UNIT 1

THE ENGINE LATHE

The engine lathe is a power-driven machine tool used to
turn and cut metal. It is one of the most useful and versatile ma-
chine tools in the workshop.

A lathe can perform many different operations. A few®
of the more common operations are facing, straight turning,
taper turning, parting, necking, knurling, thread cutting, and
forming. ,
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piece over the ways, but not over the carriage cross-feed slide.
Sometimes two numbers are used to indicate swing, such as
17-12. The 17-in. swing would be® over the bed and the 12-in.
swing over the cross slide.®

The length of the bed includes the part the headstock rests
on,® It determines also the distance between centers. A typi-
cal size might be® a 3-foot bed with a distance of 23in. between
centers.® Lathe beds are offered in many different lengths®
for each available swing size.®

A lathe should have a swing capacity and distance between
centers that is at least 10 percent greater than needed to do any
Job® that may be required. Standard lathes come in a variety
of designs and styles® and may have a swing ranging from
about 9 to® 53 in. They are generally classified as@ small, me-
dium swing, and heavy duty (Fig. 2).
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Bed
The bed is the base or foundation of the lathe.It is a heavy,
rigid casting made in one piece.® It is the “backbone” of the
lathe and holds or supports all the other parts. Located on the
top of the bed are the ways.®@ More expensive lathes have a com-
bination of V ways and flat ways. Less expensive lathes have
flat ways only, Construction of ways varies according to®
make.@ Some builders use ways made of hardened steel® that
Lcan be replaced if necessary. Others® wuse flame-hardened
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ways that are an integral part of the bed section. _

The accuracy of the ways determines the performance that
can be expected from a lathe.® Ways must be true and accur-
ate so that® the headstock, tailstock, and carriage are always
in true alignment.

Located directly under the front ways on the bed is a,racki.@
A pinion gear meshes into the rack for moving the carriage®
when the hand-wheel is turned.

Headstock Assembly

The headstock assembly is permanently fastened to the left end
of the lathe. It contains the headstock spindle,which is rotated
by gears or by a combination of gears and pulleys. The spindle

holds the attachments which, in turn,® hold and turn the work- .

piece. Spindles come in® several quality ratings and are sup-
ported in headstocks by three to five bearings. Since®@ the ac-
curacy of the work done_on a lathe® depends on the axis of ro-
tation of the spindle holding the workpiece,® the spindle and
all its accessories must be built and assembled with the gréat-
est possible care.®

A hole extends through the spindle itself.@ The front
end of this hole is tapered for holding tools having a tapered
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shank®. A taper sleeve (a hollow-round part) fits into® the
taper spindle hole, when holding a headstock, or live center®.
The headstock center is called a live center because it turns with®@
the work. The center is a tapered metal part with a pointed
end. It is used to® support the end of a workpiece as it is
being turned.® All lathe center points have a 60-degree (°)
included angle.®

Three common types of si)indle noses are used to hold at-
tachments on the spindle.

1. The threaded spindle nose has been used on lathes long-
er than® any of the other types. Attachments to be mounted®
are screwed onto@® the spindle until they fit firmly against®
the spindle flange. The major disadvantage of the threaded
spindle nose is that turning cannot be done inthe reverse po-
sition@ (with the spindle turning clockwise).® This is because
certain attachments, a chuck for example, would come 109*@'

2. The cam lock spindle nose has a very short taper which

fits into a tapered recess in the back of a faceplate or chuck.
- -
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A series of cam lock studs projects from the back of the face-
plate or chuck. These cam lock studs fit into the holes in the
spindle nose. They are locked into pbsition@ by turning a se-
ries of cams.® ,

3. The long (steep) taper key drive spindle nose has a long
taper with a key attached® and an internal threaded collar.®
The faceplate or chuck must have an equal taper and keyway
plus an external thread. This positive lock-type of spindle is
most popular on medium-size lathes. It permits cutting with
the spindle turning in either direction®.

Power for driving the spindle® is provided by an electric
motor. There are four common ways of transmitting the
power from the electric motor to the spindle. These include:

1. Flat belt drive. On most belt-driven lathes, direct drive
power is delivered through belts to a step pulley attached
to the spindle.@ The spindle speed is changed by moving the
belt to different positions on the step pulley.® To obtain slow-
¢r speeds and more power, back gears are used (Fig. 3).

To understand how the back gears operate,® study Fig.
3. Notice that gear F is fastened securely to the spindle. This
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by turning a series of cams: Fi#z)—H MR MGk, by: B..Hk, DA
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with the spindle ... direction: Rt THIBEMTRREE, £ “with + &ld
+ BRELA” M, AWK, turnin ... direction: #... %5 4%, either:
PR R EF—4, ® for driving the spindle: (F)IEzh3:Hhm, B
power, (D attached to the spindle: L3715 Liy, T x4 REIEHRSE
step pulley, by moving ...step pulley: A EEHBHBERHFR
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Fig. 3 A flat belt-driven lathe. The use of the back

gears reduces the speed and increases the power.
gear is often called a bull gear. The small end of the step pul-
ley has a small gear attached to itD called the pinion gear.®
This gear (E) always turns when the pulley turns. The step pul-
ley and pinion gear are connected with the bull gear by a slid-
ing pin called the bull-gear lock-pin. At the back of the head-
stock are two gears mounted on the same shaft. They are spaced
to line up or mesh with the bull gear (F) and pinion gear
(E). These are called back gears. To engage the back gears,
the pin in the bull gear is pulled out® (when the pin is out,®
the pulley and pinion gear will turn, but the spindle will not
turn). Pull the back-gear handle forward to mesh the back

@ has a small gear attached toit: & —A /M, & “have +
437 it Fy il 4y, X B attached to it H—FH M a small gear M
M. it ke small end. @ called the pinion gear: Ei%E, %8 a small
gear. @ the pin in the bull gear is pulled out = pull out the pin in the
bull gear. WIEFHE X &P MBI NEHUTERR-HREEOGSK,
THAEDAEERAMSR, @ when the pin is out: 28+ () K HIM,



gears with bull gear F and pinion gear E. Do this® by turn-
ing the step pulley by hand—never while the power is on.® When
engaged,® power is delivered directly to the bull gear (F)
and spindle by the back gears.

At the left end of the headstock assembly is a feed reverse
lever. 1t is used for reversing- the direction or movement of
the lead screw. This lever can be moved to three positions.
When it is in the upper position with the automatic feed
engaged, the carriage will move toward the headstock (to the
left) and the cross-feed will mové in. When in the center po-
sition,® the gears are out of mesh® and the lead screw will not
move. When in the lower position with the automatic feed
engaged, the carriage will move toward the tailstock (to the
right) and the cross-feed will move out.

2. V-belt drive. A V-shaped groove is cut around the
circumference of each pulley, and a V belt fits accurately into
this groove. The V belt does nof touch the bottom of the pul-
ley. This type of drive has a back gear arrangement similar
to that used on flat belt machines®.

3. Variable-speed drive, In this arrangement it is pos-
sible to change the speed® between the driver and driven pul-

@® Do this: #ix4A. ¥ LFEbay pull the back gear handle for-
ward, @ never while the power is on = never do this while ...: B
ELEE X Bk, the power is on: B #E, ® When engaged: &
wiaht “when + dxAA: fEah{Er RRIE, @ When in the
center position: “when + WRIAGIE" 4P K RRIE, ® out of
mesh: (%) B I Tk YINE. similar to ... machines: BT
FREHEEEHHAUHTERE, RHAINEIENRY arrangement. similar
to ...: F1...2{l, that: /8% back gear arrangement. used on ...: B
that. @ itis possible ... speed: WELB AL, it REALER, REE
¥ER to change the speed.
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leys without stopping the lathe®. In fact, the speed must be
changed only when the machine is running.® The driving pul-
ley of a variable-speed drive is made with® two parts having
V-shaped sides.® One side of the pulley may be opened or
spread apart from® the other side. As® it spreads apart, the
belt moves inward toward the smaller diameter,® producing
a slower speed® on the driven pulley. As the sides of the pul-
ley are brought together, the belt is forced outward toward the
large diameter®which®@ increases the speed of the driven pulley.
The speed change may be done either manually or hydrauli-
cally. On the hydraulic type, a control dial located on the top
of the headstock accurately activates the hydraulic system,
Do not turn the control dial unlessi) the motor is running.
Speeds are from 300 to 1,600 revolutions per minute (rpm) in
direct drive. Fori2 slower speeds, the lathe must be stopped
and the back gear knob moved.®? This will provide slower
speeds of 43 to 230 rpm.

4. Geared head. This headstock contains gears and
changing mechanisms for obtaining many different spindle
speeds. The speed index plate attached to the headstock@@ will

@ without stopping the lathe: 7ER{ZA MR T A E2E, without:
s A Adh; K, @the speed ... is running: WHTEERT BT A
RESk B 45, @ is made with ...: H.. ¥, @ having V-shaped
sides: BEA I IEULPE parts. ® spread apart from ...: % .. 4
=, ® as: 24...5, () moves inward toward the smaller diame-
ter: IR MAERZ (ABE/N, ® producing a slower speed: B{E
Srimis , R R, ® is forced outward toward the larze diameter:
Bk E g (ERER), @ which: fLEpiHE the belt is ...
diameter {7PN%, ) unless: Biik; AT, (y For: T3k ...,
@ the back gear knob moved: moved 45 stopped J#|, moved NiE M
must be. (1) attached to the headstock: 3 yER L4 11, W plate.
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help the operator select the required speed. Two or three
levers or knobs must be moved to adjust the speed.

Tailstock Assembly

The tailstock can be moved along the bed ways and clamped

CENTER HAND_ in position@ (Fig.
' SWHEEL 4}, It consists of

‘ two castings or

main parts. The

lower part rests

5 s B
e a2

YT Sk 4 ux
ToP—"] Tl O%——— ADJUSTING directly on® the_
""""""""" ) SCREWS ways, and the

BOTTOM it ia—CLAMP upper part rests on
- the lower part.

Fig. 4 A cutaway showing construction Adjusting  screws
of the tailstock. hold the parts

together.® The upper casting can be moved toward or away
from® the operator to offset the tailstock for taper turning
and to realign the tailstock center for straight turning. The
tailstock spindle or ram moves in and out of the upper casting
when the failstock handwheel is turned. This spindle has a ta-
_per hole into which the dead center or other tools such as
drills and reamers fit.® Only tools having the same taper as
the tailstock spindle® should be placed in-the spindle hole.

@ (be) clamped in position: () FEEmbfr; (M) IRERHEE B B
ERAMEE L, @ rest(s) on ...; BfE... | Tk E WMEE.E,
@ hold ... together: .. . EEE—#&, @ away from ...: B¥F..; %
FF... B, @ into which ... fit: ‘ZiE Q47,9 hole. which X ZER
id, {8 & hole. ZiEfI4d, into which [F] fit 4 XFK, fit into: FHA; A
... B4, ® having...the tailstock spindle: B S5REEEHFL—BH., B
E5y iR IEN tools. thesame ... as (...): 5.0 —EB....
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To remove tools from the spindle, it is only necessary to
back up on the handwheel® until the spindle end is nearly
inside the casting. The end of the screw that moves the
spindle:? loosens the taper shank so® it can be removed.

Care must be taken to® avoid using a taper which does
not fit properly. When this happens, it is not possible to use
the handwheel screw to remove the taper. Such a taper may
be removed without damaging the tailstock spindle® using
either of two methods:®

1. Run the tailstock spindle or ram oui a short distance.®
Open the chuck jaws on the three-jaw chuck. Slide the tailstock
forward until the stuck taper can be clamped in the chuck jaws.
Tighten the tailstock clamp, and back up™® the handwheel to
remove the part from the spindle.

2. Fasten a lathe dog® on the end of the part that is stuck
in the spindle.  Use a mallet to tap the dog and remove the part.

Care must be used when backing up® the tailstock hand-
wheel. If backed to the end of the screw@® with any great
force,@ it will jam. This strains, or may even damage, the
threads inside®. Also, when the screw is jammed, it is usually

(@ itis only...the handwheel: REH T RE, t AR LEE HEE
15 E to back up ({EH4E), (@ that moves the spindle: %ZiZ g4, #47 screw.
@ so: Brid, @ Care must be taken to (- #) 18 E %) =take care to(+
FER): S50, @ without damaging the tailstock spindle: ffj
R (EO MM ARER, without: () FH(BIE), ® using either of
two methods: ERHEF T2 —, L IEEKR i, cither of ...0 (W
) E—14, () Run ...out a short distance:{E35)...[w MM —E 3,
run... out: {#...fiH; pE.. Hik, @®back up: @ MER, ®@lathe
dog: XB.0¥Ek; LK REE, @ when backing up ...: ZH:EE.. B,
“when + HL7E40377: FERHRIAR 1B, (1 If backed to the end of the screw
= If it is backed.... back to: 4Zn[F|, @ mH, (2 with any great force:
FRRR A, (1 inside: HREMYy, ViSH AT TE Ay threads.
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impossible to move the handwheel forward® by hand. When
this happens, good judgment on your part® prevents further
damage. Place a large monkey wrench® on the rim of the
handwheel, and move it forward. Never attempt to hammer
on the handle of the handwheel to free it.® '

The dead center or tailstock center is a hardened taper part
that fits the spindle hole. The outer end has a 60° point.®
This supports the end of the workpigce when turning between
centers, or when turning long work that extends from a chuck.
It is called a dead center because it does not revolve.

A revolving dead center, sometimes called a live dead cen-
ter, is also available.® This type of center has ball or tapered

CARRIAGE roller  bearings®
that permit the-cen- -
TooL POST TOOL—POST SLIDE P )
HANDWHEEL ter to rotate with®
= the workpiece. No
CROSS FEED I ot ;
HANDWHEEL S\ 5 LOCK lubrication is re-
CLUTCH quired between the
N N kel [KTHREADING
K QUTHAE PP R DiAL center and the
\ workpiece. \/
CARRIAGE”" 4 -
HANDWHEEL > powgn LEVER L-.CLUTCH
FEED LEVER f .
Carriage
Fig. 5 Carriages. ‘The carriage (Fig.5)

controls and supports the cutting tool. It has five major parts:

@ to move the handwheel forward: W #fiEzIF#. © onyourpart: 7
BB PR MEMAY, LY judgement. ® monkey wrench: {5 (31 4R
¥, @ to free it: BRI, G point: P23k; ¥, ® available:
AN TRAR; FHM W EERM. @ ball ... bearings = ball
bearings (if#k&hik) or tapered roller bearings (HEEEHIR),
with: BE%...; R...—&,
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1. The saddle is an H-shaped casting that fits over® the
bed and slides along the ways. The carriage lock screw in the
saddle locks@ the carriage to the bed for facing and cutofl op-
erations.

Caution
Be sure to® release the lock before moving the
carriage.

2. The apron is fastened to the saddle and hangs over
the front of the bed. It contains the gears, clutches, and levers
for operating the carriage by hand and power feeds. The
apron handwheel can be turned to move the carriage longitu-
dinally (back and forth) by hand. 1t is attached to a pinion
gear that meshes with the rack under the front of the bed. The
apron also contains friction clutches for the automatic feeds
and a splitnur. The splitnut can be closed over® the lead
screw threads and is used only when cutting screw threads.

3. The cross slide is mounted on the saddle. The cross-
piece of the saddle is machined with® a dovetail way or bearing.
The dovetail is exactly at a right angle to® the center line of
the lathe itself. The cross slide also has a dovetail that fits
over the saddle dovetail. The cross-slide handle is turned to .
move the slide transversely (in or out from the operator).

4. The compound rest is mounted on top of the cross slide.
It can be turned in a 360° circle and clamped in any position.

@ fit(s) over: E.. . 5pH: (EE...L) 5. .84, @ locks: &
#hiF, B —4 lock B 4&id, lock screw: Hf%¥4T. ® be sure to {+
HIAFH): — B0 F2 0. @ be closed over: f£... LA,
is machined with: ¥ MW TS ... is... at aright angle to ...: [a...5%
. EEH,
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The bottom of the compound slide is graduated in degrees for
a distance of half a circle,® or 180°. This part, too, has a dove-
tail slide that permits the upper part to be moved® by means
of® a precision screw.- Both the cross slide and the com-
pound-rest screws are equipped with®@ micrometer collars (grad-
uated dials) divided into thousandths of an inch. These are
used in making accurate adjustments when turning work-
pieces to close measurements® and when cutting screw threads.

5. The tool post with ring collar and rocker slides ina T
slot on top of the compound rest. The tool post clamps and
holds the toolholder securely in position.®

Feeding and Threading Mechanism

The feeding and threading mechanism consists of a quick-
change gearbox, a lead screw,® a feed rod,® and the gears and
clutches in the apron. The quick-change gearbox is located di-
rectly below the headstock assembly. Power from the left end
of the spindle is transmitted through gears to the quick-change
gearbox. This gearbox contains a number of @ different-sized
gears, which® provides a means to change (1) the rate of feed
and (2) the ratio between revolutions of the headstock spindle
and the movement of the carriage for thread cutting.

@ for a distance of half a circle: 3 for a distance of: —Bt (JEH,
B, @R, REEBEZN, @ permit(s) ... to be moved: R¥FH E
B, permit ... to (...): L¥F... (), to be moved & to move ¥z
BR. ® by means of: f; @i, @ (are) equipped with: ¥,
REH, ® to close measurements: BT R, ® hold(s) ... in po-
sition: ... E Rt 8. R RAEPEHEE L, @ lead screw:Z 4L,
feed rod: & B a number of: —%; ET; ¥H, ®
which: @i This gearbox ... gears —HHAZE,
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Usually two or three levers must be moved to obtain the
correct feed or the correct number of threads per inch. An
index chart or plate is attached to the front of the gearbox and
indicates the position of the levers for obtaining the desired
feed or threads per inch. The Jead screw and feed rod trans-
mit the power to the carriage for operating the automatic feed
and for thrcad cutting. On smaller lathes, one feed rod is
used, but on larger lathes, there are two separate rods.

You can get power feed of the carriage for either longi-
tudinal movement or cross-feed movement. The direction
of longitudinal feed is controlled by the position of the reverse
lever on the headstock. Power feed is obtained in various
ways® using different control levers.®

1. On older machines, the feed-change lever on the apron
is moved to the up position for longitudinal feed (down on some
lathes). Then the automatic feed knob is turned to the right
to start the carriage moving.®

To operate the cross-feed automatic, move the feed-change
gear to the down position. Turn the same automatic feed
knob to the right. The direction of cross-feed (in or out) de-
pends upon the position of the reverse lever on the headstock.

2. A sccond type of lathe has a feed-selector lever that
is moved up for longitudinal feed and down for cross-feed.
Then a clutch is moved to operate the power feed.

3. A third type has a power longitudinal feed lever or
clutch and a separate cross-feed lever or clutch.

4. Manufacturers of large lathes use other types of

@ in various ways: LIARI AR, @ using ... levers: 4risifHiE
ERE, BRER, ® to start the carriage moving: i k¥R IFERE
#Ho AEREBETEW, start + £iE 4+ BES W E.CHFHE 0D,
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controls. All lathes have a reverse lever for the lead screw
and/or feed rod® located near the headstock spindle.®@

For thread cutting, the feed-change lever on the apron
is placed in the center or neutral position (or the power-feed le-
vers and clutches are released). Only in this position will® the
halfnur (splitnut) operate. This is a nut split lengthwise® that
. closes over® the Acme threads of the lead screw when the half-
nut lever on the apron is moved. Closing the halfnut causes
the carriage to move a fixed distance® for each revolution of
the spindle.® The direction it moves® (right or left) depends
upon the position of the feed-reverse lever on the headstock.
To cut a right-hand thread, the carriage must move from right
to left, or toward the headstock. To cut a left-hand thread,
the carriage must move from left to right, or toward the tail-
stock. The splitnut is used only for thread cutting and never
for any other operation. :

Work-holding Attachments for the Lathe

The range and variety of work that can be done on a lathe
are greatly increased th-rc‘)ugh the use of various work-holding
attachments. Some of the common attachments are three-

© Alllathes ... feedrod: FIHMERBAILZEN/ 2T EERATH
FHERTES (B SN/ esREHRAFER, ® located near the
headstock spindle: £ ¥ bk % L MKHE, B8 reverse lever. ® Only in
this position will: L1-Only F k47, Bimi8igvh will, can &ialR B 1IE
ZHt, 4aEER will operate. @ split lengthwise: YA 2EFRY: ¥
bk, s iiEiE, IR ot ® close(s) over: ... EH4A,
® causes ... distance: fEREHBH—EMER. cause (+ £iA + HiA
B ..., @ for each revolution of the spindle: 3: 8 %5 —ER.
for each revolution of ...: ... &8 —ER, it moves: EEB M., X
B0 direction. it fU% carriage. ‘
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jaw universal chuck, four-jaw independent chuck, collet chuck,
faceplates, follower rest, and steady rest. Most of these work-
holding tools are described in later units. ‘

For turning work between centers, a reducing sleeve and
live center are inserted in the headstock spindle. A drive plate
is mounted on the threaded nose of the spindle. It has
slots into which the tail of a lathe dog fits® and is used for
driving the lathe dog which is attached to the workpiece. A work-
piece can also be clamped or bolted to a faceplate. A face-
plate is much larger in diameter than a drive plate and has
more slots,

Lathe dogs are considered® accessories rather than® work-
holding tools. They are clamped on workpieces to drive them®
when turning between centers. There are three common types.
The bent-tail standard-type has an exposed setscrew. The bent-
tail safety-type has a headless setscrew to prevent catching in
the sleeve or otherwise® injuring® the operator. The clamp-
type lathe dog is used on rectangular or square-shaped work.
It may be used on round work when the driving force required
is not too great. These lathe dogs are available in sizes@ that
range from } to 8 in. You should always select the smallest size
that will fit over® your work. Large, heavy dogs cause the lathe
to vibrate and will eventually damage the spindle bearings.
Avoid using a dog with an exposed setscrew. There is always

@© into which ... fits: %2iE §l4U3L 8] slots. which f{#& slots. fit into: #§
AsBA; F..RE, (® are considered: R FH i WAL, ®
rather than: i %, @ to drive them: HHrzh T REHTH, Fxr
Biy, © otherwise: A=A, #liA, ULMJ/G1E injuring, (@ injuring:
E#im catching 3%, 8 toprevent Ekfy, @ areavailable in sizes (... )%
LLCLORSHER R8s .. RS EH (LD, ® fit over ...: FEH... b; T
E.OME (... HBEA).
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