


PREFACE

ROM 1907 to 1943 the book “How to Run a

Lathe” has been published as a single volume.
It has been revised, and improved through 42
editions, more than 2,000,000 copies having been
printed and distributed.

This, the 43rd edition of “How to Run a Lathe,”
is printed in two volumes. Volume I contains all
of the material formerly included in the preceding
single volume edition No. 42. Volume II contains
additional information on “How to Get the Most Out
of Your Lathe.”

We are indebted to so many manufacturers, en-
gineers, authors, educators, mechanics, and friends
for assistance in the preparation of this book that
it would be impossible to give them individual men-
tion. However, we wish to express our appreciation
for the cooperation that has made this work possible.

SoutH BEND LATHE WORKS.

“How to Run a Lathe”
in Spanish, Portuguese, and French
Volume I, “How to Run a Lathe,” is published in

the English, Spanish, Portuguese, and French lan-
guages. See page 121,
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Chapter I
HISTORY AND DEVELOPMENT OF THE
SCREW CUTTING LATHE

The serew cutting engine lathe is the
oldest and most important of machine
tools and from it all other machine tools
have been developed. It was the lathe
that made possible the building of the
steamboat, the locomotive, the electric
motor, the automobile and all kinds of
machinery used in industry. Without the
lathe our great industrial progress of the
last century would have been impossible.

Early Screw Cutting Lathe

One of the earliest types of turning
lathes was the tree lathe, shown in Fig. 1.
A rope attached to a flexible branch over-
head was passed around the work to re- =
volve it. Later a strip of wood or *lath” Fig. 1. Early Tree Lathe
was used to support the rope, and this is
probably why the turning machine came to be known as a ‘“lathe.”

One of the earliest.screw cutting lathes that we have record of
was built in France about 1740, Fig. 2 shows this lathe as it was illus-
trated in a book published in 1741, A hand crank was attached direct
to the headstock spindle. The spindle of this lathe was geared to.the
lead serew, but there was no provision for changing the gears for
cutting various pitches of serew threads.

o

Fig. 2. French Screw Cutting Lathe, About 1740

(From Roe's ENGLISH AND AMERICAN TOOL BUILDERS; by permission
of the publishers, McGraw-Hill Book Company, Ine.)
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Fig. 3. Screw Cutting Lathe Made by Henry Maudslay, About 1797
(Courtesy Joseph Wickham Roe, Author of “English and American Tool Builders™)

Henry Maudslay

Henry Maudslay, an Englishman, gave us the fundamental principles
of the serew cutting engine lathe in a small lathe which he designed and
built about 1797. On this lathe the gears used to connect the spindle with
the lead screw could be changed, permitting the use of different gear ratios
for eutting various pitches of screw threads.

Early American Lathes

Lathes were built in the United States between 1800 and 1830 with
wood beds and iron ways. In 1836 Putnam of Fitehburg, Massachu-
selts built a small lathe with a lead screw, In 1850 iron bed lathes
were made in New Haven, Connecticut, and in 1853 Freeland in New
York City built a lathe, estimated 20 in. swing x 12 ft. bed, with iron
bed and back geared head.

The Modern Bench Lathe

A modern geared screw feed bench lathe is shown in Fig. 4. This
lathe has change gears to .connect the spindle with the lead screw for
cutting various pitches of screw threads and for power turning feeds,
but does not have power cross feeds.

Fig. 4. A Modern Geared Screw Feed Bench Lathe

w1
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Fig. 5. A Modern Standard Change Gear Lathe

The Modern Standard Change Gear Lathe

A modern standard change gear lathe is shown above in Fig. 5.
This lathe is back-geared and has a four step cone pulley, providing
eight spindle speeds. The lathe can be arranged for countershaft
drive, or for direct motor drive.

The standard change gear lathe has a set of independent change
zears for connecting the headstock
gpindle with the lead screw, as shown
in Fig. 6. These gears may be ar-
ranged so that practically any pitch of
screw thread may be cut. Change
gears are also used for obtaining a
wide range of power cross feeds and
power longitudinal feeds for turning
and facing operations.

The standard change gear type of
lathe is popular in the small shop, as
it igz less expensive than the quick
change gear type of lathe. It is also
widely used in industrial plants for
production operations where few
changes of threads and feeds are nec-
egsary. For this class of work the
standard change gear lathe has an ad-
vantage in that when set up with the
correct feeds for an operation the ad-
justments are not as easily tampered it
with and changed asg they are on the Fig, 6. End View of Standard
quick change gear lathe. Change Gear Lathe
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Fig. 7. A Modern Quick Change Gear Lathe

Quick Change Gear Lathe

A quick change gear lathe is one in which the gearing between
the gpindle and lead screw is so arranged that changes for obtaining
various pitches of screw threads may be made through a quick change
gear box without removing or replacing a gear.

Fig. 7 shows a modern quick change gear lathe. The guick change
gear mechanism attached to the left end of the lathe provides a series
of 48 changes for cutting screw threads from 4 to 224 per inch, also
a wide range of power feeds for turning, boring, and facing.

The quick change gear type of lathe is popular in busy shops
where frequent changes of threads and feeds must be made such
as in tool and die work, gen-
eral repair and maintenance,
and for some production opera-
tions.

Quick Change Gear Box

The interior of the quick
change gear box is shown in Fig.
8. The gears in this gear box
are shifted by levers operated
from the front of the lathe and
replace the independent change
gears used on the standard
change gear type of lathe.

Fig. 8. Interior of
Quick Change Gear

Box

(Patented)
Fig. 9. A Modern Underneath Motor Driven Tooelroom Lathe

Toolroom Lathe

The Toolroom Lathe is the most modern type of back-geared
serew cutting lathe and may be had with underneath motor drive, as
shown above in Fig. 9, and also with pedestal motor drive and coun-
tershaft drive. Toolroom Lathes are usually given special accuracy
tests during the process of manufacture and are equipped with taper
attachment, thread dial indicator, draw-in collet chuck attachment,
chip pan, and micrometer carriage stop.

The Toolroom Precision Lathe, as its name implies, is used in
the toolrooms of industrial plants for making fine tools, test gauges
and thread gauges, fixtures, jigs,
ete., for making and testing the
products manufactured.

A typical toolroom job, the
making of a set of master thread
gauges, is shown at right in Fig.
10. A threaded plug gauge for
checking internal threads is being
finished in the lathe and the round
object in the lower left-hand cor-
ner is the threaded ring gauge for _
checking external threads. Fig. 10. A Typical Toolroom Job
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The Underneath Belt Motor Drive

The modern underneath belt motor drive shown in Figs. 13 and 14
is an efficient and practical direct drive equipment for a back-geared
serew cutting lathe. This drive is unusually compact and is silent,
powerful and economical in operation.

The motor and driving mechanism are fully enclosed in the cabinet
leg underneath the lathe headstock. There are no exposed pulleys,
belts or gears and no overhead belts or pulleys to obstruct vision or
cast shadows upon the work,

Power is transgmitted from the motor to the countershaft by V-belt
and from the countershaft up through the lathe bed to the headstock
cone pulley by a flat leather belt.

Adjustments “B” and “C” are provided for taking up belt stretch
and for obtaining any desired tension on the motor belt and cone pulley
belt. A belt tension release lever “A’ conveniently located on the front
of the cabinet leg permits easy shifting of the cone pulley belt. A hinged
cover encloses the headstock cone pulley when the lathe is in operation.
See page 19.

(Patented)
Fig. 11. A 13-in. Swing Lathe with Pedestal Motor Drive |

Lathe Drives

Two types of drives for lathes are
now in common use, the direct or indi-
vidual motor drive, and the counter-
shaft or group drive. (See page 18.)

Pedestal Motor Drive

The pedestal motor drive, shown
above in Fig. 11, is one of the most
practical types of direct motor drives
for a lathe. An end view of the pedestal
motor drive is shown in Fig. 12 at the
right. The motor and countershaft are
mounted on the pedestal back of the
lathe. Power is transmitted from the
motor to the countershaft by V-belts,
and from the countershaft to the lathe
spindle by a flat leather belt.

Belt tension adjustments “A” and
“D” are provided for the cone pulley belt
and the motor belts. A belt tension re-
lease lever “B” permits easy shifting of
the cone pulley belt and also equalizes =
the pull of the belt between the pedestal Fig. 12. End View of Pedestal

m Fig. 13. Cross Section End View of Fig. 14, Phantom View of Underneath
aud; thn lathe: Métor Deive Underneath Motor Drive Belt Motor Drive
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Fig. 15. A 9-in. Swing Bench Lathe with Adjustable Horizontal Motor Drive

Horizontal Motor Drive for Bench Lathes

The illustration above shows a 9-in. swing bench lathe equipped
with an adjustable type horizontal motor drive unit. This is one of the
most practical types of direct motor drive for a bench lathe,

The construction of the drive is shown below in Fig. 16. Belt
tension adjustments “A” and “B” are provided for adjusting the tension
of the cone pulley belt and the motor belt. A belt tension release lever
“C” permits releasing the cone pulley belt tension so that the belt
may easily be shifted from one step of the cone pulley to another. A
flat leather belt is usually used between the cone pulleys and a V-belt
is used between the motor pulley and the countershaft pulley.

% k, Gkt
Fig. 16. End View of a Bench Lathe with Adjustable

Horizontal Motor Drive
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Fig. 17. Size and Capacity of a Lathe

Size and Capacity of the Lathe

In the United States the size of a Serew Cutting Lathe is designated
by the swing over bed and the length of bed, as indicated in Fig. 17
above. For example, a 16 in. x § ft. lathe is one having a swing over
the bed “A” sufficient to take work up to 16 in. in diameter and having
a bed length “C" of eight feet.

European tool manufacturers designate the size of a lathe by its
radius “R" or center height. For example, an 8-in. center lathe is a
lathe having a radius of eight inches. What the European terms an
8-in. center lathe, the American calls a 16-in. swing lathe.

The swing over the tool rest of the lathe is less than the swing
over the bed, and the maximum distance between centers “B" is less
than the length of the bed. These figures must be considered carefully
as they determine the size of work that can be machined between
centers.

Selecting a Lathe for the Shop

When selecting a lathe, the most important point to consider is
the size of the work. The lathe should be large enough to accommo-
date the various classes of work that will be handled. This is deter-
mined by the greatest diameter and length of work that will be
machined in the lathe. The lathe selected should have a swing capacity
and distance between centers at least 109 greater than the largest job
that will be handled.

Types of Lathes for Various Classes of Work

If the lathe you require is a large one, 13-in. swing or more, the
floor leg type is recommended. If the lathe needed is of 9-in. or 10-in.
swing, either a bench lathe or a floor leg lathe may be selected. Floor
leg lathes are usually more rigid than a lathe mounted on a bench
because the heavy cast iron legs provide a sturdy, heavy support. If a
bench lathe is used, the bench should be sturdy and rigid and should
have a top of 2-in. lumber,
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Type of Drive for the Lathe

The overhead ecountershaft drive is used principally in factories
where a number of countershaft driven machines are operated from a
single lineshaft. This method is called “group drive” and has advan-
tages when most of the shop machinery will be in operation at the same
time. (See page 18.)

In some shops the individual motor drive is more practical and
efficient than a lineshaft drive because a small motor can be used to
drive each machine and the cost of installing hangers, lineshafting, ete.,
is eliminated. Also when the machine is not being used, the motor
power may be shut off.

Change Gear Equipment

Quick Change Gear Lathes are preferred in busy shops where
frequent changes of threads and feeds are required. Standard Change
Gear Lathes are used in production shops on jobs that do not require
many changes for threads or feeds, also in small shops that do not
have a great deal of lathe work.

Tig.18-A. Above.
Close-up showing
hinged guard for
bull gear lock
pin.

Fig. 18. Back-Geared Headstock, Gear Guards Removed
Features the Lathe Should Have
In eonsidering a metal working lathe for the shop it is well to bear
in mind that the lathe will be used for many classes of work and that
if carefully selected it should give years of satisfactory service.

The Headstock

The headstock is the most important unit of the lathe and should
be back-geared, as shown in Fig. 18. The back gears provide the slow
spindle speeds and power required for taking heavy ecuts on large
diameter work. Modern lathes are equipped with back gears having
a quick acting bull gear lock which permits engaging or dizsengaging
the back gears without using a wrench.

Fig. 19. Hardened Alloy Steel Headstock Spindle with Suvperfinished Spindle
Bearing Surfaces

Headstock Spindle and Bearings

The lathe headstock spindle should be made of a good quality alloy
spindle steel, and for best service should be heat treated after it is
machined, and all bearing surfaces, including the taper hole, should be
carburized, hardened and ground.

The Journal bearing surfaces on the spindle should be “superfinished”
to a smoothness of five micro inches (.000005”)*. When equipped with a
superfinished spindle and proper oiling facilities, the lathe can be
operated at the high speeds essential for the efficient use of modern
tungsten-carbide tipped cutter bits without danger of overheating or
scoring the spindle bearings.

Lathe Bed Construction

The lathe bed is the foundation on which the lathe is built, so it
must be substantially constructed and scientifically designed. Fig, 20
shows an end view of a lathe
bed, which is an example of
modern  design.

Prismatic V-ways have
been found to be the most
accurate and serviceable type
of ways for lathe beds and
have been adopted by most of
the leading machine tool
builders. The two outer
V-ways (1 and 4) guide the
lathe carriage, while the inner
V-way and flat way (2 and 3)
align headstock and taiistock.

The V-ways of the lathe
bed are earefully hand
seraped so that the headstock,
carriage and tailstock are
perfectly fitted and aligned
parallel to the axis of spindle

the entire length of bed. Fig 20. End View of Lathe Bed Showing
*Measurements in microinches rms. Prismatic V-Ways
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Compound
Rest

Fig. 21. A Well Designed Lathe Carriage

The Lathe Carriage

The lathe carriage includes the apron, saddle, compound rest and
tool post. Since the carriage supports the cutting tool and controls its
aetion, it is one of the most important units of the lathe. The carriage
shown in Fig. 21 is modern and practical,

The Apron is of double wall construction with all gears made of
steel. A powerful multiple dise clutch is provided for the automatic
friction feeds. An automatic safety device prevents the half nuts and
automatic feeds from being engaged at the same time,

The threads of the lead screw are used only for thread cutting.
A spline in the lead screw drives a worm in the apron which operates
the antomatic power carriage feeds.

Interior of Apron

The interior of the apron
ig shown in Fig. 22 at right.
The sgpline in the lead screw
which drives the worm for
operating the power longi-
tudinal feeds and power
cross feeds is clearly shown.

The half nuts for thread
cutting are dovetailed into
the back wall of the apron. Fig. 22. Interior View of Double Wall Apron

CISION LEVELS

Fig. 23. Leveling the Lathe

Chapter II
SETTING UP AND LEVELING THE LATHE

A new lathe should be very carefully unpacked and installed so
that all of the fine accuracy that has been built into the lathe by the
manufacturer will be retained.

Do not allow a hammer or crow bar to strike the lathe while
unpacking as this may cause serious damage. Look carefully in all
packing material for small parts, instruction material, ete. Study all
reference books and instruction sheets carefully before setting up the
lathe,

Clean the new lathe thoroughly with a stiff brush and kerosene.
Wipe with a clean cloth and then immediately cover all unpainted
surfaces with a film of good machine oil to prevent rusting. Wipe off
the old oil occasionally and do not allow dust, chips or dirt to accumu-
late. Cover the lathe with canvas when hot in use. Keep the finished sur-
faces elean and well oiled and the lathe will retain its new appearance.

Solid Floor Required

It is very important that the lathe be set on a solid foundation and
that it is carefully and accuvately leveled. An erection plan showing
how to set up and level the lathe is included in the shipment of the
lathe. For best results the lathe should be set on a conerete founda-
tion, A wood floor should be braced to prevent sagging and vibration
if it is not substantially constructed.

The lathe may be leveled by placing shims of hard wood or metal
under the legs, as shown in Tig. 23. If the lathe is not leveled it will
not set evenly on all four legs and the weight of the lathe will cause
the lathe bed to be twisted, throwing the headstock out of alisnment
with the V-ways of the bed and causing the lathe to turn and bore
taper. If the lathe is not level it cannot turn out accurate work.

15
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Use a Precision Level for Leveling the Lathe

Use a precision level that is at least
twelve inches long and sufficiently sensi-
tive to show a distinet movement of the Fig. 24. A Precision Level
bubble when a .003 in. shim is placed
under one end of the level. Level across the lathe bed at both the
headstock end and the tailstock end, as shown in Fig. 23, page 15.

Bolt the Lathe to the Floor

Use lag serews or bolts to secure the lathe to the floor. 1If the
lathe is set on a concrete floor or foundation, mark the location of the
bolt holes and drill holes in the concrete with a star drill. Use expan-
sion bolts or set bolts in melted lead or melted sulphur. Check the
leveling of the lathe after bolting the lathe to the floor or bench.

Leveling Underneath Belt Motor Driven Lathes

When placing shims under the cabinet leg at the headstock end of
the Underneath Motor Drive Lathe, use the shims only at the bolt pads.
There should be clearance under the cabinet leg all the way round ex-
cept at the two pads where the bolts go through the leg into the floor.

Bench Lathes

Bench Lathes should be mounted on a substantial bench, providing
rigid support and leveled as outlined above. The bench top should be
about 28 in. high and if made of wood should be of 2-in. lumber. The
bench should be securely bolted to the floor so there will be no danger
of the bench shifting and throwing the lathe out of level. Some bench
lathes have leveling screws in the right leg which may be used for making
the final leveling adjustments.

Readjust Shims

It may be necessary to readjust the shims under the lathe legs from
time to time to compensate for settling of the building, even if the
lathe is set on a concrete floor. For this reason the legs should not be
bedded in conerete but should be bolted to the floor.

If at any time the lathe does not bore a straight hole, this is an
indication that the lathe is no longer perfectly level and the shims
should be readjusted.

Checking the Leveling of Lathe

After leveling the lathe, place a bar of steel one inch or larger in
diameter in the chuck and machine two collars of equal diameter three
or four inches apart, as shown in Fig. 25. Take a very light finishing
cut acrosg both of these eollars without changing the adjustment of the
cutter bit. Measure the diameter of each collar
carefully with a mierometer,

I1f the collars are not the same diameter,
this is an indication that the level used in set- ©
ting up the lathe was not sufficiently sensitive.
The leveling may be perfected by adjusting the
shims under the front and back legs at the
tailstock end of the lathe until the collars on
the test piece are turned the same diameter.

Fig. 25. Method of Test-
ing Leveling of Lathe
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Fig. 26.
Laced Belt Joint
P

Lacing Leather Belts 3

Leather belts may be joined by
lacing with gut or rawhide thongs, as
shown in Fig, 26. The smooth side ot
the belt should run next to the pulley,
and the lacing should not be crossed on
the pulley side.

Trim the ends of the belt square
and to the length required, Use a steel
tape and measure over the pulleys to
determine the correet belt length.

Puneh or drill holes just large
enough for the lace in each end of belt,
as shown in Fig, 26. (Wide belts re-
guire more holes.)

et |
Pulley Side

Cross Section

If a round gut lace is used, cut
straight grooves 14 in. wide % in. DIRECTION — =
deep from holes to end of belt on 3 [ 7
smooth side. This will make the
le—g—f  TouLiey suc
belt run smoothly over the pulleys. Fig. 27. Glued Splice for Single Ply Belt.

DIRECTION ———=

Start lace through center holes [
from outer side and pull both ( | — 2
ends through evenly. Work out S D—— S -1'1
both ways, then back to center. PULLEY SIDE

¢ . Fig. 27A. Gl i ble Ply Belt.
Be careful not to kink the lacing. ¥ el Baliiee: for DuaMle Lly e

Do not cross lacing on grooved side of belt which runs next to the pulleys.
Fasten ends of lace, as shown.

Glued Belt Splice

Many mechanies prefer a glued belt splice to a laced joint because
the glued splice will usually run more smoothly. To make a good
glued splice, both ends of the belt must be tapered uniformly, as shown
in Fig. 27. Double ply belts should be split a short distance and hoth
parts tapered, as shown in Fig. 27A.

Any good belt cement may be used. Experience has shown that
best results are obtained with *“‘airplane dope” or a good acetone
cement. When cutting belts for a glued gplice, be sure to
allow a sufficient length for lapping the ends together. w"]

Wire Belt Hooks

There are a number of good wire belt hooks on the
market that can be used for fastening belt ends together.
The belt hooks save time and are easy to use,

Wire belt hooks are often used for belts that are not
shifted while the machine is in operation, but should NW'J
never be used on belts that are shifted while the machine % oy
Z Fig. 28. Wire
is running. Belt Hooks

i
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|
i Use Leather Belts

& | Good quality leather belts are best for lathe cone pul-
leys. They have sufficient elasticity to transmit power
efficiently and they give good service. No belt dressing is
required if the belts are kept clean and dry. Machine oil
will cause belts to slip.

Shifting Belts

: To shift the belt on a countershaft
’ driven lathe the beginner should stop the

lathe and shift by hand by pulling belt and
; slipping belt to the desired position.
|

FPulley for Crossed Belt

Fig. 30 shows the method of shifting
the belt on a countershaft driven lathe
while the lathe is running. Using a stick,

2 the operator pushes the belt from one cone
= pulley step to another.
e £ To shift the belt on the countershaft
: > 3 cone to a larger step, use a long belt stick : ; iees
! N i with a steel pin in the end. While the Flgéonunntefstg;;nf)ét: ?.‘:.ltth:f *
& Z countershaft is revolving, give the belt a
2 “ sharp push and twist with the pin on the
- z end of the stick.
2 g
m 4
! N P - 3 Underneath Motor Driven Lathes
2 5 g Motor driven lathes must always be
o 9 o stopped before the cone pulley belt is
! g = & shifted. The belt tension release lever
3 & - p “A” (Fig. 31) permits releasing the cone
&} IS = 85 sl i pulley belt tension for easy shifting of
] P g the belt to change spindle speeds.
= A i = IT% nE RS o
o ,-_e_;& Stop screw “E” eliminates play when
;%r-——-‘"' o lever “A” is in the lower position. This
/ o screw must be unscrewed several revolu-
2 [— } = tions before any belt tension adjustments
& o “ = are made and must be readjusted after-
Al | = 2 ward.
LS / & ] B 2 ‘ Screw “B” is for adjusting the ten-
<l | 28 o = £ = 3 | sion of the motor V-belts. The adjust-
o A g 5 i 2 5 ment is made by turning the adjusting
& 3 22 “': S £ E = nuts on this secrew, above and below the
I a > 1 Bd E £ B o motor support bracket.
g o Ejﬁ S & 5 £ Knurled knob “C” is for adjusting
o, [ $E, - E 3 2 the tension of the cone pulley flat belt.
S B g7 2 E 3 s 5 This adjustment should be made with
PV 8 % = 3 s = 3 lever “A” in the lower position. Fig. 31. Cross Section of Under-
I %: E 2 2 % =3 £3 3 The belts should be just tight enough  "gath Beit Motor Drive Showns
L e P E nl' [ & B s ke to transmit the required power without
© = = w o~ 5 B z mE 22 g { slipping. When it is properly adjusted,
@ e £ 2 § E 2% =% & presging the hand against the flat belt near the cone pulley should depress
e Z u & 2 E aa Ua o« | the belt about 1%”. Pressing against the V-belt midway between the
5 =

( pulleys should depress the belt about 1”.
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0il Ways and Dovetails Daily 0il Daily

0il Headstock Daily

Oil Lead Screw
Before Cutting
Screw Threads

\
Oil Gearbox
Daily

9 =

Fig. 32. Oiling Chart for a Lathe

Oiling the Lathe

0il every bearing on the lathe before starting it as directed on the
oiling chart which you will find packed with the lathe. Do not attempt
to oil the lathe while it is running. Use a good grade of machine oil or
S.A.E. No. 10 engine oil unless instructions supplied with lathe specify
otherwise. 0il twice daily for the first week and once a day thereafter.
Do not run the lathe spindle more than 500 R.P.M. until it has been
thoroughly broken in.

Keeping the lathe well oiled has much to do with the life of the
lathe and the guality of the work it will turn out. Follow these direc-
tions carefully if you wish to keep your lathe in first class condition.

Always oil in the same order so that no oil holes will be missed.
If you do this the oiling will become a habit and will require only a
very short time.

Do not use an excess of oil. A few drops in each oil hole is suffi-
cient, and if more is applied it will only run out of the bearings and
get on the lathe, making it necessary for you to clean it more fre-
quently.

0il the countershaft each time the lathe is oiled. If the lathe is
motor driven, oil the motor bearings once a week as specified in instrue-
tions supplied with lathe.

After you have completed the process of oiling the lathe and coun-
tershaft, wipe off the excess oil around the bearings with a clean cloth
or waste. Keep the lathe clean. Do not allow oil, dirt, chips or rust to
collect any place on the lathe.

-

Chapter III

OPERATION OF THE LATHE

Before starting a new lathe, the operator should carefully study the
action of the various parts and become thoroughly familiar with the
operation of all control levers and knobs.

The principal parts of the lathe are shown below in Fig. 33. Be-
come familiar with the name of each part as they will be referred to
frequently in the following pages where detailed information on the
operation of the lathe is given.

Do not operate the lathe under power until it is properly set up
and leveled, as outlined on page 15. Also make sure that all bearings
have been oiled and that the belt tension is correct. Always pull the
cone pulley belt by hand to make sure the lathe runs free before start-
ing the lathe under power.

Back Gear  Cone Pulley  Headstock

Feed
/ Clutch  Change
Apron Knob Lever

Fig. 33. Names of the Principal Parts of a Lathe
21
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Back Gear Cone Bull Gear
Lever

Feed
Reverse
Lever

Fig. 34. Operating Parts of Lathe Headstock

Operation of Headstock

Spindle speeds are changed by shifting the belt from one step of
the cone pulley to another and by engaging or disengaging the back
gears. The cone pulley steps are numbered in the illustration above to
correspond with the numbers in the tabulation on page 23, which shows
the normal spindle speeds for various sizes of lathes.

Direct Belt Drive

To arrange the lathe headstock for direct belt drive, push the back
gear lever back as far as it will go; then pull out and up on the bull
gear lock pin and revolve the cone pulley slowly by hand until the bull
gear lock slides into position and locks the cone pulley to the spindle.

Back Geared Drive

To engage the back gears for slow spindle speeds, pull the bull gear
lock pin out and push it down to disconnect the cone pulley from the
spindle: then pull the back gear lever forward. Revolve the cone pulley
by hand to make sure the back gears are properly engaged. Do not
engage the back gears while the lathe spindle is revolving.

Bull Gear Lock, Plunger Type
On some lathe headstocks the plunger type bull gear lock is used.

For direct belt drive on these lathes the bull gear lock pin is pushed in,
and for back-geared drive it is pulled out.

Feed Reverse Lever

The feed reverse lever on the left end of the headstock has three
positions; up, central and down. The central position is neutral, and
when in this position all power carriage feeds are disconnected. When
the lever is in either the “up” position or “down” position the power
carriage feeds will be in operation.

OPERATION OF THE LATHE

L5
e

Spindle Speeds of Lathes

The standard spindle speeds for various sizes of South Bend Lathes
are listed in the tabulations below. The columns under which the
speeds are listed are numbered 1, 2, 3,and 4 to correspond with the
numbers on the cone pulley steps in Fig. 34, page 22. For example,
those spindle speeds that are listed under Column 1 are obtained when
the cone pulley belt is placed on the cone pulley step marked 1 in the
illustration, Fig. 34.

STANDARD SPINDLE SPEEDS OF SOUTH BEND LATHES
IN REVOLUTIONS PER MINUTE

o ’ ' Spindle Speeds Spindle Speeds
E‘:}?fe C’Tﬁ;;s - Direct Belt Drive || Back Gear Drive
Lathe Speed 1 2 3| 4 1 2 | 3 | 4
9-inigh 300 || 658|370 | 212 | —|[127 | 72 | 41 | —
— W =N |
10-inch o5 . _ )
e et 300 | 700 | 434 | 277 120 | 79 | 50 | —
13-inch 360 || 875 | 567 | 373 | 230 | 128 | 81 | 54 | 34
Std. and Q. C. ) N = '
1414-inch ’ ) . ) : :
Std. and Q. C. 335 800 | 482 | 300 | 181 || 121 72 45 | 27
_16-inch ) o
Std. and Q. C. 274 725 | 438 | 277 | 171 01 it} 35 21
|

SPINDLE SPEEDS OF LATHES WITH
TWO SPEED MOTOR DRIVE COUNTERSHAFT

oy _ Spindle Speeds Spindle Speeds
b:fze C':}:{:::r' Direct Belt Drive | Back Gear Drive
Lathe Speed 1 2 3 || 1 2 1 3
Soinah 579 1270 | 716 | 408 || * s | e
300 658 | 370 | 212 | 127 72 | 41

10-inch 579 1357 | 837 | 535 |‘ * .
1-in. Collet 300 | 700 | 431 | 277 | 120 79 | 50

*When using high countershaft speed, back gears should not be engaped.

High Spindle Speeds

When high spindle speeds are required, special drive equipment is
used to provide higher speeds than the standard speeds shown in the
tabulation above. More power is required for operating the lathe at high
speeds than for operating the lathe at normal speeds. The spindle bear-
ings must be well lubricated and should have ample clearance for oil film.
A direct belt drive to the spindle is essential for smooth, vibration-free
cperation at high speed.
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Com-
Pound
Rest
Knoh

CNSS
Feed
Knob

Automatic

ﬁproﬁ : _— Feed Fric.
Wheel tion Clutch

Fig. 35. Operating Parts of Lathe Carriage and Apron

Operation of Lathe Carriage
and Apron

The principal operating parts of
the lathe ecarriage and apron are
shown above in Fig. 35. The apron
hand wheel is turned to move the car-
riage along the lathe bed, and the
cross feed knob and compound rest
knob are turned to move the tool
rest in and out. The carriage lock
serew is used to lock the carriage
to the lathe bed. This serew should
never be tightened except for facing
or cutting-off operations.

Fig, 35A. Micrometer Collar
on Cross Feed Screw

Micrometer Collars

Each graduation of the micrometer collars on the cross feed knob and
compound rest knob represents a movement of the compound rest of
one-thousandth of an inch. The graduated collars may be set at zero by
releasing the set serews which lock them in position.

Power Carriage Feeds

The automatic feed friction clutch controls the operation of both the
automatic power longitudinal feed and the automatic power cross feed.
To engage the clutch, turn the club knob to the right; to disengage, turn
to the left. The direction of the feed is controlled by the position of the
reverse lever on the headstock. (See page 22.)

The feed change lever has three positions: “up” for longitudinal
feeds, “down" for cross feeds, and “center”
for neutral.

The half nut lever is used only for thread
cutting. The feed change lever must be in
the “center” or neutral position before the
half nuts can be engaged.

.« Binding Lever

Operation of Tailstock

The tailstock may be locked on the lathe
bed at any position by tightening the clamp
bolt nut. To loek the tailstock spindle, tighten
the binding lever by pulling it forward.

Fig. 36. Tailstock

%

Power Carriage Feeds
on Quick Change
Gear Lathes

A wide range of power
longitudinal feeds and power
cross feeds is available on all
Quick Change Gear Lathes.
To obtain any desired feed it
is only necessary to arrange
the levers on the gear box
according to the direct read-
ing index chart shown in
Fig. 38. The threads per
inch are shown in large fig-
ures on the index chart be-
low. The smaller figures in-
dicate the power longitudinal
turning feeds in thousandths
of an inch.
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Fig. 37. Quick Change Gear Mechanism

.

SLIDING
GEAR

16-INCH SOUTH BEND QUICK CHANGE GEAR LATHE

[]
18] 20 |
(o | 16 | ordr |20 |,
38
64 | 72

o o 0
; 128 | 144 | 160 | 176 | 184
s 0026 |.0023 | L0021 19 | .0018 | .

a2 ]
0037 o W s rm

AUTOMATIC CROSS FEED EQUALS
A7T5 TIMES LONGITUDINAL FEED

Fig. 38. Index Chart for Quick Change Gear Lathe

Fig. 39. Standard Change Gear
Mechanism

Power Carriage Feeds on

Standard Change Gear Lathes

Standard Change Gear Lathes are
equipped with a set of independent
change gears for cutting serew threads
and obtaining various power longi-
tudinal feeds and power ecross feeds.
Compound gearing is used for fine
threads and feeds. See page 114.

A large ‘“screw gear” “C"” should
be placed on the lead screw and a
small “stud gear” “A” on the reverse
stud. These two gears should be con-
nected with idler gears “B,” as shown.
To obtain finer or coarser feeds, use a
smaller or larger “stud gear.”
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Notes on Lathe Work

A mixture of red lead and machine oil is a good lubricant for the
tailstock center of a lathe.

A precision level that will show an error of .003 in. per foot should
be used to level the lathe when installing, as a level lathe will assure
precision accuracy of the work.

Clean and oil the threads before screwing a chuck or face plate
onto the lathe spindle.

After grinding a tool, hone it to a keen edge with an oil stone—
the cutting edge will last longer.

Always make sure the spindle tapers of the lathe are clean and
free from burrs and dirt before inserting the lathe centers.

If the face plate or chuck does not run true, examine the shoulder
of the lathe spindle and face of hub on face plate or chuck back for
burrs, dirt, ete.

When cutting screw threads in steel, use a small brush to spread
oil on the work preceding each cut. Lard oil is preferable, but a good
machine oil or cutting oil will do.

Use Flat Leather Belts
Flat leather belts are recommended for use on lathe cone pulleys.

Leather belts are better than canvas or rubber belts for use on
lathe cone pulleys. Leather belts are more efficient, last longer, have
more elasticity and give better service.

If a belt has a tendency to come off from the pulley there is some-
thing wrong. Usually the pulleys are out of alignment. Find out what
the trouble is and remedy it. Do not try to hold the belt on the pulley
with a brace.

Notes on Belts and Pulleys

To find the approximate length of a belt, multiply half the sum
of the pulley diameters by 3-1/7 and add twice the distance between the
pulley centers.

The smooth side of the belt should always run next to the pulley.

Keep belts clean and dry. Do not allow moisture, machine oil or
dirt to collect on them.

A pulley should be about 109% wider than the belt.

Driving pulleys for shifting belts should have flat face, all other
pulleys should be erowned.

For stepped or flanged pulleys double ply belting is better than
single ply belting.

Don't shift a moving belt by hand; use a stick or belt shifter.
Never put a belt on a pulley while it is revolving rapidly.

A Dbelt may run crooked if the ends are not eut square before
lacing, or if laced unevenly,

Don't run belts too tight, or with the flesh side next to the pulley.

Chapter IV

LATHE TOOLS AND THEIR APPLICATION

In order to machine metal accurately and efficiently, it is necessary
to have the correct type of lathe tool with a keen, well supported cut-
ting edge, ground for the particular kind of metal being machined, and
set at the correct height.

High speed steel cutter bits mounted in forged steel holders, as
shown in Figs. 40, 46, 48 and 50, are the most popular type of lathe
tools.

The boring tool, cutting-off tool, threading tool and knurling
tool are required for various
classes of work that cannot be
readily accomplished with the
regular turning tool.

Fig. 41. Unground Cutter Bit

N — Fig. 41-A. Holder for Grinding
Cutter Bits
Fig. 42. Cutter Bit After Grinding
i i ; A B c D E F
Big, 43.. Boring ool L. H. Round R.H. L. H. Thread- R H.

Turning Nose Turning Side ing Bide
Fig. 44. Set of Ground Cutter Bits

Fig. 46. Straight Tool Holder

Fig. 50. Right Hand Tool Holder

Fig. 49. Knurling Tool

27
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Correct Height of Cutting Edge

The cutting edge of the
cutter bit should be about 5°
above center, or |, in. per
inch in diameter of the work,
as shown in Fig. 51 at right,

ing. The position of the cut-
ter bit must be taken into
consideration when grinding
the various angles, as the
height of the cutter bit de-
termines the amount of
front clearance necessary Lo
permit free cutting.

The cutting edge of the
cutter bit should always be
placed exactly on center, as
shown in Fig. 52, for all
types of taper turning and
boring, and for cutting screw
threads, also for turning
brass, copper and other
tenacious metals.

Fig. 51. Cutting Edge of Cutter Bit 5° Above Cen-
ter for Straight Turning

Fig. 52. Curtting Edge of Cutter Bit Exactly on
Center for Thread Cutting, Taper Turning, Machin-
ing Brass, Copper, ete,

Tool Angle Varies with Texture of Work

The included angle of the cut-
ting edge of a cutter bit is known
as the tool angle or angle of keen-
ness and varies with the texture
of the work to be machined. For
example, when turning soft steel
a rather acute angle should be
used, but for machining hard steel
or cast iron the cutting edge must
be well supported and therefore
the angle is less acute.

It has been found that an in-
cluded angle of 61° is the most
efficient tool angle for machining
soft steel. This is the angle of
the cutter bit as shown in Fig. 53.

For machining ordinary cast iron, the included angle of the cutting
edge should be approximately 71°, as shown in Fig. 54. However, for
machining chilled iron or very hard grades of cast iron, the tool angle
may be as great as 85°,

Fig. 54. Tool Angle for Machining Cast Iron

Latae Toors anv THER APPLICATION
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Grinding Lathe Tool Cutter Bits
The angle of the cutter bit with i Bk
the bottom of the tool holder must .| o s

be taken into comsideration when
grinding cutter bits.

The side clearance (Fig. 55) is
to permit the cutting edge to advance
freely without the heel of the tool
rubbing against the work.

The front clearance (Fig. 56) is
to permit the cutting edge to eut
freely as the tool is fed to the work.

Too much clearance will weaken
the eutting edge so that it will break;
but insufficient clearance will prevent
the tool from cutting.

Side rake and back rake (Figs.
55 and 56) also facilitate free cut-
ting., For cast iron, hard bronze and
hard steel, very little side rake or
back rake are required. (See page
28.)

The angle of keenness (Fig. 55)
may vary from 60° for soft steel to
nearly 90° for cast iron, hard steel,
bronze, ete.

Figs. 57 to 61, inclusive, show
the various steps in grinding a cut-
ter bit for general machine work.
Honing the cutting edge (Fig. 62)
will improve the quality of the finigh
and lengthen the life of the tool.

CUTTER
BIT

Fig. 59. Grinding

Fig. 60. Rounding
Front of Cutter End of Cutter
Bit Bit

CUTTER
BIT

witl

1 =
SIDE CLEARANCE -~ N_ ANGLE OF

3TOI0T ——

KEENNESS

Fig. 55. Correct Side Clearance and Side
Rake of Cutter Bit

I
-
|

| FRONT CLEARANCE
* to 15°

Fig. 56. Correct Front Clearance and
Back Rake of Cutter Bit

Fig. 57. Grinding
Left Sidie3 of Cutter
it

Fig. 61. Grindin
Side Rake an
Back Rake

GRINDING
WHEEL

Fig. 62,

the Cutting Edge

of Cutter Bit with
an Oil Stone

CUTTER
BIT

Fig. 58. Grinding

Right Side of Cut-
ter

OIL STONE

Bit

Honing

-~




30 How to RUuN A LaTHE

Cutter Bit for Rough Turning

Figs. 63 and 64 illustrate an excel-
lent tool for taking heavy roughing
cuts to reduce the diameter of a steel
shaft to the approximate size desired.
This tool will cut freely but does not
produce a very smooth finish. When
using this type of tool it is advisable
to leave sufficient stock for a finishing
cut with the round nosed tool shown
at the bottom of the page.

Grind the tool to the shape shown
in Fig. 64, and see Figs. 556 and 56 on
page 29 for information on grinding the
correct front clearance, ete.

The cutting edge of the tool is
straight and the point is only slightly
rounded. A very small radius at the
point (approximately  in.) will pre-
vent the point of the tool from break-
ing down but will not impair the free
culting quality of the tool.

The tool angle or included angle of
the cutting edge of this tool should be
approximately 61° for ordinary machine
steel. If a harder grade of alloy or
tool steel is to be machined, the angle
may be increased, and if free cutting
Bessemer screw stock is to be machined,
the angle may be slightly less than 61°.

Hone the cutting edge of the tool
with a small oil stone. This will lengthen
the life of the tool and it will cut better.

Cutter Bit for Finish Turning

Figs. 66 and 66 illustrate a round
nosed turning tool for taking finishing
cuts. The tool iz very much the same
shape as the more pointed tool for
rough turning shown above, except that
the point of the tool is rounded. (Ap-
proximately ¢ in. to 4% in. radius.)

This tool will produce a very smooth
finish if, after grinding, the cutting
edge is well honed with an oil stone and
a fine automatic power carriage feed is
used.

7
s

End View

Side View

Fig. 64. Detail of Roughing Tool

_ @_

Top View

——/4

Side View End View

Fig. 66. Detail of Finishing Tool

T
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==

Top Vie

End View

Sld View

Fig. 67. Application of Round Nosed Tool Fig. 68. Detail of Round Nosed Tool Bit

Round Nosed Turning Tool

The round nosed turning tool shown above is ground flat on top so
that the tool may be fed in either direetion, as indicated by the arrows
in Fig, 67. This is a very convenient tool for reducing the diameter of
a shaft in the center. The shape of the cutter bit is shown in Fig. 68,
and the correct angle for the front clearance and side clearance can be
obtained by referring to Figs, 55 and 56, page 29.

Side View

Fig. 69, Application of Right Hand Turning Tool Fig. 70. Detail of Ri.glhl: Hand Turn-

mng loo

Right Hand Turning Tool

The right hand turning tool shown above is the most common type
of tool for general all around machine work. This tool is used for
machining work from right to left, as indicated by the arrow in Fig. 69.
The shape of the cutter bit is shown in Fig, 70. See page 29 for correct
angles of clearance.

t
|

End View

Side View

Fig. 72. Detail of Left Hand Turning

Fig. 71. Application of Left Hand Turning Tool
: Tool

Left Hand Turning Tool

The left hand turning tool illustrated in Figs. 71 and 72 is just
the opposite of the right hand turning tool shown in Figs. 69 and 70.
This tool is designed for machining work from left to right.
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59" Point
I

Fig. 73. Application of Right Hand Side Tool Fig, 74, Detail of Right Hand Side Toal
Right Hand Side Tool

The right hand side tool is intended for facing the ends of shafts
and for machining work on the right side of a shoulder. This tool
should be fed outward from the center, as indicated by the arrow in
Fig. 73. The point of the tool is sharp and is ground to an angle of
587 to prevent interference with the tailstock center. When using this
cutter bit care should be taken not to bump the end of the tool against
the lathe center, as this will break off the point. See page 29 for cor-
rect angle of side clearance and front clearance,

58° Point

Top View
E 71
—— / /

Side View End View

Fig. 75. Application of Left Hand Side Tool

Left Hand Side Tool

The left hand side tool shown in Figs. 75 and 76 iz just the reverse
of the right hand side tool shown in Figs. 73 and 74. This tool is used
for facing the left side of the work, as shown in Fig. 75.

Fig. 76, Detail of Left Hand Side Tool

60" W

% 1
—————pa
— Fit to Thread

s o /
TopVwer . ToolGauge .2

7 .I'\‘&.I s

=y WA

— VW
Side View End View

Fig. 77. Application of Screw Thread Cut-
ting Tool

Fig. 78. Detail of Thread Cutting Tool
Thread Cutting Tool

Figs. 77 and 78 show the standard type of cutter bit for cutting
United States or American National Form screw threads. The cutter
bit is usually ground flat on top, as shown in Fig. 77, and the point of
the tool must be ground to an included angle of 60°, as shown in
Fig. 78. Careful grinding and setting of this cutter bit will result in
perfectly formed screw threads. When using this type of cutter bit to
cut serew threads in steel, always keep the work flooded with lard oil
in order to obtain a smooth thread. Machine oil may be used if no
lard oil is available.
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Side View . End View
Fig. 79. Applieation of Brass Turning Fig. 80. Detail of Brass Turning
B T

Fonl oo

Brass Turning Tool

The brass furning tool shown above is similar to the round nosed
turning tool illustrated in Figs. 67 and 68, except that the top of the
tool is ground flat so that there is no side rake or back rake. This is
to prevent Lho tool from digging into the work and chattering.

Top View

|
f

Fig. 82, Detail of Cutting-off Tool

Fig. 81. Application of Cutting-off Teal

Cutting-off Tool

The cutting-off tool should always be set exactly on center, as
shown in Fig. 81. This type of tool may be sharpened by grinding the end
of the cutter blade fo an angle of 5° as shown in Fig. 82. The sides of
the blade 'have sufficient taper to provide side clearance, so do not
need to be ground. When cutting off steel always keep the work
flooded with oil. No oil is necessary when cutting off cast iron.

L 0

NG A
Cutter

Fig. 83. Application

Fig. 84, Detail of Boring Tool
of Boring Tool

Fig. 85. Inside Threading
Tool

Boring Tool and Inside Threading Tool

The boring fool is ground exactly the same as the left hand turning
tool shown in Figs. 71 and 72 on page 31, except the front clearance
of boring tool must be ground at a slightly greater angle so that the
heel of the tool will not rub in the hole of the work. The inside thread-
ing tool is ground the same as the serew thread cutting tool shown in
Figs. 77 and 78 on page 32, except that the front clearance must be
increased for the same reason as for the boring tool.
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Stellite Cutter Bits

f Stellite cufter bits will stand
higher cutting speeds than high speed . ,
steel cutter bits. Stellite is also used Fig. 87. Stellite Cutter Bit

for machining hard steel, cast iron, bronze, ete.

Stellite is a non-magnetie alloy which is harder than ordinary high
speed steel. It will stand very high cutting speeds and the tool will
not lose its temper even though heated red hot from the friction gener-
ated by taking the cut.

Stellite is more brittle than high speed steel, and for this reason
should have just enough clearance to permit the tool to cut freely, as
the cutting edge must be well supported to prevent chipping and
! breaking.

Tungsten Carbide Cutting Tools
Tungsten ecarbide tipped cutting
tools are used for manufacturing op-
erations where maximum cutting
speeds are desired, and are highly effi-
cient for machining cast iron, alloyed
cast iron, copper, brass, bronze, alumi-
num, babbitt and abrasive non-metallic
' materials such as fibre, hard rubber
and plasties. Cutting speeds may vary
from 110 to 650 surface feet per min-
ute, depending on the depth of cut and
the feed.

Tungsten carbide tipped cutter bits
must bé ground on a special grade of
grinding wheel, as they are so hard
they cannot be satisfactorily ground
on the ordinary grinding wheel. The
cutting edge must be well supported to

prevent chipping and should have just Fig. 88. Tungsten Carbide Tipped Cut-
ting Tool Mounted in Open Side Tool Post
for Rigid Support.

¥ enough clearance to permit the tool to
cut freely.

v Tantalum Carbide Cutting Tools
Tantalum carbide is a term applied
to a eombination of tungsten carbide
and tantalum carbide. Tantalum car-
bide tipped cutting tools are similar to
tungsten carbide tools, but are used
mostly for machining steel.

Titanium Carbide Cutting Tools
| Titanium carbide is a term applied
H to a combination of tungsten catbide : g
and titanium ecarbide. Titanium ecar- 2 :
bide is interchangeable with tantalum Fir. 88A. Machining a Steel Shaft at

¥ e High Speed with Tantalum Carbide Tip-
carbide in its uses. ped Cutting Tool.

Fig. B6. Seven of the Most Popular Shapes of Lathe Tool Cutter Bits and
eir Application

S
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]

Cutting Power of Various Sizes of Lathes

The illustrations below show the cutting power of various sizes
of lathes and the depth of ecut which can be taken on each lathe when
the lathe spindle speed is correct and the cutiing tools are properly
ground and set. The feed used on each cut is approximately .005 in.
per revolution of the spindle; the cutting speed is 60 ft. per minute;
the metal being machined is .45 Carbon hot rolled steel.

Fig. 90. 9-Tn. Lathe Fig. 91. 10-in. Lathes Fig. 92. 11-In. Lathe

Reducing the diameter Reducing the dlameter Reducing the diameter
Y in. in one cut. ¥ in. in one cut. & in. in one cut.

51'?
(O
Fig. 93. 13-In. Lathe Fig. 94, 14%-In. Lathe Fig. 95. 16-In. Lathe
Redueing the diameter teducing the diameter Reducing the diameter
14 in. in one cut. 56 in, in one cut, 3 in, in one cut

KEEP YOUR CUTTING TOOLS SHARP
Cutling tools must be ground to a sharp, keen edge in order Lo do
fine, accurate work. Bapert mechanics take pride in keeping their tools
in first class condition. When you start machining a piece of work,
take heavy cuts until within a few thousandths of the finished size,
then take light cuts and finish earefully and accurately.

Chapter V
HOW TO TAKE ACCURATE MEASUREMENTS

The ability to take accurate measurements can be acquired only
by practice and experience. Careful and accurate measurements are
essential to good machine work. All measurements should be made
with an accurately graduated steel scale or a micrometer. Never use
a cheap steel scale or a wood ruler, as they are likely to be inaccurate
and may cause spoiled work.

An experienced mechanic can take measurements with a steel secale
and calipers to a surprising degree of accuracy. This is accomplished
by developing a sensitive “caliper feel” and by carefully setting the
calipers so that they “‘split the line” graduated on the scale.

Setting an Qutside Caliper

A good method for setting an
outside caliper to a steel scale is
shown in Fig. 96, The scale is
held in the left hand and the
caliper in the right hand. One
leg of the caliper is held against
the end of the scale and is sup-
ported by the finger of the left
hand while the adjustment is
made with the thumb and first
finger of the right hand.

Measuring with Calipers

The proper application of the
outside caliper when measuring
the diameter of a cylinder or a
shaft is shown in Fig. 97. The
caliper is held exactly at right
angles to the center line of the
work and is pushed gently back
and forth acrosg the diameter of
the eylinder to be measured.
When the caliper iz adjusted
properly, it should easily slip
over the shaft of its own weight.
Never foree a caliper or it will
spring and the measurement will
not be accurate, Fig. 97. Measuring with an Outside Caliper




38 How 1o Run A LaTHE

Setting Inside Calipers

To set an inside caliper for a
definite dimension, place the end of
the scale against a flat surface and
the end of the caliper at the edge
and end of the scale. Hold the scale
square with the flat surface. Adjust
the other end of the caliper to the
required dimension.

Measuring Inside Diameters

To measure an inside diame-
ter, place the caliper in the hole
as shown on the dotted line and
raise the hand slowly. Adjust the
caliper until it will slip into the
hole with a very slight drag. Be
sure to hold the caliper square
across the diameter of the hole.

Transferring Measurements

In transferring measurement
from an outside caliper ;
to an inside caliper, the
point of one leg of the
inside caliper rests on a
similar point of the out-
side caliper, as shown in
Fig. 100. Using this
contact point as a pivot,
move the ingide ecaliper
along the dotted line
shown in illustration, Fig 1000 Transferring a Measurement from an Inside
and adjust with the Caliper to an OQutside Caliper
thumb serew until you feel your measure-
ment is just right.

Hermaphrodite Caliper

The hermaphrodite caliper shown in
Tig. 101 is set from the end of the secale
exactly the same ag the outside caliper.

Fig. 101. Hermaphrodite
aliper

Caliper Feel

The accuracy of all contact measurements is dependent upon the
sense of touch or feel. The caliper should be delicately and lightly held
in the finger tips, not gripped tightly. If the caliper is gripped tightly,
the sense of touch is very much impaired.
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Fig. 102. An Outside Mi-
crometer Caliper for English
Measurements Reading in
Thousandths of an Inch

(Courtesy L. 8. Starrett Co.)

How to Read a Micrometer (English Measurement)

Each graduation on the miecrometer barrel “D” represents one turn
of the spindle or .025 in. Every fourth graduation is numbered and
the figures represent tenths of an inch since 4x.025 in, = ,100 in. or
7 of an inch.

The thimble “E' has twenty-five graduations, each of which repre-
sents one-thousandih of an inch. Every fifth graduation is numbered,
from five to 25.

The micrometer reading is the sum of the readings of the gradua-
tions on the barrel and the thimble. For example, there are seven
graduations visible on the barrel in the illustration above. Since each
graduation represents .025 in., the reading on the barrel is 7x.025 in.
or .175 in. To this must be added the reading on the thimble which
is .003 in. The correct reading is the sum of these two figures or
.175 in. 4 .003 in. = .178 in. Therefore this micrometer is set for a
diameter of .178 in.

Metric System Micrometer

Micrometerg for measuring in the Metric system are graduated to
read in hundredths of a millimeter as shown at right in Fig. 103. For
each complete revolution the spindle travels 3% mm or .50 mm, and
two complete revolutions are required for 1.00 mm. Each of the upper
set of graduations on the barrel represent 1 mm. (two revolutions of
the spindle) and every fifth graduation is numbered 0, 5, 10, 15, ete.
The lower set of graduations subdivides each millimeter division into
two parts.

The beveled edge of the thimble is divided into 50 graduations, each
of which represents .01 mm.

The micrometer reading Is the
sum of the readings on the barrel
and the thimble. For example, in
Fig. 103 there are three millimeter
graduations visible on the barrel,
also a 3% mm graduation. The read-
ing on the thimble is 36 mm. There-
fore, the reading is 3.00 mm <+ .50
mm - .36 mm = 3.86 mm.

Fig, 103. Metric Micrometer
(Courtesy Brown & Sharpe
Mfg, Co.)
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Fig. 104. Testing Headstock Spindle with Test Bar and

Test Indicator

The Accuracy of a Screw Cutting Lathe

In manufacturing the back-geared secrew cutting lathe, accuracy is
given the most careful attention. A few of the accuracy tests are shown
below. The illustration above shows the method of testing the head-
stock spindle of a lathe to see that the taper of the spindle runs true
and that the axis of the spindle is parallel to the ways of the lathe,

The test bar is made of steel and may be from 10 in. to 12 in. long,
depending on the size of the lathe. It is machined between centers
and ground on the taper shank and also on the two larger diameters
where the indicator readings are taken, as shown below. A dial test
indieator used with this bar, as shown above, will disclose an error of
one ten-thousandth of an inch,

£
Fig. 105. Testing Alignment of Tailstock Fig. 106. Testing Amount of Conecavity of
Spindle and Headstock Spindle Face Plate with Dial Indicator

Fig. 107, Testing Alignment of Headstock Fig. 108, Testing Accuracy of Chuck Jaws
Spindle with Ways of Lathe Bed on Diameter and Face
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Fig. 109. Testing Laboratory and Research Department

Testing and Research Laboratory

In a well equipped research laboratory
at the South Bend Lathe factory, new
ideas, new materials, and new methods are
tested. Here measuring instruments and
tools are constantly checked to maintain
uniform accuracy in South Bend Lathes.

The equipment of this laboratory in-
cludes precision gauge blocks accurate to
five-millionths of an inch, an optical com-
parator for testing the form and lead of
screws threads, a profilometer for checking
the smoothness of surface finishes, hard-
ness testing equipment to make sure that
heat-treated steel surfaces have just the
right degree of hardness, precision lead
serew testing equipment accurate to
.00005” in 30", a dynamic balancing ma-

2 e . Fig. 110. An Optical
chine, and many other precision instru- Comparator

ments, gauges, and tools.

Lathes built today are vastly superior to those of a quarter-century
ago. Research in metallurgy has produced steel and iron having greater
strength and durability. Better measuring equipment and methods make
possible greater precision in the finishing and fitting of machine parts.
The development of the super-
finishing process has resulted in
more perfect bearing surfaces.

Since November 1, 1906, the
South Bend Lathe Works has been
developing methods and equip-
ment for manufacturing precision
lathes. Years of careful research
have resulted in a continual im-
provement in South Bend Lathes
that has earned them an enviable

: position of leadership. Today,
Fig.110-A. Testing Lead Screw for Accuracy  they are better in every way.
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Fig. 111. Using an Qutside Micrometer Caliper Measuring the Diameter of
Wark in the Lathe

Fig. 112. Using an Inside Micrometer Caliper Measuring the
Diameter of a Machined Hole

Fig. 113, Turning ‘a Steel Shaft Mounted Between Centers

Chapter VI
PLAIN TURNING

The illustration above shows the lathe in operation machining a
shaft between the lathe centers., Whenever possible, work should be
mounted in this way for machining as heavier cuts may be taken he-
cause the work is supported on
both ends.

Locating Center Holes

There are several good meth-
ods for accurately locating the
center holes which must be drilled
in each end of the work before il
can he mounted on the lathe cen-
ters for machining.

Divider Method Fig. 114, Locating Centers with Dividers

Chalk the ends of the shaft,
set the dividers to approximately
one-half the diameter of the shaft,
and seribe four lines across each
end, as shown in Fig. 114.

Combination Square Method

Hold the center head of a
combination square firmly against
the shaft, as shown in Fig. 115,
and scribe two lines close to the " 4
blade across each end of the shaft, & 115 Use of Center Head to Locate

43




44 How 1o Run A LaTHE

Hermaphrodite Caliper Method

Chalk each end of the work,
set the hermaphrodite caliper a
little over half the diameter, and
scribe four lines as shown in
Fig. 1146,

. Fig. 116. Centering ith H hrodite
Centering Irregular Shapes ! - %‘:ﬂip::; e
Work that is irregular in
ghape may be centered with a sur-
face gauge and V-block, as shown

in Pig. 117.
Bell Center Punch A

The bell centering cup is C -]
placed over the end of the work ] _f_

and the center- punch or plunger
is struck a sharp blow with the
hammer, automatically locating
the center.

Fig. 117. Centering an Irregular Shape

Punching the Center

Place the center punch verti-
cally at the center point and tap
with a hammer, making a mark
sufficiently deep so that the work
will revolve on the center points
when placed in the lathe,

Test on Centers

After a piece has been center
punched it should be tested on
centers, as shown in Fig, 120, to
make sure that the centers are
accurately located. Spin the work
with the left hand and mark the

j /L N TR | |
Il| i

high spots on each end of the ~ a7
cylinder with a piece of chalk in Fig. 118. Punchin .

3 v . d Fig. 119. Bell
the right hand, 4 the Center Center Punch

Chalk Mark

Chalk Mark

Fig. 120. Testing the Accuracy of Center Punch Marks
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Chuck Centering Tool Work Tail Stock

Fig. 121. Drilling the Center Hole in the End of a Shaft

Changing Location of Center Holes

If the centers have not been accurately located,
the position of the center punch mark ean be changed
by placing the center punch at an angle, as shown in
IPig, 122, and driving the center over. The ghaft
should be securely clamped in a vise while this is done.

Drilling the Center Holes
After the centers have been accurately
located, center holes should be drilled and
countersunk in each end of the shaft. This
may be done in the lathe, as shown in Fig.
121, or in a drill press. A combina-
tion ecenter drill and countersink,
shown in Fig. 124, or a small twist
drill followed by a 60° countersink,
shown in Fig, 123, may be used.

Fig. 122, Changing the
Loecation of a Center
Punch Mark

Center Drill and Countersink

The combination center drill and coun-
tersink is usually used for drilling center
holes. Several standard sizes suitable for
various sizes of work are available, ao
listed in the tabulation below.

Some care should belllalxerci?eg in dl‘ill(i
ing the center holes. The spindle spee . . .
should be about 150 r.p.m. and the drill Fig. 123. A 60° Countersink
should not be crowded. If the drill is
crowded and the point is broken off in the
work it may be necessary to heat the end ﬁ
of the shaft to a cherry red and allow iil; :
to cool slowly so that the drill point wil " " it oy
be annealed and can be drilled out. Fig. S, Combination Ceufer

SIZE OF CENTER HOLE FOR ; IN. TO 4 IN. DIAMETER SHAFTS

. Large " |
Diameter JT)iameEer of (Diameter

Diameter
of Work Cotnter- of Drill | of Body
W sunk Hole C 1
Fin. to f5in) 1% in. Liin, | 33 in.
8 in. to 1 in. 74 In. 4% in, + in.
114 in.to 2in. 14 in. 14 in. % in.
21 in.to 4in| 4 in. & in, & in.
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Drilling Center Holes
with a Lathe Chuck

Small diameter rods that
can be passed through the
headstock spindle and short
shafts are easily centered
with the aid of a universal
chuck, as shown in Fig, 125,
When this method is used,
the end of the shaft should
be faced smooth before drill-
ing the center hole.

The unsupported end of
the shaft should not extend
more than 10 in. beyond the
chuck jaws. Shafis that are
too large to pass through
the headstock and too long
to be held firmly by the
chuck jaws alone can be sup-
ported on the outer end in a
center rest. (See page 92.)

Correct Center Hole

To be correct, the center
hole must be the size re-
quired for the diameter of
the shaff, as listed in the
tabulation on page 45, and
the countergsink must fit the
center point perfectly, as
shown in Fig, 126, There
must also be sufficient clear-
ance at the bottom of the
countersink.

When drilling center
holes, allow for the thick-
ness of the metal that will
be faced off of the end;
otherwise, the ecenter holes
will be too small to support
the ghaft after the ends are
faced,

Poorly Drilled Center Holes

One of the most common
causes of unsatisfactory
lathe work is poorly drilled
center holes. Fig. 127 shows
a shallow center hole with
incorrect angle and no clear-
ance for the tip of the cen-
ter point. Fig, 128 shows a
center hole that has been
drilled too deep. Accuracy
cannot be expected when cen-
ter holes are poorly made,
and the lathe centers may be
damaged.

Fig. 125, Drilling a_Center Hole with Stock Held
in Lathe Chuck and Drill in Tailstock Spindle Chuck

Fig. 126. A Correctly Drilled and Countersunk
Hole Fits the Lathe Center Perfectly

Fig. 127. A Poorly Drilled Center Hole, Too Shal-
low and Incorrect Angle

\\\\\}\\j

Fig. 128. An Incorrect Center Hole, Drilled Too
Deep to Fit Center
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Fig. 129. Standard Luthe Dog Fig. 130. Safety Lathe Dog

Lathe Dogs for Driving Work on Centers

The common lathe dog shown in Fig. 129 is the most popular type.
Tig. 130 shows a safety lathe dog which has a headless set screw and
is not likely to eateh in the operator’s sleeve. Fig. 132 shows a clamp
lathe dog, used principally for rectangular work in the lathe. When
attaching the lathe dog to the work, make sure that the set screw is
securely tightened.

Mounting Centers in the Lathe Spindles

Before mounting the lathe centers in the headstock or tailstock
spindle, thoroughly clean the centers, the tapered holes and the gpindle
sleeve ““A.'" Fig. 131. A very small chip or a little dirt will cause the
center to run out of true. Use cloth and stick to clean taper hole. Do
not insert finger in revolving spindle.

The tail spindle center is hardened and tempered and is marked
with a groove to distinguish it from the head spindle center,

Removing the Lathe Centers

With a piece of rag in your right hand, hold the sharp point of the
headstock center, and with the left hand give the center a sharp tap
with a rod through the spindle hole. Fig. 133 shows a steel rod with a
small hushing attached for removing the headstock spindle center and
taper sleeve,

To remove the tailstock center, turn the tailstock hand wheel to
the left until the end of the tailstock screw bumps the end of the
center. This will loosen the center and it
may be removed from the spindle.

- A
AA
Fig. 132, Clamp Lathe Dog
v v
e
ig. 131, Lathe Center and :
glgindle SiucnveeM::nted in Fig. 133. Knock Out Bar for Removing
eadstock Spindle of Lathe Headstock Spindle Center
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T
A J.-——-_L
Fig. 134. Checking the Alignment of the Lathe Centers

Check Alignment of Centers

Before mounting work between the lathe centers they should be
checked for alignment, as ghown in Fig., 134. If the tailstock center
does not line up, loosen the tailstock clamp bolt and set over the tail-
stock top in the proper direction by adjusting the tailstock set over
screws. (See page 51.)

Mounting the Work Between Centers

Place a drop of oil in the center hcle for the tailstock center point
before mounting the work between centers. The tail of the lathe dog
should fit freely into the slot of the face plate so that the work rests
firmly on both the headstock center and the tailstock center, as shown
in Fig. 136. Make sure that the lathe dog does not bind in the slot of
the face plate, as shown in Fig. 135.

The tailstock center should not be tight against the work, but should
not be too loose. The work must turn freely, for if the tail center is too
tight it will stick and may be ruined.

Expansion of Work

When work is machined in the lathe it may become hot and expand.
The expansion of work mounted between centers will cause it to bind,
making it necessary to stop the lathe and readjust the tailstock center.
When machining a long shaft, several readjustments of the tailstock
center may be required.

Fiz. 135. Incorrect Fig. 136. Work Properly Mounted Between the Lathe
Mounting Centers, Ready to Machine

Prain Turnine 49

Facing the Ends

Before turning the diameter of
a shaft, the ends should be faced
square. Grind the cutter bit as
shown in Fig. 74, page 32, and
set the cutting edge exactly on
center, as shown in Fig. 137. Be
careful not to break the point of
the tool against the tailstock cen-
ter., Feed the tool out to face the
end, as shown in Fig. 138.

Position of Tool for Turning

Grind the cutter bit for turn-
ing as shown in Fig. 64, page 30.
The cutting edge of the cutter bit
and the end of the tool holder
should not extend over the edge
of the compound rest any farther
than necessary. (See “A” and
“B,” Fig. 139.)

The tool should be set as
shown in Fig. 140 so that if the
tool slips in the tool post it will
not dig into the work, but instead
it will move in the direction of
the arrow away from the work.

Direction of Power Feed

The feed of the tool should be
toward the headstock, if possible,
so that the pressure of the cut is
on the head spindle center which
revolves with the work.

Rate of Power Feed

The rate of the power feed
depends on the size of the lathe,
the nature of the work, and the
amount of stock to be removed.

On a small lathe a feed of
.008 in. per revolution of the
gpindle may be used, but on larger
sizeg of lathes feeds as coarse as
.020 in, are often used for rough
turning. Care must be taken when
turning long slender shafis as a
heavy cut with a coarse feed may
bend the shaft and ruin the work.

Fig. 137. Position of Cutter Bit for Facing
the End of a Shaft

!

LB

o

Fig. 138. Facing the End of a Shaft

I
P S—

Fig. 139, Position of Tool in Tool Post

JEul

Fig. 140. Top View Showing Position of
Taol for Turning

&
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Cutting Speeds for Turning
The most efficient cutting speed for turning varies with the kind of
metal being machined, the depth of the cut, the feed and the type of
cutter bit used. If too slow a cutting speed is used, much time may be
lost, and if too high a speed is used the tool will dull quickly. The
li;ollowing cutting speeds are recommended for high speed steel cutter
its:

CUTTING SPEEDS IN SURFACE FEET PER MINUTE

]
Roughing Cuts | Finishi irie
Kind of Metal RS0 . | 005 Ty to S0 L6 In. S
Feed Feed
Cast }l'on ............ 60 f.p.m. 80 f.p.m 25 f,p.m
Machine Steel ........ 90 f. p. m. 100 £.p. m. 36 f.p.m
Tool Steel, Annealed ... 50 f.p.m. 75 f.p.m. 20 f.p.m
Brass .....co0iineann 150 f. p. m. 200 f.p.m. 50 f.p.m.
Aluminum ....sec00.n 200 f.p.m. 300 f.p.m. 50 f.p.m
BFON26 & .vsai wms wpesos 90 f.p.m. 100 £, p.m. 25 f.p.m

If a eutting lubricant is used, the above speeds may be increased
269% to 50%. When using tungsten-carbide tipped cutting tools, the
cutting speeds may be increased from 100% to 800%.

To find the number of revolutions per minute required for a given
cutting speed, in feet per minute, multiply the given cutting speed by
12 fnd divide the product by the circumference (in inches) of turned
part.

Example: Find the number of revolutions per minute for 1 in. shaft
for a cutting speed of 90 ft. per minute.

90x12
Tidi6xl — 343.97 . p. m.

Spindle speeds for various diameters and metals are listed in the
tabulation below to eliminate the necessity of making calculations.
Refer to page 23 for spindle speeds of various sizes of lathes.

SPINDLE SPEEDS IN R.P.M. FOR TURNING AND BORING
Calculated for Average Cuts with High Speed Steel Cutter Bits

Diameter c:‘\‘ll? ‘Ps Cast Iron h%:tlf‘hll e ]-E»IITJL é;gf;’a Aluminum
in Inchee |50 f, p,m.| 75 f.p.m. | 100 f.p. m. | 150 £.p. m. |200 f.p. m. | 300 f.p. m.
1 191 287 | 382 573 T64 1146
2 95 143 191 287 382 573
3 | 64 95 127 191 254 381
4 | 48 72 | 95 143 190 285
5 | 38 57 76 115 152 228
6 | 32 48 64 95 128 192
7 1 27 41 55 82 110 166
3 24 36 48 72 96 144
a 21 32 42 64 84 126
10 19 29 38 57 76 114
11 17 26 35 52 70 105
12 16 24 32 48 64 96
13 15 22 29 44 68 87
14 14 20 27 41 54 81
15 13 19 25 38 50 75
16 | 12 18 24 36 48 72
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Fig. 141. Testing the Alignment of the Lathe Centers for Straight Turning

Testing Alignment of Centers

After taking the first roughing cut across a shaft, check the diame-
ter at each end of the cut with calipers or micrometers to make sure
the lathe is turning straight. Sometimes when the position of the tail-
stock is changed for a different length of work, it will require adjust-
ment. This is especially true on old lathes which may have worn spots
and burrs on the bed.

Fig. 141 shows a good method of testing for the alignment of the
lathe centers. Two collars, A and B, turned on a shaft about 1% in.
in diameter and 10 in. long, are machined with a fine finishing cut
without changing the adjustment of the ecutting tool. Collar A is
measured, and without making any adjustment on the ealiper, collar B
is tested to see how it compares with collar A. If collar A is not the
same diameter as collar B, then the adjustment of centers is not cor-
rect, and the tailstock top should be adjusted in the direction required.

Adjustment of Tailstock Top

The tailstock top is adjusted by
releasing one of the adjusting serews
of the tailstock top and tightening
the opposite screw a similar distance.
Then take another test cut on the
collars, measure and continue this
operation until the desired degree of
accuracy is obtained.

There is a mark on the end of
the tailstock where the bottom and
top join to show the relative position
of the tailstock top and bottom. For
fine, aceurate work, this mark should
not be depended upon, but the align-
ment test should be made as de-
scribed above to be sure that the
centers are in line. Fig. 142. Tailstock Set on Center

—4
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Machining to a Shoulder S
A good method for locating a

shoulder on a shaft is shown in
Fig. 143. After chalking the shaft,

—
LS

get the hermaphrodite calipers to
the required dimension and scribe
a line around the revolving shaft
with the sgharp point on the
caliper.

Fig. 144 shows the use of a
round nosed turning tool for fin-
ishing a shoulder having a fillet
corner. (See page 31, Fig. 67.)

Locating Shoulders with a Parting Tool

In production work where a quantity of
pieces are reguired, shoulders are usually
located with a parting tool, as shown in
Fig, 146, before the diameter is machined.

When a square corner is required, as for
a hearing, it is customary to neck or undercut
the shoulder slightly, as shown in Fig., 145.

A firm joint ealiper is convenient for meas-
uring when facing the ends of a shaft to length
or for measuring between two shoulders, as
shown in Fig, 147.

) Iem P
L\I_J

@

Fig. 145. Detail of a Shoulder
with a Recess

©

Fig. 143. Measuring with Hermaphrodite
Caliper 1ty Locate a Shoulder

Fig. 144, Finishing a Shoul-
der with a Fillet

Fig. 146. Location of a Shoulder Marked with a Parting
Tool Before Turning the Diameter

EED‘

_—

(®)

Fig. 147. Measuring the Length of a Shaft with a Firm Joint Caliper

Iy

Fig. 148, Machining a Shait in an Independent Chuck

Chapter VII
CHUCK WORK

Work that cannot readily be mounted between the lathe centers is
usually held in a chuck, as shown above, for machining. Several types
of chucks are used, but the most popular are the 4-jaw Independent
chuck and the 3-jaw Universal chuck shown below.

A 4-jaw Independent chuck has four reversible jaws, each of which
may be independently adjusted. This type of chuck is recommended
if the lathe is to have but one chuck, as it will hold square, round and
irregular shapes in either a concentric or an eccentric position.

The 3-jaw Universal chuck is used for chucking round and hexa-
gonal work quickly, as the three jaws move simultaneously and auto-
matically center the work. Two sets of jaws are required, one set for
external chucking and the other for internal chucking.

Fig. 150, 3-
jaw  Universal
Geared  Seroll
Chuck

Fig. 149, 4-
jaw  Indepen-
dent Chuck
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Mounting Chuck on Spindle

Before mounting a chuck or a
face plate on the lathe spindle, thor-
oughly clean and oil the threads of
the spindle and the chuck back. Also
clean the shoulder of the sgpindle
where the chuck back fits against it.
A very small chip or burr at this
point will prevent the chuck from
running true.

Hold the chuck against the gpin-
dle nose with the right hand and
arm and turn the lathe spindle cone
with the left hand to secrew the chuck
onto the spindle just tight enough
to hold it securely.

Do not run the lathe with power
while screwing the chuck onto the
spindle, and do not spin the chuck
up to the shoulder or it may be very
difficult to remove.

CHUCK BAGA

CHUCK BODY

Fig. 151, Cleaning Threaded
Hole in Chuck Back

The Independent Chuck

The independent chuek is used B
more than any other type of chuck
because it will hold practically any
shape and can be adjusted to any
degree of accuracy required.

Concentric rings secribed on the
face of the chuck permit centering
round work approximately, as it is g
placed in the chuck. To center more
accurately, the lathe is started and
a piece of chalk is held lightly
against the revolving work, as shown
in Fig. 152. The lathe is then
stopped and the jaw opposite the
chalk mark is loosened slightly. The

opposite jaw is then tightened. The Fig. 152, Centering Work in an Inde-
pendent Chuck

test is repeated until the work is
centered with the necessary accuraey.
All four jaws must be securely
tightened before starting to machine
the work.

Use of Center Indicator

The center indicator is used for
accurately centering work that has
been laid out and center punched for
drilling and boring. The short end
of the center indicator is placed in
the center punch mark and the tail-
stock center point is brought up |
close to the opposite end, as shown
in Fig. 153, For accurate work, the
long end of the indicator should re-
main S.ta'tionary when the lathe Fig. 153. Centering Work with a Center
apindle is revolved. Indicator

Cavck Wonk

Centering Work With
Dial Test Indicator

A sengitive dial indicator may be
used for accurately centering work hav-
ing a smooth surface. The dial of the
indicator is graduated to read in thou-
gandths of an inch so that practically
any required degree of accuracy may
be obtained.

The indicator is placed in contact
with the part to be centered, as shown
in Fig. 154, and the hand on the indi-
cator dial is watched as the lathe spin-
dle is revolved slowly by hand. The
chuek jaws are adjusted as desecribed

Fig. 154.

Centering Work with
Dial Test Indicator

on page 54 until the required degree of
accuracy is obtained.

The part to be centered should also
be tested on the face for wobble as
shown in Fig. 155.

Removing Chuck from Lathe Spindle

An easy way to remove a ehuck or
a face plate from the lathe spindle is
shown in Fig. 156. The back gears are
engaged and the belt is placed on the
large step of the cone pulley. A block
of wood is placed between the chuck
jaw and the back V-way of the lathe
bed and the belt is pulled by hand as

Fig. 155, Testing Face of Work with
Dial Indicator for Wobble

shown..

Practical Sizes of Chucks

Lathe chucks should be carefully
selected for the size of the lathe and
the work for which they are to be used.
1f the ehuck is too small, the capacity
of the lathe iz restricted, but if it is
too large the jaws may strike the lathe
bed and the chuck will be awkward to
use and difficult to handle.

The most practical sizes of chucks
for use with various sizes of lathes are Fig. 156.
listed in the tabulation below.

Practical Sizes of Chucks for Lathes

Removing
Lathe Spindle

a

Chuck from

4=Jaw Independent

Size of Lathe Lathe Chuck

| S=Jaw Universal Geared
| seroll Chuek

9-in, lathe G in. 5] in.
10-in. lathe i in. 5 in.
13-in, Iathe T in, fi in.
1435-in, lathe......vvv:un 9 in. T4y in.
16-in. Jathe.............. 10 in. Tia in.
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The Universal Chuck

Round and hexagonal work may
be chucked quickly in the universal
chuck as all three jaws move simul-
taneously and automatically center the
work within a few thousands of an
ineh. This type of chuck will usually
center work within .003 in. when new,
but when the seroll becomes worn this
degree of accuracy cannot be expected.

Since there is no way to adjust the
jaws independently on this type of
chuek, it is not used where extreme
accuracy is required. The 4-jaw inde-
pendent chuck should always be used
when work must be centered to run
dead true. However, if no independent
chuck is availablé shims may be placed
between the chuck jaws and the work
to compensate for the inaccuracy of
universal chuck.

Headstock Spindle Chuck

The headstock spindle chuck,
shown in Figs, 158 and 159, is simi-
lar to a drill chuck except that it is
hollow and is threaded so that it may
be serewed on to the spindle nose of
the lathe.

This type of chuck is suitable for
holding bars, rods and tubes that are
passed through the headstock spindle
of the lathe, also other small diame-
ter work. It is more accurate than the
average universal chuck and will usu-
ally center work within .002 in,

The headstock spindle chuck is
inexpensive and for some classes of
work it may be used instead of the
more expensive draw-in collet chuck,

Drill Chuck

Drill chucks are used in both the
headstock spindle and the tailstock
spindle of the lathe for holding drills,
reamers, taps, ete. There are several
types of drill chucks on the market
and some do not have sufficient aceu-
racy and holding power for satisfac-
tory use on the lathe. A good drill
chuek will hold drills concentrie with-
in .002 in. or .003 in. and should have
a wrench or a pinion key for tighten-
ing.

Fig, 157.

Round Work Held in a
Universal Chuel

Fig. 158,

Hollow l‘llcendsto ck Spindle

hue

Fig. 159.

Machining a Shaft in a

Hollow Headstock Chuck

Fig. 160,

Drill Chuck Mounted in
Tailstock Spindle
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Fig. 161. Machining a Part Held in a Draw-in Collet Chuck

Draw-in Collet Chuck

The draw-in collet chuck is the most accurate of all types of chucks
and is used for precision work, such as making small tools and manu-
facturing small parts for watches, typewriters, radios, etc. The collets
are made for round, square and other shapes, ag shown in Figs. 162,
164 and 165. The work held in the collet should not be more tha.n
.001 in, smaller or .001 in. larger than the collet size. If the diameter
of the work varies more than this, it will impair the accuracy and
efficiency. of the collet. A separate collet should be used for each
diameter of the work.

Fig. 162. Side View and End View of a Spring Collet for Round Work

Fig. 164. Fig. 165.

Fig. 163. Handwheel Draw-in Collet Chuck Square Colle: Hexagon Collet
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\Draw Bar .

Collet
Sleeve

Fig. 166. Cross-Section of Headstock Showing Construction of Draw-in
Collet Chuck Attachment

Construction of Draw-in Collet Chuck

The construction of the draw-in collet chuck is
shown above in Fig. 166. The hollow draw-bar with
handwheel attached extends through the headstock
spindle of the lathe and is threaded on the right end .
to receive the spring collet. Turning the handwheel Fig. 167,
to the right draws the collet into the tapered closing Pot Collet
sleeve and tightens the collet on the work. Turning the handwheel to
the left releases the collet.

Step Chuck and Closer

The spring ecollet may be replaced with
a step chuck and closer, as shown in Fig. 168,
for holding dises such as gear blanks, ete. A
pot collet, shown in Fig. 167, may be used in
place of the step chuck for small diameters,

Handlever Draw-in Collet Chuck Fig, 168. é’[':::;r(:hu':k =
The handlever draw- = : — ST

in collet chuck, shown in
Fig. 169, is similar to the
handwheel type draw-in
collet chuck except that
the collet is opened and
closed by moving the hand
lever to the right or left.
This permits gripping or
releasing the work with-
out stopping the lathe
spindle if desired.

Fig. 169. Handlever Type Draw-in Collet
Chuek Attachment

Fig.' 170. A Set of Collets for Round Work T

In. to % In. by l6ths

Chapter VIII

TAPER TURNING AND BORING

There are three methods of turning and boring tapers in the lathe:
by setting over the tailstock; by using the compound rest; and by using
the taper attachment of the lathe. The method used depends on the
length of the taper, the angle of taper and the number of pieces to be
machined.

Cutter Bit Must Be on Center

The cutting edge of the tool must be set exactly on center, as shown
in Fig. 173, to turn or bore an accurate taper. That is, the cutting edge
of the lathe tool must be exactly the same height as the point of the
tailstock center. The position of the tool applies to all methods of
turning and boring tapers,

Taper Turning with Compound Rest

The compound rest of the lathe
i usually used for turning and bor-
ing short tapers and bevels, espe-
cially for bevel gear blanks and for
die and pattern work, ete. The com-
pound rest swivel is set at the
required angle and the taper is ma-
chined by turning
the compound rest
feed secrew by hand.
See Figs. 171 and 172.

Fig. 171. Machining a Conical Punch
and Die with Compound Rest

Fig. 172. Compound Rest Set at an Angle for  Fid 173. Lathe Tool Cutter Bit Set on
Taper Turning and Boring Center for Taper Turning
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Truing a 60° Center

i A good example of taper turn-
ing with the compound rest is
machining a 60° center point, as
shown in Fig. 174.

The tailstock center is hard-
ened and must be annealed be-
fore it can be machined, although
it can be trued with a grinding
?ttachment in place of the lathe
ool.

Testing the Angle

All angular or bevel turning
should be tested with a gauge of
some kind, as it is diffieult to
read the graduations with suffi-
cient accuracy to set the com-
pound rest swivel for an exact
taper. Fig. 175 shows the use of
a center gauge for testing the
60° angle of a lathe center point.

Taper Turning with Tailstock Set Over

Work that can be machined
between centers can be turned
taper by setting over the tailstock
top, as shown in Figs, 177, 178
and 179, This method ecannot be
used for boring tapers.

The amount the tailstock top
must be set over depends on the
amount of the taper per foot and
the over-all length of the work.
With the same amount of setover,
pieces of different lengths will be
machined with different tapers, as
shown in Fig. 177. Notice that
the tailstock center is set over
one-half the fotal amount of the
taper for the entire length of the
work.

Fig. 175, Testing the Angle of a Lathe
Center FPoint

. 176. Machining s Taper with the Tail-
stock Top Set Over

il
LB

Fig. 177. With the Tailstock Set Over the Same Amount, Pieces of
Different Lengths are Machined with Different Tapers

-
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How to Calculate Amount of Setover for Tailstock

Tapers are usually specified in ‘‘inches per foot.” For example,
some Brown & Sharpe tapers are 14 in, per foot. To machine a Brown &
Sharpe taper of % in. per foot on a shaft exactly one foot long, the
center should be set over 14 in. or .250 in. If the piece is only 10 in.
long, then the amount of setover would be {4 of .250 in. or .208 in.
The following rules may be used for caleulating the amount of setover:

Taper 1IN INCHES PR Foor GiveN—Divide the total length of the
stock in inches by twelve and multiply this quotient by one-half the
amount of taper per foot specified. The result is the amount of setover
in inches.

DraMerErRs AT Enps oF TAPER GIVEN—
Divide the total length of the stock by
the length of the portion to be tapered
and multiply this quotient by one-half the
difference in diameters; the result is the
amount of the setover.

Adjusting the Tailstock Center

To set over the tailstock center for
taper turning, loosen clamping nut of
tailstock and back off set serew “G,”
Fig. 178, the distance required; then
serew in set screw “F” a like distance
until it is tight, and eclamp the tailstock
to the lathe bed.

Fig. 178. 'Tailstock Top Set Off

Measuring the Setover Center for Taper Turning

To measure the setover of the
tailstock center, place a scale hav-
ing gradunations on both edges
between the two centers, as shown
in Fig. 179. This will give an
approximate measurement,

Fitting Tapers to Gauges

The best way to machine an
accurate taper is to fit the taper
to a standard gauge., To test the
taper, make a chalk mark along
the entire length of the taper,
place the work in the taper it is
to fit and turn carefully by hand.
Then remove the work and the
chalk mark will show where the
taper is bearing,

1f the taper is a perfect fit, it
will show along the entire length
of the chalk mark. If the taper is
not perfect, make the necessary
adjustment, take another light
cut and test again. Be sure the
taper is correct before turning to
the finished diameter.

Fig. 180. Morse Standard Taper Plug Gauge
and Socket Gauge

Py
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Taper Turning with Taper Attachment

The taper attachment is used for turning and boring tapers in the
lathe. It eliminates the necessity of setting over the tailstock, and if
desired may be set permanently for a standard taper. The taper attach-
ment does not interfere with using the lathe for straight turning.

The taper attachment is especially valuable for boring tapered holes.
If the lathe is not equipped with a taper attachment, the compound rest
top swivel may be set for the desired taper, but the length of the taper
is limited to the comparatively short angular feed of the compound rest
top when this method is used.

Graduations on one end of the taper attachment swivel bar indicate
the total taper in inches per foot, and on the other end, the included
angle of the taper is shown in degrees. See Fig. 182-A.

Plain Taper Attachment

The plain taper attachment (used on all 9” South Bend Lathes)
shown at right consists of a bracket attached to the back of the
lathe carriage, a compound slide with clamp for locking slide to lathe bed
and a connecting bar to connect the
slide block of the taper attachment
to the compound rest base of the
lathe,

When the plain taper attachment
is to be used it is necessary to dis-
connect the cross feed secrew by re-
moving the bolt “A” which locks the
cross feed nut to the compound rest
base of the lathe. This leaves the com-
pound rest base free to slide so that
it may be controlled by the taper
attachment. Binding screws “B"” and
“C” are tightened to engage the taper
attachment.

Fig. 181. Plain Taper Attachment

Telescopic Taper Attachment

The telescopic taper attachment (used on 10” to 16” swing South
Bend Lathes) shown in the illustration below, Fig. 182, iz similar to
the plain taper attachment de-
scribed above execept that it is
equipped with a telescopic cross
feed serew. This feature elimi-
nates the necessity of disconnect-
ing the cross feed secrew when the
taper attachment is to be used.

The cross feed secrew may be
used to adjust the turning tool
for the required diameter and
the taper attachment may then
be engaged by tightening binding
serews “X" and “Y”. To change
back to straight turning, it is
necessary to loosen binding screws
I‘X,! and “Y!l.

Fig. 182, Telescopic Taper Attachment

\__. ——
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Setting the Taper Attachment Swivel Bar

Tapers are usually specified in inches per
foot or in degrees. When this information is not
available the taper in inches per foot should be
caleulated before setting the taper attachment for
taper turning.

To calculate the taper in inches per foot,
subtract the diameter in inches at the small end
of taper (B, Fig. 183) from the diameter in _
inches at the large end of the taper (A); divide i
the result by the length of tapered portion (C) ﬂ'glniﬁﬁf pef:"‘f,::t""::
in inches, and multiply by 12. The answer is Swivel Bar
the taper in inches per foot and indicates the )
graduation on the “taper per foot” end of the swivel bar which should
be set in line with the witness mark in order to machine the desired
taper. See Fig. 182A,

Each graduation on the “taper per foot” end of swivel bar repre-
gents a total taper of 1/16” per foot. If the taper per foot has been
calculated or specified in decimal fractions instead of ecommon fractions,
refer to the decimal equivalent table on page 115 for the nearest frac-
tional part of an inch.

When setting the swivel bar for taper turning, remember that the
total taper is indicated by the graduations, either in inches per foot or
in degrees. For example, if the swivel bar is set at 5° t-he_Eaper machined
will have a total included angle of 5°; that is 2%° (not 5°) each side of
center line.

After setting the taper attachment swivel bar to the required angle,
take a trial cut and test the taper with a taper gage or micrometers.
Some readjustment of the swivel bar will probably be necessary, as it
is difficult to align the graduations on swivel bar perfectly with the
witness mark. See page 61 for information on fitting and testing tapers
with taper gauges.

Standard tapered holes may be hand reamed after boring to stand-
ardize the taper and size the hole.

Turning an outside
taper is shown in Fig.
183. Boring an_inside
taper with the aid of a
center rest is shown in
Fig. 184. See page 92. < " —c—

Fig. 183. Taper Turning with
the Taper Attachment

Fig. 184. Boring a Taper with
the Taper Attachment
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Morse Standard Tapers

Morse Standard Tapers are used for lathe and drill press spindles
by most of the manufacturers of lathes and drill presses in the United
States. South Bend Lathes have both head and tailstock spindles fitted
for Morse Standard Tapers. The dimensions of various sizes of Morse
Standard Tapers are listed in the tabulation below.

™
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y E qt A
/‘u‘ Angle of Key 82 19'=
Taper 114 in 12 |

Fig. 185. Chart Showing Principal Dimensions of Morse Standard Tapers Which are
Listed in Tabulation Below

DIMENSIONS OF MORSE STANDARD TAPERS

All Dimensions In Tabulations Below Are in Inches

5 5 Shank Tongue Kevway ]
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0 [0.252 0.3561 2% | 21| 2 i | 14 | 0.160 v | .8
10 10,475 205 | 2% 234 gl 24| 0.213 .58
2 10.572 0.700 2154 | 254 204 14| T | 0.260
3 10.778 |0.938 Bllig | Blgl 334 by | % |0.322 | 135 | Bljs | .60
4 11.020 [1.231 B% | 416 44| g 55| 0478|1145 | 375 | .6
5 | 1.475 [1.748 515 | 54| 5% 54| %4 | 0635|115 | 4isg :
62,116 |2.494 814 | 734 7TY4| ¥4 |114|0.760| 134 | 7 .6
7 12.750 [3.270 111 J1024/10 | 134|134 | 1.135 | 254 | 914 |

The figures in the “Taper per Foot' column have been revised to conform with the standard
end dinmeters and lengths,

Brown & Sharpe and Jarno Tapers

Two other system of tapers are widely used. The Brown & Sharpe
Tapers are used for milling machine spindles and the Jarno Tapers for
some makes of lathe spindles. Specifications of these tapers can be
obtained from technical hand books or from manufacturers using them.

Chapter IX

DRILLING, REAMING AND TAPPING

Many drilling, reaming
and tapping jobs can be
done more quickly and
with greater accuracy in
the lathe than by any other
method.

Fig, 186 (at right) il-
lustrates the use of the
lathe as a drill press. A
drill pad placed in the tail-
stock spindle of the lathe is
used to support the work.

The tailstoek hand
wheel is turned as the hole
is drilled through the work.
The end of the work may
rest on the lathe bed if de-
sired.

The Location of the hole
should be ‘center punched fio
start the drill. The lathe should
be operated at high speed when
drilling small diameter holes.

Drill Pad for Tailstock

A drill pad for the tailstock
gpindle of the lathe is shown
in Fig. 187. The drill pad re-
placeg the tailstock center and
supports the work for drilling.

Crotch Center

The croteh center shown in
Figs., 187 and 188 is similar to
the drill pad except that it has
a “V'" so that round work may
be accurately cross drilled.
This is very convenient for
drilling oil holes in bushings,
drilling pin heles in shafts, ete.

Crotch Center for
Use in Tailstock

Using the Lathe as a Drill Press

187. (Right)

of Lathe

Fig., 187-A. (Left)
Drill Pad for Use
in Tailstock of
Lathe

with Crotch Center in Tailstock
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Drilling Work Held in the Chuck

Most of the drilling in the lathe
is done with the work mounted in
the lathe chuck (as shown in Fig.
189) or clamped to the face plate
of the lathe. When this method is
used it is important that the drill
be started so that it will run true
and the hole will be drilled concen-
triec with the outside diameter of
the work.

One method for starting the
drill point true is illustrated in Fig.
190, The butt end of a lathe tool
holder just touching the side of the
drill will prevent the drill from
bending and cause it to start ap-
proximately true in the center of
the work.

Center Drilling

When greater accuracy is re-
quired it is best to provide a true
starting point for the drill. To do
this the work should first be center
drilled using a combination center
drill and countersink, as shown in
Fig. 191. The point of the center
drill may be ground off as shown
in Fig. 192 to prevent breaking.

Flat Centering Drill

A flat eentering tool or drill of
forged steel held rigidly in the tool
post of the lathe, as shown in Figs,
193 and 194, is often used for pro-
duction drilling. This type of cen-
tering drill provides an accurate
starting point for the drill, and
since the centering drill is mounted
in the tool post, it may be moved
back out of the way for the drill
which is to follow. This saves time
as it eliminates the necessity of
changing drills in the tailstock
spindle.

Drilling in Steel

When drilling in steel use plenty
of lard oil on the point of the drill.
If no lard oil is available, any good
cutting oil or even machine oil may
be used. However, lard oil is pref-
erable, and for some deep hole
drilling is the only satisfactory
lubricant.

Fig. 190, Using Toal Holder
to Steady Point of Drill

Fig. 191. Center Drilling
Grind off

Tip of —
Drill, {
Shown by e
dotted line

Fig. 192, Detail of Center Drill

TOPVIEW

END VIEW ﬁ ™\, BIDE VIEW I

Fig. 193. Flat Centering Drill
for Tool Post of Lathe

Fig. 194, Drilling with Flat Cen-
tering Drill Held in Tool Post
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Drilling a Cored Hole

Castings having cored holes are
usually drilled with a four lip drill. [z
The hole in the casting should be
beveled, as shown in Fig. 195,
start the drill true; otherwise,
drill will follow the cored hole and
may be thrown off center. For accu-
rate drilling it is advisable to coun-
terbore the hole a short depth to give
the drill point a perfectly concentric

starting point.

How to Sharpen Drills

Correct grinding of
the drill point is essential
for accuracy and effi-
cienecy in all drilling oper-
ations. A medium grain
grinding wheel that has
been dressed true should

be used for grinding drill Fig. 196. Drilling a Cored Hole with a Four Lip

points. The drill point

should not be overheated by

grinding or the temper may
be drawn.

Before grinding a drill,
study the point of a new
drill as received from the
manufacturer; then try to
duplicate it. This can be
accomplished by holding the
drill at the correect angle
with the grinding wheel

Emd giving the drill point a wiping motion as it
is ground, lowering the shank end of the drill
and giving the drill a slight twist to the right
simultaneously. It is very important that both
lips of the drill be ground exactly the same.

The angle of the chisel point or dead center
should be from 120° to 130°,
197. The cutting lips “L" Fig. 198, should be
exactly the same length and angle; otherwise
The best angle for
general work is 59°, as indicated.

the drill will cut oversize.

The clearance back of the cutting edge
should be from 12° to 15°, as shown in Fig. 199.
Liess clearance may prevent the drill from cut-
ting freely, and more clearance will cause the
cutting edge to dull quickly.

A drill grinding gauge similar to the one
shown in Fig. 200 will aid in grinding the cor-
rect angle and length of cutting lip on the drill

point.

as shown in Fig.

to
the

Fig. 195. Machining a Bevel in a
Cored Hole to Start Drill True

END VIEW
J SHELL ORILL

Shell Drill

m‘mtn‘ Vot
' 1
Fig. 197. Fig. 198, Fig. 199,
Correet Point  Correet Lip Correct Clear-
ngle Angle ance

Fig. 200. Drill Grinding
Gauge
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Reaming in the Lathe

Reamers are used in the lathe to finish a number of holes quickly
and accurately to the same diameter. Usually the hole is first drilled
or bored roughly to size, allowing sufficient stock for reaming. Two
types of reamers are used, the rose reamer and the fluted reamer.

Rose reamers are ground for cutting on the end only and are in-
tended for rough reaming as they do not produce a good finish or an
accurate diameter.

Fluted reamers are ground for cutting on both the ends and the
sides of the blades and are usually used after the rose reamer to obtain
an exact size and produce a good smooth finish, Fluted reamers should
be used only for light cuts, removing not over .010 in. from the hole.

Reamer in Drill Chuck

Straight shank reamers are usually held in a drill chuck, as shown in
Fig. 201, Taper shank reamers may be inserted direct in the tailstoek
spindle. The reamer is fed .
carefully through the hole by
turning the tailstock hand-
wheel. Alwayg use a slow
spindle gpeed and when ream-
ing steel keep the reamer
flooded with lard oil,

Floating Reamer Driver

F'or some reaming opera- Fig. 201. Reaming in the Lathe
tions it is desirable for the
reamer to follow a bored hole
as accurately as possible, and
for this type of work a float-
ing reamer driver similar to
the one shown in Fig. 202 is
uzed.

Large reamers are some-
times supported on the tail-
stoek center point. A lathe
dog ig attached to the reamer
shank and a stick with one
end resting against the lathe
hed is placed between the
reamer shank and the tail of Fig. 202, Floating Reamer Driver
the dog. s

Tapping Threads

Threads may be tapped in
the lathe, using a tap as
shown in Fig. 203. The lathe
spindle should be operated at
slow speed and the tap fed to
the work by turning the tail-
stock handwheel, or by slid-
ing the entire tailstock on the =
lathe bed. Taps may also be
held in a drill chuek.

] v A X

b
Fig. 203. Tapping in the Lathe

Fig, 204, Cutting Serew Threads in the Lathe

Chapter X
CUTTING SCREW THREADS

Cutting screw threads in the lathe iz accomplished by connecting
the headstock spindle of the lathe with the lead screw by a series of
gears so that a positive carriage feed is obtained and the lead screw is
driven af the required speed with relation to the headstoek spindle.

The gearing between the headstock spindle and lead screw may be
arranged so that any desired piteh of the thread may be cut. For ex-
ample, if the lead screw has eight threads per inch and the gears are
arranged so that the headstock spindle revolves four times while the
lead secrew revolves once, the thread cut will be four times as fine as
the thread on the lead secrew or 32
threads per inch.

The cutting tool is ground to the
shape required for the form ot the e
thread to be cut, that is, American Fig. 205. Acme Secrew Thread
National Form, “V,” Acme, Square,
Whitworth, International Metrie, ete.

I2ither right hand or left hand
threads may be cut by reversing the Fig. 206. National Coarse Thread
direction of rotation of the Ilead
serew. This may be accomplished by
shifting the reverse lever on the it ity SLnttakidaiabes s ba
headstock, Fig. 207. Double Square Thread
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AMERICAN NATIONAL SCREW
THREAD
(Formerly U.8. Standard Screw Thread)
]—— P FORMULA
' ’ 1

P=Pitch =

N \\

08. American National Screw Thread Form

D= Depth =P, x.64952

B
]T‘__Fla.t_§

Fig. 2

American National Screw Threads

The National Screw Thread Commission in 1928 was authorized by
Congress to establish a standard system of serew threads for use in
the United States. As a result this commission established the Ameri-
can National Screw Thread System which has been approved by the
Secretary of War, Becretary of the Navy, and Congress, and is now
generally used by all shops in the United States.

The form of the thread adopted is shown above and tables for both
the Fine Thread Series and Coarse Thread Series are given on page T1.

A report of the National Screw Thread Commission defines the follow-
ing terms,

Terms Relating to Screw Threads

Screw Thread. A ridge of uniform section in the form of a helix
on the surface of a eylinder or cone.

External and Internal Threads. An external thread is a thread on
the outside of a member. Kxample: A threaded plug. An internal

thread is a thread on the inside of a member. Example: A threaded
hole,

Major Diameter (formerly known as ‘“‘outside diameter’’). The
largest diameter of the thread of the screw or nut. The term ‘“major
diameter” replaces the term “outside diameter’ as applied to the thread
of a serew and also the term ‘‘full diameter" as applied to the thread
of a nut,

Minor Diameter (formerly known as ‘““core diameter"). The small-
est diameter of the thread of the serew or nut. The term “minor diame-
ter" replaces the term *‘core diameter” as applied to the thread of a
screw and also the term “inside diameter” as applied to the thread of
a nut.

Pitch Diameter. On a straight screw thread, the diameter of an
imaginary eylinder, the surface of which would pass through the
threads at such points as to make equal the width of the threads and
the width of the spaces cut by the surface of the ecylinder.

Pitch. The distance from a point on a screw thread to a corre-
sponding point on the next thread measured parallel to the axis.

Lead. The distance a screw thread advances axially in one turn.
On a single-thread screw, the lead and pitch are identical; on a double-
thread screw the lead is twice the pitch; on a triple-thread secrew, the
lead is three times the pitch, ete.

No. Th'ds. Per In.
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TABLES OF AMERICAN NATIONAL STANDARD SCREW THREAD
PITCHES AND RECOMMENDED TAP DRILL SIZES

American National Fine
Standard Thread (N.F.)

American National Coarse
Standard Thread (N.C.)

Formerly 1. S, Standard Formerly S. A, E. Thread

v Decimal | - Derimal
+ T ; Threads | Dutside Tap sz

iren: | B Dt [Bouivas g | UPer | Diameter| Drin |Hauiva

Inch Bizes ?;l"lﬁ Inch | of Serew | Sizes | “ny
= Ra 0 80 R 7 | 0.0469
1 6 53 0.0505 1 72 073 53 0.0585
2 b 50 0.0700 2 4 086 A0 0.0700
3 48 17 0.0785 3 B L0909 45 0.0820
1 10 43 0.0890 4 18 13 42 0.0935
i 10 a8 0.1015 5 14 125 2T 0.1040
0 an a6 0.1065 6 40 138 33 0.1130
8 82 64 29 0.1360 8 a6 164 29 L1360
1 24 L1980 25 0.1495 10 b 140 21 0.1590
13 24 L216 16 0.1770 12 28 216 14 0.1820
ke 20 L2500 7 0,2010 | 28 .250 3 0.2130
10 18 3125 r 0.2570 T 24 8125 I 0.2720
B 16 L3756 & | 0.3125 3% 24 L3756 Q 0.3320
ol 14 4375 | U | 0.3680 & 20 4375 i [0.2906
1o 13 500 3 | 0.4219 s 20 600 it | 0.45381
5 12 5625 it | 0.4843 15 18 BH2G [0.5062 | 0.6062
5L 11 625 i | 0.5312 5g 18 625 0.5687 | 0.5687
2 10 750 1 | 0.6562 £ 16 S50 | it | 0.0875
& ) 875 i | 0.7656 T& | 14 875 ‘0.8020 0.8020
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TABLES OF AMERICAN NATIONAL SPECIAL SCREW THREAD
PITCHES (N.S.) AND RECOMMENDED TAP DRILL SIZES
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0 1| 0.2656 5% 12 | 625 it [0.5469
fs 27 2125 | g |e.2770 ' g ) ) S.eusr
2 YR12 T 12 e a1 Sl
32 B & | 0.2812 4 e 750 | & 07187
R 20 . i+ | 0.3281 —m 12 Bt {07069
& a7 375 ” 0.2390 e 18 875 i1 f{Sﬁl
27 i3 0.8437
24 = X 0.3070 | g B | 0.0219
- 4375 12 117
' 2 x| o.040 i a7 | 1000 1 |0.9687
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Fig. 209, Standard Change Gear Lathe Set Up for Cutting Screw Threads

Cutting Threads on Standard Change Gear Lathes

Screw threads are cut on Standard Change Gear Lathes by engag-
ing the apron half nuts with the lead screw. The pitch of thread to
be cut is determined by the number of teeth in the change gears used
on the reverse stud and the lead serew, also the compound gears used.

To set up the lathe for cutting a screw thread, first determine the
number of threads per inch to be cul. By referring to the change gear
chart attached to the lathe (Fig., 210) the change gears required can
be determined. The thread to be cut should be located in the first
column under the heading “Threads Per Inch.,” In the second column
under the heading “Stud Gear” is listed the number of teeth in the
change gear which should be placed on the reverse stud “A" of the lathe.
(See Fig. 209.) In the third column under the heading “Idler Gear”
is listed the figure number on the index chart showing the arrangement
of idler gear “B" and compound gears. In the fourth column under the
heading “Screw Gear' is listed the number of teeth in the gear to be
placed on the lead serew “C”.

After selecting the change gears necessary for cutting the desired
thread, place them on the reverse stud and lead serew respectively and
connect them with the idler gear and compound gears, as shown on
the change gear chart.
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SCREW THREADS AND POWER FEEDS

10" SERIES "'S" STANDARD CHANGE GEAR LATHE

R SCREW CROSS LONG.

EERIEN‘ES E}?\% (I';I:QAERE GEAR FEEDS FEEDS
4—24—FIG,1—48
;24 FIG. 1 54

. 1—40

v 44

~1—a8

644 .1 52
7—16—FIG. 1——58

7 16 FIG. 1 60

o e T
8 32 FIG. 2 32
9—32——FIG. 2—36

10 32 FIG. 2 40

11—32——FIG. 2—44

1115 32 FIG. 2 46

12— 32— F1G.2—48

32 FIG. 2 52
—F1G. 2—56

FIG. 2 48

FIG. 2—54

FIG. 2 40

——F1G. 2——44—.0056—.0152

FIG. 2 48 .0051 .0139
—16——FI1G. 2 52——.0048—.0129

16 FIG. 2 54 .0046 .0124
28——16—FIG. 2—56——.0044—.0119

30 16 FIG. 2 60 0041 .01

—_—
32—32—FIG. 3—32——.0039—.0105
36 32 FIG. 3 36 .0034 .0093
40— 32 FIG. 3——40——.0031—.0084
32 FIG. 3 44 .0028 .0076
32—FIG. 3——46——.0027—.0073
32 FIG. 3 48 .0026 .0070
-32——FI1G. 3—52——.0024—.0064
54 32 FIG. 3 54 0023 .0062
56——_32——F1G. 3——56——.0022—.0060
60 32 Fi1G. 3 60 .0021  .0056
64——16——FI1G. 3——32——.0019—.0052
T2 16 FIG. 3 36 .0017 .0046
80— 16——FIG. 3——40——.0015—.0042
88 16 FIG.3 44 .0014 .0038
92— —16——F1G. 3——46——.0013—.0036
96 16 FIG. 3 0013 .0035

3

3

i

g AUTOMATIC POWER FEEDS
THROUGH FRICTION CLUTCH
{ IN INCHES PER REVOLUTION
f OF HEADSTOCK SPINDLE )

SCAEW GEAR

104—16- FIG. 3— ——.0012—,0032
112 16 FIG. 56 0011 .0030
120—16—F1G. 3——60——.0010—.0028
160 16 FIG. 3 80 .0008 .0021

Fig. 210, Change Gear Chart for Standard Change Gear Lathes

Change Gear Chart

A thread cutting chart similar to the one above in Fig. 210 showing
the gearing required for various pitches of screw threads and various
power turning feeds is attached to each Standard Change Gear Lathe.
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Fig. 211. Quick Change Gear Mechanism for Cutting Screw Threads

Cutting Screw Threads on Quick Change Gear Lathes

The Quick Change Gear Lathe is fitted with a gear box, shown in
Fig. 211, which permits obtaining various pitches of serew threads
without the use of loose change gears. The screw thread chart attached
to the gear box is shown in Fig. 212 below. This chart reads directly
in threads per inch. It is only necessary to arrange the levers of the
gear box as indicated on the index plate in order to obtain various
serew threads and feeds.

The piteh of the thread to be cut is defermined by shifting the
sliding gear A, top lever B and tumbler lever ¢ of the quick change
gear box so that they conform with the thread ecutting chart. For
example, to cut six threads per inch the sliding gear A is pushed in,
the top lever B on the gear box ig pushed to the extreme left I’UH]“()H
and the tumbler lever C is placed just below the column in which the
thread appears on the index chart,

16-INCH SOUTH BEND QUICK CHANGE GEAR LATHE
FAREES THREADS PER INCH—FEEDS IN THOUSANDTHS
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Fig. 212, Index Plate for Threads and Feeds on Quick Change Gear Lathe
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Tools for Cutting Screw Threads

The shape or form of a screw thread cut on the lathe is determined
by the shape of the cutter bit, which must be carefully ground and set
if an accurate thread form is to be obtained. The most common thread
forms are shown on pages 70, 82, 83 and 84. A gauge should be used
for grinding the lathe tool to the required shape for any form of serew
thread.

Use of Center Gauge

The point of the ecutter bit
must be ground to an angle of 60°
for cutting American National
screw threads in the lathe, as
shown in Fig. 213 at right. A cen-
ter gauge having a 60° included Fig, 213. Cutter Bit for Cutting Serew
angle is used for grinding the tool Threads is Ground to 60° Center Gauge
to the exact angle required. The top of
the tool is usually ground flat, with no
side rake or back rake. However, for
cutting threads in steel, side rake is
sometimes used.

Front Clearance

There must be sufficient front clear-
ance on the cutter bhit to permit it to
cut freely. Usually the front clearance
is suﬂicie_nt to prt‘event I.Ile_ tool from Fig. 214, Side View of Lathe Tool
dragging in the helix angle of the thread Cyrter Bit Ground for Cutting Screw
so that except for very coarse pitches Threads
the helix angle may be ignored.

Formed Threading Tool

A formed threading tool is some-
times used if considerable threading is
to be done. Fig. 215 illustrates a good
type of formed threading tool. The
formed threading tool requires grinding
on top only to sharpen, and therefore gis 215, Formed Thread Cutting
always remains true to form and cor- Tool, Solid Type
rect angle.

Thread Tool Gauge

A gauge for grinding threading tools
to the exact shape required for various
pitches of American National screw
threads is shown in Fig. 216,

For American National Screw
Threads finer than 10 per inch, the
point of the tool is usually left sharp or
with a very small flat. However, for
coarser pitches of threads and when
maximum strength is desired, the flat
on the point of the tool should be one- N
eighth of the pitch. (See Fig. 208, Fit 216. Standard Screw Thread

™ - Tool Gauge for Grinding Thread Cut-
page 70.) ting Tools
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Setting Cutter Bit for
External Threads

The top of the threading tool
should be placed exactly on cen-
ter, as shown in Fig, 217 at right,
for cutting external screw threads.
Note that the top of the tool is
ground flat and is in exact align-
ment with the lathe center, This
is necessary to obtain the correct
angle of the thread.

The threading tool must be set
square with the work, as shown
in Fig. 218, The center gage is
used to adjust the point of the
threading tool, and if the tool is
carefully set a perfect thread will
result. Of course, if the threading
tool is not set perfectly square
with the work, the angle of the
thread will be incorrect.

Setting Cutter Bit for
Internal Threads

The point of the threading tool
is also placed exactly on center,
as shown in Fig., 219 at right for
cutting internal screw threads.
The point of the tool must be set
perfectly square with the work.
This may be accomplished by fit-
ting the point of the tool into the
center gauge, as shown in Fig. 220
at right.

‘When adjusting the threading
tool for cutting internal threads,
allow sufficient clearance between
the tool and the inside diameter
of the hole to permit backing out
the tool when the end of the cut
has been reached. However, the
boring bar should be as large in
diameter and as short as possible
to prevent springing.

When cutting internal secrew
threads more front clearance is
required to prevent the heel of the
tool from rubbing than when
cutting external threads.

Fig. 217. Top of Cutter Bit Set On Center
for Cutting Screw Threads

-

Fig. 218. Cutter Bit Set Square With Work,
for Cutting External Screw Threads

Fig. 219. For
Cutting Internal
Screw  Threads,
Top of Cutter
Bit  Should be
Set Exactly on
Center

Fig. 220. Cutter Bit Set Square With Work
for Cutting Internal Screw Threads
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Fig, 221. Compound Rest Set at 29° Angle for Cutting Serew Threads

Position of Compound Rest for
Cutting Screw Threads

In manufacturing plants where maxi-
mum production is desired, it is eustomary
to place the compound rest of the lathe at
an angle of 29° for cutting screw threads.

The compound rest is swung around to
the right, as shown in Figs. 221 and 224,
The compound rest serew is used for ad-
justing the depth of cut and most of the
metal is removed by the left side of the
threading tool. (See Fig. 223.) This per-
mits the chip to curl out of the way better
than if tool is fed straight in.

The right side of the tool will shave
the thread smooth and produce a good fin-
ish, although it does not remove enough
metal to interfere with the main chip
which is taken by the left side of the tool.

A
YA

Cutter Bit

Depth of -
Chip Direction

of Feed

Fig. 223, Action of Thread Cutiing Tool when Com-
pound Rest is Set at 29° Angle

Fig. 222. Catting a Screw Thread
with Compound Rest Set at 29°

Fig. 224, Correct Angle of Com-
pound Rest for Thread Cutting
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Compound
Rest Screw

Tnraad Cutling
Suop

Fig. 225. Thread Cutting Stop Attached to Dovetail of Saddle

Use of Thread Cutting Stop

On aceount of the lost motion caused by the play necessary for
smooth operation of the change gears, lead serew, half nuts, etc., the
thread eutting tool must be withdrawn quickly at the end of each cut,
before the lathe spindle is reversed to return the tool to the starting
point. If thig is not done, the point of the tool will dig into the thread
and may be broken off. The thread eutting stop may be used for regu-
lating the depth of each successive chip.

The point of the tool should first be set so that it just touches the
worli: then lock the thread eutting stop and turn the thread cutting
stop =erew until the shoulder is tight against the stop. When ready to
take the first chip run the tool rest back by turning the cross feed
serew to the left several turns and move the tool to the point where
the thread is to start. Then turn the cross feed secrew to the right until
the thread cufting stop serew strikes the thread cutting stop. The tool
rest is now in the original position, and by turning the compound rest
feed serew in 002 in. or 003 in. the tool will be in a position to take
the first cut.

Using Micrometer Collar

The micrometer collar on the cross feed
serew of the lathe may be used in place of
the thread cutting stop, if desired. To do
this, first bring the point of threading tool
up so that it just touches the work, then
loosen small set serew “A.” adjust the
micrometer collar on the cross feed screw to
zero, and tighten set serew.

All adjusting for obtaining the desired
depth of cut should be done with the com-
pound rest serew. Withdraw the tool at the
end of each cut by turning the cross feed
serew to the left one complete turn, return
the tool to the starting point and turn the
cross feed serew to the right one turn, stop-
ping at zero. The compound rest feed screw
may then be adjusted for any desired depth Fig. 226. Micrometer Collar on
of ¢hip, Cross Feed Screw of Lathe
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Taking the First Cut

After setting up the lathe, as
explained on the preceding pages,
take a very light trial eut just
deep enoungh to scribe a line on
the surface of the work, as shown
in Fig. 227. The purpose of this
trial cut is to make sure the lathe
is arranged for cutting the desired
piteh of thread.

Measuring Screw Threads

To eheck the number of threads
per inch, place a scale against the
work, as shown in Fig. 228, so
that the end of the seale rests on
the point of the thread or on one
of the scribed lines, Count the
spaces between the end of the
scale and the first inch mark, and
this will give you the number of
threads per inch., Fig, 228 shows
eight threads per inch.

Screw Pitch Gauge

A serew thread gauge as illus-
trated in Fig. 229 ig very conve-
nient for checking the finer pitches
of serew threads., This gauge con-
sists of a number of sheet metal
plates in which are cut the exact
form of the various pitches of
threads.

Fitting and Testing Threads

The final check for both the
diameter and piteh of the thread
may be made with the nut that is
to be used or with a ring thread
zauge, if one is available. Fig. 230
shows how the nut may be used
for checking the thread. The nut
should fit snugly without play or
shake but should not bind on the
thread at any point.

If the angle of the thread is
correct and the thread is cut to
the correct depth it will fit the
nut perfectly. However, if the
angle of the thread is incorrect,
the thread may appear to fit the
nut but will only be touching at
a few pointe. For this reason, the
thread should be checked by other
methods in addition to the nut or
ring gauge,

Fig, 227, Trial Cut to Check the Set-up for
Thread Cutting

HRERAERERRERAL
ll 2T

Fig. 228. Measuring Screw Threads

il
I

Fig, 229, Serew Thread Pitch Gauge

Fig. 230. Serew Thread Fitted to a Nut
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Resetting Tool After Cut
Has Been Started

If for any reason it is necessary
to remove the thread cutting tool be-
fore the thread has been completed,
the tool must be carefully readjusted
s0 that it will follow the original
groove when it is replaced in the
lathe,

Before adjusting the tool, take
up all the lost motion by pulling the m""

belt forward by hand. y Fig. 231. Adjusting Point of Threading
The compound rest top should be Tool to Conform with Thread

set at an angle, and by adjusting the

cross feed screw and compound rest

feed screw simultaneously the point

of the tool ecan be made to enter

exactly into the original groove.

Finishing the End of a Thread

The end of the thread may be fin-
ished by any one of several methods.
The 45° chamfer on the end of the
thread, as shown in Fig. 232, is com-  Fig. 232. Finish End of Thread with
monly used for bolts, cap screws, ete. 45° Chamfer
For machine parts and special screws
the end is often finished by rounding
with a forming tool, as shown in
Fig. 233.

It is difficult to stop the thread-
ing tool abruptly so some provision
is usually made for clearance at the
end of the cut. In Fig. 232 a hole
has been drilled in the end of the
shaft, and in Fig. 233 a neck or
groove has been cut around the shaft.
The groove is preferable as the lathe
must be run very slowly in order to
obtain satisfactory results with the
drilled hole,

Fig. 233. Finishing End of Thread with
Forming Tool

Cutting a Left Hand Screw Thread
A left hand screw is one that

turns counter-clockwise when ad- Fig. 234. A Left Hand Screw Thread
vancing (looking at head of serew)

just the opposite of a right hand szerew. Left hand

threads are used for the cross feed screws of lathes, ﬂ
the left hand end of axles for automobiles and :
wagons, one end of a turnbuckle, some pipe threads, =
ete,

up exactly the same as for eutting right hand screw  Fig 235 A Leit
threads, except that the lathe must be arranged to  Haed Serew Ad-
feed the tool from left to right, instead of from right Finces C:T.u:lt::
to left, when the spindle is revolving forward. clackwise

as shown in Fig. 235. This is
In cutting left hand screw threads the lathe is set M
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Fig. 237, Face of Thread
Dial TIndicator

Fig. 236. Thread Dial Indicator Attached to
Lathe Carriage

Use of Thread Dial Indicator

A thread dial indicator is usually used for cutting long screw
threads. This device permits disengaging the half nuts at the end of
the eut, returning the carriage to the starting point by hand, and then
engaging the half nuts at the correct time so that the tool will follow
the original cut. As the lead screw revolves the dial is turned and the
numbers on the dial indicate points at which the half nuts may be
engaged, which are as follows:

For all even numbered threads, close the half nuts at any line on
the dial,

For all odd numbered threads, close the half nuts at any numbered
line on dial.

For all threads involving one-half of a thread in each inch, such as
1114, close the half nuts at any odd numbered line.

For guarter threads or eighth threads, return to the orviginal start-
ing point before closing the hall
nuts.

The thread dial eannot be used
with transposing gears for cutting
metrie threads.

Use 0il When Cutting
Threads in Steel

Lard eil (or machine oil) should
be used when cutting screw threads
in steel in order to produce a
smooth thread, If oil is not used,
a very rough finish will be caused
by tearing of the steel by the cut-
ting tool.

The oil should be applied gener-
ously preceding each cut. A small
paint brush is ideal for applying
the oil when cutting external screéw gy, 238 Using a Small Brush to Apply
threads, as illustrated in Fig, 238. Oil When Cutting Screw Threads
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Tapered Screw Threads &

Tapered serew threads such as =
pipe threads may be cut with the
aid of a taper attachment, as
shown in Fig. 239, or by setting
over the tailstock off center, as
shown in Fig. 240. o)

Regardless of which method is | A _
used, it is important that the o
thread tool is set square with the
straight portion of the work, as |
shown in Figs. 239 and 240 and b
not to the tapered portion. The \
angle of the sides of the thread m “R,-J' ﬂﬂ
will be incorreect if the tool is not Fig. 239. Cutting Tapered Threads with
sef as shown, Taper Attachment

Square Screw Threads

Square threads are used for
vice serews, jack screws, ete. The
sides of the tool for cutting square
threads should be ground at an
angle to conform with the helix
angle of the thread, as shown in

Fig. 241, Fig. 240. Cutting Tapered Threads with
To determine the helix angle Tailstock Center Set Over

of a screw thread, draw line

A-C2 equal to the cireumference of the thread to be cut. Draw line
C2-C equal to the lead of the thread and at right angles to line A-C2.
Complete the triangle by drawing line A-C, Angle B in the triangle is
the helix angle of the thread., The sides of the tool E and F should
be given a little clear-
ance.

The width of the cut-
ting edge of the tool
for cutting square screw
threads is exactly one-
half the pitch, but the
width of the tool for
threading the nut should
be from one thousandth
tp three thousandths of
an inch larger, to permit
a free fit on the serew.

Fig. 241, Tool for Cutting Square Threads

FORMULA
1
]"‘ £ __I P =Pitch = W,ms—
) lll--F Per In.

D = Depth = P, x .500
\ P — Space = P. x.500

Fig. 242, Design and Proportions of Square Screw Threads
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Acme Screw Threads

FORMULA

o d______
Nu, Th'ds, Per In,
ID=Depth= 1% P. 4+ .010 In.
F=Flat=_.3707 P,
C=Flat=.3707 P. — .0052 In.

P =Pitch =

Fig. 243. Acme Screw Thread Form

Acme screw threads are
used for the feed screws and
adjusting serews of machine é

tools and machinery of all
kinds. Acme threads are
preferable to square threads
because they are easier to
cut.

While the top and the
bottom of the threads are
similar to a square thread in
that they are flat, the sides of the thread have a
297 included angle, as shown in Fig. 243,

£9Ueme Terew
Thersdd Tool Gape

£ Threed Tool

Fig, 244.
Method of Set-
ting Tool for
Cutting  Acme
Serew Threads

The method of setting a Threading Tool for
cutting an Aeme Thread is shown in Fig. 244,

29° Worm Thread : }‘ P-| \33'7/
(Brown & Sharpe) - | A /
FORMULA

: 1
P=Pich= No. Th'ds. Per In.
D = Depth = .6866 P.
FP=Flat=.31 P, \
C=TFlat=.385P. Fig. 245. 29° Worm Thread Form

A 29° Worm Thread should not he confused with the Aeme Stand-
ard Thread because it differs in the depth of the thread, the width of
the top of the tooth and the width of the bottom of the tooth, as
shown ahove.

Whitworth Thread
FORMULA
1

No. Th'ds. Per In.
ID=Depth =P. x.6403

P=Pitch=

R.=Radius =.1373 P.

M.
No. Th'ds.
T i

0. ; i

Pe Fig. 246. Whitworth Screw Thread Form

_ The Whitworth thread form is used mostly in England. Great care
is required in grinding the thread tool so that it will produce the
radius at the top and bottom of the thread.
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Metric and English Transposing Gears

When it 15 desired to cut both
English and metric screw threads on
the same lathe, transposing gears are
required.

English transposing gears are used
for cutting English serew threads on
lathes having metric lead screws,
Metrie trangposing gears are used for
cutting metric serew threads on lathes
having English lead serews.

The form of the metric thread is
similar to the American National
Screw Thread form, having a 60° in-
cluded angle and a flat at the top of
the thread, but a small radius at the
root of the thread provides greater
clearance. (See Fig. 250.)

TRANSPOSING GEAR CHART

ENGLISH SCREW THREADS

METRIC PITCH LEAD SCREW

Left—Fig. 248
Index Chart
Showing Eng-
lish Threads
Cut on Metric
Lathe with
English Trans-
posing Gears

Right — Fig.
249 Index
Chart Showing
Metric Threads
Cut on Eng-
lish Lathe with
Metric  Trans-
posing Gears

FORMULA

1‘*9 —-! P=PFitch in MM

~ _"||"" ! D =Depth of Engage.-
—*—r ment =1 x .6495
H=DIepth of Thread
DH =P x.6045
i r=Maximum Radius
=P x.0633
F=Flat=—

Fig. 250. International Standard Metrie Screw
hread Form

Fig. 247. Lathe Eguipped with
Transposing Gears

TRANSPOSING GEAR CHART

METRIC SCREW THREADS

ENGLISH PITCH LEAD SCREW

IGLER  SCREW
GLARS  UEAR
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Fig. 251. 2.5 mm. Pitch Meiric
Serew Thread

S0UTH
BEND

Fig, 252, A Metric Quick Change Gear Lathe

Metric Lathe with Metric Lead Screw

Metric lathes equipped with metriec lead screws are preferable in
locations where metric secrew threads are used exclusively. The metrie
lathe is identical with the English lathe, except that the lead screw,
cross feed serew and compound rest screw have metrie threads, and
all graduations are in the metric system.

Metrie lathes are made in both the Standard Change Gear and
Quick Change Gear types. Metrie Quick Change Gear Lathes have a
quick change gear box which permits cutting a wide range of metrie
screw threads and feeds, as listed on the index chart, which is illus-
trated below in Fig. 253. Metric Standard Change Gear Lathes have
a similar range of metric serew threads and feeds.

MANUFACTURED BY SOUTH BEND THE WORKS souTH BEND, IN

m 235 om
SOUTH BEND
| LATHE
hemamys MODEL A

CATALOG NO. IS
BED LENGTH HESEEN

LO5 PASOS
D DES PaS

110 OF PITCHES

FEEDS IN mm—AVANCES EN mm

£
g
£

341 | 0.307 | 0.27 T Positions

Posiciones

2
B
=
2

Fig. 2533. Index Chart Showing Metric Threads and Feeds on a 9-inch Swing Metric
Quick Changa Gear Lathe
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Cutting Multiple Screw Threads

A multiple thread having two
grooves is known as_a double
thread, three threads a triple
thread, ete. (See Fig. 2565.) The
pitch and lead of a multiple thread
should not be confused. The pitch
is the distance from a point on
one thread to the corresponding
point on the next thread, while
the lead is the distance a screw
thread advances in one turn.

When cutting multiple threads ‘

in the lathe the first thread is cut
to the desired depth. The work
is then revolved part of a turn,
and the second thread cut, ete.

Fig. 255. A Multiple Screw Thread Having
Two Grooves (Double Thread)

In order to obtain an exaect spacing it is advisable to mill as many
equally spaced slots in the face plate for the lathe dog as there are
multiple threads to be cut. For a double thread, two slots; a triple
thread, three slots, ete. If it is not convenient to cut slots in the face
plate, equally spaced studs may be attached to the face plate and a

straight tail lathe dog used.

Another method for in-
dexing the work when cut-
ting multiple threads is to
disengage the change gears
after the first thread has
been completed and turn
the spindle to the required
position for starting the
next cut.

Cutting Threads with
Die in Tailstock

A die may be mounted

on tailstock of lathe for  Fig 256,

cutting screw threads, as
shown in Fig. 256. A lathe

Die Mounted in Tailstock of Lathe for
Threading Studs

tool may also be mounted
in the tool post for turn-
ing operations or for cut-
ting-off if desired. This
method is often used for
threading a large number
of small pieces.

A die may be mounted
on lathe ecarriage for cut-
ting serew threads, as
shown in Fig. 257. The
lead serew and half nuts
are used to feed the die so
that threads with a perfect
lead are obtained.

. Die Mounted on Lathe Carriage for Cutting
Accurate Screw Threads

Chapter XI

SPECIAL CLASSES OF WORK

There are many special classes of lathe work such as knurling,

filing, polishing, coil winding, ete. The most important are illustrated

and described briefly on the following pages.

Knurling

Knurling is the process of embossing the surface of a piece of work

in the lathe with a knurling tool
(Fig. 258) in the tool post of
the lathe.

Three examples of knurling
on a piece of steel are shown in
Fig. 259. The pattern of the
knurl is alike in all three cases
but is of different grades, coarse,
medium and fine.

For all knurling operations
the lathe should be arranged for
the slowest back geared speed.
After starting the lathe force
the knurling tool slowly into the
work at the right end until the
knurl reaches a depth of about
& in, Then engage the longitu-
dinal feed of the carriage and
let the knurling tool feed across
the face of the work. Plenty of
oil should be used on the work
during this operation.

When the left end of knurl
roller has reached the end of
work, reverse the lathe spindle
and let the knurling tool feed
back to the starting point. Do
not remove the knurling tool
from the impression but forece it
into the work another ¢ in., and
let it feed back across the face
of the work. Repeat this opera-
tion until the knurling is finished.

COARSE
Fig

. 259,

MEDIUM FINE
Sample.of Knurling

y
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Machining Work on the Face Plate

Before mounting a face plate on the spindle nose of the lathe, all
dirt and chips should be removed from the threaded hole. A}so cle_an
the thread and the shoulder on the spindle nose because any dirt, chips
or burrs will prevent the face plate from running true.

0il the threads of the spindle so that the face plate will secrew on
easily and can be easily removed. If it seems diflicult to gerew on the
face plate, unscrew the plate, remove the dirt, burrs, ete., and tr){
again. The face plate hub should serew tight against the shoulder of
the spindle but the face plate
gshould not be spun up te the
shoulder suddenly as this makes
removal diffieult.

The face plate is especially
valuable in tool room work for
machining holes in tools and jigs.
In this class of work the holes
must be accurately spaced, with
an allowance usually not more
than .001 of an inch.

Clamping Work on Face Plate

Some care should be exercised Fig. 261. Boring an Eceentrie Hole on the
Face Plate of the Lathe

when clamping work on the face
plate go that neither the work nor
the face plate will be sprung. A
piece of paper placed between the
face plate and the work will re-
duce the danger of the work
slipping. Balanece weights should
be used as shown in Fig. 264.

Centering the Work

A center indicator may be
used, as shown in Fig. 263, for
accurately locating work on the
face plate for drilling and boring.
A dial indicator may also be used,
as shown in Fig. 264.

Fig. 262. Boring a Bracket with an Angle
Plate Attached to the Face Plate

. i i ing Work on the Face Plate
ig. 263. tering Work on the Face Fig. 264. Locating W n
B 613;}nt521ite|:lagCenter Indicator with a Dial Indieator
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Filing and Polishing

All tool marks can be re-
moved and a smooth, bright finish
obtained on the surface of a piece
of work by filing and polishing, as
shown in Figs. 265 and 266,

Use a fine mill file and file
with the lathe running at a speed
s0 that the work will make two
or three revolutions for each
stroke of the file. File just enough
to obtain a smooth surface. If too
much filing is done the work will
be uneven and inaccurate.

Keep the left elbow high and
the sleeves rolled up so there will
be no danger from the lathe dog.

Keep the file clean and free
from chips, using a file card fre-
quently.

A very smooth, bright finish
may be obtained by polishing with
several grades of emery cloth
after filing. Use oil on the emery
cloth and run the lathe at high
speed. Be careful not to let the
emery cloth wrap around the re-
volving work.

Lapping

Hardened gauges, bushings
and bearings are often finished in
the lathe by lapping, as shown in
Fig. 267, Emery cloth, emery dust
and oil, diamond dust and other
abrasives are used. Usually the
lathe spindle is operated at high
speed.

The lap may be very simple,
consisting of a strip of emery
cloth attached to a shaft, or it
may be elaborately constructed of
lead, copper, cast iron, ete. Some
very fine and precise work may be
accomplished by careful lapping.

Fig. 267. Lapping the Inside of a Hardened
Steel Bushing with Emery Dust and Oil

SAW cyT

GROOVES Y35 prep
TAPER Y4 PER FOOT

Fig. 268. A Cast Tron Lap for Emery Dust
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Fig., 269. A Steel Lathe Mandrel

Machining Work on a Lathe Mandrel

Cylindrical work that has been bored and reamed in a chuck is
usually further machined on a mandrel between the lathe centers, as
shown in Figs. 270 and 271. The mandrel is slightly tapered and must
be driven into the hole tight enough so that the work will not slip on
the mandrel while it is being machined.

Large diameter work such as pulleys should be driven with a pin
or driver attached to the lathe face plate if it can be arranged as this
will eliminate possibility of the
work slipping on the mandrel.

Before driving the mandrel
into the hole in the work, oil both
the mandrel and the hole so that
the work will be easy to remove
from the mandrel. If there is no
Inbricant on the mandrel it may
“freeze'” in the work, in whieh
case it eannot be driven out with-
out ruining both the work and the
mandrel.

In driving a mandrel out of a
piece of work be sure that it is
driven in the opposite direction
from that which it entered the
work.

Standard lathe mandrels can

F

be purchased in the various sizes.
These mandrels are hardened and
tempered and the surface that re-
ceives the work is ground usually
to a taper of about .006 in. per
foot.

In the case of special jobs hav-
ing odd diameter holes, a soft
mandrel may be used, turning and
filing it to the proper diameter
and tapered for a driving fit in
ihe hole in the work.

Special Mandrels Fig. 271. Finishing a Bushing on a Mandrel

Special types of mandrels are
often used for special classes of
work. A nut mandrel for finish- - N ] P S
ing the outside diameter of gear
blanks is shown in Fig. 272, Ex- : 1 J _} ) ==
pansion mandrels of various types
are also available and are used
where there iz considerahle varia- Fig: 272, Nut Maudrel for Binishing Gear

tion in hole sizes. Blanks

Tl f
bl
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Winding Coils in the Lathe

The unusually wide range of
positive power longitudinal feeds
available on fhe lathe make it an
ideal machine for winding electri-
cal coils of all kinds. A revolution
counter may be attached to regis-
ter the number of turns, as shown
in Tig. 273. Special gearing may
be obtained for odd leads not in
the usual thread cutting range of
the lathe. Any type of coil form
or wire guide regquired may be
used.

Spring Winding

Coil springs of all kinds may
be wound on the lathe, as shown
in Fig. 274. Special mandrels are
used for irregular ghaped springs,
The lead screw and half nuts of
the lathe are usually used to ob-
tain a uniform lead so that the
coils are all equally spaced.

91

Boring Werk Mounted on Lathe Carriage

Large work may be mounted
on the lathe carriage for boring,
as shown in Fig, 2717.

The boring bar is held be-
tween centers and driven by a
lathe dog. The work is clamped
to the top of the lathe saddle and
is fed to the tool by the automatic
longitudinal feed of the carriage.

Several good types of boring
bhars for this class of work are
shown in Figs. 275, 276, and 278.

Fig. 276. Boring Bar with Boring Head

=

Tig. 278,

4

Boring Bar for Sizing the Hole
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The Use of the Center Rest

The center rest is used for turning long shafts of small diameter
and for boring and threading spindles. The end view of a center rest
attached to the lathe bed is shown in Fig. 279.

To mount work in the center rest, first place the center rest on the
lathe, then place the work between centers, slide the center rest to its
proper position, and adjust the jaws upon the work. Careful adjust-
ment is required because the work must
revolve in these jaws. When the jaws are
adjusted properly so that the work re-
volves freely, elamp the jaws in position,
fasten the work to the head spindle of the
lathe and slide the tailstock out of the way.

One end of the work may be held in a
chuck, as shown in Fig. 280. For fine
accurate work, the chuck should not be
used.

Fig. 281 shows the method of fastening
the work to the head spindle. The face
plate is unserewed from the shoulder about
three or four turns. Then the work is tied
securely to the face plate with several
heavy belt laces, and the face plate is
serewed onto the spindle. This tightens
the lacing on the work and holds it firmly.

Fig. 280. Work Mounted in Chuck and Fig. 281. Work Mounted on Center and
Center Rest in Center Rest

Fig. 282. Cutting an Internal Serew Thread Fig. 283. Supporting a Slender Shaft with
with a Center Rest the Center Rest
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The Use of the Follower Rest

The follower rest is attached to the saddle of the lathe to support
Ewrlk of small diameter that is liable to spring away from the cutting
ool.

The adjustable jaws of the follower rest bear directly on the finished
diameter of the work, as shown in Figs. 284 and 285, As the tool feeds
along the work, the follower rest being attached to the saddle travels
with the tool.

For the machining of small
shafts in quantity, small rollers THE
are sometimes gubstituted for the WORK
rigid adjustable jaws, and the de- ADJUSTABLE
vice is then known as the Roller JAWS
Bearing Follower Rest. @

The application of both the
center rest and follower rest at N
the same time is shown in Fig. ( - @
286. The spindles or shafts to be jE._‘—
machined, while wvery small in )
diameter, are of considerable -
length, and in order to do a good
job it is necessary to support the
shaft with both the center rest
and follower rest. s \ )

This method is used for ma-
chining small, delicate spindles Fig. 284. Fallower Rest Mounted on
used in textile mills. Lathe Saddle

Fig, 285. Left—Threading
a Long Slender Shaft with
the Aid of a Follower Rest

Fig. 286. Right—Using Both

the Center Rest and Follower

Rest to Support a Long Slen-
der Shaft
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Fig. 287. No. 2-H South Bend Turret Lathe with Power Feed Bed Turret

Turret Lathes for Manufacturing

Turret Lathes are designed for the efficient production of duplicate
parts. They are equipped with a power feed or hand lever feed turret
having six faces, with automatic indexing and individual stop for each
face. Cutting tools may be mounted in each of the six turret faces and
indexed into position as required for performing various operations.

Turret lathes are usually equipped with either serew feed or hand
lever operated double tool rest on the carriage cross slide. This permits
using front and back tools for turning, facing, cutting off, and similar
operations. A four-way turret tool post may be used on the cross slide.

Fig. 288. No. 1000 Series South Bend Turret Lathe with Hand
Lever Operated Bed Turret
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Fig. 289.

Fig. 292. Hand Lever Tailstock

Fig. 294. Multiple Tool Block

Iig. 285. Two Tools Cutting Simultancously  Fi \ '
s 5. 296, A r i
on a Piece of Work i: Jr'li"i:r'(?-Ij;»? ".";:.:Ecdk e

. I e e s e e,

=
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Milling in the Lathe

The Milling and Keyway Cutting At-
tachment illustrated in Figs. 298 and 300
will take care of a great deal of milling
in the small shop that does not have
enough work to install an expensive mill-
ing machine.

The cut is controlled by the hand wheel
of the lathe carriage, the cross feed secrew
of the lathe and the wvertical adjusting
serew at the top of the milling attachment.

All milling cuts should be taken with
the vrotation of the cutter against the
direction of the feed, shown in Fig. 297,

Fig. 299. An Assortment of Milling Cutters and Arbors

Standard Keyways

The recognized standards for the
depth and width of keyways in pul-
leys, gears, ete, are shown in Fig. 301
and the tabulation below., The same
specifications are used for the depth
and width of keyways in shafts.

The key should fit snugly in the

keyway but must not be too tight. Fig. 301,

7

Fig. 297. Direction of Feed
for Milling Operations

@

Fig. 298. Milling a Standard
Keyway in a Shaft

Standard Keyway Dimensions

Specifications of American Standard Keyways

Seectar. Crasses oF Work 7

Cutting Gears on the Lathe

The gear cutting attachment for the
lathe, shown in Fig. 302, will eut spur
and bevel gears of all kinds, It will do
graduating and milling, external key
seating, ecutting at angles, splining, slot-
ting and all regular dividing head milling
work.

This attachment 1is practical for
cutting small gears and for milling small
light work of various kinds on the screw
cutting lathe.

The dividing head construction is
based on the principle of interchangeable
gears, the same as regularly used on gear
cutting machines. The index plate shows
the proper gears to use for divisions from
2 to 360, Lathe

Turning Weod, Fibre and Plastics

Turning wood in a metal working lathe is a very simple matter.
Spur and cup centers are substituted for the 60° centers, a hand rest
is attached and the lathe is ready for wood turning. E

Special pulleys may be used
on the motor and countershaft
to provide a sgeries of high
spindle speeds for wood turn-
ing, in addition to the regular
speeds for metal work.

Other materials may be ma-
chined as well. Alabaster, Cat-
alin, Bakelite, fibre and other
plasties, synthetic resins, ete.,
may be turned and polished
with complete satisfaction,

Fig. 304. ™ o,

Hand Rest

Diameter | Width | Depth | Radius Diameter | Width | Depth Radius

Hole D w H Hole D W H R !

Inches Inches | Inches | Inches Inches Inc_l?_ﬁ_ Tnc_hes Inches gig, Bg.SA #
Ya iy i 020 214 5% T*.i N pur Center 1

B to T s T i o by it
1 Ya 4 gr 315 T b 'S
% 3 % ¥ A i % Fig. 306. -

2 5 1 ; 8 i * . . .

%% }v,“ ‘:ﬂ L'd 5 11 {-’2 g Cup Center Fig. 307. Wood Tur]n::‘:t\ﬁem a Moetal Waorking
= v b d:1 v
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Superfinished Bearing Surfaces

“Superfinish” is a term applied to a new process for producing a
smooth surface on metals. The illustrations below show the comparative
smoothness of a turned surface, a ground surface, and a superfinished
surface. Superfinish ean be applied to either a hardened surface or an

unhardened surface.

Superfinished Surface

Turned Surface

Ground Surface

R

Fig. 308. Steel Shaft with Turned Surface, Ground Surface, and Superfinished Surface, actval size

Superfinished Surface, Magnified
50 Diameters

Ground Surface, Magnified

Turned Surface, Magnified
50 Diameters

50 Diameters

The process for producing a superfinished surface was developed by

the Chrysler Corporation and is explained by them as follows:

“Superfinishing may be defined as an extremely fine erystal-
line surface finish produced upon flat, round, concave, convex
and other types of surfaces, either external or internal. It is
achieved by a combination of short motions, light abrasive pres-
sure, slow abrasive cutting speeds, hard abrasive stones and a
lubricant of proper viscosity to eliminate the amorphous
seratches and surface defects created by previous mechanical
operations, without causing new scratches and surface defects
in the superfinished or erystalline surface”.

When a metallic surface is finished by turning, the cutting action of
the tool tears the metal, leaving a series of hills and valleys, as shown in
photomicragraph “A”. The crystalline structure of the metal is disturbed,
leaving a fuzz of fragmented amorphous metal.

When a metallic surface is turned and then finished by grinding the
cutting action of the grinding wheel is very much the same as the cutting
action of the turning tool, and a similar series of hills and valleys are
left, as shown in photomicrograph “B”. This is hecause the surface of
the grinding wheel is composed of a series of tiny cutting points which
cut the metal in almost exactly the same way as the lathe tool. The
erystalline structure of the metal is disturbed by the cutting action of
the grinding wheel, leaving a fuzz of fragmented amorphous metal.

When either a turned or ground surface is superfinished, the frag-
mented amorphous metal is removed, and the surface produced is ex-
tremely smooth, as shown in the photomicrograph “C”. A few minute
seratches may be left, but most of the surface is mieroscopically smooth
and makes an excellent bearing surface for a high speed shaft.
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Micrometer Carriage Stop

The micrometer carriage
stqp consists of a micrometer
spindle mounted in a eclamp
which may be securely locked
onto the front V-way of the
lathe bed, as shown in Fig.
310. A lock screw is provided
1’01? locking the spindle at any
point.

T}L_‘Le micrometer carriage
gtap ts used for facing shoul- }
ers to an exact length, It is Fig. 310. Micromet i
('.onvc-miient for many proeduction e R
operations and is usually included i i
of all tool room lathes. v SR S et

Open Side Tool Post

- The open side or European tool post, sho i
Fig. 311, is popular in Kurope bu]i is' ;otwltllselg
extensively in the United States.

This type of tool post holds the i
and is convenient for working close ::(?Dih:ei:%geclli
or face plate. One advantage of this type of tool
post is that the adjustment for the height of the
cutting edge of the tool need not be lost when the
tool is removed from the lathe if the entire tool Fif 311. Open Side
p](;st is removed with the tool. This permits Toal Post
changing tools more quickly than with the con-
vﬁentmnal type of tool post, provided several of the
Buropean tool posts are available. )

Metric Graduated Collars

Metrie cross feed screw i
88 ed screw, metric compound
rule:'stdserew and metrie graduated collars are sup-
blied on lathes that are to be used exclusively Fig. 312. Metric Grad
- 312, radu-
ated Collar

for working in the metrie system.
The metric graduated collars read i
I ! g in tenths
of a millimeter and are adjustable so that they
may be set at zero whenever desired.

Metric Graduations on Taper Attachment

Taper attachments on lathe
: s that are to b s -
for cutting tapers in the metrie syst Sibsed  Fig a1, daeer At
el P, g : ¢ system are equipped tachment with Metrie
with & ions reading in the metric system. Graduations
cerllltai‘m}t;t:\hese graduatlous read in millimeters per
:r and are in additio ar
syl n to the regular

Metric Graduations on Tailstock Spindle

The tailstock spindle of the lath
L i ; e ma
'fi‘rl'{tduated In centimeters, as shown in Fig.YMT
The graduations are to aid in drilling accur-
ately to the required depth.

Fig, 314._ Metriec Gradua-
tians on Tailstock Spindle
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Grinding in the Lathe

When equipped with a good
electric grinding attachment the
lathe can be used for sharpening
reamers and milling cutters, grind-
ing hardened bushings and shafts
and many other grinding opera-
tions,

The V-ways of the lathe bed
should be covered with a heavy
cloth or eanvas to protect them
from dust and grit from the grind-
ing wheel, and the lathe spindle
bearings should also be protected.
A small pan of water or oil placgd Fig. 315,
just below the grinding wheel will
collect most of the grit,

A large, powerful grinder is most satis-
factory for external grinding. The wheel
should be at least four inches in diameter
and the grinder should be mounted direct
on the compound rest of the lathe, as
shown in Fig. 315,

A small high speed grinder is best for
internal grinding, as speed is more im-

External Grinding Attachment for
the Lathe

portant than power for this class of WOrk. giy 316, Internal Grinding At

Grinding Wheel Speeds

tachment for Lathe

The tabulation below shows grinding wheel speeds in revolutions
per minute for surface speeds ot 4000 and 5000 feet per minute.

T)i;m. Wheel lin. | 2 iu.J_Ei 4in, | Sin. | 6

R.p.m. for surface Speed |
<!:Irfil,00l)  § S veeenseas|15,270| 7,630 | 5,003 | 3,820 | 3,056

R.p.m. for surface Speed ‘
l.!J]f ngoog Thiiiatsalivup sass 10.0!}9| 9,349 | 6,366 l 4,775 | 3.820

2.546 | 2,183

3.

in. | 7in. | 8in. | 10 in. i 12 in.
| i

183 | 2,728 | 2,387 1,910 1,492

GRINDING WHEELS FOR VARIOUS

Tabulation shows grade of Norton Grinding

KINDS OF WORK

wheels.

" Kind of Work | Rough Grind Finish Grind
Cast lron..... o R aadts 3736-K Crystolon 3760-J Cr}.fstulon
Soft Steel. . ..iiesaansn e 46-MEBE | li(i:}"[EBE
Hardened Steel.......... 3846-LEBE | 3360-L5BE L
High Speed Steel......... 2846-KoBE __ 3860-K5BE
Brass or Bronze.....-... 3736-K Crystolon | 3760-J Crystolon
General WOrK. .. ...« - . 15-NsBE 16-N5BE
ATUminum .....oeec002s siel} 30-M3L Shellac 36-M3L Shellac
i%a,kelite v T A | 3736-K Crystolon 3746-K Crystolon

| 3720-K5T-2 4746-KHT-2 )
Soft Rubber............ - Crystolon Balkelite Crystolon Bakelite
|7 3730-K5T-2 3760-K5T-2
Hard Rubber............ 1 Crystolon Bakelite | Crystolon Bakelite
: 30-N $0-LOBE
Automohile Valves...... WA 1960-M 810 6HE
Tungsten Carbide....... .\ 3780/1-17 Crystolon | 87100/2-H7 Crystolon
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Diamond Dresser for Truing Grinding Wheel
The grinding wheel must be balanced and
must be dressed with a diamond dresser if a

smooth, aeeurate ground finish is to be

The grinding wheel must be dressed frequently
as it is used to keep it true and free from particles

of metal which become embedded in the
of the wheel.
The diamond dresser consists of a

dustrial diamond mounted in a steel shank, as
shown in Fig. 318. The dresser must be rigidly

supported in a fixture for truing the
wheel, as shown in Fig. 317.

The diamond point of the dresser
should be placed on center, or slightly
below center and the revolving grinding
wheel passed back and forth across the
diamond. Remove about .001 in. from
the wheel at each cut and dress the
wheel just enough to make it run true.

Grinding Hardened Steel Parts

Hardened steel parts should be care-
fully ground in order to produce a
smooth, accurate finish, The part should
be machined to within a few thou-
sandths of (he finished size before it is
hardened. After hardening, all scale
should be removed before grinding.
Remove only a few thousandths at each
pass of the grinding wheel for if the
part is ground too fast it may become
overheated and warp, or the temper
may be drawn,

Sharpening Reamers and Cutters

Reamers and milling eutters may be
sharpened by grinding in the lathe, as
shown in Figs. 320, 321 and 322. Some
reamers are first circular ground, then
relieved by grinding with a tooth rest
set slightly below center, as shown in
Fig. 320, leaving a land .002 in. to
-005 in. wide. Other reamers and most
milling eutters are ground with about
2° relief.

obtained.

periphery

small in-

grinding

Fig. 317. Truing a

Grinding Wheel with a
Diamond Dresser

Fig. 318. Diamond Dresser

Fig. 319, Grinding a Hardened Steel
Bushing

Fig. 320. Grinding Clearance on a
Milling Cutter

Fig. 321. Grinding an Angular Cutter in  Fig,
the Lathe

322. Grinding a Straight Reamer in
the Lathe
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Fig. 323. A 10-in. Swing Bench Lathe with 1-in. Collet Capacity

1-in. Collet Capacity Lathe

The 10-in. Swing, 1-in. Collet Capacity Lathe is used for tool room
and manufacturing operations on parts made from bar and tubing stock,
This type of lathe has a wide range of spindle speeds so that both small
diameter parts and large diameter parts can be machined efficiently.

The headstock spindle iz unusually large for a lathe of this size,
having a 13§ in. hole. Work up to 134 in. in diameter can be passed
through the spindle and held in the 3-jaw universal chuck for machining.

Large Collet Capacity

The unusually large col-
let ecapacity is obtained by
using a spindle with an
extra large hole. Both hand
wheel tiype draw-in collet
chuck attachment and hand
lever type draw-in collet
chuck attachment are used.
The hand wheel type attach-
ment is usually selected for
tool room use and the hand
lever tiype attachment is
preferred for most manu-
facturing operations.

Fig. 324.

Making Shoulder Screws from
Stoek Held in the Caullet

Specran Crasses oF Work

Modern
Shops
Equipped with
South Bend
Precision
Lathes.

103
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Fig. 327. Truing and Undercutting an Armature Commutator in the Lathe

The Lathe in the Auto Service Shop

The Back-Geared, Screw Cutting Lathe is frequently called the
“Universal Tool,” and this applies in automotive service work as well
as in general industry. Most of the mechanical parts of the automobile,
bus, truck, tractor and airplane are originally made on lathes or in
special machines which are adaptations of the lathe,

A lathe with 9-in. or 10-in. swing is very practical for handling
such jobs as refacing valves; truing armature commutators and under-
cutting mica; finishing pistons; beveling piston
skirts; reaming piston pin holes; making bush-
ings, bearings and glands; boring rebabbitted eon-
necting rods, and many other jobs. Special attach-
ments used on the lathe greatly increase its
versatility.

Fig. 328. Making a Replacement Bushing Com- Fig. 329. Turning a i\:cmbi\-iuuhined
plete in a 9-in. Lathe Piston to Size in u %in, Lathe

Sreciat Crasses or Work 105

Armature Truing

Machining the commutator
of an armature true and un-
der-cutting the miea are two
of the most important jobs in
auto electrical work, and these
jobs are most easily handled in
the lathe.

A small lathe equipped for
these jobs is shown in Fig. 330,
The undercutting attachment is
mounted on the lathe in suech
a4 way that it is ready for in-
stant use, yvet it does not inter-
fere with turning the com-
mutator.

Refacing Valves

A lathe equipped with a
grinding attachment and a spe-
cial hollow valve chuek for
refacing wvalves is shown in
Fig. 331.

Other wvalve jobs done in
the lathe include: Truing the
valve tappet face and rocker
arm face; making valve guide
bushings and valve seat re-
placement rings, ete.

Finishing Pistons

Pistons of all sizes and
types can be rough and finish
turned in the lathe, as shown
in Fig. 332. The lathe can also
be used for reaming and honing
pigton pin holes, ecutting oil
grooves in pistons, remachin-
ing piston ring grooves, bevel-
ing piston skirts, ete.

Boring Connecting Rods

A lathe equipped with a
connecting rod boring attach-
ment shown in Fig. 333 is the
most praectical machine for bor-
ing rebabbitted connecting rods.
Rods of all sizes can be tested
for alignment, rebored, faced
and finish trimmed.

Enlarged
Saw Blade

Fig. 330. Undercotting an Armature Commutator
in the Lathe

Fig. 331. Refacing a Valve by Grinding in the
Lathe

¥ig, 333. Boring a Rebahbitied Conn
in the Lathe

ecting Rod
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Machining Eccentrics

A simple eccentric can be
machined on a straight man-
drel having two sets of center
holes as shown in Fig. 334,
One set of centers is used for
machining the concentriec hub
and the other set of centers
is used for machining the
eceentric part.

Crankshaft Turning

Crankshaft turning is an
adaptation of eccentric ma-
chining. A single throw crank-
shaft mounted in the lathe
for machining the throw hear-
ing is shown in Fig. 3356. The
adapters attached to each end
of the erankshaft have offset
center holes corresponding to
the throw of the crankshaft,

Truing Crankshaft Bearings

Throw bhearings of auto-
mobile crankshaftfs are often
worn out of round or scored
and must be remachined. A
special crank pin truing tool,
shown in Fig. 336, permits
truing the throw bearings
without the wuse of offset
centers. The tool travels
around with the throw bear-
ing and is so constructed that
it will machine the bearing
round and straight. The lathe
spindle must revolve very
slowly (about 10 r.p.m.) while
this tool is being used.

Testing Crankshafts

Crankshafts may be tested
between the lathe centers, as
shown in Fig. 337. The dial
indicator mounted in the tool
post of the lathe reads in
thousandths of an inch and
will show exactly how much
the crankshaft is sprung and
will also disclose any out-of-
round condition of the bearing.
Straightening a erankshaft is
a delicate job and should be
attempted only by an ex-
perienced mechanic.

Fig. 334, /

A Mandrel with Two Sets of Center

Holes for Machining an Eccentric

Fig. 335.

A Crankshaft Mounted in the Lathe for

Machining the Throw Bearing

Fig. 336.

Fig. 337,

Truing the Throw Bearings of a
Crankshaft

Testing a Crankshalt in the Lathe
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Fig. 338. A Portable Machine Shop Built in a Large Truck

Portable Machine Shop

The portable machine shop shown in Fig. 338 is rapidly gaining in
popularity. This type of shop is especially valuable for service in oil
fields, construction camps, air ports, army posts, ete., also for the main-
tenance of road building equipment and for repairing construction
machinery and equipment on large engineering projeets. The advan-
tage in taking the shop to the job is obvious when the delay and diffi-
culty involved in transporting heavy, awkward parts to and from the
shop are taken into consideration.

The equipment of the portable machine shop may be quite com-
plete, consisting of a 16 in. by 8 ft. lathe, a 20-in. driil press, a forge,
anvil, grinder, welding outfit, etc., as shown above, or it may be limited
to a small lathe and a good assortment of small tools. The equipment
will vary with the purpose of the shop and the amount to be invested.

The lathe is the most important of all of the tools in the portable
machine shop because it can he used for so many classes of work. When
equipped with the necessary attachments, the lathe may be used as a
milling machine, gear cutting machine, grinding machine, drill press, ete.

Regardless of the size of the lathe and other equipment, it is im-
portant that the truck or trailer in which the shop is installed be of
substantial construction with a good solid floor. Provision should be
made for blocking and leveling the floor while the machinery is in use.
All parts must be securely fastened in place so there will be no danger

of damage while the shop is being transported from one location to
another.

Power for operating the lathe and other machinery is usually ob-
tained through a generator installed in such a way that it can be oper-
ated by the truck engine. This same generator also supplies current
for electric lights to illuminate the shop and also large flood lights
which permit working near the unit after night.
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Fig. 339. Metal Turning on a Small Back-Geared Screw Cutting Lathe

Metal Work Done on a Small Lathe

A surprising variety of work can be done on a small back-geared
serew cutting precision lathe. The metal parts shown below are exam-
ples of precision work machined on a 9-in. Back-Geared Screw Cutting
Bench Lathe. Operations handled include screw thread cutting, turning,
boring, reaming, drilling, filing, polishing, milling, ete.

Fig. 340. Metal Parts Machined Entirely on a 9in. Swing Buck-Geared
Screw Cutting Precision Lathe
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Fig. 341. Model “A" South Bend 9 in. Swing Precision Lathe

THE SMALL METAL WORKING LATHE

The new Model “A™ South Bend 9 in. Precision Lathe shown above
is well adapted for work of small diameter requiring a high degree of
accuracy and sensitivity. This lathe has a maximum collet capacity of
15 in., takes work up to 91% in. in diameter over the bed ways, and will
swing 5% in. over the saddle eross slide.

Twelve spindle speeds ranging from 41 to 1270 r.p.m. are provided
by the underneath motor drive which is enclosed in the cabinet under
the lathe headstock. Smooth operation at high speed is attained by
using a direct belt drive to the spindle. A wrenchless bull gear lock
permits engaging the back gears quickly when slow speeds are required.

Practical attachments for this lathe include handwheel or hand
lever type draw-in collect chuck attachment, double tool rest, hand lever
bed turret attachment, taper attachment, micrometer carriage stop,
thread dial indicator, oil pump and piping.
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Fig. 343. At Left. TIllustration Showing Out-
side Diameter and Pitch Diameter of Gear Teeth

Fig. 344 Below. Names ot Gear Tooth Parts

DIAMETER

BUTSIDE |

Information on Gears

The rules and formulas listed below may be used for calculating
the dimensions of involute spur gears.

Diametral Pitch—Number of teeth divided by piteh diameter, or
3.1416 divided by circular pitch.

Example: If a gear has 40 teeth and the pitch diameter is 4 in., the
diametral piteh is 40 divided by 4, and the diametral piteh is 10, or in-other
words there are 10 teeth to each inch of the pitch diameter, and the gear
ig 10 diametral piteh. ’

Circular Pitch—Distance from center to center of two adjacent
teeth along pitch cirele, or 3.1416 divided by diametral pitch.

Pitch Diameter—Number of teeth divided by diametral piteh.
Example: If the number of teeth is 40 and the diametral pitch is 4,
divide 40 by 4, and the quotient, 10, is the piteh diameter.

Outside Diameter—Number of feeth plus two divided by diametral
piteh.

Example: If the number of teeth Is 40 and the diametral pitch is 4, add
2 to the 40, making 42, and divide by 4; the guotient, 1034, is the outside
diameter of gear or blank,

Addendum—1 divided by diametral piteh.
Whole Depth of Tooth—2.157 divided by diametral piteh,
Thickness of Tooth—1.5708 divided by diametral pitch.

Number of Teeth—Pitch diameter multiplied by diametral piteh, or
multiply outside diameter by diametral pitch and subtract 2.

Example: If the diameter of the piteh circle is 10 in. and the diametral
piteh is 4, multiply 10 by 4 and the product, 40, will be the number of teeth
in the gear.

HExample: If the outside diameter is 103 and the diametral pitch is 4,
multiply 10% by 4 and the product, 42, less 2, or 40, is the number of teeth.

Center Distance—Total number of teeth in both gears divided by
two times the diametral pitch.

Example: If the two gears have 50 and 20 teeth respectively, and are
5 piteh, add 50 and 20, making 80, divide by 2, and then divide the quotient,
40, by the diametral piteh, 5, and the result, § in., is the center distance,
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Fig. 345. A Pair of Pulleys for Flat Belt Drive

Calculating the Speed and Size of Pulleys

Diameter of Driving Pulley—DMultiply the diameter of the driven
pulley by its number of revolutions, and divide by the number of revo-
lutiong of the driver.

Diameter of Driven Pulley—Multiply the diameter of the driving
pulley by its number of revolutions, and divide the product by the
number of revolutions of the driven pulley.

Speed of Driven Puiley—DMultiply the diameter of the driving pulley
by its number of revolutions, and divide by the diameter of the driven
pulley.

Speed of Driving Pulley—DMultiply the diameter of the driven pulley
by its number of revolutions, and divide by the diameter of the driving
pulley.

The driving pulley is called the driver and the driven pulley is the
driven or follower.

R.P.M. indicates the number of revolutions per minute.
Example: Problem 1,

Given: Speed of the driving pulley 260 R.P.M. Speed of the driven
pulley 390 R.P.M. Diameter of the driven pulley 8§ in.

To find the diameter of the driving pulley.

390 X 8 = 3120
3120 =+ 260 = 12

The diameter of the driving pulley is 12 in,

Width of Pulleys—Pulleys for flat belts should be about 109, wider
than the width of the belt used.

Types of Pulleys—Two types of pulleys are used for flat belts, the
crowned face pulley and the flat face pulley. Crowned pulleys should
always be used if possible, as it is the erown that keeps the belt on the
pulley. Flat face pulleyg should be used only when it is necessary to
shift the belt from one position on the pulley to another, as in a drum
pulley or a wide faced pulley on a machine used to match a tight and
loose pulley on a countershaft,



112 How 1o Rux A Latne

Fitting a Chuck Plate to a Chuck

Before a chuck can be used on a lathe it must be fitted with a ehuck
plate that has been threaded to fit the spindle nose of the lathe. Semi-
machined chuck plates that have been accurately threaded to fit the
lathe spindle can be obtained from the lathe manufacturer,

Mounting Chuck Plate on Spindle

Before serewing the chuck plate on to the spindle nose of the lathe,
clean the threads of the chuck plate and the gpindle nose thoroughly.
Make sure that there are no chips, burrs or small particles of dirt
lodged in the screw threads, or on face
of hub, and also make sure that the
shoulder on the headstock spindle is
perfectly clean and free from chips or
burrs.

Qil the threads of the headstock
spindle and the chuck plate and serew
the chuck plate onto the spindle nose.
Do not jam the threads tight or it may
be difficult to remove the chuck plate
after it has been finished.

Fig. 346. Semi-Machined Chuck Plate,
Threaded to Fit the Spindle Nose of
the Lathe J

Finishing the Flange

First, machine the face of the
chuck plate, taking one roughing cut
about 4% in. deep, and then one or two
finishing cuts, removing not over .001
in. in the last cut.

Measure the diameter of the recess
in the back of the chuck carefully with
inside calipers, and set outside calipers
to correspond with the inside calipers.
Machine the diameter of the chuck
plate flange very carefully. Take very
light finishing cuts and try the chuck
on the chuck plate frequently, as the
chuck plate must fit snugly into the
recess in the back of the chuck.

After the chuck plate has been fin-
ished to fit the recess in the back of
the chuck, remove it from the lathe
spindle and chalk the face of the
flange thoroughly. Place the flange in
the recess in the back of the chuck
and tap lightly on the chuck plate so
that the edge of the bolt holes in the
chuck will mark the location of bolt
holes.

Drill the holes 4y in. larger in
diameter than the bolts used to secure
the chuck plate onto the chuck. It is
very important that the bolt holes be
large enough to eliminate all possi-

AT 5 Fig. 348, Chuck with Chuck Plat
bility of the bolts binding. = 'f\cm.c‘?.::d' P ol
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Hardening and Tempering Lathe Tools

After a forged lathe tool has been used for
some time, it should be re-forged, hardened and
tempered. If carefully done, this will make the
tool as good as new. Before attempting to harden
and temper the tool, make sure of the kind of
steel from which it is made.

To Distinguish Carbon Tool Steel

To distinguish ecarbon tool steel from high
speed steel, touch against emery wheel. Carbon
steel gives off a shower of bright yellow sparks; e == |
high speed steel gives off a few dark red sparks. Fig. 349, Hardening o

Lathe Tool

To Harden Carbon Tool Steel

To harden a forged lathe tool made of carbon tool steel, heat the
end of the tool slowly to a bright cherry red for a distance of at least
an inch back of the cutting edge; then immerse the point about 1% in.
deep in cold water, but do not cool the shank. When the point is cool
remove from water, polish the cutting edge with emery cloth and wipe
with oily rag.

The tool is now hardened, and as the heat in the shank passes inio
the point it will discolor the polished surface, indicating the amount
the temper is drawn, When a light straw color appears, cool the entire
tool quickly in water and it will have the correct strength and tough-
ness for metal turning.

The method outlined above may be followed for hardening and
tempering any tool made of carbon tool steel. For wood cutting tools,
taps and dies, draw to a dark straw color. For hatchets, screw drivers,
cold chisels, ete., draw to a brown yellow; for springs dark purple.

Case Hardening

To case harden a piece of machinery steel, heat the steél to a cherry
red; then remove from fire and apply cyanide of potassium to the sur-
face you wish to case harden. The eyanide will dissolve slowly and be
absorbed by the steel. After the surface has received a thorough coat
of eyanide return the steel to the fire and heat slowly for about one
minute so that the eyvanide will be thoroughly absorbed by the steel.
Remove from the fire and gquench in cold water.

How to Anneal Tool Steel

Carbon tool steel may be annealed by heating slowly and evenly to a
cherry red and then placing in a box of lime or ashes to cool slowly.
The steel should be completely covered and when it is cooled to room
temperature will be ready for machining.

How to Anneal Brass

Brass that has been hardened through cold working may be annealed
by heating to a dull red when held in dark shadow and plunging into
cold water. Care must be taken not to overheat the brass.



114 How 1o Run A LATHE
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Fig. 351. Compound gearing

Fig. 350. Simple gearing

How to Calculate Change Gears for Thread Cutting

If it is necessary to cut a special thread that does not appear on the
index chart of a lathe or if no index chart is available, the gears required
can easily be calculated. All South Bend Lathes are even geared; that
is, the stud gear revolves the same number of revolutions as the head-
stock spindle, and when gears of the same size are used on both the lead
serew and stud, the lead screw and spindle revolve the same number of
revolutions, so it is not necessary to consider the gearing between the
headstock spindle and the stud gear when ecalculating change gears.

If simple gearing is to be used, as shown in Fig. 350, the ratio of the
number of teeth in the change gears used will be the same as the ratio
between the thread to be cut and the thread on the lead screw. For ex-
ample, if 10 threads per inch are to be cut on a lathe having a lead screw
with 6 threads per inch, the ratio of the change gears would be 6 to 10.
These numbers may be multiplied by any common multiplier to obtain the
number of teeth in the change gears that should be used.

Rule—To calculate change gears, multiply the number of threads per
inch to be cut and the number of threads per inch in the lead serew by
the same number.

Example: Problem—To cut 10 threads per inch on lathe having lead
) screw with 6 threads per inch.
Solution— 6 x 8 = 48 — No. of teeth in gear on stud.
10 x 8 = 80 — No. of teeth in gear on lead serew.

If these gears are not to be found in the change gear set, any other
number may be used as a common multiplier, such as 3, 5, 7, ete.

When compound gearing, as shown in Fig. 351, is used, the ratio of
the compoynd idler gears must also be taken into consideration, but other-
wise the calculations are the same as for simple gearing. Usually, the
compound idler gear ratio iz 2 to 1, so that the threads cut are just twice
the number per inch as when simple gearing is used.
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DECIMAL EQUIVALENTS OF FRACTIONAL PARTS OF AN INCH

&= .015625 313 = .34375 - LR .6875
ds = .03125 33— 359375 4= .703125
f= .046875 Bl e 375 38 = .71875
= 0625 a§§£= gggggﬁ 41— 734375
fu= .078125 3 = . B .75
& = .09375 % = 3%}{275 89— 765625
dr= .109375 Taevenn . 35 — .78125
125 ;_‘ﬁg'f 322135 51— .T96875
d= .140625 i £ .8125
H = 15625 = i 3= .828125
PB= 171875 B ¢ , 31 = .84375
‘ = = .515625 T
= . ! 41— 546875 e e ;
5 = 21875 _1.'?1 ..... 5625 3£= B30625
1= .234375 S1— 578125 3 = .90625
Y .25 13 = .59375 1= .9218175
1= .26H625 M= ,6089375 b 5t AP L9375
s = .28125 T, 625 #1= .953125
= .296875 $= .640625 7 = .96875
Teeenns .3125 21 — .65625 4= .984375
i1= .328125 $8= .B7T1875 1......... ;

METRIC AND ENGLISH LINEAR MEASURE

The measuring rules shown below are graduated, in the Metric
system and in the English system. This shows at a glance the com-
parison of the fractions of the Metrie and English units, the meter and
the inch.

Metric Scale Graduated in Half Millimeters

6

English Scale Grad 1 in Thirty is of an Inch

3z 1 2 3 3
1JJM-||:'.||1|Ll|lr||1rl|1'|| '|I!I|I|I|l|l’lLUll|J]I|I'I|I |1|hl|[|l|[|h .'|||I[l’l|-‘[Ir'IrJfI|rfIJrfIJr“‘Ih’Jillil[li

Fig. 352, Comparison of English and Metric Scales, Actual Size

TABLE OF METRIC LINEAR MEASURE

10 Millimeters = 1 Centimeter 1 Centimeter — .3937 inch
10 Centimeters — 1 Decimeter 1 Decimeter = 3.937 inches
10 Decimeters = 1 Meter 1 Meter = 39.37 inches

Equivalents of Millimeters in Decimals of Inches

5 mm = .00394 in. 8 mm =.31496 in. 18 mm = .70866in.
1% mm = .00787 in. 9 mm —.35433in. 19 mm = .74803 in.
1 mm = .01969 in, 10 mm =.39370 in. 20 mm = .78740 in.
1 mm = .03937 in. 11 mm = .43307 in. 21 mm= .82677in.
2 mm =.07874 in. 12 mm = .47244 in. 22 mm= .86614 in.
3 mm=.11811in. 13 mm = .51181 in. 23 mm = ,90551 in.
4 mm = .15748 in. 14 mm = .55118 in, 24 mm = ,94488in.
5 mm = .19685 in. 15 mm = .59055 in. 25 mm = .98425 in.
6 mm=—.23622in. 16 mm = .62992 in, 26 mm =1.02362 in.
T mm = .27559 in. 17T mm = .66929 in. 27 mm = 1.06299 in,
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SHOP KINKS

From “American Machinist”

A good lubricant for turning, boring and milling aluminum is made

of equal parts of lard oil and kerosene. Kerosene alone is also good,
and cheap.,

When drilling or turning hard steel (not hardened steel) in the
lathe, run slowly and lubricate the tool with turpentine, or turpentine
and spirits of camphor.

Red lead and graphite are good lubricants for the tail center. On
heavy work, make the countersinks for the center as large as possible
without making the job unsightly.

Probably the handiest lathe chuck for the jobbing shop is the four-
jawed independent chuck having stepped, reversible jaws. These will
hold almost any shaped piece, and hold it firmly.

Before complaining that the lathe is not in line, be sure thai the
bed is carefully leveled up. Don't twist the lathe bed out of shape by
pulling it down on to an uneven floor with lagserews, and then expect
it to turn straight.

Squared ends and a uniform depth of lathe center are desirable for
accurate and economical work. Don't make the mistake of thinking
that any boy can do the centering well enough without proper instrue-
tion and supervision.

A little square of mica with a tin rim makes a good chip guard
when turning brass. A simple wire spring clip can be fastened to the
tin rim so that the guard can be readily fastened to or detached from
the tool or tool post.

If a J4-in. slot is made on the top of the tail center running from
the point back to a little heyond the large part of the conical end, the
center can be oiled without slacking it back. This is better than grind-
ing half the conical end away.

The indicator, of the dial variety, is an extremely handy tool
around the engine lathe, particularly if accurate work is to be done.
Don’t get the idea that this is an unnecessary frill, but get accustomed
to using it if you wish to hecome an accurate workman.

Universal lathe chucks are very convenient to have in the shop but
can rarely be depended on to run true if accuracy is desired. They
may be plenty good enough for a large proportion of the work to be
done, but accurate work demands separate adjustment of the jaws.

The lathe centers should be well cared for, the poinl ground in
place, if possible, and always put into place in the same posgition, This
may sound finicky but it is the only way to produce acenrate work.
Don't make the mistake of using a lathe center either for a hammer

or a center punch.
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DON'TS FOR MACHINISTS
From “Machinery”

Don't run a lathe with the belt too loose.

Don’t run the point of your lathe tool into the mandrel.

Don't rap the chips out of your file on the lathe shears.

Don’t set a lathe tool below the center for external work.

Donl'L ls:taart up a lathe without seeing that the tail stock spindle is
ociRed,

Don’t put an arbor or shaft on lathe centers without lubricant on them.

Don't leave too mueh stock on a piece of work to take off with the
finishing cut.

Don't tr}' a steel gauge or an expensive caliper on a shaft while it is
running.

Don't put a mandrel into a newly bored hole without a lubricant of
some kind on it.

Don’t put a piece of work on centers unless vou know that the internal
centers are clean.

Don’t try to straighten a shaft on lathe centers, and expect that the
centers will run true afterwards,

Don’t put a piece of work on lathe centers unless you know that all
your centers are at the same angles.

Don’t take a lathe center out of its socket without having a witness
mark on it, and put it back again according to the mark.

Don’t start polishing a shaft on lathe centers without having it loose
enough to allow for the expansion by heat from the polishing process.

Don’t run your lathe tool into the faceplate,

Don’t try to knurl a piece of work without oiling it.

Don’'t run a lathe an instant after the center begins to squeal.

Don’'t forget to oil your machine every morning; it works better.

Don’t forget that a fairly good center-punch may be made from a piece
of round file. .

Don’t forget that a surface polished with oil will keep elean much
longer than one polished dry.

Don’t start to turn up a job on lathe centers unless you know that the
centers are both in line with the ways.

Don’t eross your belt laces on the side next the pulley, for that makes
them ent themselves in two.

Don’t try to cut threads on steel or wrought iron dry; use lard oil or
a cutting compound.

Don’t run a chuck or faceplate up to the shoulder suddenly; it strains
the spindle and threads and makes removal diffienlt,

Don’t serew a tool post secrew any tighter than is absolutely necessary:
many mechanics have a false idea as to how tight a lathe tool
should be to do its work.

To drive the center out of head spindle use a rod and drive through
the hole in spindle.

When putting a lathe chuck on the head spindle, always remove the
center.

When the center is removed from the head spindle of the lathe, always
put a piece of rag in spindle hole to prevent any dirt from eollecting.
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Fig. 353. A Trade School Shop, equipped with 38 South Bend Lathes

INDUSTRIAL APPRENTICE TRAINING

In the United States

The industrial plants of the United States are very much interested
in the Voeational and Trade Schools. These schools are doing re-
markable work for the individual boys of their own communities and
also for the industries of the entire United States as a whole,

The metal-working industry is aware that well equipped vocational
schools ean teach young men the fundamentals of the machinist’s trade
much better than they can be taught to apprentices in factories. Under
the guidance of a capable and thoroughly trained instructor, the boys
not only receive practical instruction in the operation of various ma-
chine tools, but are also taught the necessary shop mathematics, me-
chanical drawing, business English, economies, ete.

Industry looks to voecational and trades training schools to supply

young men with sufficient vocational tfraining so that they can be
further trained in the factory for positions of expert workmen, spe-
cialty mechanics, foremen, superintendents, salesmen and advertising
men—not for the ordinary jobs of operating production machines,

A number of large industrial plants in the United States have
established training courses in their own plants to supplement and
continue the fundamental training now being given in the Voeational
and Trade Schools.
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Fig. 354. A High School Shop, equipped with 43 South Bend
Precision Lathes

Fig. 355. Another High School Shop, equipped with 17 South Bend
Precision Bench Lathes
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REFERENCE BOOKS ON LATHE WORK

MOTORS FOR OPERATING LATHES

Many different types of motors are available for operating individual
motor driven lathes. In some cases any one of several different motors
may be used, but usually there is one particular type of motor that will
give more satisfactory service than any other. A brief study of the
various types will aid in selecting the most desirable motar.

Reversing Motor Required—Several important lathe operations
necesgitate reversing the rotation of the lathe spindle. For this reason
it is important that the motor be of the reversible type. The motor
should conform exactly with the electric current that is to be used.
Dual rated melors may be operated on two different voltages.

When more than one type of eurrent is available, the motor should

The booklets listed below are 6x9 in.
or 8%x11 in. and contain from 12 to 32
pages each. When ordering specify titles.
Money order or stamps of any country ac-
cepted, All prices are postpaid.

“Modern School Shops” Booklet No. 55-R. Illustrates
some of the most modern school shops in the United
States. 24 pages 82" X 117 .\ iivrirnininnnnn Sent Free

“The South Bend Machine Shop Course for Ap-
prentice Training.” Detail drawings and operation
sequence sheets fa}; twelve practical machine shop proj-
ects. 32 pages 8127 x 117 e

Bulletin H-1—*“Keep Your Lathe Clean.” Shows how

be selected for use with the most desirable type of current. Two or ; protecting the lathe from abrasive dirt will increase
three-phase alternating current is generally considered more desirable }J;'tf;lde“ﬂlﬂn' reduce serap, and lengthen the life of the

C oo st . I - < R R U e R e B e Sent Free
i han single phase current or direct current. : =

for power service { gle | Bulletin H-2—"“Oiling the Lathe.” Explains the im-

portance of adequate lubrication...,.......... Sent Free

The Size of Motor specified by the lathe manufacturer should always
be used unless the lathe is to be operated at spindle speeds higher than
standard. More power is required for high speed operation, necesmta.t{i
ing a larger motor. The lathe manufacturer should always be consulte Wit St s Riathia b Wi 6 )
heti'ore equipping a lathe for high speed operation. The speed of the to anke @11 lmcess&re;':idig:fme?us,ecﬁecﬁ";',léw:;egﬁp];?g

ihla SR i protect lathe from abuse, and keep lathe in b -
motor should be, as nearly as possible, the speed specified. Piny Sanatan, o it ng. ) P _________ Sﬁt 0;3:;

“How to Cut Screw Threads in the Lathe” Bulletin

Bulletin H-3—"Leveling the Lathe.” Gives detailed
Information on the correct installation and leveling of
the lathe for precision machine work......... Sent Free

Polyphase Motors for 3-phase or 2-phase alternating current are

instantly reversible, have a high starting torque and constant speed. f‘;,‘::e&g‘gf“é,l E;’g";glgk*‘x anformation. s screw
These motors have no brushes or commutators to canse radio interfer-

X . b “How to Grind Lathe Tool Cutt its" i

ence. They are very satisfactory for lathe operation, ] No. 85, Shows how to grind and sl?;.rlgzlrgs Iat!]lq:n:zl;}

cutter bits. 16 DAEES 67 K 9”7 .. tuvererinoreasanssnnsss 10c

Capacitor Motors for single phase alternating current are made in
instant reversing, and start-stop reversing types. The instant reversing
type is preferable but the start-stop reversing type is less expensive VOLUME |
and may be used satisfactorily on certain classes of lathe work. This
type of motor has a fairly high starting torque and constant speed. It
has a starting switech but has no eommulator to cause radio interference.

“How to Run a Lathe” in
Spanish, Portuguese, and French

Repulsion Induction Motors for single phase alternating curregt Volume I, “How to Run a Lathe,” has been
have a fair starting torque and fairly constant speed. They are made translated into the Spanish, Portug :
to order in the instant reversing type for lathe operation. Having a French 1 Tlp t 5 ,l d 5?“?5&" 'm_d
commutator and brushes, this motor may cause radio interference. e ; ang;uage‘s,. 1? ranslated .editions arc

practically identical with the English edition,

Split Phase Motors for single phase alternating current do not have and contain the same number of pages and illus-
sufficient starting torque for satisfactory use with a lathe. trations.

Shunt Wound Motors for direet current are instantly reversible,
have a constant torque and a very constant speed. They are entirely
satisfactory for lathe operation, although the commutator and brushes
may cause radio interference,

All translations have been prepared by com-
petent engineers who are familiar with the me-
chanical terms used in the various languages.

A copy of “How to Run a Lathe” in the
Spanish, Portuguese, or French language will be
mailed anywhere in the world, postpaid for 25c.
Stamps or money order of any country accepted
for single copies. State language wanted.

Compound Wound Motors for direct current are instantly reversible.
They have a high starting torque and a fairly constant speed. The
compound wound motors are satisfactory for lathe operation but may
cause radio interference due to the commutator and brush construction.

Universal Motors are designed for operating on either alternating
current or direet current. This type of motor is unsatisfactory for
operating a metal working lathe.
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BASE NUMBERS AND NAMES OF LATHE PARTS

The base numbers of the parts of a SBouth Bend Underneath Motor Drive
Lathe are shown in Fig. 362. The names of the various parts are listed opposite
the corresponding numbers, on this and the following page.

The base numbers identify each part in a general way, but do not designate
the size or model of the lathe. A prefix or suffix is used with the base number
to establish the exact part required to fit a particular size and model of lathe.
However, if the serial number of the lathe 1s known, it is sometimes possible
to identify a lathe part by the base number only.

i’:} Name of Part I;?;t Name of Part
5  Rear Lead Serew Bracket 87  Cross-Feed Compound Pinion
8§  Tailstork Leg (Bed to Chip Pan) 88  Apron Feed Change Plunger Knob
11 Headstock Cap, Large 00  Compound Rest Top
12 Headstock Cap, Small 91  Compound Rest Swivel
14  Hpindle Cone Pulley 42 Compound Rest Base
15 Bull Gear 94 Compound Rest Bushing
165 PBull Gear Lock 95  Compound Rest Nut
17 Cone Pulley Pinion 96 Compound Rest Chip Guard
18 Quill Gear 97  Apron Feed Interlock Plunger
19 Quill Bleeve 98  Apron Feed Interlock Arm
20 Quill Sleeve Pinion 1038 Countershaft Cone Pulley
21  Eeccentric Shaft Bushing 104  Cone Cradle Shaft Collar
24 Back-Gear Lever 110 Compound Rest Gradusted Collar
25  Hpindle Take-up Nut 200  Headstoek Spindle
26 Spindle Take-up Nut Washer 201 Tailstock Spindle
27 Twin Gears 202  Eccentric Shaft
28  TReverse Gear 203  Apron Feed Worm
30 Spindle Gear 204  Rack Pinion
39 Lead Serew Thrust Collar 205  Headstock Spindle Sleeve
40  Large Face Plate 206 Tailstock Binding Lever Stud
50 Tailstock Top 207  Spindle Thrust Bearing
51 Tailstock Base 208  Apron Worm Collars
52 Tailstock Nut 209 Tool Post Block
53 Tailstock Handwheel 210 Carriage Lock Screw
54  Tailstoek Binding Lever 213 Bull Gear Lock Gib
56 Tailstoek Clamp 214 Bull Gear Lock Plunger
60 Haddle 219 Daovetail Gib Adjusting Screws
[i1} Haddle Gib 221 Compound Rest Base Gib
62 Haddle Lock 223 Clutch Berew LT
63 Cross-Feed Bushing 224  Cross-Feed Screw
64 Croszs-Feed Graduated Collar 225  Apron Handwheel Pinion
65  Croes-Feed Nut 226 Tailstock Serew
i Cross-Feed Nut Screw 227 0il Reservoir Plate
70 Apron 220 Twin Gear Studs
71 Apron Handwheel 230  Compound Rest Screw
72 Half-Nuts 231 Cross-Feed Compound Gear Shaft
73  Half-Nut Gib 233  Taol Post Herew
74 Half-Nut Cam 2536 Tailstock Clamp Bolt Washer
75  Half-Nut Friction Washer 239 Apron Worm Key
76  Rack Pinion Gear 248  Tailstock Binding Lever Upper Plug
77 Worm Gear 249  Tailstock Binding Lever Lower Plug
78 0l Distributing Washer 250  Tool Post
79 Worm Bushings 251  Tool Post Ring
80  Clutch Sleeve 252  Tool Post Wedge
81 Apron Cluteh Plate 257  Compound Rest Top Gib
82 Apron Cluteh Enob 260  Headstock Spindle Center
83  Apron Feed Change Gear Shaft 275 Rack
84  Apron Feed Change Lever 276  Cross-Feed Ball Crank
85  Cross-Feed Compound Gear 277 Compound Rest Bull Crank
8t Apron Feed Change Idler Gear 218 Tailstock Set-Over Screws
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Part
No.

283

286

202

4G5

460

i

378

107

408

409

410

411

412

419

420

421

422

423

424

426

427

428

430

437

438

441

442

450

451

467

470

500

a1l

512

600

601

(il14

604

605

HOT

608

G089

G100

612

613

614
G15K16
615K 18
615K 20
615K22
H15K23
615K24
615K 26
Hl1aK28
#15K32
616

617

Name of Part

Tailstock Clamping Nut
Tailstock Spindle Key

(il Reservoir Plug

Cross-Feed Ball Crank Retaining Nut
Tailstock Spindle Center

Bull Gear Lock Guard

Quill Sleeve Oil Hole Washer
Half-Nut Lever

Worm Gear Lock Ring
Handwheel Pinion Thrust Spring
Inside Cluteh Plates

Cutside Cluteh Plates

0il Reservoir Gusket

Cross-Teed Serew Chip Collar
Main Drive Pinion

Idler Gear Stud

Clutch Gear Shaft

Gear Box Cluteh

Gear Box Cluteh Gear

Gear Box Cluteh Shaft Pinion
Gear Box Cluteh Sliding Gear
Gear Hox Clutch Shaft Gear
Gear Box Cluteh Lever Shifting Plug
Quill Sleeve Oil Hole Plug

‘Fecentrie Shaft Bushing, Large

Lubrication Plate

Countershaft Cone Cradle Bearings

Spindle Protecting Ring Gasket

Spindle Protecting Ring

Chip Pan Brackets

Tailstock Leg (Chip Pun to Floor)

Switeh Arm ’

Headstoek Spindle Bearing, Large

Headstock Spindle Bearing, Small

Gear Box

Gear Box Shaft Bushings

Gear Box Tumbler

Main Drive Collar

Tumbler Idler Gear

Tumbler Guide Bar

Tumbler Plunger

Tumbler Plunger Knob

Tumbler Plunger Bushing
Headstock Stud Geur

Gear Box Clutch Shaft Bushing
Cone Gear Shaft

Gear Box Cone Gear—14 Teeth
jear Box Cone Gear—18 Teeth
Gear Box Cone Gear—20 Teoth
iear Box Cone Gear—22 Teeth
Gear Box Cone Gear—23 Teeth
Gear Box Cone Gear—24 Teeth
Gear Box Cone Gear—26 Teeth
Gear Box Cone Gear—28 Teeth
Gear Box Cone Gear—32 Teeth
tear Box Cone Gear Spacing Collars
Gear Box Clutech Lever

Part
No.

618
628
G429
30
i34
35
637
(i%1.]
(%20
42
47
550
a1
1352
153
(1155
155
1156
it
(G4
778
790

1275

1541
2100

2562
2503
2566
2567
2568

2568

Name of Part

Gear Box Cluteh Lever Pivot Serew

Gear Box Lead Serew Geuar

Lead Screw

Primary Gear Bracket

Gear Box Tray

Reverse Bracket

Reverse Shaft

Reverse Latch Lever

Reverse Plunger

Reverse Lock

Primary Gear Bracker Support

Primary Gear Guard

Primary Change Pinion

Primary Change Gear

Primary Gear Stud

Primary Sliding Geur

Primary Sliding Knob Pinion

Primary Sliding Geur Shaft

Primary Drive Genr

Gear Box Cone Gear Shaft Nut

Motor

Dirum Switch

Chip Pan

Gear Box Index Plate

Motor Pulley

Lathe Bed

Cabinet Leg

Cabinet Leg Door

Left Ventilator Cover

Leg Door Knob

Right Ventilator Cover

Countershaft Cone Cradle

Motor Mounting Plate

Countershaft V-Belt Pulley

Motor Belt Adjusting Stud

Motor Belt Adjusting Stud Washers

Countershaft Cone Pulley Shaft

Cone Cradle Hinge Shaft

Motor Plate Hinge Shaft

Countershaft Bearing Retainer
Washers

Belt Tension Release Crunk

Belt Tension Eoecentrio

Belt Tension Fecentrie Bushing

Belt Tension Beeentric Clevia

Belt Tension Eecentrie Ball Socket

Belt Tension ecentric Ball Socket
Sleeve

Countershaft Cone Cradle Adjust-
ing Serew

Countershaft Cone Cradle Adjust-
ing Serew Nut

Headstock

Headstock Cone Pulley Cover

Cone Pulley Cover Knob

Quill Gear Guard

Bull Gear Guard

The Surface Plate

The surface plate, shown
in the illustration, is a flat
cast iron plate used in the
building of fine machinery to
test plane surfaces while
hand-scraping. Three surface
plates are necessary so that
they may be tested together
occasionally and the surface
kept perfectly true and flat by
reseraping when it becomes
worn, )

Fig. 364. Toolmaker Locating Holes in Jig

5t ; ) L
— plates o ate with Aldal:lrdb:lx':{]n;: l;‘jIItLT;BSurfncc Gauge,
by toolmakers for locating and checking
poles in jig plates, laying out work, testing,
inspecting, and similar operations. With the
aid of a surface gauge and a set of gauge
blocks very accurate work can be done on
the surface plate.

Hand-Scraping on Lathe Bed

After a lathe bed has been machined,
it is thoroughly seasoned, then finish
planed. Extreme accuracy is obtained by
seraping the ways by hand, so all lathe
beds are hand-finished and frosted by
master craftsmen during the process oi'
fitting the carriage, headstock, and tail-
stock,

The base of the headstock and tailstock
are hand-scraped to fit perfectly onto the
V-ways of the lathe bed. The V-ways of
the saddle are also scraped to conform with
the V-ways of the lathe bed.

Fig. 365. Hand-Scraping the
V-ways of a Lathe Bed

CATALOG OF SOUTH BEND LATHES
Mailed Free to Any Address on Request

This new catalog describes the entire line of
South Bend Engine Lathes, Toolroom Lathes,
Turret Lathes and attachments. The Engine
Lathes and Toolroom Lathes range in size from
9" to 16” swing. The Turret Lathes are made in
three sizes having 9%, 10”, and 16” swings.

A copy of this catalog will be mailed on re-
quest, postpaid, no charge. Specify size of lathe
and type of work when requesting catalog,

General Lathe Catalog

SpecianL Crasses oF Work 125
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MOTION PICTURES ON
LATHE WORK

To speed up the training of lathe operators
for national defense industries, the South
Bend Lathe Works has sponsored the pro-
duction of two 16 mm sound motion pictures
in full eolor. Professionally filmed, these pic-
tures show practical shop methods as prac-
ticed in modern industrial plants. Showing
time for each of the two 800 ft. reels is ap-
proximately 20 minutes.

The first reel entitled “The Lathe” clearly
shows what a lathe is, what a lathe is for,
and how the various parts operate. Important
operations, including turning, facing, and
thread cutting, are demonstrated. The second
reel “Plain Turning” shows in detail each
operation in the machining of a cylindrical
shaft between the lathe centers. Close-ups
show locating and drilling of center holes,
application of cutting tools, use of calipers
and micrometers, and operation of the lathe
carriage and apron.

Bookings for recognized organizations
teaching machine shop practice are being
scheduled on a free loan basis. Write now for
application blank to insure an early showing.
These films are also available for outright
purchase.

How to Run a

LATHE

Film Series

Based on the Book

:”IE same

title

Two reels of
16 mm. sound
film in color
now completed
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Back-Geared Headstock....... DRPRPOION | -l v
Bearings for Headstock Spindle....... 13, 125 Frpe Plate Work. .. oeeesoosesneseeseeenens
Bearing Surfaces, Superfinished. . Facing Work on Centers. . ... R i

Bed of Lathe...covivenricranesnsrsrnns
Belts, Lacing, Shifting, etc..
Belt' TaNRION vooesssessnsssossimnomssnsrny
Bench Lathes........ ...4, 10, 94, 102, 108, 109
Bits for Lathe Tool Holders........ 27 to 35
ooks for the Mechanic
Boring in the Lathe,.33, 42, 56, 59, 63, 91, 92
Brown & Sharpe Worm Thread.......... 83

Calipers, Use of.
Capacity of the
Carriage of Lathe...........
Carriage Btop, Micrometer.
Case Hardemng ..............
Catalog of South Bend Lathes

=

Center GBUEE .iuvveicrasisronniniaiians 60,
Center Holes, Locating and Drilling. .43 to
Canter INAICator v......oveeessenesnsess 64,
Clopter Resb. . oiviivesiciiiiiniaiesniaiai

Centers;, Alignment of.........cc0000000
Centers, Mounting in Lathe "‘])I]It“? Hear
Centers, Removing from Lathe Spindle
Centers, Truing
Centering Work in Chuek. .
Centering Work on Face Blater: cimocnin

Change Gear Chart........... R A
Change Gears, Caleulating.
Chuck Plate, Fitting to Chuck.
Chuck Work ...cccoviiiiirciiivia
Chucks, Mounting on Lathe Spindle..
Chucks, Practical Sizes.......o.oo..0
Chucks, Removing from Lathe 8 nr{lf‘
Coil Winding in the Lathe...
Collet Chuck and C'al]t*t-.‘
Combination Center

sink ..
Commutat

:-S '15 ‘102

5.
Cc

Compound Gear:ng for

POUE. voanssnsicinss o sanmyeers sy
Compound Rest of Lathe,. .
Connecting Rod Boring. ..
Countershaft, Drive Lathe.
Countershaft Speeds
Crankshaft Testing..
Crankshaft Turning.....
Cross Feed of Lathe, Autom.iilc
Crotch Center
Cup Center..
Cutter Bits .....c.oiuen
Cutting Power of Lathe.
Cutting Screw Threads........... to
Cutting Speeds for Various Metals..... .

Filing in the Lathe.................
Fitting Chuck Plate to Chuek.....
Floating Reamer Driver...
Follower Rest for Lathe....
Forged Steel Lathe Tools

Gear Box, Operation of................00. i
Gear Cutting in the Lathe..... oo A7
Geared Serew Feed Lathe................ 4
Gearing Lathe for Cutting Screw Threads 72
Gears, Information on.........coooveeean. 110
Grinding Cutter Bits......... . 20
Grinding in the Lathe.......... . 100
Grinding Wheel Speeds......... .. 100
Grinding Wheels, Truing............. voees 101
Hand Lever Double Tool Rest 95
Hand Lever Draw-in Collet C 95
Hand Lever Tailstock.. - 95
Hand Rest for Wood Turning.. 97
Hand-Scraping Bearing  Surfaces 125
Hand Wheel Draw-in Collet Chuck. 57

Hardening and Tempering................ 113
Headstock of Lathe
Headstock Spindle 3
Height of Cutting Edge of Cutter Bit
.................................. 28, 32, 33
High Speed Steel Cutter Bits......27 to 34
History of the Lathe....ceeeiecseessmnes 3
Horizontal Motor Drive for Bench
Lathes' ...covevavesanssssmsnsssivnsans 10

Independent Chuek ........covveivvinnnns
Indicator, Center and Dial..
Industrial Apprentice Training

Keyways, American Standard Sizes . 9%
Kunurling in the Lathe................... 87
Lameing: Belbe. . oy is saslv iy dvalh vaias A7
Lappin% in the Lathe.. . 89
Large Collet Capacity Lathe.. . 102
Lathe Dog, Attaching........... 48

Lathe Tools .......
Left Hand Thread..
Leveling the Lathe,.
Locating Center Holes.
Longitudinal Feed, Auto

Machine Bhop Course for Schools....... z ?21
Mandrels, Maclmung Work on..........
nnufactunng, Turret Lathes for...... g

Measurements, How to Take Accurate.. 37
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INDEX

Subject Page Subject Page
Measuring Screw  Threads.....vvevsveeea. 79 Serni-machined Chuck Plate, Fitting.... 112
Metric Gradustions........sessvssasssceass 99 Betting Cutter Bit for Threads........ (]
Metric Lathes ...... R e i 1 ] Setting the Lathe Tool............... 28, 49
Metric Measure .........00 wevesaveresasss 115 Setting Over Tailstock for Taper Turning 61
Motric MICrometer ......coeevandssssssess 99  Shifting Belts ..ecuiiiainsienssaionnsiie. 19
Metric Screw Threads......... A | Bhop: BARER! . ; osorseriamsssdiis s s ilnys 116
Micrometer Carriage Stop..... ARy .. 99 Shoulders, Measuring and Machining... 52
Micrometer Calipers, How to Read coo 39 Size and Capacity of Lathe......c.oouou.s 11
Micrometer Collar .......ccvivesaie - 78 Special Classes of Work.............. 87, 125
Milling in the Lathe............. 3 a6 Spindle Speeds of Lathes.............. 3. 50
Morse Standard Tapers...... o) 64 Spring Winding in the Lathe............ 91
Motion Pictures on Lathe W otk ceun 128 Bpur: ROl il ane g i nieds b e R 97
Motor Drives for Lathes............ 8, 9,10 Square Screw Threads....... N R s 52
Motors, Hints on belu,tu:F (‘n:rf_rt Types "120 Standard Change Gear Lathe....... 5 2.1, 72
Mounting Chuck on Lathe Spindle 54 Standard Serew Thread lablet ....... wAZ TARE
Mounting Lathe Center in Spindle. .. 47 Step Chuck and Closer..,....cociiuians, 58
Multiple Screw Threads......oeviivninnns 86  Otellite Cutter Bits........coveviiiienin 35

Superfinished Bearing Surfaces.......... 98
Names of Lathe Parts......ceeopiv.... 21, 123  Burface Plate ............ s Govaeis Y05
Notes on Belts and Pulleys....17, 19, 26, 111
Nates On CGears. . ivesresssenaasarannssass Tailstock Adjustment .............ooooon 51

Notes on Lathe Work............... ;
Nut Mandrel .....coeereesssrsssssnreanss 80

Oiling the Lathe.......cossssuessrsrrrears 20
One Inch Collet Lathe.. 7

Open Side Tool Post, b
Operation of Lathe...... Sy vee 21

Part Numbers of Lathe Parts....
Pedestal Motor Drive for Lathe...
Piston Finishing ...c..ovveivianses
Pitch and Lead of Serew Threa
Plain Turning .oaveaviavecrines
Polishing in the Lathe
Portable Machine Shop..
Power Carriage Feeds. .
Precision Level .............
Production Attachments .....

Pulleys, Calculating Speed and &

inr-k Cbange Gear Box for Threads and

B 74
chk Change Gear Lathes....... E 25 4

Reamer Sharpening.............. e 101
Reaming in the Lathe....... 68
Refacing Automobile Valves 105
Raoference Books on Lathe Work........ 121
Removing Chuck from Spindle.......... 55
Reverse Lever on Headstock............ 22
Roughing Cuts, Maximum Depth........ 36
Rough Turning, Cutter Bit for........... 30
School Shops ....ceveeeeieaienins weaaan 118, 119
Seraping on Lathe Bed.. 125
Herew Pitch GaUZE, (eivyeniinisiiiiiasion 79
Serew Threads, caleulating change

BRATH A OE oo sen s s s an s EA S ST SRS A 114
Screw Threads, Fitting and Testing...... 79
Secrew Thread Tables.......... e 71
Serew Thread Terms..... i SR T TR 70
Serew Thread Cutting............. vesaney 0
Belecting a Lathe..,....... Ay s e 11
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Tailstock of Lathe. ... . .eiiiepeeanirsinns b2
Tailstock Set-over for Tapers, Caleulating 61
Tap Dyl Si5e8. . oiosvrsonrsaveessneensnme 71

Taper Attachment ...........oceoien vies 62
Taper GANTER' ©vesrunenisrersvensanmssasns 61
Taper Turning and Bom:g,.... ....... .59-63
Tapered Screw Threads..........
Tapers, Standard Dimensions of...... .. 61
Papping in the Lathe...... i 0 68
Tempering and Hardening. . . 113
Test for Alignment of Lathe (aemt’r- -18 51
Test, for  Taper Fib...onreinpcansns SN i |
Testing lnstruments for Chuck Work..54, 355
Testing the Lathe for Accuracy....... 16, 40
Thread Cutting ......veevvivian i 69
Thread (":mmg Stop.. 78
Thread Cutting Tool.. 75
Thread Dial .......... 81
Thread Tool (‘augu ............ SIS, 75
Threads, Terms Relating to....... 70
Tool Bits, High Speed Steel. SRR 2 7% 1
Tool Holders for Lathes.... 27
Tool Room Lathes.........ccoevvmenns
Transposing Gears for Moetrie ‘-!orpw
Threads  ....ieesssansewaras e wiwe OF
Tungsten Carbide Cutter Bits........... 35
Turning Between Centers......covveeeene 43
Turret for Lathe Bed.......icocceeneen . 9

Turret Lathes for Mnnul’ae‘turmg ..... ceee M

Undercutting Armature Commutators.... 105
Underneath Motor Drive for Lathe...0

Universal Chuek ....cocoue.. .. G6
U. 8. Standard Screw Thrend ..... R
Valve Refacing in the Lathe..... N 105
Whitworth Serew Thread......coviiiiean 83
Wood Turning on Lathe............. e T
Wormn Thread, 20%....cccciimerissrinnnes 83
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11.
12,

13

b

14.

15.

16.

17.

How to Become a Machinist

Keep your cutting tools sharp.
Look at your drawing carefully before starting your job.

Be sure your machine is set up right before starting the
work.

Take your measurements accurately.

Keep your machine well oiled, clean and neat. Personal
neatness will give you personality.

Take an interest in your job; don't feel that you are forced
to work.

Learn the fundamentals of mechanical drawing.
Keep your belts tight and free from oil.

Take as heavy a cut as the machine and cutting tool will
stand until you are near the finished size; then finish care-
fully and accurately.

Tty to understand the mechanism of the machine you are
operatmg

Hold yourself responsible for the job you are working on.

Keep your eyes on the man ahead of you; you may be
called on to take his place some day.

Have a place for everything, and keep everything in its
place.

Read one or two of the technical magazines relating to
your line of work. v

If a boy learns a trade properly he becomes a first-class
mechanic, but if he has ability he need not stop at that.

Henry Ford, George Westinghouse and others got their
start because they were mechanics.

If you have spoiled a job, admit your carelessness to your
foreman, and don’t offer any excuses.

Before starting to work on a lathe, roll up your
sleeves and remove your necktie—safety pays.

SOUTH BEND LATHE WORKS

NOTE: A Blue Print (13 in. x 22 in.) of the above seventeen sug-

gestions, suitable for wall display, will be mailed upon the
receipt of 10c to cover cost of mailing.
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