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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,



12

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




18

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



40

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



24

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
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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
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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
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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



