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Lourneur, s duoriyes

A small lathe budlt in France about 1770.

From an old etching

Chapter 1

HISTORY AND DEVELOPMENT OF THE
SCREW CUTTING LATHE

The screw cutting engine lathe iz 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 bullding of the
steamboat, the locomotive, the electrie
motor, the automobile and a1l 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
fathes was the tree lathe, shown in Fig. 1.
A rope altached to a flexible branch over-
head was passed around the work to re-
volve it. Later a strip of wood or “lath"
wias used to support the rope, and this is

Fid. 1. Early Tree Lathe

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 {llus-
trated In a book published in 1741. A hand crank was attached direct
to the headstock spindle. The spindle of this lathe was veared to the
lead screw, but there was neo provision for changing the gears for

cutting various pitches of screw threads,

st

U
Fig. 2. French Serew Cotting Lathe, About 1740

(Frum Roe's ENGLISIH AND AMFRTICAN TOOT, BUILDERS; by pormission
of the publisbers, McGraw-Hill Book Compauy, Ine.)
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Fig. 3. Screw Cutting Lathe Made by Henry Maundslay, About 1787
{Courteay Joseph Wickham Roe, Author of “English and American Tool Builders™)

Henry Maudslay

Henry Maudslay, an Englishman, gave us the fundamental principles
of the screw cuitting 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 serew could be changed, permitting the use of different zear ratios
for cutting various pitches of screw threads.

Early American Lathes

Lathes were built in the United States between 1800 and 1830 with
woopd beds and iron ways. In 1838 Putnam of Fitchburg, Massachu-
gsetts built a small lathe with a lead screw. In 1850 iron bed lathes
were made In New Haven, Connectleut, and In 1853 Freeland in New
York Clty built a lathe, estimated 20 in. swing x 12 ft. bed, with iron
bed and back geared head.

Fig. 4. A Modern Standard Change Gear Beneh Lathe

Fig. 5. A Standard Change Gear Bench Lathe with Power
Longitudinal Feeds and Power Cross-feeds

The Modern Standard Change Gear Lathe

Modern bench lathes are shown in Figs. 4 and 5. These are known
as standard change gear lathes because they have a set of independent
change gears which are used to connect the headstock spindle with the
lead screw for eutting various pitches of screw threads and for obtaining
a series of power longitudinal turning feeds. The cross-feed for the lathe
ghown in Fig. 5 may also be operated by power through a friction ecluteh
and series of gears in the apron.

The end view of a standard change gear bench lathe, and the gearing
for connecting the headstock spindle with the lead screw of the lathe are
shown in Fig. 6. The gears may be arranged so that practically any pitch
of serew thread may be cut. The 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 i3 less expensive than the quick
change gear type of lathe. It i5 also
widely used In industrial plants for
production operations where few
changes of threads and feeds are nec-
e85ary. For this class of work the
standard change gear lathe has an ad-
vantage in that when set up with the
correct feedz for an operation the ad-
ﬁi;ﬂiﬁ“ﬁﬂ ire not as easily tampered

N and changed az they s = o
quick change ;Em' lathe. sl ri ﬂ'-:,u.f,::{., ‘:_,I::: Eit::md"d




Fig. 7. A Modern (uick Change Gear Box

Quick Change Gear Lathe

A quick change gear lathe is one in which the gearing between the
spindle 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 having to change loose gears.

Fig. 7 shows a modern quick change gear box. The quick change gear
mechanism is attached to the left end of the lathe and provides a series
of 48 changes for cutting serew threads from 4 to 224 per inch, also a
wide range of power feeds for turning, boring, and facing. See page 25.

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, general repair and
maintenance, and for some pro-
duction operations,

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
raplace the independent change
gears uzed on the standard
change gear type of lathe, Fig. 8. Interior of Quick Change Gear Box

(Patenied)
Fig. 8. A Modern Underneath Motor Driven Toolroom Lathe

Toolroom Lathe

The Toolroom Lathe is the most modern type of back-geared screw
cutting lathe. It is supplied with underneath belt motor drive and quick
change gear box, as shown in Fig. 9. Toolroom lathes are given special
accuracy tests during the process of manufacture and are equipped with
taper attachment, thread dial indicator, draw-in collet chuck attach-
ment, collet rack, chip pan, and micrometer ecarriage stop. These
attachments greatly increase the usefulness of the lathe.

The Toolroom Preeision 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.
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The Underneath Belt Motor Drive
The modern underneath belt motor drive shown in Figs, 11, 12, 13,
and 14 is an efficient and practical direct drive equipment for a back-
d serew cutting lathe. This drive is unusually compact and is
gilent, powerful and economical in operation.
The motor and driving mechanism are fully enclosed in the ecabinet
leg underneath the lathe headstock. There are no exposed pulleys,
s X belts or gears and no overhead belts or pulleys to obstruct vision or
BILT cast shadows upon the work.
| ~ .
¥ == Power is transmitted from the motor to the countershaft by V-belt
s g and from the countershaft up through the lathe bed to the headstock
T E&‘:{Eﬁ: cone pulley by a flat leather belt.
L] ."‘H A .
= ‘- | Adjustments “B" and “C” are provided for taking up belt stretch
i \\ and for obtaining any desired tension on the motor belt and cone pulley
"X belt. A belt tension release lever “A” conveniently located on the front
r ﬁiﬁ" of the cabinet leg permits easy shifting of the cone pulley belt. A hinged
ADIUST. eover encloses the headstock cone pulley when the lathe is in operation.
See page 19,
End View Front View
Fig. 11, Underncath Belt Motor Dirive for 97 and Light Ten Lathes
-5
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Fig. 12. Underneath Delt Motor Drive for 10" - 1" Collet Lathe Underneath B‘-‘_‘;‘ 'ﬁm':_ n';’l :: of Fig. 14. Fhﬁﬂ'ﬂ“ﬂ n:-;f“:': :3511 Underneath
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Fig. 15. A 9-inch Model A Bench Lathe with Adjustable Horizontal Motor Drive

Horizontal Motor Drive for Bench Lathes

The illustration above shows a 9-inch 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 iz 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 easlly 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 belween the motor pulley and the countershaft pulley.

Fig. 16. End View of o Bench Lathe with Adjustable
Harizontal Maoator Drive

-
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Fig. 17. Size and Capuoeity of u Lathe

Size and I:npacil]r of the Lathe

In the United States the size of a Screw Cutting Lathe iz 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" suflicient to take work up to 16 in. in diameter and having
& 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 %-in. center lathe iz 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 fizures 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 bae
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 iz a large one, 13-in. gwing or more, the
floor leg type is recommended. If the lathe needed is of 9-in. or 10-in.
Bwing, either a bench lathe or a floor leg lathe may be selected. Floor
leg lathes are usually more rigid than a lathe mounied on a bench
because the heavy cast iron legs provide a sturdy, heavy support. If a

geu-:h lathe 1z used, the bench should be sturdy and rigid and should
4Ve 4 top of 2-in. lumber,
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Type of Drive for the Lathe

The high operating efficiency of the modern electric motor has made
the individual motor drive the most practical lathe drive in every respect.
The Inth-:-rls more directly and easily controlled by the operator and,
when an instant reversing motor is used, greater efficiency and econ-
venience are obtained.

The overhead countershaft or group drive, which was formerly ex-
tensively used, is generally being replaced in modern industrial plants
by the direct or individual motor drive because of lower installation
and maintenance costs, greater safety for the operator, and the over-all
improved shop conditions.

The individual drive makes possible the most efficient arrangement
of shop equipment because it permits placing any machine at any angle
in any location,

Change Gear Equipment

Quick change %-en.r lathes are preferred in busy shops where
frequent changés of threads and feeds are required. Standard change

gear lathes are used in production shops on jobs that de not require
many changes for threads or feeds, also in small shops that do not
have a great deal of lathe work.

Fig. 1B-A. Above,
Close-up showing
hinged guard for
h:JII gear lock
FLIR

Fig. 18. Back-Gearcd Headstock, Gear Guards Removed

Features the Lathe Should Have
In considering 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 yvears 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
spmdle speeds and power required for taking heavy cuts on large
diameter work. Modern lathes are equipped with back pears having
& quick acting bull gear lock which permits engaging or disengaging
the back gears without using a wrench.

e

——
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Fig. 19. Hardened Alloy Steel Headatock Bpindle with Buperfinished 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 mieroinches (.000005”)% When equipped with a
superfinished spindle, precision bearing inserts, and proper lubrication
facilities, the lathe ¢an be operated at the high speeds essential for the ef-
ficient use of modern tungsten-carbide tipped cutter bits and the machining

of plasties 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 constrocted and scientifically designed. Fig. 20
shows an end view of a lathe bed, which is an example of modern design.

Prismatiec V-ways have
been found to be the most ac-
curate 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 carmage,
while the inner V-way and flat
way (2 and 3) align headstock
and tailstock.

The V-ways of the lathe
bed are carefully precision fin-
ished =0 that the headstock,
carriage and tailstock are per-
feetly fitted and aligned paral-
lel to the axis of spindle the
entire length of bed.

Fig. 20. End View of Lathe Bed Showing
#%epenremenis i mireainehes reo, Prismatic ¥V-Wayvs
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Apron

Saddle

Fig. 21. A Well Designed Lathe Carciage

The Lathe Carriage

The lathe earriage ineludes the apron, saddle, ecompound rest and
tool post. Since the carriage supports the cutting tool and controls its
action, 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 econstruction with all gears made of steel,
A powerful multiple disc elutch is provided for driving the power feeds,
An automatic safety device prevents the half nuts and automatic feeds
from being engaged at the same time.

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

Interior of Apron

The interior of the apron
is shown in Fig. 22 at right.
The epline in the lead screw
which drives the worm for
operating the power longi- %a _
tudinal feeds and power (G LS J}
cross feeds is clearly shown. Sl -0

The half nuts for thread
culting are dovetalled into
the back wall of the apron. Fig. 22. Taterior View of Douoble Wall Apron

g

PRECISION LEVELS—

Fig. 23. Leveling the Lathe

Chapter 1I
SETTING UP AND LEVELING THE LATHE

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

Do not allow a hammer or crow bar to strike the lathe while un-
packing as this may cause gerious 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 eloth 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 accamu-
inte, Cover the lathe with s plastic or canvas service cover when not in
use, Keep the finished surfaces clean 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 solld foundation and
that It is carefully and accurately 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 shims2 of hard wood or metal
under the legs, as shown in Fig. 25. If the lathe iz not leveled it will
not set evenly on all four legs and the weight of the lathe will cause
the lathe hed to be twisted, throwing the headstock out of allgnment
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 ﬂ
twelve inches long and sufficiently sensi- —

tive to show a distinet movement of the : s .
bubble when a .008 in. shim is placed & 2% A Trecision Level
under one end of the level. Level across the lathe bed at both the
headstock end and the tallstock 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. If the
lathe is set on a conerete floor or foundation, mark the loecation of the
bolt holes and drill heoles in the conerete with a star drill. Use expan-
gion 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 eabinet 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 2Z-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 serews in the right leg which may be used for making

the final leveling adjustments.

Readjust Shims

It may be neceseary to readjust the shims under the lathe legs from
time to time to compensate for settling of the bullding, 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 geross both of these collars without changing the adjugtment of the
cutter bit., Measure the diameter of each collar
carefully with a micrometer. .LL

If the collars are not the same diameter,

thiz iz 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 fr
tailstock end of the lathe until the collars on Fig. 25. Method of Tost:
the test pleece are turned the same diameter. ing Leveling of Lathe

L
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Belts for the Lathe Drive . H:-
Good quality flat leather belts Z—y et Ly
are best for use on the lathe cone b=t N\
pulleys. They have sufficient elas- oo 1T | fs Fou 1 By
ticity to transmit power efficiently l-,g"j_ij_jJ
and will give excellent service with- ot
out slipping if they are kept clean } %m §
and the tension is properly adjusted ~—Puiiey Swg
as instructed on page 19. The
amooth side of the belt should run
next to the pulleys.
V-belts of correct specifications
and of good quality should be used
where required. Correet tension of
V-beltz iz of greatest importance.
Never adjust V-belts tighter than
required to pull the load, or run so § Fon 1f Beur
loose that they creep or slip. Either
condition causes V-belt failure,

'I-'u li‘hu

Lacing Leather Belts

Leather belts may be joined by
lacing with gut or rawhide thongs,
as shown in Figs. 26 and 27.

When measuring for belt ey
the belt tension Eevice nm];.'.li:-I Eth: Gowvn Tl Side-Tos Gt Liskhig
adjusted so the cone pulleys are Fi# 26. Specifications for Laced Belt Splice
moved toward each other us far as
possible. Determine the exaet belt length by
carefully measuring around the cone pulleys
with a steel tape and then subtracting %".
This will give the belt tension enough to
drive the lathe without requiring any initial
adjustment of the belt tension device on the
drive. Trim the ends of the belt square and
to this length. Punch or drill %” holes in
the belt ends as shown. If a round gut lace
is used, cut straight grooves on the pulley
side, as shown by the cross section in Fig.
26, s0 the lace will lay flush with the belt
surface and run smoothly over the pulleys.

Place the belt around the cone pulleys,
mark the center of lace and place the marked
midpoint at “A"” as shown in Fig. 27. Being
careful not to kink the lace, start one end
toward “B” and thread this half of the lace
m t‘tie direction of the arrowheads and finish
at “K.” Repeat with the other half of the
lace, starting toward “C” and ending at “L.”
Fasten the ends as shown and burn close
with a match to prevent them from pulling
out. Fig, 27 shows 5 rows of holes, but the
method of lacing remaine the same whether
there are 8, 5, or 7 rows of holes. Do not
Crozs the lacing on the pulley side.

""'ruzi'mr

Spacing of Holes for 1-34", 1-T4", and 2-14"

T e e e —— —— e P EE

r'-"""-r.
— T SIDE OF AL
— (W OCR SI0E OF 8ELT
Fig. 27. Method of Lacing
Leather Belt
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Wire Belt Hooks

There are a number of good wire belt hooks on the
market that can be used for splicing belts. Measzure for the
length of the belt in the same manner as outlined above and
then deduct enough more, before cutting, to allow for the
connecting pin (See Fig. 28). Wire belt hooks should never
be uzed on any belt which is not completely guarded or
which may be shifted while the machine is running.

B
Fig. 25. Wire

Glued Belt Splice Belt Hooks

The cemented endless belt splice is preferred by many mechanies he-
cause, when properly made, it iz very durable and will run over the pulleys
more smoothly than a laced or wire hook splice. A good waterproof type
of belt cement should be used. Experience has shown that a belt splice
made with good acetone cement is practically permanent and is not
subject to ordinary moisture or oil action.

Measure for the length of the belt to be used, in the same way as for
the laced splice, then add five inches for the lap-over to be cemented.
After the belt ends have been cut square and to length, the five inch over-
lapping ends are tapered as shown K
by the drawing, Fig. 29. Use a belt shave, ARROWS Srow DRECTION OF Belr
small plane, or sharp knife to cut smooth,
uniform tapers. Prepare two blocks of
soft one inch wood, a little wider than the
belt, and =ix inches long.

Place the belt around the cone pulleys
and apply cement according to directions
of the cement manufacturer. Press the
freshly cemented joint together and im-
mediately lay on one of the wood blocks.
Nail the belt, through the joint, to the
block of wood with two or three small
natls. This will prevent the splice from
slipping or becoming crooked. Place the
other block of wood on top of the joint
and clamp firmly, using “C" c¢lamps.
Allow the cement to dry thoroughly be-
fore removing the clamps. Scrape any _ f
excess cement from the surfaces of the "ol "y  Ccomented Endiess Belt
belt before using it. Splice

Belt Tenszion on Lathe Drives

Maintaining the proper running tension for the flat leather belt and
V-belts is of the greatest importance. Belts which are allowed to run loose
will ereep and slip and cause an over-all loss in the cutting efficiency of the
lathe, and damage may result to fine work due to variation of cutlng
speeds. Belts which are run under too much tension overload the lathe and
lathe drive. This results in loss of power, excessive bearing weal, cAuses
the motor to run hot, and stretches the belts until they have to be shortened
or replaced. Routine checking and adjustment of the belt tension, accort-
ing to instructions given in the following paragraphs, will keep the
lathe efficiency high and repair expenses low.
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Horizontal Motor Driven Lathe Belts

The lathe should be stopped before the flat belt iz shifted on the cone
ulleys. Release the belt tension by pulling lever “C" forward, as shown
in Fig. 30, and then shift belt to change spindle gpeeds.

To change flat belt tension, adjust turnbuckle “A"™ with lever “C" in
the back (or down) position, Test tenzion by pressing down on belt midway
between the cone pulleys. Belt should depress about one inch. If belt
slips under power and tension is correct, it is probably oily and should
be cleaned with naphtha or benzol.
If the belt appears dry and stiff,
a little neat’s-foot oil will make
it pliable.

Adjust V-belt tension by mov-
ing motor on its standard. Loosen
the four screws at “B,)” Fig. 30.
After moving motor, tighten
screws, When properly adjusted
V-belt should depress about one
inch midway between pulleys,
but must still be stretehed tight
enough to feel alive when tapped
with finger tips. Check pivot
gerews at “E" If necessary, ad-

3 =
i‘mst g0 they are snug and tighten Fig. 30. End View of Horizontal Motor
ock nuts. Driven Bench Lathe Showing Belt Tens
sion Adjusiment

Underneath Motor Driven
Lathe Belts

Belt tension release lever “A" (Fig.
31) permits releasing cone pulley belt
tension for shifting belt to change
spindle speeds. See drawings of under-
neath motor drives, pages 8 and 9,
Figs, 11, 12, 13, and 14,

Serew “C" adjusts tension of the
cone g}llley flat belt (see Figs. 12 and
#1). This adjustment must be made
with lever “A" in running position. The
lathe shown in Fig. 11 has turnbuckle
for making this adjustment.

Screw “B" adjusts tension of the
motor V-belts. Turn nuts above and
below motor mounting plate (Figs. 13
and 31), Adjust V-belt tension on Jathe
shown in Fig. 11, the same as shown
in “Horizontal Motor Driven Lathe
Belts," above.

Belts should be just tight enough to
transmit the required power without
EhPFIﬂ?'. Pressing the hand against a
Properiy adjusted flat belt near the cone
]2}}1‘;1 ey should depress belt about 14",
hf V-belt, midway between pulleys,
should depress about 1”. Belts may be . :
cleaned with naphtha or benzol and the )

flat belt treated with neat's-foot oil, as Fi%: 31, Cross Section of Under.

m 1 : ! neath Belt Motor Drive Showing
entioned ahove on this page. Cone Puolley Belt and v.---,.,?l.
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Fig. 32. Oiling Chart for a Lathe

Qiling the Lathe

0il every bearing of a new lathe hefore starting it. Use high grade
oils of proper viscosity as specified on the metal Lubrication Chart at-
tached to each lathe, The lathe should be oiled twice daily for the first week
it is used and once a day thereafter. Never oil the lathe while it is
running and be certain that machine oil is used, not automobile engine oil.

Keeping the lathe well oiled has much to do with the length of its
life and the guality of the work it will turn out. Follow the directions
on the metal lubrication chart carefully if you wish to keep your lathe
in first elass condition.

Always oil in the same order so that mo 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 iz 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.

il the motor and drive bearings as specified in instructions supplied
with the lathe. This is very important. Do not allew dust, chips or other
debris to collect around the motor so it will overheat. An excessive rise in
the motor running temperature will cause damage to its bearings and
windings.

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

Chapter 111

OPERATION OF THE LATHE

Before starting a new lathe, the opérator 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 detalled 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. Alwavs pull the
cone pulley belt by hand to make sure the lathe runs free before start-
ing the lathe under power.

HEADSTOCK  FACE
ILATE

Fig. 33. Namos of the Principal Parts of & Lathe
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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 i3 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. The lathe should always be stopped
before the position of the feed reverse lever is changed,

. B
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Spindle Speeds of Lathes

. The spindle speeds for various sizes of lathes are listed in the tabula-
tion 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,

SPINDLE SPEEDS OF LATHES

| Approximnte Spindle Speeds in Rovolutions Puer Minute

Bz Ty g e — —
of o poe:l et Bali Dirive Bark-Genr Diriv
Laithe Driva Range e JI-:"— b
. _ | 2 3 | 4 RN
= G-apndd | . | |
ol flatbelt | .... | ©80 | 302 | 235 1130 | 78 | 50
9" Benoh & | 12-speed | Migh | 1270 | 780 | 448 250% | 145 | 84
Selt-Contuined | fiatbolt | Low | 092 | 410 | 234 134 51 | 50
| | , —
0" . Beapinizi
9" Bench, | TGRS | . 040 | 471 | 350 | 287 125 | w8 | ey | &

0 Bench & | 10.4peod | High | 1200 | wvu| g2 | 505 | =ae | 170° 130 | 100

Self-Containod V-hald Low | 840 190 £hs 70 a4

0" & Light Ten | UMD, | High | 1365 | 780 | 460 | ... | 288° | 155° | o0
Rt ) A Vel | Low | 7is | aw | 20| v |5E TR | B

& Licht Ten | UMD, | Migh | 1365 | 1010 | 760 | 570 | 265° | 195 | 150° | 113
ar & lalﬂ]ll’. 1Ten I Vohelt T . 70 4”:]' 700 SRS 130 5 | T 52

Lipht Ten Beneh | 12-speed | High | 1435 B4 | 502 = 276 | 105* | of
& Sell-Contained | flat belt | Low TOG | 415 | 244 . 137 | 80 45

Light Ten Bench |

1f-spood | High | 1365 | 1010 | 760 5870 | 265+ I!I.'i"l 150 | 112
3 62

& Sell-Containad V-halt Low | 670 495 | 370 285 | 130 fia 75

High | 1400 | 808 | 585 | ... | 250* | 190° | 105

lkinch & | d-step Law 740 470 | 34 cae | X320 K3 55

1-inoh Turest pulley Hight 700 | 440 | 2492 T 125 B 52

Low1 70| 235 | 152 | .. s | 42 a7

| 3 - | . i i

s d-mtop High D40 | 628 | 418 | 270 | 135 {14 a0 40
dnch | llley | Lowt | 470 | 314 | 209 | 135 | 07 | 45 | 30 | 20

13-inch & | 3step | High | 940 | 407 | 270 | 133 T a0

13-imah Turrel pulley | Lowt 470 | 248 | I35 : 67 L 20
: istep | High | 875 | 545 | 350 | 216 [ 130 | ®0 | 30 | a0
1434-inch pulley | Lowt | 437 | 272 | 175 | 207 | 65 | 40 | 25 | 15

i Sstep | Migh | %75 | 428 | 215 130 | @1 | 30 |

l4}-inch pulley | Lowt | 437 214 | 107 | (i 30 | 15
16-inch d-step | Migh | 980 | o610 | 200 | 240 | 125 | %0 | 50 | 30
pulley | Lowt | 480 | 305 | 196 | 120 | g2 | 40 25 15

16-inch dstep | High | 945 | 550 | 300 .. |218 | 70 | ge

& 2-H pulley Lowt 475 | 278 | 1M i 44 )

6-2d-inch | Gapecd | | 405 | 235 | 1ap _E EE T
16-24-inch S-spoed | | 470 | 280 | 178 | 105 | o0 | a5 | 22 | 15

i High | 700 | 400 | 250 .| 100 (i 27

16-24-inch !'3""“""‘“!: Low | 400 | 230 | 125 50 | 25 | 15
' High | 900 | 560 | 240 | 208 | 110 70 45 30
1-24<inch I1G-mpeed f| Low 4545 | 274 170 14 i b 2 24 15

|

“lt in pot recommended that back-gesrs be engaged when drive js operated at high speed.
fAvailable only with 2-specd motor,
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Operation of Lathe Carriage
and Apron

The principal operating parts of
the lathe carriage 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
screw is used to lock the carriage
to the lathe bed. This screw should
never be tightened except for facing
or cutting-off operations.

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 screws which lock them in position.

Power Carriage Feeds

The power feed friction cluteh controls the operation of both the
power longitudinal feed and the power cross feed. To engage the clutch
El._lm the c}ubhm;phdtn the rigillltti ji';n dl's_lsengag'e, turn to the left, The
irection of the feed iz controlled by the position of the rev 1
on the headstock. (See page 22.) v R

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

o
Fy° T Binding

The h'lIl._lf nut lever is used only for thread -3 Lover | s f‘
cutting. The feed change lever must be in )
the “center” or neutral position before the _rf'_'s e {L /

half nuts can be engaged. e K

Fig. 35A. Micromeler Collar on
Crosa Feed Serew

P
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i
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Operation of Tailstock

'
The tailstock may be locked on the lathe 1=k, g
bed at an ];nsitiun y tightening the elamp N
bolt nut. To lock the tailstock spindle, tighten
the binding lever.

-

Fig. 36. Tailstock

Power Carriage Feeds
on Quick Change
Gear Lathes

A wide range of power
longitudinal feeds and power
eross feeds is available on all
Quick Change Gear Lathes,
To obtain any desired feed 1t
15 only necessary to arrange
the levers on the gear box
according to the direet read-
ing index chart shown In
Fig. 38. The threads per inch
are shown iIn large figures
on the index chart bhelow.
The smaller fipures indicate
the power longitudinal turn-
ing feeds in thousandths of
an inch. See page 4.

Fig. 3%7. tuick Change Gear Mechanizm

My & 16 """ SOUTH BEND
PRECISION LATHE

carmion wo
een Lo

CHAAT NG

Fig. 18, Index Chart

Fig. 19. Standard Change (ieéar
Mechanism

for Quick Change Gear Lathe

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 wvarious power longi-
tudinal feedz and power cross feeds.
Compound gearing is used for fine
threads and feeds. See pages 72 and 114.

A large “screw gear” should be
placed on the lead serew and a small
“stud gear” on the reverse stud. These
two gears should be connected with
idler gears 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 18 a good lubricant for the
taflstock center of a lathe,

A precision level that will show an error of .003 in. per foot should
be l{sgd to level the lathe when installing, as a level lathe will assure
pPrecision 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
oll 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 & 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
tl:l.ethtrﬂl:.'lhle 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, machi :
dirt to collect on them. ine oil or

A pulley should be about 109 wider than the balt.

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 belt may run crooked if the ends are not cut square before
lacing, or if laced unevenly.

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

it

Chap[er 1V

LATHE TOOLS AND THEIR APPLICATION

In order to machine metal accurately and efliciently, it 18 necessary
to have the correct type of lathe tool with a keen, well .mplm:rtmi cut-
ting edge, ground for the particular kind of metal being machined, and

sot at the correct height,

Hirh speed steel cutter bits mounted in forged steel holders, as
shown in Figs. 40, 46, 48 and b0, are the most popular type of lathe
tools. The 10-in-1 Tool Bleck shown in Fig. 50A may be used in
place of the individual tool holders if desired. See page 98,

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

fool. Fig. 40. Tool Holder with Cutler Bit

Fig: 41. Unground Cutier Bit

for Grinding

Fig. 41-A Holder
=

A B i E

i L] |
1. H. THouwnd H K 1. H., Thread- B, H.
Turning Noss Tuming Sido ins ek

Flg. 44. Sel of Ground Cuofter Bits

Fig. 46. Culting-off Tool Fig. 4f. BStralght Teol Holder

& — =S

Fig. 48, Left Hand Tool Halder

Fig. 42. Culier Bit After Grinding
m——

Fig. 43. Boring Tool

Fig- f0A. 10-In-1

Tool Black. See

Fig. 0. Righi Hand Tool Holder page 08,
27

Fig. 49. Enurling Tool
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Correct Height of Cutting Edge

The cutting edge of the cutter bit
should be about 5° above center, or
3/64 in. per inch in diameter of the
work, as shown in Fig. b1 at right, for
ordinary straight turning., The posi-
tion of the cutter bit must be taken
into consideration when grinding the
various angles, as the height of the
cutter bit determines the amount of
front clearance necessary to 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. 52. Cutting Edge On Center

Tool Angle Varies

The included angle of the cutting
edge of a cutter bit iz known as the
tool angle or angle of keenness and
varies with the texture of the work to
be machined. For example, when turn-
ing 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 included angle of 61° is the most efficient
tool angle for machining soft steel. This is the angle of the cutter as
shown in Fig. 53. For machining ordinary cast iron, the ineluded angle
of the cutting edge should be approximately 71°. However, for machining
chilled iron or very hard grades of cast iron, the tool angle may be
as great as 85°,

Fig. 53. Tool Angle for Steel

Cutter Bit Grinding Gauge

, A cutter bit grinding gauge, shown in Figs. 54-A, 54-B, and 54-C,
is helpful for grinding the correct angles on the cutter bit,

Fig. 54-B. Chee
Front Chlrlu:iu

FIE! Ei'ﬂ- ‘:IWI:HIII
Tool Angle

Side Clearnnce

Grinding Lathe Tool Cutter Bits

The angle of the cutier bit with
the bottom of the tool holder must
be taken into consideration when
grinding cutter bits.

The side clearance (Fig. §5) 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 cut
freely as the tool is fed to the work.

Too much clearance will weaken
the cutting 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 81, 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 finish
and lengthen the life of the tool.

CUTTER
BIT

GRINDING:
WHEEL

Fig. 59. Grnnding Fig. 60. HRounding
J”m: of {:gner nd of Cuoiter

Bit Bit

91

o
ST CLEARAMCE %___ AMGLE OF
3 T 107 ,__:J]l'" KEENNISS

Fig. 55. Correet Side Clearance and Side
Rake of Cutter Bir

I

"J'i"'rnuu-r CLEARANCE
3 to 16°

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

Fig. 57. Grinding Fig. 58. Crinding
Left Side of Cutter  Right Side of Cut-
Bit ter Bit

GRINDING
WHEEL

OIL STONE

Fig. 62. Honing

Fig. 61. Grinﬂin& the E‘uli.iné Ed

Side Roke an of Cutter Bit wi
Back Rake an Oil Stone
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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. 55 and 56 on
page 23 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 a
point (approximately wx in.) will pre- % EE
vent the point of the tool from break- Side View End ‘.,,

ing down sbut will not impair the free
cutting guality 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 eut better.

Top View

Fig. 64. Detail of Roughing Tool

-

Cutter Bit for Finish Turning

Figs., 65 and 66 illustrate a round
nosed turning tool for taking finishing
cuts. The tool is very much the same
shape as the more pointed tool for
rough turning shown above, except that
the point of the tool 18 rounded. (Ap-
proximately 5% in. to 4 in. radius.)

This tool will produee a very smooth
finish if, after grinding, the cutting
edge is well honed with an ofl stone and Side View End View

2 fine power carriage feed is uzed. Fig. 66. Detail of Finishing Teol

il

Side View End Viaw

Fig. 67. Application of Round Nosed Tool Fig. 68. Detnil of Roond Nosed Tool Bit

Round Nesed Turning Tool

The round nosed turning tool shown above is ground flat on top so
that the tool may be fed in either direction, as indicated by the arrows
in Flg. 67. This is a very convenient tool for reducing the diameter of
a shaft in the center. The shape of the eutter bit is shown in Fig. 68,
and the correet angle for the front clearance and side clearance can be

obtained by referring to IMigs, b5 and 56, page 29.

e Top View

=7 @

Sida View End View

Fig. 69. Application of Right Hand Turning Tool Fig. 70. Detail :I_Il_ini.:t]ht Hand Turn-
n

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,

Fig. 71. Application of Left Hand Turning Taool Fig. 72. Detail n{ L;it Hand Turning
o0

Left Hand Turning Tool

The left hand turningz tool illnstrated in Fige. 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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=y ) Top View
Side View Erd Vigw

Fig. 73. Application of Right Hand Side Tool

Right Hand Side Tool

The right hand side too] 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
68° 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.

.EB" Paint

Fig. 4. Detail of Right Hand Side Tool

End View

Bide View
Fig. 76. Detail of Left Hand Side Tool

Fig. 75. Application of Left Hond Side Tool

Left Hand Side Tool

The left hand side tool shown in Figs. 76 and 76 is just the reverse
of the right hand side tool shown in Figs. 78 and 74. This tool iz used
for facing the left side of the work, as shown in Fig. 75.

,L—---——-—-—

= 80" \ 7
, == \

- - ‘}
= Fit to Thread
Top View -~ _E:iﬁ_.ulp_ _.,I’
=——- W7
——— A, Vi
Sida View End Wiew

Fig. 77. Application of Serew Thread Cuot-
ting Tool

Thread Cutting Tool

Figs. 77 and T8 show the standard type of cutter bit for cutting
United States or American National Form serew threads. The cutter
bit is wsually 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 serew threads. When using this type of cutler bit to
cut screw threads in steel, alwayvs keep the work flooded with lard oil
in order to obtain a smooth thread. Machine eil may be used if no
lard oil is available,

Fig. 78. Detail of Thread Cutting Tool
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Top View
—227 2\
T
Side View Ena View

Fig. 79. Application of Brass Turning Fig. 80. Detnil of Brass Turning

Tool Tool

Brass Turning Tool

The brass turning 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 the tool from digging into the work and chattering,

5

Side View == Eng View

|
Fig. 82, Detail of Cutting-off Tool

Fig. 8l. Application of Cutting-off Tool

Cutting-off Tool

The cutting-off tool should alwavs 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 to 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.

Barlng-
Bar

I kA

LN LT

Roa

Fig- 83. Ap%_'iiﬂtinn Fig. 84. Detail ol Boring Toal

Fig. B85, Inside Threading
of Boring Tool Foal

Boring Teol and Inside Threading Tool

The boring tool iz ground exactly the same as the left hand turning
tool shown in Figs, 71 and 72 on page 21, 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 screw thread cutting tool shown In
Figs. 77 and 78 on page 22, except that the front clearance must be
increased for the same reason as for the boring tool.
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Fig. 86. Ninp of the Most Popular Shapes of Lathe Tool Cutter Bits and
Their Application
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Stellite Cutter Bits

Stallite cutter bits  will stand
higher cutting speeds than high speed :
steel cutter bits, Stellite is also used Fig. 87, Stellite Cotter Bit

for machining bhard steel, ecast iron, bronze, éte.

Stellite is a non-magnetic 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 ¢ut freely, as
the cutting edge must be well supported to prevent chipping and

breaking.

Tungsten Carbide Cutting Tools

Tungsten carbide tipped cutting
tools are used for manufacturing op-
erations where maximum cutting
speeds are desired, and are highly effi-
cient for machining cast iron, alloyved
cast iron, copper, brass, bronze, alumi-
nurn, 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 be 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

1111 4 Fig. £8. Carbide Tipped Cuolilng Tool
prevent ¢h:ppmg and Ehm.ﬂd have Just ngumtd In 10-in-1 TEEI Holder for Rigld
enough clearance to permit the tool to Support

cut freely.

Tantalum Carbide Cutting Tools

Tantalum carbide is a term applied
to a combination of tungsten carbide
and tantalum ecarbide. Tantalum car-
bide tipped cutting tools are similar to
tungsten carbide tools, but are used
mostly for machining steel.

Titanium Carbide Cutting Tools

Titanium ecarbide is a term applied
to a combination of tungsten carbide
and titanium earbide. Titanium ecar- :
bide is interchangeable with tantalum g‘;h%ﬂﬁﬂf_ﬁ‘ﬂ“"grﬁigtﬂwﬂﬂ“hﬁ
ecarbide in its uses. ting Tool
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Cutting Tools for Non-Ferrous Materials

The machinability of non-ferrous materials such as copper, hronze,
aluminum, and plastics varies greatly, and such materials D?tﬂll require
specially ground cutting tools. The cutting speeds also vary greatly and
have an important effect on tool life and surface finish. Suggested cutting
speeds and tool angles for machining the most common non-ferrous ma,
terials are given in the table below. Also see page 50,

Machining Soft Metals

Aliuminum. magnesium alloys, and other comparatively soft metals
require keen edged tools with more clearance, front rake, and side rake
than the harder metals. To increase the amount of back rake, the cutting
edge of the tool is sometimes placed high above center., This, of eourse,
eannot be done when turning tapers or facing, and frequent readjustment
15 necessary when the diameter of the work varies.

When machining tenacious metals such as pure copper the cutting tool
gshould be honed to a very keen cutting edge to prevent tearing the work
and producing a rough finish. Light euts at medium feeds with a round nose
tool having 1/32" to 1/16” nose radius usually produce best results,

Machining Plastics

Because of the great variety of plastic materials, many problems are
encountered which require some thought and resourcefulness in grinding
cutting tools, Hot set molded plastics often contain abrasive fillers which
dull the cutting edge quickly unless it is well supported by minimum
clearance angles. However, other plastic materials may require very large
clearance angles to prevent the tool from dragping. Laminated plasties
and vuoleanized fibre should be machined at high speeds, as the cutting
edge of the tool will dull quickly at lower speeds,

CUTTING SPEEDS AND TOOL ANGLES FOR NON-FERROUS

MATERIALS
See Figs. 55 and 56 page 29 for tool angle diagrams
Cluttin Front =ile o o
Matorial ."'!vpt'.l'.-tlt Clearnnee C]n:::rirnm | {I:EE I,{ﬂa
~ fpom Idegrees | Degrees | Degrees | Dogrees
Alnminom®. .. i i e a. | 300-400 Fi 5 30 20
Brass—Leaded. .. ... .. vas oo | SO0=T00 i T i) 0
Bronze — Free Cutting, ... ... . .| 300-700 i 5 0 11=:j
Bronze — Rewdily Machinable. 150300 10 b 7 &
anﬂr—Tquh_ R | 75=150 12 15 15 25
Copper—Pure....... ... veeeo| TH=150 7 7 10 25
Die Castings......... R 225-350 7 i = 10
Magnesium Alloy ... ... .. 275400 8 5 6 4
Monel Metal. s E=I H-170 G 6 7 12
Plastics— Cast Resin...........| 200-600 10 12 30 25
Plastics — Cold Set Molded . | 200600 10 10 0 0
Flﬂ..'dtic'ﬁ— Hot Set Molded. ... . .| 200-600 B 6 10 20
Plasties— Laminated. .. . 200-600 8 8 a0 30
Stainless Steel. ... oL T T 8 2 9 0
L P 400800 20 20 30 30

®Rerozene lubricant eed,

These are suggested starting angles for general work. Slightly smaller
or larger angles may prove more efficient, depending on the texture of the
material machined and the type of ecutting tool used.

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 stee]l scale or a wood ruler, as they are likely to be inaccurate
and may cause spoiled work.

An experienced mechanie ean take measurements with a steel scale
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 Outside Caliper

A zood method for setting an
outside caliper to a steel scale is
shown in Flg. 96. The scale 1s
held in the left hand and the
caliper in the right hand. One
leg of the caliper 1s held against
the end of the scale and iz 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 eylinder 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 acrozs the diameter of
the cylinder to be measured.
When the caliper s adjusted
properly, it should easily slip
over Lhe ghaft of its own weight.
Never force a caliper or it will
spring and the measurement will

not be accurate, Fig. 97. Measuring with an Outside Caliper
37
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Setting Inside Calipers

To set an Inside caliper for a S
definite dimension, place the end of 21

the scale against a flal surface and 2
the end of the caliper at the edge " e

and end of the scale. Hold the scale E!
sguare with the fat surface, Adjust
the other end of the caliper to the
required dimension.

Fig. 98. Setting an Inside Caliper

Measuring Inside Diameters

To measure an inside diame-
ter, place the ecaliper in the hole
a8 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
acrogs 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-
gide caliper, as shown in
Flg. 100. Using this
contact point as a pivot,
move the inside caliper
along the dotted Iline
shown in {llustration,
and adjust with the
thumb screw until you feel your measure-
ment is just right.

Fig. 100, Tronsferring a Measuremeont lrom an Inside
Caliper to an Qutside Caliper

Hermaphrodite Caliper

The hermaphrodite caliper shown in
Fig. 101 is set from the end of the scale
exactly the same as the outside caliper.

Fig. 101. Hermoaphrodite
Caliper

Caliper Feel

The accuracy of all contact measurements is dependent upon the
gense of touch or feel. The caliper ghould be delicately and lightly held
in the finzer tips, not gripped tightly. If the caliper is gripped tightly,
the sense of touch is very much impaired,

A-FRAME
B-ANWVIL
C-SPIMDLE
D-BARREL

2 BLE
BTN Fig. 102. An Outside Mi-

erometer Caliper for English
Measnrements Reading in
Thopsandths of an Inch

The L. 5.3 4arreit Oo
bl Heen T A

(Courtesy L. 5. Starrett Co.)

How to Read a Micrometer (English Measurement)

Each graduation on the micrometer 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
o of an Inch.

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

The micrometer reading is the sum of the readings of the graduna-
tions on the barrel and the thimble. For example, there are seven
graduations visible on the barre] 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

Micrometers 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 % mm or .50 mm, and
two complete revolutions are required for 1.00 mm. Each of the upper
gset of graduations on the barrel represent 1 mm. (two revolutions of
the apindle) 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 gradua-
tions visible on the barrel, alzso a %
mm graduation. The reading on the
thimble iz 36 mm, Therefore, the . . - =
reading is 2.00 mm + .50 mm + .36 {gli 103. Metrie Micrometer
mm — 3.86 mm. ﬂurtEHaiiIf!gr.uE;]& sSharpe

] e
-!- :-: I
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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 serew cutting lathe, accuracy is
iven the most careful attention. A few of the accuracy tests are shown
low. 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
indicator used with thiz bar, as shown above, will digcloze an error of
one ten-thousandth of an inch.

I[.ng:: [

——

| — T
™ ——

Fig. 105. Testing Alignment of Tailstock Fig. 106. Testing Amount of Concavity el
& Spindle and Headstock Spindle Face Plute with Dial Tndicator

Q@
= D

_J
[ 4 1
w
Fig. 107. Testing Alignment of Headstock  Fif. 108, Testind Accuracy of Chuck Jaws
Spindle with Ways of Lathe Bed on Diameter and Face

11

Use of Toolmaker's Buttons

INDIC ATOR
Toolmaker’s buttons are small Q

bushings used for accurately loca-
ting drill jig plates and similar
work on the face plate of the lathe
for boring holes to given center-
to-center distances.

The locations of the holes to
be bored are first carefully laid
out on the work in the usual way,
using scale measurements. FEach
point is then center punched,
drilled and tapped for the small
serew used to attach the tool- Fig. 109, Crass-seation of Toolmnker's Bot-
maker's button to the work The ton as used for Locating Work on Face
hole through the button is much EIRkeiel hathn
larger than the serew which passes
through it permitting the button
to be adjusted in any direction to
conform with the exaet loecation
in which the hole is to be bored in
the work. See Fig. 109.

The serews holding the but-
tons on the work are adjusted so
that a light tap with a very small
brass or lead hammer will move
the button a fraction of a thou-
sandth. Measuring with mierome- :
ter or vernier caliper or with  Fig. 110, Measuring Across Toolmaker's
[II‘EE'ESE-['JI‘I gauge blocks, the buttons Buitons Moonied on Jig Plate
can be adjusted with extreme ac-
curacy. See Fig. 110. Also see Fig.
3589 page 121.

After all buttons are properly
located on the work, the secrews
are tightened to lock them securely
in ins:tinn. Locations are checked
to be sure all buttons are still in
exactly the correet position and
the work is then lightly elamped
on the face plate with the button
indicating the position of the first
hole to be bored approximately
centered. A dial indieator is used
to check the centering as shown in
Fig. 111, The lathe spindle is
slowly revolved by hand and neces-
sary re-adjustments are made until
the button runs dead true. The N
work may then be f:lﬂn:}l&ﬂ tightly  Fig. 111, Locating Work on Face Plate
on the face plate and the hole with Toolmaker's Button and Indicator

bored.

After the first hole is bored, each additional hole is located and bored
in turn by the same process. When this method is carefully followed,
the center distances between the holes ¢an be held to extremely close
tolerances,

——TOOLMAKER'S
BUTTON




Inside Type Outside Type
Fig. 111. Using Micrometers to Measure Work in the Lathe

Using Micrometers
To obtain sccurate and consistent measurements with micrometers, it

18 necessary for the user to develop a sense of “feel” for the correct -

tension of the micrometer against the work and then exercize due care in
taking measurements and readings. The inside micrometer is used to
measure internal diameters and is read in the same manner as the outside
micrometer, as described on page 39. Micrometers should be checked
frequently with master gauge blocks to insure against any inaccuracy
developing in the instruments themselves,

Compound Rest Adjustment for Fine Cuts

When the compound rest is set

at approximately 84° (84" 16’ to i
be exact) each graduation on the g .
e o 0001

compound rest graduated eollar
represents an angular movement Hm:b7——£| ——-—-._._____1—{

of .001 in., and a eross-feed move-
ment of .0001 in. or a reduction in
the diameter of the work of .0002 in.

This method of adjusting the
cutting tool will be of help when
taking fine precision finishing cuts

i 1 Fig. 112. © d Rest Set I
S e, ks et G Rar e piia

_ This method ean also be used to advantage for final grinding opera-
tions performed with the tool post grinding attachment on the lathe,

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 be-
cause the work iz 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 it
can be mounted on the lathe cen-
ters for machining.

Divider Meathod Fig. 114. Locating Centers with Dividers

Chalk the ends of the shaft,
get 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 \
blade acrose sach end of the shaft, Fig. 115. Usa nicg.ftz:;r Head to Locate
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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. 1186,

Centering Irregular Shapes

Work that is irregular in
shape may be centered with a sur-
face gauge and V-block, as shown
in Flg. 117.

Bell Center Punch

The bell centering ecup s
placed over the end of the work
and the center punch or plunger
is struck a sharp blow with the
hammer, automatically locating
the center.

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
high spots on each end of the
cylinder with a piece of chalk in
the right hand.

Fig. 116, Centering with Hermaphrodite
Calipers

AN

 — I

[

Fig. 117. Centering an Irregular Shape

H
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Fig. 118. Punching
the Center

Fig. 119. Bell
Center Puanch

Chalk Mark

Chalk Mark |

‘i

'*. ’ijr.

Fig. 120, Testing the Accuracy of Center Punch Marks

Fig. 121, Drilling the Center Hole in the End of a Shalt

Changing Location of Center Holes

If the centers have not been accurately loeated,
the position of the center punch mark ¢an be changed
by placing the center punch at an angle, as shown in
Fig. 122, and driving the center over. The sghaft
ghould be securely clamped in a vise while this is done.

Drilling the Center Holes

After the centers have been aceurately
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 center drill and countersink,
ghown in Fig. 124, or a small twist
drill followed by a 60° countersink, |
shown in Fig. 123, may be used.

Fig. 122, Changing the
Location of a Cenoter
Punch Mark

Center Drill and Countersink

The ecombination center drill and coun-
tersink is usually used for drilling center
holes. Several standard sizes sultable for
varions sizezs of work are available, as
listed In the tabulation below.

Some care should be exercised in drill-
ing the center holes. The spindle speed
should be about 150 r.p.m. and the drill
should not be erowded. If the drill i=s
crowded and the point is broken off in the
work it may be necessary to heat the end -
of the sltluftltﬂ a tchherr};_l reél i:;,lnd :;,llnw iﬁ
to cool slowly so that the dr point w ’ o
be annealed and can be drilled out. Bl ot Cumbination. . Uentay

Fig. 123. A 60* Countersink

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

Large
Diameter o ks is
of Work | Dimmeter of |1 A | of Body:
W sunk Hole C D ¥
= i, to 4% in. 18 in. 06 in, 1o in.
3% In. to 1in. 7% in. Ty in. 13 in,
1% in.to 2in. 1 in, % in. v in.
215 in. to 4 in. +r in. 1 1n. % 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 ald of a universal
chuck, as shown in Fig. 125,
When thiz method iz u=sed,
the end of the shaft should
be faced smooth before drill-
ing the center hole.

The unsupported end of gy 125 Deilling o Center Hole with Stock Held - Lathe Dogs for Driving Work on Centers
the shaft shuu_lu] not extend  in Lathe Chuck and Drill in Tailstock Spindle Chuck The common lathe dog shown in Fig. 129 is the most popular type.
more than 10 in, beyond the Fig. 130 shows a safety lathe dog which has a headless set serew and

ﬂl[tm]f.i,j.;:;rﬂ}:“hir:;?hf% ltl]l'.;r.-:u;L:‘; iz not likely to ecateh in the operator’s sleeve. Fig. 132 shows a clamp
arg pas = lathe dogz, used prineclpally for rectangular work in the lathe. When

Hh, Jendetonh aof e evg attaching the lathe dog to the work, make sure that the set screw is
gacurely tightened.
i WY 2 ' Mounting Centers in the Lathe Spindles

Fig. 129, Standard Lathe Dog Fig. 130, Safety Lathe Dog

fto be held firmly by the

chuck jaws alone can be sup-

ported on the outer end in a

center rest (See pages 66

and 92.) Before mounting the lathe centers in the headstock or tailstock
gpindle, thoroughly clean the centers, the tapered holes and the spindle
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,

Correct Center Hole

To bhe correct, the center
hole must be the size re-
quired for the diameter of

B

the shaft, as listed in the e

tabulation on page 45, and Fig. 126. A Correctly Drilled and Countersunk Removing the Lathe Centers

the countersink must fit the Hole Fits the Lathe Cenver Perfectly With a piece of rag in your right hand, hold the sharp point of the
center point perfectly, as headstock center, and with the left hand give the center a sharp tap
shown In Fig. 126, There with a rod through the spindle hole. Fig. 133 shows a steel rod with a
must also be sufficient clear- small bughing attached for removing the headstock spindle center and
ance at the bottom of the taper sleeve,

eountersink.

When drilling center To remove the tailstock center, turn the tailstock handwheel to
holes, allow for the thick- ' the left until the end of the tailstock screw bumps the end of the
nesg of the metal that will center. This will loosen the center and it
be faced off of the end: | may be removed from the spindle.
otherwise, the center holeg
will be too emall to support
the shaft after the ends are
faced. Fig. 127 . Dl ; . : pl

ig. 127. A Poorly Drilled Center Hole, Ton Shal-
P‘mf‘lr Dralled Center Holes low apd Incorrect Angle
One of the most cominon

causes of unsatisfactory

lathe work is poorly drilled
center holes. Fig. 127 shows ———— \ ks
a shallow center hole with r—— ——= 'i R, . AS——

incorrect angle and no clear- — .
ance for the tip of the cen-

ter point. Pig. 128 shows a

center hole that has been —

drilled too deep. Accuracy
cannot be expected when cen- —_—
ter holes are poorly made, ———— . 31 Bt Bt and

and the lathe centers may be o 1 A dev I8 . . Spindle Sleeve Mounted in Fig. 133. Knock Out Bar for Removing
damaged. R e e Mg oy Hendstock Spindle of Lathe Headstock Spindle Center
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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 shown in Fig. 134. If the tailstock center
does not line up, loosen the tailstock elamp bolt and set over the tail-
stock top in the proper direction by adjusting the tailstock set over
gerews. (See page 51.)

Mounting the Work Between Centers d

Place a drop of oil in the center hole 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 i= 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.

I

Fig. 135. Inearrect Fig. 136. Work Properly Mounted Betweoen the Lathe
Moonting Centers, Ready to Machine

.
-

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 Toeol 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
gshould not extend over the edze
of the compound rest any farther
than necessary. (See “A" and
“B,” Fig. 139.)

The tool should be =et 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
gizes of lathes feeds as coarse as
020 in. are often used for rough
turning, Care must be taken when
turning long slender shafts as a
heavy cut with a coarse feed may
bend the shaft and ruin the work.

49
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Fig. 137, Positlon of Cutter Bit for Facing
the FHnd of 0 Shaft

o

Fip. 135, Facing the End of a Shaft

Fig. 139, Mosition of Toal in Tool Post

Fig. 140. Top View Bhowing Position of
Tool 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 eut, the feed and the type of
cutter bit used. If too slow a cutlting speed is used, much time may be
lost, and if too high a speed iz used the tool will dull guickly. The
following cutting speeds are recommended for high speed steel cutter

bita:
CUTTING SPEEDS IN SURFACE FEET I'ER MINUTE
?m ghing Cuts | Finishing Cuts :
Kind of Metal 010 in. to 020 in. | 002 in, to 010 in. scrﬁﬁtﬂﬂima
Foed Feed

Cast Iron ......... <o+ 60 f.p.m. 80 1. p. m. 25 f.p.m.
Machine Steel ........ 00 £, p. m. 100 f.p.m. 35 f.p.m.
Tool Steel, Annealed ...| 50 {. p.m. 75 1. p.m. 20 £f.p.m.
Brasg --«:evseveanvses 150 f.p.m. 200 f. p. m. B0 £, p.m.
Alvminom ... %000 | 200 f.p.m, 300 f. p. m. a0 f. p. m,
BIODES v ii e aivisiae 90 f.p.m. 100 £. p. m. 25 f.p.m.

Hee also pages 95 and 108,

If a cutting lubricant is used, the above speeds may be increased
25¢ to H0%. When using tungsten-carbide tipped cutting tools, the
cutting speeds may be increased from 1009 to B007:. See page 108.

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 and 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 {t. per minute.

B0x12
Ti1di6xl — 94377 r.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 SPEEDsS IN R.PPM. FOII TURNING AND BORING
Calculated for Average Cuts with High Speed Sieel Cutter Biis

| |
Diameter -..i.!'{_m';: Cast Tron r'nhl.!.tt'ﬂ-']m“ }';E{}IEE HErTsfutu Aluminum
in Inchef {50 f.p.m.| 76 C.pom. | 100 £.pom. | 160 f.p. m. (200 f.p.m. | 300 £ p.m.
1 191 287 382 578 | T64 1146
2 05 143 151 8T a82 BT
2 fid a5 12% 181 254 181
4 48 T2 95 143 180 280
A 38 b7 16 116 162 228
8 32 4% 4 95 128 192
b a7 41 55 32 110 165
8] 24 36 48 T2 96 144
(4] ' | 32 42 64 54 126
10 19 29 38 57 76 114
11 17 26 35 52 70 105
12 16 24 32 48 f 4 a6
12 15 22 29 44 58 BT
14 14 20 27 41 a4 81
15 13 19 26 38 af 5
16 12 18 24 36 48 | n2

3
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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, cheeck 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 i8 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 aliznmment 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 eut
without changing the adjustment of the cutting tool. Collar A is
measured, and without making any adjustment on the ecaliper, collar B
is tested to see how it compares with collar A. If collar A is not the
game diameter as collar B, then the adjustment of centers i not cor-
rect, and the tallstock top should be adjusted in the direction required.

Adjustment of Tailstock Top

The tailstock top is adjusted by
releasing one of the adjusting screws
of the tailstock top and tightening
the opposite serew a gimilar distance,
Then take another test cut on the
collars, measure and continue this
operation until the desired degree of
aceuracy Is obtained.

There i3 a mark on the end of
the tallstock where the bottom and
top join to show the relative position
of the tailstock top and bottom. For
fine, accurate 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
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Machining to a Shoulder 5

A pgood method for locatlng a
shoulder on a shaft is shown in
Fig. 143. After chalking the shaft,
set the hermaphrodite calipers to
the required dimension and seribe
a line around the revolving shaft
with the sharp point on the
caliper.

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

Fig. 143. Measuring with Hermaphrodite
Caliper to Locote s  Shoulder

Locating Shoulders with a Parting Tool
In production work where a quantity of

pieces are required, shoulders are nasually RS
located with a parting tool, as shown in
Fig. 146, before the diameter is machined,

When a square corner is required, as for
a bearing, 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 . . z
shown in Fig. 147. e ].14:; Em-.ﬁh.l";iﬁ:hw.-

EL <Eai/[i=m @f@

Fig. 145. Detail of a8 Shoulder
with a Hecoss

Fig, 146. Location of & Shoulder Marked with a Part-
ing Tool Belfore Turning ihe Diameter

—

. . 43
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Fig. 147. Measuring the Length of a Shaft with a Firm Joint Caliper

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. Sewveral types
of chucks are used, but the most popular are the 4-jaw Independent
chuek 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 chuek 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.
jfaw  Universal
Geared Scroll
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 oll the threads of
the spindle and the chuck back. Also
clean the shoulder of the spindle
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 spin-
dle nose with the right hand and
arm and turn the lathe spindle cone
with the left hand to screw 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.

The Independent Chuck

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

Concentric rings scribed on the
face of the chuck permit centering
round work approximately, as it is
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 slichtly, The
opposite jaw is then tightened. The
test iz repeated until the work is
centered with the necessary accuracy.
All four jaws must be securely
tichtened before starting to machine
the work.

Use of Center Indicator

The center indicator is used for
accurately centering work that has
been lald out and center punched for
drilling and boring. The short end

BACK

CHUCK

CHUCK B0DY

Fig. 151. Cleaning Threaded
Hole in Chuck Back

AN

Fig. 152. Centering Work in an Inde-
pendent Chuck

Centering Work With
Dial Test Indicator

A sensitive dial indicator may be used
for acceurately centering work having a
smooth surface. The dial of the indicator
is graduated to read in thousandths 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 indicator
dial is watched as the lathe spindle is
revolved slowly by hand. The chuck jaws
are adjusted as deseribed 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. 1566.

Removing Chuck from Lathe Spindle

To start a chuck so it can be removed
from the lathe spindle, engage the back
gears, place a wood block between the
chuck jaw and back ways of bed, as shown
in Fig. 158, and turn cone pulley by hand.
After starting the chueck, place a board
across the bed ways to proteet them from
damage in case the chuck is dropped off
the spindle. This procedure also applies
to face plates,

Practical Sizes of Chucks

Lathe chucks should be carefully
gelected for the gize of the lathe and
the work for which they are to be used.
If the chuck is too small, the capacity
of the lathe is 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 practieal sizes of chucks
for use with various sizes of lathes are
listed in the tabulation below,

Fig. 154. Centering Work with a
Dial Test Indientor

Fig. 155. Testing Face of Work with
Dial Indieator for Wallile

Fig. 156. Removing a Chuck from

Lathe Spindle

Practical Sizes of Chucks for Lathes

the center indiecator iz placed in d-Jaw Independent [ S:JIw‘lfhlrt:nnI{‘-‘enrﬂl
?111"& center punch mark andpthe tail- Dl o) LAt Lathe Chuek 1 seroll Chuck
stock centar point is brought. up T BB corsviiiiiiiionion 6 in. 5  in.
clﬂsa tﬂ th& nppnﬂit& End' iy Hhﬂwn lﬂ_i“l lﬂ.th'E --------- PAFAERA BT RAREE RIS ﬁ i“q. E in_
in Fig. 163. For accurate work, the 12-in. lathe R T in & in
long end of the indicator should re- T b Ttk e 8" 7% in.
main stationary when the lathe gy 153, Centering Work with a Center 16-in. and 16/24.in. lathes . 10 in. 7% in

spindle is revolved. Indicator
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The Universal Chuck

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

Since there is no way to adjust the
jaws independently on this type of
chueck, it is not used where extreme
accuracy i=2 required. The 4-jaw inde-
pendent chuck should alwavs be used
when work must be centered to run
dead true. However, if no independent
chuck is available 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 Flgs. 18 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 tyvpe of chuck is suitable for
holding bars, rods and tubes that are
pagssed through the headstock spindle
of the lathe, also other small diame-
ter work. It is more accurate than the
average universal ehuck and will usu-
ally center work within 002 in,

The headstock gspindle 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 tallstock
spindle of the lathe for holding drills,
reamers, taps, ete. There are zeveral
types of drill chucks on the market
and some do not have sufficient accu-
racy and holding power for satisfac-
tory use on the lathe. A good drill
chuck will hold driils concentric with-
in .002 In. or .003 In. and should have
a wrench or a pinion key for tighten-
ing.

Fig. 157. Round Wark Held in

Universnl Chuck

Chueck

Fig.

Fig.

158. Machining & Shaft in a

Haollow Headetock Chuek

150,

DBrill Chuck Mounted
Tailstock Spindle

in

al

Fig. 161, Mauchining a Part Held in @ Druw-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, ete. The collets
are made for round, square and other shapes, as shown in Figs. 162,
164 and 165. The work held in the collet should not be more than .001 in.
gmaller or .001 in. larger than the collet size. Collets are usually made
of heat-treated steel, but for some classes of work brass collets are
often used.

Fig. 162. Side View nnd End View of o Spring Collet for Hownd Work

Fid. 164, Fig. 165.

Fig. 163. Handwheel Draw-in Collet Chuck Square Collet Hexagon Collet
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Fig. 166, Cross-Section of Headstock Showing Construction of Drawein
Collet Choek Arttachment

Construction of Draw-in Collet Chuck

The construction of the draw-in eollet chuck is shown \&
above in Fig. 166. The hollow draw-bar with handwheel at-
tached extends through the headstock spindle of the lathe
and is threaded on the right end to receive the spring collet,

Turning the handwheel to the right draws the collet into the  [Fig 167,
ot Collet

tapered closing sleeve and tightens the collet on the work.
Turning the handwheel to the left releases the collet.

Step Chuck and Closer

The spring collet 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 Colleet Chuck BiR: M8, élzi‘;rch“’i and

The handlever draw-
in collet chuck, shown in
Fig. 169, iz 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.

—e
=

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

-*---E-;fﬂh;ﬂ—* -;"‘?z--!ﬁa!'&- %
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Fig. 170, A Set of Collets for Round Work & In. to 3 In. by 1fths

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 exaetly 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
is 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 18 ma-

chined by turning
the compound rest

feed serew by hand.
See Flgs. 171 and 172.

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

Fig. 172. Compound Rest Set at an Angle for Fig. 173. Lathe Tool Cotter Bit Set on
Taper Turning and Boring Center for Taper Torning

54
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Truing a 60° Center

A pood example of the use of
the compound rest for short tapers
is shown in Fig. 174. An electric
grindimf attachment is mounted
on the lathe in place of the tool
post and the compound rest is
swiveled to the correct angle to
permit feeding the grinding wheel
across the 607 center point to
grind it true. Lathe centers are
usually too hard to be machined
with a cutting tool. See pages 100
and 101.

Testing the Angle

All angular.or bevel turning
should be tested with a gauge of
some kind, as it is difficult to
read the graduations with sufli-
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 ecan be machined
between centers ecan be turned
taper by setting over the tailstock
top, as shown in Figs. 177, 178
and 179, Thizs method cannot 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 zet over,
pieces of different lengths will be
machined with different tapers, as
shown in Fig. 177, Notice that the
tailstock center is set aver one-
half the total amount of the taper
for the entire length of the work,

: lllllllﬁ

Fig. 175 Testing the Angle of a Lathe
Center Paint

e o

Fig. 176. Mnachining a Taper with the Tail-
stock Top Set Over

‘ll Ill llll'lﬂ
I.'I'L'H'&"l\hhlﬁl1'h"

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

Gl

How to Calculate Amount of Setover for Tailstock

Tapers are usunally specified in "Inches per foot,” For example,
gome Brown & Sharpe tapers are & in. per foot. To machine a Brown &
Sharpe taper of % in, per foot on a shaft exactly one foot long, the

center shoulid be set over ig in. or

250 in. If the piece i= 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 calculating the amount of setover:

Taree 1x IxcHeEs reErR Foor Grven—Divide the total length of the
gtock in inches by twelve and multiply thiz quotient by one-half the
amount of taper per foot speeified, The result is the amount of setover

in inches.

DIAMETERS AT Exps oF TAPER GIVER—
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 screw

Fig. 178, the distance regunired:

to the lathe bed.

Measuring the Setover

To measure the setover of the
tailstock center, place a scale hav-
ing graduations 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.

If 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 ia correct before turning to
the finished diameter,

then
serew In set screw “G" a like distance
until it is tight, and clamp the tailstock

-I-IF .l!

Fig. 178, Tailstock Top Set Of
Center for Taper Turning

Fig. 180. Morse Standard Toper Plug Gaoge
ind Soeket Gouge
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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 !,nl.h& 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.

Gradunations 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 elamp for locking slide to lathe bed
and a conneciing bar to conneect Lthe
slide block of the taper attachment
to the compound rest base of the
lathe.

When the plain taper attachment
iz to be used it is necessary to dis-
connect the ecross feed screw 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 serews “B"” and
“C" are tightened to engage the taper - .
attachment. Fig. 181,

Flain Taper Attechment

Telescopic Taper Attachment

The telescopic taper attachment (used on 10" to 18" =wi

Bend Lathes) shown in the iiiustrat::nn below, Fig. 182, ?s L?Etil?ii“ti;
the plain taper attachment de-
seribed above except that it is
equipped with a telescopic cross
feed screw. This feature elimi-
nates the necessity of disconnect-
ing the cross feed screw when the
taper attachment is to be used.

The cross feed screw may be
used to adjust the turning tool
for the required diameter and
the taper attachment may then
be engaged by tightening binding
screws “X" and “Y". To change
back to straight turning, it is
necessary to loosen binding serews
T and Yy, Fig. 182. Telescopic Taper Arcachment

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
ealeulated before setting the taper attachment for

taper turning.

To ecaleulate 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
the rezult by the length of tapered portion (C) Fiz. 152A. Graduations
in inches, and multiply by 12. The answer is '™ '“"%*:i‘,ff’n.":,“‘“‘ o
the taper in inches per foot and indicates the

aduation on the “taper per foot"” end of the swivel bar which should
ﬁg gset 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.
sents a total taper of 1/16" per foot. If the taper per foot has been
calculated or specified in decimal fractions instead of common 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° the taper 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
iz difficult to align the graduations on swivel bar perfectly with the
w?tness 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 18 shown in Fig.
183. Boring an inside
taper with the aid of a
center rest is shown in
Fig. 184. See page 92.

[E=

Fig. 183, Taper Turning with
the Taper Attachment

Fig. 184. Boring a Toaper with
ithe Taper Atiachment
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Morse Standard Tapers

Morse Standard Tapers are uzed 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 varlous sizes of Morse
Standard Tapers are listed Iin the tabulation below,
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4 o #
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Taper 1}; in 12

Vzz2

Fig. 185. Chart Showing Principal Dimensions of Morse Standard Tapers Which ere
Lisved in Tabulation Below
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The figures in the “Taper per Foot™ eolumn have been revised to conform with the standard
end dismotors 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.
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Chapter IX

DRILLING, REAMING AND TAPPING

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

Fig. 186 (at right) illus-
trates the use of the lathe
as a drill press. A drill
pad placed in the tailstoeck
spindle of the lathe is used
to support the work.

The tailstock 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 Loeation of the hole
should be center punched to 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
spindle of the lathe is shown
in Fig. 187. The drill pad re-
places the tailstock center and
supports the work for drilling,

Crotech 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 eross drilled, This
18 very convenient for drilling
oil holes in bushings, drilling
pin holes in shafts, ete,

Fig. 186. Using the Lathe as a Drill Press

Fig. 187. (Right)

Croteh Center for

Use in Tailstock
of Lathe

Figd. I187-A. (Lelt)
Dirill Pad for Use
in Tailstock ol
Lathe

s

Fig. 188. Drilling an 0§l Hale in a Bushing
with Crotch Center in Tailstock
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Drilling Work Held in the Chuck

Most of the drilling in the lathe
Iz done with the work mounted in
the lathe chuck {as shown in Fig.
15893) 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-
tric 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.

Center Drill Holder

A special holder for mounting the
combination center drill and counter-
sink in the tailstoek for drilling
center holes iz shown in Fig. 1934
This provides an extremely rigid and
accurate support for the drill, re-
sulting in more accurately located
center holes than can usually be ob-
tained by mounting the center drill
in a 3-jaw drill chuck. Large pieces
that cannot be properly mounted in
the chuck alone can be supported on
the outer end by a steady rest, as
shown in Fig. 194.

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 ma
be used. However, lard oil is pref-
erable, and for some deep hole
drilling is the only satisfactory
lubricant.

bEiLL

1 WORK
: <

TO0OL HOLDER
TOOL POST

Fig. 190, U:in!. Tool Holder
to Steady Pomnt of Dirill

Fig. 191. Center Dirilling
Garind aff

Tip of _
[arill, 1:
Shown by B
dotted line

Fig. 192. Detil of Center Drill

<[

5

Fig. 183, Using Center Drill Holder in
Tailstoek to Drill Acecornte Center Hale
in Picce Held in Chuck

8
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Fig. 1%34. Center Drilling Large Plece
with the Aid of a Steady Hest
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Drilling a Cored Hole

Castings having cored holes are
usually drilled with a four lip driil.
mhe hole in the casting should be
beveled, a3 shown in Fig. 195, to
gtart the drill true; otherwise, the
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

A

the drill point a perfectly concentric

Fi 193,
gtarting point, L 3

Machining a Bevel in »

Cored Hole to Start Drill Troe

How to Sharpen Drills @'Em VIE W

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

SHELL ORILL

pore]

be used for grinding drill g 106, Deilling « Cored Hole with & Four Lip

points. The drill point Shell
ghould not be overheated by

grinding or the temper may
be drawn.

Before grinding a drill,
gtudy the point of a new
drill as recelved from the
manufacturer: then try to
duplicate it. 'This can be
accomplished by holding the
drill at the correct angle Angle
with the grinding wheel
and 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°, as shown in Fig.
187. The cutting lips “L"" Flg. 198, should be
exactly the same length and angle; otherwise
the drill will eut oversize. The best angle for
general work is 59°, as Indicated.

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

Drrill

el %
)

Fig. 197. Fig. 198,
Correct Point  Correet Lip Correct Clears

Fig. 199,

Angle Aance

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 s 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 gize 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 nsually held in a drill chuck, as shown in
Fig. 201. Taper shank reamers may be inserted direct in the tailstock
spindile. The reamer is fed
carefully through the hole by
turning the tallstock hand-
wheel. Always use a sglow
spindle speed and when ream-
ing steel keep the reamer
filooded with lard oil.

Floating Reamer Driver

For some reaming opera-
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
used.

Large reamerg are some-
times supported on the tail-
stock center peoint. A lathe
dog is atiached to the reamer
gshank and a stick with one
end resting against the lathe
bed fis placed between the
reamer shank and the tail of
the dog.

Fig. 201. Reaming in the Lathe

Tapping Threads

Threads may be tapped in
the lathe, using a tap as
gshown 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 tallstock on the :
lathe bed. Taps may also be 1 #
held in a drill chuck, Fig. 203. ‘Tapping in the Lathe

i

Fig. 204. Coutting Screw Threads in the Lathe

Chapter X
CUTTING SCREW THREADS

Cutting screw threads in the lathe is 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 at the required speed with relation to the headstock spindle,

The gearing between the headstock spindle and lead screw may be
arranged so that any desired pitech 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 serew revolves once, the thread cut will be four times as fine as
the thread on the lead screw or 32
threads per inch.

AR

The cutting tool iz ground to the ' ' won
shape required for the form of the i.'l“l'll‘l'i‘ﬂ“‘i'-i'-“i‘l’-l*{* mmlilim
thread to be cut, that is, American Fig. 205. Acme Screw Thread
Natlonal Form, “V,” Aeme, Square,
Whitworth, International Metric, ete.

Either right hand or left hand
threads may be cut by reversing the Fig. 206. National Course Thread
direction of rotation of the lead
serew. This may be accomplished by

shifting the reverse lever on the 'HT*“““““““““?‘“

headstock,
ck Fig. 207. Double Square Thread
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AMERICAN NATIONAL SCREW TABLES OF AMERICAN NATIONAL STANDARD SCREW THREAD

THREAD PITCHES AND RECOMMENDED TAP DRILL SIZES
(Formerly U.S. Standard Screw Thread)
L. p FORMULA American National Coarse Amerlcan National Fine

P= Pitch = 1 — Standard Thread (N.C.)
No. Th'ds. Per In, Formerly U, 8. Standard

D=TIepth=7 x.64952

Standard Thread (N.F.)
Formerly 5. A. E. Thread

¥ r Pt Decimal | | Oute Decimal
F=Flat=— Threads | Outside | Ta g Threads | Outzide | Ta .
Ll'@ ; &._ 8 Hizes Per | Diameter | Dl l'l-";lt_':’i“;’ Sizes Per lnmeter l:'-!'rfljl II']I;:‘I“;‘}’
Fig. 208, American National Serew Thresd Form gk . | GEBonaw | Sae [P i e || obSerewr oo | v
1 o4 073 i 0.0505 H]'-‘ Eg gf_ll:: 53%5, 3.3;1::5_&
& K S y oy . a0
American National Screw Threads 3 45 .Pll{?ﬁ' | EE HE% 2 fé; 086 | 4u 00720
— | : 000 | 44 0. 056
The National Screw Thread Commission in 1918 was authorized by 1 40 A12 | 43 0.0880 f & o —uﬂg
Congress to establish a standard system of screw threads for use in : 14 i e R By B 44 A26 | 37 | 0.1040
the United States. As a result this commission established the Ameri- e e f 0 A38 | 42 | 0.1160
can National Screw Thread System which has been approved by the 10 24 190 | o5 0.1405 A 30 164 | 29 01360
Secretary of War, Secretary of the Navy, and Congress, and is now 12 | 24 26|16 |oamm 19 o e | 21 | B
generally used by all shops in the United States, H ﬁ ?i;'E 1-': 3*::52_}:; I | 28 250 e | 02187
4 b , 026 3 24 a1es | 1T |27
The form of the thread adopted is shown above and tables for both i 16 375 M | 03125 1'; a4 75 R | 035350
the Fine Thread Series and Coarse Thread Series are given on page 71, % 14 ABTS Uﬂ _ :J-:ilftﬂn 73 o A3TH ne | 0.3008
A report of the National Screw Thread Commission defines the follow -+ goiy 8 i oAz ) 20 200 | g 0.4631
4 o - ¥ &a s i X Al I oi¥
ing terms: ¥, -+ o = . e o i B, B B
i 425 4 | 05312 e | 18 AZh o | DATAl
Screw Thread. A ridge of uniform  places the term “core diameter” as tﬁ | lﬂ | E-:E; ::""’ ggﬁg"ﬁ : H’ ;-f‘d‘: 1 ] H'EE%
section in the form of a helix on the applied to the thread of a screw and — - L sl =% e e B | U
surface of a eylinder or cone. II]I'B-'I:IH Ehhamteﬂrlm “inside diameter” as h_ ? :?Eﬂ = REEL:'::I {1.; H {?f-lﬂal' I'_:u ?:ﬁ‘?;
) =i el i 4 = | = ] ' 1
External and Internal Threads, An PP e thread of a nut. 144 T | 1.250 1% | 11083 14 12 | 1250 g | 11718

pxternnl thread 8 n thread on the out-
gide of & member, Example: A threadod
plog. An internal thread is a thread
on the inside of n member. Example:
A threaded hole,

Major Diameter (formerly known as
figutside diameoter™). The Iargest dias
meter of the thread of the screw or

Pitch Dinmeter. On a straight screw
thread, the diameter of an imaginary
evlinder, the surface of which would
pass Lthrough the threads at sueh points
az to make equonl the width of the
threads and the width of the spaces
cut by the surface of the cylinder.

Pitch. The distance from a8 point
on a screw thread to & corresponding

TABLES OF AMERICAN NATIONAL SPECIAL SCREW THREAD
PITCHES (N.5.) AND RECOMMENDED TAP DRILL SIZES

#

nut. The term “major dizsmeter’ re- . - =
plices the term “ouiside diameter” 83  burhiclto the seny Crend measured | Threads | Outside | Tap |Decimal Threads | Outside | Tap |Decimal
applied to the thread of a serew and The dists thread Bizes Per |Dismeter| Drll :":l“-“;?‘ Blzes Per | Diamoter Tl'rllfl. Equiva-
glso the term “full dinmeter” as ape Lexd. The SR - BL B Inch | of Berow | Bizes | l00% Inch | of Sorow | Bizes | lent of
advances axially in one turn. On = Dirill . | Dirill

plied to the thread of 3 nut. single-thrend screw, the lead and pitch TR
Minor Diameter (formerly known  are identical; on a dooble-thrend serew i gg ﬂazg f; &g&% " EE 3195 3 i gig‘?’g

ga “core diameter"). The smallest dia-  the lead is twice the pitch; on a triple- 4 I 1190 | 44 008680 39 it " 5R1
moter of the thread of the screw or thread screw, the lead iz thres times - . M i S | e | 028132
nut. The term “minor dinmeter” re- the pitch, ete. g EE %ﬁ gg H'i_;{'[:g 35 %g | 878 | H"i’-i E.EEBI
10 30 1800 | 22 | 01570 r 5| —I~% o550

International Screw Thread Form T 32 meo | 13 To1550 “w | g7 | S ¥ 04050
The need for an international screw thread form 14 20 2420 | 10 [ D0.1u35 2 g | 04210
has been recognized for many years. Although e 24 a1 L/ A ol S ) T Fid P
several international missions have been made and : - i | S0de g G026 | Vig| 0.5912

r - 48 JHEE | 48 (L0730 e - - Bos

hundreds of conferences held, little was accomplished 40 1250 | 38 |oI0iE 5 13 For Bg D560
until the summer of 1948 when United States and =iz = == T R ; 27 | g 0.5937
British representatives agreed on a 60° thread form ; 30 1263 | 307" | 0.158% g ] 875 -;? 0.5837
with flat top and rounded bottom as shown in Fig. ba 24 1875 | 28 | 01470 :g ; A876 | Z 0.6250
208A, This thread form is a compromise between the by a2 85| 2 | oiso ag 35 THD ::’ﬁ &ﬁg
60° American National thread form with flat top and 2 | 3 2188 | 16 | 01770 i3 Al
bottom shown in Fig. 208, and the British Whitworth  Fig. 208A. Diagram 4188 | 12 | 01880 % 18 575 vy | 0'gs)
656° thread form with rounded top and bottom shown g::;:rinj.rr}!nuru#n:l 3¢ 24 4 | 0.2000 &l Y | 08437
in Fig. 246. It is similar to the International Standard oot 35 e 7 b 1 - 1000 gy | 0.9219
Metric thread form shown in Fig. 2560. X | 0-9687




-y

12

Fig. 200. Standard Change Gear Lathe Set Up for Culting 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 serew. 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 cut. 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 of the lathe.
(See Fig. 209.) In the third column under the heading “Idler Gear™ is
listed the figure number of the diagram on the index chart showing the
arrangement of idler gear 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 screw “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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Fig. 210. Change Gear Charts for Standard Change Gear Lathes

Position of Spacing Collar

The spacing collar on the lead screw must be placed outside the serew
gear, as shown in Fig. 210A, when simple gearing (Fig. 2 on index charts)
is used, and inside the screw gear, as shown in Fig. 210B, when compound
gearing (Fig. 1 on index charts) is used. See page 114,
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Fig. 2100, Position of Spacing Collar
for Compound Gearing

Fig. 210A. Position of Spacing Collar
for Simple Gearing
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Cutting Screw Threads on
Quick Change Gear Lathe

The quick change gear
lathe has a gear box, shown
in Fig. 211, which eliminates
the necessity of using loose
change gears for cutting vari-
ous pitches of screw threads
and for obtaining wvarious
power cross-feeds and longi-
tudinal feeds. Standard screw
threads from 8 to 224* per
inch are obtained by placing
the two tumbler levers in the
positions indicated by the di-
rect reading index chart at-
tached to the gear box. A
¢lose-up of this chart is shown
in Fig. 211B. Fig. 211. Quick Change Gear Box

To cut coarse pitches of
screw threads from 4 to 7T
per inch, the small stud gear . SMALL
must be replaced by a large - STUD GEAR
stud gear which, for safe = 7
keeping, is attached to the
gear box drive shaft as shown
in Fig. 211A, The number of
teeth in the stud gear re-
quired is indicated on the
index chart in the column of
figures under the heading
“Stud Gear."

Almost any special thread
{one not shown on the index
chart) ecan be obtained by LARGE X
using a special stud gear in
place of the standard gears. &ETUD GEAR 'ﬁ.\ "
Special stud gears are usually

made to order for the specific Fig. 211A. Lathe set up for cutting threads
thread required. % to 224 per inch

*Clearbox on 107-1* Collet Lathes cuts T threads, 4 to 480 per inch, without changing stud gea

T .

14 & TR °F® SO0UTHE BEND
PRECISIGN LATMLE

Fig. 211B. Direct Reading Index Chart for Quick Change Gear Lathe

Tools for Cutting Screw Threads

The shape or form of a secrew 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 uzed
for grinding the lathe tool to the required shape for any form of screw
thread,

Use of Center Gauge
The point of the cutter bit -

must be ground to an angle of 60° .—FW_‘L oz
for cutting American National | L e fI.' b 2 60 >
gerew threads in the lathe, as — i P ™

shown in Fig. 2132 at ri.]ghL A E;na ’ jI;-;'r'-' EJ‘" ST )
ter gauge having a 60° include “ig, 213. Cutter Bit for Cutting Secrew
&ngli iljhllsed ful’hﬂ'ri nding the tool Threads is Ground to 60° Center Gauge
to the exact angle reguired. The top of
the tool is usually ground flat, with no
gide rake or back rake. However, [or
cutting threads in steel, side rake is
sometimes used.

Front Clearance

There must be sufficient front clear-
ance on the ecutter bit to permit it to
cut freely. Usually the front clearance
is E'l.lI"_E"lEiE!‘jT. to prevent the tool from Fig. 214, Side View of Lathe Tool
dragging in the helix angle of the thread Cutter Bit Grouad for Cutting Serew
go that except for very coarse pitches Threads
the hellx angle may be ignored.

Formed Threading Tool

A formed threading tool s 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 Fijs 215. Formed Thread Coutting
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 wery small flat. However, for
coarser pitehes of threads and when
maximum strength i8 desired, the flat
on the point of the tool should be one-

] o Fig. 216. Standard Screw Thread
;‘L&:ﬂh‘:l}mc;f the pitch. (Bee Fig. 208. k& &b, for Grinding Thread Cat-

ting Tools




T6

Setting Cutter Bit

The top of the threading tool
gshould 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
sround fAat and is in exaet align-
ment with the lathe center. This
iz necessary to obtain the correct
angle of the thread.

The threading tool must be sel
gguare with the work, as shown
in Fig. 218, The center gauge is
used to adjust the point of the
threading tool, and if the tool is
carefully set a perfect thread will
result. Of conrse, if the threading
tonl I8 not set perfectly square
with the work, the angle of the
thread will be incorrect,

Internal Thr=ads

The point of the threading tool
is also placed exactly on eenter,
as shown In Fig. 218 at right for
cutting internal screw  threads.
The point of the tool must be zet
perfectly sgquare 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 cutling internal threads,
allow sufficient elearance between
the tool and the inside dlameter
of the hole to permit backing out
the tool when the end of the ecut
has been reached, However, the
boring har should be as large In
diameter and as short as possibie
to prevent sprineing.

When cutting internal screw
threads more front clearance is
required te prevent the heel of the
tool from rubbing than when
cutting external threads,

Engaging the Half-Nuts

After the work has been mounted
in the lathe and the cutting tool
properly adjusted, the half-nuts
may be engaged with the lead serew
for eutting the serew thread. Onece
the thread has been started, the half-
nuts should not be disengaged from
the lead screw, unless the thread
dial indicator is used. See page Bl.

Fig. 217, Tap of Cutter Bit Ser On Center

tar Cutting Screw Threads

Fig. 218, Cuatter Bit Set Square With Work,
for Cutting External Serew Threads

Fig. 219 For
Cotting Internal
Screw Threads,
Top of Cutier
it Should be

S5et Exactly on
Center

o

Fig. 221, {".'u.l:lcr Bt Set Square With Wark
for Cutting Ioternnl Serew Threads

Fig. 220A. FErngaging the Half-Nuls

i1

Fig. 221. Compoond Reat Set at 29° Angle for Cutting 60° Screw Threads

Pesition of Compound Rest for
Cutting 60° Screw Threads

In manufacturing plants where maxi-
mum production iz desired, it is customary
to place the compound rest of the lathe at

an angle of 29° for cutting 60° screw threads.

The compound rest is swung around to
the right, as shown in Figs. 221 and 224,
The compound rest screw 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 stralght 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 interiere with the main chip
which is taken by the left side of the tool.

Direction
of Feed

Fig 223. Action of Thread Cutting Toal when Com-

pound Mest in Set at 29° Angle

Fig. 222, Cutting a2 Screw Thread
with Compound Hest Set at 29*

Fig. 224. Correct Angle of Com-
pound Rest for Thread Cutting
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Fig. 225%. Thread Cutting Stop Attached to Dovetail of Saddle

Use of Thread Cutting Stop

Because of the lost motion caused by the play necessary for smooth
operation of the change pears, lead serew, half nuts, ete,, the thread
cutting 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 this is not done, the point of the tool will dig into the thread and may
be broken off. The thread cutting stop may be used for relocating the
cutting tool for each successive chip.

The point of the tool should first be get go that it just touches the
work; then lock the thread cutting stop to the saddle dovetail approxi-
mately 4 of an inch from the compound rest base and turn the thread
cutting stop screw 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 serew to the right until
the thread cutting stop screw strikes the thread cutting stop. The tool
rest i8 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 en the cross feed
screw 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 50 that it just touches the work, then
loosen small lock serew “A" adjust the
micrometer eollar on the cross feed screw to
zero, and tighten lock screw.

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 screw to the right one turn, stop-
ping at zero. The compound rest feed screw
may then be adjusted for any desired depth gy 06, Micrometer Collar on
af chip. Cross Feed Serew of Lathe

Taking the First Cut

After setting up the lathe, as
explained on the preceding pages,
take a very light trial ¢cut just
deep enough 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
fa arranpged 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 scale rests on
the point of the thread or on one
of the seribed lines. Count the
spaces between the end of the
geale and the first ineh mark, and
this will give vou the number of
threads per inch. Fig. 228 shows
eight threads per inch.

Screw Pitch Gauge

A gerew thread gauge as {llus-
trated in Fig. 229 Is very conve-
nient for checking the finer pitches
of screw threads. This gauge con-
gists 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 pitch of the thread
may be made with the nut that is
to be used or with a ring thread
gauge, 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 polnt.

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 points. For this reazon, the
thread should be checked by other
methods in addition to the nut or
ring gauge,
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Fig. 227. Trial Cut to Check the Set-up for

Thread Cutting

ERRRARNRERNLELRE
1 2

Fig. 228. Measuring Serew Threads

\h\\\i&\\\\\\/‘i’\\

Fig. 230. Screw Thread Fitted o 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
so 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

helt: forwurd. by Raad, Fig. 231, Adjusting Point of Threading
The compound rest top should be T'ool 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 can 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~ Fi§ 232. Finish End of Thread with
monly used for bolis, cap screws, ete, 45° Chamier
For machine parts and special screws
the end iz often finished by rounding
with a forming tool, &8 shown in

Fig. 233. —
It is difficult to stop the thread- — ,
Ing tool abruptly so some provision - =
is usually made for clearance at the o
end of the cut. In Fig. 232 a hole -

has been dliil]eﬂ in 2t]]ua-, end of the il
shaft, and in Fig. 233 a neck or " i : .
groove has been cut around the shaft, © & 233 F{"ﬂi‘r’,:fnf“—j!n;f Thrend with
The groove iz preferable as the lathe
must be run very slowly in order to
obtain satisfactory results with the
drilled hole.

Cutting a Left Hand Screw Thread

A left hand secrew Is one that
turns counter-clockwise when ad- : :
vancing (looking at head of screw) Ea 200 Lol TR Sy T
as shown in Fig. 235. This is
just the opposite of a right hand serew. Left hand
threads are used for the cross feed screws of lathes,
the left hand end of axles for automobiles and
wagons, one end of a turnbuckle, some pipe threads,
etc.

L)
In cutting left hand screw threads the lathe iz set v

up exactly the same as for cutting right hand screw Fig 235. A Leit
threads, except that the lathe must be arranged to Hand Screw Ad-
feed the tool from left to right, instead of from right I 5°<F* cﬁ:':r':

to left, when the spindle is revolving forward. clockwise
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Use of Thread Dial Indicator

The thread dial indicator, shown in Fig. 237,
15 used to save time, especially when cutting
long screw threads, When the lathe is set up
tor cutting screw threads, the thread dial indi-
cates the relative position of the lead screw,
gpindle, and carriage of the lathe. This permits
dis-engaging the half-nuts from the lead serew
at the end of a cut, returning the carriage
quickly to the starting point by hand without
reversing the lathe spindle, and re-engaging
the half-nuts with the lead screw at a point
which will assure the tool following exactly in
the original cut.

The gear on the lower end of the thread dial
shaft meshes with the lead screw and any
movement of the carriage or lead serew is R = -
shown by a corresponding movement of the g% 37, Lhwend finl Io-
graduated dial at the top. Provided the thread Carrioge
s started when a numbered graduation on the
dial coincides with the witness mark on the frame, the points at which the
half-nuts may be engaged for successive cuts will be indicated as follows:

For all even numbered threads, close the half-nuts at any
line on the dial, or each % revolution.

For all odd numbered threads, close the half-nuts at any
numbered line on the dial, or each ! revolution.

For all threads involving one-half of a thread in each inch,
such as 11V;, close the half-nuts at any odd numbered line,
or each 15 revolution.

. For all threads involving one-fourth of a thread in each
inch, such as 43, return to the original starting peint before
closing the half-nuts.

Metric Thread Dial Indicator

Because metrie threads are measured in mm pitch (the distance the
thread advances each turn) instead of in threads per unit of measure-
ment as is done in the English sys-
tem, the thread dial indicator is a
little more complicated. A special
thread dial indicator is required for
cutting metrie szcrew threads. See
page B85,

Use Oil When Cutting
Threads in Steel

Lard oll (or machine 0il} should
be used when cutting screw threads
in steel in order to produce a
smooth thread., If oil i 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
pg.!nt”hrllllah Is ideal for applying
the 01l when cutting external screw .
threads, as illustrated in Fig. 238. “’hﬁ“%{:ﬂ'“?;.;lﬁ’;‘gtf‘; 'I-;-htmn ;."hr




Tapered Screw Threads 3

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

Regardless of which method is
psed, it is important that the
thread tool is set square with the ' &
gtraight portion of the work, as ﬂ
shown in Figs, 239 and 240 and
not to the tapered portion. The
angle of the sides of the thread
will be incorrect if the tool is not gy 239, Cutting Topered Threads with
gset as shown. Taper Attachment

M

Square Screw Threads

Square threads are used for
vise screws, jack screws, ete. The [
sides of the tool for eutting square
threads should be ground at an
angle to conform with the helix
angle of the thread, as shown in
Fig, 241,

i d Threads with
To determine the helix angle Fid 240,  Cuting Tapersd e

of a screw thread, draw line
A-C2 equal to the circumference of the thread to be eut. Draw line
C2-C equal to the lead of the thread and at right angles to line A-CZ.
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-
anece,

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 c
to three thousandths of é
an inch larger, to permit ] —— c2

a free fit on the ascrew. Fig. 241. Tool for Cutting Sguare Threads

FORMULA

1

No. Th'da,
Per In.

D = Depth = P x 500
F = Space = " x 500

P = Pltch =

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

FORMULA

1
No. Th'ds. Per In.

D=Depth =% P -} .010 In,
¥F=TIat— 3707 P
=Flat=_.3T0T P — 0052 In.

P="Titch =

Acme screw threads are
used for the feed screws and
adjusting screws of machine
tools and machinery of all
kinds. Acme threads are
E:Efernble to square threads

qr

cause they are easier to e,
cut. ey
¥ ppag Toal
While the top and the
bottom of the threads are
gimilar to a square thread in
that they are flat, the sides of the thread have a Fig. 244.
29° included angle, as shown in Fig. 243. Method of Set-
SR
The method of setting a Threading Tool for Sorve ds

cutting an Acme Thread is shown in Fig. 244.

I b

29° Worm Thread
(Brown & Sharpe)

FORMULA

.

— =3 1 29"

= Pltch =g Per In,
D = Deépth = .6866 P F
F—TFlat—=.21 P T R

C=Flat=.313P Fig. 245. 29* Worm Thread Form

A 29° Worm Thread should not be confused with the Acme 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
gshown above,

Whitworth Thread

FORMMULA

1
P = Pitch = No. Th'ds. Fer in.

D=Dspth=F x.6403
R = Radius=.1373xzP

. The Wh!tw::rj;h thread form is used mostly in England. Great care
18 Tequired 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 is de=zired to cut both
BEnglish and metric screw threads on
the same lathe, transposing Zears are
required.

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

The form of the metric thread is
gimilar 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
raot of the thread provides greater
clearance. (See Fig. 250.)

Flg. 247. Lathe Equlpped with

Transposing (sears

FRasLACEING GLAN CeiMT

ENGLISH SCREW THREADS

MLTRIC ®ToHE LEah B0

Left—Fig. 248
Index CGhart
Showing Eng-
ligh Threads
Cut on Muocric
Luthe with
English Trans-
poding Genrs

troeE leacebeyt

e
-

Righet—Fig.
249 Ilndex
Chart ahowlag
Metrle Threads
GCucton Eng-
lish Lathe with
Metric Trans-
posing GGears

EXEESESE

anmmEnmnm |

m AL G, AR CHEET

METRIC SCREW THREADS

INGLENS FTCH L LAD SO0

EEERSESESEE

BEER

FORMULA
P=Fi{tch in MM
Di=Dlepth of Lngage-

ment=F x .64%5
H=Depth of Thread

L o =F x .G845

| | r=Maximum Radius
: P x .0633
. p P

F—I"lat=——0

Fig. 250, International Standard Metric Scrow
Thread Form

Fid. 251. 4.5 mm. Pitch Metrlo
Screw Thread

Metric Lathe with Metric Lead Screw

Metric lathes equipped with metrie lead screws are preferable in
locations where metric screw threads are used exclusively, The metrie
lathe iz identical with the English lathe, except that the lead screw,
eross-feed serew and compound rest screw have metric 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
gquick changeée gear box which permits cutting a wide range of metrie
gerew threads and feeds, as listed on the index ehart, which is ilins-
trated below In Flg. 253. NMetrie Standard Change Gear Lathes have
a similar range of metrie serew threads and feeds.

MmamuracTurRID Y SOUTH BEND LATHE WORKS SOuTH BEND, IND., ULS.A,

Qdsch—235 mm
SOUTH BEND
LATHE
MODEL A

CATALOG mo. I
BED LENGETH I

o L0 Fica

il CEN Pl

-
£=]
T
R
[
b

CROUL FREDN

EERSTLS TREWERIMERIHE 1ol
EYESIRT TEIFTLMLELLE

Peaartiomn
o el 4 ffdi

Fig. 253. Index Chart Bhowing Melric Threads and Feeds on o $-inch Bwing Metrie
Quick Change Gear Lathe

Metric Thread
Dial Indicator

The thread dial used
for cutting metric serew
threads on lathes equipped
with metric lead serews is
shown in Fig. 254, To pro-
vide for the various pitches
of metric threads, several
gears having different
numbers of teeth are
mounted on the lower end
of the shaft. The vertical
position of the thread dial
indicator is changed as
required so that the cor-
rect gear for the pitech
of the thread to be eut will
mesh with the lead screw.

Each graduation on the
dial is marked with a let-
ter which indicates the points at which the half-
nuts may be engaged for certain threads. A chart
(Fig. 254A) is supplied with the thread dial to
show which gear and which graduations must be
used for each pitch of metric screw thread.

cEaRT & i

HREAD D

Fig. 251. Metric Thread
inl Indicatoar

I'- wam| |m|

Fig. 254A. Imdex Chart
for Metric Thread Dial
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Cutting Multiple Serew Threads

A multiple thread having two
grooves is known as a double
thread, three threads a triple
thread, ete. (See Fig. 25656.) The
piteh and lead of a multiple thread
should not be confused. The piteh
iz the distance from a point on
one thread to the corresponding
point on the next thread, while
the lead is the disfance a Bcrew
thread advances in one turn.

When cutting mulfiple threads
in the lathe the first thread is cut g, 255, A Multiple Serew Thread Having
to the desired depth. The work Two Grooves (Double Thread)
is then revolved part of a turn,
and the szecond thread ecut, ete
In order to obtain an exact 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. 1f it is not convenient to cut slots in the face
plate, equally spaced studs may be attached to the face plate and a
gtraight tail lathe dog used.

Another method for in-
dexing the work when cut-
ting multiple threads is to
dicengage Lthe 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

r i
i %ﬂﬁéﬂtnglka}D?El::ﬁEIﬂrii Fig. 256, Die Ma?b?tedd_in S’l‘ai:![ﬂu:k of Lathe faor
cutting screw threads, as ryading Seads
shown in Fig. 266. A lathe
tool may also be mounted
in the tool post for turn-
ing operations or for cut-
ting-off if desired. This
method I8 often used for
threading a large number
of small pleces.

A die may be mounted
on lathe carriage for cut-
ting scerew threads, as
shown Iin Fig. 257. The
lead screw aod half nuts
are ysed to feed the die so

t.l'lﬂ,l', tl'l.]'EH.dE with & pEI‘[EEL Fig- 227 Die Mounted on Lathe [:urriu_i.u for Cutting
lead are obtained. Accurate Screw Threads

Chapter XI

SPECIAL CLASSES OF WORK

There are many special classes of lathe work such as Eknurling,
filing, polishing, coil winding, ete. The most important are illustrated
and described briefly on the following pages.

Knurling

Knurling I8 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 plece 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. G

For all knurling operations
the lathe should be arranged for
the slowest back geared speed.
After starting the lathe force
the knurling tocl 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 ecarriage and
let the knurling tool feed across
the face of the work, FPlenty of
oil gshould be used on the work
during this operation.

COARSE MEDIUM FIME
Fig. 259. Sample of Knurling

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 foree it
Into the work another ¢4 In., and
let it feed back across the face
of the work. HRepeat this opera-
tion until the knurling is finished.  Fig 260, Knurling a Steel Piece in the Lathe
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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. Also clean
the thread and the shoulder on the spindle nose because any dirt, chipa
or burrs will prevent the face plate from running true.

0Ofl the threads of the spindle so that the face plate will serew on
easily and can be easily removed. If it zeems difficult to screw on the
face plate, unscrew the plate, remove the dirt, burrs, ete., and try
again. The face plate hub should screw tight against the shoulder of

the spindle but the face plate
should not be spun up to the
shoulder suddenly as this makes
removal difficult.

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
when eclamping work on the face
plate so 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
glipping. Balance 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. 263. Centerind Work on the Fuaco
Plate with a Center Indicator

Fig. 261. Hnritufl an Eccentric Hole on the
Faee Plate ol the Lathe

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

Fig. 264, Locating Work on the Face Plate
with o Disl Indicator =

Filing and Polishing

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

Use a fine mill file and fileé
with the lathe running at a speed
s0 that the work will make two
or three revolutions for each
gtroke of the fille, File just enough
to obtain a smooth surfoce. If too
much filing is done the work will
be uneven and inaccurate. See
page 113,

Keep the left elbow hizh 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 smoath, bright finish
may be obtained by polishing with
geveral grades of emery c¢loth
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 ofil, diamond dust and other
abrasives are used. Usually the
lathe spindle is operated at high
speed. See page 119,

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 precizse work may be
accomplished by careful lapping.

Qi
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Fig. 265.

Filing to Remove Tool Marks

Fig. 266.

Polishing with Emery Cloth and
il

Fig. 267,

Lapping the Inside ol a |'|1Irl:1l.'!_l'I¢'ll
Stecl Bushing with Emery Dust and il

SAW CNT

Lerooves Y12 DEEP

TAPER ':-':‘ BEe FoaT

Fig 268,

A Cast Tron Lap for Emery Duost
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Fig. 269, A Stecl Lathe Mandrel

Machining Work on a Lathe Mandrel

Cylindrical work that has been bored and reamed in a chuek 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 =0 that the work will not slip on
the mandrel while 1t is being machined.

Large diameter work such as pullevs 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 mandre] and the hole so that
the work will be easy to remove
from the mandrel. If there Is no
lubrieant on the mandrel it may
“freeze’ in the work, in which
case it cannot 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 direetion
from that which it entered the
work.

Standard lathe mandrels can
be purchased In the various sizes.
These mandrels are hardened and
tempered and the surface that re-
celves the work i ground usually
to a taper of about 006 in. per
foot.

In the case of special jobs hav-
ing odd diameter holes, & =so0ft
mandrel may be used, turning and
filing it to the proper diameler
and tapered for a driving fit in
the hole in the work. See page 102,

Special Mandrels

Special tyvpes of mandrels are
often used for special classes of
work. A nut mandrel for finish-
ing the outside diameter of gear '
blanks is shown In Fig. 272, Ex-
pansion mandrels of various types
are also available and are used
where there {8 considerable varia- Fig. 272. Nut Mandrel for Finishing Gear
tion in hole sizes, Blanks .

Winding Coils in the Lathe

The unusually wide ranze of
poaiiive power longitudinal feeds
avallable on the 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 Fig. 273. Special gearing may
be obtained for odd leads not in
the usual thread cutting range of
the lathe. Any type of ceoil form
or wire guide required may be
nsed.

Spring Winding

Coil springs of all kinds may
be wound on the lathe, as shown
in Fig. 274. Special mandrels are
used for irregular shaped springs.
The lead serew and half nuts of
the lathe are usually used to ob-
taln a upiform lead so that the
colls are all equally spaced.
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Fip. 273. Winding a Cwil

Fig. 274. Winding a Spring

Boring Work Mounted on Lathe Carriage

Large work may be mounted
on the lathe carriage for boring,
as shown in Fig. 277.

The boring bar 1z held between
centers and driven by a lathe dog.
The work is clamped to the top
of the lathe saddie and is fed to
the tool by the power longitudinal
feed of the carriage.

Several good tvpes of boring
bars for this clasg of work are

shown in Figs. 275, 276, and 278,

Fig. 277. Boring on the Lathe Carringe

Fig. 275.

Fig. 78,

Boring Bar with Fly Cotfter

Horine Bar for Sizing the Hole
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Use of the Steady Rest
{Center Rest)

The steady rest (or center rest)
is used to support long slender
shafts as shown in Fig. 280, or to
support the outer end of shafts or
spindles for drilling, facing, boring
and similar operations as shown in
Fip, 281. A steady rest with ree-
tangular jaws is shown in Fig, 279.
An improved steady rest with tele-
gcoping jaws 18 shown in Fig. 280,

To mount work in the steady
rest, hrst clamp the open steady
rest on the bed as shown in Fig.
279, then mount the work in the
lathe. Close and lock the top por-
tion of the steady rest. The jaws
may then be adjusted to the work,
which should be round and smooth
at point of contact. Careful ad-
justment is necesgary, as all three
jaws should just touch the work.
If one of the jaws is moved in too
far, the work will be sprung and
cannot be accurately wmachined.
Make sure the work turns freely.
0Oil the jaws and work before start-
ing the lathe.

For drilling, boring, and simi-
lar operations, one end of the work
E'rm:r_he held in the chuck as shown
in Figs. 281 and 282. However, for
fine, accurate work most mechanies
prefer to mount the left end of the
work on the headstock center as
shown in Fig, 2835, To do this, the
face plate is first unseroewed several
turns. The work with lathe dog at-
tached is then tied securely to the
face plate with strong rawhide belt
lacing, and the face plate is serewed
onto the spindle. This tightens the
lacing on the work and holds it
firmly against the center point,

i

Fig. 2582, Work Mounied In Chueck and
Supported by Steady Hest

Fig. 278, Steady Hest Mouonted on Lathe
Bed with Top Opeén 10 Recelve Work

o - S | 4
Fig, 280, Telescoping Jaw Steandy Rest
with Jaws Adjusied to Support Work

Fig. %8l1. [‘uuimi an Internal Serew
Thread with Wor R!-inppuru'd in Steady
LY |

0 = iy

o |
Fig. 8%, Work Mounled on Cenler and
Supporied by Steady Resi E

The Use of the Follower Rest

The follower rest is attached to
the saddle of the lathe to support
work of small diameter that is
liable to spring away from the cut-
ting tool. The adjustable jaws of
the follower rest bear directly on
the finished diameter of the work,
as gshown 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 are

sometimes substituted for the rigid adjust- s

03

Fig. 284, Threading s Long Slender Shafi
with the Ald of a Follower Kest

THE

ADJUSTABLE
able jaws, and the device is then known as s
the roller bearing follower rest. (o)
The application of both th? stclnﬂy rest *@ Lo
and follower rest at the same time is shown pS

in Fig. 286, The shaft to be machined, while
very small in diameter is of considerable
length, and in order to do an accurate job it{'
is necessary to support the shaft with both

the steady rest and follower rest,

Flg. TR Fallower Reat Mountied on
Lathe Saddle

Flg. 288. Uslng Both ihe Steady
Rest and Follower Rest fo Sup-
port a Long Slender Bhafl
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Fig. 287. No. 2-H South Bend Tuorret Lathe with Power Feed Bed Torret

Turret Lathes for Manufacturing

Turret Lathes are dezsigned 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 wvarious operations.

Turret lathes are usually eguipped 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.

Fli. 288, 10=inch Soath Bend Tuorret Lathe with Hand-
lever Operated Bed Turret

e
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Fig. 283. Tooling on Torret Lathe

Fig. 291. Sgquare Turret Tool Block Fig. 292, Handlever Tallstock

i

- 4
Fig. 203. Handlever Double Toal Rest Fig. 294. Muoltiple Toasl Bloelk

Fig. 295. Twao Toeols Cuotting Simultascously Fig. 296. An Irregular Shaped Piece Held
on & Piece of Work in & Two-Jaw Chick
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Milling in the Lathe Cutting Gears on the Lathe

The Milling and Keyway Cutting At- L e The gear cutting attachment for the
tachment illustrated in Figs. 208 and 300 lathe, shown In Fig, 302, will cut spur
will take care of a great deal of milling t_- and bevel gears of all kinds. It will do
in the small shop that does not have N graduating and milling, external key

a = - if. 2 irectio a d £ i P F
enough work to install an expensive mill-  Fi# 29% Direction of Feed 3 seating, cutting at angles, splining, slot-
ing machine. ting and all regular dividing head milling
work.

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

I This attachment is practical for

4 ] eutting small gears and for milling small

light work of various kinds on the screw
cutting lathe.

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

%\ J J The dividing head construction f{s
: = 2 based on the principle of interchangeable
Fig. E“-!} i‘j}‘_";:'n 'Shﬁ:“"“" | gears, the same as regularly used on gear
cutting machines. The fndex plate shows

the proper gears to use for divizsions from

Fig. 303. Cutting a Gear on a
2 to 360, teing

Turning Wood, Fiber, and Plastics

Turning wood in a metal working lathe {5 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.

. Special pulleys may be used

- on the motor and countershaft
’ to provide a series of high
l gpindle speeds for wood turn-

Keyway in m Shaft

Fig. 300, Milling a Woodruff 1

ing, in addition to the regular
speeds for metal work.

t Other materials may be ma-
ﬂ chined as well. Alabaster, Cat-

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,

alin, Bakelite, fiber and other

plastics, synthetic resins, ete.,

may be turned and polished
| with complete satiafaction.

The key should fit snugly In the
keyway but must not be too tight, Fig. 301, Standard Keyway Dimensions
Specifications of American Standard Keyways
Dinmeter | Width ]‘heﬁth 1'{:1%1113 Diameter W{gth l.‘l-e-ﬁth Rnﬁmﬂ

Hole I W Hola I
Inches Inches | Tnchez | Inches Inchos Inches | Inches Inches

T 7s Ex 020 214 o '
% to% | | E i %,ﬁ 13& % E
t{ ] LI

E | & | i

Fig. 304. Hand Rest

FJ[. 305,
Bpur Center

Fig. 306.
Cup Center

Fig. 307. Wood Turning in a Metal Working
Laihe

0 e e 4 B
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Ten in One Tool Holder

The Ten In One Tool Holder replaces
the conventional tool post and various
tool holders ordinarily used for gen-
eral lathe work. It provides rigid
support for turning, boring, threading,
and cutting-off tool hite, In addition,
it iz equipped with & self-aligning
knurling head, Serew adjustments for
tool height are easily made, and they
stay put. No readjustment is required
when replacing tools. The application
of the Ten in One Tool Holder on vari-
ous types of operations is shown in Fig. Fig. 308. Ten in One Tool Holder
308, and in the illustrations below,
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Machinability of Various Grades of Steel

The machinability or free cutting quality of steel varies with the
chemical analysis and the physical processes employed in its manufacture,
The machinability ratings of popular grades of steel are listed in the
table below. These ratings have been calculated to show the per cent
of the relative cutting speeds based on a machinability rating of 100
for Beszemer Serew Steel No. B1112, The table shows the approximate
eutting speeds in surface feet per minute for high speed steel cutting
tools on average work. Higher or lower cutting speeds may be found more
practical, depending on the eutting tool used, the rate of feed, the depth of
cut, and the type of operation performed. See also pages 36 and 50.

Machinability Ratings and Cutting Speeds for Steel

A181 Machinability| Rortine " AISI Muchinability| ’“'J#L’.”t‘i‘.':.’?t"
Number Hating Spoed F.P. AL Numbaer Rating | g.ued F.P.M
Bl1L] 04 165 31a0* T 120
R1112 E] 1a5 2135+ T 115
Bl1113 136 225 3l40* 6 110
Clii7 o1 150 4130 72 120
C1118 01 150 4140" 66 110
C1110 1000 165 4620 66 110
C1147 74 120 5120 76 125
Cl1141 . 70 115 5130 57 25
1141 81 135 5140% 70 115
C1144 76 125 6120 67 {5
C1010% arach 1240 BA20 G 110
C1017 72 120) B0 k. 120
(1010 78 120 BHAD 66 110
C1020 72 120 50 (0 10
closo | 70 115 8720 i 110
1035 | 70 115 B0+ il 110
1040 64 05 EO310% 51 85
C1045 57 U5 Fo315% 49 80

2330% 70 115 o317 49 80

AR A0 57 05 9763 54 i)

*A nneslod tLight Fords

*bed, much the same as the micro-

-_ah]e stop screws may be set for a

9

Micrometer Carriage Stop

The micrometer carriage
stop consists of a micrometer
spindle mounted in a clamp
which may be securely locked
onte the front V-way of the
lathe bed, as shown in Fig.
410. A lock serew is provided
for locking the spindle at any
point.

The micrometer carriage stop
iz used for facing shoulders to
an exact length. It is convenient : : :
for many production operations Fig. 310. Micrometer Carringe Stop
and is usunally ineluded in the
equipment of all toolroom lathes,

Four Position Carriage Stop

Much time can be saved In posi-
tioning the cutting tool for repetitive
operations, by using the four position
carriage stop shown in Fig. 811. It
clamps onto the V-ways of the lathe

meter stop. Each of the four adjust-

different tool position, and may be  Fig. 311. Four Position Carriage Stop
revolved into position to locate the
carriage for each of four successive
cuts, This attachment is especially degirable for
spacing shoulders in shafts and similar operations.

Metric Graduated Collars
Metrie cross-feed screw, metrie compound gy 312, Metric Gradu-
rest screw and metrle graduated collars are sup- ated Collar
plied on lathes that are to be used exclusively
for working in the metric system,
The metrie graduated eollars read in tenths
of a milllmeter and are adjustable so that they
may be set at zero whenever desired.

Metric Graduations on Taper Attachment

Taper attachments on lathes that are to be used g 313, Taper At
for cutting tapers in the metric system are equipped  tachment with Maetrie
with graduations reading in the metrie system. Graduations
Usually these graduations read in millimeters per

centimeter and are in addition to the regular
graduations.

Metric Graduations on Tailstock Spindle
The tailstock spindle of the lathe may he

graduated in centimeters, as shown in Fig. 314.

The graduations are to aid in drilling accur- ﬁ'r“;di];t'lﬂ':ﬂ:h
ately to the required depth. Tailstock Spindle
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Grinding in the Lathe

When equipped with a
good electric grinding at-
tachment the lathe can be
used for sharpening ream-
ers and milling cutters,
grinding hardened bush-
ings and shafts and many
other grinding operations.

The V-ways of the lathe
bed should be covered with
a heavy eloth or canvas to
protect them from dust
and grit from the grinding

Diamond Dresser for Truing Grinding Wheel
The grinding wheel must be balanced and
must be dressed with a diamond dresser if a
smooth, accurate ground finish is to be obtained.
The grinding wheel must be dressed frequently
as it is nused to keep it true and free from particles
of metal which become embedded in the periphery
of the wheel.
The diamond dresser consists of a small in-
, dustirial diamond mounted in a steel shank, as
! shown in Fig. 318, The dresszer must be rigidly Fig. 317, Trai
supported in a fixture for truing the grinding Giinding Wheel with o
| wheel, as shown in Fig. 317. Dismond Dresser
The diamond point of the dresser
should be placed on center, or slightly

below center and the revolving grinding ——

wheel, and the lathe spindle
bearings should also be _
protected. A small pan of Fig. 315
water or oil placed just

below the grinding wheel will colleet most of the grit.

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

External Grinding Atiachment

For grinding the in-
gide of hardened drill jig
bushings and other inter-
nal grinding, a high speed
internal grinding attach-
ment is used.

Fig. 315A shows an
internal grinding attach-
ment with compound V-
belt drive which provides
a spindle speed of 30,000
r.p.m.

GRINDING WHEELS FOR VARIOUS KINDS OF WORK
Tabulation shows grade of Norton Grinding Wheels,

Rﬂiﬁr-l_ul' Work Itough rind ]‘-‘:'n_hii_l Grind
ATCRG-KV Crystolon STCR0-TV Cry=folon

Fiz. 215A. Infternal Grinding Attachment

Caat Tron. ... iTaalia : L
Boft Steel, . .. . e 37TA4B-MBVAE | GIAGO-MBVEE
Hardened Bteel........... 57A40-LBVBE — STARO-LEVBE

a7 AGD-KRVEBE

High Speed Steel. ... ... .
Brass or Bronze. .............
General Work....

| ATA16-KRVRE
37086-KV Crystolon |
ATA4B-MEVRE i

37CB0-IV Crystolon
GTA4A-AIRVEE
A3G-MIE Bhallne

A30-M3E Ehellnc

Algminum. ... i L i oiin Tt i B
Bakelite............... || 37C36-KV Crystolon 3TCAB-KV Crystolon
' T -hal-2 3T CAD-RAD-2
Baft Rubber, . .. .ovnns... | Cryetolon Resinoid l’.’r}ll_ulun Resinoid
| “a7Can-KoB-2 3TC00-KoB-2

Crystolon Hesinoid

Hard Rubber. .....oco0i00 Crystolon Hesinoid

57AG0-MSVEE FTARD-LBVEBE

Automobile Valves. . . ... M
SCB01-1TV Cryvstolon

Tungsten Carbido. o000 ovaes|

30C1002-HTV f‘r:.‘ﬂﬂ]nn

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 the finished gize before it Iz
hardened. After hardening, all scale
should be removed bhefore grinding.
Remove only a few thousandths at eac
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 cutters may be
sharpened by grinding in the lathe, as
shown in Figs. 820, 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 cutters are ground with about
2% relief,

Pig. 321. Grindir;z an Angular Cutter in  Fig 322,
-]

Lathe

Fig. 318, Diamond Dresser

Fig. 319, Grindl'nfl o Hardened Steel

Bus

ing

Fig. 320, Grinding Clearance on s

Milling Cuotter

Grinding a Straight Reamer in
the Lathe
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Fig. 521, Mandrel Tor machining work between centers in the lathe

How to Make Lathe Mandrels

Any pood grade of machine steel ean be used for making lathe
mandrels, Old automobile axles are excellent. If only a few parts are
to be made, the mandrel does not need to be hardened,

The tabulation below shows the dimensions recommended for standard
lathe mandrels. A slight taper is required so that the mandrel can be
pressed into the part tightly. The size of the mandrel is always stamped
on the large EHE.

The center holes in the ends of the mandrel are very important. They

should be large enough to provide a good bearing and they must be
perfectly concentric with the outside diameter of the mandrel.

If a large quantity of parts are to be made, it is advisable to case-
harden the center holes or harden the entire mandrel. The outside
diameter of the mandrel must be finished after hardening; otherwise it
will not run true because the steel will warp during the hardening process.

Before mounting & part on the mandrel, always oil both the inside
of the part and the mandrel. See page 90.

All Dimensions Shown in Tabulation Below are in Inches

-ﬁ_
Nomigul |  Total Hmall Largs Undereut| Underout| Conter | Recess Widih
Dhameter| Lengtlh End End Luml.-'th Dismeter D=l Il-.-r Center, of Flat
A ;S S, s n k F G | _H W
% | 94 1870 1884 er) ey | 3 Lg Y64
| 3% 2405 2500 e 5 | 3% Ly 1€
i | 4 3120 3136 T4 0 | 3% 34 ¥4
i | 44 3745 AT 15 I A 15 i
2 4% A370 A3BT B4 134 L 3 14
Ly 5 4095 5014 5 13 15 55 1
Yo | 24 5620 At 5 g | 34 ity 1y
fig 514 6245 G265 34 g i A4 1
g ik Ritril G301 a3 % ea 4 Y
% | 6 7105 | w517 | Mg | 0 % | 3¢ | iga
e | 64 8120 | 8142 74 37 | g 3c 74
% | 6% 8740 | 8764 L7 e | L B4 i
g | 634 9370 | .08 | 18 % | ¥ ¥
1 7 4005 | 10020 | 185 iy | i [ La
14g 74 10615 1.0641 1 S | 34 14
114 Tis 1.1240 | 11267 | 1 14, figa [ L
13 | 7% 1.1865 | 1.18s9 | 1 114 b 14 14
114 8 1.2490 | 1.2520 1 134 346 54 14
154 814 1.3115 1.3144 114 B s 8g 15
134 8ls | L3740 | 1.3760 114 1345 b3 % 54
1748 83{ | 1.4365 | 14396 | 14 135 o 34 i
1l | 9 1. 40980 1.5022 | 124 I 46 oy 4% "

T
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Press Fits and Running Fits

Standard tolerances for press fits and running fits, ete., are given in
the tabulations below. The hole is usually made a standard size and the
chaft made the required size for the desired type of fit. The figures
shown in the tabulations below indicate the amount to increase or
decrease the shaft diameter provided a standard hole size is maintained.
The tolerance observed as standard for heles is usually +.000" —.001",

Since working conditions vary a great deal it may sometimes be
advisable to increase or decrease the allowances shown in the tabula-
tions. For example, the length of the bearing, the material used, and
the speed should all be taken into consideration when caleulating the
tolerance for a runming fit.

Standard Tolerances for Press Fits

Light Press Fit Heavy Press Fit

Dia, of Hole, Shaft Din, More Than Din. of Hole, Bhaft Dia. More Than
in inches Heole, in inches in inches Haole, in inches

Uptols | +.000¢ to +.0008 Uptols | +.0005 to +.001
}5 to'l <+-.0005 to <4-.0010 H to 1 +.001 to +4-.003
1to2 +.00075 to +.0020 1to2 +.002 to +-.004
2to3 +.0015 to +.0030 2to3 -+.003 to .006
3tod +.0020 to +.0040 3tod +.005 to +4-.008
4 to 5 +4.0020 to <+.0045 4tod +4.006 to 4-.010
Sto b +.0030 to -+.0050 S5tob 4.008 to +-.012

Standard Tolerances for Running Fits

Speeds up'to 1000 r.p.m. Speeds over 1000 r.p.m.

e ——————————————————=
Din, of Hol shaft Tha. Less Than . alie “his i
in {nmhﬂﬂnl " I‘.fﬂ]l.'-. in inches IJ:i.n |?:|.{{.'Eml . . Hull::ﬁnlﬁh‘;m
Up to 14 — 0005 to—.0010 Up to %5 —. 0005 to —.0010
Wtol —. 00075 to —.0015 Lto l —.0010 to —.0020
1to2 —. 0015 to —.0025 1to?2 —.0020 to —.0030
2t03 — 0020 to —.0025 2to 3 —. 0025 to —.0035
3 to4 — 00253 to —.0030 3to4d —. 0030 to —.0040
4105 — 0030 to —.(035 4 to 5 —.0035 to —.0045
Stob — 0035 to —.0040 Htob —.0040 to —.0050
Standard Tolerances for Push Fita Standard Tolerances for Sliding Fits
Din, of Hole, Bhaft [Ma. Leas Than i ole, i
§6 iehion Hole. P R Ehﬁfﬂiﬁnﬁ?ﬂﬂm
- Upto 14 | —.00025 to —.00075 Uptolsg | —.0005to —001
14 to 1 —.0005 to —.0010 5tol —.00075 to —.0015
lto 2 —.0005 to —.0015 1to2 —.0015 to —.0025
2t03 — 0005 to —.0015 2to 3 —.0020 to —.0030
dtod — 00075 to —.0020 3 to 4 —.0025 to —.0030
4 t05 —.00075 to —.0020 4 ta 5 —.0025 to —.0035
_ Bte6 | —.00075 to —0020 5to6 | —.0025 to —.0040
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Fig. 327, Truing and Undercutting an Armastore Commulator 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; cutting serew threads,
testing and straightening bent shafts, and many
other jobs. Special attachments used on the lathe
greatly increase its versatility.

Fi._,, 32K, !,\Iu_r:in,g a Replacement Hn:hint Com- Fiﬂ. azg, T“f!liﬂﬂ g Semi-Machined
plete in & 9=in, Lathe Piston to Size in 8 %in. Laths

Armature Truing

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

A small lathe eguipped for
these jobs is shown in Fig. 330,
The undercutting attachment is
mounted on the lathe in such
g way that it i8 ready for in-
gtant use, yet it does not inter-
fere with turning the com-
mutator.

Refacing Valves

A lathe eqguipped with a
grinding attachment and a spe-
gial hollow wvalve chuck for
refacing valves 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
busghings and walve seat re-
placement rings, ete.

Finishing Pistons

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

Straightening Bent Shafts

With the aid of a piece of
chalk, the high spot on a bent
shaft can easily be located and
marked for straightening as it
revolves between the lathe cen-
ters, The shaft should be re-
moved from the lathe and placed
N 8 press or on an anvil for
straightening,

A dial test indicator mounted
in the tool post of the lathe per-
mits testing and straightening
shafts to a high degree of ac.
caracy. See Fig. 837.
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Fig. 331. Refacing a Valve by Grioding in the

Lathe

Fig. 332. Finishing a Piston in the Lathe

Fig. 333. Testing s Bent Armatore Bhaft
in the Lathe



106

Machining Eccentrics

A glmple 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 concentric hub
and the other set of cenlers
je used for machining the
eccentric part.

Crankshaft Turning

Crankshaft turning is an
adaptation of eccentric ma-
chining. A single throw crank-
ghaft mounted  in the lathe
for machining the throw bear-
ing is shown in Fig. 335. The
adapters attached to each end
of the crankshaft have offset
center holes corresponding to
the throw of the crankshaft.

Truing Crankshaft Bearings

Throw bearings of automo-
bile crankshafts are often worn
out of round or scored and must
be regmunrl. A special crank
pin grinding attachment shown
in Fig. 336, permits truing the
throw bearings without the use
of offset centers. The grinding
wheel travels around with the
throw bearing in such a way
that it will grind 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 erankshaft is sprung and
will also disclose any out-of-
round condition of the bearing.
Stralghtening a erankshaft is
a delicate job and should be
attempted only by an ex-
perlenced mechanie.

g

Fig. 334, A Mandrel with Twoe Sets n[ Cenler
Holes fTor Machining an Eccentric

Fig. 335. A Crankshaft Mounted in the Lathe
for Machining the Throw Bearing

o @ ﬁ y= ")
L & ik

Fir. 3136, Truing the Throw Bearings of a
Crankshalt by Regrinding in the Lathe

Fig. 337, Testing a Crankshaft in the Lathe

Fig. 338. A Portable Machine Shop Built in a Large Truck

Portable Machine Shop

The portable machine shop shown in Fig. 338 is rapidly galning in
popularity. This type of shop is especially valuable for service in oil
fields, construction eamps, air ports, army posts, ete., also for the main-
tenance of road building equipment and for repairing construction
machinery and equipment on large engineering projects. 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 § ft. lathe, a 20-in, drill press, a forge,
anvil, grinder, welding outfit, ete., 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 be used for 80 many classes of work. When
equipped with the necessary attachments, the lathe may be used a= 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 construection 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 te
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
i’n:rT electrinl lights to illuminate the shop and also large flood lights
Which permit working near the unit after night.
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Cutting Speeds for Turning—Drilling—Tapping With High Speed Steel
Cutting Tools

| Turning Speeds || Drilling Speeds Tapping Speeds
A | Fr. per Ft. per | Fr. per
iarerinl Minute | Lubricant || Minute | Lubricant || Minute | Lubricant
=5 i_. Clomp, or | Comp, or Rerosens &
Aluwrriimuim | B4 Kerosene || 200330 | Korosene M-110 Lard thl
' Dry or | : I il Comp, ar
Brmar, leaded | A=) ‘:'u'.llll|r, ; 2500 | {'-"-ir'l"ll"- | 15632350 Lt. Base Oil
i | Bt
. | O
Brass, red A ar
ned yullow | 150-300 Comp. ||I TH-250 Cromp. r‘ 60-150 | Lt Baso Ohl
' ' I Comp, or
[} i =
Bronze, leaded | S00-T00 Clomp, |= 200-500 | Comp, | 156200 Lt. Base Oil
i ' Comp. ar
Bronze, phosphor To-150 Comzn I M-125 Comp, S0= 0 _L'IZ, Dhaues Chil
Ciak Tron =110 Diew |I PM-105 Dy (| 70- 90 Diry or Commg,
Cust Stiool o = W} Compe. |: 30= da | Comp i 20 3% Sul. Base Ol
Copper, leaded A00-7T04) Camp, || 200-500 Comp, ]| 150-250 | L. Hase Oil
Copper, cleetro, || 76-130 | Comp. || 50-125 | Comp. 40- 80 | Lt Base Ol
E|;|mr; =] | B5=I15 . Camy, |: G- GiE Comp, 20- 35 Bul, Base il
o i | T Come {iome- Roroseno &
Diie Caumtings 225-350 pound 200-330 pound l 00- 80 Lard Ol
o =™ o= Clispne- Clommp. o Ht;r
Duralumin | B75-400 ponnd || 250-375 ponnd 90-110 | and Lard Oil
Fiber | 200-300 | Diey 175-275 Diey 80-100 Diry
i | Comp., Bul,
Muchine Steel ns22 | Come 80-120 Com- 40- 70 | Base Oil or
AL LA ! ponnd Keoro, & Para
= Diry or ! Dy or Comp, or
Malleable Tron 80130 Camj. 80-100 Comp, 35 70 | Sul. Base Qi
Mang. Bronge 150800 | Comge T5-200 |  Comp f-150 Lt Buise Oil
- . N . i."-nrnn,&r} Eul.
Muong, Stoel M) 40 {omin, L5 25 Comp, 10- 20 sae Ol op
RKor. & Pam
Alnls Bteel | 100-120 Comp, || 50- 05 o, 20 35 | Sul. Base O]
Monel Motal TiM=125 Copmp., or | 40= 55 Bul. Busa 20- 30 [Sul.Hase or Kero,
| Bil Bage and Lard k]
Nickel Sitver 75-150 | Cowp. 50-125 | Gomp, I| 30- 60 |Bul.Raso or Kero
185 | and Land il
Wickel Sillver, T 50300 Comp. Ta-250 Comp. | 00150 | Sul. Base or kero
leaded and Lard 04l
= Carmp. or | Sul, Base | Sul, Base
Mickal Btoe] Bo=1110 | =l Eﬂ.‘ll!‘ | =L | {nl 25- 40 il
Plasties, hot- : | . | i |  Dryor
st 1puleded | 200-000 | Dy | 75300 Dy | 40- B4 Water
Hublbser, Harnd | 200-300) | Liry | 175275 | Dy &0-100 | Diry
Stuinless Steel | 100-150 | Sul. Base | 30- 45 | Bul. Baso | I15 30 |  Bul, Base
| — o | — { - L -
Tool Stes] T0-130 Comg, G- 65 | Comp, 25- 40 (Bul. Base or Koro
: ' | " and Lard Ol
Tl.u“;:.h_hu Eipm] |_]'U-'I.:7I-H ! Clamip, |I s0- 05 Camg, '.'.'l__l': 35 i 2ul. Base
Vanmadiionm Sheel .l 5120 | 1'_‘11111|,'.|. il Ly 65 Bul., Bam | 25 40 | Sul. Base

The above speeds have boon collected Trom several sourcez and are suggested as practioal for average

work, Special conditions mny necessitate the use of higher or lower speeds for maximnm efficiency

Use of Coolant

Coolants are used exten-
sively in the machining of
steel parts in order to permit
higher cutting speeds, pro-
duce a better finish, and in-
erease tool life. The principal
function of a coolant is, as
its name implies, to cool the
work and the cutiing tool,
The ecoolant also facilitates
production by lubricating the
cutting tool, flushing away
chips, and preventing rust,

Coolant Equipment

Very simple equipment
can sometimes be used effec-
tively in applyving a coolant.

For examllzle. a small paint brush may be
used as shown in Fig. 238, page 81. An
ordinary oil can is alse econvenient for
applying a limited amount of coolant, How-
ever, on continuous high speed production
the lathe should bhe equipped with an oil
an, coolant pump, and reservoir as shown

in Fig. 341.
A.ppli::nl:iun of Cooclant

For effective cooling, it is important
that the coolant be properly applied to the
work., A large stream at slow velocity is

Fig. 341.
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Lathe Eguoipped with Coolant
Pan, Pump, Reservoir, and Piping

Fig., 342, Coolant Shoold Make
Contact with Waork Where Cul-
ting Aclion Takes Place

H‘referal:]e to a small, high veloecity stream.
he coolant should make contact with the work at the exaet spot where
the cutting action takes place, not above or to one side of the cutting

ftool. See Fig. 342.

Types of Coolants

Coolants considered most effective for various classes of work are
listed in the table on page 108. Each coolant has some qualities which
make it especially desirable for certain applications. The characteristics
of the most popular coolants are as follows:

Lard OQil—One of the oldest and best
goolants, and most expensive, Especinlly
good for cutting sorew thronds, drilling
deep holes, and reaming. Provides excel-
temt  lubrieation, Inereases tool life, mnd
produces & amooth finkh on  the work,
Prevents rust

Mineral Lard Ol Mixtures—Vaorious mix-
turea of lard oil and petroleom base mins
erl eoils are used in lico of lord ol
beenuse they are more fuid, less expensive
pnd are alimoal B8 @ffeetive,

Minernl Oils—Petroleam  base olle  com-
pounded with chemiealzs to improve their
lobrieating and anti-welding qualities. Tess
expensive than lard ol and minernl oil
mixtures,

Soluble Oils—Mineral oils which have besn
treated ao that they may be mixed with
witer to form man emuleion snd provide
an axcellent low cost esolant, Although
they enrry nway henl better than lard oil
of minem! oil, thelr lubricating oualities
nre  ecomparatively poor. Their ose iz
uzoally limited 1o rough turning operas
tions. Even though they are mixed with
waler, they leave a prolective film on
metal which resists rusting.

Soda Water Mixtures—Cheapest of all
coolnnts, fodrn  water mixtures are wvery
effective for cooling hot have practically
no  [ubrleating gualities and will couse
ateel aF irmn te riust, A popular mixturs
confists of 1 pound of sal-sods  (carbonate
of moedad, 1 quart of Incd oll, 1 guart of
eoft pomp, and 10 gallons of wsoiter, bolled
together for 15 hour,
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luformation 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 pitch diameter, or
3.1416 divided by circular pitch.

Exampla: If a gear has 40 teeth and the pitch diameter s 4 In., the
diametral pitch is 40 divided by 4, and the diametral piteh i85 10, or In other

words there are 10 teeth to ench inch of the pitch diameter, and the geéar
ig 10 dinmetral pitoh.

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

Pitch Diameter—Number of teeth divided by diametral piteh,

Example: 1f the number of teeth is 40 and the diametral piteh ig 4,
divide 40 by 4, and the guotient, 10, iz the piteh dinmeter.

Outside Diameter—Number of teeth plus two divided by diametral
pitch.

Example: T the number of teeth 15 40 and the dinmetral pltch ia 4, &dd
2 to the 40, making 42, and divide by 4: the quotient, 1034, i3 the outside
diametar of redr or blank.

Addendum—1 divided by diametral pitch.
Whaole Depth of Tooth—2.157 divided by diametral pitch,
Thickness of Tooth—1.6708 divided by diametral piteh.

Number of Teeth—Pitch diameter multiplied by diametral piteh, or
multiply outside diameter by diametral pitch and subtraect 2.
Example: If the dinmeter of the pitch circle g 10 in. and tha dinmetrol

iiteh Is 4, multiply 10 by 4 and the product, 40, will be the number of teeth
n the genr,

Example: If the outside diameter is 10% and the diamotral pitch Is 4,
multiply 10% by 4 and the product, 4£, 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 §0 and 230 tecth respectively, and are

b piteh, add 60 and 30, making 80, divide by 2, and then divide the quotient,
40, by the diametral pitch, 5, nnd the result, 8 In., 18 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—>Multiply the diameter of the driven
pulley by its number of revolutions, and divide by the number of revo-
lutions 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 I'ulley—Multiply the diameter of the driving pulley
by its number of revolutions, and divide by the diameter of the driven
pulley,

Speed of Driving Pulley—Multiply 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: PFProblem 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
alwava be used if possible, as it is the crown that keeps the belt on the
pulley. Flat face pulleys should be used only when it is necessary LO
ghift the belt from one position on the pulley to another, az in a drum
pulley or & wide faced pulley on a machine used to mateh a tight and
loose pulley on a countershaft.
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Fitting a Chuck Plate to a Chuck

Before a chuck can be used on a lathe It must be fitted with a chuck
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 screwing the chuck plate on to the spindle nose of the lathe,
c¢lean the threads of the chuck plate and the spindle 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.

0il the threads of the headstock
gpindle and the chuck plate and screw
the chuck plate onto the spindle nose,
Do not jam the threads tight or It may
be difficult to remove the chuck plate Fig. 346. Semi-Machined Chuck Plate,

after it has been finished. Threaded ta Fit the Spindle Nose of
the Lathe

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 ealipers, and set outside calipers
to correspond with the inside calipers.
Machine the diameter of the chuck
plate flange very carefully. Take very
lght finishing euts and try the chuck
on the chuck plate {requently, as the
chuck plate must fit snugly into the
recess in the back of the chuck. :

Fig. 347. Rear View of the Lathe

After the chuck plate has been fin- Chuck
ished to fit the recess in the back of
the chuck, remove it from the Jathe
gpindle 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 4 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- :
bility of the bolts binding. Kigeaot Atanh Wit Chuek: Flate

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,

Teo Distinguish Carbon Tool Steel

To distinguish earbon tool steel from high
speed steel, touch against emery wheel. Carbon
steel gives off a shower of bright vellow sparks;
high speed steel gives off a few dark red sparks.

Fig. 349. Hardening o
l.athe Toal

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 15 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 into
the point it will discolor the polished surface, indiecating 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 earbon tool steel. For wood cutting tools,
taps and dies, draw to a dark straw color. For hatchets, serew 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 steel to a cherry
red: then remove from fire and apply cyanide of potassium to the sur-
face you wish to case harden. The cyanide 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 eyanide will be thoroughly absorbed by the steel.
Remove from the fire and gquench in eold 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 ime 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

Brasg 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.




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
screw and stud, the lead serew 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 caleulating 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 serew. 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
serew with 6 threads per inch.
Solution— 6 x 8 = 4B — 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, T, ete.

When compound gearing, as shown in Fig. 351, is used, the ratio of
the compound idler pears must also be taken into consideration, but other-

wise the ealeulations are the same as for simple gearing, Usually, the
compound idler gear ratio is 2 to 1, so that the threads cut are just twice

the number per inch as when simple gearing is used.

10 Millimeters
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DECIMAL EQUIVALENTS OF FRACTIONAL PARTS OF AN INCH
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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 Metric and English units, the meter and
the inch, It will be noticed that one inch is equal to 25.4001 4 mm.

Metric Scale Graduated In Half Millimetera
Pb-'ﬂ 1[ E[ 3 4‘ 5 E] s| =]
A A A e ||-||!||r1|h|r||'|‘ b
English Scale Graduated in Thirty-seconds of an Inch
L-az 1‘ 2 | 3‘
H|I1I|I|I!I|r|'|l1!|l|l‘-l|'|l I|’||f|1|||[|fl ||r||f||i|||||r 1I|'|'I|[|I'||||'.|1||'Ml|![If|.||.'r1il|fﬂ'||t'1l|!|llhlrll

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

TABLE OF METRIC LINEAR MEASURE

= 1 Centimeter 1 Centimeter = 28937 inch
10 Centimeters = 1 Decimeter 1 Decimeter = 3.937 1inches
10 Decimeters = 1 Meter 1 Meter = J}9.87 inches

Equivalents of Millimeters in Decimals of Inches

7 mm=.00394 in. 8 mm=—.314%6in. - 18 mm= .T0866in.
¥ mm=.00787in. 9 mm = .35433 in, 19 mm= .748031in.
1 mm = .01869in, 10 mm = .39370 in, 20 mm= .78740in.
1 mm=.03837 in. 11 mm = .43307 in. 21 mm= .82677in.
2 mm=.07874 in. 12 mm = .47244 in. 22 mm= .866141n.
4 mm=.118111in. 13 mm = .51181 in. 23 mm= _90551 in,
4 mm=,15748 in. 14 mm = .55118 in, 24 mm = .94488 in.
8 mm=.19685in. 156 mm = .59055 in. 26 mm= ,98425in.
6 mm=—.23622 in, 16 mm = .62992 in. 28 mm=1.02362 in.
T mm=.275569 in, 17 mm = .66929 in. 27 mm=1.06299 in.



SHOP KINKS

From “American Machinist™

A good lubricant for turning, boring and milllng 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 plece, and hold it firmly,

Before complaining that the lathe is not in line, be sure that 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 lagscrews, 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 Instruc-
tion and supervision.

A little square of mieca 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 ecan be readily fastened to or detached from
the tool or tool post,

If a #y-in. slot is made on the top of the tail center running from
the point back to a little beyond the large part of the conieal end, the
center can be ciled 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 become 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 point ground in
place, if possible, and always put into place in the same position. This
may sound finicky but it is the only way to produce accurate work.
Don't make the mistake of using a lathe center either for a hammer
or a center punch.

W
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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,

D-}Ii't 1ftﬂ.;]u'l. up a lathe without seeing that the tail stock spindle is
ocked,

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

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

Don'’t try a steel gauge or an expensive ecaliper 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 yvou 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 heging 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 clean much longer
than one polished dry. '

Don't start to turn up a job on lathe centers unless vou 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 eut 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 difficult,

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

To drive the eenter out of head spindle use a rod and drive through
the hole in spindle,

When tputting' 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 collecting.
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Fig. 353. A Trade Schoeal Shap.

INDUSTRIAL APPRENTICE TRAINING

In the United States

The industrial plants of the United States are very much Intorested
in the Voecational and Trade Schools. These schools are doing re-
markable work for the individual boys of thelr own communities and
also for the industries of the entire United States as a whaole.

The metal-working Industry is aware that well equipped vocational
schools ean teach yvoung men the fundamentals of the machinist's trade
much better than they can be taught to apprentices in factories. Under
the puldance of a ecapable 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 mathemalics, me-
chanical drawing, business English, economics, ele.

Industry looks to vocational and trades training gchools to supply
voung men with suflicient vocational training so that they can be
further trained in the factory for positions of expert workmen, spe-
clalty mechanics, foremen, superintendents, salesmen and advertising
men—ruot for the ordinary jobs of operating production machines,

A number of larze Industrial plants in the United States have
established training courses In their own plants te supplement and
continue the fundamenial training now being given in the Vocational
and Trade Echools,

Allowance for Finish

The amount of stoek which
should be left when rough turning
or horing a surface that is to be
finish turned, reamed, ground, or
otherwise finished, varies with the
size of the work and the process
used. Generally speaking, a mini-
mum amount of stock should be
left for the finishing cut, However,
it iz important that sufficient stock
be left to make sure that the work
will “clean up.” Parts that are to
be heat-treated must have ample
finish to allow for warping during
the heat-treating process. Allow-
ance must also be made for warp-
ing which may result from the
removal of an outer surfaee in
which there are likely to be strains,
such as castings or steel bars which have not been normalized.

Fig. 366, Taking a Finish Turning Cut
Following a Hough Turning Operation

Finilh TI.'I'I"IIiﬂE

It has been found that an allowance of 4" to %" on the diameter
1z usually sufficient for finish turning work of normal length up to 2"
in diameter. For work over 2" in diameter, the allowance is usually
between 14:" and ¥g".

File Finish

When work is to be finished by filing in the lathe, the stock left for
filing should be as small as possible. This not only saves time, but
produces more accurate results. Very little stock need be left if the
cutting tool is properly ground and set so that it will produce a smooth
finish and will not seratch or tear the work. Usually about .001” to .0015"
on the diameter will be ample, but if only .0005" is necessary, so much
the better. See page B9.

Polishing

The amount of stock removed by polishing with cmery cloth is so
small that usually no allowance is made. Only a few tenths of a
thousandth are required for a polishing operation, less than can be
measured with ordinary micrometers., See page B9.

Grinding

The customary allowance for grinding is .010™ to .012” on the diameter,
Less may be required on small parts. Hnwe'rer: if parts are to be heat.
treated between the turning and grinding operations, an allowance of .015"
to .020" on the diameter may be necessary to allow for warping.

Reaming
Holes that are to be finished by reaming must be drilled or bored
undersize. The allowance for machine reaming in steel iz usually .005"

to .010", for cast iron 010" to .015". For hand reaming in steel or cast
iron .0005" to .0015" iz sufficient,

Lapping and Honing

Very little stock is removed by the lapping or honing processes.
Usually less than .0005" on the diameter is allowed. See page 89,



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 deairable motor,

Reversing Motor Required—Several important lathe operations
necessitate reversing the rotation of the lathe spindle. For this reason
it is Important that the motor be of the reversible type. The motor
ghould conform exactly with the eleetric current that is to be used.
Dual rated motors may be operated on two different voltages,

When more than one type of current is available, the motor should
be selected for use with the most desirable type of current. Two or
three-phase alternating current is generally considered more desirable
for power service than single phase current or direct current,

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 regquired for high speed operation, necessitat-
ing a larger motor, The lathe manunfacturer should always be consulted
before equipping a lathe for high speed operation. The speed of the
motor should be, as nearly as possible, the speed specified.

Polyphase Motors for 3-phase or 2-phase alternating current are
instantly reversible, have a high starting torgue and constant speed.
These motors have no brushes or commutators to cause radio interfer-
ence, They are very satlsfactory for lathe operation.

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 s less expensive
and may be used =atisfactorily on certain clazses of lathe work. This
tvype of motor has a fairly high starting torque and constant speed. It
has a4 starting switch but has no commutator to cause radio interference,

Repulsion Induction Motors for single phase alternating current
have a high starting torque and fairly constant speed. They are made
to order in the instant reversing type for lathe operation. Having a
commutator and brushes, this motor may cause radio interference.

Split Phase Motors for single phase alternating current do not have
gufficient starting torque for satisfactory use with a lathe,

Shunt Woumnd Motors for direect current are instantly reversible,
have a good starting torque and a fairly constant speed. They are
entirely satisfactory gur lathe operation, although the commutator and
brushes may cause radio interference.

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 elther alternating

eurrent or direct eurrent, This type of motor is seldom used for operating
a metal working lathe.
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Decimal Equivalents of Number Drills
_—

Gauge Décimal Caugs Dacimal Gaugs DPocimal Cange | Decimal
Bize | Equivalent Size | Equivalent Bize | Equivalent Size | Equivalent
1 2280 14 1820 26 1470 39 0995
3 2210 15 800 27 1440 40 R
3 L2130 16 770 28 1405 41 L0960
4 20890 17 A730 29 L1360 42 0935
o 2000 18 1695 30 1285 43 L0850
il 2040 19 1660 31 1200 44 D860
7 2010 20 1610 32 1160 45 0820
& 1990 21 L1580 33 1130 46 D510
9 1960 22 1570 34 1110 47 DT85

10 1935 23 1540 39 1100 4% L0760
11 A810 24 1520 36 065 44 J730
12 1890 25 .1495 37 1040 Sl L7700

13 1850 33 015

Decimal Equivalents of Letter Drills
Letter | Decimal Letter | Docimal Lotter | Decimal Letter | Decimal
Bize | Equivalent Bire | Equivalent EHize [ Equivalent Zizre | Equivalent

A 204 1 266 N 502 U La68
B 238 I 212 O 316 vV 377
C 242 J .1 P S23 W 386
D 246 K 281 ﬁ 532 X 397
E 250 L 290 539 Y A04
¥ 257 M 295 ) 348 A 413
G 261 T 358

Use of Gauge Blocks

Precision gauge blocks are
used for making extremely aceurate
measurements, usually for toolroom
or inspection operations. Each
hardened steel block has tweo op-

osite parallel faces ground and
apped to a fine finish, with the dis-
tance between them equal to the
size marked on the block within a
few millionths of an inch. A set
of blocks includes an assortment of
sizes which permits assembling
various combinations to obtain any
dimension within the capacity of
the set, advanecing in increments of one ten-thousandth of an inch. Assem-
blies up te 6" in length are said to be accurate within one hundred-thou-
sandth part of an inch at 66° F.

(Gauge blocks may be used to locate jig plates and other work on the
face plate of the lathe for boring accurately spaced holes to known vertical
and horizontal dimensgions. Accurate parallels must first be attached to
the face plate in a position which will locate the hole farthest from the
working edges of the work piece in line with the center of the lathe
spindle. After the first hole is bored, the location of each subsequent
hole is obtained by inserting gauge blocks of the required size between
the work and the parallels.

\-\‘-‘-__ . e e e
Fig. &3, Using Gauge Blocks to Poslilon
Work on Face Flate of Lathe
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Fig. 362. Principal Parts of a South Bend Underneath Motor Drive Lathe

Part
No.

]

H
11
12
14
15
16
17
18
19
20
£1
24
25
26
av
28
an
3
a9
1
5o
b1
52
53
64
66
&0
i1
62
il
i
i 131
AL
70
(2 |
T2
73
T4
6
(L]
71
T8
T
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BASE NUMBERS AND NAMES OF LATHE PARTS

The buse numbers of the parts of an 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 desig-
nate the size or model of the lathe. A prefix or suffix is used with the base
numhber to establish the exact part required to fit a particular size and
model of lathe. However, if the serial number of the lathe is known, it iz
sometimes possible to identify a lathe part by the base number only,

Name of Part

Renr Lead Serew Brackeb
Tailstock Leg {Bed to Chip Pan)
Heandstoek Cap, Large
Hendstoek Cap, Small
Spindle Cone Pulley

Bull Genr

Bull Genr Lock

Cone Pulley Pinlon

Quill Gear

Quill Sleeve

Cuill Slesve Pinion
Eceentrie Shaft Bushing
Lnek-Gear Lover

Bpindle Toake-up Nut
Spindle Take-up Nut Washer
Twin Genrs

Reverso Gear

Spindle Gear

Idler Gear

Lead Serew Thrust Caollar
Large Face Plate
Tailstock Top

Tailstock Base

Tailstock Nut

Tailstoek Handwheel
Tailstock Binding Lever
Tailstock Clamp

Saiddle

Baddle Gily

Baddle Lock

Cross-Feed Tushing
Crass-Feed Gradoated Collaz
Cross-Feed Nut
Cross-Feed Nut Screw
Apron

Apron Handwheel
Hulf-Nuts

Half-Nut Gib

Half-Nut Cam

Hulf-Nut Friction Washer
Runck Pinlon Gear

Worm Gear

Oil Distributing Waaher
Worm Bushing

Part
Na,

0
51
K2
g3
54
&5
a6
87
BE
a0
a1
92
&4
94
o6

[}
o8
108
104
110
200
201
202
203
204
200
206
207
2N
20
210
218
214
218
221
oo
224
295
224
207
a1
230
231
243
234

Name of Part

Cluteh Slecve

Aprom Clutch Plute

Apron Clutch Knob

Apron Feed Change Gear SBhaflt
Apron Feed Change Lever
Cross-Feed Compound Gear
Apron Feed Change Idler Gear
Cross-Feed Compound Pinlon
Emnab

Compound Rest Top
Compound Rest Swivel
Compound Rest Base
Compound Rest Bushing
Compound Hest Nut
Compound Rest Chip Guard
Apron Feed Interlock Plunger
Aprom Feed Interlock Arm
Countershaft Cone Pulley
Cone Cradle Shaft Collar
Compound Rest Graduated Collar
Hendstock Spindle

Tuilstock Spindls

Eecentric Shaft

Apron Feol Worm

Bauek Pinlon

Hendstock Spindle Slecve
Tailstock Hinding Lever Stod
Bpindle Thrust Bearing
Apron Worm Collars

Tool Post Block

Carringe Lotk Borow

Bull Gear Lock Gib

Bull Gear Lock Plunger
Dovetall Gibh Adjusting Scrows
Compound Rest Base Gib
Oluteh Serew

Cross-Feod Sorew

Apron Handwheel Plnlon
Tallstock Serew

il Reservoir Plate

Twin Gear Studg

Compound Hest Serew
Crosa-Fesd Compound Genr Shaft
Tool Fost Serew

Tailwtioek CGlamp Bolt 'Washor
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E;,?:‘t Name of Part ?;t Name of Part
259 Apron Worm Key G20 Tumbler Pinlon Shaft
2T Idler Gear Holt Thid Main Drive Cear
244 'm,'-.!ft"':k Binding Lever Upper a29 Smsll Compound Gear

i . 623 8mall Componnd Gear
= T“;‘imgck DI S Lt 624 Cone Shalt Gear
D50 Toal Post (it Bmnll Compound Gear
251 Tool Post Ring 624 Fargs Compound Gear
g5a Tonl Post Wedgo Gath lerd Sepew
257 Compound Rest Tap Gib fi0 Primary Gear Dracket
aTe Raok G0 BReverse RBracket
] Cross-Feed Ball Crank BT Reverae Shaft
x37 Compound Hest Ball Crank GaN Reverases Lateh Lover
g Tailsinok Bet-Over Screws L] Reverse Plunger
283 Taitstock Clamping Mut G2 Reverse Lock
4.0 Tailstock Spindle Key BT 'rimary Gear Bracket Support
280 Cross-Feed Dall Crank Retulning Gl Thrust Ball Bearing -

Nut G370 Upper Gear Guard Fig. 363. Surface Plate with V-Blocks and Angle Plate for Laying Out Work
igg i"T:""T Yoi Buid 671 Lower Genr Guard
: wll Gear Log TLIOT g
a78  Quill Sleeve Oil Hole Washer 550 ﬁ;ﬁ bt The: Surface Plate _
400 Tumbler 1275 Chip Pan The surface plate, shown in
407 Half-Nut Lover 1541 Genr Rox Index Plate v the illustration above, iz a flat
408 Waorm Gear Lock Ring 2100 Maotor Tulley cast iron plate used in the
§ip Huandwheel I'il_:in-n Thrust Spring 55m Laths Bed building of fine machinery to
416 Inside Clutch Pites 2526 Cubinet Leg test plane surfaces. The sur-
111 Outaide Elulu-h IMates S5 Cabinet Log Door face plate is coated with a
412 il Reservoir G“”kn_tl 2527 Left Ventilator Cover very thin film of pigment such
415 Crosi-Feed Serew Chip Collar o598 Leg Door Enoh as 'pﬂ]:.‘:‘-ﬁiﬂ.ﬂ blue or red ]Eﬂ.d
i37 Gnill Bleeve Ol Hole Plug 8580 Right Ventilator Cover and the surface to be tested is
438 Eccentric Shaft Bushing, Larxe 2540 Countershaft Cone Cradle rubbed over it. The high spots
441 Lubrication Plate 2541 Miikeve Minitng Plube i the sorfase textod will be
442 Countershaft Cone Cradle Bearings  p540 Countershuft V-Rolt Pulley marked with the pigment, and - .
450 Spindle Protecting Ring Gasket 2045 Motor Belt Adjusting Stud can be filed or scraped off. The  Fig. 364, Toolmaker Locating Hales in Jig
451 Epindle Protecting Hine oE4R Motor Belt Adjusting Stud surface is then I‘E—LE!:‘-T.Ed anid Plate with Aid of Eurfnrn Plate, Sorface Gange,
167 Chip Pan .:Ilrﬂ.l.'i':l'l:*:l Washoers I'E—EEI‘H.}IIEEI i) satisfactur:r. pnd Gange Blocks
70 Tm.lmnl-k Lag (G810 Fan' S X Aoof) i:_ﬂ '. Ll.uum'}.rﬂhuu Loma I:u]tn:-' Eitmpt Surface lﬂates are also used h:_nr toolmakers for ]-.‘.lu_’uliug' and chEL‘kfng
1] Switeh ATm UR4E Cone Cradle Hinge Shaft s b : i otk l‘st.iﬁﬂ' i|:~1pr.'etiup: and similar
511 Headstoek Spindle Bearing, Large 2540 Motor Plate Hinge Shaft holes in Jg Piﬂt{-ﬁi Iﬁ_l'”"ﬁ out work, te 1 T L L

: : i T ; . . I f a surface gauge and a set of gauge blocks

512 Headstock Spindle Bearing, Small 2553 Countershaft Bearing Retaniner operations. With the aid o :
500  Gesr Box Wnshers very accurate work can be done on the surface plate,
e Mnoin Drive Shafi 2RG0 Belt Teonsion Release Crank
Rl Main Drive Collar 2hi2 Belt Tension Eccentric
e Pamlok Tilee Danis 2564 Belt Tensionm Eceentric Bushing
i Tumhler Guide Dar 256ih Belt Tension Eccentrie Clevis
sos Tumbler Plunger 2067 Belt Tenzion Eccentric Ball Soclket
612K24 Stud Gear 2504 "‘-‘é’fil_zﬂj"l”“ Eccentric Hall Socket Fig. 365. Laying Out
G12E48 h_t“d [f”” 2560 Countershalt Cone Cradle Adjust- Work with Burface Plate,
Gld Cone Gear Shaft ing Serew V=Bloek. and Surface
616K16 Gear Box Come Gear—18 Teeth 25T Countershaft Cone Cradle Adjust- Lauge
BIEK1R Grar Box Cane Geir—12 Teeth ing Berew Nut
G15K20 Gear Box Cone Gear—20 Testh 2554 Hendstock
816K22 Gear Box Cone Gear—22 Teeth 2676 Headstock Cone Pulley Cover
615K23 Gear Box Cone Gear—28 Testh pLichd ! | Cone Pulley Cover Knob
816K24 Gear Box Cone Gear—24 Tecth 2AED Chrill Gear Gunnd
G1GK26 Gear Box Cone Goar—26 Teeth 255l Bull Genr Guard
G16K2E Gear Dox Cone Genr—328 Teoth Jugs Laend Serew Gear
18 Bmall Compound Genr 3257 Serew (Gear
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MORSE TAPEW
TASER PER FT p

DIMENSIONS FOR TOOLING SOUTH BEND LATHES
All dimensions are in inches
SPINDLE NOSE THREAD
=i " und 107 & 137 {1 g A A 14 8=.1* 187 &
Ll:ﬁn IIITH 1 Collet Collet [';%.'ﬂ[ut 16-24°
E 1148 2—8 1 ﬁ;—ﬂ 23¢—10 23e—1)
F jﬁri }f‘aﬁ I lﬂﬁl 134
] 1,500 2850 1854 2 &R
H 4% 13 13 13 134
SPINDLE TAFER, SPINDLE HOLE, SPINDLE LENGTH
8 z ) 10°-1* [ 107-1g" | 13"1" [141€"-1% 18" &
Lathe ¢ 10K | Collet | Collet | Collet | Cotlet | 16.24*
B Rkt Jias Hii’ﬂ 1.231 14620 1.620 1020
: 1 1 1
N "ﬁ': 2 2 ﬁ"' 4 .}:‘
J 1244 124 :zﬂb& 133 | 2144 | 24mg | 2dng
Note: Tailstock spindle tnper is saume g N abave,
TOOL POST OPENING
Bizp 9° nnd i o 0" &
Lathe 10k 10 13 1434 16-24°
1 g 1 w; 1 1%
h: l’-‘ﬁ' 'I-h-il 1 t.-ﬁ
N % 1 u,q |;5 18
COMPOUND REST TOP
Bizo 2" and - = 15°
Lathe 10K e 13 1434 163-124
(a4 114 1t | 11 Ll
G b | 1 e |
) b "41 1 T 1
K i [ LEFS Mg
¥ 214 278 34 ’ 4
T 135 18g TG 2% i
COMPOUND REST BASE
FI' A
Gthe | Nk | o | e [ e | MGE
8} 254 2% 1 4 4
p & Big 4 A ]
-‘.% 4 3;2 5 5 i
I 1 1 i 2 LT
1 20 G dag i Aty
60° SADDLE DOVETAIL
el Bt o T 130 | 1t | 160 | 18247
A b {2 1 T 5 B Bl Tkl
H 7055 aafz"b 1.1753 1."5@ 1.4253 L-ﬂ?-z
E 1. 5‘2-53 16082 21631 24756 2.7256 2.7256
L i H. 'i}? W [}
W a E%I 45 4 4 5’%‘ nf%‘
X 1045 11 16kg 188G 149 10
SWING OVER BED, SADDLE, COMPOUND REST
gt | e |0k | 100 | 130 | 134 | 160 | 10247
A B 10 10 13 I4 16 258
B [ 8 10 11 18
C 514 B3 514 1 8 g 14

127
INDEX
Bubject FPage Subject Page
Accuracy of & Berew Cutting Lathe.... 40 Decimal Equivalents .......ccomem T 115
Acme Serew Threads.....ooeis 83  Dial Test Imdieator.......mammmimmms b5, E&
Alignment of Centers.....cccimmmmn 48, 51 Die Castings, Machining.. e
Allowanee for Finish - 119  Die for Cutting Serew Threads. ..., B
Aluminum, Machining o {1 Dimenaions for Tooling Lathes... . arery 1206
Amoerlean National Serew Theend...T0, 71 Direct Cone Drive for Lathe E'l““'l'“f-' s 22
Annenling Steel and Brass......cowe. 113 Don'ts for Machiniats s 117
Applieation of Lathe Tools......cooeimmmins 34 Draw-in Collet Chuck Attachment.... &7
Apprentice TEMNINE oo 118 Drilling in the Lathe o, 85
Apron of the Lathe....ommmmeeadd, 24 Drilling Center Holes.......... 45, 46, 66
Armature Truing and Undercutting. 104, 105 Er!]i:mﬁth E‘?{““! Hole - Etl':
Attachments for the Lathe....occeee ' SR wRkg i AR S S b s sucyaly
& T 07 LIS S [t e U e St s e e R TS 65
............................ a7, bR, 62, El, 84, 52 to 108 Dl How to Sharaen -
Auto Service Shop Lathe Work..ain 108 Dol Stzes : pe “““““ e 121
Back-Genred Headstoek ...occoooveee 12, 22 .
Bearings for Headstock Epindle L i 13 Eccentric Machining 108
Dol OF T oo ki b 13  Emery Wheel Speeds 100
Belts i 31 te. 17, ll]' 26, 111
Balts,Lacing, $Riilng, it TET0 00110y prose, Hosmovir trom Lathac B
Face Plate Work...
Bonch Lathéd ... “ 4, 10 P Work Gant
Bits for Lathe Tool Holders.....27 to 35 Ffli:::i in U&E ﬂﬁaﬂ?: e
Boring in the Lathe. 33, 42, 66, 59, 64, 'IH. 02
Brass, Machining ... S, 06 ;}f&ﬁ“ﬁﬁuﬁﬂ;’;ﬁﬁ i?}:u:k -
anﬂﬁ' Hﬂ.ﬂ‘hi“lﬂg an — 3'} F]mﬂﬂi' Rﬂmw Drimr Sihiiia A E-q
Brown & Sharpe wlﬂ'm Thn‘.ﬂd ........ o BS gu”nwars RT*'LLHLL;L“.; _____ " _______________ . Iﬂla
rged  Stee 1 Lot 1 —— 45, 113
Calipers, Use of T ) 37 to 39 o : -
Capatity of the Lathe. oo, o 11 Four Fositlon Garrlage: Stog. o i
Carriage of Lathe......... " 14, 24 .
Carringe Stop - SN T o e e T
Case Hardening e U3 Geur Cutting in_the Lathe C a1
Center Drill Holder = ¥ R 11 Gonring Lothe for Sorew Threads_ 72, 114
Canter GRUEE. ...l nssniisnsvasansussansissnr G 9% Qenrs. Information on 110
Cenier Holes, Lwal‘.in: nnil Drilhnﬂ 43 to 06 Grinding Cutter Hits 2
Center Imdicntor . hd, HE Grinding In the Lathe 100
CEtnr  TOBEE il s yaes et sak ki bide i bbb 45 o Bz drilldil:u Wheel Speede_.__ — 10D
Centers, Algnment of. e 48, Bl Grinding Wheels, Truing 101
Centers, Mounting in Lathe Spindle..... 47 i
Centers, Removing from Lathe Spindle 47  Handlever Bed Turret_ ——— 1
Conters, TEEINE e erersoreese = .. B0 Handlever Double Tool Rest.—. .. —. . BB
R Handlever Dimw-ln Collet Chuek .. 53
Contering Work in Chuek . Gd, &6 Hand R for Wood T i a1
Centering Work on Face Plate s . BB H““d hHE D{.r """'E 1 “r{'.'jhnn"}:' TR
Change Gear Chart..., T . o Pl ”J“:I‘.'“ "'r"“l g ]fg
Change Gears, tlll:uilhl‘lﬂ' ....................... 114 H:aﬂ;?urnlf :fn [d“ﬁr:'f__’_m ;O 1z, o2
EL‘::E ];m Fitting to Chuek.....o - lfﬂ Hendstock Spindle Chuck.... - — b6
Chucks, Mounting on Lathe Spindle... &4 Hoiiht of Cutling edge of F?_’_‘f:_g%“ g0 3%
Ehur.!m.. Practich] Sieem i 7] High Speed Stesl Cutter Bits___ T T
Chucks, Removing from Lathe Spindle.. 55 History of the Lathe e
Coil Winding in the Lnthei...ocean 1 Horizontal Motor Drive for Bench
Collet Chuck and Collets b7, b8 3 15T T P =t = =10
Combination Center Delll and Euuntuh
TR o e s i s i o 45 %nﬂmmndéng Chuek |
T nd Undercatt ndieator, Center and Dial ——— 54, BB
Commutstor: Truing & . I:“u{” 1“? 105  Industrinl Apprentice Troining 118
Compound Gearing for Threads and Internationnl Serew Thrend Form 70
R MR A 72, 114 —= : d -
Compound Reat of Lathe......58, 60, 77, T8 Rerways, American Standard Stsex— 88
Coolants :mdh Coolant 'Euuu:m{!m. ..... 1#3 109 o
Copper, Machining Ae Lkl 1 ' o -
'Ef'hnlrui'mft TEstINE  eeermnrisssssssnsisnnnrasans 106 ﬂﬁrﬁﬁﬁﬁxﬂthﬂ Lathe x Elzl-'*
Crankshaft Truing ... sermnmseraes 106 Lathe Dog, Attaching 47, -ﬁ
Crozs Feod of Lathe, hutumatn: ........ 25, 4n Lathe Tools IR
Crotch Center ......ccoecemasmmsmmmsisssmessee A Laying Out Work. IE— |-
Cup Center .. {EEe aT Left Hond Thread e Sl ||
e B i e S 27 1o 35 Levaling the Lathe A6, 1B
Cutting Screw Tl‘lt‘EH-ﬂ‘l B to BG Loenting Center Holes . iy .

Cutting Speeds for Various Metals, 50, 08, 108

Longitudinal Peed, Automatic .-Er. 49, 114
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Subject Page
Machinahillty Ratings for Steela___ __ 0%
Mandrels e o §D. 102
Manufacturing, Turret Lathes for— . 94
Measurements, How to Take Accurnte. 37
Magnesium Alloy, Machining____ 36
Measuring Screw Threada 79
Matria Graduntions 549
Metric Lothes — B85
Metric Micrometer a9
Metric Screw Threads — = 84
Meteic Thread Dinl — 85
Mierometer Carriage Stop — 99
Micrometer Calipers — 30,
Micrometer Collar — 24,
Milling in the Lathe ______________
Monel Metal, Machining—___
Morse Standard TRpert— —e——
Motor Drives for Lathes _________§, B,
Motors, Hinte on Selecting Correct

Mounting Chuck on Lathe Spindle____
Mounting Lathe Center in Spindle____
Multiple Serew Threads

Names of Lathe Parta.____________ 91, 128
Non-ferrous Materiala, Machining a8
Notes on Belts and Pulleya_17, 19, 26, 111
Notes on E

Part Numbers of Lathe Parts_________ 123

Piston Finishing 105

Eiﬁh and Lead of Serew Thread .  T0
n Turnin 43

Plastics, Machining 36

Polishing in the Lathe —______ %3 109

B o s auiae Chep e

owaer

Precision Level

Press Fits

Produestion Attachments = 98

Fulleys. Caleulating Speed and Size_26, 111

k Cha Box
w-;dhdﬁﬂ Gear for Thrends ¥
Quick Change Gear Lathes 6. 26, T

101

Reaming in the Lathe €3
Refacing Automobile Valves 105
‘Chuck from Spindle 65

Reverse er on Headstock .. 22
Hﬂmh’ﬁfnw* Maximum Depth —___ 86
Rough ing 30
Running Fits 103

Behool Shops 118
Serew Pitch Gruge 79
Berew Threads, calculating change

o L R S o e TS & I |
Berew Threads, Fitting and Testing — 79
Sorew Thread Tables. T
Berew Thread Terms 70
Ay X ﬁ

‘ ; li-__-—

Semi-machined Chusk Plate, Fitting —_ 112
Setting Cutter Bit for Threads . . 78
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Satting the Lathe Tool — 28, 49
Setting Over Tailstock for Taper

Turning 61
Shifting Belta 19
Biwp EInks 115
Shoulders, Measuring and Machining —.. 52
Siza and Capneity of Lathe 11
Specinl Closses of Work 87, 125
Spindle Speeds of Lathes — 23, 50
Spring Winding in the Lathe a1
Spur Center
Square Screw Thrends
Square Turret Tool Block
Stainless Steel, Machining —
Standard Change Gear Lathe 5, 25,
Standard Screw Thread Tables

¥ Rest
Step Chuek and Closer
Stellite Cutter Bits
Straightening Bent Shafts
Surface Plate

Talilstock Adjustment
Tallstock, Handlever Type
Tailstock of Lathe
Tailstock Set-over for Tapers,

Calenlating
Tap Drill Sizes
Taper Attachment
Taper Gauges
Taper Turning and Boring
Tapered Screw Threads —
Tapers, Standard Dimensions of
Tapping in the Lathe
Tempering and Hardening
Ten-in-One Tool Holder 27,
Test for Alignment of Lathe Centers 48,
Test for Taper Fit
Testing Bent Shafts —
Testing ]}T‘n?.mt;.nﬂui Chuck Work :Jli:.
Testing the cournoy ——1h,
Theead Gutting Stop

ng

Thread Cutting Tool — 82,
Thread Dial bt s L
Thread Tool Gauge
Threads, Terms Relating to
ol D Tk e

e feel 27 to 34
Tool Holders for Lathes 27, 68
Toolmaker's Buitons 41
Toolroom Lathes —_  _  #

ng Gears for Metrie Serew >

Tungsten Carbide Cutter Bi

Tu:mingnﬂiﬂ:-m G-nta:u = 32
Turret for Lathe Bed — 85
Turret Lathes for Manufacturing — 94

Undercutting Armat Commutators. 106
gnﬂmﬂ"' Hﬂﬁ-ﬁ?{m for Ir:lath.h..._ 9
Universal Choek —— 56
U. 8. Standard Screw Thread 70

Valve Ha in the Lathe
VBlook s - 15

Whitworth Serew Thread
Wood, Machining

Wood Turning on Lathe
Worm 29°
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