INSTRUCTIONS TO LEARN HOW TO USE A LATHE

This information was originally compiled by the US Army.

The lathe is a machine tool used principally for shaping pieces of metal (and sometimes otbed materials) by
causing the work piece to be held and rotated by the lathe while a tool bit is advanced into the work causing the
cutting action. The basic lathe that was designed to cut cylindrical metal stock has been developed further to pr
screw threads, tapered work, drilled holes, knurled surfaces, and crankshafts. Modern lathes offer a variety of
rotating speeds and a means to manually and automatically move the cutting tool into the work piece. Machinis
and maintenance shop personnektrae thoroughly familiar with the lathe and its operations to accomplish the
repair and fabrication of needed parts.

TYPES OF LATHES

Lathes can be divided into three types for easy identification: engine lathe, turret lathe, and special purpose latt
Some smaller ones are bench mounted and-gertable. The larger lathes are floor mounted and may require
special transportation if they must be moved. Field and maintenance shops generally use a lathe that can be a
to many operations and that istiioo large to be moved from one work site to another. The engine lathe (Figjure -
is ideally suited for this purpose. A trained operator can accomplish more machining jobs with the engine lathe
with any other machine tool. Turret lathes and spgtigbose lathes are usually used in production or job shops fol
mass production or specialized parts, while basic engine lathes are usually used for any type of lathe work. Fur
reference to lathes in this chapter will be about the various engine lathes
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Figure 7-1. Engine lathe.

ENGINE LATHES
Sizes
The size of an engine lathe is determined by the largest piece of stock that can be machined. Before machining
work piece, the following measurements must be considered: the diameter of the work that will swing over the |

andthe length between lathe centers (FiguB.7

Categories



Slight differences in the various engine lathes make it easy to group them into three categories: lightweight ben
engine lathes, precision tool room lathes, and gap lathes, which are alsodgextansioitype lathes. These lathe
categories are shown in Figur€ Different manufacturers may use different lathe categories.

Figare 7-2. Lathe categores.

Lightweight

Lightweight bench engine lathes are generally small lathes with a swing of 10 inches or less, mountechtora be
table top. These lathes can accomplish most machining jobs, but may be limited due to the size of the material
can be turned.

Precision

Precision tool room lathes are also known as standard manufacturing lathes and are used for alldatimes oper
such as turning, boring, drilling, reaming, producing screw threads, taper turning, knurling, and radius forming, :
can be adapted for special milling operations with the appropriate fixture. This type of lathe can handle work pie
up to 25 inbes in diameter and up to 200 inches long. However, the general size is abautlasMaing with 36 to

48 inches between centers. Many tool room lathes are used for special tool and die production due to the high
accuracy of the machine.

GAP OR EXTENSION-TYPE LATHES

Gap or extensioctype lathes are similar to tool room lathes except that gap lathes can be adjusted to machine g
diameter and longer work pieces The operator can increase the swing by moving the bed a distance from the
headstock, whicls usually one or two feet. By sliding the bed away from the headstock, the gap lathe can be us
to turn very long work pieces between centers.

LATHE COMPONENTS



Engine lathes all have the same general functional parts; even though the specific todtape of a certain part
may differ from one manufacturer The bed is the foundation of the working parts of the lathe to another {Figure
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Figure 7-3. Lathe components.

The main feature of its construction are the ways which are formed on its upper surface and run tigehfoll flee
bed.

Ways provide the means for holding the tailstock and carriage, which slide along the ways, in alignment with th
permanently attached headstock

The headstock is located on the operator's left end of the lathe bed. It contains the mi@rasgioil reservoir and
the gearing mechanism for obtaining various spindle speeds and for transmitting power to the feeding and thre:
mechanism. The headstock mechanism is driven by an electric motor connected either to a belt or pulley syste
to a geared system. The main spindle is mounted on bearings in the headstock and is hardened and specially ¢
to fit different lathe holding devices. The spindle has a hole through its entire length to accommodate long work
pieces. The hole in the nosktle spindle usually has a standard Morse taper which varies with the size of the lat
Centers, collets, drill chucks, tapered shank drills and reamers may be inserted into the spindle. Chucks, drive
and faceplates may be screwed onto the spiodtlamped onto the spindle nose.

The tailstock is located on the opposite end of the lathe from the headstock. It supports one end of the work wh
machining between centers, supports long pieces held in the chuck, and holds various forms ofasftsugioas
drills, reamers, and taps. The tailstock is mounted on the ways and is designed to be clamped at any point alor
ways. It has a sliding spindle that is operated by a hand wheel and clamped in position by means of a spindle c
The taildock may be adjusted laterally (toward or away from the operator) by adjusting screws. It should be
unclamped from the ways before any lateral adjustments are made, as this will allow the tailstock to be moved
and prevent damage to the lateral aninent screws.

The carriage includes the apron, saddle, compound rest, cross slide, tool post, and the cutting tool. It sits acros
lathe ways and in front of the lathe bed. The function of the carriage is to carry and move the cutting tool. It can
moved by hand or by power and can be clamped into position with a locking nut. The saddle carries the cross <
and the compound rest. The cross slide is mounted on the dovetail ways on the top of the saddle and is moved
and forth at 90to the axiof the lathe by the cross slide lead screw. The lead screw can be hand or power activas



A feed reversing lever, located on the carriage or headstock, can be used to cause the carriage and the cross ¢
reverse the direction of travel. The compouest is mounted on the cross slide and can be swiveled and clamped
any angle in a horizontal plane. The compound rest is used extensively in cutting steep tapers and angles for Iz
centers. The cutting tool and tool holder are secured in the tadaivpadh is mounted directly to the compound rest.
The apron contains the gears and feed clutches which transmit motion from the feed rod or lead screw to the c:
and cross slide.

CARE AND MAINTENANCE OF LATHES

Lathes are highly accurate machine sodésigned to operate around the clock if properly operated and maintainec
Lathes must be lubricated and checked for adjustment before operation. Improper lubrication or loose nuts and
can cause excessive wear and dangerous operating conditions.

The lathe ways are precision ground surfaces and must not be used as tables for other tools and should be key
of grit and dirt. The lead screw and gears should be checked frequently for any metal chips that could be lodge
the gearing mechanismshé€xrk each lathe prior to operation for any missing parts or broken shear pins. Refer to
operator's instructions before attempting to lift any lathe. Newly installed lathes or lathes that are transported in
mobile vehicles should be properly leveleddsefany operation to prevent vibration and wobble. Any lathes that at
transported out of a normal shop environment should be protected from dust, excessive heat, and very cold
conditions. Change the lubricant frequently if working in dusty conditiortsotimnvorking areas, use care to avoid
overheating the motor or damaging any seals. Operate the lathe at slower speeds than normal when working ir
environments.

SAFETY

All lathe operators must be constantly aware of the safety hazards that araedsathausing the lathe and must
know all safety precautions to avoid accidents and injuries. Carelessness and ignorance are two great menace
personal safety. Other hazards can be mechanically related to working with the lathe, such as proper machine
maintenance and setup. Some important safety precautions to follow when using lathes are:

Correct dress is important, remove rings and watches, roll sleeves above elbows.

Always stop the lathe before making adjustments.

Do not change spindle speeds Litte lathe comes to a complete stop.

Handle sharp cutters, centers, and drills with care.

Remove chuck keys and wrenches before operating

Always wear protective eye protection.

Handle heavy chucks with care and protect the lathe ways with a blocodfwhen installing a chuck.
Know where the emergency stop is before operating the lathe.

Use pliers or a brush to remove chips and swarf, never your hands.

Never lean on the lathe.

Never lay tools directly on the lathe ways. If a separate table s/adable, use a wide board with a cleat
on each side to lay on the ways.

Keep tools overhang as short as possible.

Never attempt to measure work while it is turning.

Never file lathe work unless the file has a handle.

File lefthanded if possible.

Protect the lathe ways when grinding or filing.

Use two hands when sanding the work piece. Do not wrap sand paper or emery cloth around the work p
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TOOLS AND EQUIPMENT



GENERAL PURPOSE CUTTING TOOLS

The lathe cutting tool or tool bit must be madéhaf correct material and ground to the correct angles to machine ¢
work piece efficiently. The most common tool bit is the genergdwabose bit made of higbpeed steel. These tool
bits are generally inexpensive, easy to grind on a bench or pedestigrgtake lots of abuse and wear, and are
strong enough for athround repair and fabrication. Higipeed steel tool bits can handle the high heat that is
generated during cutting and are not changed after cooling. These tool bits are used for tammgdpoiang and

other lathe operations. Tool bits made from special materials such as carbides, ceramics, diamonds, cast alloy:
able to machine work pieces at very high speeds but are brittle and expensive for normal lathe wspeddigh
steel toobits are available in many shapes and sizes to accommodate any lathe operation.

SINGLE POINT TOOL BITS

Single point tool bits can be one end of a ksgleed steel tool bit or one edge of a carbide or ceramic cutting tool ¢
insert. Basically, a single pdicutter bit is a tool that has only one cutting action proceeding at a time. A machinis
or machine operator should know the various terms applied to the single point tool bit to properly identify and g
different tool bits (Figure-A).

1 The shank ishe main body of the tool bit.

1 The nose is the part of the tool bit which is shaped to a point and forms the corner between the side cutt
edge and the end cutting edge. The nose radius is the rounded end of the tool bit.

1 The face is the top surfacetbe tool bit upon which the chips slide as they separate from the work piece.

The side or flank of the tool bit is the surface just below and adjacent to the cutting edge.

T The cutting edge is the part of the tool bit that actually cuts into the warg, paeated behind the nose and
adjacent to the side and face.

1 The base is the bottom surface of the tool bit, which usually is ground flat during tool bit manufacturing.

1 The end of the tool bit is the neagrtical surface which, with the side of the, borms the profile of the bit.
The end is the trailing surface of the tool bit when cutting.

1 The heel is the portion of the tool bit base immediately below and supporting the face.
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Angles of Tool Bits

The successful operation of the lathe and théitgua work that may be achieved depend largely on the angles tha
form the cutting edge of the tool bit (Figurely. Most tools are hand ground to the desired shape on a bench or
pedestal grinder. The cutting tool geometry for the rake and relief angkdse properly ground, but the overall



shape of the tool bit is determined by the preference of the machinist or machine operator. Lathe tool bit shape
be pointed, rounded, squared off, or irregular in shape and still cut quite well as lon¢pas ltiteangles are

properly ground for the type of material being machined. The angles are the side and back rake angles, the sid
end cutting edge angles, and the side and end relief angles. Other angles to be considered are the radius on th
the tool bit and the angle of the tool holder. After knowing how the angles affect the cutting action, some
recommended cutting tool shapes can be considered.

Rake angle pertains to the top surface of the tool bit. There are two types of rake angids,ahd back rake

angles (Figure-4). The rake angle can be positive, negative, or have no rake angle at all. The tool holder can h:
an angle, known as the tool holder angle, which averages alfoaepending on the model of tool holder selected.
The tool holder angle combines with the back rake angle to provide clearance for the heel of the tool bit from th
work piece and to facilitate chip removal. The side rake angle is measured back fromtinlyeedge and can be a
positive rake angle or have no rake at all.

Rake angles cannot be too great or the cutting edge will lose strength to support the cutting action. The side ral
angle determines the type and size of chip produced during the adtiog and the direction that the chip travels
when leaving the cutting tool. Chip breakers can be included in the side rake angle to ensure that the chips bre
and do not become a safety hazard.

Side and relief angles, or clearance angles, arenjlesaformed behind and beneath the cutting edge that provide
clearance or relief to the cutting action of the tool. There are two types of relief angles, side relief and end relief
Side relief is the angle ground into the tool bit, under the side altitiag edge, to provide clearance in the
direction of tool bit travel. End relief is the angle ground into the tool bit to provide front clearance to keep the tc
bit heel from rubbing. The end relief angle is supplemented by the tool holder anglekasdum#he effective

relief angle for the end of the tool bit.

Side and cutting edge angles are the angles formed by the cutting edge with the end of the tool bit (the end cut
edge angle), or with the side of the tool bit (the side cutting edge anbkegnd cutting edge angle permits the nose
of the tool bit to make contact with the work and aids in feeding the tool bit into the work. The side cutting edge
angle reduces the pressure on the tool bit as it begins to cut. The side rake angle dadehef single combine to
form the wedge angle (or lip angle) of the tool bit that provides for the cutting action (Figure 7

A radius ground onto the nose of the tool bit can help strengthen the tool bit and provide for a smooth cutting a
Shapes of Tool Bits

The overall shape of the lathe tool bits can be rounded, squared, or another shape as long as the proper angle:
included. Tool bits are identified by the function they perform, such as turning or facing. They can also be ident
asroughing tools or finishing tools. Generally, a roughing tool has a radius ground onto the nose of the tool bit t
is smaller than the radius for a finishing or generapose tool bit. Experienced machinists have found the
following shapes to be usefidr different lathe operations.

A right-hand turning tool bit is shaped to be fed from right to left. The cutting edge is on the left side of the tool |
and the face slopes down away from the cutting edge. The left side and end of the tool binarevighosufficient
clearance to permit the cutting edge to bear upon the work piece without the heel rubbing on the work-The rigf
hand turning tool bit is ideal for taking light roughing cuts as well as genegaioaihd machining.

A left-hand turningaol bit is the opposite of the righiand turning tool bit, designed to cut when fed from left to
right. This tool bit is used mainly for machining close in to a right shoulder.

The roundnose turning tool bit is very versatile and can be used to twithier direction for roughing and finishing
cuts. No side rake angle is ground into the top face when used to cut in either direction, but a small back rake &



may be needed for chip removal. The nose radius is usually ground in the shape-ofrddaifth a diameter of
about 1/32 inch.

The righthand facing tool bit is intended for facing on rigifind side shoulders and the right end of a work piece.
The cutting edge is on the ldfand side of the bit, and the nose is ground very sharp for maglo a square
corner. The direction of feed for this tool bit should be away from the center axis of the work, not going into the
center axis.

A left-hand facing tool bit is the opposite of the rigjlaind facing tool bit and is intend to machine arue fhe left
sides of shoulders.
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Fizure 7-5. Toolbit shapes.

The parting tool bit, Figure-8, is also known as the cutoff tool bit. This tool bit has the principal cutting edge at tt
squared end of the bit that is advanced at a right angle into the work piece. Both sidesastsosildficient
clearance to prevent binding and should be ground slightly narrower at the back than at the cutting edge. Besic
being used for parting operations, this tool bit can be used to machine square corners and grooves.



STRAIGHT PARTING CUTTING
TOOL HOLDER WITH CUTTER BIT

RIGHT-HAND OFFSET PARTING CUTTING
TOHOL HOLDER WITH CUTTER BIT

LEFT-HAND OFFSET PARTING CUTTING
TOOL HOLDER WITH CUTTER BIT

Figure T-6%. Parting teol bits,

Threadcutting tool bits Figure 77, are ground to cut the type and style of threads desired. Side and front clearar
must be ground, plus the special point shape for the type of thread desired-cthtiegdool bits can be ground

for standard 60thread forms or for square, Acme, or special threads. Ttogttidg forms are discussed in greater
detail later in this chapter.
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Figure 7-7. Thread cutting tonl hit,

SPECIAL TYPES OF LATHE CUTTING TOOLS

Besides the common shaped tool bits, special lathe operations and heavy produdti@yuire special types of
cutting tools. Some of the more common of these tools are listed below.



Tungsten carbide, tantalum carbide, titanium carbide, ceramic, oxide, and diappautitool bits (Figure-8). and
cutting tool inserts are commonlyagsin highspeed production work when heavy cuts are necessary and where
exceptionally hard and tough materials are encountered. Standard shapes for tipped tool bits are similar to higt
speed steatutting tool shapes. Carbide and ceramic inserts canudagesdriangular, round, or other shapes. The
inserts are designed to be indexed or rotated as each cutting edge gets dull and then discarded. Cutting tool in
are not intended for reuse after sharpening.

Tigere: 7-8. Tipped toal hil

Specially formed thread cutter mounted itheead cutter holder (Figure9). This tool is designed for production
high-speed thread cutting operations. The special design of the cutter allows for sharp and strong cutting edges
which need only to be resharpened occasionally by grinding the faeeulter mounts into a special tool holder
that mounts to the lathe tool post.

Figuee 7-9. Tlrewl eutting tool helder and vietler,

The common knurling tool, FigureI0, consists of two cylindrical cutters, called knurls, which rotate in a specially
designed tool holder. The knurls contain teeth which@hed against the surface of the work piece to form
depressed patterns on the work piece. The common knurling tool accepts different pairs of knurls, each having
different pattern or pitch. The diamond pattern is most widely used and comes in tthres: dif, 21, or 33. These
pitches produce coarse, medium, and fine knurled patterns.



Fizore 7-10. The commuon knustling tool,

Boring tool bits, Figure -1, are ground similar to leftand turning tool bits and threadtting tool bits, but with
more end clearance angle to prevent the hetileofool bit from rubbing against the surface of the bored hole. The
boring tool bit is usually clamped to a boring tool holder, but it can be-giene unit. The boring tool bit and tool
holder clamp into the lathe tool post.
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There is no set procedruto grinding lathe tool bit angles and shapes, but there are general guidelines that shouls
followed. Do not attempt to use the bench or pedestal grinder without becoming fully educated as to its safety,
operation, and capabilities. In order to effeely grind a tool bit, the grinding wheel must have a true and clean fac
and be of the appropriate material for the cutting tool to be ground. Carbide tool bits must be ground on a silico
carbide grinding wheel to remove the very hard metal.

High-speedsteel tool bits are the only tool bits that can effectively be ground on the bench or pedestal grinder w
equipped with the aluminum oxide grinding wheel which is standard for most field and maintenance shops. Bef
grinding, shaping, or sharpening iglispeed steel tool bit, inspect the entire grinder for a safe setup and adjust tt
tool rests and guards as needed for tool bit grinding (Figa&.7

ADJUST THE SPARK ARRESTERE TO
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Figure 7-12. Grinder selup [or lathe toal hit grinding.

Set the tool rest 1/8 inch or less from the wheel, and adjust the spark arrestor 1/4 inclcackegander is usually
equipped with a coarsgrained wheel for rough grinding and a figeained wheel for fine and finish grinding.

Dress the face of the grinding wheels as needed to keep a smooth, flat grinding surface for the tool bit. When
grinding he side and back rake angles, ensure the grinding wheel has a sharp corner for shaping the angle. Dij
tool bit in water occasionally while grinding to keep the tool bit cool enough to handle and to avoid changing the
property of the metal by overhealinFrequently inspect the tool bit angles with a protractor or special grinding ga
Grind the tool bit to the recommended angles in the reference for tool bit geometry (Tabkppendix A). After
grinding to the finished shape, the tool bit showdchbned lightly on an oilstone to remove any burrs or irregular
high spots. The smoother the finish on the cutting tool, the smoother the finish on the work. Higwieows the
steps involved in grinding a round nose tool bit to be used for turninthar eirection. As a safety note, never use
the side of the grinding wheel to grind a tool bit, as this could weaken the bonding of the wheel and cause it to
and explode.
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Figure 7-13. Grinding ool birs.

TOOL HOLDERS AND TOOL POSTS

Lathe tool holders are designed to securety/ragidly hold the tool bit at a fixed angle for properly machining a
work piece (Figure-14). Tool holders are designed to work in conjunction with various lathe tool posts, onto whi
the tool holders are mounted. Tool holders for high speed steélit®cbme in various types for different uses.
These tool holders are designed to be used with the standard round tool post that usually is supplied with each
engine lathe (Figure-I5). This tool post consists of the post, screw, washer, collar, and,raokdfits into the T

slot of the compound rest.
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Figurc T-13. Standard round el post.

Standard tool holders for higgpeed steel cutting tools have a square slot made to fit a standard size tool bit shatr
Tool bit shanks can be %idch, 5/16inch, 3/8inch, and greater, with all thesious sizes being manufactured for

all the different lathe manufacturer's tool holder models. Some standard tool holders for steel tool bits are the
straight tool holder, right and left offset tool holder, and the zero rake tool holder designed fdrcspleicia tool

bits. Other tool holders to fit the standard round tool post include straight, left, and right parting tool holders,
knurling tool holders, boring bar tool holders, and specially formed thread cutting tool holders.



The turret tool post (Fige 716) is a swiveling block that can hold many different tool bits or tool holders. Each
cutting tool can quickly be swiveled into cutting position and clamped into place using a quick clamping handle.
turret tool post is used mainly for higipeedoroduction operations.

Figure 7-14, Turret tool post

The heavyduty or opersided tool post (Figure-X7) is used for holding a single carbitiigped tool bit or tool
holder. It is used mainly for very heavy cuts that require a rigid tool holder.

Figure 7-17. Heavy-duly ar spen 3ided tool post

The quickchange tool system (Rige %#18) consists of a quiekhange dovetail tool post with a complete set of
matching dovetailed tool holders that can be quickly changed as different lathe operations become necessary.



system has a quietelease knob on the top of the tool post #ibws tool changes in less than 5 seconds, which
makes this system valuable for production machine shops.

Figure 7-18. Quick ehanga teol systam,

WORK HOLDING DEVICES

Many different devices, such as chucks, collets, faceplates, drive plates, mandrels, and lathe centers, are used
and drive the work while it is being machined on a lathe. The size and type of work to be machined and the
particular operation that needs to be done will determine which work holding device is best for any particular jol
Another consideration is how muekcuracy is needed for a job, since some work holding devices are more
accurate than others. Operational details for some of the more common work holding devices follow.

The universal scroll chuck, FigurelB, usually has three jaws which move in uniaeran adjusting pinion is

rotated. The advantage of the universal scroll chuck is its ease of operation in centering work for concentric turi
This chuck is not as accurate as the independent chuck, but when in good condition it will center wo€kG@ihin

to 0.003 inches of run out.
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Figure 7-19. Lulhe chuocks.

The jaws are moved simultaneously within the chuck by a scroll or-¢pieglded plate. The jaws are threaded to
the scroll and move an equal distance inward or outward as the scroll is rotated by the adjustin§iposdhe

jaws are individually aligned on the scroll, the jaws cannot usually be reversed. Some manufactures supply twc
of jaws, one for internal work and one for external work. Other manufactures make the jaws in two pieces so th
outside, or grippig surface may be reversed. which can be interchanged.

The universal scroll chuck can be used to hold and automatically center round or hexagonal workpieces. Havin
only three jaws, the chuck cannot be used effectively to hold square, octagonal, tarislegpes.



The independent chuck, Figurel®, generally has four jaws which are adjusted individually on the chuck face by
means of adjusting screws. The chuck face is scribed with concentric circles which are used for rough alignmel
the jaws whenlwucking round work pieces. The final adjustment is made by turning the work piece slowly by hat
and using a dial indicator to determine its concentricity. The jaws are then readjusted as necessary to align the
piece within the desired tolerances.

The jaws of the independent chuck may be used as illustrated or may be reversed so that the steps face in the
opposite direction; thus work pieces can be gripped either externally or internally. The independent chuck can t
used to hold square, round, octagh or irregularly shaped work pieces in either a concentric or eccentric position
due to the independent operation of each jaw.

Because of its versatility and capacity for fine adjustment, the independent chuck is commonly used for mountil
oddshaped wrk pieces which must be held with extreme accuracy.

A combination chuck combines the features of the independent chuck and the universal scroll chuck and can h
either three or four jaws. The jaws can be moved in unison on a scroll for automatimgesrtean be moved
individually if desired by separate adjusting screws.

The drill chuck, Figure -9, is a small universal chuck which can be used in either the headstock spindle or the
tailstock for holding straighshank drills, reamers, taps, or shtkdmeter work pieces. The drill chuck has three or
four hardened steel jaws which are moved together or apart by adjusting a tapered sleeve within which they are
contained. The drill chuck is capable of centering tools and shsetieter work pieces toithin 0.002 or 0.003

inch when firmly tightened.

The collet chuck is the most accurate means of holding small work pieces in the lathe. The collet chuck consist
spring machine collet (Figure20) and a collet attachment which secures and regtlee®llet on the headstock
spindle of the lathe.
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Figire T-20. Sprivg machine coller dueks and instllx o method.

THE COLLET CHUCK IS THE MOST ACCURATE MEANS OF HOLDING SMALL
WORKPIECES IN THELATHE

The spring machine collet is a thin metal bushing with an accurately machined bore and a tapered exterior. The
collet has three lengthwise slots to permit its sides being sprung slightly inward teegniprk piece. To grip the
work piece accurately, the collet must be no more than 0.005 inch larger or smaller than the diameter of the pie
be chucked. For this reason, spring machine collets are available in increments of 1/64 inch. For gersga] purpo
the spring machine collets are limited in capacity to 1 1/8 inch in diameter.

For general purposes, the spring machine collets are limited in capacity to 1 1/8 inch in diameter.

The collet attachment consists of a collet sleeve, a drawbar, and aheel or hand lever to move the drawbar.
The spring machine collet and collet attachment together form the collet chuck. FRfurkustrates a typical

collet chuck installation. The collet sleeve is fitted to the right end of the headstock spiredtraWbar passes
through the headstock spindle and is threaded to the spring machine collet. When the drawbar is rotated by me
the hand wheel, it draws the collet into the tapered adapter, causing the collet to tighten on the work piece. Spr
machne collets are available in different shapes to chuck square and hexagonal work pieces of small dimensiol
well as round work pieces.

The Jacob's spindieose collet chuck (FigureZ1) is a special chuck is used for the Jacob's rubber flex colless. T
chuck combines the functions of the standard collet chuck and drawbar into one single compact unit. The chucl
housing has a hand wheel on the outer diameter that turns to tighten or loosen the tapered spindle which holds
rubber flex collets. Rubbdiex collets are comprised of devices made of hardened steel jaws in a solid rubber
housing. These collets have a range of 1/8 inch per collet. The gripping power and accuracy remain constant



throughout the entire collet capacity. Jacob's rubber flertsadire designed for heavy duty turning and possess twe
to four times the grip of the conventional split steel collet. The different sets of these collets are stored in steel k
designed for holding the collets. Collets are normally stored in steet bie@seggned for holding the collets.
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Figare 7-21. Jacob's spindle nose collet cloack and nibber flex collet.

The step chuck, FigureZ2, is a variation of the collet chuck, and it is intended for holding small round work piec
or discs for special machining jobs. Step chucks are blank when new, and then are machinathenftrean exact

fit for the discs to be turned. The step chuck machine collet, which is split into three sections like the spring ma
collet, is threaded to the drawbar of the collet attachment.

—

STEP CHUCK MACHINE COLLET (ELANK) '

LATHE TAILSTOCK CHUCK

Figure 7-22. atep chuck machine eoflet and tailstnck ehuck.

The lathe tailstock chuck, FigureZ2, is a devie designed to support the ends of work pieces in the tailstock wher
a lathe center cannot be used conveniently. The chuck has a taper arbor that fits into the lathe tailstock spindle
three bronze selfentering jaws of the chuck will accurately clagmn work pieces between 1/4 and 1 inch in



diameter. The bronze jaws provide a good bearing surface for the work piece. The jaws are adjusted to the dial
of the work piece and then locked in place.

A lathe faceplate, Figure 23, is a flat, round platthat threads to the headstock spindle of the lathe. The faceplate
used for irregularly shaped work pieces that cannot be successfully held by chucks or mounted between centel
work piece is either attached to the faceplate using angle platesc&ets or bolted directly to the plate. Radial T
slots in the faceplate surface facilitate mounting work pieces. The faceplate is valuable for mounting work piece
which an eccentric hole or projection is to be machined. The number of applicatibadaddaplates depends upon
the ingenuity of the machinist. A small faceplate known as a driving faceplate is used to drive the lathe dog for
pieces mounted between centers. The driving faceplate usually has feleés than the larger faceplates. 8ih

the work piece is supported between centers, a lathe dog is fastened to the work piece and engaged in a slot o
driving faceplate.

LARGE 81 DTTED SMALL ELOTTED DRIVING
FACE PLATE FACE PLATE FACE PLATE

Fugre T-23, Facoplates.,

Lathe centers, are the most common devices for supporting work pieces in the lathe. Most lathe centers have &
tapeed point with a 6Dincluded angle to fit work piece holes with the same angle. The work piece is supported
between two centers, one in the headstock spindle and one in the tailstock spindle. Centers for lathe work have
standard tapered shanks that fit directly into tHettaik and into the headstock spindle using a center sleeve to
convert the larger bore of the spindle to the smaller tapered size of the lathe center. The centers are referred to
centers or dead centers. A live center revolves with the work aschdbeeed to be lubricated and hardened. A
dead center does not revolve with the work and must be hardened and heavily lubricated when holding work. L
and dead centers commonly come in matched sets, with the hardened dead center marked with agtio®ve ne
conical end point.
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Figure 7-24. Lathe centers.

The ball bearing live center is a special center mounted in a ball bearing housing that lets the center turn with tt
work and eliminates the need for a heavily lubricated dead center. Ball bearing types of centers can have
interchangeable points which make this center a versatile tool in all lathe operations. Modern centers of this tyf
be very accurate. Descriptions for some common lathe centers follow.

The male center or plain center is used in pairs for most gendé@llahing operations. The point is ground to & 60
cone angle. When used in the headstock spindle where it revolves with the work piece, it is commonly called a
center. When used in the tailstock spindle where it remains stationary when the werik pieced, it is called a
dead center. Dead centers are always made of hardened steel and must be lubricated very often to prevent
overheating.

The half male center is a male center that has a portion of tle®66 cut away. The half male center isdias a
dead center in the tailstock where facing is to be performed. The cutaway portion of the center faces the cutting



and provides the necessary clearance for the tool when facing the surface immediately around the drilled cente
the work piece

The V-center is used to support round work pieces at right angles to the lathe axis for special operations such &
drilling or reaming. The pipe center is similar to the male center but its cone is ground to a greater angle and is
larger in size. It isised for holding pipe and tubing in the lathe. The female center is conically bored at the tip an
used to support work pieces that are pointed on the end.-Argeifg lathe center is a center with serrated ground
sides that can grip the work whilerhing between centers without having to use lathe dogs.

A self driving center is a center that has grips installed on the outer edge of the center diameter that can be for
into the work to hold and drive the work when turning between centers witkiogtlathe dogs.

Lathe dogs are cast metal devices used to provide a firm connection between the headstock spindle and the wi
piece mounted between centers. This firm connection permits the work piece to be driven at the same speed a
spindle undethe strain of cutting. Three common lathe dogs are illustrated in Fig@BelAathe dogs may have

bent tails or straight tails. When beatl dogs are used, the tail fits into a slot of the driving faceplate. When
straighttail dogs are used, the taildys against a stud projecting from the faceplate. Thethétathe dog with
headless setscrew is considered safer than the dog with the square head screw because the headless setscre
the danger of the dog catching in the operator's clothingamsing an accident. The beail clamp lathe dog is

used primarily for rectangular work pieces.
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Figure 7-25, Lathu dogs.

MANDRELS

A work piece which cannot be held between centers because its axis has been drilled or bored, and which is nc
suitable for holding in a chuck against a faceplate, is usually machined on a mandrel. A mandrel is a tapered a;
pressed into the bore of the work piece to support it between centers.

A mandrel should not be confused with an arbor, which is a similar device but used for holdingttoe than
work pieces. To prevent damage to the work, the mandrel should always be oiled before being forced into the t
When turning work on a mandrel, feed toward the large end which should be nearest the headstock of the lathe

A solid machine randrel is generally made from hardened steel and ground to a slight taper from 0.0005 to 0.0C
inch per inch. It has very accurately countersunk centers at each end for mounting between centers. The ends
mandrel are smaller than the body and hagehimed flats for the lathe dog to grip. The size of the solid machine
mandrel is always stamped on the large end of the taper. Since solid machine mandrels have a very slight tape
are limited to work pieces with specific inside diameters.



An exparsion mandrel will accept work pieces having a greater range of sizes. The expansion mandrel is, in eff
chuck arranged so that the grips can be forced outward against the interior of the hole in the work piece.

SO

SOLID MACHINE MANDREL

EXPANSION MANDREL

Fipurg 7-26. hMandrels,

LATHE ATTACHMENTS

The variety of waok that can be performed on the lathe is greatly increased by the use of various lathe attachmel
Some lathes come equipped with special attachments; some attachments must be ordered separately. Some c
lathe attachments are the steady rest with edtitbe follower rest, the tool post grinding machine, the lathe
micrometer stop, the lathe milling fixture, the lathe coolant attachment, the lathe indexing fixture, and the milling
grinding-drilling-slotting attachment (or Verddil). The lathe indexindixture and VersaMil unit are detailed in
Chapter 9. Descriptions for the other lathe attachments follows.

RESTS

Work pieces often need extra support, especially long, thin work pieces that tend to spring away from the tool b
Three common supports asts are the steady rest, the cathead, and the follower rest (F@jtixe 7
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Figure 7-27. Lathe rests.

Steady Rest



The steady rest, also called a center rest, is used to support long work pieces for turning and boring operations
also used for internal threading operatiavhere the work piece projects a considerable distance from the chuck o
faceplate. The steady rest is clamped to the lathe bed at the desired location and supports the work piece withi
adjustable jaws. The work piece must be machined with a etiitcbearing surface at the point where the steady
rest is to be applied. The jaws must be carefully adjusted for proper alignment and locked in position. The area
contact must be lubricated frequently. The top section of the steady rest swingscemthefbottom section to
permit removal of the work piece without disturbing the jaw setting.

Cathead

When the work is too small to machine a bearing surface for the adjustable jaws to hold, then a cathead should
used. The cathead has a bearing satfadole through which the work extends, and adjusting screws. The adjusti
screws fasten the cathead to the work. They are also used to align the bearing surface so that it is concentric tc
work axis. A dial indicator must be used to set up theeeathio be concentric and accurate.

Follower Rest

The follower rest has one or two jaws that bear against the work piece. The rest is fastened to the lathe carriag
that it will follow the tool bit and bear upon the portion of the work piece thaulsab¢en turned. The cut must

first be started and continued for a short longitudinal distance before the follower rest may be applied. The rest
generally used only for straight turning and for threading long, thin work pieces. Steady rests and riediiswazm

be equipped with balbearing surfaces on the adjustable jaws. These types of rests can be used without excessi
lubricant or having to machine a polished bearing surface.

Micrometer Carriage Stop

The micrometer carriage stop, Figur28, isused to accurately position the lathe carriage. The micrometer stop is
designed so the carriage can be moved into position against the retractable spindle of the stop and locked into
A micrometer gage on the stop enables carriage movement dfeaadin.001 inch. This tool is very useful when
facing work to length, turning a shoulder, or cutting an accurate groove.

CLAMPING EOLT GRADUATED COLLAR

SPINOLE

CLAMP

Figure 7-28. Wivrometor camiags siop.

Tool Post Grinder



The tool post grinder (Figure20) is a machine tool attachment specially designed for cylindrical grinding
operations on the lathe. It consists primarily of adv4/3horsepower electric motor and a wheel spindle
connected by pulleys and a belt. The machine fastens to the compound rest of the latheshatibaltTwhich fits

in the slot of the compound reetthe same manner as the lathe tool post. The tool post grinding machine mounts
grinding abrasive wheels ranging from 1/4 inch to 3 or 4 inches in diameter for internal and external grinding
operations. The pulleys on the wheel spindle and motor sleafiterchangeable to provide proper cutting speeds
for the various wheel sizes. The larger grinding abrasive wheels used for external grinding are attached to the \
spindle with an arbor. Small, mounted grinding abrasive wheels for internal grindifigeatt in a chuck which

screws to the wheel spindle. The electric motor is connected to an electrical power source by a cable and plug.
switch is usually provided at the attachment to facilitate starting and stopping the motor.

SPINDLE cLAMP GRINDING WHEEL

Figurc 7-29. Tool post grinding machinz.

Lathe Milling Fixture

This is a fixture designed to provide the ability for limited milling operations. Many repair and fabrication jobs
cannot be satisfactorily completed on the standard engine lathe, but with the lathe milling attachment, the small
machine shop that is nog@ipped with a milling machine can mill key slots, keyways, flats, angles, hex heads,
squares, splines, and holes. For specific operating instructions and parts, refer-885290-10.



Figure 7-301. Milling fixtore.

TOOLS NECESSARY FOR LATHE WORK

In order to properly setup angerate most engine lathes, it is recommended to have the following tools on hand.
machinist tool box with all wrenches, screwdrivers, and common hand tools. A dial indicator may be necessary
some procedures on the lathe. References, charts, tatdesthar predetermined data on machine operations may

be useful to lathe operators. Keep all safety equipment, along with necessary cleaning marking, and lubricating
equipment, in the immediate lathe area to use as needed.

Figure 7-31. [Haf indicawor in use on the lathe.

CUTTING FLUIDS

The purposesfaising cutting fluids on the lathe are to cool the tool bit and work piece that are being machined,
increase the life of the cutting tool, make a smoother surface finish, deter rust, and wash away chips. Cutting flt
can be sprayed, dripped, wiped, lmofled onto the point where the cutting action is taking place. Generally, cuttin



fluids should only be used if the speed or cutting action requires the use of cutting fluids. Descriptions of some
common cutting fluids used on the lathe follow.

Lard Oil

Pure lard oil is one of the oldest and best cutting oils. It is especially good for thread cutting, tapping, deep hole
drilling, and reaming. Lard oil has a high degree of adhesion or oiliness, a relatively high specific heat, and its
fluidity changes oyl slightly with temperature. It is an excellent rust preventive and produces a smooth finish on
work piece. Because lard oil is expensive, it is seldom used in a pure state but is combined with other ingredier
form good cutting oil mixtures.

Mineral Oil

Mineral oils are petroleurbase oils that range in viscosity from kerosene to light paraffin oils. Mineral oil is very
stable and does not develop disagreeable odors like lard oil; however, it lacks some of the good qualities of lart
such as dhesion, oiliness, and high specific heat. Because it is relatively inexpensive, it is commonly mixed witt
lard oil or other chemicals to provide cutting oils with desirable characteristics. Two mineral oils, kerosene and
turpentine, are often used alome machining aluminum and magnesium. Paraffin oil is used alone or with lard oil
for machining copper and brass.

Mineral -Lard Cutting Oil Mixture

Various mixtures of mineral oils and lard oil are used to make cutting oils which combine the good pmtits of
ingredients but prove more economical and often as effective as pure lard oil.

Sulfurized Fatty-Mineral Oil

Most good cutting oils contain mineral oil and lard oil with various amounts of sulfur and chlorine which give the
oils good ant weld proptes and promote free machining. These oils play an important part in pdesent
machining because they provide good finishes on most materials and aid the cutting of tough material.

Soluble Cutting Oils

Water is an excellent cooling medium but haelittbricating value and hastens rust and corrosion. Therefore,
mineral oils or lard oils which can be mixed with water are often used to form a cutting oil. A soluble oil and wat
mix has lubricating qualities dependent upon the strength of the sol@eoerally, soluble oil and water is used for
rough cutting where quick dissipation of heat is most important. Borax and trisodium phosphate (TSP) are
sometimes added to the solution to improve its corrosion resistance.

SodaWater Mixtures

Salts such asoda ash and TSP are sometimes added to water to help control rust. This mixture is the cheapest
coolants and has practically no lubricating value. Lard oil and soap in small quantities are sometimes added to
mixture to improve its lubricatinguglities. Generally, soda water is used only where cooling is the prime
consideration and lubrication a secondary consideration. It is especially suitable in reaming and threading oper:
on cast iron where a better finish is desired.

White Lead and Lard Oil Mixture

White lead can be mixed with either lard oil or mineral oil to form a cutting oil which is especially suitable for
difficult machining of very hard metals.



LAYING OUT AND MOUNTING WORK

There is relatively little layout work to be done faost lathe work because of the lathe's ability to guide the cutting
tool accurately to the work piece. If center holes must be located and drilled into the end of a work piece for tur
lay out and centepunch the work piece using other methods. Samgested methods are to use a-bgle center
punch between centers and this cannot be accomplished on the lathe, (FB8yraesé hermaphrodite calipers to
scribe intersecting arcs, use the centering head of the combination square, or use dividerg3B8ig
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Fipure 7-32. Dell-type center punch.
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METHODS OF MOUNTING WORK
Mounting Work pieces in Chucks

When installing the chuck or any attachment that screws onto the lathe headstock spindle, the threads and bea

surfaces of both spindle and chuck must be cleaned and oiled.nimgléiae internal threads of the chuck, a spring
thread cleaner is very useful (Figurd4).



CHUCK THREADS

r

Figure 7-34. Spring thread cleaner,

Turn the spindle so that the key is facing up and lock the spindle in position. Make sure that the spindle and chi
taper are free of grit and chips. Place ¢huck in position on the spindle. Engage the draw nut thread and tighten

applying four or five hammer blows on the spanner wrench engaged with the draw nut. Rotate the sgindle 180

engage the spanner wrench, and give four or five solid hammer lddhe $panner wrench handle. The work piece
is now ready for mounting.

Work automatically centers itself in the universal (3 jaw) scroll chuck, drill chuck, collet chucks, and step chuck,
must be manually centered in the independent (4 jaw) chuateriter work in the independent chuck, line the four
jaws up to the concentric rings on the face of the chuck, as close to the required diameter as possible.

Mount the work piece and tighten the jaws loosely onto the work piece (Fige 3pin the worlpiece by hand
and make approximate centering adjustments as needed, then firmly tighten the jaws.

Figure 7-35. Wounting work in s d=jaw independent chuck.



For rough centering irregularly shaped work, first measure the outside diameter of the work piece, then open th
four jaws of the chuck until the work e slides in. Next tighten each opposing jaw a little at a time until the work
piece is held firmly, but not too tightly. Hold a piece of chalk near the work piece and revolve the chuck slowly v
your left hand. Where the chalk touches is consideredigfeside.

Loosen the jaw opposite and tighten the jaw where the chalk marks are found. Repeat the process until the wo
piece is satisfactorily aligned.

To center a work piece having a smooth surface such as round stock, the best method is tbtaseiadicator.
Place the point of the indicator against the outside or inside diameter of the work piece. Revolve the work piece
slowly by hand and notice any deviations on the dial. This method will indicate any inaccuracy of the centering
thousandts of an inch.

If an irregularly shaped work piece is to be mounted in the independent chuck, then a straight, hardened steel |
be used with a dial indicator to align the work piece. Experienced machinists fabricate several sizes of hardene
steel lars, ground with a 6Qoint, that can be mounted into the drill chuck of the tailstock spindle and guided intc
the centeipunched mark on the work piece. A dial indicator can then be used to finish aligning the work piece tc
within 0.001 inch. If a hardened steel bar is maidily available, a hardened center mounted in the tailstock spindle
may be used to align the work while using a dial indicator on the chuck jaws. This method is one of several way
align a work piece in an independent chuck. Ingenuity and experieli@ecngase the awareness of the machine
operator to find the best method to set up the work for machining.

When removing chucks from the lathe, always use a wooden chuck block under the chuck to support the chuck
the lathe ways. Use care to avoid grmg the chuck on the ways, since this can greatly damage the lathe ways or
crush the operator's hands.

Mounting Work to Faceplates

Mount faceplates in the same manner as chucks. Check the accuracy of the faceplate surface using a dial indic
and tre thefaceplate surface by taking a light cut if necessary. Do not use faceplates on different lathes, since t
will cause excessive wear of the faceplate due to repeated truing cuts having to be taken. Mount the workpiece
T-bolts and clamps of theorrect sizes (Figure-36). Ensure all surfaces are wiped clean of burrs, chips, and dirt.
When a heavy piece of work is mounted off center, such as when using an angle plate, use a counterweight to
the throw of the work and to minimize vibratiand chatter. Use paper or brass shims between the work and the
faceplate to protect the delicate surface of the faceplate. After mounting the work to an approximate center loce
use a dial indicator to finish accurate alignment.



WORK CLAMP
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Figure T-3h. Work claompel un Beplae.

Mounting Work Between Centers

Before mounting a worpiece between centers, the work piece ends must be-ceitied and countersunk. This

can be done using a small twist drill followed by & éénter countersink or, more commonly, using a countersink
and drill (also comrmonly called a center drill). It is very important that the center holes are drilled and countersun
so that they will fit the lathe centers exactly. Incorrectly drilled holes will subject the lathe centers to unnecessal
wear and the work piece will notrrdrue because of poor bearing surfaces. A correctly drilled and countersunk hc
has a uniform 60taper and has clearance at the bottom for the point of the lathe center. F3guitki3trates

correctly and incorrectly drilled center holes. The holes should have a polished appearance so as not to score t
lathe centers. The actual drilling and ntersinking of center holes can be done on a drilling machine or on the lat
itself. Before attempting to center drill using the lathe, the end of the work piece must be machined flat to keep
center drill from running off center.
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Figure 7-37, Coarestly and ingorrectly drilled center hole.,

Mount the work ira universal or independent chuck and mount the center drill in the lathe tailstock (F&g)re 7
Refer to the section of this chapter on facing and drilling on the lathe, prior to doing this operation. Center drills
come in various sizes for different diaters of work (Figure-39). Calculate the correct speed and hand feed into
the work piece. Only drill into the work piece about 2/3 of the body diameter. high speeds and feed them into th
work slowly to avoid breaking off the drill point inside the wolfithis happens, the work must be removed from
the chuck and the point extracted. This is a tcoesuming job and could ruin the work piece.
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- Figare 7-3%. Common sizes for combination conntersink and centardnll.

To mount work between centers, the operator must know how to insert and remove lathe centers. The quality @
workmanship depends as much on the condition of the lathe centers as on the proper drilling of the center hole
Before mounting lathe centers in the headstock or tailstock, thoroughly clean the centers, the center sleeve, an
tapered sockets in theadstock and tailstock spindles. Any dirt or chips on the centers or in their sockets will
prevent the centers from seating properly and will cause the centers to run out of true.

Install the lathe center in the tailstock spindle with a light twistingondb ensure a clean fit. Install the center
sleeve into the headstock spindle and install the lathe center into the center sleeve with a light twisting motion.

To remove the center from the headstock spindle, hold the pointed end with a cloth @amagamd and give the
center a sharp tap with a rod or knockout bar inserted through the hollow headstock spindle.

To remove the center from the tailstock, turn the tailstock hand wheel to draw the tailstock spindle into the tailst
The center will cotact the tailstock screw and will be bumped loose from its socket.



After mounting the headstock and tailstock centers, the accuracy of°tpei6Oshould be checked using a center
gage or a dial indicator. If the center in the headstock is nof atf6i8 scarred and burred, it must be trued while
inserted in the lathe headstock spindle. If the headstock center is a soft center (a center that-iseatedesatd
hardened), it can be turned true with the lathe tool bit. If the center in the h&addtacdened, it must be ground
with a tool post grinding machine to get a true surface (Figd@).7
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Fipure 7-40. Checking and wruing a ) degree lathe conter.

To turn a soft center true with the lathe, first set up the tool bit for right hand turning, center the tool bit; tieen, ro
the compound rest tmangle of 30to the axis of the lathe (Figure4d). The lathe speed should be set for a finish
cut, and the feed is supplied by cranking the hand wheel of the compound rest, thus producing a clean and shc
steep taper with an included angle of.60ne trued, the center should stay in place until the operation is complett
If the center must be removed, mark the position on the center and headstock for easy realignment later.
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Fizure T-41. Tuming of soff center e with the sompound rest.

Lathe centers must be parallel with the ways of the lathe in ordenteveuk pieces straight and true. Before
beginning each turning operation, the center alignment should be checked.

The tailstock may be moved laterally to accomplish this alignment by means of adjusting screws after it has bet
released from the ways. Tweero lines are located at the rear of the tailstock and the centers are approximately
aligned when these lines coincide (FiguréZj. This alignment may be checked by moving the tailstock up close tt
the headstock so that the centers almost touch, aedvaixs their relative positions (Figure42).
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Fioure 7-42. Checking Une alignment ol cernters.

The most accurate method of checking alignment of centers is by mounting the work piece between centers an
taking light cuts at both ends without changing the carriage adjustments. Measure each ecdtofithicalipers

or a micrometer. If the tailstock end is greater in diameter than the headstock end, the tailstock is moved towar:
operator. If the tailstock end is smaller in diameter than the headstock end, the tailstock is moved away from th
opeator. Take additional cuts in the same manner after each adjustment until both cuts measure the same.

To setup the work piece between centers on the lathe, a driving faceplate (drive plate) and lathe dog must be u

(Figure 743). Make headstock spiredare faceplate. Screw the sure that the external threads of the clean before
screwing on the driving faceplate securely onto the spindle. Clamp the lathe dog on the work piece so that its tz
hangs over the end of the work piece. If the work piece ishial, place a shim of soft material such as brass
between the setscrew of the dog and work piece. Mount the work piece between the centers. Make sure that tr
dog tail tits freely in the slot of the faceplate and does not bind. Sometimes, tloekaikstter is a dead center and
does not revolve with the work piece, so it may require lubrication. A few drops of oil mixed with white lead shol
be applied to the center before the work piece is set up. The tailstock should be adjusted so tsticketailer



fits firmly into the center hole of the work piece but does not bind. The lathe should be stopped at intervals and
additional oil and white lead mixture applied to the dead center to prevent overheating harm to the center and tl
work piece.
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Mounting Work on Mandrels

To machine a work piece of an odd shape, such as a wheel pulley, a tapered mandrel is used to hold and turn
work. The mandrel must be mounted between centers and a drive plate and lathe dog must be used. The cente
bealigned and the mandrel must be free of burrs. Mount the work piece onto a lubricated mandrel of the proper
by using an arbor press. Ensure that the lathe dog is secured to the machined flat on the end of the mandrel ar
on the smooth surface tife mandrel taper (Figure44). If expansion bushings are to be used with a mandrel, clea
and care for the expansion bushings in the same manner as a normal mandrel.



FAGE PLATE

Figure 7-44, Pulley mountsd on a mandral,

Always feed the tool bit in the direction of the large end of the mandrel, whislhiadlyitoward the headstock end,
to avoid pulling the work out of the mandrel. If facing on a mandrel, avoid cutting into the mandrel with the tool |

GENERAL LATHE OPERATIONS
LATHE SPEEDS, FEEDS, AND DEPTH OF CUTS

General operations on the lathelude straight and shoulder turning, facing, grooving, parting, turning tapers, and
cutting various screw threads. Before these operations can be done, a thorough knowledge of the variable factt
lathe speeds, feeds, and depth of cut must be under$toesk factors differ for each lathe operation, and failure to
use these factors properly will result in machine failure or work damage. The kind of material being worked, the
type of tool bit, the diameter and length of the work piece, the type of argadi@®ughing or finishing), and the
working condition of the lathe will determine which speed, feed, or depth of cut is best for any particular operati
The guidelines which follow for selecting speed, feed, and depth of cut are general in natuay aeearto be
changed as conditions dictate.

Cutting Speeds.

The cutting speed of a tool bit is defined as the number of feet of work piece surface, measured at the circumfe
that passes the tool bit in one minute. The cutting speed, expresseéd,imEst not be confused with the spindle
speed of the lathe which is expressed in RPM. To obtain uniform cutting speed, the lathe spindle must be revol
faster for work pieces of small diameter and slower for work pieces of large diameter. The ptopespeed for a
given job depends upon the hardness of the material being machined, the material of the tool bit, and how muc
and depth of cut is required. Cutting speeds for metal are usually expressed in surface feet per minute, measur
the crcumference of the work. Spindle revolutions per minute (RPM) are determined by using the formula:

12 X SFM = RPM
3.1416 X D

Which is simplified to:

4 X SFM = RPM
D



WhereSFM is the rated surface feet per minute, also expressed as cutting speed.
RPM is the spindle speed in revolutions penuate
D is the diameter of the work in inches.

In order to use the formula simply insert the cutting speed of the metal and the diameter of the work piece into 1
formula and you will have the RPM.

Turning a onehalf inch piece of aluminum, cutting sgeof 200 SFM, would result in the following:

4 X 200

= 1600 RPM
1/2

Table 72 in Appendix A lists specific ranges of cutting speeds for turning and threading various materials under
normal lathe conditions, using normal feeds and depth of cuts. Note that in Tatile mheaurement calculations

are in inch and metric measures. The diameter measurements used in these calculations are the actual workin
diameters that are being machined, and not necessarily the largest diameter of the material. The cutting speed:
a wide ange so that the lower end of the cutting speed range can be used for rough cutting and the higher end
finish cutting. If no cutting speed tables are available, remember that, generally, hard materials require a slowel
cutting speed than soft or duetinaterials. Materials that are machined dry, without coolant, require a slower
cutting speed than operations using coolant. Lathes that are worn and in poor condition will require slower spee
than machines that are in good shape. If carbypgeed toolbits are being used, speeds can be increased two to thre
times the speed used for higheed tool bits.

Feed

Feed is the term applied to the distance the tool bit advances along the work for each revolution of the lathe spi
Feed is measured in inek or millimeters per revolution, depending on the lathe used and the operator's system «
measurement. TableJin Appendix A is a guide that can be used to select feed for general roughing and finishit
operations. A light feed must be used on slenddrsaall work pieces to avoid damage. If an irregular finish or
chatter marks develop while turning, reduce the feed and check the tool bit for alignment and sharpness. Regal
of how the work is held in the lathe, the tool should feed toward the bekd$his results in most of the pressure

of the cut being put on the work holding device. If the cut must be fed toward the tailstock, use light feeds and |
cuts to avoid pulling the work piece loose.

Depth of Cut

Depth of cut is the distance thhatttool bit moves into the work, usually measured in thousandths of an inch or in
millimeters. General machine practice is to use a depth of cut up to five times the rate of feed, such as rough ct
stainless steel using a feed of 0.020 inch per revolaind a depth of cut of 0.100 inch, which would reduce the
diameter by 0.200 inch. If chatter marks or machine noise develops, reduce the depth of cut.

MICROMETER COLLAR

Graduated micrometer collars can be used to accurately measure this tool biemaegeamd away from the lathe
center axis. Thus, the depth of cut can be accurately measured when moving the tool bit on the cross slide by t
the cross slide micrometer collar. The compound rest is also equipped with a micrometer collar. Thesarcollars
measure in inches or in millimeters, or they can be equipped with a dual readout collar that has both. Some col
measure the exact tool bit movement, while others are designed to measure the amount of material removed fr



work piece (twice théool bit movement). Consult the operator's instruction manual for specific information on
graduated collar use.

Figure 743, Graduated micrometer collar,

FACING

Facing is machining the ends and shoulders of a piece of stock smooth, flat, and perpendicular to the lathe axis
Facing is used tout work to the desired length and to produce a surface from which accurate measurements me
taken.

Facing Work in a Chuck

Facing is usually performed with the work held in a chuck or collet. Allow the work piece to extend a distance n
more than 1 2 times the work diameter from the chuck jaws, and use finishing speeds and feeds calculated usi
the largest diameter of the work piece. The tool bit may be fed from the outer edge to the center or from the cer
the outer edge. Normal facing is ddnem the outer edge to the center since this method permits the operator to
observe the tool bit and layout line while starting the cut. This method also eliminates the problem of feeding th
tool bit into the solid center portion of the work piece toggetit started.. Use a ldfand finishing tool bit and a
right-hand tool holder when facing from the outer edge toward the center. Work that has a drilled or bored hole
the center may be faced from the center out to the outer edge if-aaighfiniding tool bit is used. Avoid

excessive tool holder and tool bit overhang when setting up the facing operation. Set the tool bit exactly on cen
avoid leaving a center nub on the work piece (Figudé J. Use the tailstock center point as a refergooat when
setting the tool bit exactly on center. If no tailstock center is available, take a trial cut and readjust as needed. If
using the cross slide power feed to move the tool bit (into the center), disengage power when the tool bit is witt
I/16 inch of the center and finish the facing cut using hand feed.
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Figura 7-46. Poaltioning teol bii for facing.

Facing Work Between Centers

Sometimes the work piece will not fit into a chuck or collet, so facing must be done between centers. To proper
accomplish facing between centers, the work pieast be centedrilled before mounting into the lathe. A half

male center (with the tip well lubricated with a white lead and oil mixture) must be used in the lathe tailstock to
provide adequate clearance for the tool bit. The tool bit must be ground shtirp angle to permit facing to the
very edge of the center drilled hole (Figurd7). Start the facing cut at the edge of the cettiéled hole after
checking for tool bit clearance, and feed the cutting tool out to the edge. Use light cuts aimdyffeisds, which

will reduce the tension put on the half male center. Replace the half male center with a standard center after th
facing operation, since the half male center will not provide adequate support for general turning operations. Or
smallamount of material can be removed while facing between centers. If too much material is removed, the ce
drilled hole will become too small to support the work piece.
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Figure 7-47. Fazing using a side finishing (ool zmd a half-male center.



Precision Facing

Special methods must be used to face materials to a preciie I©ng method is to mount the work in a chuck and
lightly face one end with a cleanup cut. Then, reverse the stock and face it to the scribed layout line. This meth
may not be as accurate as other methods, but it will work for most jobs. A more prethsel to face a piece of
stock to a specified length is to turn the compound rest to an angle of 30 degrees to the cross slide and then us
graduated micrometer collar to measure tool bit movement, Figde At this angle of the compound rest, the
movement of the cutting tool will always be half of the reading of the graduated collar. Thus, if the compound re
feed is turned 0.010 inch, the tool bit will face off 0.005 inch of material. With the compound rest angfecat 30
light cut may be maden the first end, then the piece reversed and faced to accurate length. Always lock the car
down to the bed. This provides the most secure and accurate base for the cutting tool and helps eliminate unw:
vibration during facing operations. Anotheay to face to a precise length is to use the lathe carriage micrometer
stop to measure the carriage and tool bit movement. Using the micrometer stop can sometimes be faster and e
than using the compound rest graduated collar for measuring tool\@nmeat.
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Figure 7-48. Facing using the graduntad micrometer
cullar t& measure tool bit movament.

STRAIGHT TURNING

Straight turning, sometimes called cylindrical turning, is the process of reducing the work diameter to a specific
dimension as the carriage moves the tool along the work. The work is machined on a plane parallel to ttsaaxis s
there is no variation in the work diameter throughout the length of the cut. Straight turning usually consists of a
roughing cut followed by a finishing cut. When a large amount of material is to be removed, several roughing ct
may need to be takeiithe roughing cut should be as heavy as the machine and tool bit can withstand. The finish
cut should be light and made to cut to the specified dimension in just one pass of the tool bit. When using powe
feed to machine to a specific length, alwaysedgage the feed approximately Xidéh away from the desired

length dimension, and then finish the cut using hand feed.

Setting Depth of Cut

In straight turning, the cross feed or compound rest graduated collars are used to determine the depthobf cut,
will remove a desired amount from the work piece diameter. When using the graduated collars for measuremer
make all readings when rotating the handles in the forward direction. The lost motion in the gears, called backlz
prevents taking accurateadings when the feed is reversed. If the feed screw must be reversed, such as to reste
cut, then the backlash must be taken up by turning the feed screw handle in the opposite direction until the
movement of the screw actuates the movement of tss stide or compound rest. Then turn the feed screw handle
in the original or desired direction back to the required setting.



Setting Tool Bit for Straight Turning

See Figure -49. For most straight turning operations, the compound rest should belaigue angle perpendicular
to the cross slide, and then swung 80the right and clamped in position. The tool post should be set on the left
hand side of the compound resslbt, with a minimum of tool bit and tool holder overhang.
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Filgure r-49. Set up for straight turning.

When the compound rest and tool post are in these positions, the danger af th@miuatting tool into the chuck or
damaging the cross slide are minimized. Position the roughing tool bit gbalib\e center height for the best
cutting action. This is approximately 34#ch above center for each inch of the work piece diameterfifibRing

tool bit should be positioned at center height since there is less torque during finishing. The position of the tool
the work should be set so that if anything occurs during the cutting process to change the tool bit alignment, the
bit will not dig into the work, but instead will move away from the work. Also, by setting the tool bit in this positic
chatter will be reduced. Use a righand turning tool bit with a slight round radius on the nose for straight turning.
Always feed theool bit toward the headstock unless turning up to an inside shoulder. Different work pieces can
mounted in a chuck, in a collet, or between centers. Which work holding device to use will depend on the size ¢
work and the particular operation threteds to be performed.

Turning Work Between Centers

Turning work that is held between centers is one accurate method that is available. The chief advantage of usir
method is that the work can be removed from the lathe and later replaced fousabsegchining operations

without disturbing the trueness of the turned surface in relation to the center holes of the work piece. The lathe
centers must be in good condition and carefully aligned if the turning operation is to be accurate. If netessary, 1
the centers and realign as needed. After the work piece is-ceitiet, place a lathe dog (that is slightly larger in
diameter than the work piece) on the end of the work that will be toward the headstock, and tighten the lathe dc



bolt securely tahe work piece). If using a dead center in the tailstock, lubricate the center with a mixture of white
lead and motor oil. A ball bearing live center is best for the tailstock center since this center would not need
lubrication and can properly support therk. Extend the tailstock spindle out about 3 inches and loosen the
tailstock clampdown nut. Place the work with the lathe dog end on the headstock live center and slide the tailstc
forward until the tailstock center will support the work; then, sethe tailstock with the clamgown nut. Adjust

the tail of the lathe dog in the drive plate slot, making sure that the tail does not bind into the slot and force the
out of the center. A good fit for the lathe dog is when there is clearance gh #radtbottom of the drive plate slot

on both sides of the lathe dog tail. Tension should be applied to hold the work in place, but not so much tensior
the tail of the lathe dog will not move freely in the dripéate slot.

Check tool bit clearanceybmoving the tool bit to the furthest position that can be cut without running into the lath
dog or the drive plate. Set the lathe carriage stop or micrometer carriage stop at this point to reference for the €
the cut and to protect the lathe compasdrom damage. Set the speed, feed, and depth of cut for a roughing cut
and then rough cut to within 0.020 inch of the final dimension. Perform a finish cut, flip the piece over, and char
the lathe dog to the opposite end. Then rough and finish ceetoad side to final dimensions.

Turning Work in Chucks

Some work can be machined more efficiently by using chucks, collets, mandrels, or faceplates to hold the work
Rough and finish turning using these devices is basically the same as for turniegrbeénters. The work piece
should not extend too far from the work holding device without adequate support. If the work extends more that
three times the diameter of the work piece from the chuck or collet, additional support must be used such as a
rest or a tailstock center support. When turning using a mandrel or faceplate to holeshameltiwork piece, use
light cuts and always feed the cutting tool toward the headstock. Every job may require a different setup and a
different level of skill. hrough experience, each machine operator will learn the best methods for holding work t
be turned.

MACHINING SHOULDERS, CORNERS, UNDERCUTS, GROOVES, AND PARTING
Shoulders

Frequently, it will be necessary to machine work that has two or more dianmetsriength. The abrupt step, or
meeting place, of the two diameters is called a shoulder. The work piece may be mounted in a chuck, collet, or
mandrel, or between centers as in straight turning. Shoulders are turned, or formed, to various shafes to suit
requirements of a particular part. Shoulders are machined to add strength for parts that are to be fitted together
a corner, or improve the appearance of a part. The three common shoulders are the square, the filleted, and th
angular shoulder {gure 750).

;
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Figure 7-5C. Camman shauldears,

Square shoulders are used on work that is not subject to excessive strain at the corners. This shape provides &
clamping surface and permits parts to be fitted squarely together. There are many different ways to accurately



machine a sgare shoulder. One method is to use a parting tool bit to locate and cut to depth the position of the
shoulder. Straighturning the diameter down to the desired size is then the same as normal straight turning. Ano
method to machine a square shouidéo rough out the shoulder slightly oversize with a renasled tool bit, and
then finish square the shoulders to size with a#idghing tool bit. Both of these methods are fine for most work,
but may be too timeonsuming for precise jobs. Shouldeas be machined quickly and accurately by using one
type of tool bit that is ground and angled to straight turn and face in one operation (Fsdlre 7

{ : )
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Figure 7-51, Straight and ghoulder turning In cne pass.

Set up the micrometer carriage stop to align the shoulder dimension; then, in one pass obithéctedithe tool bit
left to turn the smaller diameter until contact is made with the carriage stop. Change the direction to feed out frc
center and face the shoulder out to the edge of the work piece. The lathe micrometer stop measures thedength
shoulder and provides for a stop or reference for the tool bit. Shoulder turning in this manner can be accomplisl
with a few roughing cuts and a finishing cut.

Filleted Shoulders

Filleted shoulders or corners, are rounded to be used on parts wiquate edditional strength at the shoulder.
These shoulders are machined with a renase tool bit or a specially formed tool bit (Figur&2). This type of
shoulder can be turned and formed in the same manner as square shoulders. Filleted corneroahg aano

doublesided shoulders (see Undercuts).
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Figurfe 7-52. Cutting a filleted corner.

Angular Shoulders

Angular shoulders although not as common as filleted shoulders, are sometimes used to give additional streng
corners, to eliminate sharp corners, and to add to the appeafdneevork. Angular shoulders do not have all the
strength of filleted corners but are more economical to produce due to the simpler cutting tools. These shouldel
turned in the same manner as square shoulders by using a side turning tool sesatthardge of the shoulder, or
with a squarenosed tool set straight into the work (Figurg3).
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Figure 7.53. Cutling anguiar shoulders using twe 1oo!

Corners



Corners are turned on the edges of work to break down sharp edges and to add to the general appearance of
Common types of corners areachfered, rounded, and square (Figw®4). Chamfered (or angular) corners may be
turned with the side of a turning tool or the end of a square tool bit, as in angular shoulder turning. Round corne
are produced by turning a small radius on the endseofvtirk. The radius may be formed by hand manipulation of
the cross slide and carriage using a turning tool. An easier method is to use a tool bit specifically ground for the
shape of the desired corner. Still another method is to file the radius witidarstdile. A square corner is simply
what is left when making a shoulder, and no machining is needed.

CHAMFERED ROUNDED SQUARE
Figure 7-54. Comers.

Undercuts

Undercuts are the reductions in diameter machined onto the center portion of work pieces {F&gucelighten

the piece or to reduce anea of the part for special reasons, such as holding an oil seal ring. Some tools, such a:
drills and reamers, require a reduction in diameter at the ends of the flutes to provide clearance or run out for a
milling cutter or grinding wheel. Reducing tbdemeter of a shaft or work piece at the center with filleted shoulders
at each end may be accomplished by the use of a-+mas®tl turning tool bit. This tool bit may or may not have a
side rake angle, depending on how much machining needs to be daat b without any side rake is best when
machining in either direction. Undercutting is done by feeding the tool bit into the work piece while moving the
carriage back and forth slightly. This prevents gouging and chatter occurring on the work surface.

| .

Flgure 7-55. Machining an undercut.

Grooves

Grooving (or necking) is the process of turning a groove or furrow on a cylinder, shaft, or work piece. The shap
the tool and the depth to which it is fed into the work govern the shape and size of the groove. The types of gro
most commaly used are square, round, angNaped (Figure-%6). Square and round grooves are frequently cut
on work to provide a space for tool run out during subsequent machining operations, such as threading or knur!
These grooves also provide a clearance$sembly of different parts. Theslhaped groove is used extensively on
step pulleys made to fit a-kype belt. The grooving tool is a type of forming tool. It is ground without side or back
rake angles and set to the work at center height with a miniohiwverhang. The side and end relief angles are
generally somewhat less than for turning tools.
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WFlgure F-35. Daommon gQroaves,

In order to cut a round groove of a definite radius on a cylindrical surface, the tool bit must be ground to fit the
proper radius gage (Figureb7). SmallV-grooves may be machined by using a form tool ground to size or just
slightly undersize. Large ‘grooves may be machined with the compound rest by finishing each side separately &
the desired angle. This method reduces tool bit and work contact aieeediicing chatter, gouging, and tearing.
Since the cutting surface of the tool bit is generally broad, the cutting speed must be slower than that used for
general turning. A good guide is to use half of the speed recommended for normal turning. Théttepihoove,

or the diameter of the undercut, may be checked by using outside calipers or by using two wires and an outside

micrometer (Figure -b8).
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Figure 7-57. Checklng teel bit with a radlua gags.
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Figure 7-58. Checking the dapth af a groova.

When a micrometer and two wires are used, the micrometer reading is equal to the measuredilimgre@ove
plus two wire diameters.

To calculate measurement over the wires, use the following formula:
Measurement = Outside Diameter + (2 x wires) 2 x radius).
Parting

Parting is the process of tiag off a piece of stock while it is being held in the lathe. This process uses a speciall
shaped tool bit with a cutting edge similar to that of a squnased tool bit. When parting, be sure to use plenty of
coolant, such as a sulfurized cutting oilaghine cast iron dry). Parting tools normally havé siée rake and no

back rake angles. The blades are sharpened by grinding the ends only. Parting is used to cut off stock, such a:
that is impractical to saw off with a power hacksaw.

Parting is also used to cut off work after other machining dpesahave been completed (Figur&9). Parting
tools can be of the forged type, inserted blade type, or ground from a standard tool blank. In order for the tool tc
have maximum strength, the length of the cutting portion of the blade should extendaugi ¢o be slightly



longer than half of the work piece diameter (able to reach the center of the work). Never attempt to part while tt
work is mounted between centers.
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Figure 7-58, Parting.

Work that is to be parted should be held rigidly in a chuck or collet, with thécabegparted as close to the holding
device as possible. Always make the parting cut at a right angle to the centerline of the work. Feed the tool bit i
the revolving work with the cross slide until the tool completely severs the work. Speeds fay glaotild be about
half that used for straight turning. Feeds should be light but continuous. If chatter occurs, decrease the feed an
speed, and check for loose lathe parts or a loose setup. The parting tool should be positioned at center height
cutting a piece that is overihch thick. Thick pieces should have the cutting tool just slightly above center to
account for the stronger torque involved in parting. The length of the portion to be cut off can be measured by L
the micrometer carriageap or by using layout lines scribed on the work piece. Always have the carriage locked
down to the bed to reduce vibration and chatter. Never try to catch the cutoff part in the hand; it will be hot and
could burn.

RADII AND FORM TURNING

Occasionally, aadius or irregular shape must be machined on the lathe. Form turning is the process of machinii
radii and these irregular shapes. The method used tetéwmwill depend on the size and shape of the object, the
accuracy desired, the time allowed, ané humber of pieces that need to be formed. Of the several ways to form
turn, using a form turning tool that is ground to the shape of the desired radius is the most common. Other com
methods are using hand manipulation and filing, using a templatellowing rod, or using the compound rest and
tool to pivot and cut. Two radii are cut in form turning, concave and convex. A concave radius curves inward an
convex radius curves outward.

Forming a Radius Using a Form Turning Tool



Using a form turningool to cut a radius is a way to form small radii and contours that will fit the shape of the tool
Forming tools can be ground to any desired shape or contour (Figde with the only requirements being that

the proper relief and rake angles musghbmund into the tool's shape. The most practical use of the ground forming
tool is in machining several duplicate pieces, since the machining of one or two pieces will not warrant the time
spent on grinding the form tool. Use the proper radius gage t& @recorrect fit. A forming tool has a lot of

contact with the work surface, which can result in vibration and chatter. Slow the speed, increase the feed, and
tighten the work setup if these problems occur.
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Fizure 7-60. Formung toals.
Forming a Radius Using Hand Manipulation

Hand manipulation, or free hand, is the most difficult method of form turning to master. The cutting tool moves c
an irregular path as the carriage and cross slide are simultaneously manipulated by hand. The desired form is
achieved by watching the tool asuts and making small adjustments in the movement of the carriage and cross
slide. Normally, the right hand works the cross feed movement while the left hand works the carriage movemer
The accuracy of the radius depends on the skill of the operater.tAé approximate radius is formed, the work
piece is filed and polished to a finished dimension.

Forming a Radius Using a Template

To use a template with a follower rod to form a radius, a full scale form of the work is laid out and cut from thin
she¢ metal. This form is then attached to the cross slide in such a way that the cutting tool will follow the templz
The accuracy of the template will determine the accuracy of the work piece. Each lathe model has a cross slide
carriage that are sligitdifferent from one another, but they all operate in basically the same way. A mounting
bracket must be fabricated to hold the template to allow the cutting tool to follow its shape. This mounting brack
can be utilized for several different operatidmgt should be sturdy enough for holding clamps and templates. The
mounting bracket must be positioned on the carriage to allow for a follower (that is attached to the cross slide) 1
contact the template and guide the cutting tool. For this operatiotrage slide must be disconnected from the
cross feed screw and hand pressure applied to hold the cross slide against the follower and templatiet tReugh
form to the approximate shape before disconnecting the cross feed screw. This way, a figiah thattiis required
while applying hand pressure to the cross slide. Some filing may be needed to completely finish the work to
dimension.

Forming a Radius Using the Compound Rest

To use the compound rest and tool to pivot and cut (FigéB),the ompound rest bolts must be loosened to allow
the compound rest to swivel. When using this method, the compound rest and tool are swung from side to side
arc. The desired radius is formed by feeding the tool in or out with the compound slide. Thmmivs the center
swivel point of the compound rest. A concave radius can be turned by positioning the tool in front of the pivot pt
while a convex radius can be turned by placing the tool behind the pivot point. Use the micrometer carriage sto
measure precision depths of different radii.
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Figur: 7-61. Pivots of the compeund midis.
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TAPER TURNING

When the diameter of a piece changes uniformly from one end to the other, the piece is said to be tapered. Tay
turning as a machining operation is the gradual reduction in diameter fropaudred a cylindrical work piece to
another part. Tapers can be either external or internal. If a work piece is tapered on the outside, it has an exter
taper; if it is tapered on the inside, it has an internal taper. There are three basic methodgydbpers with a

lathe. Depending on the degree, length, location of the taper (internal or external), and the number of pieces to
done, the operator will either use the compound rest, offset the tailstock, or use the taper attachment. With any
these methods the cutting edge of the tool bit must be set exactly on center with the axis of the work piece or th
work will not be truly conical and the rate of taper will vary with each cut.

Compound Rests

The compound rest is favorable for turning oribg short, steep tapers, but it can also be used for longer, gradual
tapers providing the length of taper does not exceed the distance the compound rest will move upon its slide. T



method can be used with a high degree of accuracy, but is somewled liilme to lack of automatic feed and the
length of taper being restricted to the movement of the slide.

The compound rest base is graduated in degrees and can be set at the required angle for taper turning or borir
this method, it is necessaryknow the included angle of the taper to be machined. The angle of the taper with th
centerline is ondnalf the included angle and will be the angle the compound rest is set for. For example, to true
lathe center which has an included angle 6f @& compound rest would be set at 8m parallel to the ways
(Figure #41).

If there is no degree of angle given for a particular job, then calculate the compound rest setting by finding the t
per inch, and then calculating the tangent of the amgiech is the: compound rest setting) .

For example, the compound rest setting for the work piece shown in Fi§2rev@uld be calculated in the
following manner

TPI=D-4d angle = TAN (TBL)
L p

Where TPI = taper per inch
D=large diameter,
d=small diameter,
L=length of taper
angle=compound rest setting
The problem is actually worked out by substituting numerical values for the letter variables:

TFP1 = 1,009,373
0.750

TPE=0.625
0.750

TPI=10.833

Apply the formula to find the angle by substituting the numerical values for the letter variables:

angle = TAN (0.833)
z

angle = TAN 0.41650
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Fizure 762, Tuper problem,

Using the trig charts in TC-915 or any other source of trig charts, the TAN of 0.41650 is found to°B&'2Zhis
angle is referred to as 22 degrees and 37 minutes.

To machine the taper shown in FiguréZ, the compound rest will be set af22'. Sincehe base of the

compound rest is not calibrated in minutes, the operator will set the base to an approximate degree reading, m:
trial cuts, take measurements, and readjust as necessary to obtain the desired angle of taper. The included ang
the workpiece is double that of the tangent of angle (compound rest setting). In this case, the douBI& of 22
would equal the included angle of°43".

To machine a taper by this method, the tool bit is set on center with the work piece axis. Turn the compound re
feed handle in a counterclockwise direction to move the compound rest near its rear temldbtassure

sufficient traverse to complete the taper. Bring the tool bit into position with the work piece by traversing and crt
feeding the carriage. Lock the carriage to the lathe bed when the tool bit is in position. Cut from right to left,
adjuging the depth of cut by moving the cross feed handle and reading the calibrated collar located on the cros:
handle. feed the tool bit by hatgrning the compound rest feed handle in a clockwise direction.

Offsetting the Tailstock
The oldest and pbably most used method of taper turning is the offset tailstock method. The tailstock is made ii

two pieces: the lower piece is fitted to the bed, while the upper part can be adjusted laterally to a given offset b
of adjusting screws and lineup mafgksgure #63).



Since the work piece is mounted between centers, this method of taper turning can only be used for external ta
The length of the taper is from headstock center to tailstock center, which allows for longer tapers than can be
machinedusing the compound rest or taper attachment methods.

The tool bit travels along a line which is parallel with the ways of the lathe. When the lathe centers are aligned :
the work piece is machined between these centers, the diameter will remaintdomstame end of the piece to the
other. If the tailstock is offset, as shown in Figu@4/ the centerline of the work piece is no longer parallel with the
ways; however, the tool bit continues its parallel movement with the ways, resulting in a tapedr@iece. The
tailstock may be offset either toward or away from the operator. When the offset is toward the operator, the sm:
end of the work piece will be at the tailstock with the diameter increasing toward the headstock end.



