which engages the
cross rail located on the front of the column.
In addition to being a support for the table the
cross rail serves as a track along which the
apron slides in a horizontal plane when acti-
vated by a feed screw. The cross rail carrying
the apron and table may be raised or lowered
by means of a vertical screw and bevel gears.
Whenever vertical adjustment of the cross rail
is made the clamping bolts holding it to the
column should be loosened slightly and tight-
ened again as soon as the adjustment has been
made. The top of the work table is provided
with T-slots. These are for convenience in
clamping the work to the table or for attaching

" Courtesy, Cincinnet! Shaper Co.
FIG. 178. UNIVERSAL SHAPER :
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devices such as vises and jigs. The sides of the
table have similar T-slots. These serve the same
purposes as those in the top but are much less
frequently used. The vise, a common feature
of all shapers, is mounted on a swivel base.
This feature permits clamping the work with
the jaws of the vise either parallel with, per-
pendicular to, or angular with the face of the
column. What is known as a universal table
may be had for some shapers. This table may
be swiveled on the apron and may be tilted
toward or away from the column. These adjust-
ments are useful when making angular or bevel
cuts. The universal type of shaper, Fig. 178, is
equipped with the above form of table.

On some shapers the table is moved vertically
or horizontally by power, either up or down,
right or left. Machines so equipped are desig-
nated — Power Rapid Traverse. The advan-
tages of this device are that the work can be
brought into contact with the tool quickly and
when the job is completed, the table can be
moved quickly to one side so that the work
clears the tool post and can be removed with-
out hindrance.

HEAD

The tool head, Fig. 179, consisting of a head
piece, a swivel base and apron, is designed for
holding and adjusting the tool for depth of cut.
The down feed screw has a collar graduated in
thousandths of an inch. Thus very fine adjust-
ment of cut can be made very simply. The
swivel arrangement between the ram and the
head makes it possible to make vertical or an-
gular cuts. The tool is held in a tool post which
is attached to the hinged tool block or clapper.
During the cut, the tool block is forced back
against the base of the clapper box and thus is
solidly supported. On the return stroke the tool

- Courtesy, Clacinnatl Shaper Co.
FIG. 179. SHAPER TOOL HEAD

-

or clapper block swings free. This allows the
tool to be drawn back across the work with only
a slight rubbing effect and with consequent
preservation of the cutting edge. By loosening
the clamping bolt on the front of the apron,
one may swing the apron to the right or left
for the purpose of making angular cuts, Fig.
180, and for providing clearance at the point
of the tool when making vertical or angular
cuts. Some modern shapers are provided with
both hand and power down feeds.

——

Courtesy, Cincinnati Shaper Co.
FIG. 180. MAKING AN ANGULAR CUT WITH A SHAPER

SHAPER TOOLS

Shaper tools are of two kinds, forged and
bits. The former is a heavy tool of which A, B
and C, Fig. 181, are examples. Bits are short
pieces of high-speed steel held in a tool holder,
Fig. 182. High-speed bits are now more com-
monly used than forged tools. Shaper bits and
tools are ground for making right- or left-hand
cuts. The left-hand tool is the more commonly
used because, the feed being from the left side
of the work toward the right when viewed
from the face of the column, the operator can
observe the cut from the position he ordinarily
takes when operating the machine.

CLEARANCE ANGLES ,
Shaper bits are ground with very little front**
or side clearance. A side clearance of about 2°
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FIG. 182. SHAPER TOOL BITS

ordinarily is sufficient, as is a front clearance
of about 3°. A shaper tool must be ground with
the correct clearance as there is no provision
in the tool post whereby the tool may be set to
provide clearance or top rake as in a lathe.

RAKE

A shaper tool ordinarily is ground with a side
rake of from 8° to 10° with no front rake, ex-
cept certain finishing tools which are given a
slight front rake to increase the keenness of
the cutting edge.

UNIT 37

SHAPER VISES, PARALLELS, HOLD DOWNS AND ANGLE PLATES

Shaper vises generally consist of a fixed and
a movable jaw which is operated by one or by
two screws, A and B, Fig. 183. Ordinarily,
these vises are mounted on a graduated swivel
base. This arrangement permits the vise to be
swung so that the face of the jaws may be
parallel with, perpendicular to, or at an angle
with the line of travel of the tool. The jaws of
the shaper vise are made of soft steel, so care
must be taken to avoid scarring or otherwise

damaging them.

Courtesy, Cincinnet! Shaper Co.

C—

FIG. 183. SHAPER VISES

PARALLELS

To raise the work above the jaws of the vise
and to provide a solid seat for it, parallels, A,
Fig. 184, are used. Usually, these are strips of
hardened steel which have been machined ac-
curately to the size desired. Ordinarily these
are made in pairs and in several sizes. For hold-
ing work at an angle, degree parallels are used,
B, Fig. 184. These are similar to rectangular
parallels except that one side has been ma-
chined at an angle of so many degrees with
the base, for example, 156°.

HOLD DOWNS

Sometimes parallels, or combinations of par-
allels, of the size required to raise the work
above the jaws of the vise are not ayailable,
This is particularly true when machining thin
stock. Hold downs of the type shown in Fig.
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FIG. 184. USING PARALLELS

FIG. 185. USING HOLD DOWNS

185 frequently are used to grip the work and
hold it in position while being machined. As
may be observed in the illustration, these are
wedge shape in cross section with the thin edge

7
& i

FIG. 186. USING ANGLE PLATES

FIG. 187. USING STRAP CLAMPS

rounded and the thick one beveled 2 or 3 de-
grees. Beveling the back edge in the manner
indicated causes the hold down to press down-
ward at the thin edge when it is brought against
the work. Thus the work is held sufficiently
rigid to permit machining with light cuts.

ANGLE PLATES

Work that cannot be held in a vise may be
machined by holding it in position clamped to
an angle plate which is bolted to the table of
the shaper, as in Fig. 186, or by clamping with
strap clamps directly to the table, as in Fig.
187. When irregularly shaped pieces are
clamped to the table, parallel bars are used to
hold the work level.
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UNIT 38
CALCULATING THE CUTTING SPEED OF A SHAPER

The rate or cutting speed at which metal may
be removed with a shaper depends principally
on: (1) the kind of material being cut; (2)
the amount of material being removed at each
cut; (3) the kind of material in the tool, as,
for example, high-speed or carbon steel; (4)
the rigidity of the machine. The following table
gives the ordinary speeds employed when high-
speed steel and carbon steel cutters are used.

TABLE 1V
CUTTING SPEEDS
Tool — High-Speed Steel

Cast Iron ... 60 to 70 ft. per min.
Machine Steel ............ 80 to 100 ft. per min.
Tool Steel ........coereueee 50 to 60 ft. per min.
Brass ...ccecveveienennins 200 ft. per min.
Tool — Carbon Steel
Cast Iron ......ccvevvreneversrneenne 30 ft. per min.
Machine Steel ..........cccvvuerenen. 40 ft. per min,
Tool Steel .....ccoevvvrvevveerverrereenee 25 ft. per min.
Brass .....ceviiieeiinieeennnnenniinens 100 ft. per min.

The speed at which a metalworking shaper
removes metal cannot be calculated simply by
multiplying the length of the stroke by the num-
ber of strokes per minute. Neither can it be
found by dividing by two the time consumed
in making the complete cycle of forward and
return strokes, because, on most shapers, the
cutting stroke takes approximately 14 times
as long as the return stroke. The ratio of time
spent on the respective return and forward
strokes is 1 to 14, or when each is multiplied
by two, this ratio may be represented by the
products 2 and 3 respectively. Thus 84 of each
full minute of running time is spent in making
cutting strokes and 24 in return strokes.

Cutting speed is always given in feet per
minute. Hence, when the stroke is given in
inches, the product found by multiplying the
length of the stroke by the number of strokes
per minute also must be converted to feet per
minute. Dividing this product by twelve gives
the travel of the cutting tool in feet. Since only

3% of the time is spent in making forward
strokes, the cutting actually has been done in
3% of a minute. Therefore, the distance traveled
in feet per minute must be divided by 34 to
determine the rate at which the cutting tool
moves across the work.

When CS = Cutting speed
N = Number of strokes
L = Length of stroke in inches

34 = Portion of time spent
actually cutting

12 = Inches per foot
_ N XL
Then CS = 8 of 12
or CS = N x L

7 (or roughly, 7)

When using the shaper, the cutting speed
desired and the length of the stroke will be
known. Since it will be necessary to determine
the number of strokes required to operate at
the given cutting speed, the above formula for
determining the cutting speed may be converted
into the following form for determining the
correct number of strokes to operate the shaper
to produce a given cutting speed.

then
_ NXL _Cs x1
CS = 7 or N = L
EXAMPLE

A piece of machine steel 8 inches in length
is to be machined with a high-speed tool.

The known factors are:
CS = 90 Feet per minute

L = 8 inches
Substituting the known values in the formula:
9% X7 _ 63 _
N = 3 = g = 78.76

Setting the shaper to produce 80 strokes per
minute will give a cutting speed within the al-
lowable limits of operation.
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UNIT 39

HOW TO ADJUST THE SHAPER FOR STROKE AND POSITION

The length of the stroke of the shaper is de-
termined by the position of the crankpin and
block in the slide in relation to the axis of the
driving wheel. The farther the crankpin is
away from the axis, the longer the stroke. The
procedure for setting the stroke varies slightly
for different makes of shapers.

PROCEDURE FOR ADJUSTING THE
STROKE

1. Loosen the knob or device that locks the
stroke setting shaft in position.

Some modern shapers do not have a lock-
ing device; on such machines the length of
stroke once set is maintained automatically
and can be changed only by revolving the
shaft.

2. With the crank, turn the stroke setting
shaft in the direction desired until the
pointer on the ram registers on the index
plate the length of stroke desired, for ex-
ample, 4 inches, plus the amount required
for overlap at the start and finish of the
cut. The amount of overlap required will
depend upon the number of strokes per
minute, the time needed for the tool to drop
into position, the depth of cut, kind of ma-
terial, the rigidity of the machine, the tool
and the work. In all cases, for efficient op-
eration, overlap of stroke should be kept at
a minimum. '

CAUTION: The stroke should be at least !; to
3% of an inch longer than the cut.

On machines equipped with an indicator
dial adjacent to the stroke adjusting shaft,
the shaft is revolved until the indicator
registers the length of stroke desired.

3. When the machine has been adjusted for
length of stroke, tighten the locking device,
if any.

PROCEDURE FOR ADJUSTING THE POSI-
TION AT WHICH THE STROKE
IS MADE

1. Loosen the device that clamps the ram in
position by turning the handle on the top
of the rear part of the ram, Fig. 173.

2. With the clutch lever, engage the clutch
lightly and advance the vibrating arm to
its extreme forward position. The instant
this position is reached, disengage the
clutch.

Some machines are equipped with a
handwheel on the driving shaft. This wheel
is used to advance the arm to its extreme
forward position.

3. With the crank, engage the projecting ram
positioning shaft, at the rear of the head
of the ram, Fig. 173. Then turn the shaft
until the tool is in a position about } of an
inch ahead of the work at the point where
the cut ends.

UNIT 40

HOW TO MAKE HORIZONTAL CUTS WITH A SHAPER

The principal use made of a shaper is to plane
flat, true surfaces. When machining work of
this kind the work is held in the shaper vise,
clamped to an angle plate, or if very large,
clamped to the shaper table. The vise is mounted
on a graduated swivel base. This permits re-
volving the work at various angles for conven-
ience in machining. The table on some shapers
is mounted on a swivel base and can be turned
at various angles. When occasion requires, the
table may be tilted at right angles to the axis

through a limited number of degrees.

Before placing work in a shaper vise or on
the table, burrs on the edge or elsewhere on
the work should be removed by carefully chip-
ping or filing; likewise, burrs on the jaws of
the vise or on the parallel bars used to align
and support the work. All metal chips and dirt
should be removed from the bottom of the vise
and the surfaces of the work. Burrs on the
work or equipment, or chips at the bottom of
the vise or between the vise and parallel bars,
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6. With the hand crank, draw the vise just
sufficiently tight to grip the work. To
make certain that the work is resting
evenly on the parallels, tap it lightly with
a lead hammer, then tighten the vise screw

throw the work out of alignment and frequently
are the causes of spoiled work.

CAUTION: Before starting the shaper be sure the
head of the ram will clear the work at all points.

It is recommended that beginners inform

themselves about the shaper before attempting
to operate it by reading Unit 36.

PROCEDURE FOR ROUGHING CUT

until the work is held securely. Strips of
thin paper under the corners of the stock
will aid in determining when the stock is
resting on the parallels. If one or more
of the strips of paper is loose, the stock

1. Examine the work to make sure there are : . .
10 burrs or bumps on the surface. If any is not resting on the parallels at that point.
are found, remove them by carefully chip- CAUTION: To avoid springing the work, do
ping or filing. not draw the vise too tightly when clamping thin

2. Examine the jaws and bottom of the vise or very wide stock.
and remove any burrs, chips or other .
foreign matter found. . Select.a suitable, correctly ground, sha}'p

3. Select parallel bars of suitable width, roughing tool, u§ually a roundnose, A, Fig.
thickness and length, Fig. 188. The use of 189. B and C, Fig. 189, represent left- and
two parallel bars is recommended when- right-hand roundnose tools.
ever they can be employed. When condi- Insert the tool in the holder or the tool
tions are such that two bars cannot be em- post, placing it as close to the bottom of the
ployed, use one if at all possible. tool block or clapper as the nature of the

4. Open the vise to accommodate the work,
then place the parallel bars on the bottom
plate of the vise.

5. Place the work flat on the parallel bars in

the center of the vise, Fig. 188. Locate the
work centrally whenever possible so as to
avoid unnecessary strain on the vise, To
save cutting time, turn the work so that
the longest stroke possible may be taken.
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14.

15.
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work to be performed will permit. Incline
the tool slightly (2° or 3°) away from the
work, Fig. 190, then clamp it securely. In-
clining the tool will protect the cutting
edge, because on the return stroke, the tool
block swings up and carries the tool a
short distance away from the work.

CAUTION: Be sure the tool block works freely
and that it seats itself properly against the bot-
tom of the clapper box.

Adjust the table until the part of the work
to be machined is at the level of the point
of the tool.

Determine the cutting speed desired, Unit
38, and adjust the machine accordingly.
Adjust the shaper for the length of stroke
desired, Unit 39. The stroke should be
about 4 to 4 of an inch longer than the
work,

Next adjust the position of the ram. This
is done by loosening the clamping lever at
the rear of the ram, then moving the vi-
brating arm forward as far as possible.
Place the hand crank on the ram position-
ing screw, near the head of the ram, and
move the ram forward until the cutting

tool is about } of an inch ahead of the front 1.
edge of the work. Then tighten the clamp-
ing lever at the rear of the ram. 9
Move the ram back to the end of the return 3
stroke.
With the hand cross-feed screw, Fig. 174,
move the table until the work is within 4.
of an inch of the side of the cutting tool.
With the down feed crank on the head of 5.
the ram, lower the cutting tool until it is
in a position to make a cut of the depth

UNIT 41

16.

17.
18.

19.

20.

21.

desired. When cast iron is to be machined,
set the tool to make a cut about § of an
inch in depth. This will put the point of
the tool well below the scale on the metal.
Check to make certain the tool is tight in
the holder and the work secure in the vise.
The automatic feed should not' be engaged.
Engage the clutch lever, Fig. 173.

At the end of the first return stroke, feed
the work toward the cutter by giving the
feed crank one-fourth of a turn to the
right. Start turning the crank as soon
as the ram starts on the return stroke.
After two or three strokes have been
completed, stop the machine and examine
the work. Make adustments if necessary.
Engage the automatic feed knob, or lever,
Fig. 174, and start the machine. The auto-
matic feed should operate at the end of
the return stroke. If it is set to operate
at the end of the forward stroke, the tool
will drag on the return stroke, damaging
the cutting edge.

When the surface has been planed, stop
the machine and remove the cutting tool.

PROCEDURE FOR FINISHING CUT

Select a suitable finishing tool, usually one
with a rather broad, slightly curved cut-
ting edge. Be sure the tool is sharp.
Mount the tool in the tool post or holder.
With the down feed crank, adjust the ma-
chine to take a light cut, about .003 or .004
of an inch.

Proceed as above in steps 16 to 21 in-
clusive,

When the work has been completed, clean
the machine and return the equipment to
the place where it is kept when not in use.

HOW TO SQUARE RECTANGULAR STOCK WITH A SHAPER

Frequently it is necessary to machine stock
on all surfaces. In many instances this may be
done with horizontal cuts only. In other cases
a combination of horizontal and vertical cuts
will be found most advantageous.

PROCEDURE

1.

Grip the stock in the shaper vise securely
and plane one surface true, See Unit 40.

2.

Place the planed surface of the stock
against the solid jaw of the vise, then in-
sert a round rod between the work and the
movable jaw, Fig. 191.

A round rod is used to avoid change in
the position of the stock caused by move-
ment of the movable jaw or unevenness
of pressure exerted against the work.
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FIG. 191. ROUND ROD BETWEEN WORK AND MOVABLE
JAW OF VISE

FIG. 192. TESTING VERTICAL PLANE OF WORK

3. Tighten the vise screw. Then, with a try
square, test to see if the work is standing
in a vertical plane, Fig. 192.

4. Machine the edge as in step 1.

5. Release the vise and turn the work around
with the machined edge down and the

FIG. 193. MACHINING THE END OF A LONG PIECE

planed surface against the solid jaw of
the vise.
6. Proceed as when machining the first edge.

7. Next place the work on parallel bars with
the first machined face down, as in Fig.
193. Then proceed as in step 1.

8. To machine the end, stand the stock ver-
tically in the vise. Test with a square. Then
proceed as when planing the edge, steps
2, 3 and 4.

9. Plane the second end in a similar manner.

When the stock is quite wide or long it
may not be practicable to machine it when
it is standing vertically in the vise. In such
cases adjust the vise and move the stock
until one end projects a short distance
beyond the jaws of the vise, Fig. 193. Then
machine the end as when making vertical
cuts. See Unit 42.

UNIT 42

HOW TO MAKE VERTICAL AND ANGULAR CUTS WITH A SHAPER

A vertical cut usually is made when cutting
a groove, a tongue, a shoulder or a keyway,
and, occasionally, when planing the end of wide
stock. An angular cut is made when cutting
dovetails or bevels on the edges or ends of
work. When such cuts are being made, the down
feed is used.

Angular cuts may be made by setting the
head of the shaper at an angle corresponding
to the angle to be produced on the work or by
setting the work at an angle and then machin-
ing it in the usual manner. Commonly used
devices for holding the work at a given angle
are angle plates which have various degrees of
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angularity and degree parallels. The latter are
similar to ordinary parallels except that one
face is machined at an angle,

Ordinarily, such operations as planing a true
surface on at least one side and of squaring the
ends and edges of stock, are performed before
vertical or angular cuts are attempted.

PROCEDURE FOR MAKING VERTICAL
curTs

1.

Lay out and mark the point or points
where the cut is to be made in the stock.

Place the stock flat on parallels in the vise
or on the shaper table, and clamp it se-
curely. Before taking the final turn on the
vise clamping screw, it is good practice to
strike the work a light blow with a lead
hammer.

With the down feed crank, draw the tool
slide up as far as the nature of the work
will permit. In this way the tool will have
the optimum support from the ram
throughout the operation and vibration
will be reduced to a minimum.

Select a suitable, sharp tool. Grind it if
necessary.

Usually a squaring tool, A, Fig. 194, or
a cut off tool, B, Fig. 194, is used for cut-
ting narrow grooves, shoulders, or key-
ways. When cutting a narrow groove, for
example, 1 of an inch, it is good practice
to select a tool which will make a cut of
the width desired at one stroke. A side
tool, C, Fig. 194, is sometimes used for
cutting shoulders.
Insert the cutting tool in the holder and
tighten the clamping screw.

When cutting narrow grooves, do not
swivel the clapper box. On the other hand,
when cutting wide grooves or shoulders

SHAPER TOOLS

the clapper box should be swiveled through
15° to 20°, Fig. 195. This will give the tool
clearance on the return stroke, as the tool
block will then swing out and up.

When swiveling the clapper box, always
swing the top of the boxr away from the
surface on which the cut is to be made.

FIG. 195. CLAPPER BOX SWIVELLED TO CUT WIDE
GROOVES

10.

11.

12.

13.

Adjust the table until the part of the work
to be machined is at the level of the tool.
Determine the length of stroke required.
Adjust the stroke control so as to produce
the length of stroke required. See Unit 39.
Loosen the clamping lever at the rear of
the ram, then with the hand crank en-
gaged with the ram positioning screw, ad-
vance the ram until the cutting tool is
about 1 of an inch beyond the cut.

Lock the ram in this position by tighten-
ing the rear clamping lever.

Move the ram back to the starting point
of the cutting stroke.

With the down feed crank, lower the tool
slide until the point of the tool is about
.002 of an inch below the work surface.

CAUTION: When machining cast iron be sure
that the cut is sufficiently deep to penetrate
about } of an inch below the scale.

With the feed crank, move the work table
until the point on the work at which the
cut is to be made is correctly aligned with
the cutting tool.
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14.

16.

16.

17.

18.

19.

20.

21,
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Re-check the position of the work with
respect to alignment with the tool, then
make certain that the tool is fastened
securely in the holder gnd that the clamp-
ing lever on the ram is tight.

Determine the correct cutting speed, then
adjust the machine to produce the speed
desired. See Unit 38.

Start the machine by engaging the driving
mechanism.

At the end of the first return stroke, stop
the machine and examine the cut for loca-
tion. If the cut is not correctly located,
make the necessary adjustments.

With the down feed crank, lower the head
about .004 of an inch and again start the
machine.

Repeat step 17 until two or three addi-
tional cuts have been made, then again
stop the machine and check the position of
the cut. Make adjustments if necessary.

When the machine has been set correctly,
continue with the repeated cuts until the
work has been machined to the depth de-
sired.

After the machine has been correctly set,
somewhat heavier cuts may be taken.

When cutting a groove where more than
two series of cuts are necessary to produce
a groove of the width desired, make the
two outside cuts before attempting to re-
move the stock in the center.
When the cut is completed, clean the ma-
chine and return equipment to the place
where it is kept when not in use.

PROCEDURE FOR MAKING ANGULAR

1.

curs
Proceed as in steps 1 and 2 under “Proce-
dure for Making Vertical Cuts.”

FIG. 196. CUTTING AN ANGLE WITH THE SHAPER
HEAD SET AT AN ANGLE

2. With the down feed crank, draw the head
up as far as the nature of the work will
permit.

3. Loosen bolts holding the graduated swivel
plate, then revolve the head through the
number of degrees necessary to produce a
machined surface having the degrees of
angularity required, for example, 80°, Fig.
196.

4. When the head has been set at the angle
desired, tighten the bolts holding the
swivel plate.

5. Swivel the top of the apron away from the
surface on which the cut is to be made,
through 15 to 20 degrees.

6. Select a suitable, sharp tool. This may be
an angle cutting tool or a side tool.

7. Insert the tool in the holder and tighten
the clamping screw.

8. Proceed as in steps 6 to 21 inclusive, under
“Procedure for Making Vertical Cuts.”

UNIT 43

HOW TO CUT KEYWAYS AND OTHER STOP CUTS ON A SHAPER

When cutting keyways, slots and recesses, it
is often necessary to stop the cut somewhere in
the metal. Under this condition the chips are
not completely severed at the end of the stroke.
With repeated cuts these pile up at the closed

*

end of the groove and eventually put such a
strain on the tool that it breaks. In practice,
piling up of the chips at the terminal end of the
cut is overcome by drilling a hole at the closed
end. When both ends are closed a hole is drilled
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at each end of the groove. The hole at the end holes at each end of the keyway, B, Fig.
where the cut starts makes possible the entry 198. Be sure to drill in the waste stock and
of the cutting tool and a full cut throughout make each hole the same depth as the
each stroke. depth of the keyway.

6“ 3
PROCEDURE FOR CUTTING A KEYWAY 3. Proceed as under “Procedure for Cutting a

WITH ONE CLOSED END Keyway with One Closed End,” except that
1. Locate and mark the length of the keyway the stroke must be set so as to begin and
on the stock, Fig. 197. end at about the center of the drilled holes,

2. At the closed end of the keyway drill a Fig. 198.

hole having the same diameter as the width
of the keyway. The bottom of -the hole
should not be deeper than the depth of the
keyway, one-half the thickness of the key
at the edge of the keyway.

3. Place the work on a parallel bar in the
shaper vise, with the marks up, Fig. 197.
Then tighten the vise screw. Be sure the
axis of the hole is aligned with the center
of the cutter.

FIG. 198. CUTTING A KEYWAY WITH BOTH ENDS CLOSED

PROCEDURE FOR CUTTING A KEYWAY
IN THE HUB OF A WHEEL
1. Locate and mark the position of the key-
way on the face of the hub.
2. Grip the wheel in the shaper vise. Be sure
the wheel is held vertically; test with a

square.

‘ : 8. Secure a suitable sharp tool. A tool similar

FIG. 197. CUTTING A KEYWAY WITH ONE CLOSED END to a boring bar often is used for this pur-

) . . pose, Fig. 199.

4. Proceed as in steps 3 to 21 inclusive, under 4. Insert tool in holder and fasten it securely.

Px:ocedure for Making Vertical Cuts, If the cut is made on the upper side, as

Unifh42. illustrated in Fig. 199, vibration will be

PROCEDURE FOR CUTTING A KEYWAY decreased. Regardless of whether the cut

WITH BOTH ENDS CLOSED is made from above or below, a very light

1. Locate and mark both ends of the keyway, cut should be taken, not more than .002 of
A, Fig. 198. an inch.

2. With a drill having the same diameter as 5. Adjust the table until the center of the
the width of the keyway, drill one or more position at which the keyway is to be cut
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FIG. 199. CUTTING A KEYWAY IN A WHEEL HUB

is exactly aligned with the center of the

FIG. 201.

CUTTING ONE END OF THE RECESS

taken across the closed end of the recess
toward the drilled hole, Fig. 201.

cutting edge of the tool. 5. Tighten the screw on the vise so as to hold

6. Proceed as when making vertical cuts, the stock securely.

steps 6 to 21 inclusive, Unit 42. 6. Select a sharp 1 inch cut off tool.
PROCEDURE FOR MACHINING A PAR.- 7. Proceed as under ‘“Procedure for Making
TIALLY ENCLOSED RECESS Vertical Cuts,” steps 5 to 20 inclusive,

1. Lay out the shape of the recess on the face Unit 42.
of the stock, A, Fig. 200. 8. Turn the piece around in the vise, Fig. 202,

2. Drill a hole about } of an inch in diameter and proceed as in step 7.
in the enclosed corner, B, Fig. 200. The If much stock is to be removed, the
hole should not be deeper at its extreme roughing and finishing cut may be made
than the depth of the recess. as in steps 7 to 20, Unit 40.

3. Select @ pair of parallel bars which are 9. Make the finishing cut as in steps 4 to 21
wide enough to hold the bottom of the inclusive as under “Procedure for Making
recess above the jaws of the shaper vise. Vertical Cuts,” Unit 42.

4. Place the stock on the parallel bars in the

vise in such a manner that a cut can be

FiG. 200. LAYOUT OF A PARTIALLY ENCLOSED RECESS FIG. 202. CUTTING THE SIDE OF THE RECESS

UNIT 44
HOW TO PLANE IRREGULAR SURFACES WITH A SHAPER

combination, the procedures used in making
horizontal and vertical cuts.

Ordinarily, machining irregular surfaces
with a shaper is merely a matter of using, in



1.

FIG. 203.

3.
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Lay out the shape on the end of the work,
A and B, Fig. 203, which when held in the
vise, will first come into contact with the
cutter.

Place the work on parallels (if practicable)
in the vise and tighten the screw.

LAYOUT OF IRREGULAR SURFACE FOR
SHAPING

FIG. 204. SPECIAL FORMING TOOLS

Secure a suitable sharp tool, usually a
roundnose; insert it in tool holder securely.

Sometimes a special forming tool is used
for machining irregular surfaces, for ex-
ample, A, B, C, D, Fig. 204. When a form-
ing tool is used, it usually is necessary to
take a lighter cut than is the case when
using a standard tool.

4.

10.

11.

Adjust the tool to start the cut at the high-
est point on the surface to be machined.
Adjust the stroke and speed of the shaper
in the usual manner.

Engage the table feed for a light cut.
Start the machine and on each return
stroke advance the tool, with the down
hand feed, sufficiently to take a cut of the
depth desired, A, Fig. 205. Each roughing
cut should follow the layout line closely.
When the entire surface has been rough
cut, secure a finishing tool, if necessary,
and mount it in the holder.

LN

FIG. 205. CUTTING AN

IRREGULAR SURFACE

Disengage the table feed if necessary. This
will frequently be the case because of the
necessity of taking more than one cut with
the tool in the same vertical position,

Starting at the high point on the surface,
take a light finishing cut, A, Fig. 205. If
on the first stroke the tool does not cut
quite to the layout, advance the down feed
slightly and repeat the stroke.

With a combination of slight table and
down feed adjustments continue machin-
ing the surface until it is completely ma-
chined to shape, B, Fig. 205.



. SECTION Vi

THE MILLING MACHINE AND ITS OPERATION

UNIT 45

THE MILLING MACHINE

A milling machine is a type of machine in
which the work is fed against a rotating cutter,
which is mounted on the revolving spindle of
the machine. The spindle speed may be varied
to accommodate cutters of various sizes, kinds
and shapes and for cutting various kinds of
metal. When desired, a number of cutters may
be mounted on the spindle arbor for the pur-
pose of machining several surfaces at the same
time. All milling machines except certain small
hand millers are provided with both hand and
automatic longitudinal and transverse (cross)
feeds. The table of most modern milling ma-
chines can be adjusted for height and some are
equipped with an automatic vertical feed. Most
standard machines are equipped with adjust-

Co.

A2,

Courtesy, Ci

innati Milling M
PLAIN MILLING MACHINE

FIG. 206.

(98)

able trip dogs which, when set at a particular
position, automatically stop the feed at the end
of the cut.

TYPES

There are many makes of milling machines
on the market. Generally, these may be classi-
fied under two types: the vertical adjustable
table type and the vertical adjustable spindle
type. A further classification is: Plain, Fig.
206; Universal, Fig. 207; and Vertical, Fig.
208. Fig. 208A shows a vertical machine being
used to mill a cam.

The plain type of milling machine is the one
most commonly found in school shops and in
most small commercial shops except where

" Courtesy, Cincinnatl Milling Mechise Co.
FIG. 207. UNIVERSAL MILLING MACHINE
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some specialty is being produced, which in-
volves some specialized operation which can be
performed most advantageously on a particular
type of machine, for example, the vertical
spindle type, Fig. 209. Attachments, which are
available and adaptable, greatly extend the
range of work that can be done on a plain type
of milling machine. These devices enable the ex-
perienced operator to perform on a plain mill-
ing machine many of the operations for which
the universal vertical spindle milling machine
is especially adapted.
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Courtesy, Clncllnncﬂ Milling Machine Co.
FIG. 208. VERTICAL MILLING MACHINE

"Courtesy, Cincinnetl Milling Machine Co.
FIG. 208-A. MILLING A CAM

The profiling machine is a special type of
milling machine or, as illustrated in Fig. 210, a
vertical milling machine with special attach-
ments. Its special feature is the use of a tem-
plate and tracer finger, by means of which the
cutter may be guided so as to follow a particu-
lar outline or profile. The table, on which the
template or master block is fastened, may be
moved by power or by hand. By keeping the

& . e
Courtesy, Cincinnat! Milling Machine Co.
FIG. 209. VERTICAL SPINDLE MILLING MACHINE

W
Courtesy, Cincinnat! Milling Machine Co.

FIG. 210, VERTICAL MILLING MACHINE WITH
PROFILING ATTACHMENT
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Courtesy, Cincinnati Milling Mochine Co.

FIG. 211. PARTS OF ‘A UNIVERSAL MILLING MACHINE

tracer finger constantly against the template
or master, as shown at the right, Fig. 210, work
corresponding to the profile of the template or
master is produced.

PARTS

As can be seen from Fig. 211, the milling
machine has many parts, the names and funec-
tions of which can be learned by observing the
illustration and reading the accompanying
descriptions,
SPEED

Most modern standard milling machines have
constant speed drive. Change in cutting speed
is accomplished through sets of gears mounted
in what is commonly called a gear box. By op-
erating the speed change levers at the front or
side of the machine, Fig. 211, the position of
the quick change gears may be altered (one set
thrown out of gear and another set brought
into operation) with a resulting change in the

speed at which the spindle rotates and a conSe-
quent change in cutting speed. Ordinarily, on
modern standard machines, sixteen different
speeds may be obtained by appropriately ma-
nipulating the speed change lever. Machines
designed to operate at high speeds have an even
wider range of speeds. On the newer types,
speed and feed changes can be made from either
the front or side of the machine. On the older
type of milling machine, two series of four
changes are provided through sliding gears and
the back gears mounted in the gear case; also
two series of four through sliding gears and the
clutch.

FEED

Change in the rate of feed is accomphshed
through a series of change gears whxch are
mounted in the feed-change gear box and op-
erated by a lever at the front or side of the
machine, Fig. 211. Change in the direction of
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feed is accomplished by means of a reversing
lever at the front of the machine.

Longitudinal, cross and vertical feeds are op-
erated by levers at the front of the machine.
These engage or disengage respective clutches
with the driving mechanism.

Some milling machines are equipped with an
automatic rapid power traverse. On machines
so equipped the table moves forward rapidly
until the cutter engages the work, then the feed
motion slows down to the feed desired for a
particular cutting speed. At the end of the cut
the table moves back rapidly to the starting
point, where the dircction of travel is reversed
and the table again moves rapidly forward.
Machines equipped with rapid power traverse
ordinarily can be adjusted to move rapidly to-
ward or away from the work cither to the right
or left, up or down, toward or away from the
column.

METHODS OF HOLDING WORK

There are many ways in which work may be
held while it is being machined on the milling
machine. The most common of these are by
means of (1) a special jig which accurately
locates the work in position for machining and
at the same time holds it securely in position by
means of clamping bolts, studs and screws, Fig.
212: (2) fastening the work securely to an
angle plate with clamps or bolts; (3) a plain
vise which is bolted to the table of the machine;
(4) a universal vise, which may be revolved at
any angle desired through a horizontal plane,
or which, by means of a hinged knee, may be

Coulfn);, Cnclnn [ Milling Ma:hln Ca.
FIG. 213. ENCLOSED DRIVING MECHANISM

Courtesy, Cincinnatl Milling Machine Co.
FIG. 214. OPEN DRIVING MECHANISM

tilted and held stationary at any angle from the
Courteny Clatinest! Milling Mochine Co. horizontal to the vertical; (5) supported be-
FIG. 212. MILLING WORK HELD IN A SPECIAL Jig  tween the centers of the dividing head; (6) the
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Caad e

Courtesy, Cincinnoti Milling Machine Co.
FIG. 215. CHANGE GEARS

work held in a chuck which screws onto the
spindle of the dividing head. Fig. 220 shows a
chuck.

SPIRAL MILLING

For milling spirals, a mechanism must be
employed which will cause the stock on which
the spiral is to be milled to rotate at a constant
rate as the cut advances. Such a mechanism is
an integral part of a universal milling machine.
Two forms of driving mechanism which can
be attached to a plain milling machine are
shown in Figs. 213 and 214, enclosed and open
types, respectively. Because of safety require-
ments, modern machines are being equipped
with the enclosed type. Differences in speed of
rotation are accomplished through interchang-
ing the change gears at the rear end of the
dividing head, Fig. 215.

A standard universal milling machine is
equipped with a dividing head driving mech-
anism with a lead of 2! to 100 inches. Lead
refers to the distance the cutter travels in a
longitudinal spiral along the face of the work
in the course of one complete revolution of the
work about its axis. Leads from 4 of an inch
to 100 inches can be achicved by the introduc-
tion of special change gears or, as in some
cases, an auxiliary reducing gear bracket.

UNIT 46
MILLING MACHINE ATTACHMENTS

In addition to the attachments which are fur-
nished with a milling machine as standard
equipment, many special devices are available,
the use of which greatly extends the range of
work that can be done conveniently and effec-
tively on a plain, a universal or a vertical mill-
ing machine. Some attachments, for example, a
universal vise, quick change adapters and a uni-
versal dividing head, make setting up of work
a simple process, or, by use of adapters, enable
the operator to change from one type of opera-
tion to another in a few seconds.

VISES

Three types of vises are available: plain, Fig.
216A; swivel, Fig. 216B; and universal, Fig.
216C. Plain vises may be bolted to the table of
the milling machine in the position shown in
the illustration, they may be turned so that the
faces of the jaws are parallel with the face of
the column, or they may be bolted with the jaws
at some desired angle to the face of the column,
Swivel vises generally resemble the plain type,

Courtesy, Clincinnat]
FIG. 216-A. PLAIN VISE

BRI b ) O R o y
Courtesy, Cincinnatl Milling Mechine Co.
FIG. 216-B. SWIVEL VISE
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Courtesy, Cincinnati Milling Machine Co.

FIG. 216-C. UNIVERSAL VISE

Courtesy, Cincinnati Milling Machine Co.
FIG. 217. ARBORS, COLLETS AND ADAPTERS

Courhcy Clnclnnati Mllllng Machine Co.
FiG. 218, CHANGING ADAPTER AND TOOL

but can be swung, on a graduated base, at any
angle desired in a horizontal plane. Universal
vises are particularly adapted for holding work

Courly, Cincinnati Milling Machine Co.
FIG. 219. DIVIDING HEAD

that is to be machined at a double angle. They
are mounted on swivel bases that can be moved
through 360° in a horizontal plane. Vertically,
they can be swiveled through 90°. Universal
viges are particularly adapted for holding small
work on which work is to be done at various
points and at different angles.

Courtesy, Clncfn Illlnq Machine Co.
FIG. 220, CHUCK

ARBORS, COLLETS AND ADAPTERS

These devices, Fig. 217, if carefully selected,
enable the operator of the machine to use a
wide range of sizes and shapes of standard and
special cutters. Furthermore, they make it pos-
sible to change quickly from one type of opera-
tion to another without having to reset the
work, Fig. 218. ‘
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DIVIDING HEAD these machines that ordinarily requires the
This device, Fig. 219, is frequently called an services of a vertical miller.

indexing head. It is designed principally for

holding work between centers; however, a

chuck, Fig. 220, which screws onto the nose of

the head spindle, further extends its useful-

ness and adaptability.

HIGH SPEED ATTACHMENT

This piece of apparatus, Fig. 222, is partic-
ularly advantageous for machining work where
small cutters running at high speed can be
used. The attachment illustrated can be used on
VERTICAL MILLING ATTACHMENT a plain or universal miller. It is mounted on a

This attachment, Fig. 221, when mounted on
the spindle of a plain or universal miller, en-
ables the operator to perform work on one of

A
Courtesy, Cincinnat! Milling Machine Co.

Courtesy, Cincinnat! WI"M Machine Co. FIG. 223. UNIVERSAL SPIRAL ATTACHMENT
FIG. 221. VERTICAL MILLING ATTACHMENT

Courtesy, Cincinnat! Milling Machine Co.

Courtesy, Cinclanat! ”llnn Machine Co. FIG, 223-A. USING A UNIVERSAL SPIRAL ATTACHMENT
FIG. 222, HIGH SPEED ATTACHMENT TO MILL RACK TEETH ’
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Courtesy, Cincinnati Milling Machine Co.
FIG. 224. SLOTTING ATTACHMENT

1 Milling Machine Co.

Courtesy, Ci.

FIG. 225. GEAR CUTTING ATTACHMENT

graduated swivel base which permits the cutter
to be set at any angle desired in a plane parallel
with the face of the column.

"

UNIVERSAL SPIRAL ATTACHMENT
This device, Fig. 228, is particularly useful
when milling spirals, as the cutter can be set
to mill in a horizontal, vertical or angular plane.
Fig. 228A shows a spiral milling attachment
being used to mill teeth in a rack.

C

Courtesy, Cincinnati Milling Machine Co.

FIG. 226. CIRCULAR MILLING ATTACHMENT, HAND
FEED ONLY

Courtesy, Cincinnati Milling Machine Co.

CIRCULAR MILLING ATTACHMENT WITH
POWER FEED )

FIG. 227.

Courtesy, Cincinnati Milling Machine Co.
FIG. 227-A. CIRCULAR MILLING ATTACHMENT

SLOTTING ATTACHMENT

Although a special machine is designed for
this operation, such a machine frequently is
not available in school or small commercial
shops; consequently the machinist must devise
some other means of cutting slots. The attach-
ment illustrated in Fig. 224, when mounted on
the spindle of a milling machine, will perform
many slotting operations efficiently. The tool
slide can be swiveled at any angle through
360°, thus slotting can be done at any angle.
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GEAR CUTTING ATTACHMENT

With this attachment, Fig. 225, teeth may be
spaced quickly and accurately, and cut on spur
and bevel gears. In combination with the uni-
versal spiral attachment, Fi'g. 223, teeth may
be spaced and cut on helical gears and worm
gears.

MACHINING OF METAL

CIRCULAR MILLING ATTACHMENT

This piece of apparatus, Figs. 226 and 227,
enables the operator to perform work on
a plain milling machine which ordinarily re-
quires the services of a miller with a rotary
table. Fig. 227A shows a circular milling at-
tachment equipped with an indexing unit.

UNIT 47

MILLING CUTTERS AND HOLDERS

Standard milling cutters are made in many
shapes and sizes. A variety of cutters designed
for specific purposes may also be had, as for
example, a cutter for milling a particular kind
of curve or combination of curves on the edges
or some intermediate part of a piece of stock.
However, a capable and resourceful operator,
using a standard cutter, can perform econom-
ically and effectively many of the operations
for which special cutters are designed. Cutters
generally take their names from the operation
which they perform. Those commonly recog-
nized are: (1) plain milling cutters of various
widths and diameters, used principally for mill-
ing plain flat surfaces; (2) angular milling
cutters, designed for milling reamers, taps and
cutters; (3) face millers, used for milling flat
surfaces at right angles to the axis of the cut-
ter; (4) forming cutters, used for the produc-
tion of surface with some form of irregular
outline. For milling aluminum, cutters espe-
cially designed for that purpose are recom-
mended.

TEETH

Generally cutters are made with three types
of teeth: saw, formed and inserted. The saw
tooth is found on end mills, slitting cutters,
and on small plain milling cutters. The front of
the saw tooth type is parallel with a line drawn
from the point of the tooth through the axis.
The top of the tooth is given a slight clearance

" of 3 to 5 degrees.

™ The formed tooth cutter is used for cutting
an irregular outline, for example, the teeth on
gears. This type of cutter is machined to shape
and the stock at the rear of the cutting edge
backed off slightly to provide clearance. The
cutter is then hardened and tempered, after

which it is sharpened by grinding the front, or
face, of each tooth radially. A formed tooth cut-
ter cannot be used to make undercuts, that is,
to mill an arc of more than 180 degrees. Formed
cutters are used frequently in combination with

" cutters designed for plain or angular milling.

The teeth of the inserted tooth type of cutter
are made of high speed steel. They are inserted
in a cast iron or mild steel blank which has been
turned to size. This is a very economical type
of cutter, first, because the body is made of
an inexpensive material and second, because the
teeth when they become worn are easily re-
placed. Some cutters of this type have heat
treated alloy steel bodies. Cutters with such
bodies are more expensive but they have a
longer life period and retain greater accuracy.

Courtesy, Cincinnati Milling Machine Co.

FIG. 228. MILLING CUTTER WITH RAKED TEETH

The teeth on some milling cutters are made
with a rake, Fig. 228. When sharpening a raked
tooth, care should be taken to maintain approx-
imately the same amount of rake, except that
the angle of rake should be very slightly de-
creased with subsequent grindings. This is done
to avoid weakening the teeth at the base. Giving
a tooth rake increases the angle of keenness,
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4
Courtesy, Cincinnati Milling Machine Co.

FIG. 229. MILLING CUTTERS

which is an advantage in performing certain
operations and cutting certain metals and
alloys.

.PLAIN MILLING CUTTERS

This is the most common form of milling
cutter, A, Fig. 229. It is cylindrical and has
teeth cut or inserted in the periphery (front).
When plain milling cutters are over § of an
inch wide on the face, the teeth are cut on a
spiral or inserted at an angle. The advantages
of this are: (1) a shearing cut is produced; (2)

r " g
AT i 4

‘Courtesy, Cincinnatl Milling Machine Co.
FIG. 230-A. END MILLS

less power is required to operate when starting
the cut; (3) the tendency to chatter is reduced;
(4) a smoother finish is produced. The teeth of
very wide cutters frequently are notched at
intervals. This breaks up the chip and makes
it possible to use a coarser feed,

2.SIDE MILLING CUTTERS

These cutters, R, Fig. 229, are similar to
plain milling cutters except that the teeth have
cutting edges on each side as well as on the
periphery.

“ SLITTING CUTTERS

These are thin cutters, resembling an or-
dinary circular saw, C, Fig. 229. As the name
implies, they are used for cutting off or slitting
metal and sometimes for cutting very narrow
grooves. Slitting cutters are hollow ground,

Courtesy, Cincinnat! Milling Machine Co.
FIG. 230-B. FACING CUTTER

A

Courtesy, Cincinnatl Milling Machine Co.
FIG, 230-C. END SHELL MILL
FIG. 230-D. T.SLOT CUTTER
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made thinner toward the center, to provide
clearance.

END MILLS

The most common form of end mill has a
tapered shank which fits the tapered hole in
the spindle, Fig. 230A. End mills have teeth
both on the periphery and the end. They are
made in many sizes and shapes. When end
mills are over 2 inches in diamcter they gen-
erally are made with standard removable
shanks on which is milled a short tongue which
engages the cutter and prevents it from re-
volving on the shank. End mills are used to per-
form a wide variety of work, for example, cut-
ting shoulders, keyways, slots and for making
certain facing cuts.

-FACING CUTTER

This is a special form of end mill and is de-
signed for mounting on the nose of the spindle,
Fig. 230B. This form of tool, because of its
proximity to the spindle bearing, is admirably
suited for work requiring a high degrec of ac-
curacy. Fig. 230C is an end shell mill.,

T-SLOT CUTTER

This is an end mill designed especially for
cutting T-slots, Fig. 230D. To provide clear-
ance, every other tooth on a T-slot cutter is
machined off on alternate sides.

Courtesy, ’CIncInnaH Milling Mechine Co.
KEY SEAT CUTTERS

FIG. 231,
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T. KEY SEAT CUTTERS

These cutters are especially designed for cut-
ting keyways for Woodruff keys, A, Fig. 231.
B, Fig. 231, is a keyway cutter designed for
mounting on an arbor. Both types can be had
in a number of standard sizes.

“.FORMED CUTTERS

These may be had in great variety, for ex-
ample, with teeth ground at a single or double
angle, convex or concave, Fig. 232, Formed
cutters are used for cutting teeth on gears,
reamers and taps and {for shaping stock.
Formed cutters for specific jobs can be had on

Courtesy, Cincinnati Milling Machine Co.

FIG. 233. SPECIAL FORMED CUTTERS

Courtesy, Cincinnat! Milling Mechine Co.

FIG. 232, STANDARD FORMED CUTTERS
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Courtesy, Cincinnati Milling Machine Co.
FIG. 234, CUTTER MOUNTED ON NOSE OF SPINDLE

Courtesy, Cincinneti Milling Machine Co.
FIG. 235. MILLING ARBORS, COLLETS AND ADAPTERS

Courtesy, Cincinnan Mllllr.w Machine Co.
FIG., 236. SHARPENING SAW TOOTH MILL

order from manufacturers of milling cutters.
Fig. 288 shows some typical formed cutters.

MEANS OF HOLDING CUTTERS
Four means of holding milling cutters are
generally employed: (1) by mounting them

-

Courtesy, Cincinnati Milling Machine Co.
FIG. 237. SHARPENING FACE OF TEETH OF SHELL END
MILL

HOUSING

Courtesy, Cincinnati Miiling Moachine Co.
FIG. 239. GRINDER FOR MILLING CUTTERS

on the nose of the spindle, Fig. 234; (2) by
means of a shank inserted in the spindle hole;
(3) by means of collets and adapters; (4) by
mounting them on a milling arbor, Fig. 235.

SHARPENING CUTTERS

The teeth of milling cutters should be kept
sharp for optimum (justifiable) production
and wear. Cutters with saw or inserted teeth
are sharpened by grinding away a little of the
land on the periphery of the tooth at the rear
of the cutting edge. (See Figs. 286, 237 and
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238.) When performing this operation, take
care to maintain the proper clearance. A clear-

Courtesy, Cincinnati Milling Machine Co.
SHARPENING SPIRAL MILL

FIG. 238.
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ance of 6 to 7 degrees is recommended for cut-
ters under 3 inches in diameter and of 5 de-
grees for those over 3 inches in diameter. End
and side teeth are ground with less clearance,
approximately 2 degrees. Formed teeth are
sharpened by grinding the front of each tooth
radially, Fig. 243. If the tooth is ground other
than radially (parallel with a line from the
point of the tooth through the axis of the cut-
ter) the ground tooth will not be the proper
shape.

A grinder designed for grinding milling cut-
ters is recommended, Fig. 239. Inexperienced
persons should not attempt to grind cutters
without competent instruction and supervision.
Milling cutters are expensive and may be very
easily damaged by inaccurate and improper
grinding.

UNIT 48

CALCULATING CUTTING SPEED ON A MILLING MACHINE
AND DETERMINING RATE OF FEED AND THICKNESS OF CHIP

The cutting speed of a milling cutter is the
speed in feet per minute that a given tooth on
the circumference of the cutter moves forward.
To find the cutting speed in feet per minute it
is necessary to know the circumference of the
cutter and the number of revolutions it makes
per minute. Thus it can be seen that the smaller
the cutter the faster it must revolve in order
to cut at a given rate per minute. However,
the size of a milling cutter is never given in
terms of its circumference but rather in terms
of its diameter. Hence, to find the circumfer-
ence, one must multiply the diameter of the
cutter by = or 3.1416.

Research and experience have shown that,
when a carbon steel tool is used, the most effec-
tive cutting speeds for the following metals
are:

Annealed tool steel 20 to 80 feet per minute

Mild steel 30 to 40 feet per minute
Cast iron 40 to 60 feet per minute
Brass 80 feet per minute

When a cutter with teeth made of high speed
steel is used, the above rates may be at least

doubled. The cutting speeds given above, or
double those speeds when using high speed cut-
ters, are regarded as standard. The cutting
speed in feet per minute being known for a
particular metal, the problem then becomes
one of determining how many revolutions per
minute a cutter of a given size must revolve to
produce the cutting speed desired. Assuming
the problem to be the machining of a piece of
annealed tool steel for which the standard cut-
ting speed is 25 feet per minute, and that the
diameter of the cutter is 4 inches, then,

Cutting speed in feet X 12

RPM = x X diameter of cutter In inches
1
CS X & _ CS
33416 X D .26D approx.
2618

The value .2618, or approximately .26, ob-
tained by dividing 8.1416 by 12 is a constant
by which the diameter of any cutter may be
multiplied, thus simplifying the formula to
CS

RPM = 36D
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Substituting the values given above,

25 25

RPM = =5 X 4 1.04 ~ 24.

Twenty-four, then, is the number of revolu-
tions of a 4 inch cutter required to produce a
cutting speed of 25 feet per minute. On mod-
ern milling machines the problem is simply one
of adjusting the speed change lever or levers
to the position nearest 24 on the speed index
plate.

Always avoid excessive speed, as too much
speed frequently causes the teeth of the cutter
to become dull more quickly than would be the
case if run at a lower speed.

RATE OF FEED

Feed is the amount that the work advances
with each succeeding stroke of a given tooth
on the cutter. The common practice is to speak
of feed in terms of inches per revolution of the
cutter. On most milling machines the correct
feed for a given cutting speed is indicated on
a plate attached to the machine near the speed
and feed change levers,

Factors determining the rate of feed are the
depth of cut, the width of cut, the diameter of
the cutter, the number of teeth in the cutter,
the speed at which the cutter revolves, the man-
ner in which the cutter is held, the power of
the machine, and the rigidity of the machine
and of the work. Accuracy cannot be achieved
if a heavy cut is taken on a machine lacking in
rigidity or on work the nature of which makes
it impracticable or in some instances virtually
impossible to eliminate vibration.

When one has taken all of the above factors
into account, the setting of the machine to feed
at the rate desired is merely a matter of adjust-
ing the feed change levers to the position de-
sired as indicated on the feed index plate, for
example, 1 inch per minute,

The normal rate of feed may be approxi-
mately doubled when a cutter having teeth of
high speed steel is used, because the rate of
cutting is doubled when cutters of this type
are used.

Generally, at least two cuts will be required
to finish Work satisfactorily, a roughing cut
and a finishing cut. In making these respective
cuts the usual practice is to take a heavy rough-
ing cut using as rapid feed as the cutter will

stand without ‘overheating when a liberal
amount of a suitable coolant is applied and
without causing excessive vibration. The finish-
ing cut is usually a light one, ordinarily about
.005 of an inch, using a finer or slower feed.

DIRECTION OF FEED

Usually the work is fed in the opposite direc-
tion to the rotation of the cutter. The reasons
for this are: (1) the tooth does not come into
contact with the scale on the surface of the
metal but rather breaks through from below;
(2) the normal back lash in the feed screw is
taken up in resisting the force of the cut, which
prevents any tendency to gouge into the work.
Cutting off stock and milling narrow deep slots
are exceptions to this general practice.

THE CHIP

On a roughing cut the chip should be as heavy
as the machine, cutter and work will stand
without causing excessive vibration. A chip |
of an inch thick is considered a very heavy chip.
For the finishing cut a much lighter chip
should be taken. The feed should never be
stopped before the cut is finished. If the feed is
stopped a slight groove will be milled into the
surface of the work, Fig. 240; this can be re-
moved only by taking another cut. The groove
results from the fact that it is practically im-
possible to grind or mount a cutter on a mill-
ing machine so that it will run perfectly true.
This means that some teeth on the cutter cut
slightly deeper than others; this accounts for a
groove being cut into the metal when the feed
is stopped.

FIG. 240. FINISH THE CUT BEFORE STOPPING THE FEED
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. UNIT 49

HOW TO GRIND AND WHET MILLING CUTTERS

Saw tooth shaped millihg cutters and plain
milling cutters are sharpened by grinding away
a little of the land back of the cutting edge on

the

periphery of the cutter. Formed milling

cutters are sharpened by radially grinding the
front of each tooth.

PROCEDURE FOR GRINDING SAW
TOOTH, PLAIN AND END MILLS

1.

2.

Select a suitable grinding wheel and mount
it securely on the arbor of the grinder.
Examine the wheel to make certain it is
running true and that the face is straight
and square with the side.

If necessary, secure a wheel dresser and
true the wheel.

Protect the eyes against flying particles
of the abrasive by using a shield or gog-
gles.

Attach the tooth grinding rest to the frame
of the grinder, A, Fig. 241. Set the top of
the rest from #; to 1 of an inch below the
axis of the wheel, depending on the amount
of clearance desired. For 1° or 2° set the
rest about % of an inch below the axis and
for 5° to 6° about 1 of an inch below.

in such manner that the tooth will be
ground with about 5° or 6& clearance. Do
not change the position of the axis of the
cutter with respect to the face of the
grinding wheel until all teeth have been
brought once into contact with the wheel,
then, if further grinding is necessary, ad-
vance the cutter slightly toward the face of
the wheel and continue grinding. If prac-
ticable, use a suitable coolant throughout
the operation.

Greater uniformity and accuracy of
tooth shape and clearance is achieved when
the cutter can be mounted and ground on
an arbor, as in Fig. 242,

Courtesy, Cincinnati Milling Machine Co.

FIG. 242. GRINDING A CUTTER MOUNTED ON AN ARBOR

PROCEDURE FOR GRINDING MILLING
CUTTERS WITH FORMED TEETH

FIG. 241. TOOTH GRINDING REST IN POSITION

Carefully read the part of Unit 47 which
deals with the sharpening of cutters.
Start the grinder, then place a tooth on
the tooth rest, A, Fig. 241.

Raise the rear of the cutter and advance
it until the land on the top of the tooth
comes lightly into contact with the wheel

. Select a suitable grinding wheel, usually

a dish type.

. Mount the wheel on the grinding arbor,

Fig. 243. Be sure the wheel is running true
and dress it if necessary.

. Mount the cutter between the index cen-

ters.

. Position the cutter with the front of the

tooth parallel to the side of the wheel.

. Adjust the dividing head for ﬂldexing the

number of teeth on the cutter, Unit 56.

. Start the machine and bring the wheel

into contact with the tooth of the cutter.
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, Courtesy, Cincinnati Milling Machine Co.
FIG. 243. GRINDING A CUTTER WITH FORMED TEETH FIG. 244. TAILSTOCK EQUIPPED WITH A CLEARANCE

. Lo . . SETTING DIAL
Continue grinding until there are no bright

b spots on the cutting edge.

"4, Index for the next tooth and grind it.
8. Grind all teeth as in steps 6 and 7.

9

Remove the cutter and return equipment
to the place where kept when not in use.

PROCEDURE FOR WHETTING MILLING
MACHINE CUTTERS
1. Proceed as when whetting lathe cutters.

PROCEDURE FOR GRINDING SPIRAL
MILL CUTTERS

Spiral mills should be mounted on an arbor
held between centers. Otherwise, it is very
difficult to achieve uniformity and accuracy of
tooth shape and clearance.

% #

Courtesy, Cincinnati Milling Machine Co.

1. Select a suitable grinding wheel and mount FIG. 245. GRINDING A SPIRAL MILL
it securely on the arbor of the grinder.

2. Mount the cutter on a suitable arbor and 5. Advance the mill slowly across the face of
place it between the centers of the grinder. the wheel, Fig. 245, being sure to main-
Sometimes a grinding attachment which is tain the desired angle of clearance through-
mounted on a lathe is used for this type out the operation. Continue grinding until
of tool grinding. the wheel has passed across the length of

8. Advance the grinder or the work, as the the cutting edge. If practicable use a suit-
case may be, until the mill is in position for able coolant freely. Grind other teeth in a
grinding. similar manner before advancing the cut-

If the tailstock is equipped with a clear- ter toward the wheel. .
ance setting dial, as in Fig. 244, adjust 6. If necessary, adjust the {nachxne for a
the dial for the degree of clearance desired; second cut and proceed as in step 5. Con-

see graduations at the top of the dial. tinue until all teeth have been ground.

4. Start the grinder and bring the mill into PROCEDURE FOR GRINDING CUTTERS
contact with the grinding wheel, with the WITH INSERTED TEETH
cutting' edge of the tooth slightly below Milling cutters of this type may be ground
the axis of the wheel. - as under Procedure, Grinding Saw Tooth, Plain

-
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and End Mills; however, a more accurate job
can be done with the grinder attachments illus-
trated in Figs. 246 and 247.

1. Select a suitable grinding wheel and mount
it on the arbor of the grinder.

2. Examine the wheel to make certain that it
is running true and that the face is straight
and square with the side of the wheel.

8. Mount the cutter in or on the spindle of
the headstock on the grinder, Fig. 246.

4. Move the headstock so that the work is in
the correct position for grinding.

5. Tilt the headstock so that the tooth will be
ground with the desired angle of clearance.

Courtesy, Clnclnncn Milling Machine Co.
FIG 246. CUTTER MOUNTED ON GRINDER HEADSTOCK

6. Start the machine and advance the mill
against the grinding wheel. Continue grind-
ing until the wheel has traveled completely
across the cutting edge.

7. Grind remaining teeth in a similar man-
ner, then if a second cut is necessary ad-
vance the cutter and proceed as in step 6.
Continue as in steps 6 and 7 until a keen
edge is produced on each tooth.

If the mill has teeth with more than
one cutting edge, the side cutting edge may
be ground as illustrated in Fig. 247. To
perform this operation requires but a
minor adjustment of the headstock.

Courtesy, Cincinneti Milling Machine Co.
FIG. 247. GRINDING THE SIDE CUTTING EDGE

UNIT 50

HOW TO MILL A FLAT FACE OR SURFACE
ON RECTANGULAR STOCK

Making a cut with a milling machine is a
very simple matter after the machiné has been
properly set and the work accurately and se-
curely fastened to the work table by means of
a vise, clamping bolts or other suitable device.
Skill in the operation of a milling machine is
principally a matter of knowing how to adjust
the machine to the correct cutting speed in feet
per minute for the particular metal to be ma-
chined; how to determine the correct rate of
feed per minute and set the machine accord-
ingly ; how to set up the work accurately, firmly

and securely on the table of the machine; how
to select a suitable cutter; how to mount the
cutter on the machine; and how to sharpen the
cutter when necessary.

PROCEDURE FOR ROUGHING CUT
1. Secure the desired stock, Fig. 248, then
with a file or grinder remove any burrs
or other foreign projections.
2. Select a sharp cutter of suitable shape,
diameter and width, preferably one not
greater in diameter than necessary to make
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e

1G. 248. LAYOUT FOR FLAT SURFACE MILLING

Courtesy, Cincinnati Milling Machine Co.'
FIG. 249. CUTTER FOR MILLING A FLAT SURFACE

the cut and that will extend the width of
the surface to be milled, Fig. 249. If the
cutter is dull, ask your instructor to show
you how to grind it. Never use a dull cutter
because of danger of spoiling the work or
permanently damaging the cutter.

Place a plain vise on the work table of the
milling machine. Locate the vise near the
rear of the table and as close to the column
as the work and the necessary collars on
the arbor will permit and still allow suffi-
cient clearance, then partially tighten the
bolts holding the vise on the table,

If necessary, slightly loosen the clamp-

ing screws on both the knee and saddle,
but be sure to tighten them before starting
the cut.
With a try square, align the stationary
jaw of the vise with the machined face
of the column, as in Fig. 260. Then tighten
the clamping bolts.

A higher degree of accuracy may be
achieved by placing a couple of test strips

L d

FIG. 251. TESTING SQUARENESS WITH DIAL INDICATOR

of tissue paper between the jaw of the vise
and the blade of the square as shown in
the illustration, and adjusting until both
are held with equal firmness. When greater
accuracy of setting is required, a dial in-
dicator, Fig. 261, is used.
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Select a pair of parallel bars of such width
that the work when placed upon them will
project above the jaws of the vise suffi-
ciently to give at least {; of an inch clear-
ance when the cut is made.
With a whisk broom or duster, carefully
remove all metal chips or dirt from the
bottom and jaws of the vise and from the
parallels.
Place the stock to be machined on the
parallels, then with the crank, tighten the
vise until it just grips the work. To seat
the stock firmly on the parallels, strike it
light blows near each end with a lead or
copper hammer. Then draw the vise tight
enough to hold the stock securely. If the
stock is rough the jaws of the vise should
be protected by placing pieces of heavy
paper, copper or brass between the work
and the jaws.

Long stock or large pieces may be
clamped directly to the table of the miller
with clamping straps and bolts, Fig. 252.

252, STOCK FASTENED WITH CLAMPING STRAPS
AND BOLTS

Select a suitable arbor and collars. When
selecting an arbor choose one as short as
the work and the necessary appurtenances
will permit. A short arbor reduces vibra-
tion.

Carefully and thoroughly wipe the shank
of the arbor with a piece of clean dry
waste, then wrap a small wad of waste
around the end of a bent scriber. Insert the
waste in the shank hole of the spindle and
give the scriber a few turns, thus remov-
ing chips or dirt from the recess.

10.

Insert the arbor in the spindle and place
one or more collars on the arbor, then the
cutter, and finally, sufficient collars to fill
the arbor just beyond the threaded part.

When placing the cutter be sure to turn
it so that the cutting edges of the teeth are
pointed in the same direction as the desired
rotation of the spindle, Fig. 253.

FIG. 253. CUTTING EDGES SHOULD POINT IN THE
DIRECTION OF ROTATION

11.

12,

13.

Milling machine spindles may rotate
either clockwise or counterclockwise. Cut-
ters should be placed on the arbor so that
if the cutter slips on the arbor the arbor
nut will be tightened. This means that the
direction of rotation is determined by the
kind of thread on the arbor, right or left
hand. Some cutters and arbors are so made
that the cutter can be keyed to the arbor.
When this is the case the cutter may be
rotated in either direction without danger
of slipping.

Place the nut on the arbor and draw it
tightly against the collar with the wrench.

Adjust the overarm and slide the arbor
bearing over the end of the arbor, or insert
the dead center into the arbor bearing and
advance it until it fits into the center hole
in the arbor, then fasten it in position.

Lock the overarm in position by tightening
the clamping bolts, or with clamping lever
if so equipped.
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With the crank or wheel for making longi-
tudinal adjustments, run the table back
until the work is under the center of the
cutter, Fig. 253.

With the vertical adjustment crank, raise
the table until the work is about .01 of an
inch away from the cutter.

With the longitudinal adjustment crank,
draw the table back until it just clears the
front of the cutter, then with the vertical
adjustment, raise the table an amount
equal to the desired depth of the cut plus
.01 of an inch.

When there is much stock to be removed,
it usually is necessary to take a rough and
a finishing cut. When this is the case, the
finishing cut should be much the lighter.
Determine the correct cutting speed for
the metal to be machined, as for example,
tool steel; see Unit 48.

By the speed index plate, set the speed
control levers so as to produce the cutting
speed desired.

Determine the correct feed for the work
to be done. See Unit 48.

FIG. 254. MAKING THE ROUGHING CUT

20.

21.

22.

23.

24,
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Refer to the feed index plate, then set the
feed control to produce the desired feed.

Start the machine; turn on the coolant,
then, with the hand feed, advance the work
until the cutter is just cutting its full
depth, Fig. 254, then, if necessary, stop the
machine, move the table until the work
clears the cutter, and test the depth of the
cut.

Note: Use a coolant freely with all milling
operations.

Make adjustments if necessary, then again
start the machine and immediately engage
the longitudinal automatic feed.

CAUTION: Do not stop the feed while the
cutter is revolving. To do so will cause an under-
cut or groove in the face of the work. This is
because: (1) at least one tooth on every cutter,
almost iavariably, is longer than the others and
as a result cuts deeper; (2) under normal cutting
conditions the work, because of pressure exerted,
has a tendency to spring away from the cutter
slightly, when the feed is stopped the pressure is
released, with the result that the teeth dig slightly
deeper into the metal leaving a groove which can
be removed only by taking another cut.

When the cut is completed, shut off the
power and remove the work, unless a fin-
ishing cut is to be taken.

CAUTION: Always lower the table slightly or
stop the machine before moving the work back
under the revolving cutter.

When through using the machine, remove
the cutter and arbor and clean them. Re-
turn parts to the place where they are kept
when not in use, then with a brush remove
all chips from the table and the machine.

PROCEDURE FOR FINISHING CUT

1

. Set the machine in the usual manner for

the depth of cut desired.

2. Proceed as in steps 21 to 24 inclusive.

. UNIT 51
HOW TO SQUARE STOCK WITH A MILLING MACHINE

Sometimes it is necessary to machine a piece

of rectangular stock to a specific thickness,
width and length. The sequence of operations
generally followed in performing this operation
is given below. This may be varied, and often
- is, to meet particular conditions or occasions.

-

PROCEDURE FOR MACHINING ONE

1.

BROAD SURFACE

Prepare the stock and mount a swivel vise,
if available, on the table of the miller, steps
1 to 7 inclusive, Unit 50.

Proceed as in steps 8 through 23, Unit 50.
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PROCEDURE FOR MACHINING THE 2. Proceed as under “Procedure, Machining

FIRST EDGE One of the Broad Surfaces,” steps 1 and 2,
1. Swing the vise through 90°, so that the inclusive.

jaws of the vise are parallel with the ma-
chined face of the cdlumn of the machine,
Fig. 255. If necessary, test for alignment
with parallel bars or other suitable means.

PROCEDURE FOR MACHINING THE
FIRST END
1. Again swing the vise through 90°. Be sure

2. Lay a suitable parallel at the bottom of the
vise, if needed, then place the machined
surface against the stationary jaw, pro-
tecting it, if necessary, with pieces of
heavy paper or sheets of copper or brass.

FIG. 255. STOCK IN POSITION FOR MACHINING
THE EDGE

3. Hold a piece of rod between the movable
jaw of the vise and the stock, A, Fig. 255,
then with the hand crank, draw the mov-
able jaw tightly against the rod. Be sure
to place the rod about half way between
the top of the parallel and the top of the
jaw.

4. Proceed as in step 2, under Procedure,
“Machining One of the Broad Surfaces.”

PROCEDURE FOR MACHINING THE
SECOND EDGE
1. Loosen the vise and turn the stock end for
end, being sure that the machined edge
lies flat on the bottom of the vise or the
parallel.

the jaws are parallel with the face of the
column,

Place one end of the stock on the bottom
of the vise or on the parallel, then with a
try square held against one edge test for
perpendicularity, Fig. 256.

FIG. 256. CHECKING FOR SQUARENESS BEFORE
MACHINING AN END

If the piece does not stand quite perpen-
dicular, place shims of paper or metal
under the low corner of the stock, then
test again. Continue making adjustments
until the machined edge is perpendicular
to the bottom of the vise. This is important,
otherwise the ends will not be at right
angles to the sides.

Proceed as under “Procedure for Machin-
ing the First Edge,” steps 8 and 4 in-
clusive.

2. Proceed as when machining the first edge.
PROCEDURE FOR MACHINING THE

PROCEDURE FOR MACHINING THE SECOND END

SECOND BROAD SURFACE :
1. Revolve the swivel vise back through 90°. 1. Turn the stock end for end and clamp it
secur€ly in the vise,

Make sure the jaw is perpendicular to the
machined part of the column. 2. Proceed as when machining the first end.
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UNIT 52

HOW TO FACE MILL STOCK

Face milling refers to the process of ma-

chining a surface at right angles to the axis
of the cutter. One form of facing cutter is
shown in Fig. 257. As can be seen, the teeth on
this cutter have two cutting edges. The function
of the cutting edges on the sides of the teeth is
to take a very light finishing cut, leaving a
smooth surface. The teeth must be kept sharp.

FIG. 257.

FACING CUTTER

PROCEDURE

1.

FiG. 288,

Select a suitable facing cutter and mount it
on the nose of the spindle of the milling
machine. If a cutter with a taper shank is
used, first select one of suitable shape and
size. Next clean the tapered hole in the
spindle and the shank of the cutter, then
ingert the shank in the hole. If the machine
is equipped with a draw-in bolt, insert the
bolt and draw the cutter into the recess.
Fasten an angle plate on the table of the
miller, be sure the face of the plate is
parallel with the machined face of the col-
umn. Test as in Fig. 2568.

CHECKING ALIGNMENT OF ANGLE PLATE

-

Frequently, a jig especially designed for
holding the work in the position desired is
used, in which case the fixture is clamped
to the table of the milling machine and the
work to the fixture.

With the longitudinal and hand cross feed,
advance the work until the cutter is in
position to make the cut.

With the vertical adjustment crank, raise
the table until the cutter is in position for
making a cut of the width desired.

Determine the correct cutting speed for
the metal to be machined, as, for example,
cast iron; see Unit 48.

By the speed irdex plate, set the speed con-
trol levers so as to produce the cutting
speed desired.

Determine the correct feed. See Unit 48.
Then by the feed index plate, set the feed
control levers so as to produce the rate of
feed desired.

With the spindle reverse mechanism, set
the machine so that the direction of rota-
tion will tend to press the work toward the
face of the table.

FIG. 259. MAKING THE FACING CUT
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9. Start the machine and with the longitu-
dinal hand feed, advance the work until
the cutter is cutting the depth desired, Fig.
259, then, if necessary, stop the machine
and test the width of the cut.

10. Make adjustments if necessary, then again
start the machine and immediately engage
the automatic longitudinal feed.

11. When the cut is completed, shut off the
power and remove the work.

If a second cut is necessary, be sure to
lower the table or stop the machine before
running the work back for the second
cut.

12. When through using the machine, remove
the cutter and clean it thoroughly, then re-
turn the cutter and other fixtures to the
place where kept when not in use. With a
brush, remove all chips from table and
other parts of machine.

UNIT 53

HOW TO MILL A CHAMFER OR BEVEL ON RECTANGULAR STOCK

Milling a chamfer or a bevel is merely a vari-
ation of straight milling such as discussed in
Unit 50. Ordinarily, work that is to be cham-
fered or beveled will have been machined to size
either by milling or planing. There are several
ways of holding the work at the angle desired
while it is being machined. Two commonly used
procedures are: (1) clamping the stock in a
universal vise; (2) holding the work in position
with a setting strip, a form of jig.

PROCEDURE WHEN USING A
UNIVERSAL VISE

1. Fasten the vise on the table with the sta-
tionary jaw parallel with the face of the
column,

2. Loosen the clamping bolt and raise the
outside of the upper part of the vise until
it registers the angle desired, as, for ex-
ample, 45°, then tighten the clamping bolt.

3. Place the work in the vise, Fig. 260, being
sure that one edge is resting flat on the
bottom of the vise or on a parallel ; protect
the machined surface if necessary.

4. Tighten the vise, then check to see that the
edge to be machined is parallel with the
face of the column.

5. Select ‘a suitable cutter and mount it on
the machine in the usual manner.

6. Make the cut, following the usual pro-
cedure.

7. Machine other edges in a similar manner.

FIG. 260. MILLING A CHAMFER WITH WORK HELD
IN A UNIVERSAL VISE

8. When the operation is completed, remove
the work, clean the machine and return all
appliances to the place where kept when
not in use.

PROCEDURE FOR USING A SETTING
STRIP '

1. Prepare a suitable setting strip or strips,
Fig. 261. If only one or a small number of
pieces are to be machined, the setting strips
may be made of hard wood, although metal
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is recommended because it can be machined
more accurately.

2. Clamp a plain vise on the table of the mill-
ing machine with the jaws either perpen-
dicular or parallel to the face of the column.

3. Place the setting strips in the vise and lay
the work upon them, being sure there are
no chips between the strips and the work.

4. Align the edge to be machined parallel
with the face of the column, then tighten
the vise.

5. Make sure the work is seated solidly on
the setting strips by tapping it lightly with
a lead or copper hammer.

6. Proceed as in steps 5 to 8 inclusive, under
Procedure When Using a Universal Vise.

If both sides of the piece are beveled,
prepare a second setting strip, for exam-

FIG. 261. MILLING A BEVEL WITH WORK HELD IN A ple, A, Fig. 261; then proceed as in steps
PLAIN VISE 3 to 6 inclusive.

UNIT 54

HOW TO MILL A SQUARE, A HEXAGON, OR SIMILAR SHAPES

Milling a square or other flat surface on stock and becoming lodged between the swivel
may be accomplished with the stock held be- block and the base plate.
tween the centers of the dividing head or held 6. Secure a suitable, sharp end mill, A, Fig.
vertically in the dividing head chuck. The latter 262. Clean the shank of the mill and the
is recommended when practicable. spindle hole thoroughly, then insert the

shank firmly in the spindle hole. If
equipped with a draw-in bolt, insert the
bolt and tighten with a wrench.

PROCEDURE FOR CUTTING A SQUARE
WITH AN END MILL

1. Place the dividing head on the table of the
milling machine and fasten it in position as
near the column as practicable.

2. Withdraw the stop pin in the index plate,
if necessary, then disengage the worm by
turning the knob or handle through a part
of a revolution.

3. Remove the dividing head center and re-
volve the head spindle to a vertical posi-
tion, Fig. 262.

4. Remove the nose guard and mount the
chuck on the spindle.

5. Insert the cap that closes the end of the
hole in the dividing head spindle. If a cap
is not available, put a little waste in the
hole.

The purpose of closing the hole is to pre-
vent chips from falling through the hole

E

FIG. 262. MILLING A SQUARE WITH AN END MILL
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7.

10.

11.

12.

13.
14.

16.
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Secure a piece of waste stock of approxi-
mately the same diameter or size as the
work to be milled and insert between the
jaws of the chuck. Draw the jaws tight
with the key wrench.

Assume that the stock has been turned
to 14 inches diameter and that a one inch
square section is to be milled on one end.
One inch subtracted from one and one-half
inches leaves one-half inch of stock to be
removed, or one-fourth from each side.

With the longitudinal feed, advance the
table until the cutter almost touches the
work, then with the vertical adjustment,
raise the work so as to take a cut about 3
of an inch in depth.

With the cross feed, move the table until
the stock is in such position that one-fourth
inch of stock will be removed from one
side of the work.

Start the machine and with the longitu-
dinal feed, advance the cutter and make the
cut. Use a cutting compound freely.

Stop the machine, then advance the table
until the cutter clears the work.

Revolve the direct index plate, on the front
of the spindle, through one-half turn, 180°,
or half the number of equally spaced holes
in any evenly spaced circle of holes, for
example, 20 or 24. Lock the plate in posi-
tion with the plunger pin located in the
head.

Start the machine and advance the cutter.

When the cut is completed, stop the ma-
chine, then accurately measure the distance
across the flats. If the work measures more
than one inch across the flats, feed the
table toward the column with the cross
feed half the amount the stock is oversize,
for example, half of #5 of an inch, and if
undersize, half the amount away from the
column.
When the machine has been set correctly,
remove the piece of waste stock and mount
the stock to be machined in the chuck, then
raise the table so as to make a cut of the
depth desired, providing the cutter is large
enough to remove the stock at one cut.

If the cutter is not large enough to re-
move the stock at one cut, then set it for

the first cut. After the first cut has been
made, set the machine for the second cut
and, if necessary, in turn for other cuts.

16. When the first flat has been completely
machined, withdraw the plunger and re-
volve the index plate through one-fourth
turn, then lock it in position with the
plunger pin.

17. Machine the second flat in a manner sim-
ilar to the first.

18. Continue as in steps 15 through 17 until
all four sides have been machined.

19. When the operation is completed, remove
the dividing head and cutter and clean
them, then return all to the place where
kept when not in use. With a brush, re-
move all chips from the table of the ma-
chine.

PROCEDURE FOR CUTTING A HEXAGON
WITH AN END MILL
1. Proceed as in steps 1 to 7 inclusive.

2. Assume the stock has been turned to 1§
diameter and that one end is to be milled
in the form of a hexagon which measures
one inch across the flats. One inch sub-
tracted from one and three-eighths leaves
three-eighths of an inch of stock to be re-
moved, or three-sixteenths from each side.

3. With the cross feed, advance the table un-
til the work is in such position that three-
sixteenths inch of stock will be removed
from one side.

4. Proceed as in steps 10 to 15 inclusive.

5. When the first flat has been completely
machined, withdraw the plunger located
in the dividing head, then revolve the di-
rect index plate through one-sixth turn and
lock it in position with the plunger pin.

6. Machine the second and subsequent flats
in a manner similar to the first.

7. Proceed as in step 19.

PROCEDURE FOR CUTTING AN OCTAGON
WITH AN END MILL

1. Proceed as under ‘“Procedure, Cutting a

Square with Stock Held Vertically in the
Chuck,” steps 1 to 7 inclusive.

Assume the stock has been turned to 1}

inches diameter and that a one and one-

fourth inch octagon is to be milled on one
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HOW TO MILL A SQUARE, HEXAGON, OR SIMILAR SHAPES

end. One and one-fourth inches subtracted
from one and one-half inches leaves one-
fourth of an inch to be removed, or one-
eighth inch from each side.

With the cross feed, move the table until
the stock is in such position that one-eighth
inch of stock will be removed from one
side of the work.

Proceed as under *“‘Procedure, Cutting a
Square with Stock Held Vertically in a
Chuck,” steps 10 to 13 inclusive.

Stop the machine and accurately measure
the distance across the flats. If the work
measures more than one and one-fourth
inches across the flats, feed the table to-
ward the column with the cross feed half
the amount the stock is oversize, for ex-
ample ., of an inch, and if undersize, half
the amount away from the column.

When the machine has been set correctly,
remove the waste stock and mount the
stock to be machined in the chuck.

Start the machine, and raise the table so
as to make a cut of the depth desired, then
make the cut.

When the first flat has been completely
machined, withdraw the plunger and re-
volve the direct index plate through one-
eighth turn, then lock it in position.
Machine the second flat in a manner sim-
ilar to the first.

Continue as in steps 7 and 8 until all eight
sides have been machined.

When the operation is completed, remove
all special attachments and clean both these
and the table of the machine.

PROCEDURE FOR CUTTING A SQUARE
WITH A PLAIN CUTTER

1.

Proceed as under “Procedure, Cutting a
Square, Using an End Mill,” steps 1 to 5
inclusive.

Secure a sharp plain milling cutter of
suitable size, also a cutter arbor and the
necessary collars.

Wipe the arbor, collars, sides of the cutter,
and the hole in the spindle with a piece of
clean waste.

Insert the arbor and mount the cutter as
close to the column as‘the work will per-
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mit, Fig. 263, then insert such collars as
necessary and draw them tight with the
nut.
Slide the overarm bearing over the end of
the arbor and clamp it in position, Fig.
263.

263. MILLING A SQUARE WITH A PLAIN CUTTER

Proceed as under “Procedure, Cutting a
Square Using an End Mill,” steps 7 to 19
inclusive.

PROCEDURE FOR CUTTING A SQUARE
WITH A STRADDLE MILL

1.

Proceed as under “Procedure, Cutting a
Square, Using an End Mill,” steps 1 to 5
inclusive.

Secure two sharp plain milling cutters of
suitable size, also an arbor and the neces-
sary collars.

Insert the arbor and mount the first cutter

" as close to the column as the work will per-

mit. Next select collars that will give the
desired width between cutters, for example,
one inch. Place these collars in position on

FI6. 264. MILLING A SQUARE WITH A STRADDLE MILL
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Cunosy, Cincinnati Milling Machine Co.

FIG. 264.A. CAP-TYPE ARBOR SUPPORT USED IN

STRADDLE MILLING

the arbor, then place the second cutter and
other necessary collars and finally the
clamping nut. Then draw the nut tight
and adjust the overarm.

Fig. 264A illustrates a milling machine
set for straddle milling. The cap type arbor
support permits removal of the arbor with-
out disturbing the position of the cutters.
An arbor support practically eliminates
vibration.

Center the cutter over the work and make
a trial cut in the usual manner, Fig. 264.
Then measure for size.

If the measurement is found to be in-
correct, adjustment for size is made by
inserting a wider or narrower collar be-
tween the cutters. Sometimes very thin
discs of metal or even paper are used to
achieve greater or less space between the
cutters.

When the machine has been set correctly,
mount the stock to be machined in the
chuck, then raise the table so that a cut
of the depth desired will be made.

Start the machine and make the cut, using
a cutting compound freely.

Revolve the direct index plate one-half
turn and make the second cut.

When the operation is completed, remove
and clean the cutter, arbor and index head
and return them to the place where kept
when not in use. Then, with a brush, re-
move all chips from the table of the mill-
ing machine.

PROCEDURE FOR CUTTING A HEXAGON

WITH A STRADDLE MILL

Proceed as under “Procedure, Cutting a
Square Using a Straddle Mill,” steps 1 to
6 inclusive.

Revolve the direct index plate one-sixth
turn and make the second cut.

Revolve the index plate another one-sixth
turn and make the third cut.

Proceed as under “Procedure, Cutting a
Square Using a Straddle Mill,” step 8.

PROCEDURE FOR CUTTING A SQUARE

WITH STOCK HELD

BETWEEN THE

CENTERS OF THE DIVIDING HEAD

1.

2.

Place the dividing head and tailstock on
the table of the milling machine, locating
them as close to the column as practicable.
Adjust the tailstock and mount the work
between the centers of the dividing head,

Fig. 265.

& SRR R

FIG. 265. CUTTING A SQUARE WITH STOCK HELD

3.

BETWEEN CENTERS

Select a suitable plain milling cutter or an
end mill, as preferred.
Mount the cutter in the milling machine.

With the cross feed, adjust the table so
that the axis of the work is under the
center of the cutter, if the cut is to be
made along the top of the work.

If an end mill is used, the cut may be
made along the top or along the side. When
the cut is made on the side, bring the axis
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15.

HOW TO MILL A KEYWAY OR SIMILAR GROOVE

of the work and the cutter into the same
horizontal plane, then with the cross feed,
adjust for depth of cut.

Measure the stock, then carefully calculate
the amount of stock to be removed from
each side.

With the vertical adjustment, raise the
table until the bottom of the cutter is just
even with the work.

Start the machine, then with the vertical
adjustment, raise the table until the cutter
just touches the work, then move the table
until the revolving cutter just clears the
end of the work.

Set the vertical adjustment micrometer
dial at zero, then raise the table an amount
equal to the amount of stock to be removed,
for example, ;% of an inch.

Feed the work toward the cutter and make
the cut. Be sure to use a cutting compound
freely.

At the end of the cut, stop the machine
and move the work back until it clears the
cutter.

Withdraw the plunger pin in the dividing
head and revolve the direct index plate
through one-half turn.

Again feed the work toward the cutter;
at the end of the cut, stop the machine and
move the work back.

With a pair of calipers or a micrometer,
measure the distance across the flats.

If the work is too large, raise the table
half the amount the stock is oversize and
take a second cut on both flat surfaces.
When the machine has been set correctly,
turn the index plate one-fourth turn and
machine the third side.

16.

17.
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Index one-half turn and machine the fourth
side.

When the operation is completed remove
and clean the dividing head, the cutter and
the arbor and return them to the place
where they are usually kept. With a brush,
remove all chips from the table of the ma-
chine.

PROCEDURE FOR CUTTING A HEXAGON

1.

WITH
CENTERS OF THE

STOCK HELD BETWEEN THE
DIVIDING HEAD
Proceed as under “Procedure, Cutting a
Square with Stock Held between the Cen-
ters of the Dividing Head,” steps 1 to 14
inclusive.

When the machine has been set correctly,
turn the direct index plate one-sixth turn,
then make the cut in the usual manner.
Continue indexing by one-sixth turns and
making the cuts until all six sides have
been machined.

Remove all special attachments;
them and the table of the machine.

clean

PROCEDURE FOR CUTTING AN OCTAGON

1.

UNIT 55

WITH
CENTERS OF THE DIVIDING HEAD

STOCK HELD BETWEEN THE

Proceed as under “Cutting a Square with
the Stock Held between Centers,” steps 1
to 14 inclusive.

When the machine has been set correctly,
turn the direct index plate one-eighth turn,
then make the cut in the usual manner. Use
a cutting compound freely.

Continue indexing by one-eighth turns and
making the cuts until all eight sides have
been machined.

Remove all special attachments;
them and the table of the machine.

clean

HOW TO MILL A KEYWAY OR SIMILAR GROOVE

A keyway or a similar groove may be cut
with a plain milling cutter, with an end mill,
with a cotter mill, or a special key cutter. There
are several ways in which the stock may be held
while the groove is being cut, the most common
of which are: (1) in a V-block; (2) in a vise;

(3) between centers in the index head; (4) in
the index head chuck.

PROCEDURE FOR CENTERING THE

CUTTER WITH STRAIGHT STOCK
1.

With the center head and square, scribe a
line on the end of the stock, Fig. 266.
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punch. This step is omitted when the
groove extends the entire length of the
work.

2. Place the stock in a V-block, or between
centers in the dividing head. If mounted
in a V-block, clamp the stock in position.
Be sure the axis of the work is parallel
with the face of the column.

3. Select and mount a suitable cutter on the
spindle of the milling machine, for example

FIG. 266. SCRIBING A CENTER LINE ON THE END OF
THE STOCK a keyway cutter, Fig. 268.

2. Lay off the length of the groove on the
stock accurately, then mark the terminus
with a scriber, or very lightly with a prick
punch, A, Fig. 266. This step is omitted
when the groove extends entirely across
the work,

3. Place the stock in a V-block with the
scribed line perpendicular to the face of
the V-block. Clamp the stock in position.
Be sure the axis of the work is parallel
with the face of the column of the machine.

4. Select and mount a suitable cutter on the
milling machine.

the scribed line on the end of the stock is , , ) .

exaetly in the center of the cutter, Fig. L T MELHEM adlusamons erank, ralec

fgfe Test by measuring carefully with a with the axis of the cutter, A, Fig. 268,
. but with the cutter not quite in contact
with the work.

5. Start the machine, then carefully advance
the work with the cross feed until it just
barely touches the cutter. Test with a piece
of tissue paper placed between the work
and the side of the cutter. Stop advancing
the work when the cutter starts to tear the
paper.

CAUTION: Moisten one edge of the paper so
that it will adhere to the surface of the work.
Do not hold the tissue with the fingers.

6. Stop the machine, then lower the table

FIG. 267. STOCK IN POSITION FOR THE CUT until the top of the work is just even with
the under side of the cutter.
PROCEDURE FOR CENTERING THE 7. With the cross feed, advance the work one-
CUTTER WITH SHOULDERED STOCK half the diameter of the work plus one-half
1. Accurately lay off the length of the groove the width of the cutter.
on the stock, then mark the terminus with For example, assume the diameter of

a scriber, or very lightly with a prick the stock is 1} inches and the width of the
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cutter is } of an inch, then & plus } of an
inch = 4} of an inch, the distance to move
the work toward the column.

Hold a square against the work, as in Fig.
269, then measure the distance from the
edge of the square to the side of the cutter.
In the example given above, the distance
should be {% of an inch, because % — }
= g of an inch. Make the test from both
sides of the stock.

. 269. CENTERING THE WORK UNDER THE CUYTER

If the center of the cutter is not located
exactly over the center of the stock, make
the necessary adjustment and again test
as in step 8.

PROCEDURE FOR CUTTING A KEYWAY

OR GROOVE

WITH THE STOCK

MOUNTED IN A V-BLOCK

1.

Position and clamp the stoek in place by
either method described.

Move the table back so that the work just
clears the cutter, Fig. 270.

N A V.BLOCK

-

3.
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Set the micrometer vertical adjustment at
zero, then raise the table an amount equal
to the desired depth of groove, for example,
3% of an inch. This measurement is taken
at the edge of the groove; consequently,
the table must be raised % of an inch plus
the difference between the top edge of the
groove and the top of the stock, in the
example given, about .01 of an inch.

Make sure the setting is correct and the
work correctly aligned and securely
clamped. Then start the machine and feed
the work toward the revolving cutter with
the longitudinal feed.

When the cutter reaches the end of the
groove, shut off the power and imme-
diately lower the table.

If it becomes necessary to stop the feed
before the end of the groove is reached,
to change clamps or for any other reason,
shut off the power at the same time the
feed is stopped.

FIG. 271. USING AN END MILL TO CUT A GROOVE

If preferred and convenient, this opera-
tion may be performed with an end mill
mounted in the spindle of the milling ma-
chine, Fig. 271. The work must be fastened
to the table securely, or held in a vise.

A groove milled in the manner described
above and terminated at some intermediate
point in the stock may be finished with a
twist drill and a chisel. Still another possi-
bility is to mount an end mill in a drill
press and mill out the remaining stock.
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PROCEDURE FOR CUTTING A KEYWAY
OR GROOVE WITH THE STOCK HELD
BETWEEN THE CENTERS OF THE
DIVIDING HEAD

1

Find the center of the stock. See Unit 18.
In most cases this operation will have been
performed in connection with other ma-
chine work performed on the stock.
Fasten the dividing head and the tailstock
on the column side of the table of the
milling machine.

Place the stock between the centers of the
head and draw the tailstock tight.

Select a suitable cutter and mount it on a
milling machine arbor.

Center the axis of the cutter over the axis
of the work, Fig. 272, using one of the
methods described under centering the

cutter.

272. MILLING A GROOVE WITH THE STOCK HELD
BETWEEN CENTERS

Proceed as under “Procedure, Cutting a
Keyway or Groove with the Stock Mounted
in a V-Block,” steps 2 to 5 inclusive.

If an end mill is used, bring the axis of
the work and the axis of the mill into align-
ment. Then, with the cross feed, advance
the work an amount equal to the depth of
the groove.

When through cutting the groove, return
all equipment to the place where kept when
not in use and clean the machine.

PROCEDURE FOR CUTTING KEYWAY

FOR WOODRUFF KEY

1.

2.

Mount the stock in a suitable manner on
the table of the milling machine.

Lay off the longitudinal center of the key
or keys, A, Fig. 273.

Select a key cutter of suitable diameter and
width.

Mount the cutter in the machine.

Center the cutter over the axis of the work
and midway of the longitudinal center of
the key, Fig. 273. Then raise the table until
the cutter barely touches the surface of the
stock. See above procedures on centering
the cutter.

. 273. CUTTING KEYWAY FOR A WOODRUFF KEY

Set the micrometer vertical adjustment at
zero. Then start the machine and with the
vertical adjustment, continue raising the
table until the cutter is cutting at the depth
desired, for example, ;% of an inch.

When the groove is cut to the depth de-
sired, lower the table, then shut off the
power.

Cut other grooves in a similar manner.
When the job is completed, return equip-
ment to the place where kept when not in
use and clean the machine.
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UNIT 56

THE DIVIDING OR INDEXING HEAD AND ITS OPERATION

The dividing head may be thought of as an
essential in the operation of a milling machine.
In fact, without this piece of apparatus the
utility of a milling machine is much restricted.
The complete dividing head has two parts, the
head and the tailstock, Fig. 274. The head is a

" Courtasy, Cinclnnati Milling Machine Co.
FIG. 274. DIVIDING HEAD

rather complex piece of apparatus consisting
of a base plate, swivel block, spindle, worm and
wormwheel, a direct and a standard indexing
plate, side index plate and sector. The tailstock
is a rather simple piece of machinery and is
used for supporting the outer end of the stock
being milled. The tailstock center can be moved
longitudinally by means of a handwheel and
by adjusting the block which holds it; the cen-
ter may be moved vertically in either a hori-
zontal or an inclined plane.

SIMPLE INDEXING

Simple indexing is achieved by means of a
wormwheel attached to the spindle of the head
and activated through a worm, keyed to the
worm shaft to which a hand crank is attached.
Since there are 40 teeth on the wormwheel,
one complete turn of the crank, which will
cause any one tooth on the worm to make a
complete revolution, will cause the wormwheel
to make 1/40 of a revolution. Thus 40 turns of
the crank are required to cause the wormwheel
to make a complete revolution, likewise the di-
viding head spindle, because the wormwheel
is attached to the spindle. An example will make
clear the operation of indexing. Assume that
the problem is to cut a reamer with 10 equally
spaced teeth. If 40 turns of the index crank are
required to make one complete revolution of the

work, then 1/10 of 40 turns or 4 complete turns
of the index crank after each cut will be re-
quired to space the teeth correctly on a 10 tooth
reamer. It is good practice to make a habit of
always turning the index crank to the right.

In the illustration given, a number was
chosen by which 40 was divisible without leav-
ing a remainder. If, instead of 10 teeth, we
assume the problem is to cut a reamer with 14
teeth, then 1/14 of 40 turns, or 2 12/14 (2 6/7)
turns of the crank will be required after each
cut.

From the above examples it can be seen that
the rule for calculating the number of turns of
the index crank required to move the work
through one division of any number of equally
spaced divisions in a circle is as follows: When,

N = the number of teeth on the wormwheel
D = the number of divisions
T = the number of turns

N
T:b—

Solution:

T = ‘;—2 =212/14 or 2 6/7

T =2 6/7 turns.

So long as whole turns are involved, index-
ing is simply a matter of counting the turns.
To divide a turn into sevenths and move the
index handle through six of these sevenths
would be difficult were it not for the fact that
the index plate is provided with a series of
circles of holes which are evenly spaced. See
Fig. 274. Each circle contains a different num-
ber of holes, for example, 24, 25, 28, 30, 34, and
so forth. The holes in the index plate are for
the purpose of engaging a plunger in the han-
dle of the index crank whenever the plunger
comes exactly over a hole. In order that the
plunger may be made to enter any particular
row of holes, an adjustment is provided. If the
clamping nut at the center is loosened, the
crank may be moved toward or away from the
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center of the plate. Thus the plunger in the
handle of the crank may be adjusted to fit any
row of holes.

Assuming the problem is to index for 6/7 of
a turn, then taking the example of number of
holes given above, it is observed that one of
those rows — 28 — may be divided evenly by
the denominator 7. Dividing 28 by 7 gives a
quotient of 4. Thus in each seventh of a turn,
the index crank must be moved four holes. To
index them for 2 6/7 turns, the index crank
must be moved 2 complete turns and through
6/7 or 24 of the 28 spaces in the circle having
28 holes. To avoid the problem of counting holes
each time the crank is turned, not to mention
the probability of making an error, the dividing
head is provided with a sector; Fig. 275. This
is a device fastened in front of the index plate.

PLATE WITHIN OBTUSE ANGLE

It is composed of two radial arms which can
be adjusted to any angle desired by loosening
a clamping screw. To divide the index plate
8o that 6/7 of its area is included within the
obtuse angle made by the arms of the sector,
A, Fig. 276, one must move one arm of the
sector against the plunger in the handle and
then swing the other around until 24 of the 28
spaces are included in the obtuse angle. After
moving the arms of the sector, always check
for accuracy and then tighten the clamping

screw. When dividing space with a sector, it
should be remembered that it is the spaces that
count and not the holes. A good way to avoid
making this mistake is to call the hole in which
the pin is engaged zero, or count the spaces
only. When revolving the index handle for a
part of a revolution, release the pull on the
plunger between the last two holes and let it
slide across the space until it drops into the
hole. After indexing, it is good practice im-
mediately to move the sector for the next in-
dexing.

Take another example and assume the prob-
lem is to cut 54 teeth on a spur gear.

. N 40 20

Solution: T = D= turns.

This fraction tells us we must take 20 holes on
the 27 circle, or 40 holes on the 54 circle.

The ordinary index plate also can be used
for indexing by degrees. Since there are 860°
in a circle, and since there are 40 teeth on the
wormwheel, which must make one complete
revolution as the work is revolved through 360
degrees, it follows that, for each turn of the
crank a point on the circumference of the work
will rotate through 9° or 1/40 of a circle
(360° = 40 = 9°). If by moving the crank
through one complete turn the work is revolved
9°, then, if the crank is moved through two
spaces of an eighteen space circle, or six spaces
of a fifty-four space circle, the work will be
rotated 1° and if through one or three spaces
respectively, °.

DIRECT INDEXING

Direct indexing is accomplished by disen-
gaging the worm from the wormwheel. This
permits a plate, which is attached to the spindle
in the head, to revolve when a retaining plunger
in the head is drawn back. This plate has a cir-
cle of equally spaced holes, usually 24 or some
other number divisible by 4. To direct index,
disengage the worm, then draw the plunger
back and rotate the plate through the number
of spaces desired, for example, 6 spaces or }
turn, since 6/24 equals §.

For indexing when it is necessary to achieve
very fine spacing or to divide a circle into a
number of spaces not achievable with the
standard index plate, a high number indexing
attachment is available. This consists of a set
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of plates with very fine spacing, Fig. 276. These
plates are interchangeable with the standard
index plate.

Fig. 276A illustrates a wide range dividing
head. This head enables the operator to make a
rapid selection of divisions, from 2 to 400,000,

Courtesy, Cincinnatl Milling Machine Co
FIG. 276. SET OF HIGH NUMBER INDEXING PLATES

at any angle and at intervals of six seconds
without the use of change gears or additional
index plates.

Courtesy, Cincinnet! Milling Mechine Co.
FIG. 276-A. WIDE RANGE DIVIDER

UNIT 57

HOW TO MILL FLUTES OR GROOVES

Fluting an object may be for the purpose of
ornamentation, of increasing holding quality,
for example, the handle of a screwdriver, or of
providing a cutting edge and giving clearance
to such tools as reamers, taps and milling cut-
ters. Fluting may be done on a flat, a cylin-
drical, or a conical surface.

PROCEDURE FOR MILLING A FLUTE ON
A FLAT SURFACE

1. Select suitable parallels and grip the stock
in a vise, as in Fig. 277.

2. Select a sharp fluting mill of suitable size
and shape and mount it on the arbor as
close to the column of the machine as the
nature of the work will permit.

3. Adjust the machine to make the cut, then
proceed in the usual manner.

PROCEDURE FOR MILLING A FLUTE ON
A CYLINDRICAL SURFACE
1. Center and turn the stock to the size and
shape desired, A, Fig. 278,
2. Fasten the dividing head and tailstock on
the column side of the table of the milling
machine.

FIG. 277. MILLING A FLUTE WITH THE STOCK MELD
IN A VISE

Fi6. 278. FLUTED CYLINDER
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11.

12,
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Determine the number of flutes to be cut.
If the number is small, direct indexing
may be used, in which case the worm must
be disengaged.

To cut a groove with one face radial
it is necessary to off-set the work-piece
laterally. To facilitate off-setting the work-
piece draw a radial line on the tailstock end
as in A, Fig. 302, Unit 63, then rotate the
work until the radial line is aligned with
the short face of the cutter, usually the 12°
face. Test as shown in Fig. 305, Unit 63.

Determine the number of holes in the front
index plate, then divide the number of
holes by the number of flutes to be cut.
Assuming eight flutes are to be cut and
that there are twenty-four holes in the
plate, twenty-four divided by eight equals
three. This is the number of spaces to ad-
vance the index plate for cutting each flute.

Attach a suitable dog to the headstock end
of the work-piece. See Fig. 280. Then place
the stock between the centers of the head in
such a manner that the direction of the cut
will be away from the tailstock, then draw
the tailstock center against the stock.

Select a sharp cutter of suitable size, shape,
or type, a | inch convex cutter, Fig. 279,
for fluting, or a double angle cutter, Fig.
281, for milling reamers, taps or helixes.

Mount the cutter on a suitable arbor as
close to the column as the work will permit.

With the cross feed, move the table until
the axis of the stock is exactly under the
center of the cutter.

Raise the table until the bottom of the
cutter just touches the top of the work.
Test with a piece of tissue paper. Do not
hold the paper with the fingers.

Move the table so that the end of the work
just clears the cutter.

Set the micrometer vertical adjustment at
zero, then raise the table an amount equal
to the desired depth of cut, Fig. 279. If a
smooth finish is desired, allow about 35 of
an inch for a finishing cut.

Check carefully to see that the setting is
correct, the work correctly aligned and se-
curely fastened.

FIG. 279. MILLING A FLUTE WITH A 'Y INCH CONVEX
CUTTER

13. Start the machine and feed the work
against the cutter, Fig. 279.

14. When the cutter reaches the end of the
flute, shut off the power and immediately
lower the table very slightly.

15. Move the table back to the starting posi-
tion, then index for the next cut, for ex-
ample, three spaces.

16. Raise the table the amount desired, as in
step 11.

17. Start the machine and make the cut in the
usual manner.

18. Continue as in steps 13 to 16 inclusive,
until all flutes have been milled.

19. Set the machine for the finishing cut, then
proceed in the usual manner.

20. When the job is completed, clean the ma-
chine thoroughly and return all special
equipment to the place here kept when not
in use.

PROCEDURE FOR MILLING A FLUTE ON
A CONICAL SURFACE

Ordinarily, a flute or groove milled on a con-
ical surface will be somewhat deeper and wider
at the large end than at the small end. The land
between the grooves will be narrower at the
small end. This will mean that the small end
will have to be raised an amount nearly equal
to half the difference between the diameters
of the large and small ends. The greater this
difference, the larger will be the amount the
small end will need to be raised above the hori-
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zontal plane of the small end. As the differ-
ence in the horizontal plane levels of the two
ends varies for stock having different tapers,
it is recommended that variation in plane levels
be determined by making a series of shallow
trial cuts. When only a portion of the cylinder
is tapered, the amount of set over required (set
up in this case) may be calculated mathemat-
ically by using the formula given in Unit 32.
However, calculation must be made by taking
the bottom of the groove as a basis.

1. Make a full size layout of both ends of the
fluted cone, if practicable. See Figs. 280
and 281.

2. Proceed as under “Procedure, Milling a
Flute on a Cylindrical Surface,” steps 1
to 8 inclusive.

3. Release the clamp on the vertical slide and
raise the tailstock center an amount nearly
equal to one-half the difference in diam-
eter between the large and small ends of
the stock, Fig. 280.

FIG. 280. SETTING UP TO MILL A FLUTE ON A CONICAL
SURFACE

If the amount the tailstock center is to
be raised has been calculated mathemat-
ically, then raise the center approximately
that amount.

4. Tighten the vertical clamp, then with a
surface gauge, test the difference in hori-
zontal levels of the large and small ends,
Fig. 280. Compare the differences found
with the differences in the layout, or the
amount found by calculation; make adjust-
ments if necessary.

5.

When the correct level at each end of the
cone has been achieved, raise the table
until the cutter just touches the top of the
work at the small end, fest with a piece of
tissue paper, then move the table so that
the cutter just clears the end of the work.

Set the micrometer vertical adjustment at
zero, then raise the table sufficiently to
make a cut of nearly the required depth.
Make the cut in the usual manner, Fig.
281.

. 281. MILLING A FLUTE ON A CONICAL SURFACE

Carefully compare the proportional differ-
ence in width of both ends of the machined
groove with the widths of the respective
layouts made in step 1.

If the difference seems to be relatively
proportional, adjust the machine to make
a cut which will remove about one-half the
remaining stock, then test as before. If too
much stock is being removed from either
end of the groove, adjust the vertical slide
in the tailstock so as to move the small end
of the stock in a direction which will cause
less stock to be removed from whichever
end of the machined groove is too wide,
then make a second light cut.

When the machine has been adjusted to
cut a groove of the desired depth and width
at each end, proceed as under “Procedure,
Milling a Flute on a Cylindrical Surface,”
steps 12 to 20 inclusive,.
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UNIT 58

SPUR AND BEVEL GEARS

A gear is a wheel or roll upon the face of
which teeth have been cut — the purpose of
which is to give positive motion to a similar
gear. If a plain revolving roll, for example, a
pulley or roll with a flat face, is brought into
contact with a similar object, motion will be
transmitted to the second pulley, Fig. 282, pro-
viding the contact is strong enough to over-
come the inertia (tendency to remain at rest)
and residual friction (friction in bearings, etc.)
of the second pulley. If, in addition to inertia
and residual friction, a load is applied to the
second pulley, then the first pulley will tend to
slide along the surface of the second, either
failing to cause the second pulley to revolve or
revolving it at a greatly reduced speed with
consequent loss of effectiveness. The teeth of
a set of gears as they engage each other on
their working faces (the part of the tooth above
the pitch line, Fig. 283) transmit positive mo-
tion and each gear revolves at a constant rate.
The gear connected with the source of power
is called the driver and the one to which motion
is transmitted, the driven. These terms have no
relation to size. If it is desired that the shaft
to which the driven gear is attached shall re-
volve at three times the speed of the drive
shaft, then the driver must have three times
the number of teeth of the driven gear, and
conversely if the driven shaft is to revolve at
only one-third the rate of the driver.

FIG. 282. PULLEYS OR WHEELS WOULD TRANSMIT
MOTION INEFFICIENTLY

SPUR GEARS

Gears on which the teeth run straight across
the face and perpendicular to the sides are
called spur gears. This is by far the most com-
mon form of gear.

In cutting gears on a milling machine, it is
not necessary that the operator know how to
lay out the teeth of a gear or that he even know
the conventional shape of the teeth or the names
of the different parts of a tooth. However, the
operator who does know these things is likely
to derive greater satisfaction in his work and to
be a more intelligent and satisfactory employee.

Modern gears generally have involute teeth.
This means that the shape of the tooth is gen-
erated or drawn with an involute curve; an in-
volute curve may be drawn with a pencil in-
serted in the loop of a string wound about a
cylinder and held taut as the string is unwound,
Fig. 283. This form of tooth has been found to
give the most satisfactory results in terms of
quietness and smoothness of operation. The
principal parts of a gear tooth are shown in
Fig. 283.

The size of a gear is given in terms of its
diameter at the pitch line, which is called

FiG. 203. PARTS OF A GEAR
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the pitch diameter. This term should not be
confused with diametral pitch, which refers to
the number of teeth per inch of diameter. To
say that a gear is 10 inches in diameter does
not tell how many teeth it has. If, however, one
says the same gear is a 10 pitch gear then we
know it has 100 teeth and if a 20 pitch gear it
has 200 teeth or 20 teeth per inch of diameter.

Whenever the word pitch alone is used, it is
understood that the diametral pitch is referred
to. Diametral pitch is represented in standard
formula by the letter P and pitch diameter by
the letter D’ (D prime).

The outside diameter of a gear varies with
the number of teeth. Thus, a 10 inch gear with
100 teeth would have a slightly larger outside
diameter than one with 200 teeth. This is be-
cause the latter has less height of tooth above
the pitch line than the 100 tooth gear. In for-
mula, the outside diameter is represented by
the letter D.

The distance on the pitch line from the cen-
ter of one tooth to the center of the next is
called the circular pitch and in formula is rep-
resented by the letter P’ (P prime).

The part of the tooth above the pitch line is
called the addendum and is known also as the
working face of the tooth, Fig. 283. The part
of the tooth below the pitch line, inclusive of
clearance, is called the dedendum and is known
also as the flank of the tooth, Fig. 283. The
height of both addendum and dedendum on a
particular gear varies proportionately with the
number of teeth, for example, on a 10 inch gear
with 100 teeth, a 10 pitch gear, the height of
both addendum and dedendum would be slightly
greater than on a gear of similar diameter with
200 teeth, a 20 pitch gear. Both addendum and
dedendum are represented in formula by the
letter s. Generally, the addendum and deden-

dum are equal to —i; The thickness of the tooth

is one-half the circular pitch, or in terms of
diametral pitch,

8.1416 _ 1 8.1418 _ 1.57
one-half of——l-,-—— =3 of =7
EXAMPLE : Given a gear-10 inches in diameter

(at the pitch line) and having 100 teeth, cal-
culate (1) the diametral pitch, (2) the circular

pitch, (8) the outside diameter of the gear, (4)
the thickness of the tooth, (5) the working
height of the tooth, (6) the clearance, and (7)
the total height of the tooth.

When: P = Diametral pitch
P’ = Circular pitch
D = Outside diameter or addendum
line
D’ = Diameter of pitch circle
t = thickness of tooth
8 = addendum
f = clearance
8 + f = dedendum
D’ = Working depth of tooth (adden-
dum + dedendum)
N = Number of teeth in the gear
Solution:

1. The diametral pitch, P, equals the number
of teeth, N, divided by the pitch diameter, D’;

then P = 3, = P = 20 _ 1,

10
therefore, the diametral pitch or pitch = 10.

2. The circular pitch, P’, equals the pitch
: R 1
diameter, D’, divided by 37416 times the num-

B b= D

ber of teeth, N == .3183N, hence P’ = 3183N
10 —

3183 x 100 14

3. The outside diameter, D, equals the num-
ber of teeth, N, plus 2, divided by the quotient
secured when the number of teeth, N, is divided
by the pitch diameter, D’,

N+2 100+2 102
D= N —-1_(& ——10———10.2,
D’ 10
therefore, the outside diameter = 10.2"
or

_N+2 102 _ "

D—-T— 0 = 10.2".
4. The thickness of the tooth, t, is equal to

one-half the circular pitch, P’.

D’ 10

When P’ = 53255 = 3788 % 100 — oM
t = g- = %4— = .157", therefore, the thick-

ness of the tooth equals .167”, or,
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3.1416 _ 1.57 _ 1.57
P P10

5. The working height of the tooth is equal
to the addendum, s, plus the dedendum, both of
which have the same value.

.. D-D_ 10210
‘ 2 )

t=4of = 157"

= .1” height of
addendum.

Since addendum and dedendum have the
same value, then total working height of the
tooth = s + 8 = .1” 4+ .1” = .2", therefore, the
working height = .2",

6. Clearance, f, equals t, the thickness of the
tooth, .157, divided by the diametral pitch, P.

_t _ 57 _
f = P=T0 = .0157, therefore, the clear-
ance = .0157".

7. The total height of the tooth equals the
addendum, s, plus the dedendum, s, plus the
clearance, f, Total height of tooth = s + s + f
or 2s + f. Then from 5 and 6 above 2 X .17
+ .0157" = 2157, therefore, the total height
equals .2157".

Given the number of teeth and the diametral
pitch, the pitch diameter, D’, may be found by
dividing the number of teeth, N, by the diam-
etral pitch, P.

, - N _100 _ ., , :
D= P="T0 = 10", therefore, D’, the pitch

diameter, = 10”.

BEVEL GEARS
If, instead of two flat rolls or pulleys in con-
tact with each other, two conical or tapered

FIG. 284. THESE FLAT ROLLS WOUL&%‘RANSMW MOTION
INEFFICIENTLY

rolls are brought into contact, as in Fig. 284,
the driver will transmit motion to the driven.
But when a load is applied there will again
be slippage and consequent loss of effec-
tiveness. Positive motion to the driven roll is
accomplished by cutting teeth on each roll. A
gear with a conical shape, such as shown in Fig.
285, is called a bevel gear. When it is desired
to give positive motion to a shaft running at
an angle to a second shaft, Fig. 285, a set of
bevel gears is used; usually one gear, the pin-
ion, is much smaller than the other. When
both gears are the same size, they usually have
a face angle of 45° and are called miter gears.
A miter gear is merely a special form of bevel
gear. Fig. 286 shows other forms of bevel gears.
In A, the two shafts are in planes less than 90°
apart, while in B, they are in planes more than
90° apart.

e
o0

FIG. '286. OTHER FORMS OF BEVEL GEARS
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The shape and size of the teeth on a bevel
gear at the large end are the same as those in a
spur gear, and the method of laying them off at
the large end is practically the same. The first
step in laying off a bevel gear is to determine
the center angle, for example, 30°, A, Fig. 287,
then the pitch diameter, the number of teeth,
the diametral pitch and the width of the face.
Assuming the gear is to have a 5 inch pitch di-
ameter and 30 teeth, then the diametral pitch

n
will be %or 3—5 = G or a 6 P gear. Also assume

that the width of the face is to be 3/10 of the
hypotenuse of the center angle AOP, Fig. 287.
Having made the necessary calculations, draw
the angle AOB, Fig. 288, then draw line AB at

FIG. 287. LAYOUT OF A BEVEL GEAR

a point where it will be equal to the pitch di-
ameter of 5 inches. Through points A and B
respectively draw lines R’S’ and T'U’ perpen-
dicular respectively to AO and BO. Next on
lines AO and BO at a distance equal fo 3/10
of AQ draw lines RS and TU parallel to R’S’

P et

FIG. 288. PRELIMINARY LAYOUT OF A BEVEL GEAR

and T'U’. Using formula three above, calculate
the outside diameter of the large end of the
teeth and draw lines CO and DO, Fig. 287. Us-
ing formulas three and six above, calculate the
dedendum of the tooth and the clearance re-
quired (the total height of the tooth below line
AO), then draw lines EO and FO, Fig. 287.
Next calculate the thickness of the tooth, using
formula four above. To construct the tooth, ex-
tend line AB around the periphery of the wheel,
then using the thickness of the tooth, set the
dividers, and on the extension of line AB on the
periphery, space off one or two teeth. Through
the spacing marks on the peripheral line AB,
draw involute curves, thus forming the sides of
the teeth at the large end. As can be seen from
Fig. 287, all lines converge toward the apex of
the cone. This means that each tooth is thinner
and shorter at the apex end than at the base
end. A bevel gear cannot be cut very accurately
on an ordinary milling machine using a stand-
ard gear cutter. In factories where much bevel
gear cutting is done, a special gear-cutting
machine is used.

UNIT 59

HOW TO MILL TEETH ON A SPUR GEAR

Gear cutting constitutes one of the many in-
teresting kinds of work that can be accom-
plished on a milling machine and one that ap-
peals very much to young workers. Before the
invention of the dividing head it was the custom
to cast the teeth on gears, or when they were
‘cut, to space and lay out each tooth accurately.

The cutting process involved the laborious and
careful hand setting of the machine for each
tooth. The modern dividing head, cutters and
other features of modern milling machines has
made spur gear cutting a very simple operation
once the machine has béen properly set and ad-
justed. .
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PROCEDURE

1.

Select a fairly short arbor of a diameter
that will fill the hole in the hub of the gear
blank.

Wipe the arbor clean with a handful of
waste, then lightly oil the surface.

Force the arbor into the hole in the hub
with an arbor press or by means of a lead
hammer.

With the cross feed, run the table as close
as practicable to the column.

Secure the dividing head and tailstock and
place them on the table of the milling ma-
chine as close to the column as the nature
of the work and the dividing head will per-
mit. Be sure the index handle is toward
the front of the table.

Adjust the position of the head and tail-
stock so that the edge of the gear blank
nearest the dividing head, when it is
mounted between the centers, will be
slightly ahead of the cutter.

Fasten the dividing head securely in posi-
tion. Then slide the tailstock forward until
the centers just touch.

Examine the position of the points of the
centers. Both must be in the same hori-
zontal plane. If the points of the centers

" Cincinvat! Milling Mechine Co.
FIG. 289. TEN PITCH GEAR CUTTER (NO. §)

10.

are not in the same plane, adjust the tail-
stock center vertically until it is in the
same plane as the point of the center in the
head.

Move the tailstock back to the position de-
sired and fasten it securely.

Secure a gear cutter of suitable size, for
example, a 10 pitch gear cutter (No. b5),
Fig. 289, also a cutter arbor, collars, and a
dog.

FI6.

11.

12.

13.
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290. CUTTER IN POSITION OVER THE AXIS OF THE
DIVIDING CENTER

Wipe the shank of the cutting arbor clean
and dry and insert it in the spindle of the
milling machine. Then arrange the cutter
on the arbor in such position that the cen-
ter of the cutter is as nearly as possible
over the axis (point) of the dividing cen-
ter, Fig. 290.

Place the nut on the arbor and draw it
tight against the collar with the wrench.
Then adjust the overarm and slide the
arbor bearing over the end of the arbor.

With the longitudinal feed, move the table
back until the cutter is slightly to the left
of the point of the center in the dividing
head. Then with the vertical adjustment,
raise the table until the point of the center
is slightly above the level of the bottom
edge of the cutter.

With the cross and longitudinal feeds,.ad-
just the table until the center of the cutter
is exactly over the point or axis of the
center in the dividing head.



15.

16.

17.

18.

HOW TO MILL TEETH ON A SPUR GEAR

A more accurate setting may be achieved
by mounting a trial blank between the
centers of the dividing head. Make a trial
cut, then turn the piece end for end and
cut from the opposite direction. If the
cutter is removing stock from the top of
one side of the original cut and from the
bottom of the other, the cutter is not cen-
trally located, in which case the work
should be moved laterally away from the
side of the cut on which stock was being
removed at the top of the original cut.

When the cutter has been accurately cen-
tered, lower the table and mount the work
between the centers of the dividing head,
Fig. 291. The large end of the arbor should
be toward the headstock.

FIG. 291. CUTTING THE SPUR GEAR

Insert the tail of the dog in the carrier
slot and clamp lightly.

Assuming that the gear to be cut has 100
teeth and that one turn of the index handle
advances the worm which turns the divid-
ing head spindle 1/40 of a turn, then the
