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Preface

The impact of new technology has made necessary a seeond edition of
this book, It has been thoroughly revised while stll providing complete
and detailed deseriptions of all the bhasie machine shop skills and the
related technigues, It is written for the beginner, as well as for the more-
advanced erafrsman, technicinn, amd monufacturing engineer. While
great advancement in the numerieal control of machine tools has been
made {treated in Volume 2 of Machkine Shop Practice), the actunl ma-
chining operations of these machines are wdentical to those performed on
the basic machine tools. Thus, an understanding of the basic machine tool
operations and other shop procedures 1s essential ot all levels of machine
shop practice, In many shops metrieation i2 now a faet of hife; thus, 81
metrie units arve introdueced in this edition, without, however, soerificing
the application of the customary inch units which they usually follow in
parentheacs, Motrie serew thread standards and the methods of cotting
these threads have been added. New eutting tool materials and new cut-
ting tool designs are disenzscd throughout both volumes. A unigue feature
found for the first fhwe in thi= hook iz the method of estunating the eat-
ting zpecd that will utilize the maximum power of 8 machine tool. Much
additional and 1nvaluable practical machining imformation has been
adided to the second edition, which will be found helpful to machinists,
whether they are beginners or more-advanced practioners,

I would like to take this opportunity to thank those readers who have
responded with good eriticiam, suggestions, and oceasionally with praise
Tor the first edition. Their 'lﬁ]:ut has been t::u'vqu:,-' e s b e t‘t‘.:’-aulting 11l
many of the ehanges in this edition. It is with much regret that spaee will
not permit singhing out by name all of those who have helped me in the
preparation of thizs new edition, 1 would, however, like to [y .-;'E]eq"lnl
tribute to Holbrook L. Horton of Industnal Press, Ine, for his valuable
suggestions and his meticulous work in technically coditing the two
voluimes of this edition. 1 st also cxpross my apprecintion for b
eneowragement and assistanec provided by Paul B, Schubert. Clarn
Zwiebel and Maryanne Colas were most exaeting eopy editors with whom
it was always a pleasure to work, Finally, I have a special word of grati-
tude for imy wife, Wilma, whose untiring effort in typing the manuseript
eased the burden of preparing this edition.






Preface to First Edition

A very large variety of machine tools 15 used in modern machine shop
practice. Many of these machine tools contain sophisticated deviees which
are derived from the latest discoveries in seienee and technology., With
the cver-inercasing knowledge of selence and technology, future machine
tools promise to be even more complex to satiziy the demand for more
productivity, lower-cost productivity, and greater precision. Howewver,
for all of their advantages, the more sophisticated machine tools of to-
day have not replaced the need for the basic machine tools. The basic
machine tools are still required to make precision parts for tools, dies,
machines, instruments, and for all clazses of machine tools,

The best starting point in learning the prineiples of the more complex
machine tools 1s still to learn the fundamentals of operating the basie
machine tools. This can be a stepping stone to a carecr on the manage-
ment level in the metalworking industry or as a designer of tools, dies,
and machines. It ean also lead to a very rewarding carcer as o skilled
craftsman, such as a general machinist, or as a tool and die maker,

This book is intended to treat the operation of the basic machine tools
and the technology which supports theze operations. The skilled crafts-
man must be able to operate machine toolz intellipently. His ability to
advance will, to & large measure, depend upon his ability to apply the
supporting technology, The beginning reader may wish to bypass some
af the more complicated topies and concentrate at first on the principles
of machine-tool operation; however, he will have available for future
refercnee much very valuable technical information on ghop theory.

The teacher may likewize wizh to bypazs the more complicated topics
in hig course of study when using thiz book. The incluzion of more ad-
vanced topies in this book 12 an added dimension which can be used in
the advaneod vocational and technieal eourses, For the beginning courses,
the procedures for operating the basie machine toals are treated in depth.
The more advanced lessons can be uged to show the extent of the tech-
nology of machine shop practice. They can also be used selectively as
added assignments for the more ambitious student.

The treatment of the operation of the machine tools in this book
makes 1t pozsible to use 1t in the shop. Since it is rarely poszible to have
all of the students operating the zame kind of machine tool at one time,
the reading assignmentz can be made on the basiz of the machine tool

iX



X FPREFACE TO FIRST EDITION

that the student 1= learning to operate. This book ecan also be used in
the related course in which machine shop theory is taught. For this
course the subject matter s developed in an orderly and progressive
manner, The questions at the end of each ehapter can be used for review,
for homework assignments, or for examinations.

I would hke to take thiz opportunity to acknowledge the debt of
gratitude that T owe to the many personz who have made this work pos-
sible. First are the teachers who, in the elassroom and in the industrial
workshop, taught me the basie zkills and principles treated in these vol-
umes and who inspired me to continue my career in this field. It gives
me a genuine sense of pleasure to include their names in this book:

Orlan W, Boston Clarence J. Metzgar®
Lester V., Colwell John H. Moltrecht®
Willhlam W. Gilbert Karl Schatz
Herman Hermann i, Harold Silvius
Frank Kicfer* Robert E, Smith*
Richard 0. Knight William C. Truckenmiller
Robert E. McKee Carl Wolff*

* decenaed

The acknowledgments in the captions of the illustrations give some
idea of the help offered by the machine tool, and allied industries in the
preparation of this book, The generous help and cooperation of the per-
gons &nd their employvers who furnished thiz materigl 15 most sincerely
appreciated. 1t iz with deep regret that it is not possible to list here
all of these individuals, and their firms, by name.

I must also express my appreciation to Helbrook Horton of the Indus-
tral Press Ine. His suggestions and corrections econtributed very materi-
ally to the clarity and aceuracy of these volumes,

Lastly, I am much indebted to my wife, Wilma, for her constant help
and encouragement. To her I tender my very best thanks for deciphering
the f_::r:lgmal handwritten Iﬁﬂl‘lut.ﬂl’l]‘}t. and for tolling endless hours at the
typewriter in the preparation of this book.
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cHAPTER 1

Basic Metal Cutting Operations

This treatise deals with the prineiples, tools, and processes which are
utilized in all types of machine shops or machine buillding plants. The
information 15 la.l‘gel'_i,l' fundamental in ::I::aracte.r, and the various tools
and processes desceribed are applicable in making many different classes
of machines and other mechanical products. While machine building,
in a broad sense, embraces every craft and process from the making of
patterns, castings, forgings, stampings, etc., to the exact procedure in the
finishing and assembling of parts, this course of instruction applies prin-
cipally to the work of the machine shop—because of the general de-
mand for such imformation—and its usefulness n  techmeal schools
and 1n the industrial training departments of manufacturing plants, The
application of different types of machine tools and machining operations
s explained. It will be noted that many of the operations deseribed can
be performed in the same, or very similar manner, on different machine
tools, For example, boring 15 done on a lathe, & horizontal boring ma-
chine, a drilling machine, a milling machine, and a jig borer. An aware-
ness of these similanties is very helpful in mastering the skills and the
related knowledge required to operate machine tools.

The Work of the Machine Shop

The work of the machine shop in building machines s to make each
part to the required shape and size. The unique feature of all machine
shop operations is that the parts are precisely formed to the desired
shape and size by removing metal from the workpiece in the form of
chips. These metal chips may be very large, or, as in the case of grind-
mg operations, very small. Assembling of the finished parts 15, of course,
the final job. The material which is to be machined is generally in the
form of hot-rolled bars, cold-drawn bars, centerless ground or machined
bars, castings, or forgings. Tools, dies, machine parts, and engine parts
frequently must have very precise dimensions and smooth surface finishes.
These characteristics can sometimes be obtained by other manufacturing
methods, but they can usually be achieved more economically, and Lo a
higher degree, by machining. Value 15 added to the raw materials that
are processed to become machine parts in the machine shop, by virtue
of the work done to change their shape, provide precise dimensions, and
create Ltheir final, smooth surface finishes.

1



2 BASIC METAL CUTTING OPERATIONS Ch. 1

Machine Tools

The general term "maehine tool,"” 15 applicd to various elasses of power-
driven metal cutting maclines such as are wsed in machine shops, Most
machine tools change the shape of a material by produeing ehips; how-
ever, the National Machine Tool Builders” Azzoeiation ineludes power-
driven presses in the eategory of machine tools even though they do not
produce chips. In these two volumes, however, power-driven presses, such
as are used in the stamping and forging industry, will not be considersd
sLNe, g:*lu-l‘ull}r, l_h-:*:,.r are nob ysed in Lhe average machine .u.hup,

Machine tools can be consulered to serve four mnin purposes:

1. They hold the work or the part to be cut
2. They holid the cutting tool or tools,

3. They impart to the cutting tool or work—or hoth—whatever
motion is required for eutting or forining the part.

4. They are arranged, ordinarily, for regolating the eutting speecd
and also the feeding movement between the tool and the work.

In the production of machine parts of various zhapes and =iges, the
type of machine and eutting tool used will depend upon the nature
of the metal-cutting operation, the character of the work, and, possibly,
other factors sueh as the number of parts required and the degree of ae-
curacy to which the part must be made. The development of machine
tools has been largely an evelutionary proeess, as they have heen de-
signed to produee parts meeting inercazingly stringent mechanical stand-
ards. Developments i power transmssion, accuracy, anid control of
LJLE_’. IIII'_:I"c-'[']I:'IE]'IL‘i :I!]ll il,.ll'll:,!tl[,]]'l!-_i u-r t-l‘]l_" I!]l:l.l'_!hll'll_' AL Lfﬂ_'lrl?_-'l..ﬁrlt.l}" I'H_'!I]'II-'_"' 10 =
corporated into the design of new wachine tools.

Machine Loals are built 1o produer certam hhn]:['s such as ey lindrieal
and conical surfaees, holes, plane surfaces, irregular contours, gear teeth,
ete, Many machines, however, ean produce a variety of surfaces. Thus,
machine tools are bwilt s general purpose muachines, high production
miachines, and as special purpose machines, As the nmme implies, general
purpose machine tools are designed to be gquickly and easily adapted to
a large varicty of operations on many different Kinds of parts. They are
usedd extensively in jobbing shops, repair shops, and in tool and die shops.
Sometimes these machine tools are ealled job zhop machine tools. Pro-
duction maclhine Ltools are :Iu.l-'.igu{l:l Ly pl:'rfurm an operalion, or a4 sequence
of operations, in a eepetitive manner 1n ovder to achieve a rapid output
of machined partz at minnmmum cost, They ean be set up to machine a
variety of different parts; however, their operation 15 economical only
when the quantity of parts to be machined 18 relatively larpe. Special
purpose machine tools are designed to perform one operation, or a se-
l.IlIl_"']'II:H_" -;1f l_I-EH_"I'.'I.t-l.I:_'Irl:i: !"'I_"J':II:"t-lLI".'l_"I:"_I o i EEH_'I‘:Iﬁl' illll't-_ rTI‘iE_’.:-_TlL' r:n:nr:hinus A
usually automatie and are unattended exeept when it 15 necessary to
change and to adjust the eutting tools, They are used in mass-production
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shops such as are found i the automotive industry. Numerically con-
trolled machine tools have their functions programmed on a punched
tape. The tape may be made on a tape writer in accordance with a pro-
gram written to produce the required part or it may be made from a
program determined by a eomputer. Numerlcally controlled machine
tools achieve a rapid and economieal output of machine parts when the
quantities to be produced are low or medium, They cannot cut metal
any faster than can other machine tools; however, they reduce the amount
of “eut and try" by the machine operator thereby inereasing the output
of parts, They are particularly useful where repeat orders for the same
part are encountercd., The tape containing the information required to
produce the part can be stored conveniently and reused when required.

Metal Cutting Tools

The metal eutting tool separates chips from the workpiece in order to
cut the part to the desired shape and size. There 15 a great vanety of
metal cutting tools each of which is designed to perform a particular
joby or a group of metal cutting operations in an efficicnt manner. For
example, a twist dnll 15 designed to drill a hole having a particular size,
while a turning tool might be used to turn a varicty of eylindrical shapes.
In order to sever a chip from the workpicce the following conditions must
bec present:

1. The tool 1= harder than the metal to be cut.

2. The tool 12 80 shaped that 1tz cutting edge can penctrate the work,
3. The tool 15 strong and ngpd enough to resist the cutting forces.
4

. There must be movement {provided by the machine tool) of the
tool relative to the material in order to make the cutting action
poszible.

Modern metal cutting tools are made from tool stecls, powdered metals,
ceramics, and industrial diamonds. These materials can be made to be
very hard and they can retain their hardness at the high temperatures
resulting from the metal cutting action. All metal cutting tools wear as
the result of stresses and temperatures encountered in scparating the
chips. The rate-of-wear must be controlled by the application of the
correct cutting speed and feed. After wear has progressed to certain limits
the cutting edge may be resharpened by grinding. Ultimately, further
sharpening is not practical and the tool must be disearded, For this rea-
son metal cutting tools are classified in industry as perishable tools.

There are three basie types of metal cutting tools: single-point tools,
multiple-point tools, and abrasives. These names are quite deseriptive.
A single-point metal cutting tool has a single cutting edge and is used
for turning, boring, shaping, and planing. Multiple-point tools have two
or wore cutting edges such as drills, reamers, and milling cutters, Grind-
ing wheels are an example of abrasive cutting tools, Each grinding wheel
has thousands of embedded abrasive particles whieh are eapable of pen-
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etrating the workpiece and removing a tiny chip. The combined total
of the tiny grinding chips can result in a substantial amount of metal
being removed from the workpieee,

Principles of Turning

The diagram at the left in Fig. 1-1 tllustrates how metal 15 cut by turn-
ing, as in a lathe. The turning tool is held rigidly in some form of holder.
The part to be turned rotates in direction B, and the tool feeds along
continuously in direction F, parallel to the axiz of the part being turned.
Consequently, the part iz reduced from some diameter D, to some other
diameter d, depending upon the requirements in each case. The upper
surface of the tool, against which the chip bears as it is being severed,
usually is ground to some rake angle a, to make the edge keener and to
lezzen eutting resistance, (There are exceptions to this rule as explained
later in Chapter 7 which covers Single-Point Tool Forms and Tool
Grinding.) This top or chip-bearing surface generally slopes away from
that part or seetion of the cutting edge which normally does the cutting;
hence, usually there s both backward and side slope or, in tool parlance,
& back rake angle and a side rake angle. (The angle,a, of the diagram 1=

N

JE

PLANING TOOL

Fig. 1-1. Principles of turning and planing.
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intended to represent the combined back and side angles or what iz known
as the compound angle 1n some plane z-z.} 17 this inclination a, 15 exces-
sive, the tool point will be weakened. On the other hand, if there is no
inclination, the tool will still remove metal, but not as effectively as a
tool with rake, especially in cutting wron and steel. Below the cutting
edge, some relief angle ¢, 15 essential so that this end or side surface of the
tool will not rub against the work and prevent the cutting edge from
entering it freely, particularly when the tool 15 adjusted inward for taking
a deeper cut. This relief 15 not confined to the end alone but iz also re-
quired along the side extending as far back as the length of the cutting
edge. The factors governing the amount of rake angle a, relief angle e,
and the general shape of the cutting edge will be considered later.

Principles of Planing and Shaping

A comparisoen of the turning-tool diagrams (Fig. 1-1, left) with the
planing tool (Fig 1-1, right) will show that planing a flat surface s
gsimilar in principle to turning a eylindrical surface, the chief difierence
being that & straight-line movement 15 required for planing and a rotary
or circular motion 152 used for turming. {(The planing tool, when planing &
horizontal surface, 1= held in a vertical position. It is shown in a horizontal
position to ebtain a more direct comparison with the turning tool.) The
planing tool 15 held stationary while cutting and the part to be planed 1=
given a straight-line motion K, during the cutting stroke, followed by an
intermitient, lateral tool-feeding movement in direction F, during the
return or non-cutting stroke, (I a shaper, which 15 a small type of plan-
ing machine, 15 used, this order is reversed ; the tool moves, while the work
remains stationary.) As the tool is moved laterally, prior to each cutting
stroke, suceessive strokes reduce the surface of the work from H to &, the
amount depending upon the requirements.

In planing, as in turning, the tool surface against which the chip bears
usually slopes backward or has a certain rake angle a, to reduce the cut-
ting resistance. Some relief angle ¢, in back of the cutting edge, 15 neces-
sary to permit this edge to cut freely. If either angle a or ¢ 15 excessive,
the point of the tool will be weakened and 1t may not be strong enough to
resist the pressure required for cutting iron or steel. This 1= true of turning,
planing, and other classes of metal cutting tools. The shapes and angles
of planing tools are dealt with in Volume 2, in the chapters on Shapers
and Planers,

Principles of Milling

The milling cutter represented by the upper left diagram, Fig, 1-2, has
equally spaced teeth around its circumference so that as many cuts are
taken per cutter revolution as there are teeth, and the cutting action is
continuous. The cutter 15 rotated by the spindle of the milling machine
and the part to be milled is given a feeding movement, generally in direc-
tion F, or against the cutter rotation B, (Sometimes the feeding move-
ment 15 1 the opposite direction, or weth rotation K.) As the work feeds
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MILLING
CUTTER

Fig. 1-2, Prnciples of plain milling ond fnee molling

past the revolving cutter, the surface M, 15 reduced to some height &, as
may be reguired,

The milled surface will be flat of the cutter 15 eylindrieal, but, fre-
quently, eutters of other forms are used, as explaned later in Chaptler 6,
Volume 2, the section on Ailling Alachine Operations, The chip-bearing
surfaces of the milling eutter teeth may bhave some rake angle a, to lessen
cutting resistanee and they must have relief o to perimat free cutting
action. Thus we see that each tooth depends for its eutting action upon
a relief angle and usually a rake angle also, just as with the turning and
planing tools. (The actual relief angle e, applics to & narrow top cdge on
each tooth as indicated by the enlarged view, at upper right, of one tooth.
!"n-:ul-rﬁ:lu:,', the eutier is Hh:lrpn;ﬂ:]i_'cl by ;:l"lmii;ng this narrow cilpe or “land™
as1tis called.)

The lower diagram in Fig. 1-2 1llustrates the action of a face nilling
cutter, This g{'ru_rr:-ﬂ type of eutbeor 1s designed {"th['l"i.ﬂ.”}" for T:Ji”i:rlg flal,
surfaces. To simplify the diagram, a eutter is shown with two ecutting
hiades only. In actual practice; however, there would e a number of
blades equally spaced around the circumference of the cutter body to
obtain more continuous cutting action. As the cutter rotates in direetion i,
the work feeds past it as imdieated by arrow F, =0 that cach blade, as ot
sweens around, reduces the surface from some height If, to b, The fecding
movement of the work 15 not always in a straight line hut may be rotary.
This, however, does not affect the operating principle, Each blade is held
in a cutter body at an angle as indicated by the detal view to the right.
This inclined position gives cach Blade a eortain rake angle,a. The lower
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end of each blade also has a relief angle ¢, The face milling cutter is an-
other illustration of the fact that metal eutting operations with different
types and designs of tools are all based upon the same fundamental
principles.

Principles of Boring

The machining of internal cylindrical surfaces, when a single-point tool
is used, 15 called "boring.” Figure 1-3 illustrates the process, The part to be
bored rotates in direction K, while the boring tool, with its top surface
located in approximately the same plane as the center of the hole, feeds
in direction F, or parallel to the axis of the hole, for eylindrical boring,
As the tool advances, it increases the diameter of the hole, or bore, from
d to ). The cutting tool, when applied to iron or steel, normally would

BORING TOOL

Fig. 1-3. Prioeiples of ealargiog or boring @ hole,

have some slope or rake angle o on the chip-bearing surface, and a relief
angle ¢, 1s essential. Note that there 15 both backward and side slope (or
rake), and also relief at both the extreme end and along the leading side,
or below all of the cutting edge. A somewhat greater relief angle may be
required for horing than for turning—especially if the hole 18 small—
but the cutting action 152 bazed upon the same fundamental principle in
pach case. A boring tool, of the general type shown in the diagram, is
merely a small turning tool supported by a bar B, which, in turn, is
rigidly supported at its outer end, and 1s long enough to permit boring a
hole as deeply as may be required.

Principles of Drilling

When a hole s drilled by using a twist drill, the eutting point, or end,
is ground to provide a certain amount of relief ¢, in back of each cutting
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Fig. 14, (Left) Cutting end of twist drill. {Right} Counterbore for enlarging a
previously drilled hole

edge (left, Fig. 1-4} and extending along the entire length of the two
edges. The twisting, or helical-shaped flute, or groove through which the
chips pass also provides rake angle a above each cutting edge. This rake,
or backward slope,is away from the cutting edge and i1 also applied to
the chip-bearing surface as in the case of the other tools. Tt will be under-
atood that the drilling of a hole 12 done either by feeding & rotating drill
in direction F, and into stationary work as when using a drilling machine,
or by rotating the work itself instead of the drill as, for example, when
using a lathe or turret lathe for drilling.

The diagram, Fig. 1-4, right, illustrates a counterbore, This 15 a tool for
enlarging part of a hole from some diameter d, to D. A pilot, or extension,
fits into the smaller hole and insures cutting the enlarged part concentric
with 1, Again we have on the counterbore, reliefl angle ¢, at the lower
end of each cutting tooth, and also rake angles a. While the counterbore
and the twist drill are in appearance unlike a milling cutter or turning
tool, all of these tools conform to the same fundamental operating
principles,

Principles of Broaching

A broaching tool (Fig, 1-5) has a series of teeth so arranged that they
cut the metal when the broach is given a straight-line movement, as indi-
cated by arrow K. (In some cases the workpiece 12 moved instead of the
broach, but the operating principle 12 the same.) The broach cuts away
the metal since its teeth progressively increase in height, as shown on the
exaggerated scale in the lower diagram. Thus, eutting action is distributed
over a series of teeth and each tooth takes a light cut.

Each tooth iz similar to a planing tool, and the cutting of metal in
broaching is based upon the same fundamental principles as in planing,
turning, or milling. The rake angle a, as in the case of other metal cutting
tools, improves the cutting action, The top, or land, of each tooth has a
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clearanee, or reliefl angle ¢, When the broach is initially ground to the
size and shape required, & narrow part of this land is often ground with-
out any relief so that precise measurements may be taken on this surface,
Later, the relief angle is finish ground, leaving a very small portion of the
land behind the cutting edge without a relief angle in order not to destroy
the size and shape of the broach. This straght section of the land some-
times helps to stabilize the broach when it iz cutting and it provides a
slight burnishing or finishing action on the surface of the workpiece.
This lack of clearance, or reliefl, on broach teeth may seem opposed to the
principle that reliefl is an essential requirement; however, the width of
the straight portion 1s usually less than 030 inch. It does not interfere

I

NN

BROACH
Z,

Fig. 1-5. {Above) Cutting astion of & broaching tool, (Below) Enlarged scale drawing
of broach teeth showing height increases.

with the cutting action because each tooth removes only a small amount
of metal and the cutting edges of the broach are never adjusted Inward
or sunk more deeply into the metal while eutting.

The diagrams show that the cutting action of the broach follows the
same prineiple as the turning tool, planing tool, milling eutter, and other
metal cutting tools, Thus, it can be seen that the basie requirements of
tool shapes are not complicated. In actual shop practiee, however, 1t is
essential to use tools which more or less vary in shape to suit different
cutting conditions. The different factors to be taken into account will be
referred to later.
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Courteey of Cincianati Milacron

Fig. 1-6. Principle of eyvhiodrical grindiog, "traverse” method.

Precision Grinding

Grinding wheels are just as much metal cutting tools as are single- or
multiple-point cutting tools which are used to alter the shape of a work-
piece. Some grinding wheels are used to rough grind castings or steel bar
stock in foundries or steel mills. These wheels must be strong enough to
withistand rough usage. In the machine shop, however, grinding wheels are
usually mounted on the spindles of precision machine tools in order to
machine parts to elose tolerances and to produce fine surface finishes,
Grinding wheels are also used in the machine shop to grind cutting tools
on pedestal grinders or on special cutter- and tool-grinding machines.
Precision grinding machines are designed to control the path followed by
the work and the wheel, with great precision. These machines thus have
the capability of producing parts with a high degree of dimensional
ACCUTACY.

This capability is further enhanced by the nature of the cutting action
of the grinding wheel which produces a multitude of very small chips.
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These small chips permit very small amounts of metal to be removed from
the surface of the work, thus favoring both dimensional aceuracy and sur-
face finish, Another important characteristic of the grinding wheel is that
it will readily penetrate hardened metals, such as hardened tool steel,
enabling these materials to be machined economically on precision grind-
ing machines, Some heavy-duty surface-grinding machines have been
designed to achieve rather high, metal remowval rates. This process is called
abrasive machining.

Cylindrical grinding machines have been designed to produce ground
cylindrical, tapered, and formed surfaces. When traverse grinding (Fig.
1-6), the rotating workpiece 18 traversed past the grinding wheel which 1s
rotating at a very high speed. At the end of each traverse stroke there is
a dwell before the direction of the traverse is reversed. The purpose of the
dwell 18 to give the grinding wheel time to cut at the end of the stroke.
Generally, the dwell 15 also utilized to feed the grinding wheel into the
workpiece for the succeeding traverse. This feed is called “infeed.” An-
other method of eylindrical grinding is called “plunge grinding” (Fig, 1-7),
This method 15 hmited, however, to surfaces on the workplece that are no
longer than the width of the grinding wheel. The grinding wheel 15 fed,
or plunged, into the rotating work plece without any traverse motion,

-

#.;__:E ‘.;':.r g - J N i
s B = IR , 4

Couwrteny of Cincinnati Milocron

Fig. 1-7. “Plunge grinding” method of cylhindrical grinding principle.



12 BASIC METAL CUTTING OPERATIONS Ch. 1

Surface grinding is accomplished by traversing a non-rotating work-
piece, usually in a horizontal position, past the grinding wheel as shown
m Fig. 1-8. The grinding wheel 15 generally fed & small amount perpen-
dicular {crosswise) to the direction of the traverse movement of the work

Courteay of the Gollmayer & Livingaton Compony

Fig. 1-B. Principles of surface grinding.

at the end of each traverse stroke. The surface resulting from this action
15 & plane, or flat surface. Special methods are used to grind profiled sur-
faces such as threads and gear teeth.



CHAPTER 2

Basic Measuring Instruments

Measuring tools are used 1n machine construction, tool and die making,
and machine tool operation in order to secure the required sizes and de-
gree of accuracy of the parts, There are many different types and designs
of measuring tools, 2ome of which are very sophisticated. This section will
deal with the measuring tools normally usged by machinists and toolmakers
in the everyday performance of their trade. A representative sample of
these tools is shown in Fig, 2-1,

All precision measuring tools must be handled with care in order to
avold the slightest damage to them, Often measurements aceurate to one-
thouzandth (.001) inch, or even to one ten-thousandth (.0001) inch, must
be made. Careless handling of precision measuring tools will destroy their
accuracy, and hence their usefulness, in making exact measurements, For
example, a square that is not a true square will result in spoiled work,
Precision measuring tools, therefore, must frequently be checked in order
to verify their aceuracy. With many of these tools the workman must de-
pend upon the sense of feel 1n order to make accurate measurements. This
requires that they be correctly grasped by the hands in order to utilize
the sensitive nerves that are located in the tips of the fingers. The proper
manipulation of preecision tools 15 shown in many of the illustrations in
this chapter.

The Precision Steel Rule

The rule is a basie length-measuring tool. It may be used direetly in
measuring & length; or, it may be used indirectly as when the diameter
of & eylindrical object 1s measured with outside calipers and this measure-
ment 13 then transferred from the calipers to the rule. Only precision-
made, hardened steel rules are acceptable for use in the machine shop ar
m the tool and die shop. The lnes or graduations on these rules are
machine divided on specially designed, and very precise, graduating ma-
chines, Precision steel rules may be obtained as spring temper, semi-
spring temper, semi-flexible, or full flexible. They range in size {rom
one-quarter inch in length for measuring in grooves, recesses, and Key-
seats to twelve feet in length for large work. The most frequently used
lengths are the six-inch and twelve-inch rules,

Two systems of graduations (Fig, 2-2) are used in the United States
on steel rules. They are the deeimal Inch system and the fractional inch

13
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Courteoy of The L. 5. Starrell Comiany

Fig. 2-1. Basic machinists measuring tools including a precizion surface-plate.
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Courtesw of The L. 5. Starreid Company

Fig. 2-2. (Upper view) Steel rule with decimal inch graduations; (Lower view) Steel
rule with fractional inch gradunations.
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gystem. In the decimal inch system, the inch 15 divided into one tenth
(.100) inch, one-fftieth (020} inch, and one-hundredth {010} inch. {See
upper view, Fig. 2-2.) In the fractional inch system (lower view, Fig.
2-2), the inch is successively divided by two, vielding the following
graduations: 14 or 500 inch, ¥ or 250 inch, 14 or 125 inch, ¥, or 0625
inch, %4. or 03125 inch, and 1§, or 015625 inch. One advantage of the
fractional nch system 18 that the smallest graduation that can be
clearly distinguished with normal eyesight, and without causing undue
eyestrain, 13 14, or .0156 inch as compared to %4, or .020 inch for the
decimal inch system.

Decimal equivalents are the decimals corresponding to the fractions
in the fractional inch system. The decimal equivalent can be calculated
from the fraction by dividing the denominator into th® numerator. For
example, to find the decimal equivalent of %, inch, divide 7 by 32, thus
7= 32 = 21875 inch. Tables of decimal equivalents are usually avail-
able, making these caleulations unneccessary. Their use is recommended
to prevent possible mistakes that zometimes are made when decimal
equivalents are found by ecalculation. A table of decimal equivalents is
given in the Appendix of this text.

Calipers

There are three basic kinds of calipers: 1. Outside calipers, used pri-
marily to measure outside diameters; 2. Inside calipers, used primarily

Courtiay of The L, 5. Starvett Company

Fig. 2-3. (Left) Outside calipers; (Ceoter) Inmde calipers; (Right) Hermaphrodite
caliper.
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A B

Fig. 24 Correct method of using outside calipers,

to measure hole diameters; and 3. Hermaphrodite ealipers, used to meas-
ure the distance between a surface and a seribed line or to seribe a line
from a surface. Two types of construetion, firm joint and spring, are used
in calipers. Firm Joint calipers utilize the friction between the legs to
maintain their setting. A firm joint hermaphrodite caliper 12 shown in
Fig. 2-3. Spring calipers have a curved spring at the upper, or pivot, end

which forces the caliper legs against the adjusting serew nut, thereby
malntaining the caliper adjustment.

Accurate measurements are obtained with outside ealipers by holding
them as shown at A, in Fig. 2-4, and passing them over the workpiece
with a very light contact pressure that can just be felt by the fingertips.
The caliper reading is then transferred to a rule (Fig. 2-4, B). Accurate
caliper readings, however, cannot be made when the work is rotating.
Tn measuring & hole, inside calipers are adjusted to the correct diameter
of the hole (see A, Fig. 2-5) by holding one caliper leg against the side
of the hole with a finger of one hand, while the caliper, held in the other
hand, is carefully passed through the hole. Moving the free leg back and
forth in the X direction (A, Fig. 2-3), while slowly passing through the
hole in the ¥ direction, will assist in finding the smallest true diameter
of the hole through which the ealiper legs ecan pass. Again, a very light
feel will determine this setting. The inside ealiper measurement 15 then
transferred to a steel rule (B, Fig. 2-5) or to an outside micrometer cal-
iper (I3, Fig. 2-5), When done with greal eare, measurements aceurate Lo



Ch. 2 BASIC MEASURING INSTRUMENTS 17

Courteay of The L. 5. Starrelf Compony

Fig. 2-6. Telescoping gages used to measure hole diameters,
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“tenths" (L0001 inch) can be made, using both inside calipers and out-
side micrometer calipers. Measurements can also be transferred between
inside and outside calipers as shown at C, in Fig, 2-5,

Telescoping-Gage and Small Hole Gages

The telescoping gage, Fig. 2-6A, haz two contact plungers which ex-
pand outwardly across the diameter of a hole when the knurled nut at
the end of the gage stem 15 released. When both plungers have contacted
the hole, Fig. 2-6B, this nut is again tightened and the telescoping gage
measurement 15 transferred to outside micrometer calipers. Small hole
gages (Fig. 2-7) have two contact points that are expanded by turning
the knurled nut on the end of the stem until the gage can pass through

Courteay of The L. 5. Starreltl Company
Fig. 2-7. 8mall hole gage-setting measured by ouside-micrometer caliper.

the hole with a very light contact “feel.” The hole measurement is then
transferred to outside micrometer calipers as shown in the illustration.

The Square and the Bevel Protractor

A frequently encountered angle in machine shop work and in tool-
making is the right angle, or 90 degree angle. The square is the basic tool
used to measure and test for this angle. Other angles are measured with a
protractor, illustrated in Figs. 2-8 and 2-16.

A combination set is shown in Fig. 2-8. Attached to a precision steel
rule, from left to right, are a square head, a bevel protractor, and a
center head. These heads can be changed to any desired position along
the length of the rule or they may be removed completely. The square
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Courteiy of The L. 5. Starretl Company
Fig 2-8 Combination set including square head, bevel protractor, and center head.

head and the bevel protractor both contain spirit levels which are often
of assistance in making measurements. The square head has a short edge
machined at 45 degrees with respect to the right angle. The use of the
center head will be deseribed in the next chapter,

For very accurate determinations of the right angle, a master precision
scuare, Fig. 2-9, is used. The beam and the blade of this square are hard-
ened, ground, and lapped to insure straightness, parallelism, and the exact,
right-angle relationship. It should be very carefully handled at all times.
Squares may be checked by using two toolmakers buttons that are
screwed to an angle plate as shown in Fig. 2-10. The lower button is
serewed tight, while the other button is tightened also, but less firmly.
The square and the angle plate are then set on a precision-surface plate
and finally, the blade of the square is placed against the buttons. A thin
piece of paper, or paper “feeler,” is placed between the blade and each
button. The upper button 1s then lightly tapped with a piece of soft metal,
say a l-inch dia. ® 6-inch piece of soft brass, until both paper feelers are
tight. The square 13 then positioned on the other side of the buttons and
checked with paper feelers as before, II both paper feelers are tight the
square i3 accurate. In making this test it is very important that both
toolmakers buttons have exactly the same diameter. The thin paper
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Courfeay of The L. 5. Starraif Co .
Fig. 2-9, Master precision-ateel aquare.

feelers are often much more sensitive than eyesight when making precise
angular measurements.

Extremely accurate right-angle measurements ean be made with the
eylindrical square shown in Fig. 2-11. It is used on a precision-surface
plate. This square is a perfectly true eylinder having one end lapped ex-
actly at right angles to the eylindrical surface. The other end is lapped
to a fixed angular relationship to the sides. When the angular end is rest-
ing on the surface plate and the work is in contact with the eylindrical
surface, the deviation from the true square condition of the part can be
measured by rotating the square until the light visible between the part
and the square is shut out. The deviation is read by reading up the top-
most dotted curve in contact with the work to the number which shows
the deviation in steps of 0002 inch.

Fig. 2-10. Method for checking a square,
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Courfesy of the Brown & Sharpe Manufaciuring Co.

Fig. 2-11. Cylindrical square used io moke precise measurementis at right angles.

Vernier Measuring Instruments
The vernier 15 an auxiliary scale that 1z attached to calipers, height

pages, depth papes, protractors, and other measuring instruments. It
allows exceedingly accurate measurements to be made. The vernier meas-
uring instrument 13, in effect, a graduated steel rule to which & shiding
member containing the vernier scale is attached, There are two types of
vernier scales commonly used in the machine shop; one has a 25-division
vernier scale and the other has a 50-divizion vernier scale.

The primary scale of a 25-division vernier 15 divided into inch grad-
uations (large numbers), .100-inch graduations (small numbers), and
025-inch graduations (no numbers). The vernier scale has 25 divisions,
and its length 15 equal to the length of 24 small divisions on the primary
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Courleay of the Hrownr & Shaorpe Mawmufacfuring Ca.

Fig. 2=12 28=division vernier scule

seale. Thus, the length of the vernier seale 15 24 = 025 or 600 inch, Since
the vernier scale has 25 equally spaced divisions, the length of each divi-
sion must be 600 + 25, or .024 inch. Therefore, each division on the vernier
scale 12 001 inch {.025 - .024) shorter than each small division on the
primary scale, When the zero graduations on both seales are aligned with
each other, the first two lines on the primary and the vernier scales are
001 inch apart; the second two lines will be 002 inch apart; the third
pair are (03 inch apart; ete. Tt is evident that in order to move the
vernler exactly (002 inch from this position, 1t s only necessary to slide
it along the primary scale until the second line on the vernier coincides
with the corresponding line on the primary scale. To read a 25-division
vernler follow the steps given below and refer to Fig, 2-12:

1. RHead the whole inches on the primary zcale  2.000 (not shown)

2. Read the nearest small number to the left of

the 0 indicator line and multiply times 100,

or 3 » 100 SO0
3. Count the number of small graduations be-

vond the previous reading and multiply times
025, or 2 = 025 50

4. Find the graduation on the vernier scale that
12 In exact alignment with a graduation on the
primary =scale and multiply times 001, or
18 = 001 18

2. Add total to obtain reading. 2.353 inches

The 50-divizion vernier, Fig. 2-13, has more widely spaced graduations
which are easier to read. The primary scale 13 divided into inch gradua-
tions, .100-inch graduations, and .050-inch graduations. The vernier scale
15 divided into 50 equally spaced graduations and its length is equal to
the length of 49 divisions on the primary szcale, or 49 = 050 = 2.450
inches, Each graduation on the vernier scale is then 2.450 = 50, or 049
inch long. Thus, the difference between the length of a graduation on the
primary scale and on the vernier scale is again 001 inch. To read a
al-division vernier follow the steps below and refer to Fig. 2-13:
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Fig. 2-13. 50-division vernier scale.

Courbeay of The L. 5§, Starrell Company

1. Read the whole inchez on the primary scale 1.000

2. Read the nearest small number to the left of the 0
indicator line and multiply times 100, or 4 x 100 400

Courtery of the Brown & Skarpe Mamufocturing Co.

Fig, 2-14. Vernier caliper.
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3. Count the number of small graduations beyond the
previous reading and multiply times 050, or 1 > 050 050
4. Find the graduation on the vernier seale that is in
exact alignment with a graduation on the primary
seale and multiply times .001, or 14 = 001 014

5. Add total to obtain reading, 1.464 inches

Vernier calipers capable of measuring both inside and outside diameters
are shown in Fig. 2-14. Vernier height gages (Fig. 2-15A, and Fig. 2-27)
are used to measure vertical distances above a reference plane; usually
a precision-surface plate. They are also used to scribe lines at a given
distance above a reference plane when making precise layouts on work-
pieces, A vernier depth-gage is shown at B in Fig. 2-15.
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Fig. 2-15. A Vernier heighl-gage. B, Vernier depth-gage,

Vernier bevel protractors, as shown in Fig 2-16, are used to measure
angles to an accuracy of five minutes (05'). Since there are sixty minutes
(60°) in one degree, this is equal to one-twelfth (%, = ¥ z) of a degree.
An enlargement of the protractor scale and vernier is shown in Fig 2-17.
The main protractor scale is divided into degrees, with every ten degrees
numbered. The vernier scale is actually fwo vernier seales, each having
twelve divisions on either side of the zero graduation, The left-hand scale
is used when the vernier zero graduation is moved to the left of the zero
on the primary seale, while the right-hand secale is used when the move-
ment is to the right. The total length of each vernier seale 1s equal to 23
degrees on the primary scale. Sinee there are twelve divisions on the
vernier scale the length of each graduation is equal to 23 + 12 or 1-114,
degrees. Since one degree equals 607, 115 degree equals 1145 = 60 or 55"
Thus, the length of each graduation on the vernier scale is equal to
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Courtesy of The L, 5. Sterrelt Co.
Fig. 2-16. Vernier bevel protractor,

Courlery 0f The L. 5. Starrell Co

Fig. 2-17. ¥ernier bevel protractor scale.
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60" + 55 or 115, One graduation on the vernler scale is, then, 5 less in
length than two graduations on the primary scale; two graduations on
the vernier are 10° less than four graduations on the primary; ete,

To read the vernier bevel protractor, first read the number of whole
degrees passed by the vernier zero and then count, in the same direction,
the number of graduations between the vernier zero and that line which
exactly coincides with & graduation on the primary or degree scale; this
number multiplied by 5 will give the number of minutes to be added to the
whole number of degrees. In Fig. 2-17, the vernier zero has passed to the
left of 50°, and the fourth line to the left of the vernier zero coincides

with a line on the degree scale. Henee, the reading is 50° + 4 x 5 or
S0°20°.

Micrometer Measuring Instruments

The micrometer screw principle 13 uszed on a variety of measuring
instruments which includes outside mierometer calipers, inside micrometer
calipers, and micrometer depth gages. The precision obtainable by all
micrometer measuring instruments 1z dependent upon the micrometer
screw; therefore, the thread of this screw = made with the greatest possi-
ble care and degree of precision, For this reason, micrometer screw threads
are very seldom made longer than one inch and micrometer measuring

Courtoey of The L. 5. Starreld Company
Fig. 2-18. Dutside micrometer caliper set including length standards.
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instruments are designed to accommodate a one-inch movement of the
micrometer apindle. For example, outside micrometer calipers are made
with frames having sizes of one-inch increments. Figure 2-18 shows three
outside micrometer calipers of the following sizes: 0 to 1 inch, 1 to 2
inches, and 2 to 3 inches. Inside micrometer calipers and depth micrometer
calipers have separate stems for each one-inch interval within the range
of the instrument.

Figure 2-19 illustrates a sectional view of a one-inch, outside microm-
eter caliper with all of the parts named. The principal parts are the
frame, sleeve, thimble, spindle, and anvil. The frame supports the com-
ponents of the micrometer caliper and keeps them in correct alignment.
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Courteny of The L. 5. Slerrett Ca,
Fig. 2-19, Sectioned view of 01 ioch outside-micrometer caliper.

The sleeve houses the spindle nut and it has graduations marked length-
wise on its outside surface. These graduations are one inch long, and they
are divided into 100-inch and 025-inch intervalzs, The thimble is attached
to the spindle by a taper and a screw (see ratchet body in Fig. 2-19).
The thimble rotates and moves lengthwise over the sleeve. One end of
the thimble is beveled. The bevel on the thimble has twenty-five equally
spaced graduations around its circumference. The spindle has the microm-
eter thread on one end and one of the two measuring surfaces on the
face of the other. The other measuring surface is on the face of the anwvil.
These two measuring surfaces are made to be exactly parallel to each
other regardless of the position of the spindle.
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Fig. 2-20. Micrometer graduations.

The micrometer screw thread has 40 threads per inch. Its lead, or
dizstance that the thread advances per revolution, is equal to 1 + 40 or
025 inch or the distance between the smallest graduations on the sleeve,
The beveled edge of the thimble will move lengthwise one graduation on
the sleeve for each revolution, since it is attached to the screw. Turning
the thimble through one graduation on the thimble scale will cause the
thimble and spindle assembly to rotate exactly 4, of a revolution, since
there are 25 equally spaced graduations around the thimble. When the
gpindle rotates g of a turn, it moves lengthwizse L4y of itz lead, or
L4 ® 025 = 001 inch.

To read a micrometer scale follow the steps below and refer to A in
Fig. 2-20,

Courtesy of The L. 5. Starrett Company
Fig. 2-21. Measuring part held 1o a lathe using outside-micrometer calipers.
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1. Read the largest number visible on the sleeve scale
and multiply by 100, or 2 = 100 200
2. Count the number of small graduations bevond the
graduation corresponding to the number read above,

and multiply by 025, or 3 x 025 075
3. Read the graduation on the thimble scale and multiply
by 001, or 10 = 001 010
4. Add to obtain reading, 285 1nch

Some micrometers have & vernier scale, v, marked on the sleeve as
shown at B, Fig. 2-20. The vernier seale, in conjunction with the regular
micrometer scale, enables the micrometer to be read to 0001 inch. The
relation between the graduations on the vernier and those of the regular
mierometer is more clearly shown in C, in Fig. 2-20. The vernier has ten
divisions which are the same length as nine graduations on the thimble.
For convenicnee in reading, each graduation on the vernier scale iz num-

Courlesy of The L. 5. Starreii Company

Fig. 2-22 Measuring with large outside-micrometer caliper.
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Couwrtepy of The L, 5 Starrell Compahy

Fig. 2-23. The use of inside-micrometer calipers in measuring a large bore

bered. The difference in width of a thimble division and a vernier division
iz equal to one-tenth of the thimble division. Therefore, a movement of
the thimble equal to this difference results in & movement equal to 14,
of Wy of a revolution, or Vi, X Wy = Wey of a turn of the thimble and
spindle azsembly. This will cause the spindle to move lengthwizse e, x
025, or 0001 inch.

In order to read a micrometer having a ten-thousandths vernier scale
first determine the reading in thousandths, as with an ordinary microm-
eter, and then find a line on the vernier seale that exactly coincides with
one on the thimble; the number on this line represents the number of ten-
thouzandths of an inch to be added to the number of thousandths ob-
tained by the regular micrometer scales. For example, at C, in Fig. 2-20,
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the micrometer scalez read 275 inch. On the vernier scale, the fourth
graduation coinecides with a graduation on the thimble; therefore,
4 = 0001, or 0004 inch 15 added to the regular micrometer reading. The
final reading 13, then, 275 + 0004, or 2754 inch.

Accurate measurements made with outside micrometer calipers depend
upon the way in which they are handled. In order to feel when they are
in correct contact with the workpiece they must be held correctly when
taking different types of measurements. Any movement of the frame,
while manipulating the micrometer serew, should be kept to a minimum
—just enough to establish the right feel, Methods of holding the microm-
eter are best shown by illustrations as follows: 1. Fig. 2-21, when a part is
held in a lathe; 2, Fig. 2-7 and A, in Fig. 2-6, when the tool or part to be
measured is held in the hand ; 3. Figs. 2-1 and 2-22, when measuring with
large micrometer calipers. Inside micrometer calipers, as shown n Fig.
2-23, must be manipulated through a hole, or recess, much in the same
manner as inside calipers, in order to find the true diameter of the hole.
It is advisable to check the accuracy of inside micrometer calipers with
outside micrometer calipers before they are used. The use of depth
micrometers 13 shown in Fig. 2-24. The thimble is carefully turned until
the measuring rod just touches the surface to be measured.

Courtgsy of The L, 5. Starrelé Company

Fig. 2-24. Using depth micrometers to measure shoulder deptls,
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The Starrett Mul-T-Anvil micrometer caliper in Fig. 2-25 can make a
variety of measurements that cannot be made with a regular micrometer
caliper; e.g., i can measure the wall thickness of tubing, the length of a
shoulder, and the distance from a hole or slot to an edge. Two anvils are
furnizhed with this micrometer: one is eylindrical in shape and the other
12 In the form of a stepped flat having a thickness of approximately 125 in.
on one end and 060 1n. on the other, Other speeial anvils are available,
The anvils ean be quickly interchanged by simply loosening the elamping
vise Jaw. In view A, Fig. 2-25, the Mul-T-Anvil micrometer is measuring
the flange thickness on a special serew.

By removing the clamping vise jaw and the elamping screw, the Mul-T-
Anvil micrometer can be converted into a micrometer height gage. One of
1its most useful applications 1= 1llustrated in view B, Fig. 2-25, where 1t 1=
being used to measure the thickness of the workplece on a surface prinder,
Its range of measurement as a height gage ean be extended beyond the one
inch spindle travel of the mierometer by placing it on precision parallels
or precision gage blocks having a known height.

Checking Micrometers

All micrometers should occasionally be checked for aceuracy and, if
necessary, adjusted to read correctly. Zero-to-one-inch micrometer
calipers can be checked by noting if the micrometer reading is zero when
the spindle touches the anvil. Both the spindle and the anvil should be
eleaned beforehand by pulling a elean strip of paper between the anvil
and the spindle. If a zero reading is not obtained, the sleeve should be
adjuszted by following the mnstructions supplicd with the micrometer by
the toolmaker. Larger micrometer calipers are checked in a similar way
by placing a standard dise or pin between the anvil and the spindle and
reading the mierometer. Standard dise and pin gages have a very precise
known diameter or length, which 15 measured by the micrometer caliper in
making the check. They are usually furnished with the larger size microm-
eters, although they ean also be obtained separately, Again, the contact
surfaces of the micrometer and the gages must be clean before making
this check.

A more precise cheek ean be made on micrometer calipers by measuring
over precision gage bloeks. (Precision gage blocks are deseribed later on
in this chapter.) The measurcment obtained can be compared to the
known =i1z¢ of the gage blockz. By measuring over a graduated series of
different gage blocks, an indieation of the aceuracy of the micrometer
serew ean be obiained, Unless the mierometer i3 abused, the micrometer
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Courtesy of The L. 5. Stasrett Company

Fig. 2-25. Starrett Mul-T-Anvil micrometer caliper, A, Used a5 a micrometer caliper,
B. Used a= o height gage to measure part on surface grinder.

screw will wear to the extent of being imprecize on only extremely rare
occasions. If this does happen, the micrometer should be replaced. On
rare occasions, the adjusting nut on the mierometer serew must be ad-
Justed. Micrometer depth gages are checked by measuring from the top of
a stack of precision gage blocks to the surface of a precision surface plate.
The measurcment obtained is compared to the known length of the gage
blocks.

Inside micrometers are usually checked with micrometer calipers that
are known to be precise, The imside micrometer 15 placed against the anwvil,
Then the spindle of the micrometer ealiper 15 carefully adjusted to read
the length of the inside micrometer while 1t 13 moved about very slightly
to obtain the feel of the correct =ctting. The readings of the two microm-
cters are compared to make the check. Sometimes inside micrometers
are checked with precision gage blocks and, when available, with precision
ring gages.



34 BASIC MEASURING INSTRUMENTS Ch, 2

Courfesy of The L. 8. Starrcl! Companty

Faig, 2-26. Dhal test imdicator amd ploner gage—shown in backgmound—are wsed 1o
cheek the size of 4 machined surlace on o planer.

Dial Test Indicators

The dial test indicator (see Fig. 2-26) is a sensitive instrument having
a graduated dial and an indicating hand which 152 connected through a
systermn of multiplying levers, or gears, to a contact point that is fastened
to the end of a spindle. The contact point is placed in contact with the
workpiece, Any movement of the contact point 15 transmitted through the
spindle, greatly amplified by the internal works, and displayed by a move-
ment of the indicating hand on the dial. Dial test indicators are designed
to read to 001 inch, 0005 inch, or 0001 inch. The reading of the divisions
13 usually marked on the dial face. They are made in & great variety of
gizes and shapes. Indicators are widely used in machine shops, and tool
and die shops in combination with many other forms of gaging and meas-
uring devices. In the shop, dial test indicators are frequently simply re-
ferred to as “indicators™

The dial test indicator in Fig, 2-26 is used to check the depth of cut
on 4 flat casting. The indicator reading 1z compared to the setting of a
planer gage shown in the background. Dial test indicators are used with
vermier height gages, Fig 2-27, to assure uniform contact pressure. The
height gage is set by making the indicator read zero on all surfaces to be
measured. Among other applications of indicators are these: to locate
edges and holes for precision boring, to measure concentricity, to “zgero”
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Courdeay of The L. 8B, Starrelt Compony

Fig. 2-27. Precision gage blorks vsed with dial test indicator attached Lo vernier
Leight=gage 1o measure work paeee

the position of machine tool slides, and to measure parallelisin between
suriaces. The operation of using a dial test indicator 12 uzually called
“inthicating.”

Precision Gage Blocks

Precision gage blocks, Fig. 2-27, are small blocks of steel that have
heen heat treatoed to a high hardness, The heat treatment 15 also designed
to obtain a high degree of Jdimensional stability in the blocks. They are
made to have an extremely high degree of «imenzional accuracy az shown
in Table 2-1. There are several grades of gage blocks which can be
categorized as master bloeks, inspeetion blocks, and working bloeks. Work-
ing blocks are used in the workshop, They arc uscd to ealibrate mierom-
eters and other precizion measuring tools, to inspect dies, toolz, and other
precision: achine parts, In Fig 2-27 a gape block is shown on a precision
surface plate. It 1s used with the height gage and the dial test indieator
to measure the height of a surface on the workpicee by comparing the
height of the gapge block and the workpiece with the indieator. Gage
blocks are alzo used to incasure angles in conjunetion with sine bars and



Ch. 2

S

BASIC MEASURING INSTRUMENTS

vl =

TO8 NI SpvpUME URULED— 006 1-8EY EPIVPURS QENUg—"31-0~000 tolelady (wiapag "g0

36

OO0 0S000° TT] SPEIE) UFLLIAE
LA AL 0Ly = T 9PRLC) NI
ST 2000 01000" — DT0000° 010000° | S00000° — apeany doysyo y ysug
Seo0 + D10000° +
o [R1apag ‘g0
LT LT EO F T #PBIC) U iy
LIS 010 DT - L] LELED UL BpEIT) uonaadsu] yenug
il L00000° +
oI — 1 OO OO0 GO — | [®a=p=g "3y
SE000° + O10000" +
O 0T FIOQD F o ) FPH) TRy
SO0 L LLEED ST000° OO LI COOMN + APRIL) UOIYRIGET) YS)LIH]
eT000 + i PO Y000 | 200000° ¥ [Eiepay g
LT L LTS LS FELL L LS ZO00 FPRIF) B0UAIREY] YSIILIE]
T T COO00" F g’ 0NN FO0O00° Z00000° = V¥ [Eaapag g
sEdamI T A0S | satau
WEEEE] | SR pfu i menaqEIeg | sssuiwlg v HonBIgISEu])

SpUEpURYE Amswaly SLaf

o T

s¥20|g a8en uoIsIDald Jo) SpIEpURS AJRInady C1-Z S19B L

RPIEpURE MNETIJY Ysiug




Ch. 2 BASIC MEASURING INSTRUMENTS a7

Courteay of the Brown & Sharpe Maonufocfuring Ca,
Fig 2-28 Precizion guge blocks nnd sine plate used Lo measure angles,

sine plates, as shown in Fig. 2-28. Angles are sometimes machined on sine
plates which are set by using gage blocks. Preecision, angular gage blocks
are also made for making angular measurements.

Gage blocks are sold in sets. A set of gage blocks 18 shown 1n Fig.
2-27, The sizes for an 83-piece, gage-block set are given in Table 2-2,
By combining two or more gage blocks, a large range of extremely aceu-
rate dimensions can be obtained. The blocks can be combined in the
following way when there 13 in the set no single block of the exact size
that iz wanted. Two or more blocks are assembled, or combined, by wring-
ing the blocks together to form the equivalent of a single block of a
given dimension. First, the joining surfaces of the blocks are cleaned. One
block is then placed over the other at an angle and the two are twisted, or
wrung, together. When properly wrung together, the blocks will adhere
to each other so strongly that a very considerable foree is reqguired to
separate them. They are best separated by twisting them apart m a
manner similar to the way in which they were assembled.

In selecting gage blocks for a given dimension, the least number of
blocks that will give the required dimension should be used. This is ae-
complished by successively eliminating the smallest remaining dimension.

Example 2-1,

Determine the gage blocks required to obtain 3.6742 inches. (Refer to
Table 2-2.)
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Step 1. Elininate the 0002 inch by zelecting a 1002 block. Subtract
1002 from 36742,

3.6742
- _l_[}{IE

3.5740

Step 2. Eliminate the 004 inch by selecting a 124 bloek. Subtract
124 from the remainder in Step 1.

3.574
~ 124

3.450

Step 3. Eliminate the 450 inch with a 450 blocl. Subtract 450 from
the remainder 1n Step 20 This obviously leaves 3000 which 15
obtained with a 3-ineh block.

Step 4. Cheek the blocks to determine if they will result in the re-
quired dimension.

002

124

A50
3.000

36743 inches

Surface Gage

The surface gage, Fig, 2-29, is one of the most useful tools employed
by the machinist and the toolmaker. On certain classes of work it is
almost an indispensable tool, For example, surface gages can be used to
seribe layout lines on work pieces o order to locate the centers of holes,
to provide referenee lines for sctting up workpieces on the machine, or to
outline surfaces to be machined. In Fig. 2-29, the seriber point of the
surface gage 18 being positioned by a rule in preparation for seribing a
line on the workpicee. The rule 15 conveniently held in & vertical position
by a rule holder; & surface plate provides a reference plane for transier-
ring the incasurement from the rule holder to the workpiece by means of
the surface gage. Located at the end of a rocker plate, a vertical thumb-
serew provides a very fine adjustment to the spindle and allows aceurate
settings of the seriber to be made.

A dial test indicator, which can be used to transfer precise measure-
ments, can be attached to the spindle or to the seriber. The seriber point
can be used to check the position of lavout lines when setting up a work-
plece on the machine. The bent point of the seriber can be used to lay
out lines that are close to the base of the surface gage. It is also used to
test the parallelism between a surface on the workpiece and the top of a
surface plate or machine tool table. Thiz can be done whether the surface
of the workpiece has been finished smooth or if it is still rough. The use
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Courteaw of The L. 5. Starreti Company

Fig. 2-29. Burface gage used to transfer a measurement from a [2-inch rule. The rule
i# held in & rule holder.

of the surface gage to test a cast surface for parallelism is especially effec-
tive because the surface gage can average out the irregularities on such
surfaces.

Universal Precision Gage (Planer Gage)

A universal precision gage is shown in Fig. 2-30. This gage was
developed from a planer gage by the incorporation of a fine adjustment
mechanism. Originally, planer gages were used for setting planer and
shaper cutting tools to establish the correct depth of cut. The universal
precision gage can still be used for this purpose. Many other uses have
been found for this tool in doing precision machine-tool work. The slide
can be precisely adjusted to any vertical position by measuring across
the base and the top of the shde with a micrometer caliper, or by trans-
ferring the measurement from a stack of gage blocks with a height gage
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Couriery of The L. 5. Starrelf Company

Fig. 2-30. (Left) Setting a universal precision gage using a height gage, dial test
indicator, and precision gage blocks, (Right) Seribing a lavout line with a universal
precision gage.

and a dial test indicator, ag zshown in the illustration at left. A =criber
can then be attached to the universal precision gage in order to scribe
layout lines, Other uses inelude measurements of parallel faces in a slot,
as an adjustable parallel, for setting up and leveling workpleces, and as
a height gage for transferring measurements from gage blocks by using a
dial test indicator mounted on the universal precision gage.

Parallels

While not primarily a measuring tool, parallels arc indispensable tools
in machine shop and teolroom work, They are used {or the setup of work-
picees on machine tools, when imspecting parts, and when making layouts
on parts. Parallels are rectangular bars of havdened or unhardened steel
that have two sides ground cxactly parallel; some parallels have two pairs
of sides ground parallel. Frequently parallels are made in pairs, cach pair
being ground together =0 that they are exaectly the same gize. Very lurge
parallels are usnally made of alloy east ivon; highly preeise parallels are
also made from granite beenuse this material is very stable dimensionally.
Hardened steel precision parallels have two pairs of sides parallel, the
sides being square and parallel to “tenth” (0001 in. or 0.002 mm)
tolerances, These parallels are made in fractional inch sizes ranging from
14 % 35 % 6 inches to 134 x 3 x 12 inches; metrie sizes range from 6 x 10 x
150 mm to 38 x 76 x 300 mum. Special sizes are often used, when necded.

Although not classificd as parallels, 1-2-3 blocks serve the same purpose.
Made of hardencd or unhamlened steel to “tenth” tolerances, their
dimensions arc 1 % 2 x 3 inches, Usually their weight s reduced by dreilled
holes, which may or imay not be tappoed.

Adjustable parallels are preeizion tools that eould be elassified as gages
or measuring tools. They may be used as preeision parallels; however, one
of the most important applications of these tools is illustrated in Fig, 2-31,
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Courtesy of The L. 5. Sterredt Compary

Fig. 2-31. Measuring the width of a slot using adjustable parallels and micrometer
cilipers,

where it 15 being used to measure the width of a slot, The adjustable
parallel 15 inserted in the opening ancd expanded to At the slot. The size
of the slot 12 then measurcd with a micrometer caliper by measuring over
the adjustable parallel. Each adjustable parallel has its own size range;
g, 3 to 3 inch, %4 to Y4 ineh (9.5 to 12,7 mm, 12.7 to 17.5 mm).
A set of six parallels that are available commercially will cover all sizes
from %, to 214 inches, or 9.5 to 57.1 mm.

Metrication

The metric system adopted by all countries is the Tnternational System
of Unitg, or 31. In machine shop practice the appheation of thiz system is
primarily concerned with linear measurements, The metric units of linear
measurement recommended by 81 are the meter, kilometer, and malli-
meter, although the centimeter may also be used in 2=ome instances. For
all precision machine work the millimeter will e used L-xu:]u;—:iw;rly. [ ¥imen-
sions less than one millimeter arc always expressed as a decimal fraction;
commen fractions (%G, 4, ete.) arc not used as they are with customary
inch units.

There arc exactly 25.4 millimeters in an inch; thus, one ineh is equal to
254 millimeters, exacily. Conversely, one millimeter is equal to
0393700787 . . . . inch, which 12 usually rounded off to .03937 inch.
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To convert mches mwl mallhmeters from one to another, uze the followmnme
rules:

multiply inches by 2534 to obiain millineters
multiply millimeters by 03937 to obtain mches.

Another method of eonverting 12 fo use Table 2-3. When the value
wanted cannot be founed directly m this table, find the values of an
eauivalent sum; then convert the equivalent values and find their 2um to
obtain the converted value., Thig proeedure is illustrated in the following
examples,

Erample 2-2:
Convert 4474 inch to millimeters.

Observe that 4474 = 4+ .04 + 007+ 0004, Fimel the millimeter equiva-
lent of cach term of the 2um amd adid.

4 . = 1016000 mm
04 .= 101600 min
007 .= ATTRD man
0004 tn.= 01016 mun

A4TE 1 =11 36396 man

frample 2-3;
Convert 80.92 mun to inches.
A0, mwmm=2314961 in.

8 mm= 03543 in.
02 mm = 00079 1.

8092 mm = 3.18583 in.

The converted damension must be romded-off to be consistent with the
tlogree of precision recgquired by the job, Tn Example 2-2, when workimg to
the milluneter eopivaldent of a “thousandths” of an ineh {001 m.) the
answer would be 1136 mm; when working to “tenths” (0001 in) the
answer 5 11364 mm. In Example 2-3 the answoer s 2186 in, and 3.1358
m. when working in “thousandths” and “tenths” respectively. YWhen con-
verting preeise dimenstons, however, in =ome cascs the converted dimen-
sion mnst not execed and in others not be less than the original dimension.
For example, i the dimension in Example 2-3 15 3 shaft diameter, the
converted dimension may be reiqpured not to exeecd the onginal dimen-
g1on, 10 which ease it wounld be 3185 1. when working to “thousamdths.”
Efat is o bole diameter the comvcerted climen=ion My T I'l"tplh‘ftl pot to b
less than the origmal dimenston, i which ecase 1t should be 3186 . as
before. In Example 2-2 the shaft and bole dinmeters would be 1136 mm
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Table 2:-3. Inch—Millimeter and Inch—Centimeter
Conwersion Table *
(Based on 1 inch = 25.4 millimeters, exactly)

INCHES TO MILLIMETERS
L1 mm in mm  |in mm in mm | i Fm bi- mm
14 TE4d oolaid] L 5 4 1 F. S| o cefa] ool cafan] ool Loty
20 so.oooa| 2 50 PR sofon) ooz ofodo] ooor . oogoh
o e oooona|l 30 7 1 7.baoal og ool 0oy otdan coas . oapfiz
4 1erh aeeal 40 Tod & oo food) oy fooifos| ooy L lotbo ooon ool
5o 1.ETo Do & T2 S i@ Tod|.ef  Dolesal oef 1i)ca otaf olae
fo 1534 comal 6 o2 fo15 aqema| o p Seioe, ooh T5aie] coof oI5ad
o Ip7Mooocool T 177 7 37 7Ecoa| o7 f o 7Tdee oo L [J7R0| o007 01778
B raojz oo 8 ao) A zogzooo| of 7 oogsco| ool | odac . oool  opaoaz
o R3Eh mewal 90 gl G zz.Bfona| of 7 p8Soo| oof L ardSo oo Gaddf
o wSe0 pooco| o a5y PGB 35 4onn. 14 3 S4o0| Sln _aﬁ..,ml cNla L GEEn

MILLIMETERS TO INCHES
mm in. | mm in. |mm. in. lmm in. |mm in. |mm
10 3 1A @ W 1 awas| ¢ o) ) I ooayy| - at
e 7 Hy4oa| 20 kL Fi AT L3 ETEY | aF Coafn| | ar
T 11.Hiroz| 30 1. 8L 3 1R 3 olrRt| a3 i8] oo
&5 15 8oyl = 157480 4 1574H) .2 SRS 04 e e e Y
o] 1968504 54 1oghRg 5 mhEg 5§ oa0g | .of =i [ el BT
foo pyfmes) bo ox Mieal & pvEas| 6 asfe| o eosd| oob
o 27 8s06) vo =z 7ssm| 7 #1559 .7 ooersh)| a7 oozpt|oeap
e H &z, o3hoh| Bo 5 raufit] & cqnad| B oarso| of coagrs | ool
o Xoarer g0 nofaim| 9 15435 & 9A543| 9% cods|.ood
1,000 Ly ] yogarar| 1o e e 1T | 1 o | are

* Fo imcles Ly centimeters, sl decomal gomt an e coludrm e place o el grd
read cemtirneters, thue:
4o in. = oo mm = g 6 cm
For eontimiters fo inches shilt deqamal geott of centirmeter valae Gne plads b ikt

and enter mm eolame, thas:

Joorn = Ju0 mum = 37, 5500 inches

and 11.37 mm respectively. This procedure should, however, be applied
anly when conditions affecting the dimensions are known; otherwise, usc
the procedare first deseribed.

Metric Steel Rules

The praduations on metrie rules are in millimeters on one seale and
ane-half millimeters on the other, Usually cach ten mitlimeter length on
the rule is numbered on econsecutive sequence. On the steel rule in Fig,
2-32 the direction of the seales on the two sides are reversed for the
convenienee of the user. To compare the smallest graduation on metrie
and inch rules: 1.0 mm is cqual to 039 ., as compared to 031 in. for
Y4s In.; 0.5 mmn 1s equal to 0197 1., as compared to 0156 1n. for 14, n.
Metrie rules are made in lengths of 150 mm (approximately equivalent to
a £ ineh rule), 300 mom, 300 mm, and 1000 mni. Steel rules are available
having metrie graduations on one side and inch graduations on the other
side.
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Metric Micrometers

Two metric micrometer ealipers are shown in Fig. 2-33. They are
identical cxcept that the one at B has & vernier scale while the other does
not. The micrometer In view A has graduations that will read to an
accuracy of 001 mm (.00039 in.} ; the addition of the vernier scale on the
micrometer in view B allows it to be read in 0,002 mm (00008 in.)
increments, The usual range of each metric micrometer s 0 to 25 mm,
corresponding to 0 to 984 inch; metric micrometers are available in
sizes up to 600 mm and larger, if required,

As shown in Fig. 2-34, the reading linc on the sleeve 15 gradusated in one
millimeter (1.00) increments above the line, and below the line cach
millimeter is divided in half by a graduation, Therefore, the reading line
iz divided into onc-half millimeter increments by the praduations above
and below the reading line. bvery fifth line above the l‘e.‘llﬂing line is
numbered from 0 to 25, indicating five millimeter (5.00) intervals between
the numbercd lincs.

The pitch of the spindle serew on metric micrometers is one-half milli-
meter (0,50 mm}. One revolution of the spindle will, therefore, advance
the spindle 0.50 mm toward or away from the anvil. Sincc the thimble
moves with the apindle, 1t will also move 0050 mm, which 12 equal to the
distance between graduations on the reading line,

The beveled edge on the thimble is graduated into 50 divisions, every
fifth line being numberced. Each divizion represents a rotation of 15, of a
revolution by the thimble and the spindle serew. Since onc complete
revolution of the thimble and spindle serew causes a movement of 0.50
mm by the spindle, %%, of a revolution will causc a movement of
120 % 0.50 mm, or 0.01 mm. Thus, one graduation on the thimble equals
0.01 mm, two graduations 0.02 mm, three graduations 0.03 mm, ete.

To read the metrie micrometer, simply add the number of millimeters
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Fig. 2-32. Steel rule with metric graduations
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Fig, 2-33. Metrie 025 mm micrometer calipers, A Without vernier seale; graduntod
to read fo 001 mm, I3, With vernier scale; gradunted {o read to 002 mm.

and half-millimeters visible on the sleeve to the number of hundredths of
a millimeter indicated by the thimble graduation coinciding with the read-
ing line on the sleeve, To illustrate this procedure refer to the reading
on the micrometer seale in Fig. 2-34 and follow the steps below,

1. RKead the large number vizible on the reading line

and express as whole millimeters. 5.00
2. Count the number of graduations visible above and

below the reading line that are wisible beyond the

large number and multiply by 0.5, or 1 x 0.5 S0
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Fig, =34, Reading o metrie micromeier aenls grodunted bo read 1o 001 mm.

3. Read the graduation on the thimble coineiding with
the reading line and multiply by 0,01, or 28 % 0.01 28

4. Add to obtain the reading. 378 mm

Metrie vernler micrometers (Fig, 2-35) are used like those graduated
in hundredths of & millimeter (0,01 mm) except that an additional reading
of two thousandths of a millimeter (0.002 mm! 12 obtained from the
vernier scale. To read a vernier micrometer, first read it as before to
obtain a reading to the nearcst (.01 mm. Then find the graduation on the
vernler scale that colneides with a line on the thimble seale. 11 this line
is marked 2, add 0.002 mm to the reading; if 11 15 marked 4, add 0.004
mm, ete. In view B, Fig. 2-35, the micrometer reading 15 exactly 5 mm.
The reading in view C is obtained as follows:

1. Read the large numbers visible on the reading line. 5000
2. Count the graduations bevond the large number and
multiply by 0.5. D00
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Reading 5000 mm Reading 5.008 mm

Courtesy of The L. 8. Searrelt Cormpiny

Fig, 2.35, Heading a metric vernier micrometer graduated to read to 0002 mim.

3. Read the graduation on the thimble coineiding with
the reading line. In this case the thimble has not
moved to the first line beyond 0. 000

4, HKead the line on the vernier seale coineiding with a
graduation on the thimble

. Add to obtain the answer, a.008 mm.

=

h

Metric Vernier Measuring Instruments

Metrie vernter height gages, vernier calipers, and other vernier measur-
ing instruments read to an accuracy of 002 mm, which is cqual to 00079
inch. Like ineh reading verniers, there are two types of metric vernier
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seales, 25-division and 50-division scales, Some vernier measuring instru-
ments have two setz of graduations, one 1n inch units and the other in
millimeters.

A 25-division vernier is shown in Fig. 2-36. The primary scale iz
graduated in 0.50 mm increments, and cvery twenticth graduation is
numbered 10 mm, 20 mm, 30 mm, ete. The vernier scale is graduated nto
25 graduations, each representing 0002 mm. Every fifth vernier graduation
12 numbered 0.10 mm, 0.20 mm, 0.30 mm, 0.40 mm, and 0.50 mm. To read
a 25-division metric vernier, follow the steps below and refer to Fig. 2-36,

1. Read the numbered graduation on the primary seale.  40.00
2, Count the number of graduations between the num-
bered graduation on the primary scale and the zero
graduation on the vernier scale, and multiply by
0.50; 3 x0.50 1.50
3. Find the graduation on the vernier scale that
coincides with a graduation on the primary =cale;
then read the vernier scale. Each vernier graduation
represents 0.02 min, In the illustration, the vernicr
seale reading is 0.18 mm, as indicated by the stars 18

—

4. Add together to obtain the reading. 41.68 mm

The vernier shown in Fig. 2-37 has two sets of graduations, one in inch
units and the other in millimeters. Each vernier seale has 50 divisions.
The primary metric =scale 15 graduated in 1.00 mm increments, with
every tenth graduation numbered in sequence 100 mm, 20 mm, 30 mm, ete,

r"'h- e e e — ‘_"'

|

'.- THEL SSTARRETT Co =
ATHOL, MAS S, WA & |
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0«40 50 (

h|||||||.

L

L u‘v.n a080

Couwrtesy of The L. 8 Sterrefd Company

Fig. 2-36. Moiric 25-divizion vernier ecale.
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Courtesy of The L. 8. Starrect Company

Fig. 2-37, Vernier scales graduated to read in metrie (above), and inch (bhelow), units,
Both scoles are S0-division vernier seales,

The metriec vernier scale has 50 graduations, each representing 0.02 mm.
Every fifth graduation is numbered in sequence 010 mm, 0.20 mm, . .,
080 man, 0.90 mm, and back to 0. To read a 50-cdivision metrie vernier,
follow the steps below and refer to Fig. 2-37.

1. Read the numbered graduation on the primary
petrie seale, 20,003
2. Count the numhber of graduations between the num-
hered graduation on the primary scale and the zero
graduation on the vernier seale. Each graduation
is one millimeter. 7.00
3. Find the graduantion on the wvernier seale that
coincides with a graduation on the primary secale;
then read the vernier scale. Each vernier graduation
represents 0,02 mm. In the illustration the vernier

seale reading iz 0.42 mm, as indicated by the stars A2
4, Add together to obtain the answer. 2742 mm

Converting 2742 mm to meh units gives 1,079 inches, whieh s the read-
ing on the inch seale in Fig, 2-37.
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Miscellaneous Tools

A perusal through a toolmakers' catalog will show that there are other
tool= u=ciul to machimsts and toohnakers, 1t 15 not possible to catalog
all of these tools in this volume. Many of these tools would be used
primarily only on a ecrtain type of work; cg., dic makers' squares, deep
throat mieroiwters, ote, Other tools have 8 more umversal applieation,
asuch as prick punches, center punches, heam trammels, radius gages,
metrie thread piteh gages, toolmakers' parallel elamps, V-blocks, cte. The
appheation of many of these tools will be illustrated in other chapters
in this book.

The Basic Momenclature of Measurement

The nomenclature of measurement deals with the definitions of the
terms encountered in the field of measurement. The topies in the re-
mainder of this book will be more meaningful after a study of these
Lerms,

Neominal Size 15 the ideal size to which a part, or two mating parts, is to
be made. It does not take into account the clearance, or interference
necessary in fitting two parts together, so that they will function as
desired. Nor does 1t take into account the deviations in size resulting
from the manufacturing process,

Allowanee 1= the intentional elearance between two mating parts so that
they will work together az desired when they are assembled. In the case
of a press, or shrink fit, allowance is the intentional interfercnee between
two parts,

Limats are the maximum and the minimum permissible dimensions of
the size of a part. For example, a bore may be specified to have a
diameter between 6550 and 6,756 inches, in which case 6.750 and 6756
inches are the limits,

Upper Limit specifies the largest size to which a dimension on a part is
to be made. In the example above, 6.756 inches 12 the upper hmit.

Lower Limif specifies the smallest size to which & dimension on a part
i= to be made. In the above example, 6,750 inches is the lower Limit,

Tolerance 15 the specification of the total permissible variation of size
of a dimension on a part. The total toleranece in the above example 1s
006 inch. In some instances this 1s expressed in terms of plus or minus
from a given basic size (basic size 15 deseribed below). For example, the
talerance in the example above might also be expressed as = .003.

Basic Size 13 that size from which the limits of a part are obtained by the
apphcation of tolerances. It 132 sometimes considered as the “ideal” size
of the part. For example, if the ideal size or the basic size of a bore is
6,753 inches and the tolerance i1s = 003, the limits of the hole would be
6.750 and 6,756 inches.
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Unilateral Tolerance refers to a permissible deviation in the basie size in
one direction only; ie,, this specification states that the part is to be made
with the basic size &3 the lower limit, or with the bazic size az the upper
lmit. An example of a unilateral tolerance would be 6.750 4+ 003. An-
other example would be 6.775 — 002,

Bilateral Tolerance refers to a permissible deviation from the basic size
in two directions; e, this specification would state that the basic size
12 neither the upper nor the lower limit and that the part may be shghtly
larger or slightly smaller than the basie size, Bilateral tolerances may
be equal or unequal. An example of an equal bilateral tolerance 1= 6.753
= .03 inches. An example of an unegual bilateral tolerance would be

+.002
6.752 — ool inches.
Preciston refers to the degree of dimensional refinement to which a part
15 made or to which a2 machine 15 capable of working. A part which is
made to, or a machine which will produce parts, with a very small di-
mensional tolerance 1s said to be precise,

Accuracy refers to the confirmation of a part to the requirements specified
by the dimensional tolerance, A part that 1s within the required dimen-
sional tolerance is accurate. If the required tolerance is very small, say
= ()1 1nch, the part is also precise, If the tolerance on a machined part
15 large, say, =3, inch, & part 12 accurate if 1t falls within this range,
vet, at the same time, it would be considered to be imprecise.



CHAPTER 3

Layout Work

Castings, forgings, weldments, and rolled sections are laid out in order
to establsh reference lines or planes which are used to set up the part on
the machine, to outline the surfaces that are to be machined, and to show
the approximate amount of metal to be removed from each surface,
Castings and forgings in particular, have excess material on all surfaces
which are to be machined, including cored holes. One purpose of the layout
15 to determine if enough metal exists on all of these surfaces to “clean up”
or “machine out.” Sometimes, a core will shift in making a casting, result-
ing in nsufficient metal to “machine out”™ When the core shift 1= only &
small amount this can be corrected 1n the layout; at other times, the cast-
ing must be scrapped. However, it 1z best to know that the casting will be
acrap before any expense 18 encountered im machining,

Two other reasons for laying out workpieces that are to be machined
are to locate and outline the position of holes that are to be drlled and
to outline keyways that are to be cut. Although castings, forgings, and
weldments are usually laid out before machining any surface, additional
layout work 15 often done after one or more machining operations have
been finished, In some cases, usually involving rolled material, the initial
layout operation 1s performed after several machining operations are
completed. Not all workpieces are laid out. Parts made from bar stock
and those parts having a relatively simple shape are often machined
directly, without making a layout.

The layout 15 usually made from a reference surface which 15 a plane,
Surface plates, layout plates, layout tables, floor plates, and the top of
machine-tool tables are used in making layouts, They must be kept clean
and free from seratehes, nieks, and burrs that would impair the aceuracy
of the reference surface and the lavout work done upon it. Other tools
used to do layout work include precision steel rules, layout rules, squares,
bevel protractors, surface gages, height gages, seribers, hermaphrodite
calipers, dividers, prick punches, center punches, hammers, V-blocks,
parallels, angle plates, and a varnety of clamps. Layout machines (see
Figs. 3-16 and 3-17) have been developed that greatly facilitate the lay-
out operation.

Painting for Layout

The first step in making any layout is to paint the surface. Surfaces
that have a smooth finizsh are usually painted with a blue layout dye.

53
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Brushed onto a clean surface it dries rapidly, providing a blue back-
ground that makes seribed lines stand out sharply and elearly. The sur-
faces of rough castings and forgings are usually painted with a specially
prepared white paint. This paint is composed of & suitable white pigment
mixed with aleohol, which evaporates rapidly upon application, enabling
the paint to dry in a short time, This mixture should be thin so that it
will spread easily on the metal surfaces, White blackboard chalk can be
used when no paint is available; however, it 15 not permanent and is not
a good substitute for layout paint or dye.

Layout of Hole Location for Drilling

The procedure for laving out holes that are to be drilled in & thick
plate 13 shown in Fig. 3-1, A through F. The dimensions of the hole loca-
tions are given in F. The surface finish of the plate is smooth; free from
nicks and burra. After painting the surface that iz to be laid out, the
workpiece is clamped to the angle plate with one edge resting on the
layout table as in A. For elarity, the clamps are not shown. Using a pre-
cision steel rule that is held in an upright position, the surface gage,
shown in A, iz set so that the seriber point is exactly 5 inches (131" +
31 ") above the lower edge of the workpiece. With this setting the surface
gage is then used to scribe a horizontal line as shown in B. In a similar
manner, & second horizontal line is seribed 134 inches above the lower
edge of the workpiece. With a steel rule positioned as shown in C, the
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Fig. 3-1. Bieps in laying out holes for drilling,
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154 -inch, 3%-inch, and the 4-inch distances are laid out with a seriber.
The location of cach hole 15 marked by two seribed lines which come to-
gether to a point. The two lower holes are laid off by seribing two vertical
lines with a seriber and a square, as shown at I, An alternate method is
illustrated in E, where the workpicee 15 turned 90 degrees and reclamped
on the angle plate. The workpiece 18 correctly positioned by aligning the
seribed line with the blade of a square. The 18¢-inch, 334-inch, and 3-inch
dimensions are then laid out with a surface gage.

A prick punch s carefully positioned at the center of each hole, as
determined by the layout lines, and a mark 15 made by tapping the punch
with a hammer. Using a rule, dividers are then set to the radius of the hole
to be drilled, and a eirele, equal in diameter to the hole diameter, is
seribed at each hole location. (See Fig 3-2.) The center of each hole is
punched again with a center punch and a hammer, and four "witness
marks" are punched on the scribed eircles as shown in F, Fig. 3-1. The
purpose of the witness marks 15 to provide points of observation when
starting to drill the hole with the point of the twist drill. The seribed
lines can be rubbed off by the chips but the witness marks will remain.
The ecircle and witness marks are usually omitted for holes that are
approximately 14 inch, or less, in diamcter.

There are other procedures that can be used to lay out holes, two of
which are shown in Fig. 3-3. At the left, a combination square and rule is
used, while at the right, the layout 13 made with hermaphrodite calipers.
Often, combinations of all of these procedures are used to lay out a part

Courteay of The L. 5, Slerréll Company

Fig. 3-2. Seribing hole diameters on a hole layout using spring dividers.

Layout of Cylindrical Part

Layout operations on cylindrical parts usually require that the point
of the surface-gage scriber be sct on the exact center of the workpiece.
The procedure for doing this is shown in Fig, 3-4, A through [2. This pro-
cedure i3 preliminary to finding the exact center of the end faces of the
workpiece, prior to center drilling the ends in preparation for turning the
part between centers in a lathe. (See 1)) It 12 also required when holes
and keyways are to be laid out, as shown in E and F.
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Courteay of The L. 5, Starretl Company

Fig. 3-3. (Left) Using combination aguare and scriber to lay out plate. (Right) Using
hermaphrodite ealipera to lay out plate,

Fig. 3-4, Layviog out cyhndrical work; A through C. Method of setting surface-gage

seriber on centerline of work axis, I} Laying center of end face. E. Laying out for

driling hole perpendicular to axia. F. Laying out for driling holes perpendicular o
axis and at an angle to each other,
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The part 1s first pamted 1n the areas to be laid out. After the paint has
dried, the part 1= placed 1n a V-block which 158 standing on a layout table,
The procedure for laying out the eylindrical part for the different con-
figurations mentioned above will be described in the following steps, and
by referring to the diagramsan Fig. 3-4.

1.

2,
3.

Ta.

Th

T,

Adjust the position of the surface gage scriber to the estimated
center of the work,
Seribe a line from A to B, (See diagram A, Fig. 3-4.)

Rotate the work approximately 180 degrees or one-hali turn,
until the B end of line AB s aligned with the surface-gage sceriber,

. Beribe line BA’, (Bee diagram B, Fig 3-4.)

Note: A'F may come out above AF, instead of below Af, as=
ghown.

. Adjust the surface-gage seriber one-fourth the distance from

A" to A (If A’E coincides with A B as in diagram C, Fig. 3-4,
the surface-gape scriber 1z set at the exact center of the work,
thus steps 5 and 6 are not required.)

. Repeat steps 2 through 5until AB coincides with A°F as shown in

diagram C. Two or three trials should be al] that are normally re-
quired to obtain this setting of the surface-gage seriber,

To locate the center of the end face for drill and countersinking
in preparation for turning between centers in a lathe, scribe two
additional lines with the surface gage as shown in ), Fig 3-4.
The intersection of any two of these lines will be the exact cen-
ter. The third line serves as a check on the accuracy of the
work. If all three lines intersect at the same point, the work is
accurate.

The layout at E, Fig. 3-4 15 for a hole that is to be drilled both
perpendicular to, and through, the axis of the work. The seribed
line is extended zlong the eylindrical surface of the work with
the surface gage seriber set “on center” The distance from the
end face to the center of the hole 15 laid out with hermaphrodite
calipers, as shown, or with a scriber and a rule. This location is
prick punched, and a circle, equal to the hole diameter, 13 scribed
with dividers. The center of the hole 18 center punched and wit-
ness marks are punched around the cirele. Often, two very light
prick punch marks are made on the scribed line on the end face,
as shown, which serves as a guide when setting up the part on
the drill press,

The procedure for laying out a keyway at an angle to a hole
1& illustrated in F, Fig. 3-4. The hole iz lald out as explained in
step Th. A bevel protractor 12 then set to do the required angle.
The scribed line on the end face corresponding to the hole is then
aligned with the blade of the protractor, as shown. Thus, the
work 15 positioned in the V-block for laying out the keyway. A
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line 12 seribed across the end face and along the cylindrical por-
tion of the work with the surface page zet “"on center.” Using a
rule, the seriber of the surface gage is set above center; a distance
equal to one-hali of the width of the keyvway. A line is then
aeribed with the surface gage as shown in Fig. 3-4, F. Similarly,
a line is scribed below the center to outline the sides of the key-
way. The depth of the keyway iz marked, and using a seriber
and a square, a vertical line is seribed on the end face. The
length of the keyway is lald out with a seriber and a rule. A
seriber mark and a prick punch mark are then made at a dis-
tance equal to one-half of the width of the keyway, from the
end. Using dividers zet in the prick-punch mark, a half circle is
then scribed at the end of the keyway layout to complete the job.

Procedures other than those deseribed in step 7a ean also be used to
locate the center of the end face, When the eylindrical surface s rough,
the use of the hermaphrodite calipers will tend to give more accurate
results than do other methods as the ecaliper leg will contact a greater
length of the cylindrical surface as it 128 moved along, thereby averaging
out small rregularities, The method of using hermaphrodite calipers 1s
shown in A, Fig. 3-5. When the evlindrical surface is fairly true, a center
head, shown in Fig. 3-5, B, 15 & fast and accurate method of performing
this operation. Two or three lines are seribed with the blade held in
different positions on the work. The intersection of these lines is the
center of the end face. A center punch mark C, is made to mark the center.
In Fig. 3-5, I, a bell eenter 15 shown, The conical surface locates the
punch at the center of the end face without the necessity of making a
layout, The puneh is struck with a hammer, to mark the center. Bell
centers should only be used when the workpiece i3 {airly round.

[C:.'-l|

8

Fig. 3-5. Layiong out center, on end face of cylindrical work. A Using hermaphrodite
calipers; I Using center head ; C, Using center punch; I, Using bell center,

Layout of Equally Spaced Holes on Hole Circle

A form of construction frequently encountered is the placement of
holes in & cireular pattern, as shown in Fig. 3-6. The circle on which the
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hole is located 12 called & hole circle. The center of the hole cirele i1s often
located in the center of a larger central hole. In such a case, 1t will be
necessary to press a wooden plug or stick (see Fig, 3-6) into the central
hole. Prior to pressing the plug or the stick nto the hole, a large<head
nail is driven into the center of the stick. The center of the central hole
can now be found with hermaphrodite calipers, or by using a surface gage
and & rule. A light prick-punch mark made at the intersection of the
geribed lines on the nail head loeates the center of the central hole, This
prick-punch mark anchors one leg of the dividers, or trammel points,
while the other leg 18 swung in &n are to scribe the hole circle.

The next operation is to set the dividers to a distance I (see Fig. 3-6),
and to seribe the center of each hole. Tsually, the position of one of the
holes 18 defined by the drawing; however, in some cases, no starting loca-
tion 18 given, as in the case of the ring in Fig. 3-6. In either case, a prick-
punch mark is made at the center of the first hole. The dividers, set at
the distance [, are then positioned in this prick-punch mark and a short
are 15 seribed across the hole eirele. A prick-punch mark is made at the
intersection of the are and the hole cirele. Thiz procedure is repeated
until the centers of all of the holes have been located. To complete the
layout, circles are seribed with dividers and witness marks are punched.

One of the problems that can be time consuming is the determination
of the distance [, at which the dividers must be set to obtain equally
spaced holes around the hole circle. A unique situation arises when the
number of equally spaced holes 15 six. In this case, the distance 1 15 equal
to the radius of the hole circle, When there are relatively few holes equally
apaced around the hole, circle I3 can be determined by trial-and-error.
When there are many holes, however, the trial-and-error method 18 slow

Fig. 3-8, Laying out holes on bolt circle.
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and Inaccurate. A better way is to calculate D), as explained in the two
steps below {see Fig. 3-6) 20

1. Caleulate the included angle 8, which is the angle between two
adjacent holes on the hole cirele. This 18 done by dividing the
number of holes in the hole cirele into 3607 or

J60°

= . -
Nao, holes in hole cirele

2, Caleulate I by multiplying the diameter of the hole cirele by the
sine of one-half of the angle 4.7

I} = Diameter of hole cirele x 55:13

Erample 3-1:

Twenty equally spaced holes are to be placed around a 10-inch diameter
hole cirele. Caleulate the distance between ecach adjacent hole,

~ 360°
1.6= Na, holes in hole eirele
- 360°
-0
= 187

2. {From a table of trigonometric functions, sin 9° = . 15643)

) = IDhameter of hole cirele x sin g

=]

) . 18
10 ® =in >

= 10 x sin 9%
= 10w  1h643
= 1.5643 inches

This 1= approximately 1% ; inches, since the decimal equivalent
for %4 g ineh is 5625 inch,

Layout of Large Castings

Large castings vary so greatly that the layout procedure to be deseribed
must be rather general. There are, however, certain specific steps to be
taken when laying out any large casting which, when completed, accom-
plish a desired objective. These steps, given below, can serve as a guide
for laying out any large casting:

VA dnble of chord lengths for spociog off circles for a wide reoge of hole sumbers
15 given 1o Maclinery's Handbook, Industrial Press Inc

2 The sine can be found in any table of natural tpgonometric functions that are given
in various handbooks,
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Place the work on parallel blocks that have been previously placed
in position upon the layout table. Since the surface of the casting
15 rough, it is usually necessary to add shims to prevent the cast-
ing from rocking, Screw jacks are used, sometimes, in place of
parallel blocks and shims,

. Paint the casting with a white layout paint on all surfaces on

which layout lines are to be scribed.

Establish a reference plane by selecting and leveling two horizontal
lines, or planes, that arc at right angles to each other on the cast-
ing. Thiz 15 the mmitial step in actually making the layout. The
prineiple of establishing a reference plane 15 illustrated in A,
Fig. 3-7. A bloek having two perpendicular axes is shown, Each
axis 15 parallel to the top and the bottom surfaces, or planes, on
the block. The parr of axes may or may not actually intcrsect each
other. The top and bottom surfaces, or planes, of the block will be
parallel to the top of the layout table when the distances ¥ oand
V', taken from the top of the table, are equal to each other and
when the distances X and X7 are equal to each other. It 15 not
neeessary for ¥ oand ¥ to be equal to X and X°.

In order to establish the reference plane on the casting, a start-
ing point must be sclected. Sometimes, a flat surface can be used
as a reference plane, in which case this surface 18 leveled with a
surface gage or placed in a perpendicular position with a square,
Carc should be exercised in selecting plane surfaces as reference
planes because they often are made to have “draft,” an intentional
taper which is provided to enable the pattern to be removed from
the mold in the foundry. Cored holes scldom are miade with draft.

Fig.3-8. Checking starting reference point of layout with a surface-gage and a ruler.
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The axis of a cored hole, therefore, frequently affords a better
reference position than does a plane surfacc. The axes of two per-
pendicular cored holes also are frequently used to establish a
reference plane on a casting. Figure 3-8 shows the center of a
cored hole being checked with a rule and a surface pape. This
cored hole passes through the casting and the axis of the cored
hole 15 selected to establish the reference plane. The casting 1s
leveled until the cored hole axis is parallel to the layout table;
this is accomplished by making the distance from the table top to
the center of the cored hole, equal at each end If necessary,
shims are used to adjust the position of the casting, A similar pro-
cedure 12 used to find, and then to level the second axis, which 1=
perpendicular to the first axis. When adjusting the casting to bring
the second axis parallel to the layout table, raise and shim two

corners of the casting an equal amount. This 15 necessary 1n order
to maintain the parallelism of the first axis,

Fig. 3-9. Setting the layout scale to the starting reference poiot.
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Courtery of dhe Giddings & Femis Mochkine Tool Company

Fig. 3-10. Seribing a finish Line Tor & surface o be milled sath a surface gage,

4. Position the rule, or if used, the layout scale, with respect to the
casting. A layout scale, Fig. 3-9, has graduations which have been
speclally eut to mark the dimensions that are to be laid out on a
particular casting model. When quantities of the same casting
models are to be made, the layout scale will pay for itself by
reducing the time required to make the measurement and by re-
ducing errors in reading the rule. When only one or two castings
are to be lald out, a precision steel rule is used, In either case,
the layout scale, or the rule, is adjusted vertically on the rule
holder until one of its principal graduations (say, an inch mark) is
exactly aligned with the point of the surface-gage scriber, with
the scriber positioned on the reference axis. In Fig 3-8, two lines
are shown scribed across the cored hole containing the reference
axis; the layout scale is being positioned with respect to this axis,
using the surface gage,

3. Check the amount of metal available for machining on all surfaces
that are to be machined. The purpose of this step is to determine
if enough metal exists on each surface in order to “machine out”
or “clean up.” The dimension of each surface 15 checked with the
surface gage, then a line is seribed to mark the location of the
surface to be machined. Figure 3-10 zhows a finish line being
scribed on a casting, to define a surface that 1s to be milled or
planed.

The amount of metal to be machined in cored holes is checked
by scribing two lines, one above and one below the axis of each
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Fig.3-11. Prick punching the first setup line.

cored hole, The same cored hole & checked again in the second
setup of the casting when the casting 13 positioned 80° from its
present position, as described in Step 7. Thus, the hole will have
four scribed hines as shown in Figs, 3-13, 3-14, and 3-15, which will
determine if sufficient metal is available to elean up when it is
machined.

The layout procedure sometimes will show that there 15 in-
sufficient metal on a plane surface, or on a hole, to “clean up.” In
this event, the rule or the layout scale is moved up or down, as
required, but far enough so that there will be sufficient metal to
“eclean up™ the defective surface. Every other surface must now
be checked again to make certain that this move will not result
in the failure of some other surface to be cleaned up. Oceasion-
ally, a core will shuft sufficiently in making a casting to cause the
cast surfaces to be badly misaligned. In such & case the layout
will indicate that it is impossible to “machine out™ all surfaces.
The casting must then be scrapped unless 1t can be salvaged by
welding.

. Seribe the first setup line around the casting. It should then be

prick punched at convenient intervals, as shown in Fig. 3-11.
The setup line defines a plane that is parallel to the two original
mutually perpendicular axes that were selected in Step 3. This
line will determine the alignment of the setup on the machine
and 1t will alzo indicate a starting point from which other ma-
chined surfaces are dimensionally tied. It is sometimes convenient
to have the setup line coincide with the center of the casting.

Establish the second reference plane, The second reference plane
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Fig. 3-12, Resetting work to first setup line usEng o souare,

15 required to check the amount of material on all surfaces for
“elean up,” and to seribe a second setup line which 15 used to
align the part in the machine when setting up, The work is reset
on the layout table by turning it 90°. The principle of aligning
the part on the layout table for the second setting is shown in B,
Fig. 3-7. The first layvout line (Step 6) is aligned perpendicular to
the top of the layout table, using a square, as shown in B, Fig. 3-7
and also in Fig. 3-12, The original axis {the cored hole in the cast-
ing illustrated) 1s then made to be paralle] to the top of the layout
table by making distance X equal to X (see B, Fig. 3-7). In
practice, this 13 accomplished with a rule and a surface gage as
shown in Fig. 3-8, and described in Step 3.
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Fig. 3-13. Scribing the second setup line.

& After the easting has been =et up and aligned with the first zetup
line perpemdieulor to the table and with a referenee axis positioned
parallel to the table, the seeond part of the layout work ean proceed.
Iaeh surface that requirez maclhining is ehecked and the necessary
layout limes nre seribedd by repeating Steps 4 aml 5.

9. Seribe the sccomd layout line completely around the casting, as
shown m Fig. 3-13. Thi= line will also be used in setting up the
eazting on the machine.

To aveid cceentrie cul= with small boring bars, whenever possible the
axis of a small duaneter hole should he selected as a reference axis, When
a small coreel hole 14 not aliened with the axis of rotation of the boring
bar, the horing tool will take o heavier eut from ane sude of the hole than
from the other =ide, Thig unequal cutting action eauses the boring bar to



68 LAYOUT WORK Ch. 3
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BACK FACE

L

FIRST SETUF LINE

Fig. 3-14. Layout of an engine lathe tailstock, The first setup line s also a lavout line
for the first machining operation.

defleet more on the heavier side which, as a consequence, will produce a
hole that 1= not m the correct location. To locate the hole correctly,
several Light cuts are required, which are time econsuming. When the axis
af the small hole is the reference axis, the layvout can be made so that a
uniform amount of metal 15 to be removed from all sides of this hole;
then when the cut s taken (he 'I:urirlg bar deflection will be gntform
around the hole and the hole can be bored in location without difficulty,
Feeentricity on larger holes is not quite as serious provided enough metal
exists on all sides to “clean up.” Larger and stiffer boring bars which
do not deflect as easily are usually used to bore large holes.

Sometimes a setup line is also a layout line, as shown in the layvout of
an engine lathe taillstock in Fig. 3-14. When seribed around the base as
shown, instead of around the spindle barrel, the first setup line presents an
easier target to see when sctting this easting up on the machine, Since 1t 15
longer, the setup will also be more precise. The first machining operation
will b to machine the base to the setup line, which aects as a layvout line,
When finish machined, this surface will act as a reference surface for
locating the vertical position of the hole while the second setup line 1=
uzed tolocate the axis of the hole.

Many machining operations are performed by adjusting the cutting tool
to eut to the layout line with surprisingly precise results. It i= not usually
difficult to work to a tolerance of =+ 005 mnch (<0127 mm) by this
procedure and often even a closer tolerance can be obtained. When very
precise tolerance must be obtamed, the layout line serves only as a guide
and the fine adjustments of the machine tool and the cutting tool are
used to obtain the required tolerance,
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Fig. 3=15 Procedure for ndjusting the layoul to save a easting, A, Complete layout of

i good casting that does not require an adjustment of the leyout. B, Casting having a

cored hole that will not “clean up,” as determined by the layout. . Adjusted layout
to provide sufficient metal on all machined surfaces to "elean up.”

Adjusting the Layout

Az mentioned before, when the first layout shows that a particular sur-
face will not “elean up” when machined, the casting or weldment can often
be saved by adjusting the layoutl. The layout of the gear housing in Fig.
3-15A shows that this ecasting will “elean up” on all surfaces to be
machined. In this instance, the centerlines of all of the holes were scribed
because 1t was convenient to locate the seribed lhines that define the
finished diameters from these centerlines, This procedure is used when
convenient, but not always. While requiring more work, it will decrease
the chance of an error occurring.

Another gear housing casting is shown in Fig 3-15B which will not
“elean up.”” The core of the larger hole has dropped, leaving insufficient
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Courtesy of the Nendiz Awtomation & Alcaswremacif Dhu.

Fig. 3-18. Layoul marchine used 1o Loy out a casting.

metal in the hole to he machined out. To =ave this casting the entire
layout is lowered, as shown in Fig. 3-15C. All of the surfuces to be
machined that are affected by this shaft in the layvout must be checked
to =ce if they elean up before proceeding further with the layout. When
these surfaces have been proven to have enough metal to elean up, the
first setup line i= seribed and the casting can he positioned to make the
second part of the layont.

Layout Machines

The layout work just described can be greatly simplified, and the
accuracy greatly inereased, by the use of layout machines. A layout
machine is illustrated in Fig. 3-16. The layout scriber can be moved
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Cowrfesy of the FJemdfic Awtomolion & Measurement Div.

IFig. 3-17. Layvout machine used to lay out a cyhinder block.

horizontally, or parallel to the layout table, by moving the entire ma-
chine and by shding the horizontal arm. It can be moved vertically by
moving the arm assembly up or down the column. Vernier scales attached
to the column and the arm make poszsible accurate vertical and horizontal
movements. Circles can be seribed with the circular seribing attachment
gshown 1n Fig. 3-16.

One of the great advantages of the layout machine is that the need
for a second sctting is generally eliminated. All surfaces can be laid out
in one setting. Figure 3-17 illustrates an automebile eylinder block
positioned on a rotary table and being laid out with a layout machine,

Two very typieal layout jobs on larger eastings arc shown in Figs. 3-18
and 3-19. One great advantage of the layout machine is that both sctup
lines ean be seribed perpendicular to each other in one sctup, or setting, of
the easting on the layout table, Sometimes it = also possible to seribe all
of the layout lincs in one setting of the casting. A sccond setting of the
casting 15 required whenever layout hines must be seribed on the surface,
or surfaces, of the casting facing the layout table during the first setting,
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Ceurtazy of the Besdiz Auromation & Megsusement [hu,

Fig. 3-18. Laying out 4 large casting with a layoutl machine.

Courtesy af the Hendie Automation & Measurament e,

Fig. 3-19. Laving outl a large casting with o layout machine
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or when a setup line must be continued on these surfaces. The layout
machine is used to align the workpiece in making the sceond setting by
using the seriber on the arm of the layout machine to check the alignment
of the setup lines previously seribed on the ecasting.

Production machine tools are usually equipped with work holding fix-
tures that locate the workpiece 2o that the cutting tool will machine the
surfaces of the part in their exact location without requiring a layout to
be made. However, on more complicated and expensive eastings, or when
costly machining operations are to be performed on the castings, a layout
15 usually made prior to machining to verify that the casting will Yelean
up” on all of the surfaces to be machined. A typical production layout
operation of this tyvpe 15 shown in Fig. 3-20. The cvlinder bloek in this
illustration 12 mounted on a special layout fixture for this layout opera-
tion, which 18 performed by two layout machines, one placed on each side
of the casting,

Croserdasy of the Beade Auwbomabion & Weassremarnd Dy

Tig. 3-20. Production layvout of castings using two layvout machines, one on cach side
of the easting,
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Coprdady of the Bemdir dutomatecs & Afeazurersit Mo,

Fig, 3-21. Layouwl machine with a digital readout,

Layout machines may be equipped with a digital readout system, as
shown in Fig, 3-21. The numbers on this display are elearly visible, which
saves time and reduces the possibility of an error In reading the small
scalez on the ordinary layvout machine. The dimtal readout ean he turned
on to read either in inches or in millimeters. The readings can be in
increments of .001 or 005 inch, or in 0.01 or 0,005 millimeter.



CHAPTER 4

Drilling Machines, Twist Drills,
and Auxiliary Tooling

Dirilling machines, or drill presses, as they are also called, are used to
open, enlarge, and to finish holes by drilling, reaming, boring, counter-
boring, countersinking, and tapping. These operations are also performed
on other machines such as lathes, boring mills, milling machines, and pre-
eision J1g borers. Many different types of drilling machines have been built
for handling different classes of work to the best advantage. Some de-
signs incorporate great versatility in handling a wide variety of different
workpieces, while others facilitate the mass production of duplicate parts.
Many modern drilling machines are numerically controlled; others are
automatically eyeled. The horsepower of drilling machines may range
from a fractional horsepower for drilling small holes to as much as fifty
horsepower for driving a heavy-duty, multiple-spindle drill head that is
eapable of drilling many holes simultaneously.

Upright Drilling Machine

Upright drill presses, illustrated in Figs, 4-1 and 4-2, are general pur-
pose drilling machines; yet, they can be readily adapted to do production
work, The upright drill press shown in Fig, 4-1 has a round column and
circular table; however, some upright drilling machines, such as the one
shown n Fig. 4-2, have a box column and a sqguare table. The circular
table can be raised and lowered. It can also be rotated about the column
and about its own center, This feature provides a very convenient method
of aligning work pleces that are clamped to the table, with respect to the
spindle, The workpieces are elamped with bolts anchored in T slots that
are machined in the table, An American Btandard Morse Taper 15 used
to hold and drive twist drills, drill chucks, drill sleeves, reamers, and
other cutting tools. The spindle housing may be raised or lowered and it
contams the feed mechanism. An automatic power feed mechanism 1=
provided in order to feed the twist drill through the work, Different
spindle speeds are obtained by shifting the control lever that is on the
head of the machine.

Sensitive Drilling Machine

The machine in Fig. 4-2 15 a sensitive upright drilling machine. This
machine 15 used for drilling smaller holes and it is not provided with a

75
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Courtery of The Fosdick Machire Tool Company
Fig. 4-1. Upright drilling machine—round columan, circular-table type.
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Courtesy of The Foadick Machine Tool Company
Fig. 4-2. Sensitive upright drilling machine—box column, square-table type,
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Courteay of the Clonwng Divimen of The Atlaa Press Company

Fig. 4=3. Beach type, sensitive drill machine.

power feeding mechanism. Instead, it iz designed to provide a fine sense
of feel to the spindle feed lever which aids the operator in feeding the drill
through the hole. It is similar in construetion to an upright drill press
although its features are lighter, A bench-tvpe, sensitive drill press is
shown in Fig. 4-3. Very small, sensitive drill presses capable of drilling
extrermely small holes are built to do instrument work,

Radial Drilling Machine

Radial drilling machines, Fig. 4-4, are very useful for drilling holes
in larger workpieces. In this illustration, holes are being drilled in a large
machine frame which is resting on the Aoor plate, or base, of the radial
drill press. The arm of the radial drilling machine is supported by a large,
round eolumn. The arm can be raised and lowered, and it ean be rotated
around the axis of the column. The spindle head, or drilling head, 1s
mounted on the arm. It contains the spindle, the spindle speed-change
mechanism, and the automatic power feed mechanism. The spindle head
can he moved lengthwise along the arm and elamped in any desired
location. Thus, the spindle moves in an are around the center of the col-
umn, and radially, in or out from the column. This design affords great
flexibility and ease in positioming the drill in the exact location desired
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Courteay of the Giddings & Leswie Mochine Tool Compony

Fig. 4-4. Radial drilling machime drilling large machine frame which 15 resting on base
of drill.

on the workpiece. The arm of the radial drill press provides a means of
extending the spindle over a workpiece in order to drill holes in suriaces
that cannot be reached by the ordinary drill press, as shown in Fig. 4-4.

Turret Drilling Machines

Some drilling machines are equipped with a turret having six faces,
Each face has a spindle which can hold a drll or other hole-producing
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cutting tool. The turret 1= indexed manually or automatically to bring
each spindle into the operating position with respect to the work. Thus,
a number of operations can be performed on a hole, or a group of holes,
without the need to change cutting tools as would be the case if a single-
spindle drilling machine was used.

Multiple Spindle and Gang Drilling Machines

These machines are used for high production work. Multiple spindle
machines have two or more spindles built on a single head. All of the
drills feed into the work together, resulting in the production of two or
more holes, simultaneously. As many as thirty or more spindles have been

Courtesl of the Clakang Hewnion of The Atles Pres Company

Fig. 4-5. Gaog drlling=machine equipped with air=hydraulic spindle feeds. Multiple
drill-heads are mounted on two of the spindles.
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built into a single head, Special multiple spindle heads have been designed
which can be attached to the spindles of upright drilling machines,
Multiple-spindle drilling machines are also called “way-type"” dnlling
machines; the name being derived from “ways” on which the multiple
drill heads slide. One to four ways can be built into one machine, each
way containing & multiple drill head. The ways can be designed to cause
the drill heads to slide at any angle from vertical to horizontal.

Gang drilling machines consist of two or more drilling machine spindles
that are positioned vertically over a single table. Each spindle contains
a different cutting tool and the work is moved from one spindle to the
next, Gang drill presses are, in effect, upright drilling machines with two
or more spindles, Figure 4-5 illustrates a gang drilling machine. Multiple
spindle heards are mounted on two of the spindles and the work 1s held n
a box jig which 1= fastened to the table. The work 18 moved from one
apindle to another to complete &ll of the drilling operations.

Twist Drills

The basiec metal-cutting tool for opening holes in metal 158 the twist
drill. Its apparent simplicity and the ease with which it can be used tend
to obscure the fact that 1t 13 & complicated cutting tool with & very com-
plex cutting action. The twist drill must withstand high torque and thrust
forces, as well a2 the temperatures resulting from the formation of the

chip. The wvarious elements of a twist drill are defined below and in
Fig. 4-6:

Aris—The imaginary stralght line forming the longitudinal center of
the drill.

Body—That portion of the drill extending from the shank. or neck, to
the outer corners of the cutting edge.

Flutes—The helical grooves cut, or formed, 1n the body of the drill to
provide cutting lips, to permit removal of chips, and to allow cutting
fluid to reach the cutting lips.

Land—The peripheral portion of the body between adjacent flutes.

Body Dhameter Clearance—That portion of the land that has been cut
away s0 that 1t will not rub against the walls of the hole.

Margin—The evlindrical portion of the land which 12 not cut away to
provide clearance.

Web —The eentral portion of the body that joins the lands. The ex-
treme endz of the web form the chizsel edge. The thickness of the
web is not uniform, but increases from the point toward the shank.

FPoint—The cutting end of the drill, made up of the ends of the lands
and the web. In form 1t resembles a cone, but departs from a true
cone to furmzh relief behind the cutting hps in order that they can
penetrate into the metal and form a chip.

Point Angle—The angle included between the cutting lips, projected
upon a plane parallel to the drll axis, and parallel also to the two
eutting lips,
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Lips—The two cutting edges extending from the chisel edge to the
periphery,

Rehef—The result of the removal of tool matenal behind or adjacent
to the cutting lip and leading edge of the land, to provide elearance;
prevent heel drag; and to allow the cutting lips to penetrate into
the work and form the chip.

Lap Relef Angle—The axial relief angle at the outer corner of the
lip. It 15 measured by projection into a plane, tangent to the periph-
ery, at the outer corner of the lip,

Chizel Edge—The edge at the end of the web that connects the cutting
lips.

Chisel Edge Angle—The angle included between the chisel edge and
the cutting hp, as viewed from the end of the drill.

Helhir Angle— The angle made by the leading edge of the land with a
plane containing the axis of the drill. This angle is also the rake
angle of the drnll.

Shank—That part of the drill by which it is held and driven

Straight Shank—A shank having the form of a eyvlinder, Usually pro-
vided on drills that are to be held in a chuck.

Taper Shank—A shank having an American Standard (Morse) Self-
Holding Taper,

Tang—The flattened end of a taper shank, intended to fit into a
driving slot in a soeket or a machine spindle,

Tang Drive—Two opposite, parallel driving flats on the extreme end
of a straight shank.

Twist Drill Sizes

Twist drill sizes are given in fractions of an inch, number sizez, and
letter sizes; metric drills are specified in terms of & millimeter. The sizes
are specified by the American Wational Standards Institute (ANSI) and
areshownin Table A-2 in the Appendix,

Holes produced by twist drills are usually somewhat oversize, as shown
in Table 4-1. The accuracy of the hole 15 dependent on the following
factors: 1. the actual size of the dnll diameter; 2. the accuracy of the
drill point; 3. the aceuracy of the drill chuek and drll sleeve; 4. the
accuracy and rigidity of the drilling machine spindle; 5. the rigidity of
the drilling machine; and, 6. the rigidity of the workpilece and the setup.
Sometimes slightly rounding the corners of the lips of the drill at the
marging with a hone will improve the accuraey of the drlled hole. Since
the tolerance of most drilled holes 1s usually quite liberal and the holes
produced by twist drills are usually somewhat oversize, 1t is possible to
drill a rather wide range of metrie size holes with inch size twist drills,
Table A-2 in the Appendix provides a guide for this purpose,
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Table 4.1, Oversize Amount Normally Cutbya Drill
Under Normal Shop Conditions, in Inches

Lorill Amount Oversize, Inch

Liia, Average Average

Inch Max Mean Min
Ya 2 05 Wil
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1 08 o7 w4

Coxrdesy of the Wete! Cultivg Toal Teatilude

Twist Drill Geometry

The flutes af most twist drills have a standard helix unglt.‘ and these
drills can be uscd to drill almost all matenals. For general purpose work,
twist drills having a non-standard helix angle are not required ; however,
in eases where certain materials must frequently be drilled, non-standard
helix angle drills may have an advantage. High helix angle twist drills are
made and they are recommended for drilling low tensile strength materials
such as aluminum, magnesium, dic casting alloys, and some plastics,
There are also low helix angle twist drills which are used to drill brass,
soft bronze, and sheet metal. These materials are also drilled using
atraight fluted dnllz, having a zero degree helix angle, because they wall
not tend to pull or run ahead of the feed, and when breaking through the
hole they will have less tendencey to grab. Twist drills having a low helix
angle combined with a thicker web are used when drilling some very hard
and tough materials.

After a twist drill has been made, itz peometry 1s fixed except at the
point, where it may be ground to meet different requirements, The pomt
geometry consists of the point angle, lip relief angle, chiscl edge angle, the
lip lengths, and the chizel cdge length, Suggested lip reliefl angles are
given in Table 4-2, The lip relief angle 1= dependent on the size of the
drill and on the type of matenal being drlled. Lip relief angles are also
specificd in Fig. 4-7 for dnll sizes that are approximately ' in, (13.0
mm} and larger. Since the size of the drill is important, the values in
Table 4-2 should supersede those in Fig. 4-7 for sizes other than 14 in.
The importance of the chisel edge angle should not be overlooked, This
angle gives an indieation of the amount of reliefl behind the chigel edge
and belind the portion of the hips near the chisel edge. The recommended
values of the chisel edge angle in Fig. 4-7 will provide adequate relief in
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Table 4-2, Suggested Lip Relief Angles at the Periphery

I | Buggested Lip Relief Angle
el at Penphery
i inmeter Hange

Drill Sizes cter Ronge I poe Soft and
General Hard and Freo

inch i) | Purpose Tough | Machining

Dirill= Materials | Muaterials
Mo, B0 te Mo, 61 ) 0135 to 0390 035 te 100 24° e o6
No 60te No, 41 | 0400 4o 0960 106 Lo 245 21" 18 24°
No. 4040 No. 31 | 0080 to 1200 | 250 to 305 IER [k 2z
No.30to 13" 285 o 250 325 to 635 [ 14= 0=
F o 150" 2470 ko 3433 | 655 te BT 14* 12 15
Sl 14 B0 po S000 | 885 1o 1250 12 1 16"
LT o 3" G156 to TH00 | 1310 {0 1805 i k" 14°
Mgs” and larger | TA5A- 1%.45- R i 12¢

this region of the drill point. Failure to provide adequate relief will result
m an inerease in the thrust force required to feed the drill and ecause the
drill to wear more rapidly. Along with the other components of the dnll
point geometry, the size of the chizsel edge angle should be watched when
grinding a drill point,

Dirill points recommended for drilling & variety of materials are shown
i FFig. 4-7. All of these drill pointz must have two essential requirements,
gshown at A: 1. the lengths of the two lips “L" must be equal; and, 2. the
angles “A" must be equal. Failure to meet these requirements will cause
the lips to do an unequal amount of work, resulting in an excessively
oversizge hole, more rapid tool wear, and place a greater load on the drll.

There iz a standard drill point geometry (zee Fig. 4-TB) that will sue-
cessfully drill most materials, unless it is exceptionally difficult to drill
or when an advantage is to be obtained in production drilling. For most
peneral purpose work, thiz drill point 12 satisfactory and can be recom-
mended. When dnlling tool steclz and heat treated steelz having a higher
hardness, the point angle should be inereased as shown in Fig, 4-7C, The
point angle should be increazed even more and the lip relief angle re-
dueced when drilling tough materials that tend to harden when they are
being worked, such as manganese steel, The drill point for such mate-
rials is shown at I, Bometimes a split point drill grind {(views I and JJ
12 even more effective for these materials, but this point 18 more difficult
to grind. When grinding brass, soft bronze, and sheet metal there is a tend-
ency for the drill to pull and to grab when breaking through the hole,
This tendency s reduced by grinding a flat on the face of each lip, as
shown in view E. Both flats must be made equal in size, The flats are
gmall plane surfaces that reduce the effective rake angle on the cutting
edges to zero degree. For drilling softer materials the point angle is de-
creaged, which tends to reduce the wear resulting from the builld-up of
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LIP LENGTHS "L" AND STANDARD POINT, GENERAL

ANGLES "A" MUST BE PURPOSE , MOST MATERIALS,
EQUAL ON ALL DRILLS |CHISEL EDGE ANGLE 125°-
I135°

CHISEL EDGE pPers o™
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heat in the corners of the point formed by the lips and the margins, As
shown in views F, G, and H, a zlight increasc in the lip relief angle is
also recommended for these materials. Surprisingly, it has been found
that even soft and medium hard cazt iron ean be drilled more effectively
with & more pointed drill point zhape (View G},

The split point, views [ and J, 15 8 most effective drill point geometry
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Fig. 4-TB. Buggested drill point geometry for drilliog various maderials,

for drilling deep holes, extremely hard and tough materials, and mate-
rials that are highly subjeet to work hardening. A photograph of this
poimnt 18 shown in Fig. 4-8. This drill point should be ground on a ma-
chine, such as a eutter and tool grinder or a point thinning machine, be-
cause it s somewhat difficult to grind, The chisel edge 1s replaced by two
small sceondary eatting edges. The sceondary cutting edges reduee the
extrusion of the metal (see Fig. 4-13) in this region to a minimum, pro-
viding instead a hetter cutting action and & better cseape route for the
chips produeed in this region, This reduces the thrust foree required to
feed the drill by az much as one-half, thereby reducing the load on the
drill and on the machine. The less severe cutting action of the split point
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Couwrtesy of the Volional Twist Dreill & Tool Div., Lear Siegler Tee

Fig. 4-8, Standard split-point dril]l grind, Web replaced by two secondary cutting
COErE

will also reduce the degree of work hardening of the work material, A
standard spht point & shown in Fig. 4-8 and in view [, Fig. 4-7. This
spht point geometry is recommended for drilling the more conventional
stecls and for decp hole drilling. The secondary cutting edges at the drill
point are formed by grinding a 55 degree bevel along the back edge of
the land as shown, The bevel must also be oricnted to form the correct
aplitting angle, which for the conventional split point drill should be ap-
proximately cqual to the chizel edge angle, or approximately 130 to
135 degrees. At the center, the two cutting edges formed by the split
should be separated by a small “chisel edge” that is about 005 to 015
inch (0.13 to 0.38 mm)} wide, depending on the size of the drill. By in-
creasing the splitting angle 5 to 15 degrees (150 degrees maximum) on
standard twist drills that are ground to have a split point, the centering
action, when starting to drill the hole, will be improved. This type of drill
point may be used to drill ordinary materials on numerically controlled
machines, Precipttation or age hardening stainless steels, high tempera-
ture alloys, and super-high-strength steels should be drilled with a thick
web drill when possible, where the web 15 50 to 200 percent thicker than
the conventional web, A modified spht point, shown in view J, Fig. 4-7, 1=
recomnmended for drilling these materials with a heavy web drill. The
splitting angle is increased to approximately 170 degrees to lengthen the
secondary cutting edge, which should extend to approximately one-half
of the length of the lip, or primary cutting edge. The modified split point
ghould not be used on drills having a conventional web thickness.
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Drall pointz are preferably ground on a machine designed for this pur-
pose. The drill point grinding machine in Fig. 4-9 will grnnd a theoreti-
cally correet drll point. It can also grind a point having a small mb at
the tip that will make the drill seli-centering when starting. In many
shops o dnll point grinding machine 15 not available and dmll points
are ground by hand, A skilled machinist or toolmaker can grind a drill
|:|::|'In1, h}' afl=hand grllndflhg, This skill is acquirﬂil h!.? ]:mcticu and 1z il -
fieult to deseribe. Bricfly, the drill must be positioned against the [ace
of the grinding wheel at the correet angle and with one lip held hori-
gontally. It is beld and pivoted in the left hand near the point while it
i5 rocked up and down by the right hand, which iz holding the shank of
the drill. At the same time it 15 rotated clockwise a small amount and
maoved shightly inward toward the grinding wheel. It is returned by mak-
ing these moves in the opposite directions. Each lip 15 ground in this
manner until it 12 sharp and the point has the correct geometry.

Courdeny of the Ofiver [matrument Co., Ime.

Fig. 4-9. Oliver drill point grinding machine. This grinder will grind the lip relief
angle inereasing as the center of the drill is approached.
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in most twist drills the web increases in thickness toward the shank
cid, When a drill 18 shortened by repeated grinding, the inercase in the
web thickness results in a lengthening of the chisel edge. This, in turn,
causcs the thrust foree required to feed the drill to inercase. For this rea-
son, whenever the length of the chisel cdge is inereased much bevond its
origmal length, the web should be thinned at the point of the drill. Even
on new drills it is sometimes advisable to thin the web

As shown in Fig. 4-10, in arder to thin the weh at the drill point, a
small amount of metal 18 ground off from both flutes near the chizel
cdge. The siine amount should be ground off from each flute. For best
results, the drill should be clamped in position and ground on & cutter
and tool grinding machine or on & special point thinning machine, using
a thin grinding whee! that has a rounded face. The position of the twist
drill relative to the grindimg wheel iz shown at A, Fig. 4-10. By excreising
great ecare, web thinning, or point thinning, as it is also called, can be
done with the deill held by hand. When necessary, it is better to thin the
weh at the point by the off-hand method than not at all,

There are two methods of thinning the web, The conventional method
used on both large and small drills is to grind the lips and the side oppo-
site the lips as shown at B, Fig. 4-10. The grind should not extend more
than one-half the length of the lips, or less. On larger drills it is possible
to grinid only on the surface of the flutes opposite to the lips, asis shown
at €, Fig. 4-10. This 1z the preferred method on larger drills.

B

Fig. 4=10, A, Position of twist dridd relative fo parrow, round face grinding wheel for
wib thinmng. B, Conventional grind for web thonming. C. Preferred  web=1lunmning
grind for larger drills.
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Chip Formation in Drilling

When metals are subjected to the action of a cutting edge that 1=
harder and stronger than the metal that i1s being cut, a chip 1z formed.
As the cutting edge engages the workpieee, the material ahead of the cut-
ting edge 1= compressed and escapes by flowing in a direction parallel to
the face of the tool. As the eutting edge continues its penetration, the
foree on the tool and on the work inereases until it is great enough to
cause either rupture or shear within the gramns of the metal, on a plane
that is roughly perpendicular to the face of the tool. This plane is called
the shear plane and is shown in Fig 4-11, The shear plane is usually a
somewhat curved surface rather than a perfectly flat surface. The chips
may be discontinuous as at A in Fig. 4-11, or they may be eontinuous as
shown at B, Brittle materials, such as cast iron, tend to form discontinuous
chips while duetile materials, such as soft steel, tend to form continuous
chips. Figure 4-12 is a photomicrograph of a duetile stecl, showing the
distortion of the grains along the shear plane in the forming of a eontinuous
chip. The lips of the twist drill form a ehip in exactly this manner.

The total eutting action of a twist drill, however, is more complex due
to the action of the chisel edge, shown in Fig. 4-13. At the exact center of
the ehisel edge the only motion of the drill is such that the aetion 15 simi-
lar to a center punch that penetrates the metal by extruding it sideways.
As the diztance from the center increa=es, the rotation of the drill becomes
effective and the chiscl-edge wedge appears both to eut and extrude the
metal. The very eomplex metal deformation ean be seen by the deforma-
tion of the grains under the chisel cdge in Fig, 4-13. This severe defor-
mation causes the high thrust foree required by twist drills, The severity of
this deformation, and therchy the thrust foree, ean be reduced by thinning
the web at the point and even more by the split point grind.

There are then two distinet chip formation actionz in drilling. This

:— —SHEAR PLANE E ~SHEAR PLANE
; —CHIP A
WORK, | WORK |
- Lo CHIP
Wi —
| TooL ,-"'f? ool
w -
v |-
2 B

Fig. 4-11. Schematic drawing of formation of chip when cuiting metal. A Ihscon-
tinuous chip, B, Continuous chip.
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Courteay of the National Twiaf Deill Company

Fig. 4-12. Photomicrograph of a metal chip formed by a cutting edge such as the lips
of a twigt drill,

can be readily seen in Fig. 4-14, which clearly shows the chip formed by
the lip, as distinet from the chip formed by the chisel edge. In this respeet,
twist drills are unique among the metal-cutting tools,

Reamers

Figure 4-15 illustrates a chucking reamer and a hand reamer, and it
defines their respective individual elements. Reamers are used to finish
cut holes to a precise dimension and to provide a smooth surface finish on
the walls of the hole, They are precision cutting tools that must always
be handled with care to prevent chipping and other damage to the reamer
teeth. One cardinal principle in using o reamer s never o rofate if in the
reverse direction. Reamers should always be rotated in the forward, or
cutting direction, at all times; regardless of whether they are entering or



Ch. 4

DRILLING MACHINES, TWIST DRILLS 93

NORMAL SECTION THROUGH
CHISEL EDGE OF DRILL

F
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e %#‘?i “i:f“:‘h

Courtesy of the Nationa! Twist Deill Compony

Fig 4-13. Photomicrogrioph through the axis of a dolled hole normal to the dril chisel-
edge showing the complex cutting and extruding action by which the metal 1o this

region 15 removed,

leaving the hole. Failure to do this will rapidly damage the margin and
destroy the accuracy of the reamer. Reaming 15 a fast, efficient, and easily
applied method of finishing holes,

There are two basic types of reamers: machine reamers and hand

Cowrbesy of the National Twist Drill Company

Fig. 4=-14, Section of hole with deill removed Lo show sepacate elip formed by the lip

and the chizel edge.
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Fig. 4-15. Reamer nomenclature.

reamers. Machine reamers may have a straight, or a taper, shank. They
are used primarily in power-driven machine tocls. Machine reamers have
a chamfer ground on the ends of the lands, The chamfer angle is usually
45%, although other chamfer angles are sometimes used. The lands have a
margin adjacent to the cutting edge, which is unrelieved. Relief is ground
on the back of the chamfer, thereby making it into a sharp cutting edge.
The chamfer edges do the cutting and remove the excess metal from the
hole. The forces on the workpiece resulting from the cutting action of the
reamer will causze the work to spring shightly away from the reamer, in
the region of the chamfer edge, After the chamier edge has passed a given
portion of the hole, the work material will spring back and bear against
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the margin of the lands of the reamer. The margin, being unrelieved, is
a poor cutting edge, Primarily, 1t burnishes the sides of the hole to pro-
duee a good surface finish, It may alzo serape a very small amount of
metal out of the hole, thereby removing small irregularities. The marpin
also performs another important function in supporting and steadying
the reamer as it passes through the hole. SBometimes, the margin 1s ground
with a slight taper toward the chamier edge, The length of this taper i3
from 14 to 3 g ineh and the angle, with respect to the axis of the reamer,
18 from 1% to 5% This 15 sometimes called a lead. Actually, its function 1=
to inerease the burnishing action of the lands, thereby improving the
zurface finsh of the hole.

IIHILL‘I Fedmers are L‘Iﬂﬁig"{‘.(l t.l_ll E]f_‘. t.'llTTlE_‘“I,l [I'IH.HIIH.]'.}' ir] ['E,‘H.I]'I.jl'lg A hl’_:l]E,!.
They are ground with a starting taper on the lands which 12 relieved to
form a sharp cutting edge. (See Fig, 4-15) A bevel edge 15 also ground
on the end, however most of the cutting 15 done by the starting taper.
Hand reamers are designed to remove less metal from a hole than ma-
chine reamers will, The margin of the hand reamer also burnishes the
hole in the same manner as does the margin on the machine reamer.

The speed and feed through the hole of a hand reamer are controlled
entirely by the workman. On machine reamers, the speed and feed are
controlled by the machine setting, As a general rule, the cutting speed
for reaming should be about one-half to two-thirds of the speed used
for drlling the same material. Excessive cutting speeds will cause the
reamer to chatter; consequently, the cutting speed must he kept low
enough to prevent the oceurrence of chatter. The feed for machine ream-
ing 15 usually 0015 to 0040 inch per flute per revolution, Thus, the feed
rate of a six-fluted reamer that is eutting at 100 rpm, using 004 inch per
tooth feed, would be 6 x 004, or 024 inch per revolution. Expressed in
different terms, the feed rate would be 100 x 024, or 2.4 inches per min-
ute. When the feed used is too low the work may be glazed, the eutting
edge will wear excessively, and, occasionally, chatter will ocour. An ex-
cessively fast Teed rate will reduce the aceuracy of the hole and lower
the quality of the surface finish.

It is very difficult to generalize on the amount of stock that should
be removed by reaming as this 1s dependent upon the nature of the work
material, the design of the reamer, the feed used, the finish required, and
the depth of the hole, As a starting point for machine reaming, allow
008 to 012 inch on a 1 -inch hole, .012 to 016 inch on a 14-inch hole, and
025 to 035 inch on holes up to 134-inches in diameter. For hand ream-
ing, the stock allowance 12 much zmaller. The allowance ranges from
01 to 010 inch.

Two other types of reamers that are sometimes used are rose reamers
and taper reamers, Rose reamers are used in a machine, They are similar
to machine reamers 1n construetion; however, they are designed to re-
move much more metal from & hole. They do not ream a hole as accu-
rately or with as good a surface finish as do the standard machine
reamers., Taper reamers are used to produce taper holes. Larger size
reamers are often made as shell reamers. The shank, or arbor, of the
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shell reamer 1z separate from the body of the reamer. The advantage of
this design 15 that reamers of different size can be held on the same
arbor and when a body is worn out the arbor does not require replace-
ment.

Counterbores, Countersinks, and Spotfacers

Counterbores, countersinks, and spotfacers are frequently used in
drill-press work in order to modify an existing hole. The counterbore, A, in
Fig. 4-16, 13 used to enlarge the end of a hole by cutting a eylindrical
surface that 1s concentric with the original hole. The concentricity is ob-
tained by the pilot located on the end of the counterbore and which acts
to puide the tool as it penetrates into the work. A countersink, B, in Fig.
4-16, 15 used to make a cone-shaped enlargement in the end of the hole.
A spotfacing tool is shown at C. The purpose of the spotfacing operation

it i P

Fig. 4-16, A, Counterboring a hole, B, Countersinking a hole, C. Spot-facing a hole,

12 to cut a smooth, flat surface which is perpendicular to the axis of the
hole, Usually, this surface serves as a seat for the head of a cap screw
or bolt; or as a seat for a nut.

Taps

The basic nomenelature of a tap is shown in Fig. 4-17. A tap is used
to produce internal threads, It has thread-shaped teeth which cut a
thread of similar form when it is screwed into a drilled hole, The first
step in tapping an internal thread is to drill a hole with a tap drill. This
15 an ordinary drill that 1= appropriately sized so that it will leave just
the right amount of metal in the hole for the tap to remove and finish
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Fig. 4-17, Basic pomenclature of a tap.

the thread forms to required size. The tap is then screwed into the work-
piece by hand, with the aild of a tap wrench, or by power, as applied by

a machine tool such az a lathe or & drilling machine. The feed of the tap
must alwaya be equal to the lead of the thread being cut. The lead of a
thread 1= the distance that it advances in one revolution. A tap will gen-
erally feed itself, once it has started, as it will tend to follow that portion
of the thread that already has been cut in starting.

The =ize of the tap drill to be used to tap the hole 1= dependent upon
the diameter of the thread, the size of the thread tooth (or pitch of the
thread), the material of which the thread is made, the length of engage-
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ment of the thread, and the available standard drill sizes. For ordinary
manufaeturing, the internal thread in a tapped hole need not be more than
7hor B0 per cont of the theoretical, standard thread depth. For some classes
of work, not more than 50 per eent of the thread depth iz required. The
diameter of the tap drill should not he smaller than i= necessary to give
the required strength of thread, az every deerease in the diameter of the
tap drill inereases the power required for tapping, and, incidentally, the
percontage of broken taps. Recommended tap drill sizes and hole sizes
for tapping Unificd Serew Threads can be found in various standard
machine shop handbooks such as Marhinery's Handbook.

Thearetical tap drill sizes for inch and metrie threads ean be ealeu-
lated by the following formulas, in which the “Pereent Full Thread™ 1=
expressed as a decimal; e, 755 1= written 75 in the formula. The drill
size nearest to the ealeulated hole s1ze is used.

For American TTnified Thread Form:

1.08253 » pereent full thread

H gee = Baszie major dia— - (4-11
ole size i£ia M Br Qi Number of threads per inch
For Ameriecan Wational Thread form:
. . . ) 1.204 = poreent full thread
Hole size=DBasic major dia.- ! - - [4-2)

" Wumber of threads per inch
For I20 Metrie Threads (all dimensions in millimeters):

Hole size =Basic major dia.— (1.08253 % piteh ® pereent full thread)
(4-3}

Exnmple 4-1

Find the tap drill diameter for a 14-13 Unified thread and for an
M12-175 thread. The M12-1.75 thread designation means that it is
metric (M1, 1t has a diameter equal to 12 mm, and the pitch of the
thread 12 1.75 e To each case the tapped hole 12 to have w 60 percent
full thread.

For the VL-13 Unified thread:
108255 x 60

Hole size= 500 - — T = 450 in,

Forthe M12-1.75 metrie thread:
Hale size=12— (108253 = 1,75 607 = 1086 mm

The pearest drill sizes are 29/64 in. and 11,0 nun, respeetively.

Hand taps have a eylindrical shank and a driving square on the end
to which a tap wrench ean be attached., These taps are used for most
machine tapping applications, as well as for hand tapping. They can be
obtained as ground taps, which are finished by precision grinding, or as
eul taps, which are finished by a culling operation,
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Hand taps are clagsified into the [ollowing types: taper, plug, and
hottomang. Fach type 18 distinguished by the amount of ehamier on the
end. Thoe angle formed between the ehamier (sec Fig, 4-171 and the axis
of the tap 15 called the chamfer angle, It determines the number of
threads having their height reduecd on the end of the tap, The chamdered
threads are relieved behid the faee wwd do all of the eotting to Torm
the theead o the part, The number of flutes and the length of the
chamfer detevmine the chip load, o the mnount of material removed by
each tooth,

Taper taps have o ehamfer of S iy which reduces the heizht af ap-
proximately 8 to 1 theeads. Plug taps have o chamfer angle of 10047
with 3 te 5 threads redueed i height. Bottoming taps have a chamier
angle of 25° 1o 29°, whieh reduces approximately 1% threads. The most
u=cful tap for general tapping applications is the plog tap, Plug taps ean
it wseel to tap theough holes and also blind holes where a Bmited oom-
ber of naperfoet teeth are allowed. Bottoming taps are used to finish the
hottom of blind holes where only a Tew imperfeet teeth are permitted.
Taper tape e i I:]'i]ﬂ.‘l]'”:\' forr bl 1:1[1[1'I||g thin wtj::rk]m_'i:u:-'_, for
tapping throngh holes in =ome abrasive materials, amd for tapping the
largir fhivenr] =izes wel theead formes, where the e‘hip Fhickness [ forath
st e lept low, When a particularly band, tough material s encoun-
terel, it i =ometiines helpful to use a taper iond 2 plug tap alternately,
The taper top starts casily but may stick after peneteating deeper; 1t is
Fhion retyonceed sl a |r]u|,.r, tap is in=erted o relieve the long eut made 1‘:-:',-'
the taper tap, For =ome very difficult johs, o sertes of suceeedingly luger
tapes are =il o fap il hole, snch Lo hl"mg pane 5|H:'|;;'l:'|.l|j.' for each juh,
{ the large majority of jobs, however, the plug tap can be used alone,

Chy o Dimates] vumiber of zofter, ductile materialz, threaded holes can be
produced on o omachine with a fonning tap, This is usually associated
with hif_:ll ol [TJ'Urll_.ll;:t.i.f“lil aperalions, 'I"m'1|'|'lng Lo have no flutes of
the conventional tvpe. Instend of Being round, the body of the tap =
radhially relieved to form o lobed construction, the number of lohes de-
pending on the tap diameter, The nose end of the tap s tapered to allow
it to enter the hole, Formmg taps produes threads by plastie flow of the
metn]l near ithe hole walls ipstemd] of by eutting. A chip s not formed.
The threwd form produecd 1 not perfeet. but usually there s no reduoe-
tron 1 thee =frengeth of the thread.

A cutting fluid should always be used with all materials when tapping
except on cast iron and plastics. When hand tapping a hole, the tap
should be advanced approximately one turn and then rotated in the re-
verse direction until the ehip 13 broken. By repeating this sequence until
the hole 1s tapped, a smooth thread will be produced with minimum effort.
Machine-driven taps are generally screwed into the hole while rotating
in the forward direetion and are reversed to remove the tap when the job
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12 finizhed. On very difficult jobs the tap 12 sometimes reversed when cut-
ting into the hole in a manner similar to hand tapping.

Spade Drills

Spade drills, Fig. 4-18, are frequently used to drill large diameter holes.
They are made in sizes ranging from one to five inches. A spade drill
eonsists of a holder made from heat-treated steel and a high-speed steel,
or cemented-carbide, tipped blade, The blade 15 seated in a slot in the
end of the holder which is clamped together by a screw to secure the
blade in place. Each holder can hold a range of different blade sizes. The
shank of the holder may be straight or have a standard Morse taper.
Some spade drill holders have coolant holes drilled lengthwise which sup-
ply a stream of coclant cloge to the eutting edges. Notches or chip break-
ers are ground on the cutting edges to reduce the width of the ehip. These
notches are unevenly spaced so that they do not oceur at the same radial
distances on the two cutting cdges. Instead of a single chip, the notches
canze =everal emaller ehips to form on each cutting edpge that are easier
to break. A chup curling groove {chip curler) 12 ground on the face of cach
cutting edge which tends to curl and break the chips for easy dispozal.

Several diferent types of blades are shown in Fig. 4-18 to show the
versatility of this method of drilling. Besides drilling holes through solid
metal, stepped holes can be drilled, and both counterboring and spot-

[2) |
HOLDER —/{

STANDARD DRILL

BLADE
COUNTERBORING CORE DRILLING STANDARD DRILL  SPECIAL BLADE
AND FACING BLADE [STANDARD]  BLADE WITH
BLADE (STANDARD) CHAMFERED CORMNERS

Fig. 4-18. Spade deill, ineluding examples of standard and special blades,
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facing can be done with spade dnllz. An important apphication of thesze
drills is core drilling; i.e., enlarging an existing hole which may he a
rough cored hole of a easting. The core drillmg blade used for this
operation has spurs ground on the end which bite into the metal and
guide the drill, thereby drilling a hele that elosely follows the path along
which the drill i1s fed. Without the spurs, a core drll will be influeneed by
any eccentrieity of the existing hole and may not drill & true hole. Core
dreilling operations may be performed on drilling machines having a
power feed, on turret lathes, vertical turret lathes, on both horizontal
and vertieal boring mills, and on numerically controlled machines.

A power feed should be used when drilling with & spade drill. Only by
applying extreme eare and skill can spade drilling be accomplished with
manual fecd. The feed rate 1= 2 most important factor in succeszfully
applving a spade drill and the constant feed rate supphied by a power
feeding mechaniam should be uzed whenever possible; for deep holes it
should always he uzed. The feed rate should be adjusted =0 that the chips
break into forms resembling a small “e” or number “9."

Spade drills are self starting if they are held in short stubby spade
drill holders. Longer spade drills are started by first drilling a start hole
or “cone” with & spade drill held in a stuly holder. If the start drill 15 the
zame diameter as the second spade drill, the start drill should drill a hole
that 1= to the full diameter of the spade drill. 11 the start drill 1= smaller
than the second drill 1t should not drill to 1tz full dizmeter, but should
leave only & comieal surface against which the second drill can start.
Noever use a center drill or drill a pilot hole with a twist dall to start a
gpade drill. When the spade drill contacts the sharp edge of the hole
formed by these drills, 1t will tend to “hop around" which can cause the
cutting edges of the spade drill to chip.

The sizc of the hole that can be drilled with a spade drill iz [imited
only by the power and ngpdity of the machine. When insufficient power
12 available to drill a large hole, the hole may be drilled in two passes
using a smaller spade drill to drill the first hole. The power, torque, and
thrust foree required to feed the spade drill may be estimated by the
procedures provided further onin this chapter,

Gun Drills

Grun drills are eustomarily used to drill deep holes where the length of
the hole 1s five or six tunes its diameter. These are speelal drills and are
usually used on special deep-hole drilling machines. They have a single
flute and a single cutting edge which may be high-speed stee] or a
brazed-on eemented carbide tip, The cutting edge may be designed to cut
to the center of the drill. Some gun drills have a cutting edge that does
not cut to the center of the drill, thereby leaving a core of metal which
can be easily removed if the hole iz & through hole. This method of pro-
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dueing, where metal is left in the center, is called frepanning. In either
case the angles on the cutting edge are designed to make the drll produce
a straight hole. The body of the gun drill 12 made from erimped tubing
which allows a cutting fluid to be fed through the drill to an oil hole near
the cutting edge. Gun drills must be started with the aid of a bushing,
Omnee they are well started, however, they are self-supporting and will
drill a straight hole. When using 2 gun drill in a lathe the need to use a
guide bushing to start the dnll, can be eliminated by first drilling and
reaming a hole about one diameter deep in order to start the gun drill.

When a deep hole is required and a gun dnll s not available, the hole
ean be drilled by brazing an extension onto the shank of a standard twist
drill. The hole s first drilled about one diameter deep with a standard-
length twist drill, and the remainder of the hole 1= drilled with the drill
having the extended shank. This 1s a slow process because the drill must
be backed out of the hole frequently, in order to remove the chips.

Estimating Drilling Thrust, Torque, and Power *

The thrust, torgque, and power required to drill a hole depend on the
following factors: 1. the work material, 1ts microstructure and hardness;
2 the size of the drill; 3 the feed rate used when drilling; and, 4 the ratio
expressed by the length of the chisel edge divided by the drill dinmeter,
or o/d. In addition to these factors the power renuired to drill a hole is also
dependent on the rotational speed (rpm) of the drill or work, whichever
15 rotating,

In the customary inch system of units the measure of power 1= the
horsepower. Horsepower is not used in the 3T metrie system of umits. In
itz plaee the kilowatt is used for both mechanieal and cleetrical power,
For all machining operations, including drilling, it is often desirable to
have knowledge of the power used direetly by the cutting tool in producing
the chip, as well as of the power required by the driving moter to drive
the machine tool. The maehine tool driving molor must supply the power
to drive the machine m adedition to the power required by the eutting tool
to eut the material, How efficiently the machine tool transmits the power
from the deiving motor to the eutting tool 1= measured by the machme tool
cificieney factor, E. Typical valucs of this factor are provided in Table
4-8. Although the feeding foree, ealled the theust foree in drilling, may be
quite large, the power required to feed is usually very low because the
feed velooity 12 wmally very low; therefore, the power required for feeding
can be disregarded.

The values in Table 4-3 through 4-6 are for sharp drlls. All metal

T e fornailie ardl tohles o this peclion mre bossl an resenech ond erperimenez]l wark eonclueted
By Carl I Ohefocd Jr., Vere Meesident, Mabnwoool Deoed 100l Dhivieien, Tear Siegler Toel, ond by
Fir, MWabtoq 2 Sl of the Carnegie=3elloa Testituie.
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Table 4-3. Work Material Factor, .. for Drilling with a Sharp Drill

Work Material
Work Maierial Constant. Ky
AIST vy (Resullurized Tree machining mild steel) 12,000
Sieel, 200 HA EFR-
Steel. yoo HB 31,000
Steel, 4o HB Ja.00
Cast lron, 150 HE B Gk
Mozt Aluminum .I’|.|||:|:|.':. T o SR
Most Magnesium Alloys 4,000
Muos1 Brasses 14,000
Leaded Brass 7.0
' . 14.,000" [ar Torgue
Austendtic Stainless Steel ET:..-[E 5 16 15.000" lor Thrust
_— ) 18 00 far Tarque
Titaniam Alloy TréA 4V 4o, 39.000* for Thrast
Rene'qn 4ol 4o.0m0*t min,
. soooa® for Torgue
Hastelloy- L 37 000" far Thrust

*VWalues baged vwpon o limited number of tests

1 Will inerease with rapid wear.

Table 4-4, Feed Factors, F,, for Drilling

Inch Units 51 Metric Uinits
Feid, Feed, Foped, Feed.
in/rey Fy in ey Fi Il mmirey Fi mm ey Fy
SOOE S ari N FiH a.80 i 0. 1o BT
B el = ek QLY o311 .03 Lo 0.315 -84
L .oar ang 31 a.o% .ot a.4o 4o
S0y Rl )] K148 gl ] =R A8 .45 E2B
N el | =] b el ReE = e LI5H o.50 574
L00g o4 .03 047 o.n2 1By o.55 Had
e ] ol HaF14 Aaf: a.ng L2l 6.6¢ .JoR
307 el ] B=g ] N 5] 0.8 A54 G 75 T4
.ol a1 %13 .ofifl 0.0 5] . g
B0G LOEY D4 &b o.2d 1] 130 1.0
N [4] g L5 291 H 025 1 .25 B.1005

eutting tools wear as they are used and are expected to cut while having a
certain amount of wear at the cutting edge. Az the cutting edge becomoes
worn, more power 12 required to cut the material, the power required
inereasing with increazed tool wear. A tool wear factor, provided in Table
4-7, 15 used m order to compensate Tor the wear on the cutting cdge,
Compensation factors for the chisel edge ratio, o/d, arc given in Table
4-6, Binec it is usually more convenent to accurately measure the weh
thickness at the drill point than to measure the length of the chisel edge,
the approximate ratio of the web thickness at the drill point to the drll
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Table 4-5. Drill Diameter Factors: F; for Thrust: F, for Torque

Inch Units ” 51 Metric Units
Dl il Cirall L¥rall
[Jiam., Fr Fu |[Iham.,| F; Fo lllvam.. | Fr Fog |ltham..| Fr Fu
if in. fiken 1n i
Lok AT .oay REg Bqn 1'36" 150 1.48 F R rrooo | 11 B0 160, R
o4 REE 1T LR KLL] Egi I.4 N H 4.84 FER | 1951
1 | g g || reos | reee [ deool| sae | rsg | B2 || 7s.se| 1334 | d402
154 .14 015 oty | raoso | 1.n16 §-00 3.3 | ra.ez || rrooo | r3yar | 3rr-t
.THE .oh§ -044 Pea2® | d.a9fp | a.236 4. Bo §.%1 168y :B.qa | 14.58 §15.6
214 .1g7 =111 f.asi | o1.3g8 .44 .50 1.7 2121 tras | rG.og 5L1.0
250 gao | ocoBr Y oars [ noree | rora]| Bao | 4aar | 2Ba6 || ason | rrag | Bool6
BT Atk .oz 1500 | 1.383 | z.o7% 720 4.85 | 5453 || 2800 | E.gh | Ggy.6
LR 155 ctag | nhes | oigrg | rags|] Roo 0B | qr0a | 4roo| 198y | Bas.z
44 476 vl | 1.7 | rsbs | spaRfl R8s | s.gf [ so.r3 || 4500 | 1ter | 9458
i 455 B9 1.E7e 1.68% | § 1o .40 0.0 §T.% 4 gBon | 110y |1ofs
458 CRLF pih (| oo | LT | 3aBz )l vies | S8 | rése || soen| 22 BE 143
B M .574 L2871 r.ege | rgry | g30s|| 1250 754 | o428 cBooo | 25.75 |14G5
.5fg gz Rl z.500 [ 2.0 .20l 1452 Bgg | 12340 G0 | PPRS |iTB3
Mg (1. ) B L] TTRO T.a4h 6,477 1,00 4.1 L&T. 2 To0 | Fgogy | FO9%
Rt ] rdl LERE] K000 1408 T-125 1750 Q.’7 1728 Th.oo _'.l-gﬁ FET

S50 784 -19'5 5§50 .74 4.515 1500 10.54 2003 P D ﬂ-f‘.‘i] LERR
B3 Bas 8y 4000 | 1.041 tropj o roos | 1o.pl | ragey [froo.ooo | 1981|398

Table 4.6, Chisel Edge Factors for Torgque and Thrust

Tesreyue T hrusi Thrwst Torgue | Thrust Thrust

cid AF_'JF_:.::-M Fau Ill.'lr' Favior Farctar i AF_E,:_;.”" FJEE.I.IP Factor Factor
A B ! i . A B

N} o2 L.400 [T =118 1R ASS 1.085 1.355 030
g 45 1 .08 [0 g 20 175 [ s 1. 180 LT L]
£+1 3T 1.205 I, 300 oo 11 EF:] 1.15% 1445 Jafig
Ll La8q i.Ged I.21% K-11s ] jD 1] 1.235 . &0 0 ]
[} e LIS, [ I3 pe Qry A5 » RO [ ] I.575 30
i N 1.o8a 1. §ia o2 ] it .15 r.b2o 163

For drills of standard dresign, use o/d — 18,

For a-F:ll.I. poind drills, use efd

afd = Lrn th of (Mhiscl Fd p:e - Dr‘l]] Phiameter.

w/d = Wob Thickneas at Dietll Point = Deill Diametor.

diameter, or w/d, is given {or cach ¢/d ratio in Table 4-6. The ¢/d ratio
for all standard twist drills is 18, unless the drll has been ground so that
the length is short or the web has been thinned; the e/d ratio for a split
point drill 12 .03, Cutting flutds may reduce the thrust, torque, and power
required to drill, however, no specifie recommendation ean be given since
each cutting fluid has its own characteristics.

The formulas below are used to caleulate the thrust, torque, and power
for drilling. Since conditions may vary in different shops and machine
tools are not all designed alike, the ealeulated resultz may not correzpond
precisely with the results obtained on the job; however, they do provide a
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reasonable estimate which will be close enough n most practical situa-

tions.
Forinch units only:

T=2Hu -Fr-F:r .ﬂ W+.ﬂ-g dFJ H‘r |'4-1:|
M=K;FFy AW (4-2)
JH- J.ﬂr
o= .
“= 63,025 (4-3)
For SI metric unitz only:
T=005K,F Fe BW+0007 K,d*J W {4-4)
K FeFyy AW - -
M= 4:]’550 =0000025 Ky Fe Py AW (4-3)
_MN i
P.= 9550 (4-6)
For either inch or metric units;
P. -
P.L.—--E.- (4-7)

where:

P.= Power at the cutter; hp, or kW
FPr= Power at the motor;, hp, or kW
M=Torque;in. Ih,or N-m
T"=Thrust; b, or N
K= Work material factor
Fy= Feed factor
Fe= Thrust factor for drill diameter
Fy= Torque factor for drill diameter
A= Chizel edge factor for torque
B = Chisel edge Tactor Tor thrust
J = Chizel edge factor for thrust
W="Tool wear factor
N = Spindle speed ; rpm
£ = Machine tool efficiency factor
d= Dirill diameter; in., or mm
e= Chizel edge length; 1n., or mm
= Web thickness at drill point; in, or mm

Erample §-1:

(See Table 4-3)
{See Table 4-4)
{See Tahle 4-5)
{Bee Table 4-3)
(See Table 4-6)
(Bee Table 4-6)
i=See Tahle 4-6)
{See Table 4-7)

(See Table 4-8)

(See Table 4-6)
(e Table 4-6)

A standard 1 imch diameter twist drill operating at 150 rpm and with a
feed rate of 008 in/rev 12 used to drill 200 HB steel on a dnll press
having an efficicney of .80, Estimate the thrust, torque, power at the motor,
and the power required to feed the drill through the work, Py
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Table 4-7, Tool Wear Factors, W

e . ——— ———

Type of Drilling Operation

| w

Dirilling with a sharp drill 1.00

E’urmalf drilling l 1.20
Drilling hard-to-machine materials and drilling with a very dull drill 1.50 B

Table 4-8, Machine Tool Efficiency Factor, B
Type of Drive E " Typeof Drive  E
Direet Belt Drive A0 CGeared Head Drive 70-80

Back Gear Dirive an B

K;=24 000 (From Table 4-3) A=1085 (From Table 4-6)

Fy= 1021 {From Table 4-4) =135 (From Tabie 4-6)

Fe=1.000 {From Tahle 4-5) J=1030 (From Table 4-6)

Fy=1.000 (From Table 4-5) W=1.30 {From Tahble 4-7)

T=2K;F, Fe BWH+RK;d*JW
=2 x 24,000 x .021 x 1000 x 1,355 x 1.30+ 24,000 x 1000 x 030 x 1.30
=2710 lhz (rounded)

M=K, FfFyAW
=24 000 % 021 x 1.000 x 1.085x 1.30
= 710 1b 1n. (rounded)

_ _MN_ T10x150
"7 63,025 63,025
= 1.7 hp (rounded)
P. 17
Pu=g =30
=21hp (rounded)

I3

Let f equal the feed rate and P; equal the power required to feed the drill.
f=.008 x 150=1.2 in./min

1.2
=3z
f=.1f{t/min
p,= Tt 2710x 1

23,000 33,000
= 08 hp
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Example §-2;

A S0 mm dianeter spade deill which is 8 non tlaek is to deill 150 HB
gray eas=t iron using o feed e of 20 o /rev and o spindle specd of 200
Fpin on o lathe having o machine tool efficieney faetor of B0, The thick-
ness of the spacde dell at the peint 1= 550 mon, Estimate the throst and
the power reguired to perform this operation.

Ky=14,000  (From Tahle 4-3) A=1040  {From Table 4-6)

Fi= 270 { From Table 4-4) £=1.270 ({From Table 4-6)

Fe=22 86 [ From Table 4-5) J=017 { From Table 4-6)

Fuy=1143 i From Table 4-3) W=1.30 {From Table 4-7)
wid=75.5/50= 110

T=005 Ky Ky Fp B W 0007 K, d? J W
=0005 x 14,000 x 270 x 2286 x 1.270 x 1.304+0.007 x 14,000 x 20 x 7
x 1.30
= 12,706 N (12,706 x 2248=2856 1h)

T _f:a- fﬁuﬂ_ l—!_.(ﬂ_ﬂ] x 270 x 1143 x 1] .U'-H":I X 'EJI[].
T 40,000 o 40,0040
= 150 ™ -m ronaneledd
p _MN _ 150200
T A350 935(0)
=3.14 kW (I x 1341 =42 hip)
"TET &0
=302 kW (302 x 1.341=5.26 lip)

F



CHAPTER D

Drilling Machine Operation

Work on machine tools iz accomplished in the following sequence:

1. Plan how to do the job.
2. Obtain all the tools and materials required to do the job,

3. Prepare the workpiece and the machine for the machining opera-
tion,

4. =Start the job, proceed with thought and care, and get the job done.

Although the basic principles of machine tool operation are unvarving,
the manner in which they are applied can vary from shop to shop. The
reason for this is that the resources (men, tools, machine tools, and ex-
pericnce) of each imdividual shop are different. The skilled craftzman
adapts his knowledge and skills to the resources that are available in the
shop where he 12 emploved. It 15, therefore, not unusual for the same job
to be done differently in various shops; however, regardless of the method
used, the basie prineiples must be applied to each method. In this book
the basie principles are emphasized. The student must, however, be pre-
]:ELJ‘-;‘:EEI (4] ELt‘iﬂpL them to the cireumstanees with which be is confronted,

The object of all drilling machine work iz to machine holes to a given
sige having an acceptable surface finigh and located exactly where re-
quired on the workpiece. Drilling machines, or dnll presses as they are
also called, are primanly hole-producing machines unhke lathes or mall-
ing machines which machine a variety of shapes including holes.

A great many drilling jobs are preceded by a layout operation on the
workpiece. Layout work was covercd in Chapter 3 and will not be dis-
cuzsed in this chapter. Where a layout is required, it is assumed that this
work has been done prior to the discussion in this chapter.

Drilling Speeds

For any machining operation, including drilling, the cutting speed is
penerally given in terms of feet per minute, which 1= abbreviated: fpm.
It deseribes the rate of movement of a eutting tool relative to the work-
piece. For example, a cutting speed of 100 fpm would deseribe o cutting
tool traveling in a straight line at a uniform rate of motion, or speed,
such that the tool would travel a distance of 100 feet in one minute, The
cffect would be the same if the tool was stationary and the workpiece

108
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maved past the tool at this speed. In drilling, the tool moves, but it ro-
tates instead of moving in a straight line, The surface on the lips adjacent
to the margin is the part of the drll traveling at the highest speed when
the dnll 12 rotating. Thiz surface travels a distance equal to the circum-
ference of the drill, or = = drill diameter, every time that it makes one
complete turn, Assume for & moment that the drill diameter 15 Y% inch,
its cireumference would be L4 ¢ 31416 = 1,57 inches, Now, if this drill
can cut at a cutting speed of 100 fpm, or 12 x 100 = 1200 inches per min-
1,
1.57
or 764 circumferences per minute. Since every circumierence also repre-
sents one complete revolution of the drill, the Y-inch drill must turn
764 revolutionz per minute if the outer edge of the lip 1= to move a distance
of 1,200 inches per minute, or 100 feet per minute. To summarize this as
a formula:

ute, the number of circumferences that will fit into this length is

12V
=D

N (5=11
where: N =Spindle speed of the drill press, rpm
(Thiz 12 the speed at which the twist drill will operate.)
V = Cutting speed 1n feet per minute (fpm), at which the
drill can cut the work material,
= pi = 31416, The mathematical svmbol for this
number which 15 a constant for caleulating the
circumference of a circle,
D = Ihameter of the drill, 1n inches,

Some drilling machines have infinitely varahble speeds within a range
of speeds while others have diserete speeds which are in steps, such as
are avallable in a geared head or on a step cone pulley. When a machine
15 equipped with a stepped range of speeds, it should be set at the speed
that is the nearest to that calculated in Formula 5-1.

Erample 5-1;

Twao holes are to be drilled in & part made from ATSI 4140 steel that
has been quenched and tempered to have a hardness of 270 HB (Brinell
hardness number). The diameter of one hole 15 14 inch and the diameter
of the second hole is 1 inch. In Table 5-1 the cutting specd for this material
is shown to be 60 Tpm when the drll 15 made Trom high-speed steel.

A, Caleulate the cutting speed for bath drills,
1. Forthe %% inch drill:

vy 12V _ 12x60
YD wu 1/R

2. For the 1 inch drill;

= 1833 rpm
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12 % 60

N= - =220 rpm

7]

B. The drill press has the following speeds (rpm): 15300, 800, 300, 400,
250, and 150, What speeds should be selected to drill the holes?

1. For the ¥ inch drill- 1500 rpm
2. Forthe 1 ineh drill—250 rpm

The cutting zpeed in the metric system is given in terms of meters per
minute {m/min) and the drill diameter 1= 1n millimeters (mm). Since the
units are different, the eutting speed formula using S1 units s different
from the formula (5-1) in which eustomary inch units are used,

1000V .
V=" (52

Where:

N = Revolutions per minute (rpm) at which the drill must operate.
V= (:I,l[t.jl]g ﬁjag:ufl, m,/min

r=pi= 31416

D= Dnll diameter, mm

Example 5-2;

An annealed die made from 01 01l hardening steel must be drilled with
a 1905 mm twist dnll. Caleulate the epindle 2peed of the drill press.

The cutting speed for 01 annealed oil hardening steel 15 45 fpm (=ee
Table 5-2), or 45 % 3048214 m/min,

000V 1000 14
=0 1905
= 234 rpm

N=

The recommended cutting speeds for drilling and reaming different
materials with bigh-speed steel drills are given in Tables 5-1 through 5-5,
The eatting speed 12 dependent on the material from whieh the drill or
reamer 15 made, the material from which the workplece =5 made, the
hardness of the work material and its heat treatment. Another factor
affecting the eutting speed is the length of time desired during which the
tool will perform =atisfactorily, called “tool life.” Generally, a cutting tool
operating at a lower cutting speed will last longer than when operating
at a higher cutting specd. Twist drills are made from several types of lngh-
speed steel; and less expensive drills, usually intended for home workshop
use, are made from carbon tool steel. Carbon tool steel drills ean only be
operated at one-half of the eutting speedsz hated in theze tables,

Exeept when using high production and numerically eontrolled ma-
chines, drills less than approximately 4 inch, or 6.4 mm, are usually fed
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Table 5-1. Recommended Cutting Speeds in Feet per Minute for Drilling and
Feaming Plain Carbon and Alloy Steels

Cutting Speed. Tpm

AISI l:lt:;;:'lﬁl I H‘;ld;fﬁ l'_'H‘:':"m Driling Reming
[ ] s HLEELRE ondabeen "55 HSS | Carbide
Free Machining Plain Carbon
Steels (Resulphorized) { =150 HE.A FT Bo 400
U303, TPRN, D24 1 §o-30a CD (F11 Bo 150
viol, riog, sreg. 1017, 1908, peao, { 1001 50 HE. A Tio 75 378
oz, t20n 1 50-200 CDh ad Bo LEL]
ips-2a5 | HR.A, N, CD oo 13 350
BEja, TIAT, 0130, 1140, 1 144, 0 146, 175-3a% O and T 1] 45 50
st 325375 Qand T 45 30 178
A75-4ag Quand T i% i g
Free Machining Plain Carbon o150 | HE. A, N.CD LT .1 400
Sieels {Leaded) 1 1Lay. 11l 8, ige-ron | HRE.A N.CD 130 Ba 375
talag. ralag I00=150 N.CD g iy a7
Plain Carbon Steels, 1008, 1008, 1se-1as | HE, A, N.CD 190 £5 Joo
oo, 1010, (613, 1614, 1816, 1OLT, wag-i78 | HERE A N.CD o o R
rorf, [OTg. 1030, TOXY, [0ET. 1O1], £75-215 HE.N.CD 7o as 2
toad, 10i%, toal, 1513, 1514 Fa%-27% CD ] FT- 175
i2g-154 | HR. A N.CD e % FY 1]
BE T, BOAS. 1845, 1815, 1ayh, 1a)T, B75-34% HE. A, N, CD 75 .14 Hoa
1038 1039, 040, TO4L. 1048, 1043, {| ¥5-ars N.CD. Qand T o F14] 150
1045, 1046, 1048, 1045, 1050, 1052, a7s-3as Qand T 50 30 (T3
1524, 1526, 1527, 1541 115-37%8 Qand T 13 10 o
AT5-4a% Qand T % iy B
Ir 135175 HE A N.CD By 11 I5e
eys-z35 | HE. A N.CD 70 a5 200
1o gs. 1060, 106, 1065, 1070, 1074, aag-a78 | W.CD, Qand T L1 36 (FT.
pa7l, podo, ol 1086, 100, 1908,
1548, 1550, 1552, 1567, 1566 175313 Qand T 40 - e
4T PSSR, T35 15RL 15 335-375% Qand T 30 10 9o
3T5-425 Qand T i 1] T
[ i74-a0m HE. A . N.CD i) fa FL1
Free Machining Alloy Steels :::_;:: ng:d gn :: :: ::
{Resulphurized), 4140, 4150 1 30375 Qand T T 25 150
ATE-435 Qand T 10 15 o0
.. 1530 HE. A N.CD 10 LT3 g
Free Machining Alloy Steels [ 200-250 HE. N.CD o o 250
{Lesded), g1l3o, g1lgo. 41l47, T
atlgo, a3lar sulys, galoaen, 15er300 Qand bs o 100
86L30, 86L40 ' 300- 475 Quand T s | 10| 150
‘ 75435 Qand T 1o L1 TIg
Alloy Steels, 4003, 402 3, 4014, rrs=r7g | HE. A, N, CD By 55 50
0B, G TER, T I0, A TG A4TD, 44ET, [ 175225 HE.N.CD 70 45 128
gfig, ghizo, 4620, 4626, 4718, 4720, azg-275 | COA N, Qand T £5 35 L
ABig 4Biy, 4820, (005, (01T, (a10, } H7E-5AK QandT L] 10 e
GraB, Bras, Bdug, 861y, Bbro, Bbaa, || 325378 Qand T a5 a5 13
By, B6s7, by, BBxs, gaBuy | 3T5-4as Qeand T a5 5 =)

* Abbreviations designate: HIL, bot rolied ;

O, cold deavwn ;. &, annealed ; N, nerenalized ; Q and T,
aquenchecl and tempered ; TIR, Brinell horoless mamber
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Table 5-1 {cont). Recommended Cutting Speeds in Feet per Minute for
Drilling and Reaming Flain Carbon and Alloy Steels

Cutting Speed, fpm
Maierial Hardness, Material Dirilling
Alsland SAE Sieels HB* Condifion®

Eeaming

HS5 | HSS | Carbide

Alloy Steeks. 1330, 1335, 1 340,
114%. 4042, 4017, 4042, 4047. 410,

415, 4137, 4040, 040, 4145, 4147 [ LFg-23% HE. A, N, CD 1% 1] T
4150, 4160, 4117, 4340, 50Ha4, pr5-a7s | N CD.Qand T L1 40 175
saBgb. soBoe, soBSo, oo, s1ga. -I 27%-41% N QandT 44 10 150
ﬁ:;n.5:45,5|.|;r.5:5n.5.:5cr,5:||!ﬁ-n.| 15375 N.Qand T 5 15 Ran]
Grso, 81 Bys, B6yo, 8655, BT, 8640, 1, 175415 Qand T 18 % &a
Bfig 1, BAgs. Aboo, BEgL, Bbho. Srq0,
9154, 9255, pabo, pi6z, gab o
j| 175-2a8 HE. A, CD fa s 200
azg=275 | N, CD.Qand T g iT 1ig
Allay Steels, Esrios, Esaroa l 175-425 W.QandT 15 5 1 e
RELT N QandT 1o 10 Ra
E75-425 Qand T 0 19 LT
Lra High Strength Steeks
(Mot AIS]L AMSE424,
AMSE411 1pE-H__=.;r Mod . ), &0 R0 A 3] ja 1o
AMSAgra (gdBV 40). 00§50 N 1 1m0 Bxg
AMSGarr. AMS6ea8, AMSGae, 15 0-400 M o T o

AMStgsr. AMSGgsy AMS6414.
AMSR4 386, AMS8442, JooM, IMac

Maraging Steels (Mot ALS[)
(8% Nickel Grade poo
1A% Mickel Grade i5o 250-215 A i e 175
1A% Mickel Grade jo0
4% MNickel Grade j5a

Mitriding $eels
Mitralloy 135
Mitralloy e
Mitralloy 135 (Mod, )

H:ilrl“n-:r FFE 100-150 A bo 4 175
Mitralloy rie Tjeeym N.Qand T 38 o 115
Nitrallay M

Mitralloy EZ

MNilrex 1

T Albrevintions destgnate: Ao mveabed : Q wmml T quesched and tempered = HE, Brioell kardoess
mumber,

through the workpieee using the manual controls on the drilling machine,
because the operator ean quickly develop a sense of feel and sight thay
will provide the correet feed rate and prevent drill breakage. Even drill=
up to onc-half inch, or 13 mm, are often preferably fed “by hand.” When
a power feed 15 avallable on the machine, larger drills should be fed using
the power feed, although on some oceasions smaller drills are also fed by
power, a5 mentioned before. The feed rate that should be used is dependent
on the workpicee material (type, hardnesz, and beat treatment), the size
of the drill, and the rigidity of the machine, the workpicee, and the sctup.
All of these factors must be considered in selecting the feed rate As o
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guide, Table 5-6 is given, which provides a range of feed rates recom-
mended for different size twist drills,

The eonditions influencing the eutting speed and feed may vary in
different shops, Maoreover, all of the factors may not be known; eg., the
hardness and heat treatment of the work material may not be known
exactly. In such cases Judgment should be used in applying the values
riven in the tables. These values do, however, provide a good starting
point from which changes ean be made as experience is gained

Table 5-2. Recommended Cutting Speeds in Feet per Minute for Drilling
and Reaming Tool Steels

Cutting Sperd, fpm

Material Hardness, Material Dirilling Reaming
To Steels HB* Conditisn* -
HS55 H5% | Carbide
Water Hardening
W, Wi, Wy 150300 A s 55 o
Shock Resisting
Sr, 51, 55, 56, 57 1F5-23% A 5o 35 51
Cold Work, Chl Hardening
Chp. O, 08, Oy T75-1 3% A 45 0 150
Cold Work, High Carbon High
Chromium. D, Dy, Dy D, Dy o350 A L) T+ Ba
Cold Work, Air Hardening
Ax. A3, AR Ag. Are 100150 A 5 a5 159
A AS EL S L A 45 36 (F1]
AT 135275 A L1 FI] Lo
Hot Work, Chromiwm Type 150-200 A o 4 s
Hio, Hix, Hra. Hiy, Hig Hig IO 0 A 50 32 I5%
135=375 QandT k1] L] noo
Het Work, Tungsten Ty FELa L -] A 5% is 155
Hii, Hia, Hay Hag, Hag. Ha& 100- 150 A 40 1% (P
Het Work . Malybdenum Type 14 8-300 A 44 ia 158
Hayr, Haa, Haa ID0=150 A 1% 18 13%
Special Purpose. Low Alloy
La L3 L& 150100 A (2] 40 Hiwa
Maold
Pa. Ps, Py, P5. P& pE-150 A %5 1 125
Fao, Paa 150200 A o 49 1]
High-Speed Steel
Mo, My, M6 Mo, Ti. Ts. T8 - I50 A 45 3G 150
Mi-1, Mg, My, Mo Mg, M4,
M. My, Maz, May, Mag, Mys, aag-a7%§ A 15 i@ 1a0
My7, Te. TE
Tis, M-z aa5-27% A as s Eo

* Abhrevitions designnbe: A, armealed ;0 oo T, guencle<d snid tempered.
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Table 5-3. Recommended Cutting Speeds in Feet per Minute for Drilling

and Reaming Stainless Steels

Cutting Speed. fnm
) !.-llluri?J Hardneas, Il'la.u_-r_ill Dttllln; Bas ming
Stainless Sieels HB" Condition® — — -
Hi5 | HAS | Carbide
Free Machining Stainless Steels
(Ferritic), 432F, 430F Se 155185 A g G 150
fAustenitic), :e31EE, 303, 123 5e, 135-185 A 1 55 215
el MA, o3 Ph, 301 Cu, 103 Plus X TEg-17% C Ta 45 200
IMartensitic), 16, g065%, I Igs'lh FAD e L 150
416 Plus X, g20F. gaaF % gaaF. 185342 Lig 45 o0
a4oF Se 178-48% Dand T an 14 154
75425 Jand T o 1o Ao
Stainless Steels
iFerritich 494, 406, 429, 430,
1a5-18 A [ o
414, 430 447, q4h, 5o 35-1185 5 45
{Austenitich por, poz, 3ol 309, { Phg-1Bg A 5% i5 )
Jou. 3ogle. jos. 308, 320, 347 348 125-275 co 1] i) 125
(Auskeniticl, jea B, jog9. 3095, 10,
FEaS, vea. yr6, aE L. 3ot ase Pys-tHs A i@ i 50
135-175 A 15 1] FFL]
- 175225 A fi5 4% F0
[ Martensitich 403, 410, 420, 5010 178-318 Dand T 0 28 125
175-018 Qand T 15 T Bo
.. 15175 A L1 50 15
i Martensitic), af4. 440
Gireek ﬁﬂ-lca;:n!-" M 1757315 Qand T Ao !5 115
' 4757425 Qand T 15 15 fo
121%5-1 7% A &5 3 135
{Martensitich, 4404, 4408, 4400 175 §I% *0and T 40 a5 100
V5425 deT 20 1 75
(Precipitation Hardening)
15-5FH. 17-4FH. 17-1Fh, I i A 1) 34 11
17-140 0 Mo, AF .71, AFC.79, 175185 H 'L 15 (3
AM- 5o AM-155. AM-161 IEE-3TS H 15 10 75
Custom 455, HNM, FHra-8, 175-42% H 1. 1o S0
PHig-8Ma, ['Hl:s,-rﬂ-:l. Stainless W

" ALLreviatiens <desenalo s A psnsaled: O robl drown: O oand T, guenedod oand |Elh'|t'|ér\d'|l:]|
precipitation hardemsed ; and B, Brinel] hardaesa number,

Setting Up for Drilling

Before any metal cutting can be done on any tyvpe of machine tool,
ineluding drilling machines, the workpicee must be set up on the ma-
chine., The setup and the cutting operation must both be accurate to
produce an accurate part. Setting up means alipning the part on the
machine and then elamping it in place or holding it securely by other
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Table 5.-4. Recommended Cutting Speeds in Feet per Minute for Drilling

and Reaming Ferrous Cast Metals

Manerial

Hardness,

Manerial

Cutting Speed, (pm

Drilling Reaming
Ferrous Cast Metals HB* Condifion®
H55 HE5 | Carhide
Gray Cast lron
ASTM Class 1o 138-15a A - L1 £
ASTM Classzx 1300 Al el G 15 %
ASTM Class 3o, 45, and g0 L0-1a0 AC &o 35 ]
ASTM Class 45 and 5o 2io-360 AC 6o Fr.] L35
ASTM Class g5 and 6a T50=§30 AC.HT LG 1o .
ASTM Type 0. th. 5 i Ni-Besisn) 1003 AC L1 1] ¥
ASTM Typea. 1 G0Ni-Resist) 1391 55 AL FT i5 (FT
ASTM Typeab. g Ni-Resisi) IEO=15D AT 3o F1+) (F1
Malleable Iron
{Feeribich, 32518, 35018 1ie-16s MHT iio 7 115
(Pearlitic). gooio, 43000, 4500, lI[ 158-100 MHT B 5% FLL
45008, 48005, gooosg Temy-F g MHT 70 45 ]
(Marvensitick. § ooy, Goos) . Goooy o055 MHT 5K g i B
iMartensitach, yoood, jooa) rro-a6a MHT 5o a0 15
iMartensitic), Sooaz iqo-180 MHT 45 3o (£ 8]
(Martensiticl. gooos LN FL MHT FI3 15 o
Modular i Ductilel Iron
{Ferritic), fia-go-1 8, 65-45-12 Tl A 100 hig o0
(Ferritic-Pearlitics, 8 of [pa=218 AC 70 45 FFE
erPR-Tearfitict, S0-55 |I 115-260 Al 5o 1= T
(Pearlitic-Martensiticl. 1oo-70-01 F40= o0 HT e T 115
iMartensitich 1 ag-go-81 { 17o-hie HT 15 15 63
ARLEF T ] HT 1% 5 ¥
Cast Siecls
{Low Carbonl, to1o. 10ae 180150 AC AN 10 i o
. 125175 AC. AN oo o 140
(Medium Carbon ). 1006, 1048, i858 175115 AC. AN 10 45 130
115~ 400 AC, HT L1 15 1o
ILow Carbon Alloyp, 1320, 2 315, lj-:r-:nu- AC. A, "] 15 5o L
170, 41010, 4130, g 420, Boao. BEEo Toa-aso AC. AN 65 10 oo
1o AC HT o [T E5e
(Medium Carbon Alloyl, 1310, r 175-335 :E : E ;n 45 oy
1340, 3135, 2130, 4125, 4130, 4 140, :ii_”:': HL_- HT = 3 ko
4310, 4440, Bojo. BaByo, Bego. Baio, !;ﬂ ::!-'D AC HT ;::. i': 15
Byqo, 8630, Bho, g5as. gsao. B : L
44 3 40 QEEE. 9EA0. Q5 RS 150-400 HT 0 ra 1o

" Abbrevintions desipmpte: A, aonealed
MHAT, malleablizing bvatl freatnssnt;

AL mf Rl N, norneslieed ; HT, beat sreaced

i I, Deinedl leardnees commiber,
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Table 5-5. Recommended Cutting Speeds in Feet per Minute for Drilling and
Reaming Light Metals and Copper Alloys

"y ] Dulhnu Bpecd, I'r}m
kil M aterial
- o Dirilling Reaming
Laght Metalz and Copper Alloys Condition? - -
HS5 | H8S | Carbide
All Wrought Aluminum _!’ ch 400 300 800
Alloys | ST and A s | o 750
All Aluminum Sand and Per- AL 500 450 ik
manent Mold Casting {
M[n_.lqt BT and A 350 275 Ta0

| AC 125 10H0D 250

| *Except Allovs 3900 and 392.0 -{

i re ATeE o ST and A 15 40 200
All Wrought Magnesium Alloys | A, CD, 8T and A S asn 100
All Cost Magnesium Alloys AAC BT and A 450 75 1000
All Saft Brazses and Bronzes { A 160 160 320

i 175 175 A6
All Medium Brasses and [ A 120 1190 250
Bronzes 1 CD 10| 120 275

[
All Hard Tirasees and Bronzes { A &0 50 180
I G5 fild 200

'Iﬁ.hl.rruﬁltl.l:ul: |i-.-.5|E|ll.!i- .|'|| ntnnmlﬂl. CTF, cold 1I.f=:m'll {E',:l:t enmk “‘T armd .|’| sn-.llu fon ipeated
and oged

Table 5-6. Recommended Feeds in Inches per Revolution for
High-Speed Steel Twist Drills

[_DIJII .I?:'I lI!'l.'I.I."1I.J' T ]-"ﬂ*:i, | Dorill IJI:IH:E‘:IE";.I.-” - ﬁr:cl_, ----- N
| mch in./ rov inch in.rev
148 to 1 D01-.003 Over 3 1o 3 05012
Over Mtol 002 (M5 Over % 1o 1 D06 015
Overlytol M- 010 Overl AN0-025

means. In the ease of drilling, the workplece may or may not he
elamped to the drill press table, depending on the size and shape of the
workpleee and the size of the largest drill to be used. If the workpieee is
massive 1t may simply be placed on the drill press table or baze plate, as
shown 1n Fig. 4-4. In sueh eases, the frietion resulting from the mass is
sufficient to resist any movement of the workplece eaused by the drill
torque. Small and mediom size workpieees may be held against the table
by hand—but not in the hand—or they may be clamped to the table. The
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cdecision on whether to hold the workpicee against the table by hand or
whether to clamp it 15 dependent on the alality to safely resist the torgue
of the largest drill to be used, When making this decision, it is always
bhest to err in the direetion of safety; i, when in doubt, elamp the
workpieer.

Large size drills (approximately 3 in. or 15 mm and larger) exert a
very high torque which ean only be resisted safely by elamping the work-
pieee to the table, unless the mass of the workpicee is large enough to
withstand the torgue without movement, The most ecommon method of
clarping 1z with U-shaped strap elamps, such az shown in Fig. 5-3C.
The prineiples of applying strap clamps will now be explamed. Thesc
principles apply not only to the application of strap clamps on drilling
machines, but &lso on other machine tools such as shapers, planers, mill-
ing machines, horizontal and vertical boring machines, and on lathe
faceplates,

When clamping a workpiece, the first step 15 to determine where the
strap clamps should be placed. They must always be positioned so that
the surface or surfaces to be machined can be reached by the cutting
tools without interference from the clamps. Suitable surfaces on the
workpicee are then selected on the basiz of the ahbility to hold the part

T=5L0T BOLT— —I||

Y HEEL BLOCKES
= STRAP CLAMP
\ S WASHER Y\-EDFT SHIMS —
\ Nyinng

s s .
|- — 2 mm o ———
—— .
b — — — —

i\ [

- ‘ /
|\ [
\\— PARALLELS _——"'ll

Fig. 5-1. Typical drilling machine setup using strap clamps and T-slot bolts.
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=)

CORREC A INCORRECT

—Tn.,  _mm

s 5l
CORRECT B INCORRECT

L T . mm_
| IH ﬁ [T 1] )
CORRECT C INCORRECT

[l IR H— [E

L_screEw Jack [
CORRECT INCORRECT

—an_ 2 — m_ T
N1 I .,
SHIM OR WEDGE

CORRECT E INCORRECT

|

Fig. 5-2. Correct and incorrect applications of strap clamps.

securely and the accessibility of T-slotz or other openings in the table
in which the clamping bolts—ecalled T-zlot bolts—ecan be anchored. This
may also determine where on the machine tool table the workpieee iz
to be positioned.

A typieal zetup for drilling 12 zhown 1n Fig. 5-1. In this setup the work-
mece is placed on parallels to provide clearance for the drill when 11 has
passed through the hole. The drill press table must always be protected
from damage by the drill. 1T the holes to be drilled are blind holes which
do not pass through the workpiece, it would be better to clamp it directly
to the table. The T-slot bolt 12 placed 1n a T-slot or other suitable open-
ing in the drill press table and the strap clamp is placed over the boly,
The open end of the strap clamp i placed on the workpiece and the other
end on heel blocks of suitable height so that the elamp 1= parallel to the
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table. A washer and a nut are then placed on the bolt and tightened. In
some instances, the T-slot bolt may be placed through an opening 1in the
workpiece, a% shown by the right-hand clamping arrangement 1in Fig. 5-1.
I this case heel blocks may not be required. Finizsh machined surfaces
on the workpleee must be protected from damage by placing soft metal
shims between the strap elammp and the workpicec.

Comritesy of fhe Dlousing Die. of the Atlas Press Co.

Fig, 5-3. A. Workpieee clamped fo table with o C-clomp. B, Workpieee clamped with

g universal adjustable type clamp. C. Drilling bole at an angle by tilling drill press

tihle; workpiecs elamped with sirap elamps, 1), Angle plate provides clamping or
Ineatimg surface pecpendicalar 1o table,
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Several correct and incorrect applications of strap clamps are illus-
trated in Fig. 5-2. As shown in view A, the T-slot bolt should be placed
as eloge to the workpiece as possible. Tt should always be placed eloser
to the workpiece than to the heel blocks to assure that the greater pro-
portion of the clamping force applied by the bolt and nut 12 applied to
the workpicee and not to the heel bloek. Alzo shown in this view iz the
prineiple that the T-slot bolt should not be longer than necessary. As
already mentioned and shown in view B, the height of the heel blocks
should be such that the strap clamps are parallel with the machine tool
table. Parallels, when used, should be placed direetly below the strap
clamps, as shown m view C, to prevent the clamping foree from causing
the workpieee to bend or spring out of shape. Otherwize, when the elamp-
ing foree 1s released, the workpicee will spring baek to its original shape
ecausing the surfaces that were machined while the part was elamped to
be inaccurate, Any overhang of the workpicee below a elamp must be
sypported for this reason, When the opering of the overhang is large, a
screw Jack may be used as a support against springing the part, as shown
i view 1) When the opening 12 narrow, shims and wedges are used, as
shown 1o view B

In most nstances, when dreilling with o medium size drill (approxi-
mately 3% to %% o or 95 to 16 mm), the workpiece should also be
clamped to the table, as shown by the examples in Fig. 5-3. An ordinary
C-clamp may be used, as in view A, A unmique type strap clamp 12 shown
in view B. Thiz clamp 15 called a univerzal adjustable clamp and it does
not require heel blocks. Conventional strap clamps are uged n view C
to hold the workpiece while drilliog a hole at an angle by tilting the drill
press table. The elamp at the left 15 a pin-type strap elamp; if has a pin
at one end that 15 uged to elamp inside a hole. Ioles are sometimes drilled
in a workpreee just for this purpose. The other elamp 1= an offsct type
which allows a shorter holt to be used. Angle plates (view 13, Fig. 5-3}
provide a surface perpendicular to the machine tool table against which it
12 often convement to clamp the workpreee. In view 13 the long overhang
of the workpicee 1= supported against the thrust of the drill by a screw
jack,

When the workpicee 12 long enough to provide sufficient leverage against
the drill torgue, medium size holes ean be drilled by holding the work-
plece agaimst the table by hand, as in Fig, 5-4. In this case the dnll torque
should be resisted by a stop which iz clamped to the table, as shown.
There are advantages to not elamping the workpiece when drilling a hole,
It 15 mueh faster and casier to locate the workpiece with respect to the
drill when it is free to move about on the table. Then, when the drill 1s
started, the workpicee will float and allow the dnll to follow the center
punch mark, thereby starting the hole o the desired loeation on the
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workpicee. A technique that is sometimes used when the workpiece is
clamped is to loosen the clamps slightly when starting the hole. Some
elamping pressure should remain on the workpiece, which should be just
free enough to allow the conter punch mark to align the workpiece to the
drill as it starts to drill the hole. Using a light manual or hand feed, the
drill 12 allowed to drill to a depth of about one-half of the drill diameter.
Then the drill is withdrawn and the work is clamped firmly to the table
for drilling the remainder of the hole,

When using small drills {approximately %5 in. or 8 mm and smaller),
the workpiece does not usually need to be clamped, although 1t may have
to be held in u drill press vise to provide the leverage required to safely
overcome the drill torque. As an example, in view A, Fig. 5-5, the work-
piece 18 large cnough to be held against the table by hand when drilling
the small hole. In view B a smaller workpiece is elamped in a vise which
provides the necessary leverage to resist the torque of the small dnll.

Dirill press viscs are a necessary accessory in drilling. They arc used to
hold workpicees when drilling large, medium, and small size holes. When
drilling with large and medium size drills, the vize may be clamped to the
table while holding the workpicee. A typical example iz shown in Fig
5-6A, where the vize s clamped to the table while a medium size hole is

Fig. 5-4. Using a bolt clamped fo the table to resist the drill torque while holding
the workpicee against the table by hand.
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.

Fig. 5-5, Drilling with n amall dreill. A Workpiece large coough to aafely resist forguo
of amall drill while held by hand, B, Smaller workpiece elamped in vise to resist
torque of amall drill.

drilled, This vise has stepped jaws which enable the 'I.l.'i'_:rl-lr};l!;':l::l;: to be
clamped above the seat of the vise to provide clearance for the drill as it
passes through the hole; otherwise, it would be neeessary to place the
workpicee on parallels in the vise to provide the necessary clearance as
shown in Fig. 5-6B. Some drill press vises have a V-groove machined on
the =solid jaw, which iz used to locate and hold round workpicces, as
shown in Fig. 5-7, A and B.

Oeeasionally, ingenuity must be used to set up the workpiece for
drilling. As an example, in Fig. 5-8 an ornamental iron part is held on a
wood board to drill the hole. The wood “fixture” & rounded on the end
to conform to the shape of the workpiece.

The spindle of the radial drill press can be positioned in areas on the
workpiece which are sometimes difficult, or impossible, to reach with an
upright drill press. Such a setup is shown at A, Fig. 5-9, which illustrates
the punch plate of a die block being drilled. In this setup the punch plate
15 placed on parallels that are positioned on the drill press table, The
parallels will provide clearance for the drill when i1t penetrates the punch
plate and prevent it from damaging the table top. It 15 not necessary
to clamp the punch plate to the table as 1tz weight 1= sufficient to resst
the drill torque and prevent it from moving as the hole is being drilled,
Smaller workpieces, az in B, Fig. 5-9, must be clamped to the table to
prevent their movement when the holes are drilled. The hole being drilled
18 not a through hole; thus, it is not necessary to use parallels as at A.
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Note the use of strap clamps in this setup. At A, Fig. 5-10, a round bar
of steel is bolted against & V-noteh (not visible) machined into the side
of the table. The V-noteh aligns the bar in a vertical position for drilling
holes in the end, as shown. The table of the radial drill press may be set
at an angle to drill an angular hole, shown at I3, Fig. 5-10. The part 13
clamped with “homemade” strap clamps which are thick steel straps
through which a hole has been drilled.

A job that is frequently encountered 13 that of drilling a hole through,
and perpendicular to, the axis of a eylindrical part, as shown in Fig, 5-11,
The workpiece is first lald out as described in Chapter 3. (See E, Fig.
3-4.) The part 18 placed in & V-block, or, 1f it 12 a long part, in &8 matched
pair of V-blocks. It 1= positioned so that the drill will not cut into the
V-block. Some V-blocks have a hole through the center for drill clear-
ance, When two V-blocks are used the drill ean be positioned between
them (Fig. 5-12) . The sertbed layout [ine on the end face of the workpiece
is aligned in a vertieal position-by the blade or the beam of a combination
square (A and B, Fig. 5-11). The work i= then clamped into position.
as shown at C. The square is not used to align the drill with the work-
piece. Very large cylindrical parts can sometimes be aligned in the man-
ner shown at ). The blade of a combination set has a center head and a

A, Courfery of fazey Toals Tee,

B, Cowrtesy of Clousing e of the Adlos Press Oo,

Fig. 56, A. Drilling o mediume-size hole with the workpicee elamped in vise snd rest-
ing on stepped jaws of vise which 15 clamped (o table by patenicd “Rapid Lox™ bose,
I}, Workpieee ¢lamped in wise while pesting on paeallels,
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Fig. 5-7. V-groove in solid jaw of vise for locating and holding round workpicoes.
A Workpiece held Tor drilling perpondicular 1o axiz, B, Workpieee held for drilling
parallel 1o or along axis

square head fastened to it, as shown The blade is positioned over the
punch mark at the center of the hole. Sometimes, greater accuracy can
be obtained by placing the blade opposite the layout line as shown at D,
The workpiece is adjusted unti] the spirit level on the square head is ex-
actly level. The part is then clamped into position.

Drilling the Hole

The operation of drilling the hole can start when all of the preparations
have been completed ; 1.e., the work is set up, a sharp drill of the correct
s1ze 12 held in the spindle of the machine, and the machine has been set
up for the correct cutting speed and feed. The first step 1z to align the
drill with respect to the center punch mark at the center of the hole to
be drilled. The drill point is then fed into the workpiece until it has
penetrated approximately two-thirds of the dmnll’s diameter. The drill
15 then backed away and the relation of the drilled spot to the scribed
layout eirele should be observed. At A, Fig 5-13, the spot produced by the
drill point is not concentric with the layout circle, indicating that if the
hole were to continue to be drilled in this position it would not be in the
desired location. To eorrect this situation, cut one or more shallow
grooves on the heavy side, as shown at B, Fig. 5-13, with a gouge, or draw
chisel (Fig. 5-14). The groove unbalanees the cutting forces acting against
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the lip of the drill causing it to shift in the direction of least resistance,
which is toward the grooved side. The drill point is fed a little deeper
into the work and the concentricity between the spot and the layout
cirele 18 again checked. If necessary, additional grooves are eut with a
draw chisel, When the spot and the layout eircle are coneentric, as
shown at C, Fig. 5-14, the hole can be drilled to the required depth. When
the hole has been drilled, about one-half of each witness mark will re-
main to show that the hole is drilled exactly where the layout has indi-
cated that it be made, It should be mentioned that it is usually not neces-
sary to cut grooves in cvery hole as described. Frequently, the initial
check of concentricity between the spot and the layout circle will show
that they are coneentric and the hole can be drilled to depth without
additional positioning of the work,

An alternate method of starting a drilled hole, preferred by some, is to
center drill a hole first (see Fig. 5-15). The center-drilled hole is then used
as a guide for starting the twist drill. The center drill is short, stiff, and
will not bend. Furthermore, it has a relatively small chisel edge when
compared to larger size drills, thereby enabling the center drill to pene-

Coierdesy af fhe CTawatg Do, of fhe Aflgs Press Co.

Fig. 5-8, Drilling an crnamental iron part using & wood “fixture” which iz clamped
Lo Che table.
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trate the workpiece with greater ease. The coned surface formed by the
center drill has an included angle of 60° which s steeper than the included
angle of the drill point. Thus, the lips of the twist drill contact the work-
picce first and the chizel cdge does no work until the location of the hole
1z established. The point angle of the lips will cauze the drill to follow the
axis of the hole made by the eenter drill, and, since the chisel cdge of the
twist drill does not engage the work, the drill will peretrate into the work
with easc. Thiz method 18 especially recommended for starting holes on
machines where the work is normally clamped to the table and where the
spindle ean be aligned exactly to the desired loeation on the workpiece.
When this method iz used ou an upright or sensitive drilling machine, the
workpiece should not be elamped when starting the hole with the center
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Lower left wiew courtesy of the Clamaing Deidenr of the Atlas Press Company

Fig. 5-11. (Upper left) Using the blade of a combination gquare 1o align cylindrical
part., {Upper night) Uszsing the beam of o combinabion square Lo align a cylindrical
part. (Lower left) SBetup for clamping evlindrical part in V-block. {Lower right)
Using a center head combined witls & square head to align o lnrge evlindrical part.
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Courtesy of The L. 5. Srarrett Company

Fig. 5-12. Drilling hole perpendicular fo axis of eylindrical part which is clamped in
matched poir of Vablocks,

A B
Fig. 5-13, Method of starting drill, concentrie with scribed circle,

drill. On radial drilhing machines the arm and the spindle head should not
bhe locked. Allowing the workpiece or spindle to “float™ lets the center
drill find and align itself with the eenter punch mark as it starts drilling
mto the workpicee. After the workpiece and the machine spindle are
aligned, and when the center hole has been drilled, the workpicee may be
clamped, when necessary, to drill the hole to size. On radial drilling
machines, the arm and the dnll head are elamped.
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O upright and sensitive drill presses, when the workpicee is too heavy
to “float” on the table and align the center puneh mark to the eenter drill,
this method s not aceurate and the previous method is reeommended
ginee &ny misaligmnent In starting the drill ean be corrected with a draw
chisel. Tn center dreilling it is very difficult to correet any misalignment
onee the hole has been drilled, Another disadvantage is that it requires
frequent tool changes.

The average thrust foree required to feed o large-size drill is very
high, A large proportion of this thrust i= eaused by the action of the
chisel edge. The thrust required can be greatly reduced and the dnll
made to eut faster, by first using a smaller drill to make a “lead hole,”
as shown in Fig, 5-16,

Hole Location Transfer

In machine repair and toolroom work the location of a hole must fre-
gquently be transferred from one part to another. There are three methods
that can be used: 1. spotting with o drill; 2. using transfer punches; and,
A.usingtransfer serows,

A typical example of the first method = shown in Fig. 5-17, where a
S00 ineh dowel pin hole in the hardened dic must be transferred o the
die shoe, which is not hardened. The illustrations below the assembled
view show the sequence of operations. First the die must be very aecu-
rately located on the die shoe and then they are firmly elamped together
by socket head serews, Using o % inch twist drill, the die shoe is
“spotted,” as shown at B, The diameter of the spot should he less than

— =)

e— 3

Fig. 5-14. Deaw chisel or gouge.

757

Fig. 5«15, Starting a drilled hobe with a center drill.
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A

_

Fig. 5-16. A small lead hole 15 sometimes used to reduce the thrust required for a large
drill.

the diameter of the drill—i.e., the spot should not be quite as deep as the
point of the drill, Next the bole 15 drilled through the dic shoe with a
212 inch deil]l (see view C) and reamed with a % inch hand reamer, as
zshown at I, to complete the job,

On other claszcz of work that do not require the same degree of ae-
curacy the sequenee may be changed slightly. For example, the hole may
be drilled to size at B, omitting =teps C and 1. For tap drill holes, the
parts may be disasscmbled at C hefore drilling the hole to the tap drill
gize, or the parts may be digassembled before drilling through if they
cannot be elamped firmly together. 17 both parts are not hardened, a
very precise ahignment of the holes can he obtained by drilling both
holes undersize amd then reaming the holes together with a hand reamer
or by machine reaming,

Transfer punches are eyhndrical in shape to it snugly into the hole 1n
which they are to e uzed. One end is hardened antd has a small sharp
puneh point that i= ground eoncentrie with the body, The other end must
b soft—this 15 very important in order to prevent possihle serious injury
when this ened s struck with a hammer. Transfer punches can be pur-
chaged commercially, or they can be matle on the job from drill rod or
other types of tool steel. The use of transfer punches is illustrated in Fip.
5-18, After the two parls are located and elamped together; the transfer
punch s inserted in the hole and tapped hightly with a hammer. The
parts are then disassembled and the transfer punch mark is very care-
fully enlarged =lightly with a regular center punch. A start hole is then
drilled into the workpiece using a ¥4- inch or a 0.75 mm drill. Buccessively
larger holes are then drilled into the workpicee to enlarge it to the re-
quired zize and depth. This procedure will give the most precise results.
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= (&

DIE SHOE

A B C D
LOCATE AND SPOT DRILL UNDERSIZE REAM
CLAMP

FOR REAMING

I"ig. 5-17. Procedure for spotting o hole in a die shoe.

It lese aceuracy 1= satizfactory, a cirele ean be seribed with dividers, wit-

ness marks punched on the circle, and the hole drilled in the usual
MANNer.

Transfer serews also have a sharp punch point on one end but their
body iz a serew thread designed to fit in a bole having a mating thread,
They are used in a similar manner az transfer punches, except that it i=

miu.ll"}' necessary e tap one of the [rarts with a =zoft hammer instead of
the transfer serew to form the punch mark.
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LOCATE AND CLAMP TRANSFER PUNCH  CENTER PUNCH START DRILL
A B - D

; /
;

DRILL DRILL
E F

Fig. 5-18. Procedure for using o {ransfer punch.

Boring

In addition to the usual operations (drilling, reaming, counterboring
ete.), drilling machines equipped with a power feed mechanism are some-
times uscd to perform boring operations. A single point tool 5 used in
horing to enlarge an existing hole. Figure 15-3, in Chapter 15, illustrates
a boring operation such as might be performed on a drilling machine, as
well a2 on & jig boring machine. The zingle point boring tool i2 held in a
boring bar that can be offset radially from s center of rotation by an
offset boring head, This radial adjustment of the cutting tool enables it
to he set to hore precise hole diameters.

Reaming

Reamers are used to finish drilled holes to size and to a smooth, surface
finish, In order to produce accurate holes by reaming, the reamer must
be sharp and correctly ground, the right amount of stock must be left in
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the hole for reaming, amnd the reamer must be sceurately aligned with
the axis of the drilled hole, The feed of the reamer through the hole
must not be too fast (0015 to 004 inch per land ), otherwise the aceuracy
and the surface finish of the hole will be impaired. Sometimes a reamer
will chatter. This chatter may exist only at the start of the hole as the
reamer aligns itzelf with the drilled hole. Chatter 12 objectionable because
it impairs the surface finish of the hole and 1t can damage the surface
finizh of the reamer. Cemented-carbide tipped reamers, in particular, are
quite likely to chip if chatter occurs even at the start of the hole.

To eliminate chatter the following steps should be tried: reduce the
cutting speed; vary the feed; reduce the reliel angle on the reamer; use
a piloted reamer; use & reamer having helical flutes; inerease the rigidity
of the setup; and, as a last resort, use a reamer having irregular spacing
of the flutes. The use of a helical fluted reamer is mueh preferred to one
having irregular spacing. The helix angle of helieal fluted reamers should
not be preater than necessary, as this will tend to increase the {oree re-
quired to feed the reamer through the hole. One exeeption to this are
taper reamers; these will cut better with a very steep spiral. Often, the
difficulties associated with chatlter can be eliminated by exereising great
care in aligming the reamer with the hole, at the start of the operation,
This should never be done carclessly.

A good supply of the correct cutting fluid should be used for the ream-
ing operation exeept when reaming cast iron, which should be reamed
dry, with only a jet of compressed air to aect as a ecooling medium.
Tse of the correet rutting flutds often ||ng~|:-'m]l:.' 'LJ'L‘JPH}'.':}H the surface
finish ebtained in a reamed hole. Generally, for reaming steel, a sullurized
mincral ol will work best although good results have alzo been obtaimed
using soluble oil. Soluble oil and lard oil compounds ean be used on alu-
minum. Brasz may be reamed dry, although the application of a soluble
oil or & lard base, oil eompounid s often advisable. Soluble oil, or a sul-
furized mincral oil, iz recommended for stainless stecls, Many proprietary
culting Auds ean be purchased whieh will do an exeellent job,

Tapping

When tapping 1s to be done in a delling machine there must be pro-
viion for rapidly reversing the spindle 20 that the tap can be backed out
of the hole after the thread w cut to the required depth. Most radial
drilling machines are designed with a spindle reverse meehanism that 1s
actuated by thespindle control lever. Upright and beneh deilling machines
arc usually not equipped with such a mwechanism for reversing the rota-
tion of the spindle thus & speecial attachment for this operation is required.
An automatie reverse tapping attachment iz shown in Fig. 5-19. This
attachment has a taper shank whieh 12 inserted in the spindle of the ma-
chinc. The body of the chuck and the gage £F, which may be used to con-
trol the depth to which holes are tapped, arce both prevented from rotating
with the machine spindle by rod 4, When tapping & hale the spindle s
lowered by hand and the tap is fed to the required depth manually, When
the lower cnd of the stop rod B, comes into contact with the face of the
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Fig. 5-10. Automatic tappiog attachment applied £o upright drilling machine.

work, the forward rotation of the tap is stopped. When the drill press
spindle is raised, gears within the chuck body are engaged that cause the
tap to back out of the hole rapidly. The tapping attachment may be
equipped to have an adjustable friction drive that stops the rotation of
the tap whenever the tapping torque exceeds a preset limit, thus safe-
guarding the taps against breakage.

There are many more variables that must be considered when selecting
the cutting speed for tapping than for other machining operations; thus,
it iz not surprising that the best and most efficient cutting speeds for
tapping cannot be tabulated with any assurance that the tap will then
be operating at its highest efficiency. Among the factors that must be
considered are:

1. Material to be tapped

2. Heat treatment and hardness of material to be tapped
3. Lengthof hole

Length of chamfer on top

Piteh of thread

Percentage of full thread to be cut

Cutting fluid to be used, and

Design of the drilling machine with respect to the sensitivity of
the controls.

ge = oo ok

For example, speeds must be lowered as the length of the hole is in-
creased because long holes accumulate chips, increase friction, and inter-
fere with the flow of eutting fluids. Taps having long chamfers can be
run faster than taps with short chamfers in short holes; however, in long
holes the taps with the short chamfers ean be run faster. Bottoming taps
must be run slower than plug taps. A slower speed i1z required to tap
full-depth thread than a 75-per cent-depth thread. When the tap diameter
exceeds approximately 14 inch, coarse thread taps should be run more
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slowly than fine thread taps having the same diameter., Taper threaded
taps, such as pipe taps, should be operated from one-half to three-quarters
of the speed of a straght tap of comparable diameter. Automatic ma-
chines in which the movements required for tapping are machine con-
trolled, can, in most cases, be operated at greater tapping speeds than
manually operated machines. The machine operator must exercise good
Judgment in deciding the limits of hiz ability to control the machine in
order to prevent tap breakage and other possible damage. A table of
recommended tapping speeds is given in the appendix, but these may have
te be modified by the factors discussed above.

When tapping, a cutting fluid should always be used with all materials
except cast iron and plastics. Cast iron and plastics are machine tapped
dry or with a jet of compressed air to cool the tap and help to remove
the accumulation of chips. It 15 not practical to give specific recommenda-
tions for tapping other materials because of the wide variety of propri-
etary cutting fluids that can do an excellent job., The following recom-
mendations are general and it should be understood that there are
exceptions. Sulfur based oils with active sulfur are recommended for
tapping plain carbon steels, alloy steels, malleable iron, and Monel
metal. Tool steels, high speed steels, stainless steels, and alloy steels that
have been heat treated to a higher hardness should be tapped using a
chlorinated sulfur base oil. Mineral oil with a lard base is recommended
for aluminum, brass, copper, manganese bronze, naval brass, phosphor
bronge, and Tobin bronze, Aluminum and gine die castings should be
tapped with lard oil that has been diluted with 40 to 50 per cent kerosene.
The proper cutting fluid used when tapping can increase tap hife, improve
surface finish, reduce friction, and result in better size control.

Drill Jigs and Fixtures

Dirill jigs and fixtures are frequently used when a number of duplicate
parts have to be drilled. The shop terms are understood to have the fol-
lowing meaning:

Drrill fixtures are specially designed tools that are wsed to hold the work-
piece in a fixed location. They may incorporate a method or lotating deviee
to establish a known relationship between locating, or reference, surfaces on
the part and the spindle of the machine, Drill fixtures have come into promi-
nence with the advent of numerically controlled drilling machines.

Dirill jigs incorporate all of the features of drill fixtures and, in addition,
they are constructed with guide bushings that guide the twist drill or the
reamer in the required relationship with respect to the workpiece. Drill jigs
are used on all types of drilling machines exeept numerically controlled
machines.

Dirill jigs provide for a fast and accurate method of locating the drill
in the poszition on the workpiece where the hole 12 wanted, without re-
gquiring a layout to be made, and without the need to use the draw chisel
or a center drill to start the hole. There are many different types of drill

jigs, some of which are very simple, while others are quite complex. The
basie funetions of a drill jig are to locate the workpiece in the position
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Courteay of the Classing Division of the Adlos Prese Compomg

Fig. 520, Casting held in a drill jig for drilling operation. Mote that the part is held
to the iable manually,

required for drilling, to elamp it in this position, and to guide the drill
by means of hardened steel bushings. An example of the use of a drill
jig is shown in Fig, 520, The part is located and clamped in the drill Jig
which is held to the table, manually, The jig can be positioned under the
drill quickly and easily, for drilling several holez. Another drill jig is
shown in Fig. 5-21. The workpiece 1s shown at A, and the Jig 15 used to
drill the 14 -inch hole. The work 18 shown in position in the jig by the
dashed and dotted line. Figure 5-22 illustrates the application of hard-
ened-steel drill jig bushings. These bushings fit the drill closely and keep
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Fig. 521, Drill jig for drilling bushing.
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Fig. 522 Fixed and removable guide bushings for drill jigs.

1t in proper position. Some Ji1gs have fixed guide bushings and others have
removable guide bushings. A fixed bushing is shown by the sectional view
at A, Fig. 5-22, which also indicates how the drill is puided while 1t is
drilling the work, w, Jigs are eqiipped with removable bushings should
drills of a different size need to be used or if drilled holes are to be
finished by reaming. For example, if & hole i1z to be drilled and reamed,
a removable bushing i1s used that fits the drill, as shown at B, and this
1= replaced by a bushing that fits the reamer, as shown at C.

Drill fixtures are similar to the drill Jigs shown except that they do not
have drill bushings. For this reason they are geperally more open in con-
struction than drill jigs. They are always fastened to the table of the
machine so that their relationship to the spindle remains fixed. Drill jigs,
on the other hand, may or may not be fastened to the table.



CHAPTER 6

Engine Lathe Construction

The origin of the term "engine lathe” undoubtedly can be traced to
the manner in which early metal-cutting lathes were powered. These
early lathes were driven by a reciprocating steam engine through a sys-
tem of pulleys, belts, and clutches. Usually, a single steam engine provided
the power for several lathes as well as for the other machine tools in the
machine shop. Later, a single electric motor replaced the steam engine

Courtesy of The B, K, LeBload Mazkine Tool Company
Fig. 6=1. Large lathes at work.
139
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Courtesy of the Adlae Preose Company
Fig. 8-2. Modern 12 bench lathe.

to drive a group of machine tools. All modern engine lathes, as well as
other machine tools, are driven by an individual electrie motor. The in-
dividual motor drive eliminatez the need for overhead shafting, reduces
power losses, provides a more direct drive, and provides greater flexibility
in the placement of the lathe on the machine shop foor.

Engine lathes differ from other lathes by their greater simplicity of
construction and by their greater versatility in performing many different
machining operations, Turning cylindrical surfaces, facing flat surfaces
cutting threads, drilling and boring holes, and cutting internal threads
are some of the typical operations that are performed on engine lathes.
Of equal importance in considering the versatility of the engine lathe is
the ease with which the workpiece can be set up and held, and the ease
with which the lathe can be manipulated in performing different opera-
tions. Although produetion lathes and numerically controlled lathes are
used, to a large extent, where a variety of parts must be made, the
engine lathe is still the basie machine tool in the machine shop, It is used
extensively in jobbing shops and in tool and die shops. When operated
with skill and with an understanding of its capabilities, it can produce
parts to exacting standardz of accuracy and finish. When the appropriate
size of machine 15 uszed, the engine lathe can produce both large and
small parts. A group of large engine lathes at work is shown in Fig. 6-1,
As a contrast in size, & amall bench lathe 12 shown in Fig. 6-2. A amall
high-precision toolroom lathe iz shown in Fig. 6-3. The lathe shown in
Fig. i-4 is a sliding bed gap lathe which is also called a gap bed lathe, The
bed of this lathe can be moved over the base to form an opening, as shown,
which providez cxtra swing to allow the lathe to handle larger and odd
shaped parts. Shding the bed open also provides a greater bed length to
allow it to handle longer parts, When the bed is elosed, it functions as a
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Courfeay of Herdinge Hrothers fnc,

Fig, 6=3. Precision toolroom lathe,

regular engine lathe, A hollow spindle lathe s shown in Fig, 6-5. Parts can
L turned on this lathe that are considerably longer than the normal center
distance by positioning the workpieee through the hollow spindle. The
workpcee can be held by chucks on both ends of the spindle. Hollow
spindle lathes are used extensively in oil fields for turning and threading
the ends of o1l pipes.

Principal Features

The principal parts of an engine lathe are shown in Fig. 6-6. The bed
of the lathe, Fig. 6-7, is a heavy rigid casting made from gray cast
iron. Gray ecast-iron is used as a material of construction for machine
tool beds and frames because it has excellent vibration dampening quali-
ties and it 15 a good bearing material for sliding bearings. The bed rests on
two legs with the exception of small bench lathes which have the bed
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Comrdesy of Lefiond Machine Toof Cao
Fig. 64 Sliding bedgap lathe.

attached directly to the bench. The top surfaces of the bed are accurately
machined to provide a sliding surface for the carriage and to provide for
the precise alignment of the headétock and the tailstock. This alignment
12 achieved by providing “ways" which are raised surfaces machined on
the top of the bed. The ways are machined parallel to each other, One
of the two ways is used to align the headstock and the tailstock. The other
way is used to guide the movement of the carriage as it slides over the
bed causing it to be parallel to the axis of the lathe. The direction of this
carriage movement 15 ecalled longitudinal, Some lathes, that shown in
Fig. 6-2, for example, have flat beds that do not have ways. The surfaces
on the sides of the bed that are perpendicular and adjacent to the top of
the bed are carefully machined parallel to each other. These surfaces
perform the function of the ways on flat bed lathes.

Methods of Drive

The lathe 15 driven by an electric motor that 1z usually located inside
the cabinet leg at the headstock end. A multiple V-belt drive transmits
the power from the motor to the headstock. The prineipal function of the
headstock 1s to support and to align the headstock spindle. On many
lathes it also contains a selective gear transmission that provides for
different speeds of the lathe spindle. A typical geared headstock is shown
in Fig. 6-8. The spindle speeds on pgeared head lathes are changed by
placing the spindle speed change levers, located on the side of the head-
stock, in the position prescribed by the instruction plate located behind
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Courteny of LeBlond & ackine ool Ca.
Fig. =5 Hollow spindle lnthe,

these levers. (See Fig. 6-8.) The speed change mechanism on many smaller
lathes consists of stepped pulleys of different diameters as shown in Fig,
6-10. The belt can be on any of the four different pairs of pulleys that
provide four different speeds to the lathe spindle. Four additional spindle
speeds are obtained through a two-step pulley arrangement on the drive
from the electric motor to the countershaft, which contains one of the
stepped pulleys, or sheaves, that drives the spindle. Eight additional
spindle speeds are obtained by engaging the back gears, thus providing
the lathe with a total of 16 spindle speeds. The back gears consist of four
gears located inside the headstock that reduce the speed of the stepped
pulley 1n the headstock. When the back gears are engaged this pulley is
disconnected from the headstock spindle; when the back gears are dis-
engaged thiz pulley is connected to the headstock and drives it directly.
Another type of headstock construction is shown in Fig.6-11. A spindle-
speed mechanism, located outside the headstock (not shown in Fig.6-11),
may be a stepped pulley arrangement, a gear transmission, or a variable-
speed drive. The back-gear drive can be seen in this illustration. It pro-
vides the slow zpindle speeds.

The Headstock Spindle

The lathe headstock spindle 13 mounted on machine-tool grade anti-
friction bearings which can be seen in Fig.6-11. These bearings are manu-
factured to closer dimensional tolerances than ordinary anti-friction
bearings so that the runout, or eccentricity, of the spindle as it rotates
13 held to & minimum. The spindle 15 hollow to allow bar stock and lathe
attachments to pass completely through, if desired. The spindle nose s
very accurately machined to provide locating surfaces for lathe centers,
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Courteay of The Monarch Machine Tool Company
Fig. 6-7. Lathe bed showing the ways of the lathe,

faceplates, and chucks. The inside of the spindle nose (Fig. 6-12) has a
taper which & ground to a high degree of accuracy and surface finish.
This taper provides a seat for an adapter which is used to reduce the
size of the taper required by the headstock cemter, The headstock center

Courteay of The Morarch Mackine Tool Company
Fig. 6. Geared type headstock.
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Couwrteay of The Monarch Machine Tool Company
Fig. 60, Geared type headstock with quick-change gearbox.

i5 held by the taper in the adapter. The construction of the inside of the
spindle nose for all engine lathes is the same, except for size. There are
three different designs for the outside of the spindle noses, and these are
shown in Fig. 6-13. At the left iz the long, tapered type of spindle nose.
The spindle nose mountings (chucks and faceplates) are located by the
taper and are driven by the key. The threaded ring screws onto a mateh-
ing thread on the chuck and faceplate, and 1t holds them securely on the
taper. The center view (Fig. 6-13) shows a cam-lock type of spindle
nose, It has a short, tapered surface which locates the spindle mountings.
The chucks and faceplates have a cam stud (see Fig 6-12) which fits
into each of the holes located above the taper. The cam i1s turned by a
chuck key, to hold the spindle mounting firmly, on the short taper. The
cam studs also act as drivers for the mounting. A threaded spindle nose
15 shown 1n the view to the right, in Fig. 6-13. The spindle nose mount-
ing is held in place and i1s driven by the threads. The shoulder behind the
threads 1z used to help locate the mounting on the spindle nose. The
spindle nose should be kept free of nicks and scratches, and it should be
carefully cleaned before a chuek or a face is mounted on it. Also, the
corresponding surfaces of the chuck or faceplate must be clean and kept
free from any damage.

The Quick-Change Gearbox

The quick-change gearbox is located at the left side of the lathe below
the headstock (sec Figs. 6-9 and 13-11 in Chapter 13). It is connected to
the spindle by a gear train as shown im Fig. 6-14. The gears in thig train
are called pick-off gears because they can be interchanged rapidly. Some
of these gears arc used to cut threads that cannot be eut with the stan-
dard pick-off gears and the settings of the quick-change gearbox,
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Conirfesy of the Atlas Preas Company
Fig. 6-10. Stepped pulley type headstock.

The function of the quick-change gearbox 1s to provide the lathe with
the capability of cutting different serew threads and operating at differ-
ent feed rates. Invented by the American, Frederick B, Miles, and later
mmproved by another American, Wendell P. Norton, 1t was for many
vears called the “Neorfon (Quick-Change (Gearboz.” Tt consists of a tumbler
pear which can be positioned to engage any one of a cluster of different
size gears to provide a varicty of speed ratios. The tumbler gear is en-
gagi_:d h_f a lever loeated in front of the gearbox, ”fh:.nl Lo [1r1:|-1.']'1h* adidi-
tional speed ratios, a second set of gears 15 used and still another, third
set can be used to reverse the direction of rotation of the leadscrew and
the freed rod, The required number of threads per inch—or thread pitch—
and the required feed rate are obtained by positioning the handlez ac-
cording to instructions provided on the quick-change gearbox,

The output shaftz of the feed-thread gearbox are the feed rod and the
lead screw. The funetion of the feed rod i1s to actuate the automatic-
power feed mechanism located in the lathe apron. The lead screw is used
to feed the carmage 1n the longitudinal (parallel to the lathe axis) diree-

tion when cutting threads. It should be used only to cut threads in order
not to impair its accuracy as the result of wear and the imposition of



148 ENGINE LATHE CONSTRUCTION Ch. &6

eyt =

|
'ﬂfﬂﬂ iy,

Cowurtery of the Clawmng Divismon of the Atlss Presa Company

Fig. 6-11, Modern headstock showing back gears and antifriction spindle bearings.

heavy feeding forees. Some lathes (Fig. 6-6) have a control rod located
below the lead serew and feed rod which is used to start and stop the

headstock spindle. This rod 15 aetuated by the spindle econtrol handle,
T 1 Small Face Plate
’/- Adagprer
N % Headsrock G
% ock Lenfer
|

N S—— |
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Fig. 6-12. Came-lock type spindle nose showing adapter and headstock center in place.
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Fig. 6-13. {(Left) Long taper type spindle nose, {Center) Cam-lock type spindle nose.
{Right} Threaded spindle nose,

The Carriage

The carriage, Fig. 6-15, consists of the saddle, cross slide, compound
rest, and apron, The saddle, Fig 6-16, is an H-shaped casting that slides
on the top of the lathe bed. It enables the cutting tool to be moved
parallel or perpendicular to the axis of the lathe. The saddle rides on one
of the ways on the lathe bed which guides the longitudinal movement of
the carriage parallel to the Inthe axis,

The Cross Slide

The cross slide moves over the dovetall shde on top of the saddle,
The movement of the cross slide i3 perpendicular to the lathe axis. This
movement is actuated by a feed screw, shown in Fig. 6-17. The feed
serew can be turned manually by means of the cross-feed handle. The
automatic cross feed 1= actuated by a gear in the apron

Mounted bebind the eross-feed handle is a micrometer cross-feed dial
that has accurate graduations cut on its circumference which enables
the lathe operator to determine the distance that the cross slide 15 moved,
On many lathes each praduation corresponds to & movement of 0005
inch of the carriage which causes 001 inch to be removed from the diam-
eter of the workpiece that is being turned, because a cut iz taken from
hoth sides of the workpiece as it revolves, Cross-feed dials graduated
in this manner are said to be “direct reading” dials, For example, i1 050
ineh is to be removed from the diameter of the workpiece the cross-feed
dial 13 moved 50 graduations. On some lathes the graduations correspond
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Cowrteay af Lelifonad Machine Toal O
Fig. 614, Front end of cogine lathe showing gear (rein from headstoek spindle 1o

quick-thange gearbox. The pick-off gears in the train ean be quickly removed ond
repliced by other gears.

to a movement of 001 inch, thereby removing .002 inch from the diam-
eter of the workpieee. In this case the amount to be removed from the
diameter of the workpiece must be divided by two in order to determine
the number of graduations through which the cross-feed dial must be
moved, For example, if 050 inch is to be removed from the diameter of
the workpiece, the eross-feed dial is moved 25 graduations

Clearanee must be provided between the cross-feed screw and the
cross-feed nut (Fig. 6-17) in order to allow the screw to rotate without
binding. This clearance is intentional although it results in a certain
amount of lost motion between the nut and the serew. Thus, when the
eross-feed serew is turned in one direetion and then in the opposite diree-
tion, it will not move the carriage until the lost motion 15 taken up. In
order to accommodate thiz lost motion, the cutting tool must be posi-
tioned by always moving the cross zslide toward the workpiece. If the
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Fig, 6-15, Principal parts of the lathe carringe,

Cowrtesy of LeRiond Machime Toel Co

Fig. 6-16. Lathe saddle,
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Courlesy of The Momarch Machine Toal Company
Fig. 6-17. Cross feed serew,

eutting tool must be positioned an exact distance in a direction away from
the workpiece axis, the cross slide should be first moved back beyond the
desired tool position and then moved forward toward the workpiece
until the desired position is reached as determined by the cross-feed dial.

Many lathes arc equipped with dual reading micrometer dials on the
eross fecd and on the compound rest serews as shown in Fig. 6-15. Dual
reading dials have two scales, one of which is graduated in inches and
the other in millimeters. The dials shown m Fig. 6-18 have one scale
reading in 001-inch increments while the other reads 002 millimeter per
division. Both scales are direet reading, The scales are located on sepa-
rate dials which do not rotate at the same speed; one dial drives the
other through an internal gear train located inside the housing. If the
fecd serew has an inch thread, the ineh dial will rotate at the same speced

as the ferd scrow; otherwise it 15 the metric dial that will rotate at the
zame spoed as the metrie feed scrow.

The Compound Rest

The compound rest 15 clamped to the cross slide and its base can
turn through an angle of 360 degrees when the clamp nuts are loosened.
The base has graduations enabling it to be clamped at any angle with
respect to the lathe axis. The compound-rest slide is moved over the base
by A feed szcrew that 12 similar in design to the cross-feed screw. The
compound-rest feed can only be actuated manually, by turning the com-
pound-rest feed handle, A micrometer dial permits making accurate
movements of the compound-rest slide. The compound-rest slide has a
large T slot which is used to clamp a tool post or tool block. The cutting
tool, or the cutting tool holder, is elamped in the tool post, or tool block.
The function of the compound rest is to provide a movement of the cut-
ting tool at any desired angle, with rezpect to the axiz of the work.
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Fourfany of Lo Blond Maching Tool Do,

IMig. 6=18. Dunl inchemetrie micrometer dinls on eross feed and compounds-rest screws,

The Apron

The apron of the lathe, Fig. 6-19, is fastened to the underside of the
saddle. It 15 essentially a housing that contains the gears and clutches
required to actuate the automatic power, longitudinal and croos-feeds. It
also supportz a large handwheel that actuates the manual longitudinal
feed and a lever, shown at the far right, called the “split-nut” lever,
which actuates a split nut. The split nut engages the lead serew and drives
the carriage when cutting threads, It is disengaged when the thread has
been eut to the desired length in order to stop the motion of the carriage.
The split-nut lever should never be used to feed the carriage to take any
cut other than cutting serew threads. The lever in the center of the apron
15 used to selectively engage either the cross feed or the longitudinal feed.
The longitudinal feed 15 actuated by a small pinion at the rear of the
apron that engages a rack (see Fig. 6-15) which is located on the side
of the bed above the lead screw.

The Tailstock

The tailstock is used to support long workpieces and also to hold
drills, reamers, and other cutting tools. A drawing of a tailstock showing
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Cowrtesy af LeMlomd Machine Tood To,

Fig. 6-19. Lathe apromn.

all of its parts 1z illustrated in Fip. 6-20. It consistz of a base that rests
on the bed of the lathe and a body that 15 clamped to the base, The base,
which 1s aligned with the axis of the lathe by one of the ways of the
lathe, has an accurately machined guide that fits the body. The body
and the base will shde over the lathe bed until it 15 in the desired posi-
tion, then it i1s clamped to the bed by tightening the clamp bolt nut. The
taillstock spindle 1= prevented from turning, by a key, When the tailstock
handwheel 13 turned, the screw causes the tallstock spindle to shde in or
out of the body, The spindle may be clamped by turning the binder
handle. The inside of the spindle nose has a taper which 15 used to hold
the tailztock center, drill chucks, or cutting tools such as drills or ream-
ers. This taper must be absolutely clean hefore a center or other tool 18
inserted in it. It serves, primarily, to locate; itz ability to resist torsion
is very limited. It should not be used to hold large drills because the cut-
ting torgque of the drill may eause the taper to slip and possibly score
the surface. When this occurs, the taper will no longer locate the center
or the tool accurately, and it will no longer be able to hold. The repair
of a tailstock spindle 15 a very expensive procedure. Scored tailstock
spindle tapers cannot alwavs be repaired, thus requiring the replacement
of the entire spindle. The centers, drill chucks, and eutting tools are re-
moved from the tailstock spindle by backing the spindle into the body
until the object that is held in the spindle bumps against the plug end
of the serew which forees it out. The body of the tailstock can be moved
a limited distance perpendicular to the axis of the lathe by unelamping
the elamp bolt nut and turning two adjusting screws located on each
side of the base. Thiz movement 15 used to accurately align the head-
stock and the tailstock zpindles. It can also be used to turn tapers. An
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Fig. 8-20. Details of engine lathe tailstock: 1. Tailstock center; 2. Spindle; 3. Body
of tailstock (top); 4. Oul hole; 5 Binder handle; 8. Spindle nut; 7. Screw bushing;
8. Screw; 9. Handwheel: 10, Machine handle; 11. Keyv for spindle: 12, Clamp bolt;

13. Base; 14, Clamp; 15 Adjusting serews; 16, Aligoment seale; 17, Guide; 18 Binder
plugs; 19. Binder atud ; 30, Woodruff key; and 21. Handwheel mut.

alignment seale on the back of the tailstock gives a visual indication of
the amount of offset or indicates when the spindle is properly aligned.
This scale should not, however, be depended upon for great accuracy.

Engine Lathe Attachments

Many attachments have been developed to inerease the usefulness and
the accuracy of the enpgine lathe. Some of these attachments will be dis-
cussed in greater detaill in subsequent chapters. A group of frequently
used engine lathe attachments is shown in Fig 6-21. A collet chuck and
a group of collets are shown at the top of this illustration. A three-jaw
universal chuck 15 shown in the lower left side. Separate jaws for holding
smaller outside diameters, and for holding on inside diameters, are shown.
The jaws of this chuck are actuated by the chuek key. They move in
and out together and hold the round workpiece in a central location with-
out the need for further adjustment. A four-jaw independent chuck is
shown 1n the lower right-hand view. Each jaw is adjusted independently
of the other jaws by the chuck key which is the T-shaped key adjacent
to the chuck. The jaws can be reversed in the chuck body in order to
grip onto inside or outside surfaces. A drill chuck i= shown between the
three- and four-jaw chucks, The drill ehuck is used to hold straight-
shank twist drills, reamers, and other eutting tools. It is usually held in
the tailstock spindle when used in a lathe, A large faceplate 1s shown in
Fig, 6-22, Workpieces are bolted directly to faceplates to perform various
turning and facing operations. Lathe fixtures are also bolted to face-
plates. A lathe fixture is a special device to hold and to locate workpieces,
in a lathe, that cannot be held by other methods.
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Courtesy of The Monarek Machine Tool Compony
Fig. 6=21. Engine lathe attachments,

Courtesr of Leflomd Afaching Tool Ca,

Fig, 6-22 Large faceplate for holding workpicees that eanpol conveniently e held
by othier methode.

A miecrometer carriage stop is shown in Fig, 6-23. It is used to obtain
accurate positions of the carriage and to move it exact distances, longi-
tudinally. A length rod is extended from the headstock. It can be accu-
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Coirtesy o f The Monareh Mackine Tosl Compony

Far. 6-23. A micromeler carriage stop.

rately moved in one-inch inerements. A micrometer head at the end of
the length rod 13 used to make fine adjustments of less than one nch.
The dial test indicator, which is mounted on the carriage, 15 used to
position the carriage so that it will always be at the same distance from
the end of the length rod.

A large steady rest is shown in Fig. 6-24. Steady rests are used to
support long and slender parts. The steady rest also permits an unob-
structed access to the ends of parts so that facing and boring operations
can be performed on these ends. The steady rest 13 composed of a frame
containing three jaws, These jaws form a three-point bearing surface
and they can be adjusted in or out, radially, by turning the adjusting
gerews. The frame is hinged on one side allowing the upper hali to swing
open for inserting or removing the work, The base of the frame has
V-grooves in it that fit the ways of the lathe bed. When the steady rest
1% In use, it 15 clamped to the bed and the jaws are set against the work
thus supporting, or steadying it, during the operation.

Tracer attachments can be used to turn and to bore irregular contours,
as shown n Fig. 6-25. They can also-be used to cut stepped shafts with
shoulders and to turn tapers. Internal tapers, internal shoulders, and
eounterbores can be readily cut with this attachment. The tracer attach-
ment 1s mounted on the carriage in place of the compound rest, as can be
seen in Fig 6-26. A template with the profile of the part to be turned is
mounted on the carriage but 1s prevented from moving with the carriage.
The stylus of the tracer attachment follows the profile of the template
which causes the cutting tool to turn thiz profile on the part in & manner
to be deseribed.

The regular cross shide 15 removed from the lathe and replaced by one
having & top shde (similar to the compound rest) mounted on it. This
slide i1s actuated by a hydraulic eylinder which has its movement con-
trolled by a stylus. The nose of the stylus must have the same shape as
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Courdésir of Lelflond Alachend Teal Ca,
TFig. 6-24. Boring a large workpiece o a lathe with the end held by & steady rest.

Courddst of LeBlead Machies Too! o

g, 6=25 Part turned on engine lathe equipped with trocer atlachment.

the nose of the cutting tool. The stylus follows the outline of the template
which 12 mounted on the cross slide and fastened to the bed of the lathe.
The position of the template can be adjusted by the micrometer adjust-
ment clamp.
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Fig. 6-26. Principle of operation of tracer control attachment.

In operation, the first diameter is cut to the required size by taking a
trial eut, using the cross slide to set the tool to the required depth of cut;
then the stylus is brought into contact with the template and the auto-
matic power, longitudinal feed 1z engaged. (The trial cut can usually be
eliminated on subsequent parts.) The stylus will then pilot the cutting
tool causing 1t to reproduce the template outline on the workpicee in
the following manner: the longitudinal feed moves the carriage toward
the tailstock at a steady rate; when the stylus detects a change in the
diameter of the part, or a shoulder, the top shde will move in or out at
an angle, with respect to the axis of the workpiece. This angular move-
ment of the top slide may be considered as being made up of two com-
ponent motions: one paralle]l to the lathe axis and one perpendicular to
it. For example, when a square shoulder is encountered, the top slide will
move at an angle away from the work axis. The rate of movement of
that portion of the angular motion of the top slide that 15 paralle] to the
lathe axis will be equal and opposite to the longitudinal feed rate. Since
these opposite movements are equal and parallel to the lathe axis the
tool will, in effect, remain stationary with respect to this direction of
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Fig. 6-27. Tool post attachment grinding a lathe center.

movement, However, it will be earried away from the axis of the work
by that portion of the top slide motion that 15 moving away from the
work axis. Thus, the tool is caused to feed out just as if the cross feed
were being used. Contours are cut by making that portion of the angular
movement that is paralle]l to the lathe axis, operate at a slower or {aster
rate than the longitudinal feed rate, while the tool 18 moving toward or
away from the work axis,

A tool post grinding attachment ig shown grinding a hardened lathe
center 1n Fig. 6-27. Workpicees which have been heat treated to have a
high hardness can only be machined by grinding. While most cvlindrieal
and internal grinding i1s done on machines designed for that purpose,
there are ocensions when coxternal and internal eylindrieal and tapered
surfaces are ground on an engine lathe,



CHAPTER 7

Single-Point Cutting Tools and
Their Performance

Single-point cutting tools are used on engine lathes, shapers, and
planers, Boring tools, which are also single-point eutting tools, are used
on a large varlety of power machine tools to locate and enlarge holes.
The performance of these tools has a direct relation to the quality of
the work done and the rate at which it iz produced. Treatment of this
subject will include discussions of: cutting speeds, single-point cutting
tool nomenclature, tool shapes, chip formation, chip control, and tool
wear, An understanding of these topics will form a necessary foundation
for the successful application of these tools in the shop. While the ma-
chinist and the toolmaker can only use those machine tools available to
them in their respective shops, they will frequently have the responsibility
of selecting the best cutting tool and cutting-tool shape avallable; and,
they must know the correct cutting speed and feed with which these tools
are to be used.

Hardness and Hardness Testing

Three factors have a very decisive Influence on the cutting speed that
can be used :

1. The cutting tool material.
2, The material that is to be cut.
3. The metallurgical condition of the material when i1t is being cut.

(e indication of the metallurgical condition of a metal 1= its hardness;
technically this 1s usually measured by determining its resistance to
penetration. The most common hardness-testing machines used in the
United States are the Brinell hardness tester and the Rockwell hardness
tester. The diameter of the impression made by a steel ball 12 measured
and this measurement is converted to a Brinell hardness number, abbrevi-
ated HB, which defincs its hardness. Harder metals have a higher HB.
There are several Rockwell hardness scales, One which 1s frequently en-
countered 1n measuring the hardness of hardened ferrous metals is the
Rockwell C Scale, that is abbreviated HRC. It, too, has the higher num-
bers indicating higher hardnesses, In general, the Brinell hardness read-
ing is given for softer ferrous metals and the Rockwell reading is given

161
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for hardened ferrous metals, althougl there 18 a4 range in which they
overlap,

The strength of a metal increases or decreases roughly in proportion
to 1ts hardness, It 12 not surprising then to discover that harder metals
must be cut more slowly than softer metals. The hardness of any plece
of zoft metal can be inecreazed by eold drawing or cold rolling. Annealing
and normalhizing are heat treating processes used to decrease the hardness
of steel and cast iron although normalizing may be used to increase the
hardness of a plece of steel that has been previously annealed. Most
steels, when beated above a speciflie temperature and then quenched
and tempered, will have their hardness inereased. Solution treating and
aging 15 another heat treatment procesz which 15 used to increase the
hardness of some metals, particularly aluminum. The details of these
processes are a subject in the study of metallurgy ; however, the machin-
st and toolmaker must be aware that the condition of the metals that
they are eutting 15 affected by these processes and that any particular
type of metal can have different hardnesses. In fact, it iz quite common
to have a variation in hardness in a single piece of metal. It should now
he clear that a cutting apeed cannot be given for a specific type of metal
without also specifying the hardness. The cutting speeds in Tables 7-1
through 7-5 are, therefore, listed notonly for a given metal but also for the
different hardnesses at which the metal is commonly cut.

Steels used in the construction of machinery are commonly designated
by AISI {American Iron and Steel Institute) numbers. Tool steels are
specified by a letter to identify the type, which is followed by a number,
such as shown in Table 7-3. Other metals have similar methods of specifi-
cation. These specifications are in common use in industry and they are
used 1n this book.

Cutting Speed

The cutting speed iz given in terms of feet per minute (fpm) in the
customary inch system of units. Sometimes this 15 called surface feet per
minute (sipm). In the metric system of units the cutting speed 18 specified
in meters per minute {m/min). Tables 7-1 through 7-5 give the recom-
mended cutting speeds {or cutting many materials in terms of feet per
minute, These cutting speeds must be considered to be a starting point
which may have to be modified as determined by actual experience on the
job. When only a few parts are to be machined these speeds may be used
without change, but when machining many parts that are alike and when
maximum production must be obtained, a modification may be desirable.
Many factors affeet the cutting gpecd which may combine to warrant an
inerease or sometimes a decrease in the cutting speed. These factors will
now be considered.

Tool Material. The type of material uzed to make the cutting tool 12 of
prime importance with respect to the cutting specd used to ecut any
material. Cutting tool materials are treated in greater detail elsewhere
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Table 7-1. Recommended Cutting Speeds in Feet per Minute for Turning
Plain Carbon and Alloy Steels

Material Hardness, Material Cutting Speed. fpm
ALS] and SAE Steel) HE* Conchigion® H55 Carbide
Free Machining Plain Carbon Steels { 103150 HE. A 150 o
( Besulphurizedh, vzia. 1213, 12108 !. 150-F00 Ch 16 fizsg
i, tiog, 1epg pprF o nnnd o i 100 | 50 HE. A (KL L]
[FFL- P FRT I 150- 200 Ch (1] LT is
175225 HE. A N, CD 130 400
PL%2. 1037, poRG. Eigo. 0 144, 1046, T78-425 Qand T 75 Joo
s JIE-37% Qand T (143 115
|, [ELRFEL Dand T 40 o
Free Machining Plain Carbon Steels -1 5 HE. A . N.CD f4a L5
(Leaded), eaLooz. veLo@& valag. 156-FEx HE. A. N. CD 145 LT
talng 100150 N CD [ W] 'l
Plain Carbon Steels, joofi, 1008, 10a-12% HE, A N.CD 1 450
PO, BOS. eEE, perg, poak, 1817, 135-175% HE. A N.CD e FTE
1orf, 1019, POIE. TOAT. IO3E. 1033, 175-335% HE. N, CI g 150
1oag, 1024, 1oa6, 1818, 1504 135274 ch 20 o0
N onag-1Ty HE A N.CD i 5Ts
1837, 1636, 1933, 115, 1036, 1637, 175-13% HE. A N.CD Hig 135
1038, 1030, 1040, 1040, 1043, 1043, 135275 N.CD, Qand T 20 EFTY
1045, 108, 1048, 1049, 1953, 1053, ’ 175434 DQand T 6o T
VR34, 1536, 1827, 0540 135-37% Dand T 40 160
§75-425 Dand T 30 140
| tas5-175 HE, AN CD 100 iTe
175-214% HE A N, CD B jao
Peg g, 1 oo, 1oy, 1ofy, 1078, 1074, 236-27¢ | N.CD,Qand T 6% 118
ro 7R, 1080, rof 4, 1086, o, 1095, L
1548, 1850, 1584, 1961, 1556 T75°335 Qand T e VB
’ 335-375 Qand T 35 159
3T5-435 Jand T e KT
. i 175 Fiuy HE. A, N, CID I 4001
Fr;-;Hl:hl:nll_w dﬁlllu:- Elt::s ] 200258 HE N CD o 180
esulphurized). 4140, 4150 j 150100 Qand T . s
! JO0- 575 Dand T 50 15
{ (LR L Jand T 4o 113
. 140-100 HE. A. N. CD (¥ 410
Free Machining Alloy Steels 100250 HE. N.CD 100 pros
{Leadedh. q1Lgo. 4ilago 41La7.
1 150-jo0 Jand T 75 278
atLge, 43la7. s1Laa, 52Llaos, N Oand T
RELsa, BEL4o © 00475 an i3 iaa
115425 Jand T 50 T
Alloy Stesls, go1a, goi, 4024, 4o18, 135-175% HE A . N.CD 1O 400
AVIH, 330, 41D A4 443T. 415, 175-245% HE. N.CD ga 156
4bzo, gfiav, 4626, 4708, 4770, 4815, rg-a75 |CDL N Qand T 1@ o
4815, g810. gong. a0y, f1z2a, Gl 1 175 1% QandT do 250
Bing. BSig, BGiy, BEao, Bbar, Bbag. RI5- 475 Jand T 50 200
BE17. Brao, 8821, gyBry 175-42% Qand T 8 7%

Based on a feedrate of .oz in. per rev. and a depth of cut of . 125 in.
* Abbreviationsdesignate: HE, hot rolled; CD cold drawn: &, annealed: N, normalieed; (andT.
quenched and tempered: and HB. Brinell hardness aumbes.
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Table 7-1 {Concluded). Recommended Cutting Speeds in Feet per Minute for
Turning Plain Carbon and Alloy Steels

Matcrial Hardnes, Material Cutting Specd. fpm
AIS] and SAE Steels HEBE* EDI‘LII'I.‘I;IDD' H55 Carbide
Alloy Steels, 1330, 1335, 1340, 7145
ADRY. 4O 3T, 44T, $O4T. 4110, 4135,
4757, 4040, 4747, 4145, 4147, 4750, V75235 HE., A. N, CD 1] LT L]
4060..4337. 4340 soByy. soBeb coBga, ang-a7% N, CD, QJand T 20 175
toBGo, gi1o. fILI. T040, TI4%. 047, AM-18 N.QandT 5o 10
5150, 5160, 51860, G150, 81Hys, B0, 335375 N.QandT 4o oo
B35, BS§7, Bhgo. Bh4a, Bhgs, BSgo, 175435 i} and T 30 i5a
BSgy, RAGO, B 40, 0i%4, 9155, gibo.
G261, paBas
BP5-23% HE. &, CD el-) jia
FI5-2TE N.CD, Qand T Gy 1o
Alloy Steels, Exnioo, Exzion BTS-3E5 N.Qand T 1] EF1]
FI5-§7% N.Qand T i1 18a
h AT5-455 Jand T 0 140
Ultra High Strength Steels (Not ATST)
AMS6411 (gBBy7 Mod ), AMS 6422 || 11939 ; 65 170
(9BBV 4ol AMS 6414, AMS 6427, e " 5 o
AMS 6438, AMS 6430, AMS 6432, o HERC Qand T ” o
AMS 6433, AMS 6414, AMS 6416, o HED an 5 !
AMS 6443, 100M. Déac 4851 H Qand T 1o %o
Maraging Steels (Mot ATSD
18% M Grade oo 150+ 315 A S0 y00
i .
::: N: g::::;:: { so-5: HROC Maraged "o B
18% N1 Grade 350
Nitriding Steels (Mot AISI)
Nitralloy v zs
Mitralloy nas
Nitralloy 135 Maod
Nitralloy zz5 J 100 =350 N hnd T a joa
Mitralloy 2 30 | J00-330 N.Qa » 215
Nitralloy N
Mitralloy EZ
Mitrexa

Based on a feedd rate of o012 in, per rey. and idl:pth-nl'cul. of 125 im.
* Abbreviations designate: HE, hot rolled; CDY, cold drawn; &, annealed: N, normalized; Qand T,
quenched and tempered; HB, Brinell hardness number; and HRC. Rockw ellC scale hardness number

in this chapter; therefore, only a few words will suffiee here. The tables
list the cutting speeds for use with high-apeed steel and cemented earbide
nutting Lools, ﬁu]f]tﬂug]l Lhere are 3]51;}:!‘, differenecs in the eutting E[Pﬂﬂil
that can be used with tools made of different types of high-speed steel,
these differences are generally small. A greater differenee exists between
different grades of eemented carbides and it is essential that the correct
grade be used. The tables are based on the assumption that the correct
grade of uncoated earbide 1= used, Coated carbides cannot be used to ecut
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Table 7.2, Recommended Cutting Speeds in Feet per Minute for Turning

Tool Steels
Material Hardnew. Material Cutting Speed. fpm
Toa] Steels (ALS] Types) HB* Condition® H55 Carhide
Water Hardening
Wi, Wi W i o-aoa A L= 325
Shock Resisting
S, 55, 5, %A 57 175325 A = k-
Cold Wark, Ohl ledming
O, O, O, Og 175325 & 70 FY 3
Cold Work. High Carbon High
Chromiam Dy, DN, Dy, D5, Dy FEa-R50 A 45 195
Cold Work, Air Hardening
Ag. Ay AR Ag Mo 002 50 A 0 153
Ay, A 100350 A 55 100
Ag FE RAE I A 45 I7%
1 8&- oy A Ba 100
IO 15e A fig aas
w ; 335378 Qand T L] L
”‘ﬁm”;:‘;ﬁ_ﬂ:"ﬁﬂ-rﬁﬁ Hip aBsoHRC | QandT 10 95
' ) ' ' - so-51 HRC Qand T 1= Ho
51-54 HRC Qand T = fi
o 5a-56 HRC Qand T - 45
Huot Work, Tungsten Type 1 56100 A fi 150
Hze.Mzz, Hay Hzg, Hzg, His { I35 & 50 00
Hot Work, Molybdenum Type [ 150=200 A 13 125
Hasi, Hiz Has i doo-ago A 45 B35
Sperial Purpose, Low Alloy
Li Li L& B 5000 A 5 135
Mold
P, P3Py Py P8 Bo- 15 A g 400
Pia. Pai 150300 A i 350
High Speed Steel
Moy, My, M&, Mo Ty, Te T4 T 1 50 A 13 12%
Mi-p. My, M3 Mao. Mag. Mag, M,
Mar, Myz, Myy Mgy Myt My3, 235-175 A L1 Ao
Ts. TH
Tug. My-2 FT5ITS A 45 1yo

Basedoma feed rateaf oz in. e rey. and a depsth ofcutal . Lig I
* Abbreviations designate: A annealed; O and T. guenched and tempered; HE, Brinell hardaess
mumber; and HEBC, Rockwell © irale hardness aumbser.

all matenals; however, where they ean be used, they ean usually be
operated at a 20 to 40 percent faster cutting speed than given in the tables
and sometimes by as much as 50 percent. Since there are so many grades
of eemented carbides, the selection of & specific grade should be made by
obtaining the recommendationz of a carlwde producer.

Work Materral. Of equal importance in selecting the cutting speed 12 the
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Table 7-3. Recommended Cutting Speeds in Feet per Minute for Turning
Stainless Steels

Material Hardness, Material | Cutting Speed. fpm
Free Machining Stainless Steely
{Ferritick 410F, 430F Se B x5-18g A LES 400
{Adstenitich, 303EZ, jo3, 3035, e35-1lg A pon 350
yeaMA, yorPh, 303Cu, oy Plus X { 235375 CD Bo ETE]
pyg-18g A T AT
(Martenaitich; 416, 4065, 416 Plus X, 185340 A.CD 100 3150
aroF, y20F 5S¢, qqoF, q4oF 5e 375335 Qand T 6o 258
375415 QandT 10 118
Stainless Steelhs
(Ferritich 405 400, 439 430 434
436, 442, 4ab, 502 Fas-i8s A L i
{Austenitich, 301, 103, 301, J0i, Jo4. 135-18% A 5 23%
sogle. 305, 308, 330, 347, J4b { 2I5-471% ] 13 apa
{Austenitic), 300 B, 109, 1005, 310,
3r0S, 304, 306, 3161, 317, 130 135-u8s A ra 1%
1Y5-175 : =1 5o
- 17531 L1 Jod
(Mertensitic), 403, 410, 430, 500 275- 325 Qand T p” 00
A75-425 Jand T s pzs
. 135-27% A G 150
‘Gruuuimﬂxulﬂm Lﬂ;ur“t ) 175-32% Qand T 50 aoo
375415 Qand T 30 rag
115378 A i 10
IMartensitic), a42A. 4408, 4400 { IT5-13% Qand T 45 5o
375-43% Qand T ET:] (ETY
{Precipitation Hardening)
:__1',,--5,PH, |‘||~|.FH, |.‘,|'~‘,|'FH. AF.9r, | 150 B0 A fio g
t¥-taCuMo, AFC-37, AM-350, Tyg-3as H (1) ]
AM-3gx, AM-y63, Custom 455, 4HE-5714 H 40 (RT]
HNM, PHi3-8, PHiy-8Mo, A75-450 H 15 po
PHig-7 Mo, Stainless W

Based on a feed rate of .02 in. perrev. and a depth of cut of .0a 5 in.
* Abbrevistions designate: A, annealed; CD. cold drawn; O and T, gquenched and tempered; H,
precipitation hardened; and HB, Brinell hardness number.

work material, Each work material will have a range of cutting speeds at
which it can be eut, The cutting specds recommended in this chapter are
bascd on the expectancy that the material can be cut at the given speed
with a reasonable tool hic. It bas already been explamed that most
metals can have a different hardness, depending on bow the metal has
hween heat treated or eold worked. For mmost materials, the eutting specds
i the tables are given for several different hardness levels. SBinee the
hardness 15 not always known by the machine operator, the material
condition associated with the bardness 12 provided in a separate column,
In this way the machinist might cstimate the hardness. When o doubt,
start at the lower eutting speed and then sec if the workpicee can he cut
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Table 7-4, Recommended Cutting Speeds in Feet per Minute for Turning
Ferrous Cast Metals

Cutting Speed, fpm

Matertal Hardness Materral
Ferrous Cast Metals HB* Condition® H55 Carbide
'I']ra:r' Cast Iron
ASTM Class 2o 130-150 A 1ag 450
ASTM Class 2g 1 =it AC T iso
ASTM Class 3o, 315, and 4o 1903 F O AC Ro 75
ASTM Class 45 and 5o 120160 AC L1 o0
A5TM Class 55 and éo I50-310 AC.HT 35 1ig
ASTM Type 1. 1b, 5 {(Ni Besist) 100-215. AL Fl] azy
AS5TM Type 2. 3. & (NI Resist) 1EE-175 AC G 1 1]
ASTM Type ab, g (N: Resist) 150350 AC 50 100
Malleable Irom
(Ferritic), 32500, y5o08 1 to=rfic MHT 140 £ o
{Pearlitic), goo10, 3000, 45006, 16 300 MHT 95 FT
4noal. gloot, ooy 100140 MHT 15 175
iMartensitic], 53004, Goon 3., Goong 200-255 MHT 70 250
iMartensiticl. yooet, Foos) 1 20-rho MHT &a By
iMartensitic], Booog 40380 MHT 50 140
iMartensitic), goooa 503 IO MHT 1o 115
MNodular {Ductile) Iron
(Ferritich, fa-4a-18, Gg-4g-12 14 G50 A 1aa 50
(Ferritic:Pearlitic), Bo-55 o [ ;?‘;—:H ig :: :‘f:
{Feariitic- Martensiticl, 100-7o0-01 .40 300 HT 45 175
{ Martensiticl, I 30-G0-03 { ;E:ﬁ ]I;|1$ _;:i': I:n:
Caat Seeels
{Low Carbonl 1o10, 1029 D= 150 AC. A& N 116G 00
BR5-178 AC. A N -] 400
(Medium Carbon). 1030, 1640, 1640 ( 15523 % AC. AN o 35o
500 AC HT % oo
(Low Carbon Alloy) 1320, 5115, 7300 | :::—rm: iE : ﬁ E 5o
4118, 4120, 4130, Baza, BE1o 33 g B 345
o100 AC.HT B 150
(Medium Carbon Alloy) 1332 1 340, ;:5:15 ig i :: H: i;a
2325 2100, 4125, 41100 4140, 4310, ”Ehjgu .|'|.1:'. HT :5 aga
;]-If.‘l. Rogo, BoByo. Bogo. Bgjo. R4do, yoa- 350 ﬂ-'f'.'-. HT pr 270
B30, RE4o, 9525, 9530, D535 (| 35o-400 HT 10 150

Based on & leed rate of .ouz inch per revolution and adepthofcutof. i35 inch,
* Abbreviations designate: A, annealed; AT, &= cast; N, normalized;, HT. heat treated; MHT.
mialleablizing heat treatment: and HEB. Brinell hardness number.
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Table 7-5. Recommended Cutting Speed, in Feet Per Minute, for Turning
Manferrous Metals and Alloys

Material 'Culrinfn Speed,
et el 1":rI.I|. ML
Material Condition : -
HES | Corbucle
) _ I G0 1200
All Wrought Aluminum Alloys ‘Jlr ST and A 500 1100
Aluminum Samd and Permanent Mold _:f AC 750 1400
Casting Alloys k STand A | 600| 1200
. . Al 125 Shi
All Aluminum The Casting Alloys* '.I . ’
L BT ond A 100 450
AC §0| 500
*Except Alloyz 3900 and 3920 *[ N
| ST and A 80| 425
All Mapnesium Allays A, CI, AT, 5T and A 500 W
Leaded  Commercinl Bronze, Leadded
Brass, Free-Cutting Brass, Froo Cul-
ting Muniz Motal, Forging Rross, {.‘.1;] ggg g‘.‘?’g
Architeetural Bronze, Loaded Maoval ! |
Brase, Free-Cutting Plinaphor Bronze I
Bed Bross, Low Brass, Jowelry Bronze,
Cartridge DBrass, Muntz Metal, Ad-
mralty  Irass, Low-Silicon Bronze, | A 2l LA
High-Silicon  Bronze, Mangancse CI 250 550
Bronze, Alvminum Drass,  Leadod
Mickel Silver

_; Oxyeen-Free Copper, Bervllinm Copper,

I Eleetrolytic Tough  Piteh Copper,

1 Phosphorus Dooxidized Copper, A 100 2
Commereial Bronze, Pliosplor Bronze, N 110 ao8
Aluminum DBronze, Copper Mickel,

Miekel Silver
1 110-150 HI 110 400
Commereinlly Pure Tilanium | 13240 H B af 300
! 250275 HB T 250

s Anbrpviation: deslgnate: A, suneoled ; AC, a8 enst: OD, coll drawn; 5T and A, solullon dreoted
nnd aged: TI1, Brinell hardess pumlae,

faster. Other work material factors that influcnee the cutting speed are
surfaee scale, hard spots in ecastings and weldments, and hard work-
hardened layers resulting from previous machining or eold working
operations. Some variations in the hardness and microstructure may occur
within a single bar of a wrought material, such as steel, Noticeahle varia-
tions in the abilty to be eut by machining may occur between bars of the
same type of steel made from different heats, as a result of steel mill
practices,
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Tool Life. Tool life is the length of time that a cutting tool will cut hefore
it becomes dull or requires replacement. When cutting most metals,
cutting tools will operate sucecsstully over a rather wide range of cutting
speeds, up to a cutting speed where the tool ife is too short to he
acceptahle. Below this speed the tools wall behave i the following manner
when normal flank wear oceurs and an abnormal type of tool failure
does not occour,

A reduction in the eutiing speed will caouse a much larger merease in
the tool life. Conversely, increasing the cufling speed wnll eauwse a
much larger reduction in the tool life,

Thiz 1z a very important performance, characteristic of all metal eutting
tools, that should be remembered. For example, when the eutting speed 12
reduced from 350 fpm to 300 fpm while turning ATST 1040 steel with a
cemented carbide tool, the tool life will be inereased from approximately
40 minutes to S0 minutes, Thisas a 67 pereent inerease in tool hiie obtamed
by a 14 pereent reduction in the cutting specd. When, 1in this casze, the
cutting speed is redueed about 29 pereent, from 350 {pm to 250 fpm, the
tool life will be mereased 200 pereent to approximately 90 minutes, Even
larger percentage increases will ocenr when using high-speed steel eutting
tools.

Cutting tools ean perform sucecssfully over a rather wide range of
eubting specds, execpt when cutbing very hard materials and eertain other
difhcult-to-machine materials, The cutting =pecd sclected =hould he hased
on a desired tool Life, If the eutting speed used is found to resalt ina tool
life that is tooshort, the first remnedial step should be to redoee the cutting
speed, While a slow cutting speed will result in a very long tool life, this
1= always at the expense of an unneeessarily long eutting time and an
imercased part cost.

Feed and Depth of Cul, The {feed rate and the depth of eut also have an
cficet on the tool life and, therefore, on the cutting speed. The ecutting
gpecds in Tables 7-1 through 7-5 are bascd on using a feed rate of 012
i rev (030 mmdrev) and a depeh of eut of 125 in (308 mm). When a
different feed or depth of cut & to be used, the cutting speed =hould be
changed accordingly in order to have approximately the same tool life as
before, The amount of change in the eutting specd ean be ealealated by
applying the factors for feed and depth of cut in Table 7-6G. These factors
should not, however, be used with Table 7-7 bhecaunse their validity for
many nonferrous metals and alloys 15 uneertain, Applyving the fecd and
depth of ent factors will show that when light ewts are taken the eutting
specd can be inereased and when heavy roughing cuts are taken it should
b deereaszed.

Mutting Tool (Geamelry, This topic is treated at length elsewhere in this
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Table 7-6. Cutting Speed Feed and Depth of Cut Factors for Turning *

Feed, Feed Factor, Depth of Cut. Depth of Cut
if. e, F; | in. Factor. Fy
O [.58 G .50
a3 1.5 R3] 1.42
T 1.50 Jo16 i.33
N1 Badd i 131
.. 1.34 047 .15
O 1.9% ol 1.16
Sl 1.18 TR 1.7
.00 1.11 Ra: T} 104
K-} .08 L1100 r.e3
1R 1. 84 TR (e
o1 1.00 N1 .57
01 97 188 -Gl
-OT4 94 -3 £y
oy gl 150 g1
.16 -} ] NTE 1]
o8 By 475 86
LOF0 Ao 41E Mg
a2 7Y Koo Bz
N1 74 Hag B
.ol 1. GRE .74
S RE 58 156 77
FRT ] A6 RTF 76
o35 A 38 75
g JBa [ A ¥4
45 -57 L& 14 T3
.11} .55 1.250 T3
ol 50 1375 .71

* Par uss in conjuncihon wilh Table 7-1, 7-2, 7-3, and 7-4 aaly.

chapter. 1t 15, therefore sufficient to say here that the shape of the cufting
tao] has some effeet on the cutting speed,

Chutting Fluwidz. Coolant type cutting fluids, when correctly applicd, will
lower the temperature of the entting tool and tend to increase the tool life,
Az an alternative, the coolant will cool the tool enough 20 that a higher
cutting speed can be used without overheating. The degree of improve-
ment that can be obtained depends on the type of coolant uaed.

Selecting the Cutting Conditions.

The tool life of a cutbing tool {s most affected by the cubfing speed,
zecondly by the feed rate, and least by the depth of eut. Thiz important
prineiple of metal eutting should be memornzed. Stated in another way,
reducing the entting speed will inerease the tool life more than a reduction
in the feed rate; and 4 reduction in the feed rate will increase the tool life
more than a reduction in the depth of cut. Conversely, Increasing the
depth of eul will reduce the tool life less than an inerease in the feed
rate; and, inereasing the feed rate will reduce the tool life less than an
inerease in the cutting speed. The latter prineiple leads to the logieal
gequence of selecting the cutting conditions, which are given below:
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1. Beleet the depth of cut. Usze the largest depth of cut posaible, as
determined by the amount of metal to be removed from the part
and by the available power on the machine,

2. Select the fecd rate. Use the heaviest feed rate possible consistent
with the surfaec finizh requirement on the workpicee, the rigidity of
the machine and workpicee, and the available power on the machine,

3. Scleet the eutting speed. Use an appropriate table of cutting speeds
as a guide, such as provided in this book.

4. Find the appropriate feed and depth of cut factors, when available.

Usze Table 7-6 1n thiz book, but only with the cutting speed tables

provided in this book amd in Machinery's Handbool:. Do not use

thiz table for nonferrous metals and alloys,

Caleulate the cutting speed and machine spindle specd, How this 1=

done will be 2hown 1n the next scetion of this chapter.

f. Check to sec if the machine has suffiicent power. This step is
aptional. In actual practice, this is not done by many persons. When
taking only a medium or light cut it is unnecessary. When taking a
very heavy cut it 12 ouseful step to determine 1f the planned
eut is within the capacity of the machine. Details on how this 1s done
are given further on i this chapter.

)

Calculating the Cutting Speed

The formulas used to calenlate the cutting speed and the spindle speed’
of the lathe are given below for both customary inch and metric units,
Either inch or metrie units can be used in Equation 7-1. The anzwer will
be in terms of the units used for the cutting speed selected from the
table.

V=V,F,Fy 17-11
12 V

N= (Tonch units onlyd (7-2)
[}
1000 V

N= i Metric unitz onlvh (7-3)

- I
Where:

V==Cutting speed az modified for feed and depth of cut, or from
Table 7-5, fpm or m/min

¥,= Cutting specd from Tablez 7-1 through 7-4, ifpm or m;/min

Fy=Frod factor, from Table 7-f

Fo=Depth of eut factor, from Table 7-6

N =8pindle speed of lathe, rpm
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D=Diameter of workpieee, in. or mm. (This 15 the diameter before
turning, not the finish turned diameter,)
=3.14 (pi)

Erample 7-1:

Calculate the culting speed and the spindle speed for turning & 1.500
in. dimmeter bar of AISI 4340 steel having a hardness of 220 HB using a
cemented earbide (uncoated) eutting tool. The depth of cut selected is
2001n. and the feed selected 15 .0201n./rev.

Vo=275pm (from Table 7-1)
Fe= R0 {from Table 7-6)
Fa= 193 {from Tahle 7-6)
V=V,F Fo= 270 B0 x .93
= 2(}) ﬂ}m
12V 12%200
w1} % 1.500
= 200 rpm

In caleulationz of this type the answers are always rounded-off; eg.,
the calculated eutting speed 12 2046 fpm, which is rounded-off to 200
fpm. The actual spindle speed that would be used 15 the clozet availlable
on the lathe. Sometimes, but not alwavs, when the closest available
speed 12 much faster than the caleulated spindle speed, the closest lower
spindle speed 15 used,

Ezxample 7-2:
Caleulate the eutting speed and the spindle specd for turning a 200 mm
diameter Class 30 gray iron casting with a high-speed steel cutting tool.

The depth of cut selected 15 380 mm (150 in.) and the feed sclected is
0,38 mm/rev. (015 1n./rev).

V,= 80 fpm { From Table 7-4)
Fo= 91 { From Table T-6)
Fy= 97 (From Table 7-6)

Ve=80x 3048=24 m /min
I"r= FDF:'F&:MH ﬂ].:'{ ,E_]?
= 21 m/min
1000V 1000x21
"TTRD =x200
N=33rpm

Cutting Tool Materials

Cutting tool materials must have the following properties at the high
temperatures encountered in metal cutting: 1. high hardness; 2. good
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Table 7-7. Chemical Composition of Freguently Used
High-Speed Steels *

Nominal Chemical Composition, Percent
ATHI
Designation Z W Mo Cr v Cor

M1 030 1,50 E.H 4.00 100
M2 0E5 &.00 5,00 4.00 200 .
i [ 0,80 4.00 500 .10 1.50 1200
Maz 1.10 150 .50 375 115 Eo0
T1 0.3 13.00 4.0 1.0
T6 (.80 20,00 e 450 1.50 12.00

I Tia 1.50 12.00 e 4.01) a.00 &.00

' C-Carbom, W-Tuengsten Mo-Molvhdenwm, Cr-Chromiom, V-Yanadiom, Co=Caohalt

abraston resistance; and 3 resistance to chemical-metallurgical imder-
action with the work material, Cutting tools must also be able to with-
stand mechanieal and thermal shoek, The room temperature propertics of
cutting tool materials serve only as a rough guide to their ability to
perform as a eutting tool; the only reliable guide s their actual perform-
ance when cutting. While high-speed steel can be broadly applied as a cut-
ting tool material, where higher cutting specds are required it s necessary
to be able to seleet from other cotting tool materials the material to suit
a particular job.

High-Speed Steel

High-zspeed steel is the name given to a group of very similar tool steels
by virtue of their exeellent red hardness. Red hardness is the ability of a
steel to retain its hardoes at a high temperature. High-speed stecls will
retain sufficient bardness at temperatures up to 1100 F to 1200 F which
will enable them to eut other materials while at these temperatures. When
cooled, the high-speed steels will return to their room temperature hard-
ness, which is 63 to 65 HEC for cutting tools made of this material. High-
gpeed steels are very decp hardening; this enables them to be ground to a
tool shape from solid stock and to be resharpened, when required, without
a loss of hardoess. They can be softened by annealing and then maehined
into complex cutting tool shapes, such as twist drills, reamers, and milling
cutters.

While the types of high-speed steels that are avatlable are designed to
moeet some special requirement or to provide a special advantage, as a
group they are almost a universal cutting tool material inasmuch as they
arc not too sengitive to the characteristie of the matenal being cut. Most
work materials can be cut successfully with any type of high-speed steel.
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It 1= not necessary to be overly concerned about the type of high-speed
gteel uzed. Exceptions are the high-temperature alloyz and other exotic
materialzs, The limitations of high-speed steel relative to other eutting tool
materials are its lower hardness and the slower entting speeds that must
be used,

The composition of a few typical high-speed steels 1s given in Table 7-7.
The alloving elementz In high-speed steels are tungsten, molybdenum,
chromium, vanadium, and carbon. There are two classes of high-speed
steel. Those designated by the letter T have tungsten as their prineipal
alloying element, To conserve tungsten, the class designated by the letter
M has some of the tungsten replaced by molybdenum. The onginal type
of high-speed steel was T1, which iz still used to make cutting tools. The
most widely used type for making cutting tools 1s M2,

The addition of eobalt to high-speed steelz Inereaszes itz red hardness;
Le., it will have a higher hardness and will be more wear resistant than
other types at the metal cutting temperaturez. Cobalt ligh-speed steels,
such as TG and M6, are, therefore, recommended for taking roughing cuts
in abrasive materials and through abrasive surface scale. They are, how-
ever, more brittle and susceptible to cutting edge chipping. They are thus
not recommended for fine fimish cutting operations.

The M40 series and T15 high-speed steels (see M42 in Table 7-8) are a
group of high-hardness, or so-called super-high-speed steels, They can be
hardened to TOHRC, although for cutting tool applications they are usu-
ally hardened to 67 to 63 HREC to reduce their brittleness and tendeney to
chip. They are designed specifically to cut high temperature alloys and
other high-strength allovs. Some high-speed steels are made by the particle
metallurgy process. Tools made from these steelz ean be about 1 HRC
harder without sacrificing toughness, For high-zpeed zteel cutting tools,
1 HRC 1s a significant increase 1n hardness. These high-speed steels are
particularly useful on applications where the tool life is limited by chip-
ping of the cutting edge.

Cemented Carbides

Cemented carbides, also called zintered carbides or just carbides, are
much harder and more wear resistant than high-specd steel. They can
retain their hardness at a higher temperature {1400 F and higher) than
high-speed steel which enables them to cut at much faster cutting speeds.
They are produced by the powdered metallurgy process. They are, how-
ever, as compact and densze as other metalz. Like most very hard materials,
carbides are somewhat brittle. Cemented carbides are expensive; for this
reason carbide cutting tools are made 1in the form of small tips brazed onto
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a steel shank, or small inserts that are mechanically clamped in place.
Although not commeoen, some solid cemented earbide cutting tools, such
as amall twizt drills, are made.

Many different grades of cemented carbides are available and the
importance of selecting the correet grade cannot be overemphasized. The
cutting speeds [or carbides given in the tables of this book are based on
the assumption that the correet grade of carbide 12 being used. To select
a ecarbide grade, 1t 15 best to seek the recommendation of a carbide
producer. As a guideline in selecting a grade, it 1s first necessary to find
the grades having the correct chemical and metallurgical specification for
cutting the workpiece material. Then within this group, a grade having a
suitahle hardness is selected. Harder grades are selected for light finishing
cuta, and for roughing cuts less hard but tougher grades are selected. In
general, seleet the carbide grade having the highest hardness with sufficient
strength to prevent the cutting edge [rom chapping,

The principal types of cemented carbides are straight tungsten carbides,
erater resizstant carbides, titanium carbides, and coated carbides. Straight
tungsten carbide grades contain [rom %% to 97 percent tungsten carbide
with the remainder being cobalt. The higher cobalt bearing gradesz are
tougher and more shock resistant; they are recommended for heavy
roughing cuts. The higher tungsten bearing carbides are harder and more
wear resistant; they are recommended for taking highter, fimshing cuts,
As a class, straight tungsten carbides are recommended for machining
grayv cast iron, ferritic malleable 1ron, austenitic stainless steels, high
temperature allovs, and plastics. They should not be used to cut plam
carbon and alloy steels because these materials will form a crater on the
face of the tool which will result 1n a very short tool life.

Plain earbon and alloy steels should be cut with a erater resistant grade
of carbide. Crater resistance 15 imparted in a carbide by the addition of
titanum carbide, In addition, tantalum carbide 12 usually added to these
prades to prevent the eutting edge from deforming at the temperature
and pressure encountered when taking a heavier cuf. Crater resistant
grades of carbides are used to cut all of the plain carbon and alloy steels,
alloy cast irons, pearlitic malleable irons, nodular iron, Monel metal,
martensitic stainless steel, ferritic stainless steel, and all of the tool
steels.

Titanium ecarbide grades contain no tungsten earbide; they are made
from titanium carbide and a small quantity of nickel or molybdenum,
These grades have excellent crater and heat resistance which enables
them to be used at higher cutting speecds. They will produce an excellent
surface finish on the workpiece, Their use 1= limited by their low resistance
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to shock, thermal eracking, and to oxide fiims and surface scale. Titanium
carbides arc used to take finish and semi-finishing cuts on low carbon-low
alloy steel, wrought aluminum, and cast iron, They should nol be used to
machine abrazive materials beeause of their low overall resistanee to
abrasion,

Coated ecemented earbides consist of a comented earbide insert, called
the substrate. on which a thin coating of titanium carbide (TiC),
aluminum oxide (AL}, or titanmum nitride has been deposited, The
thickness of the coating 15 only 0002 to 0004 meh (0005 to 0.010 mm],
which 12 firmly bonded to the substrate. UTsually a single coating 18 used
although some 1nseriz are double and triple coated. Since grinding would
remove the coating, coated earbides are available only in the form of
disposable inserts, The advantage of coated carbides lies in the fact
that a wear resistant coating can be applied to a selected substrate to
obtain a combination of favorable performance characteristies such as
wear resistance, toughness, strength, and resistance to thermal shoek,
crater formation, and deformation. Where they can be used, coated
carbides will gencrally operate at a higher cutting speed without a sacrifice
of tool life; conversely, at the same cutling speed as an uncoated grade,
the coated msert will give & longer tool hife. In some cases the cutting
apeed can be inereased 20 to 40 pereent and sometimes up to 50 percent
when using a coated earbide. Coated earbides have been developed to
take interrupted cuts and to perform milling operations, although they
are slightly less shock resistant than the tougher uncoated grades of
carbides,

There are different grades of coated earbides and the correet grade must
be selected for ecach operation. In general, coated carbides are recom-
mended for taking medium and heavy-duty roughing euts and high-speed
finishing euts on carbon, alloy, and tool steels, free machiming steels, alloy
cazt iron, and the 400-500 scries stainless steelz. They are also recoms-
mended for medium roughing and high-speed finishing euts on gray cast
iron and the 200-300 series stainless steels, They are not recommended
for the machining of cobalt, nickel, or iron hase high-temperature allovs,
titanium hase allovs, refractory metals, free machining brass, bronze,
aluminum-hronze, manganese bronze, monel, cupro-nickel, silicon-
aluminum, nickel, copper, magnesium alloys, zine basze alloys, and
nonmetals sueh as carbon, iberglass, and plasties.

Ceramics and Cermets

Ceramie cutting tools are made by sintering fine grams of aluminum
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oxide into a dense structure. Cermets are a mixture of approximately 70
pereent aluminum oxide and 30 percent titanium carbide. Ceramic eutting
tools are quite brittle and sensitive to shock. They can be used to cut at
extremely high cutting speeds. As an example, ceramic cutting tools have
been used to cut AILST 1040 steel at 15,000 fpm (5500 m /min) on a lathe
designed to take high-speed cuts. At this speed a very good tool life was
obtained, Ordinary machine tools cannot, however, cut at these speeds.
Ceramic inserts should be honed or ground along the cutting edge to
prevent chipping, It 15 customary to grind a K" land on ceramic toals,
which 15 a narrow land 002 1in. to 006 in. (0.05 mm to 0.15 mm) wide and
ground at an angle of 30 degrees with respect to the face of the insert.
Cermets are stronger than ceramies and ean be uged for interrupted cuts,
They have been used suecessfully in milling. To be effective, however, they
should be used at very high cutting speeds. Ceramic and cermet cutting
tools can be used to machine plain earbon and alloy steels, pray east iron,
malleable iron, nodular iron, and stainless steel. They should not be used
to cut aluminum or aluminum alloys because the aluminum oxide in these
tools will react with these metals,

Other Cutting Tool Materials

Several other cutting tool materials are firmly established by virtue of
their superior performance on special classes of work.
fhamonds. Single erystal diamond cutting tools are extremely hard and
very wear resistant. They produee an outstanding surface finish on all
materials that they are capable of eutting because diamonds will not
react with other materialzs at the cutting temperatures [see Fig. 9-32).
They ean operate at fast eutting speeds; however, the diamond may dis-
integrate if the temperature at the cutting edge becomes too high, For
this reason they should not be used to cut steel, cast iron, or other ron-
base maerials. The diamond is also susceptible to chipping and inter-
rupted cuts are not normally recommended. Diamond cutting tools are
able to ecut some very hard materizls and are especially useful for
eutting abrasive materials, Their excellent wear resistance enables them
to produce a fine surface finish and & uniformly precise dimension when
taking long cuts. One outstanding characteristic of these tools 15 their
ability to produce excellent surface finishes on materials that are difficult
to finish by other means, such as aluminum, magnesium, copper, and
babbit, They are also used to finish brass, bronze, stainless steel, titanium,
and the precious metals—gold, silver, and platinum. The finish obtained
can be comparable or hetter than that obtained by grinding, fine honing,
or lapping.
Poly-Crystalline Diamonds. These cutting tools are made in the form of
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mserts from diamond powders that have been compacted and sintered
together. Another type consistz of a layer of poly-erystalline powders
supported on a cemented carbide base, They are more resistant to chipping
and can be resharpened by grinding, Otherwise, their properties and field
of application arcsimilar to single-crystal diamonds.

TCwhic Boron Nitride, The trade name of this material i2 Borozon, by
which it is better known, It 15 used as an abrasive in grinding wheels and
15 compacted to make edge-tvpe cutting tools in the form of inserts,
Borozon 15 very hard and can operate for long periods of time at a tem-
perature of 2000 F, 1t will cut the difficult-to-machine high temperature
alloys at a eutling speed that is four to six times faster than cemented
carbide tools. The temperature developed at the cutting edge 12 high
enough to produce a small ball of fire and to reduce the strength of the
work matenial, making i casier to eut, A water base eutting fhad should
be used to prevent the chips from welding onto the surface of the
workpiece,

Cast Nonferrous Alloys

Cast nonferrous alloys can be used for cutting at speeds about 20 to
50 per cent higher than high-speed steels, They are not as tough, but are
more wear resistant than high-speed steel. They cannot cut as fast as
cemented carbides and their application is limited. The composition of
these allovs is approximately 40 to 33 per cent cobalt, 30 to 33 per cent
chromium, and 14 to 22 per cent tungsten.

Single-Point Cutting Tool Nomenclature

The nomenclature of a single-point eutting tool 15 shown in Fig. 7-1.
Most cutting tools have two cutting edges; a side-cutting edge and end-
cutting edge (see View A, Fig 7-1). When doing ordinary turning the
cutting 1= done with the side-cutting edge. The nose 15 that portion of the
cutting edge which serves to connect the two cutting edges. 1t 15 a very
eritical part of the cutting edge becanse it produces the finished surface 1n
turning. The flank of the tool iz the surface on the side of the tool below
the cutting edges, It must be relieved mm order to permit the cutting edges
to penetrate into the metal being eut. If the Aanks below the side-cutting
edge, nose, and end-cutting edge were not relieved, the tool would rub
and could not penetrate into the workpiece. The face of the cutting tool
provides a surface over which the chip that is formed by the cut slides.
It alzo has a great influence in determining the angle of the shear plane
on which the grains of the metal are deformed in order to form the chip,
This will be described later in this chapter, The metal remaining in back
of the cutting edge 15 the shank. It supports the eutting edge and provides
a surface upon which the cutting tool can rest and be held.

The eutting tool in Fig. 7-1 15 & right-hand tool. A right-hand cutting
tool can be wentified by having the side-cutting edge on the left when
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viewed from the shank. A left-hand cutting tool hasthe side-cutting edge
on the right side when viewed from the shank. The tool shown 15 also
classified as a side-cutting-edge tool because it is provided with a side-
cutting edge and because it 15 intended that most of the cutting will be
done with the side-cutting edge. End-cutting-edge tools (see H, J, and K,
Fig, 7-14) are intended to cut exclusively with their end-cutting edges
and are made without a side-cutting edge.

When specifying a single-point cutting tool, it is necessary to specify
the width and height of the shank. In addition, it is necessary to specify
the radius of the nose and the six principal tool angles which are:
1. end relief angle; 2. side relief angle; 3. back rake angle; 4. side rake
angle; 5. end-cutting-edge angle; and 6 side-cutting-edge angle. These
angles are all shown in View B, Fig. 7-1.

Relief Angles

The =ide relief angle provides the relief for the side-cutting edge in
order to allow it to penetrate into the workpiece so that it can form the
chip. The end relief angle allows the end-cutting edge to penetrate into
the workpiece. The reliel angle below the nose is a blend of both the
end relief and the side relief angles. Usually, both relief angles are equal
although this is not always the case. The size of the relief angles has a
very pronounced effect on the performance of the cutting tool; if they
are too small they will cause a decided decrease in the tool life; if too
large, the support below the cutting edge will be weakened to the extent
that the cutting edge may break or chip. For average work, a reliel angle
of 10 degrees iz recommended. For high-speed-steel cutting tools the
relief angle should be in the range of 8 to 16 degrees. Harder materials
may require a smaller relief angle while softer materials are more sue-
cessfully cut when a larger reliel angle is used, The reliel angle for
cemented-carbide eutting tools should be in the range of 5 to 12 degrees.
Since carbides are harder and more brittle than high-speed steel, a better
support under the cutting edge is reguired.

Rake Angles

The slope of the face of the cutting tool is determined by the back-rake
and side-rake angles. The side-rake angle is measured perpendicular to
the side-cutting edge and the back-rake angle is measured parallel to
the side-cutting edge. The rake angles may be positive, as shown at B in
Fig. 7-1, or may be negative, as shown at C. Note that the positive rake
angles cause the face of the cutting tool to slant downward when moving
away from the cutting edges, and that negative rake angles cause this
surface to slant upward when moving away from the cutting edges
Positive side-rake angles are generally preferred because less cutting
force is required in order to take a given size cut as compared to a tool
with a negative zide-rake angle.

The cutting force required to take a given cut will inerease approxi-
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Fig. 7-1. The nomenclature of the zsingle-point gutting tool,
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mately one per cent per degree that the size of the positive rake angle is
decreazed, or that the size of the negative side-rake angle 1z increazed.
For example, if a tool with a S-degree, positive side-rake angle is re-
placed by one with a S-degree negative side-rake angle, the force required
to take the cut will be mereased approximately ten per cent. The back-
rake angle does not have as much effect on the cutting foree. The posi-
tive side-rake angle tool will generate less heat and will have a longer
tool life than the negative side-rake angle cutting tool. The side-rake
angle on most cutting tools should be made with as large a positive rake-
angle as possible, up to & certamn lmit, for if it 13 made too large, the
cutting edge will be weakened and will readily fail. The advantage of
having a negative side-rake angle, and a negative back-rake angle, 1s
that the cutting edpe 12 strengthened; thereby enabling 1t to withstand
maore severe cutting loads, This 12 an advantage when cutting very hard
and tough materals and when taking interrupted cuts. Negative rake
angles are often preferred on disposable or throw-away carbide cutting
tools (see Fig, 7-6) because reliefl angles do not have to be ground on the
inserts; also, the edges on both the top and the bottom of the inseris
ean be used as eutting edges. This provides twice as many eutting edges
as a comparable, positive rake eutting tool which has cutting edges avail-

Table 7-8. Recommended Rake Angles

High-Speed Steel {arhide
Manerial Hardness, 4--—— N
MIRLOrIR HE Back Wake| Bide Rake | Bock Wake| Side ake
Angle, deg. | Angle, deg| Angle, deg. | Angle, deg
Ploin Carbon Steel 1O e 2000 Ato 10 10 o 20 0t 5 Tio 15
20000 8 o SPHD StoT din 12 0io 5 a2 1o 8
A000 to 400 0 Lo 5 8 1o I =il dio b
A o SO | — 510D —5 to i -8 o 0 =Ffi o 0
Alloy Steel 100 e 2060 o to 10 0o 16 Ofto b S1io 15
2000 to S00 atoT a2 Oto b Hto B
E00 to dHE| Gto b Sto Il | =5tad Jto b
M) Ao 500 | — 5 1o =5 ta =G 1o 0] =f to 0
Aluminum
Som Heat-"T'reated 10 to 20 a0 to 35 Mo 15 15 1o 30
Heat Treated Gio 12 15 to 20 0io 5 Hio 16
Magnesinm St 10 101e 20 Metah 10 to 20
Stainless Steel
Ferritie 130 ta 190 ain T Hto 10 Oio & Gto T
Austenitic 190 10 190 S0 7 Btol2 Dtod fito7T
Mariensitie 140 4o 2200 Oio 5 Sto% =51ia 5 fiio 15
Ciray Cast-Iron 100 Lo 200 [ 5o 10 LR 0eo b fito 15
B o A0 Saa T 5 1o 10 0in 5 Sto T
300 b kD | =St 0 =& o O — i Lo [} =t (b
Malleable Tron
Ferritic 1100 to 16O S1o 16 12 1o 20 01 10 Tto 15
Pearlitic 160 1o 20600 Stoal 1o 12 toh Sl
2000 Lo 280 0toh =0 1o B —hto 5 e LU R
Brass-Free Cutling =5Stod 0o 10
Brass
Hed, Yellow, Maval,
Mangnnese Bronze,
Nickel Silver =5 toh =5 1o 5 w5 to i =5 to b
Hard Phoaphor Bronze —htal —filo 3 =5 w0 =hnh
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able on only one face of the insert. The rake angles recommended for
cutting different work materials are given in Table 7-8.

End-Cutting-Edge Angle

The end-cutting-edge angle 15 the amount that the end-cutting edge
slopes away from the nose of the tool, so that 1t will clear the finished
surface on the workpiece, when cutting with the side-cutting edge, The
size of this angle 15 very important, particularly when cutting materials
that tend to form a large crater on the face of the tool. This crater will
then tend to enlarge toward the end-cutting edge where 1t will eventually
break through and cause the tool to faill. This is shown at b, Fig, 7-24.
When severe cratering oceurs, the size of the end-cutting edge should be
limited to 8 to 15 degrees; otherwise, it can be made as large as 45 degrees
without an adverse effect on the performance of the tool.

Side-Cutting Edge and Lead Angles

Since the chip will flow approximately perpendicular to the side-cutting
edge, the side-cutting-edge angle, thereby, influences the direction of the
chip flow. It also affects the thickness of the chip and the direetion of the
longituding] component of the cutting foree, These, however, are more
affected by the lead angle. An understanding of the relationship of the
lead angle to the side-cutting-edge angle 15 neceszary in order to under-
stand how single-point eutting tools perform.

The lead angle is defined as the angle at which the side-cutting edge
15 positioned, with respect to a plane that is perpendicular to the axis of
the workpiece, (See Fig 7-2)) When the cutting tool 1z positioned per-
pendicular to the workpiece, the lead angle 15 equal to the side-cutting-
edge angle as shown at B. In Fig. 7-3, the tool at A, has a zero degree
lead angle and the tool at B, has a larger lead angle. The feed, or distance
that the cutting tool advances per revelution, and the depth of cut are

LEAD ANGLE ECUAL
LEAD ANGLE; 1O SIDE-CUTTING
ANGLE
SIDE-CUTTING: f—4 m
EDGE ANGLE  —— | n—

.1'. ﬁ'n
—

.
L~ A "E'"
Fig. 7-2, Definition of the lead angle,
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squal, in both eases. The chip thickness i3 measured perpendicular to the
ide-cutting edge of the tool. At A, the chip thickness 1= equal to the
wed; while at B, the chip thickness 15 less than the feed. In each case
he same amount of metal 15 removed—in the form of a chip—for each
sevolution of the work; however, the chip at B, is longer and thinner.
Thus, the effect of the lead angles is to produce a longer and thinner chip,
which can be considered the equivalent of increasing the depth of cut
and decreasing the feed rate. A study of the effect of feed on the cutting
speed, 1n Table 7-6, will show that the thinner chip, or lower feed rate,
will permit the cutting speed to be increased; or, if the cutting speed
rernains the same, the feed can be increased. In either case, an inerease in
the lead angle can bring about an increase in the production rate that ecan
be attained. The effect of the depth of cut 1= relatively small, and can usu-
ally be ignored.

There 15, however, an adverse effect cavsed by a large lead angle. This
15 shown in Fig. 7-4. A foree is required to feed the cutting tool into the
workpiece ; this foree 1s called the “longitudinal” foree. It is perpendicular
to the side-cutting edge. Although shown in Fig. 7-4, as reacting against
the work, 1t reacts with an equal magnitude against the cutting tool. At
A, this force is parallel to the axis of the workpiece and there 15 very
little tendeney to cause 1t to bend the work. At B, this foree 1= directed
s0 that it will cross the workpiece axis which will cause the workpiece to
bend away from the tool. The elasticity in the workpiece material will
cause 1t to spring back into its original position. When this cyele is re-
peated at certain frequencies a very noticeable vibration, called chatter,
will set . Chatter impairs the surface finish on the work and causes a
rapid breakdown of the eutting edge as well, In all instanees it must be
eliminated. It can be eaused by mony factors, such as: loose headstock-
spindle bearings, a loose fit on the eross slide, too much overhang of the
cutting tool, or a very dull cutting tool. However, the most frequent cause
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Fig. T=4. The direction of the reaction of the longitudinal cutting force is perpendicular
to the side-cutting edge. An equal and opposite force that iz not shown reacts against
the cutting edge,

15 a lead angle that is too large; especially when turning a long and
slender workpiece, The first step to take is to examine the lead angle
used and to reduce it if it is too large. In & great number of instances,
this will eliminate the chatter completely. When boring with a cutting
tool having a large lead angle, the reaction” of the longitudinal force
against the cutting edge will deflect the boring bar, thus causing chatter
or some difficulty in boring the hole to a desired dimension. For this
reason the lead angle on boring tools should be kept small. When boring
either very deep or small diameter holes, it 1s best to use a zero degres
lead angle.

Mose Radius

The nose 1s an extension of the cutting edges. Its point must be formed
into a radius in order to prevent the formation of a sharp threadlike
groove on the surface of the work. When taking a cut, the chip thick-
ness of the nose 15 equal to the chip thickness of the side-cutting edge
at the point where they join. At the point where the nose is tangent to
the workpiece, the chip thickness becomes zero in magnitude. Thus, the
chip becomes increasingly thinner as the point of tangency between the
nose and the work 1 approached. If the nose radius is large, there will
be a large area where a very thin chip 12 formed. When this occurs the
cutting edge may fail to penetrate the work in this region, thus causing
it to rub. This is very apt to oceur if the cutting edge 13 dull. Should the
cutting edge fail to penetrate the work, chatter may be et up or the tool
will get dull rapidly, in this region. Thus, we have another cause of chat-
ter, a nose radius that 1s too large. Hence, reducing the size of the nose
radius will reduce the tendency to chatter. When finish turning, the nose
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radius must be made large enough to prevent any formation of thread-
like grooves that have the form of the nose. If the size of the nose radius
cannot be increased, the feed must be reduced to obtain a good surface
finish. The size of the nose radius is then dependent upon the feed rate,
the surface finish required on the work, and the requirement to prevent
the oecurrence of chatter, It should be pointed out that the life of the
cutting tool can be adverscly affected by a nose radius that is either
too large or too small. For average conditions when turning, a nose radius
of ¥, to 34 inch 18 recommended, although larger nose radn can some-
times be used successfully,

Tool Holders

In most cases the cutting tool 15 clamped in a tool holder; however,
single-point cutting tools are sometimes elamped directly on the machine.
The tool holder 15 made from a less expensive steel than the cutting
tool It is heat treated to increase its strength and to resist the penetra-
tion of the screws which clamp it in place. Although there is & great vari-
ety of tool holders, only representative examplez of commonly used de-
signs are 1llustrated here, One common but very effective tool holder for
holding high-speed-steel tool bits, is shown in A, Fig. 7-5. Cemented
carbide tips are sometimes brazed on steel shanks as in B, Fig. 7-5.

Most cemented carbide cutting tools are in the form of indexable
mserts, which are also called disposable inserts and throw-away inserts.
They arc held in pockets machined in the tool holders which nest
the insert. Three typical indexable insert tool holders are shown in Fig.
7-6i. Each imacrt has several cutting edges. After a cutting edge has
become dull, the insert 18 indexed to bring another cutting edge into the
position on the tool holder where it can eut. When all the cutting cdges
are uzed up, the inszert 15 replaced. There are positive rake and nepgative
rake tool holders and inserts. A positive rake tool holder 12 shown at A,
Fig. 7-7. The positive rake insert must be provided with a reliefl angle

Fig. 7-5. A. {Lefi) Toolholder for high-speed sieel tool bits. B, (Righl} A cemented-
eatbide cutting tool with a brazed-on ingert,
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Conrdfeay of Carboloy Spstems Dept.- General Electrie Co.

Fig. 74, Three typical indexable insert 1oolholders.

on the Aank. For this reason only the edges on the top face of the insert
can be used as cutting cdges. The relief angle on the negative rake nzert,
shown at B, Fig. 7-7, is provided by the inclination at which the insert
is held on the tool holder, Held in this position, the Aanks of the insert
can be perpendicular with both faces and all of the edges on both faces
¢an be used as cutting edges, Thercfore, negative rake inserts have twice
as many cutting ecdges as comparable positive rake inserts. Another
advantage of negative rake inserts is that they are stronger than positive
rake inserts and more able to withstand shoek loads, sueh as encountered
when taking interrupted cuts. The advantage of positive rake mserts s
that when eutting, the cutting force is significantly less. When the cutting
force must be kept as low as possible, as when cutting thin material
sections, a positive rake insert should be used. Positive-negative rake
inserts, view C, Fig. 7-7, are held on negative rake tool holder but have
an effective positive rake angle, prl;:l'l.'iljefl L'-:.-' 4 groove on the face of the
insert. As shown in Fig. 7-8, the groove also acts as & chip breaker.
Duetile materials produce an unbroken continuous chip. This chip will
move off from the tool very rapidly when cutting at a high speed with
cemented carbides, thereby ercating a hazard to the machine operator, To
eliminate this hazard, the chips must be broken into small segments by
providing & chip breaker on the tool.
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Courtesy of the Volenite Diwision of ¢the Valerom Corp

Fig. 7-8. Positive/ Negative rake inger! shown cotting duetile material (steeld. Groove
on face provides positive rake angle and acis as chipbreaker.

The methods of elumping the inserts on the tool holder are shown in
Fig. 7-% The insert 1= always placed on a ecmented earbide zeat which
rests on the bottom of the tool holder and provides a firm flat bearing
surface for the mmsert. A pin, pin-type cam, or a screw holds the seat
in place on the holder. In Fig. 7-9A the inzert iz clamped by a top elamp.
When cutting ductile materials, & plate-type chip breaker 12 elamped on
top of the insert. The 1nsert at B has & chip breaker groove on the face
and, thercfore, does not require & separate plate-type chip breaker. It s
clamped to the tool holder by & pin-type cam which fits into the hole
provided in the ingert. By turning the pin-type cam with an Allen wrench,
the insert is elamped firmly to the scat and against the sides of the pocket.
Other pin-type elamping arrangements are also used. The tool holder in
Fig. 7-9 can be adapted to elamp the inscrt by both methods, At A it is
uscd as a top elamp-type tool holder, At B it is & pin-type tool holder, and
at C both methods are used simultaneously.
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Fig. 7-0. Methods of elamping indoxable inseeis on toolbholder, A Top clamp: B Pip-
tvpe clamp; C. Usang top clamp and pin-type clamp simaltancousiy.

Indexable inserts used to cut serew threads and shallow grooves are
usually mounted on the side of the tool holder, as shown in Fig, 7-10. A
teol used for cut-off and for deep grooving operations is shown in Fig.
7-11. Any of four different heads holding an equal number of different
eemented carbide cut-off and deep grooving inserts can be mounted on a
single shank. A group of typical boring bars used to hold cemented
carbide indexable inserts are shown in Fig. 7-12. Two typical boring bars
for holding high-speed stecl tool bits are shown in Fig, 7-13.

Tool Shapes

Many different tool shapes have been suecessfully used for turning
operations but only a few of the basic shapes can be shown here, Regard-
less of the shape of the single-point tool, it must have the optimum tool
angles that will allow it to penetrate the metal and cut efficiently. This
section will deal only with the shape of the tool, sinee the tool angles
have been deseribed in a previous section.

High-speed steel single point cutting tools are usually ground to shape
from solid blanks called tool bits. The basie high-specd steel cutting tool
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e

Fourtesy of Corhodey Swstema Mepe.- Geomeral Biertrie O

Fig. 7-10. Toolholder wnd inserts for thread cutting and for culfing shallow grooves.
Tnsert is clumped on side of toolholder

Cowrtesy of Corboloyp Systems Depl. -Gemeral Mlerfric Co.

Fig, V=11, Iheep grooviong and cut=off ool showing the cemenled=carbide mserts and
the four styles of hieads that may be assembleld on g single shank.,
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Tenprtdgiy o f Cortofoy Systems Depl.- (remeral Electrie Co.

Fig. 7-12, Tvpical cemented-carbide, indoxable insort horing bars.

shapes and how they are applied ae shown in Fig 7-14 and are deseribed
below:

A. Twrning Tool. This i a basie high-speed stecl single point cutting
tool shape; it is a right-hand turning tool used for both rough and
fimish turning operations, The swle cutfing odge angle 15 zero
flegrecs providing a zero degree leard angle when the tool 18 posi-
tioned as shown, It is often used to turn a eylindrical surface and
to form a square shoulder at the end of the cut.

B. The Lead Angle Twrming Tool. The lead angle (side cutting edge
angle) turning tool is one of the most {requently used zsingle point
cutting tools for roughing and for finishing opcrations. It may be
positioned at an angle, as shown at C, to form a square shoulder at
the cnd of a turning cut.
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Courfesy of Armatromg Brothers Pool Company

Fig, T-13. Boring barz for high=spead s1ecl toal hits,

C. Turming Tool with Chip Control. This tool 15 used to turn ductile
materials, which form continuous ehips that sometimes have a
tendencey to snarl. The ehip control groove will curl the chip
and cause it to [low away from the woerkpiece, There are several
variations of this tool, one of which does not have the small flat on
the face of the cutting edge. However, the fat 12 frequently used
as it strengthens the cutting edge and tends to inereasce the tool
life. It should be approximately 016 to 047 inch (040 to 1.2 mum)
wide, The width of the fat and sizgze of the Eroove t|r;u:'nd on the
material being eut and the feed rate used.

D. Kound Nose Turring Tool. The round nose turming tool 18 uscd
extensively when turning large diameter workpicces; however, it
can be used equally effcetively on smaller diameter workpileces.
The curved side eutting edge 15, in effect, a large lead angle allow-
ing & heavy feed rate to be used, while the large nose radius pro-
duces a very good surface finish on the workpicee. It 12 used for
both heavy rough turning euts and for light finish turning cuts.

K. Turn and Facrmg Tool This 15 merely a variation of the appli-
cation of the turming tool at A, although for this purpose the tool s
often provided with n shghtly larger ond cutting edge angle.
Positioned as shown, it i3 used to turn a evlindrical surface up to a
gshoulder. When against the shoulder it 12 fed outward away from
the workpicee center to take a facing cut—called back facing—
i order to eut the shoulder perfeetly square, 1 necessary, a facing
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Fig. T=14. Typical tool shapes ground on high=speed tool hits and how they are wsed.
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eut can also be taken by feading the tool inward toward the ecnter
of the work picec,

Form Toal, Forn tools are used to turn a contourcd shape on the
workpieee, such as the radis in the illustration.

End Facing Toal. This tool 15 used to face the cnd of the workpiece
while it 15 mounted on a tailstoek conter (see also Fig, 8-19].

Facimg Tool. The facing tool hown 1= used to take heavy facing
euts requiring o large amount of stock removal. [t has a “hook”
ground on its face to provide a rake angle to the end cutting edge.
Sometimes it is provided with g narrow flat on the cutting edge,
imilar to the flat on the tool shown at C. The side flank adjacent
to the shoulder has a 5- to 8-degree relief angle.

Facing Tool. Actually this 1s a left-hand turning tool which when
used ax shown 12 zometimes called a facing tool. It 15 used to take
heavy or light facing cuts. Having a nosc radius it will usually
produce o better surface finizsh than the tool at H.

frroowng or Necking Tool, The end cutting edge is the primary
cutting cdge of thi= tool; the sules have a shght back clearance
angle to prevent their rubbing apamst the swles of the proove.
Wide grooves are eut by taking several plunge euts into the work-
mece. The groove 1= then finished by faking light finighing cuts
on the eylindrical surface using the carriage feed and on the sides
using the cross shde feed, Narrow grooves are cut by a single
phunge into the workpicee, with the width of the tool being made
eual to the width of the groovein the workpicee.

Cuf-Off Toel Cut-oft tools, also called parting tools, are used to
cut off the cuds of stoek v a lathe, Usually the portion that is et
off i= a partially or completely finished workplece,

Roring Tool, Boring tools arc used to enlarge holes, There are
many different styles of boring tools of which the tool 1llustrated is
(I3 TN l:“.“;:’.l.f!'l!ll.l_‘. '-rllrl'l_" rl.':'u res L':lF [.l:]t_":;'ul:“ 1_':]1}]:1 ][Ill_lﬁt tl':" {'ﬂn'fl.l”}' con-
trolled; 1. the cnd rebef angle st be large enough to provide an
adequate clearance with reapeet to the wall of the hole; 2. the nose
radiug should be as small as possible; and, 3, the lead angle should
II'E !';if!l'll].”.:I J']H'rl"l':'.l.'hl]:'f' zTero ri[‘_ﬂ]’l'lﬁ" jl:lr !‘i[]Iﬂ" li]:'.l.lllli"“']' Ill::lri.llg |:J=1|'5.
The nose radius and the lead angle tend to defleet the boring bar
away from the wall of the hole. They should, therefore, be kept
as small as ]ZII::]:iEfIhIl',

Figure 7-153 illustrates a group of typical cemented carbide nudexable
msert cutting tools and how they are apphed. When selectimg negative
rake indexable ingert eutting tools it 18 necessary to know where the re-
hel angles are loeated sinee the tool can only eut with an edpe that has a
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Fig. 7-15. Ty pieal fool shapes and appliestions {or econented-carbide, indexable-inscrt
cutling teolz Enciecled Jetters are the standard toolhalder designations,
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reliefl angle. The relief angle on these inserts is provided by holding them
at a compound angle on the tool holder, There will always be one or two
edges of the insert that have a negative relief angle. Usually these edges
are positioned on the body of the tool holder, but not alwavs. The arrows
on the illustrations show the direction in which negative rake tools will
cut, Sinee the relief angles are ground or formed on positive rake inserts,
they are not a eause of concern if the tool holder is correctly made, Stan-
dard indexable msert tool holders are designated by & letter symbol that
12 specified by an American National Standard (ANSI BO4.26-1969).
The ANSI designation of the tool holders shown iIn Fig. 7-15 are given
by the letter enclosed within the cirele, Each tool in Fig. 7-15 will be
deseribed below on the basis of the operations they are performing:

A, Turning. The G style tool holder illustrated has an offzet to allow
the trniangular msert to cut close to chuck jaws or to a large
zhoulder. An A stvle tool holder 12 2imilar but does not have the
offzet. These tool holders have a zero degree lead angle and can
be used to form a square shoulder following & turning operation,

B. Twrning. The B stvle tool holder provides a 15-degree lead angle
and allows a square insert to be used, which has more cutting
eages available than the triangular insert,

. Turntng, The D style tool holder provides a 45-degree lead angle
which allows a heavier feed rate to be used,

D). Twrn and Back Face. This operation iz used to produee shoulders
that are precise with respect to squareness and location. The J
atyle tool holder positions the insert to have a negative lead angle;
Le, 1t will eut with the nose leading. The procedure uszed 2 to turn
the eylindrical surface to the shoulder, and then to backface the
shoulder, 11 necessary, this tool can also be used to take a light
facing cut by feeding inward toward the center of the workmece.

K. Tuwrn and Backface. In all respects the operation of this tool 1s
wlentical to the tool shown at D, The mnsert 1= diamond shaped
having an acute angle of 80 degrees. When held on the L style tool
holder 1t has only two cutting edges per face available. However,
this holder holds the insert very firmly and allows a heavier turn-
ing eut to be taken than iz usually possible with the tool at D,
The size of the backfacing cut 12 dependent primarily on the nega-
tive lead angle, although on tough materials the L style holder
will hold the insert more firmly when backlacing,

F. Twrn and Facing. Round inserts provide more usable cutting edge,
or indexes, per face before they are used up than the other insert
shapes. Furthermore, the large radius produces a good surface
finish, When used on the G style tool halder, the round inserts can
be used to take medium and hght turning and {acing cuts,
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(3. Facing. The F style tool holder and the triangular insert are used
to take light and heavy facing euts,

H. Facing. The K style tool holder utilizes a square insert to take
light and heavy facing cuts.

1. Centour Twrndng. The diamond insert shown 15 specifically de-
signed for contour turning, although other inserts are also used
for this purpose depending on the shape of the econtour, There are
two types of diamond inserts designed for this purpose: one has a
Ah-degree acute angle while the other has a 55-degree acute angle.
A T style tool holder is shown; other style tool holders are avail-
able which hold the inzert in a different position.

J. Cut-0ff and Grooving., Cut-off and grooving tool helders do not
have an ANSI designation, Many different designs of carbide
ent-off and grooving tools are available {see Figs. 7-10 and 7-11).

K. Boring. A large selection of indexable insert boring (Fig. 7-12)
bars are available, When the lead angle 15 zero degrees a triangu-
lar insert 1s used, as shown.

I.. Boring. Boring bars having a lead angle ean utilize square inserts.
The lead angle should be kept small on smaller diameter bars,

Some very useful single point tool shapes are shown in Fig. 7-16. The
tool at A, is a combination “rough and finish” turning tool. A small flat
15 ground on the end-cutting edge, which is used to take a very light
finishing or seraping cut, while the side-cutting edge 15 used to take a
heavier cut, The width of the flat should be from %4 to 34 inch, The
side rake angle of this tool must be zero degrees. It may be given a
positive back rake angle up to 10 degrees. A similar tool, having a 45-
degree, side-cutting-edge angle 1s shown at B. Either tool can be made
from high-speed steel or from cemented carbide, The flat of each of these
tools can be used to take a light finishing eut when desired, although,
primarily, they are designed to take combined roughing and finishing cuts,

A broad nose finishing tool 15 shown at C, Fig. 7-16. When properly
ground, honed, and apphéd 1t will produce an excellent surface finish,
The high-speed steel, broad-nose tool has a deep hook ground on the
face, which, in effect, gives it a very large rake angle. A small radius 1=
ground or honed at each end of the eutting edge. The eutting edge should
be honed to a sharp edge and a fine finish. Cemented carbide broad-nose
tools should have a back rake angle from —6 to +15 degrees, depending
on the hardness of the material being eut. The tool must be positioned
with the end-cutting edge parallel to the work, as shown in the illustra-
tion, in order to contact the evlindrical work surface along the tool's
entire length. It 1s used with & very light depth of cut which varies from
approximately 001 to 005 inch. The recommended feed rate 15 015 to
750 inch per revolution. Sometimes, even heavier feeds are used. The
lighter feeds generally result in & better surface finish, while the heavier
feeds result in higher production rates, The cutting speed used with broad-



198 SINGLE-POINT CUTTING TOOLS AND PERFORMANCE Ch. 7

T.GIE-.GEHI:I RAD

' E'x h
\
T " ..fl
I e K -
| PRAT o
LAt ﬂ“‘*é’”" or
FLATS |- — '
- LA o FLAT

EMD WIEW
= 005-0I5AAD : .
203~ 0ISRAD 1 L
| r/’ 2N
| { [ i |
AN BRI Gl A
ZAN | SN

! J M
c ] | 1 »
HOME HR5 CLTTING H'S"S' CEMENTED
FDGE AS SHOWN CARBIDE

Fig, 7-16. A, Combination rough- and fimish-turning tool. B. Combinatinon rough=
and finish-turning tool with lead apgle. . Broadoose fimshing tool,

nose tools should generally be lower than recommended for turning tools,
The high feed rates possible with this tool cause it to traverse the length
of the turned surface mueh more rapidly than the turning tools; there-
fore, there is less wear on the cutting edpe which results in greater ac-
curacy when turning long, eylindrical surfaces, The short cutting time,
and the greater accuracy obtained, make the broad-nose tool very useful
when turning long, eylindrical or tapered surfaces.

Grinding Single-Point Cutting Tools

Single-point cutting tools are generally ground by hand on pedestal
or beneh type grinders. Some of these are specifically designed to grind
single-point cutting tools and have a table on which the tools can be
placed while they are held against the grinding wheel by hand, The grind-
ing wheel used on these machines 15 designed for grinding on the side
of the wheel in order to produce a true plane surface on the workpieee.
The table can be set at an angle, with respect to the side of the wheel,
thereby enabling the desired angle to be ground on the tool, Provisions
are usually made to have a flow of coolant available in order to prevent
the tool from overheating while grinding. Most single-point, cemented-
carbide eutting tools are ground on this type of grinder using a diamond-
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impregnated grinding wheel. High-speed-atee]l cutting tools can also be
ground on these machines using an aluminum oxide grinding wheel.

Most high-speed-steel cutting tools, however, are ground on a simple
pedestal or beneh grinder. The tool bit is held by hand against the periph-
eral face of the wheel, at the angle required. This method is called off-
hand grinding and it requires a considerable amount of skill. This skill
can be acquired by analyzing what 1s to be accomplished and by
practice.

A grinding wheel suitable for grinding high-speed steel should be
mounted on the pedestal grinder. For this type of grinding a typical wheel
apecification 18 A-36-00-5-V for rough grinding, and A-60-M-5-¥ for
finish grinding. {See Chapter 14, Volume 2, for the meaning of grinding-
wheel specifications.) The grinding wheel should be dressed so that it is
straight and that it runs true. Oceasionally, 1t must be redressed in order
to keep it sharp and true. A dull grinding wheel will cut more slowly and
can cause the tool to become overheated. It 152 desirable to use a grinder
equipped to supply a flow of coolant over the face of the wheel Ii a
coolant is not available on the grinder, the tool should be dipped in water,
occasionally, to cool it, Tt should never be allowed to overheat to the ex-
tent of becoming discolored as this can cause metallurgical damage which
will reduce the life of the tool. The most effective way of preventing the
tool from bBecoming overheated s to control the pressure used to hold the
tool against the face of the grinding wheel. A very heavy prossure can
cause the tool to overheat even if a coolant i& used on the machine and
the grinding wheel 15 sharp,

A general-purpose, high-speed steel turning tool is shown in Fig. 7-17.
Starting with a high-speed steel tool bit, the procedure for grinding this
tool 15 shown in Fig 7-18, When grinding, the teol bit should be held with
the eutting edge facing upward so that it can be scen, Held in this man-
ner, the grinding wheel will “run on™ to the eutting edge instead of run-
ning off from i, This prevents the possibility of chipping and reduces
the tendeney to formn a fine almost microscopie feather on the cutting
cdge. All of the angles on the tool should first he rough ground almost
up to the cutting edges; then the angles are finish ground and the cutting
edges sharpenel. The nose radius s ground last. It 1s ground by holding
the tool at the correct angle with a light pressure and then swinging the
tovol hit slowly back aoul forth between the side and end Aanks,

Chip Formation

The three basic types of chips formed 1n metal cutting are the con-
tinuous chip, the discontinuous chip, and the segmental chip, Fig. 7-19.
When the cutting tool first makes contact with the metal, it compresses
the metal ahead of the cutting edge. As the tool advances, the metal
ahead of the cutting edge is stressed to the point where it will shear
internally, causing the grains of the metal to deform and to flow plasti-
cally along a plane called the shear plane, or roughly perpendicular to the
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Fig 7-17. General-purpose, high-spoed steel turming tool. The sequence of grinding
thiz tool 15 shown in Fig. 7=18,

face of the tool.® When the tvpe of metal that is being cut is ductile, such
as steel, the chip will come off in a continuous ribbon, as at A, Fig. 7-19.
The internal shearing action of this type of chip, called a continuous chip,
causes plastic flow but it does not cause the metal to separate, or fracture;
the chip escapes by flowing over the face of the tool, The movement of the
chip over the tool face, under high pressure, does further work to that por-
tion of the chip in contact with the face. This surface, located on the un-
derside of the chip, is work hardened and will have a shiny appearance.

If the metal being cut is brittle, such as gray cast-iron, the stresses on
the shear plane will eventually, cause the metal to fracture because it is
unable to flow plastically as can & more ductile material. This causes the
chip to break up into particles as shown at B, Fig. 7-19. Such a chip is
called & discontinuous chip, The formation of a discontinuous chip 15
illustrated in Fig, 7-20.

A segmental chip is frequently encountered when machining ductile
materials. It is shown at C, Fig. 7-19. When a heavy feed 15 used, the
stresses on the shear plane cause the metal in this plane to eventually
fracture internally. This may be further abetted either by low frequency
and high amplitude vibrations of the cutting tool or the work, or both.
The internal fractures will spread to the outside surfaces; however, they
are also quickly welded together again by the action of the pressures
exizting in this region. The result is a continuousz chip that has a file-

* The shear plane 13 oot & true plane inasmuch as it usually is shghtly curved, Fur-
thermore, it iz nol & surface, bul & region within the meta! along which internal
shear occurs.
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= Fig. 7=18, Sequence for grisniling general=purpose turning tool. (Upper left) Top view

of simuliancously grinding 1he end cutting edee and end reliel angle. {(Upper nght)

Side view of same operation. (Center left) Top view of simulianeously grinding side-

rilief :-.I:||:_11_'- anil side el ﬁ!u;_x 1"-:];:1" ."|!|t|.:|-:_" {0%), (Cepter ':il.:l:ll}l Bide view of swme Qfer=

ation. {Lower left) Suonvltmeously grinding the side-rake and  back-rake angles.
[Lower right) Grinding the nosoe suliug,

*The vicws in Fig. 7-18 were obteined through the kind cooperation of Mr. Harold I
Manning, Chairman, Industrial Aris Depi, and Mr. Paul Vogel, student, st the
James E, Sporey Senior High Schiool, Henretta, MY
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Courfeey of Cincinmall Milacron

Fig. 7-19. A {Upper left) Continuous chip. B {UUpper right} Discontinuous chip.
C (Lower left) Segmental chip. D) {(Lower right) Continuous ehip with buailt-up
BURP,

tooth appearance on one side. The side of the chip that passes over the
tool face 12 more completely welded together, and i burnizhed by the
face s0 that i has a smooth appearance. The degree and depth of the
segmentation of a chip ean vary greatly beeause of the feed, the eutting
speed, and the nature of the metal being cut.

Another phenomenon associated with the formation of the chip is the
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Cosrfedy of Cincinnaly Milacron

Fig. 7=200 The formation of a digeontinuous ehip, (Left) Cutting tool with large
rake angle. {Right) Cutting tool with small rake angle.

built up cdge shown at D, Fig. 7-19. This generally oceurs when cutting
ductile mnaterialz at relatively low (approximately, 150 to 200 fpm, or
less) entting speeds. The built-up edge 15 a bighly work-hardened layer
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of the work material that has been welded onto the cutting edge. It starts
out az a small layer that gradually builds up 1n s1ze by having more work
material continuously added to it by pressure welding. Eventually, the
built-up edge enlarges to the point where it becomes unstable and it
breaks off. When this happens, it may pass off with the chip or it may
wedge between the work and the cutting edge to score the work surface.
It can also pluck out small particles of the cutting tool matenal as it
breaks off, resulting in a deterioration, or wear, of the cutting edge. When
the built-up edge has broken off, & new built-up edge starts to form and
this evele 15 repeated, In some ecases, the size of the bullt-up edge be-
comes quite large and protrudes bevond the cutting edge to score the
surface of the work while it 1= still attached to the toal

The effect of the bmlt-up edge 158 to canse the machined surface of the
work to be rough, The built-up edge iz the principal cause of surface
roughness on the machined surface. Tfforts to achieve a good surface
finizh should be directed toward eliminating the formation of the built-up
edge. It will wot form when the cutting speed exceeds a certain eritical
rate which can be easily reached with cemented-carbide cutting tools.
When these tools are operated above this speed, an excellent surface
finish is obtained without difficulty. As high-speed steel must usually
operate below this cutting speed, 1n order Lo obtain a good surface finish,
a cutting fluid is used with high-specd steel tools, to reduce or to eliminate
the built-up edge. Using a large rake angle, a light feed rate, and having
# amooth surface finish on the cutting edge will also help. Sinee the for-
mation of the built-up edpge requircs a metallurgical interaction between
the work material and the cutting tool material, using a cutting tool ma-
terial that does not react with the work material will alko reduce or
eliminate the built-up edge. Industrial diamonds fall into this eategory;
they will produce excellent surface finishes; however, their use is re-
gtricted to very light finizshing cuts,

Chip Control

Chip control 15 not a problem when cutting metals that form a diseon-
tinuous chap. It 12 only troublesome when machining metals that form a
continuous or a segmental chip with high-speed-steel cutting tools. Chip
control, on the other hand, 15 essential when forming continuous or seg-
mental chipz with cemented-carbide cutting tools, The high cutting speeds
used cause such a rapid formation of the clip that both the machine
operator and the equipment are endangered.

The action of a plate type chip breaker 15 shown in Fig. 7-21. The

plate deflects the chip, causing 1t to curl, and to strike against the flank
of the tool holder or the chip breaker. When the chip strikes the tool

holder it breaks off into short lengths which are curled and have an ap-
pearance like a fgure 9, The size of the broken off chips depends on the
feed rate and the design of the ehip breaker. Chip breakers may be ground
into high speed steel and into cemented-carbide tools to cause the chip
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Courteay o Kemnametol Inc.

Fig 7-21.

to curl and break off as described. The three basic types of chip breakers
are shown in Fig. 7-22. Many cemented carbide inserts for turning ductile
materials that form a continuous chip have pressed-in chip breakers or a
chip control geometry that i formed i the insert when it 13 made. A chip
breaker plate is not used with these inserts,

Tool Wear

All metal eutting tools begin to wear at the instant they start to cut.
Tool wear 12 unavoidable. However, the rate of tool wear must be kept
within acceptable limits to obtain a reasonable tool life. Fundamentally,
tool wear is caused by some very complex mechanical, chemical, and
metallurgieal interactions between the cutting tool material and the work
material. The visible manifestation of these interactions provides useful
information in improving the performance of the cutting tool. They will
now be deseribed,

Flank Wear. Thiz type of tool wear pattern 158 normal and will always
occur. It cannot be avoided, but the rate at which 1t progresses must be
controlled to obtain a reazonable tool life. Flank wear ig illustrated in
Fig. 7-24A. The worn surface on the flank just below the cutting edge 1=
called the flank wear land. It 12 a very uniform band that can readily be
seen with a low powered magniiying glass or magnifying mirror. The
width of the wear land can be measured with a low powered toolmakers
microscope, and the progress of the wear as the tool cuts can be shown
on & graph, as i Fig. 7-23. When a new tool starts to cut it will wear very
rapidly during the first minute or two of 1ts operation; this is called the
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Fig, 7-22, Bazic types of chip breakers: o Parallel, b, Angular, ¢ Groove type.

initial or break-in flank wear. While the rate of wear during this period
i3 rapid, under normal operating conditions, the amount of wear is not
usually great. After the break-in wear has occurred, there is a long
period of time during which the rate of wear 15 very unilorm; be, the
width of the wear land increases at & uniform rate. The rate at which the
wear land inereazes is primarily affected by the cutting speed, then on the
feed rate, and least of all on the depth of cut. As the tool euts, the wear
land rubs apainst the work material and the resulting friction ercates
heat. When the wear land 1s small, the heat generated by the rubbing
action is much less than the heat generated in forming the chip; however,
when the wear land reaches a certain width I::'Lppr[]x'lnpﬂ.l,uh.' O35 1o 050
in, or 0.89 to 127 mm}. the heat generated by the flank wear land in-
creases rather rapidly causing the flank wear rate to also inercase rapidly.
Then the combined effect of the heat generated by the flank wear land
and by the formation of the ehip eauses the temperature of the cutting
edge to rise to the point where the tool material becomes soft and unable
to cut. At this point & catastrophic faillure of the cutting edge oceurs.
Before eatnstrophie failure oceurs, the rubbing action of the wide wear
land will burnish the workpiece, giving it a shiny appearanee.

The eutting tool should be replaced or resharpencd before eatastrophic
fallure takes place. Experienee has shown that this should be done when
the width of the wear land reaches 010 to 020 in. (0.25 to 0.50 mm) for
finishing cuts, 030 in. (0,96 mm) for most medium and heavy roughing
cuts, and 040 in. (1.02 mm) for extremely heavy roughing cuts, such as
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Fig. 7-23 Typical graph showing how the Tank of o metal eutfing tool wearsz, Higher

entting speeds cause fank wear rate {o increase; slower cotting speeds reduce flank

woar b, Insert shows initial, or break-in, wear ocourning during frst minule or fwo
of cutting time,

encountered when turning stecl mill rolls. The length of time that the
tool will eut before reaching the preseribed amount of flank wear defines
its tool life. Therefore, decreasing the rate of flank wear will inerease the
tool life, as shown in Fig, 7-23. Flank wear rate and tool life depend on
the combined effeet of the work material, the work material hardness
and heat treatment, the cutting tool material, the eutting speed, feed,
and depth of cut. For a given combination of work material and tool
material, the most effeetive way to inerease the tool life 15 to decreasze
the cutting spred. Next in effectivencss iz to reduce the feed rate and
least effective 1= to reduce the depth of cut. A coolant-type cutting fluild
will usually reduce the flank wear rate and increasce the tool life. The flank
wedr rate 18 very sensitive to the grade of comented carbide used i the
cutting tool; tool life can be increased sipnificantly by selecting the best
grade of carbide for the particular application,

Budt-1'p Edge. The built-up edge (Fig. 7-24B) is the principal eause of
roughness on the machined surface. It also damages the cutting edge and
contributes to tool wear, How the built-up edge forms, grows, and breaks
off has been deseribed in this chapter under “Chip Formation™ and will
not be repeated here, Very often, when the built-up edge 15 broken off, it
will pluck out a piece of the cutting edge to which 1t has been welded,
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Fig. 7-24, Types of 1ool wear,

thereby forming a notch on the flank that may extend below the flank
wear line giving it a jagped appcarance. The voids thus created are
quickly filled with work material which is welded to the tool matcerial
and work hardened by the pressure of the cut. Surprisingly, controlled
tests have shown that on high speed stecl tools, the built-up edge may
actually prolong the life of the cutting tool by “repairing” the damaped
arcas with work material that is hardened and welded in place. These tests
show that the tool life may be somewhat erratic; however, the tool life
is not shortened and may be inereased. SBtudies have shown that the tool
may cut for periods of time without any increase in the width of the
wear land. Apparently the built-up edge protects the flank of the tool
[rom exposurc to woar,

The built-up edge 15 not 2 problem when rough turning with high speed
steel efitting tools, except when turning certain very soft matenals which
form an cxcessively large built-up edge. Since it does cause roughness on
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the machined surface, on finishing cuts steps should be taken to reduce
or eliminate the built-up edge. For high speed steel cutting tools, the
most effective means of combating the built-up edge 1= to use a mineral
o1l base cutting fluid having good anti-weld propertics. The rake angle
on the tool should be made as large as possible and the surfaces on the
face and fank zhould be honed zmooth, Unless I:‘ﬁ;u!llrmi to add 5t.n~.ll|,{th_,
the cutting edge should not be honed round or to a bevel edge; 1t should
FEeTraln ﬁllal‘p. When l;;ut.tjl:lg with cemented carbide :;I_lt_L'th: toals, the
most effective and easiest way to eliminate the built-up edge iz to in-
crease the entting speed above the speed where the built-up edge will not
form. For many materials thiz eutting speed. is approximately 150 to 250
fpm (45 to 75 m/min.}.

Crater Wear. The combined effect of heat, pressure, and abrasion caused
by the movement of the chip, and some very complex chemical and me-
tallurgical interactions between the work material and the tool material
cause the surface on the face of the cutting tool near the cutting edge
to erode. When this erosion becomes severe, a crater will form on the
face near the cutting edge. The severity of the erosion is dependent on
the work matenal, tool matenal, and the cutting speed. A tvpical crater
15 shown 1n Fig, 7-24C, and the progress of crater wear 15 shown at I,
The formation of the crater starts a short distanee behind the cutting
vilges. As the tool continues to cut, the erater will enlarge, in depth as
well as apreading out. In time the erater approaches the cutting edges;
usually it will approach the end cutting edge first. When thiz oceurs the
end cutting edge will be weakened and will break off in the region of the
crater. Bince this 12 close to the nose of the tool, the nose will fail shortly
afterwards. With the nose having failed, the failure of the cutting tool 1s
complete. This type of tool failure 15 called erater breakthrough, Whin
machining titanium and 1t= allovs the crater forms verv close to the side
cutting edge; thus, the crater will usually break through at the side
cutting edge to cause tool failure.

When straight tungsten carbides cut steel, a crater will form wvery
rapidly and erater breakthrough on the end cutting edge will oceur in a
short time. Steel should always be eut with a erater resistant carbide or
with a coated carbide. Straight titanium carbide eutting tools have ex-
cellent crater resistance, but they tend to be brittle. Crater breakthrough
can be retarded by using a tool having a 2mall end cutting edge angle.
If all elzc fails to prevent excezzive cratering, the cutting speed should be
reduced.

Notching at the Depth of Cut Lane. This form of tool wear is charac-
terized by a deep notch that forms at the depth of cut line, as shown 1n
Fig. 7-24E. The noteh is caused by ecutting through hard and abrasive
seale, or by a laver of highly work hardened material. Seale that is
formed on the surface of castings, forgings, hot rolled stock, and heat
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treated partz @ compo=ed of a variety of oxides that are very abrasive
and hard. Some materialz, such a2 the auvstenitie stainlezs steelz, work
harden very easily when they are machined or cold worked, forming a
layer of very hard material. High temperature alloys alzo cavse exees-
sive notehing at the depth of eut line.

Notehing at the depth of eut line is very difficult to prevent when it
occurs. The most common corrective action 18 to use a tool having a
large lead angle or, when this eannot be done, to reduce the feed rate.
Honing a bevel on the cutting edge at the depth of cut line may be help-
ful, and using a harder grade of ecarbide may also help,

Pullouts. Pulloutz (Fig. 7-24F) are very small craters that form on the
faee of the tool when machining materialz that will readily weld to the
tool material, sueh as high temperature alloys, Usvally a larger crater
will also form and the pullouts occur around the erater. Pullouts will also
occur within the crater; however, they will usually be filled with work
material that i welded in place. Pullouts are caused by particles of the
chip that are welded (irmly to the faee of the tool. As the chip continucs
to sween 1_::_.'_ it will literally knoek off the welded-on particle, which will
pluck out a small particle of the tool material as it breaks off, leaving a
small erater behind, While pullouts must be considered a Torm of tool
wear, they are generally not harmiul to tool life, except when they en-
large the erater or when they oceur near the cutting edge. When they
oceur near the depth of cut line, pullouts can contribute to the formation
of the noteh in this region. Usually no steps are taken to prevent the
formation of pullouts, The remedial measures are to decrease the culting
speed and to use a suitable cutting fluid.

Thermal Cracking. Thermal cracks (Fig, 7-2403) occur when the cutting
zone of the tool is rapidly heated and cooled while the adjaeent tool
material is not unduly heated, This causes large differences in tempera-
ture, or temperature gradients, hetween adjacent lavers of material on
the tool, which in turn cause the cracks to form. Since the large tempera-
ture differences do not occur at the cutting cdge but o short distance
away, the eracks will first form a short distanee away from the cutting
edpe. As the tool continues to eut, the eracks will propagate toward the
cutting edege until it is finally reached. When the eracks reach the cutting
edge, the tool will wltimately, but not necessarily immediately, fail.
Thermal eracking generally occurs when machining at high speeds with
cemented earbide tools. They may be caused by an interrupted eut or
when milling, when the tool is alternately heated and eooled. A coolant
that reaches the hot cutting tool only intermittently can cause thermal
cracks to form. In this case a constant coolant supply to the tool must be
abtalned, or no coolant should be used. Thermal eracking may be pre-
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vented by a large reduction in the eutting speed. First, however, a
tougher and more shock resistant grade of carbide should be tried.
Apnother major cause of thermal eracking 8 improper tool grinding. Any
cutting tool ean be severely damaged in this manoer before it iz used,
Grinding (thermal} cracks are caused by pressing the tool hard against
the grinding wheel, o by using too much infeed. A dull grinding wheel
may also cauvse thermal eracks; always use a sharp grinding wheel when
erinding a tool. Cemented carbides may be damaged by using an incorrect
type of abrasive; a diamond abrasive 15 reecommended for grinding car-
bide tools.
Edge Deformation. When taking a very heavy cut with a cemented car-
bide eutting tool, the earbide In the eutting zone may be heated to the
point where it =oftens and deforms under the cutting load. As shown 1o
Fip. 7-2411, this often occurs in the region of the nose. Theformation will
result 1in the formation of a large wear land after a vory short cutting
time, Tantalum carbide is added to the tungsten earbide to resist defor-
mation, Whenever deformation 12 apt to oecur, & grade of cartade con-
taining tantalum earbide should be wsed. Sometimes a coolant may be
usedl to cool the tool, whieh belps Lo prevent deformation, Tf these pre-
ventative measures will not help, the feed and depth of cut must be
recueed,
Cutting Edge Chipping. This type of tool fallure 12 not always casy to
recognize beeause the chipping may be minute, although more massive
chipping may also oecur. Often a ragged wear land will be an indication
of clhipping, as shown in Fig. 7-241. Chipping is the mechanieal failure
of the cutting edge eauszed by overloading or by inherent lack of strength.
(Chipping ean also be caused by the buillt-up edge, but this type of
chipping will not be considered hered Anythung that will strengthen the
cutting edge will help to overcome chipping. Honing the cutting edge wall
strengthen it and often prevent chipping. This is eazy to do on the job,
or pre-honed insertz ean be purchased when this type of tooling 15 used.
Honing too much off the cutting cdge should be avoided as this will re-
duece the tool life. One method 15 to hone a fiat land on the cutting edge
that iz 002 to 005 in. (005 to 013 mm) wide and at an angle of 30 de-
grees with respeet to the face. Other steps to strengthen the eutting cdge
may also be taken, A softer but tougher grade of carbide, or a high-speed
steel that does not contain cobalt may be used as a cutting tool materal.
The relief angle on the tool should be as small as poessible. Using a nega-
tive rake angle 1s often the most elfeetive way to stop ehipping. Chipping
may not be the fault of the cutting tool, L may be ecaused by machine
tool vibration, chatter, or a lack of rigidity of the setup.
Oxwdation; Tool wear iz eaused by abrasion and by complex ebemieal-
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metallurgical reactions oceurring at the tool-chip interface and on the
flank of the tool, Tt is also caused by oxidation of the heated tool material
which 18 exposed to the atmosphere. Oxilation of the tool material may be
a gignificant canze of tool weer whenever the tool material 15 heated to a
very high temperature, such as when operating at very high cutting speeds.

Metal Cutting Fluids

The funetions of metal cutting Nuids are: 1. to eool the cutting tool as
a primary function, and also to cool the workpieee; 2. to reduce the heat
generated by friction through lubrication; 3. to provide anti-weld prop-
ertics in order to prevent welding of the ebup to the tool; and 4. to wash
away the chips. There are three basic tyvpes of cutting fluids: 1. water
goluble oilz; 2. straight cutting oils ; and 3. chemical fuids.

Water soluble oils, also called emulsified oils, are mixed with water in
a water-to-oil ratio ranging from 5 to 1 to as much as 50 to 1, The mix-
ture has an appearance ranging from milky to cloudy, or almost clear.
Water 12 the best coolant, but haz many dizadvantages as a cutting
fluid, the primary disadvantage being that it causes rust. Soluble oils
prevent rust, are execllent ecolants, and bave a measure of lubrieity,
Additives may be added to soluble oils to enhance their performance and
to prevent bacterial growth. Soluble oils can be used for almost all light,
medium, and bheavy-duty machining operations. They ean be used over
the cntire range of cutiing specds, including the higher speeds where
cemented carbide tools are uged. They arce not recommended for certain
severe cutting operations requiring greater lubrieity and anti-weld prop-
erties. Soluble oils are also recommended for almost all precision grinding
operations,

Straight cutting oils are made from mineral oil that 15 usually com-
pounded with additives to inerease their effectiveness. Uncompounded
mineral oils are sometimes used on very light duty machining operations
on &luminum, magnesum, brasg, and sulfurzed free cutting steels, How-
ever, In most instances these materials are machioed with mineral oils
having fatty oil additives. Fatty oil additives add lubricity to the eutting
otl, They are largely composed of lard oil, easter oil, sperm oil, and Tatty
esterz. Active additives will reaet mildly with metal to form an oxide
film. Sulfur in the base mineral oil is usually not aetive, but when added
to the oil 1t 12 an active additive. Chlorine 15 an aetive additive. Active
E"]fl_lr 'l.".'jl.] TH:I-1 bl‘EDT!]E Hl:!.i."l.'l_‘ l,]ill1.j|. H Illli.’J!'I‘I_'r Lvm]mrﬂturu i.E TL'HL!':]HII.J “'I']i.]ﬂ
chlorine becomes active at & lower temperature. Singularly or combined,
active sulfur and chlorine provide anti-weld properties to the eutting o1l
to prevent the chip from welding and to prevent or reduce the formation
of the butlt-up edge, therchy improving the finish on the machined sur-
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face. Straight oilg should be uzed when the cutting speed 15 moderate or
low and on work where soluble oils do not give a satisfactory perform-
ance. They are partieularly recommended on jobs where the chip is
crowded, such as thread cutting. Straight oils are used on some precision
grinding operations; however, provisions must be made to prevent the
vapors {rom exploding.

Chemieal fuids, alse callod synthetie cutting fluids, are proprictary
chemical compounds to which water 12 added. There are two kinds; those
having a wetting agent and those that do not. Those that do not have a
wetting agent are restricted to rough prinding operations, where they
tend to keep the grinding wheel open and free eatting, Those having a
wetting apent have some lubricity to allow the machine tool 2lides and
other machine parts to function smoothly. Chemieal fluids are excellent
coolantz and are recommended for machining operations that are in the
moderate to higher cutting spesd range.

In general, cutting fluids should be applied in a continuous stream that
floods the cutting tool. An intermittant supply on a hot cutting tool will
likely ecause thermal cracks to form on the tool. It 12 not, however, poor
practiee to apply a eutting fluid manually with & brush or a =quirt can
whenever the cutting speed is moderate or low, There are many occasions
in the toolroom or in & job shop where this practiee 15 the most practical
method of application. At these speeds the tool 15 not hikely to be dam-
aged and the application of the eutting lumd 1s beneficial.

The only real measure of a cutting fluld s bow it performs on the job,
When seleeting a cutting fluid, the culting speed should be considered, In
general, when the cutting speod exceeds about 75 to 100 fpm (25 to 30
m/mind a water soluble oil or a chemieal fluid should be used, Below this
specd range, first consider & water soluble oil; then if the job is too dif-
ficult for a water soluble o], seleet a straight cutting oil,

Estimating the Power Reguired for Turning

A knowledge of the power required to perform machining operations is
useful when planning new machining operations, optimizing existing
machining operations, and developing speetfieations for new machine tools
to be acquired. The measure of power In customary inch units is the
horsepower. In 81 metric units the kilowatt 15 the measure of both
mechanieal and electrical power. The power required to cut a inaterial by
machining depends on the rate at which the material 1= being removed and
by an experimentally determined power constant, K, which is also ealled
the unit horsepower, unit power, or specifie powoer consumption. The power
constant 1s equal to the horsepower required to cut a inaterial at a rate of
one cubie inch per minute, In ST metrie units, the power constant is cqual
to the power in kilowatts required to cut a material at a rate of one cubic
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eentimeter per second, or 1000 eubie millimeters per secomd [1 em® = 1000
it Thfferent values of the power eonstant are reqguired for neh and
for metrie units, whieh are related as follows: to obrain the 81 metrie
power constant, multiply the ineh power constant by 2.73; to obtain the
inch power constant, divide the 81 metrie power constant by 2.73, Values
of the power constant are provicded i Tables 7-9, 7210, and 7-11. These
values may ako be used for planmng, shaping, and broaching, provided
they are uzed with the appropriate fonuulas.

The walue of the power constant 1s cxssentially unaffeeted by the entting
speced, the depth of cut, and the eutting tool waterial, when operating at
normal cutting condition=, There are, however, factors that do influence
the value of the power constant and therehy the power reoguired to machine
the material, These factors inelwde the hardness and the mierostrocture
of the work material, the feed rate, the rake angle of the eutting tool. and
the condition of the cutting edge of the tool, whether it is sharp or dull,
Values of different hardness levels forcach material are given in the power
constant tables, where this information i= available, Feed [actors for the
power constant are given in Table 7-12. In most instances the offect of
the rake angle can b disregarded. Most of the values in the power
constant tables are for a positive 14 degree rake angle, Only when the
deviation from tlas angle s large 15 1t necessary to make a correction.
Using a rake angle that is more positive will eause the power regquined to
ol s approxipt r:lj..' ane pereent por i]t';'_',l'ﬂi'-. ].':a'll'lg arake :'th__ll:“ that i=
M Illl'“g;'i'i.".'ll" ".".'i.]'. L= r_]l';"‘ ]:II:,'I'I.'I.'T'F rr_'r{ulln'cl Lk ir]l;,'l'['HHlL‘!, ﬂ.glli]‘l Il.]:lill'L:l:l;i'
mately one percent per degree. Many disposable msert cutting tools have
i ]:rﬁa‘,.-u_'tl-‘:rl-n'h'lgr hreaker or other rI.JI!I'IJL[_r |_'1|gt: r]lﬁll:li.ﬁl:‘."l'i.l:l:l'ltil which have
the effeet of increasing the rake angle and reducing the power requieed
to eut a materinl, The extent of this effeet eannot be prodieted without a
test of each design. The same uneertainty exists with most ground-in chip
breaker designs,

The values in the power constant fables are for =harp eutting tools.
However, all entting tools wear as they are being used and are expected to
continne to cut with wear present on the cutting edge. More power is
required to et as the eutting edge beeomes worn. Faetors to provide for
tool woar are piven in Table 7-13. The rxtrn-]l[':n‘:..’ duty turning category
i this table oceurs only on certain operations, sueh as rolt turning, where
the flank wear helow the cutting edge i allowed to reach as maeh as 040
el (100 mirn) before the tool 1= I‘i=|'ll:1t‘1'r{ gy yrost n;ugh l,l.:|r|1i|1g T
tons the eutting tool 1= replaced when the flank wear has reached 030
inch (0,76 wmb . Most entting fluids will reduee the power required, when
operating in the lower range of cutting specds. Tt is not possible, however,
to provile specific power reduction data for eutting fluids in general
because cach cutting fluid exhibits its own characteristies,

The machine tool transmits the power from the driving motor to the
cutting tool, where the power 1s then used to cut the workpieee. How
efficiently this is done is measured by the machine tool efficiency factor E.
Average vahies of this factor are provided in Table 7-14.

The formulas for estimating the power required for turmng are given
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Table 7-8. Power Constants, A, for Wrought Steels, Using Sharp Cutling Tools

Brinell K, K,
Material Hardness Inch 51 Metric
MNumber Haits Units
Plain Carbon Sieels
¢’ Eoa o0 M3 173
L =a F ] (66 BB
130 140 g 1 HH
140= 160 Td 1.03
16o-1 Bo R 113
1 BO- g LT I.34
Al Plain Carbon Steels J| e 4 .33
IIO-240 Ay 1.4.%
b T 1.8k
o280 R=T] 1,59
1 Bo- o 1.00 .74
0= §ED 1.01 1. &
AT J40 1,06 1. &y
W 4o 160 1.14 inl
Free Mac hining Steels
10G- 180 .41 iz
AIST ¢ o8, 120g, 1010, crng. roob, neny. snuB. poag, ) :::':;: :: :::.
ferd. viag, viab, o2 1 61 B " 13
18- N1 i.y6
1 1Bo-100 51 1.4
.I‘:SIJ:IJ?,J:IJ&,II:_“;I.,II:-‘U..I:I:-‘I,:II}.L:II|=,II].E.. J JEE-F 30 55 150
Bi4B. BigE 210340 53 1.54
iqo-260 [ F] 1.65
Alloy Steels
'!" i -1 B 1.6y
f i5e-18s N1 1.7%
180200 69 i.BR
ALSLgor . qoed. 4007, 4008, 4045, 4037, 4043, 4947, ::1::: :; 1::
AIET. 4140 4143, 4045, 4147, 4150 4340, gh40, 4815, '.J 140260 Ba 518
4817, 4820, 00, 5132 5035 SI4D, 5145, 5150, 18, 160180 B4 1.19
Giga. B6L7, BAqo, BA4r. BE4L. Bigo. Bygo r—— &7 7.38
o= 320 N1 .48
RELSET T .gh 1.6z
BT T 100 174
I 1 =164 K13 1.53
| | oe-de 1] (T
|_ 1 B G .59
1 roa-i2o g 1.59
ALST g1 o, 400, 4615, 46ba. 4626, f1200. B6ag, BALT, J 210-340 T gl
Bhyo, BGaa, Bhag, Bbjo. 110 1400260 74 2,09
16280 37 .10
TR0 oo N t.08
A0 1 By 2.17
“oozaoeago Ry 14
160-1 8o b FH ]
180200 B3 .17
= Br I 5o &7 F
ALSL agae. 1504, 140, Efzion 130245 o 248
140e260 a5 .50
W abo-aBo 1.0 1.71
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Table 7-10. Power Constants, K, for Ferrous Cast Metals,
Using Sharp Cutting Tools

Birinell K, K, Brimell K, K,
Maierial Hardness | Inch | 31 Metric Material Hardness | [nch | 81 Metric
Mumber | Units| Units Mumber | Unita | Units
M rogeaza | a8 o.76 Malleable Iron
i veo-nan | a8 0.5 Ferritic pa-r7g | .42 1.5
ac-ita | 8 i.0q 175308 .57 1,56
Crray Cast Iron iho-1Bo | .52 i.gd Prearhitic aoo-350 | B2 1.14
[ T2 T= + G 1.064 peo-g00 | i.rE 3.32
T00-130 ] 150
. 150175 A3 1.0
FIC-240 W nad Cast Steel 175-300 18 1.1}
19217y 1 o83 poo-ago | BE 1.3%
Allay Cast Iron 175300 JG3 1.72 e .
| 200-250 g1 L L | .

Table 7-11. Power Constant, &, for High Temperature Alloys, Tool Steel,
Stainless Steel, and Nonferrous Metals, Using Sharp Cutting Tools

Brinetl | k, | Brinell | k, | %
Material Hardness| Inch |, = . | Material ardaess | Inch |y 0
Number |Unitsf'yp o 0 Number l.fniul Units
Hi hT«tmpﬂliuﬂAllnﬂI i igoenyy | 6o | 1.6
Al“ 165 Bz | 2.24 || Stminies Steel 17§-200 :; .97
286 ks g3 | 154 roc-ago | - 2,49
Ehh;mnﬁ? 100 B | 320 || Bine Die Cast Alluyzl . a5 o &R
omabey e 1.8 | j.00
Inco 700 130 .12 | 3.0 Copper ipure) e g1 | .48
Inco pon FET] 1.00 | 3.00 || Brass
Hastelloy-B 130 1o | )06 Hard - Myl oy
M-zg2 130 e | oo Medium . S0 | L6
M-251 o i.pa | 3.28 Lot .25 | o658
T_'I-I_l.{lﬂ ErT By | 77 Leaded .3 | o.Be
U-g0a 7% L RN | -
Hard - g | 2.48
Monel Meval oD | 3.7 Medium 50 1.6
15300 t Vo A3 | oo
1752 5 | 2o -
poa-p5e | B | 1o MEE:_""'“ . 0.68
Toul Steed 150a0e | 9B | 16N B olled thard) S e e
ioa-gse | tae | g2 o .
J8o-40a | r.30 | 3.55 h'll!n:-sium Alloys Jie | oy

below. Sinee conditions in diff erent gshops may vary and machine tools are
not all designed alike, some vanation between the results caleulated and
those cxperienecsd on the job s to be cxpeeted, However, the ealrulations
do provide a reasonable estimate which will suffiec in most practical
=Ituallons.

I'or inch units only:
G=12V fd (7-6)
IFor 31 metrie units only

¥V

l'?:m-.ifff {7-7)
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Takle 7-12. Feed Factor, (', for Power Constants

Frch Uinits S0 Metriv Units

Fewnd . Feeal 5 Frual . Foed .
i ( if,” . it ( e | {

G 1.5o LaLg A7 G.ar 1. I 1 a%
o2 1.40 K115 Rl g.a% [ [+ 1] G5
o 1.10 N1 ik a.0% 1.0 o408 G4
ooy 1.3% Lol NVH o.io 1.3% a-45 NF
K1 (T LI i [N F 1.30 a.50 L]
oAk 1.15 1 R FF ] @05 L5 0,55 HE
Al il FL] He o8 1,01 oo My
il [ aif Ry 0.0 [ &,70 Ha
B0 i.h oga R [N [ ] N1
alg 104 KL ¥ R a8 I . ] B
[=iN] (= F] o5 Ro o2 8 (1] O B
oz (o] og 7B o. 3 1.0a .o TR
[T aH ol 72 o3k oA .50 72

* Turnings=in. frev; Milling=in ftondh; Planing and Rhagping-in./stroke ; Broaching-in.ftoath.
§ Turning-mengrev ;s Billing=mmicoth: Planing ond Shoping-mmistroke; Brosehing-mmytaoth.

Faor cither inch or 81 metric units:

Po= K, 0 QW (7-8)
P. _K,CQW
A (7-8)

where:

FP.= Power at the cutting tool; hp, or kKW
Py = Power at the motor; hp, or KW

K= Power constant {Tables 7-9, ¥-10, and 7-11]
)= Metal romoval rate; infiain, or em®/s
(' = Feed factor for power constant [Table 7-12)
W ="Tool wear factor (Table 7-13)
E = Machine tool cfliciency factor i Table 7-14)

V= Cutting =peed; {pin, or m/min
§= Feed rate; in./rev, or mm/rev
d= Dwepth of cut;in., or mm

Example 7-3:

A 160-130 HB AISI 1040 shaft i= 1o be turned on a geared head lathe,
The following cutting conditions arc used: entting speed =325 fpm, or 100
m/min; fecd rate 016 . /rev, or 040 mm/rev; and, depth of ent= 100 1n.,
or 2.54 mm, Using both the inch and metric values separately, estimate the
power at the cutting tool and at the motor required to take this cut.

For inch units:

Ke= 78 (From Table 7-91; C=.94 {From Tahle 7-121; W=1.30 (From
Table 7-131; E= 80 (From Tahle 7-14]

=12V fd=12x325x 016 x . 100=6.24 in.?/min
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Table 7-13. Tool Wear Factors, 17 #

Types of Turning Cperations w

All turning operations with sharp cutting tools 1.0

Fint 31: 'LII'[|_l|;|H [light ¢urs) 1.10
"-.l:l:rmﬂl rough and semi-finish 11.1:rr1ng. . . - IE%EI_ N ]
------ I jxlr*-]:rut:. =duty rough turming . . . iTﬁl::‘.EE -

* This 1abie enn also be used for planing nnd shaping.

Table 7-14., Machune Tool Eﬁ'ur:lem::.r Factors, E

Twvpe of JJnLc E | Twpe of Drive E
Dmtt EL]L Dirive R Gieared Head Dirive Jn0- &0
]3 |1.E|c 'Eu ar Dmt i —_

P=K, T W=78x Mx624x130=58hp

F 5.8
y _Le__ e
P.= ol =74 hp

For 51 metrie units:

K,=213 (From Table 7-9) ; =% (From Tahle 7-12}; W =130 { From
Table 7-13) ; E=.30 {I'rom Table 7-14)

v 100 _ .
Q=55 fd= 5 x040x 2.54:=160 cm®/s
P=K, 0 W=213x 94x1069x1.30=44kW (4.4 x 1.341=5.9hp)
Jm=%— ‘Lﬁ =5.0 kW i5.5x1.341=74 hp)

Whenever much stock s to be removed from the workpiece, cutting
conditions should be selected that will utilize the maximum power avail-
able on the machine tool. The cutting conditions should be selected in the
following order: 1. select the maximum depth of cut that can be used; 2.
select the maximum feed rate that ecan be used; and, 3. estimate the
eutting speed that will utilize the maximum power avallable on the
machine. This order 1s bazed on obtaining the maximum possible tool life,
while at the same time obtaining as much production as possible from the
machine, The tool hife of a culting fool i2 most affected by the eubiing
speed, then by the feed rale, ond least of all by the depth of cut. The
maximum metal removal rate that a given machine 12 capable of machin-
ing from a given material is used as the basis Tor estimating the eutting
speed that will utilize all of the power available on the machine.
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Frample T-4;
A 125 inch deep cut is to be taken on a 200-210 HB ATST 4350 steel
shaft, using & 3 hp lathe which has 4 machine tool efficiency factor of 80,

The maximum feed rate for this job 1s estimated to be 015 in/rev. Esti-
mate the cutting speed that will utilize the maximum power available on

the lathe.

K,= 72 (From Table 7-9); C= 96 (From Table 7-12); W=1.30 {(From
Table 7-13)
o o PuE __  5x380 P_H,{-‘_E}_E)
TET R, CW T T2x 86x1.30 . E
=445 1n.% /min
Ve S —— 145
12 fd 0 12x.015x.125
= 1498 fpm

(Q=12V fd)



CHAPTER 8

Turning on Lathe Centers

The basic operations performed on &n engine lathe are illustrated in
Fig. 8-1. Those operations performed on external surfaces with a single
point eatting tool are called turning. Except for drilling, reammg, and
tapping, the operations on internal surfaecs are also performed by a
single point eutting tool. All of thesce operations are treated in the next
seven chapters of this book. This chapter is confined to the class of lathe
waork where the workpicee 1s supported by one or two centers,

All machining operations, including turning and boring, can be classi-
fied as roughing, fimshing, or scmi=-fimishing. The ob)ective of & roughing
operation 18 to remove the bulk of the material as rapidly and as effi-
ciently as possible, while leaving a small amount of material on the work-
piece for the finishing operation, Finishing operations are performed to
obtain the final sige, shape, and surface fimish on the workpiece. Some-
times a semi-finishing operation will precede the finishing operation to
leave a small predetermined and uniform amount of stock on the work-
plece 1o be removed by the finishing operation.

Turning on Lathe Centers

Generally, longer workpicees are turned while supported on one or two
lathe centers. Cone shaped holes, called center holes, which fit the lathe
centers are drilled in the ends of the workpece—usually along the axis
of the eylindical part. The end of the workpieee adjacent to the tailstock
15 always supported by a taillstock center, while the end near the head-
stock may be supported by a hceadstock center or held in a chuck. In
Fig. 8-2 the headstock end of the workpicee 18 held i a four jaw chuek,
while in Fig. 8-3 the workpieee is held in a collet type chuck. This method
holds the workpieee firmly and transfers the power to the workplece
smoothly; the additional support to the workpieee provided by the
chuek lessens the tendeney for chatter to oceur when cutting. Precise re-
aults can be obtamed with this method 1 care 15 taken to hold the work-
piece aceurately in the chuek.

Very precise results can be obtamed by supporting the workpece be-

220
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BASIC TURNING OPERATIONS

GROOVING,
MECKING, THREAD  thpem TURMING
CUT OFF CUTTING  AND PROFILING

BASIC HOLE PRODUCING LATHE OPERATIONS
DRILLING REAMING TAR hG

T e e S a3

GROOVING
THREADMNG TAPER BORING
AND

PROFILING

Fig, 8-1. The hazie turning operafions periormed on o lathe, (Topl On outside
diameters. {Bottom) In producing holes.

tween two centers, as shown in Fig S-4. A lathe dog 1= clamped to the
workpiece ; together they are driven by a driver plate mounted on the
spindle nose, One end of the workpicee 18 machined ; then the workpieee
can be tumed around in the lathe to machine the other end, The center
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Courteay of LeSlond Machine Toal o

g B-2. Turning with workpicer mounted on tailsiock conter and held by o four-jaw

rhirck.

holes i the workpicee serve as precize loeating surfaces as well a= bearmg
surfaces to earry the weight of the workpicee and to resist the cutting
forecs, After the workpicee has been removed from the lathe for any
reason, the center holes will aceurately align the workpieee back in the
lathe or i another lathe, or in a 1,'}'|:||:-:lr:|c.'|| grimling mwaehine, The work-
picec must never be held at the heasdstock end by both a chuck and a
lathe center. While at first thought this seems like @ quick methoed of
aligning the workpicee in the chuck, this must not be done because 1t =
not possible to press evenly with the jaws: against the workpicee while 1t
1= also =upported by the center. The alignment provided by the conter
will wot be maintained and the pressure of the jaws may damage the
center hole, the lathe eenter, and perbaps even Lhe lathe spindle. Com-
pensating or floating jaw chucks used alimost exclusively on lagh produe-
tion work provide an exeeption to the statements made above. These
chucks arc really work drivers and eannot be uzed for the same purpose
as ordinary three or four-jaw chucks.

While very large dinmeter workpieces are zometimes mounted on two
eenters, they are preferably held at the headstock end by faceplate jaws
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CTourtesy of Hordimpe Brodhers Inc.

Fig. B-3 Turning with workpiece mounted oo the toilstock center and o o rollet
rhuek.

{zec Fig. 8-5) to obtain the smooth power tranzmission; moreover, large
lathe dogs that are adequate Lo transmit the power not gencrally avail-
able, although they can be made as a spemial. Facceplate jaws are like
chuck jaws cxeept that they are mounted on a fuceplate, which has less
overhang from the spindle bearings than a large chueck would have.

Preparation of the Workpiece

Before the workpiece can be placed between centers in a lathe a center
hole must be drilled in each end. This hole is drilled with a combination
drill and countersink which is commonly ealled a center drill (see Fig,
8-6). The conieal hole should be drilled deep enough so that & good bear-
ing surface is provided for the lathe centers; it must not, however, be
drilled beyond the largest diameter of the center drill. The countersink
has a 60-degree included angle and the lead drill provides a clearanee for
the lathe center points. The axes of the two center holes must coincide
with each other so that the lathe centers will scat firmly on the conieal
surfaees of the holes. There are several methods of drilling the center
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Courfcay of Lellond Meghine Toal Co,

Fig. 8-+ Turning beiween two conters. A lathe dog i3 clamped to the workpieee,
and together they are driven by the deiver plate on the lathe spindle nose,

holes in the work. Three diffcrent methods for doing thiz job will be
described.

1. The centers of the end faces of the work are determined by laying
out, as deseribed in Chapter 3. A deep, center punch-mark is made
at the center of each end. A drill chuck is mounted in the headstock
spindle of the lathe as shown in Fig. 8-7, The center punched hole
of the workpiece i1s held against the tailstock center, as shown, and
the tailstock spindle 18 advanced in order to feed the other end face
into the center drill, One hand is used to turn the tailstock hand-
wheel while the other hand 12 used to hold the work. The center
drill is started in the center punch mark and the hole is drilled
to the correct depth. The work is then turned around and the other
center hole iz drilled. This is an accurate method of drilling the
center hole when the workpiece 1= light enough in weight to be
easily handled.

2. Short workpieces that can be held in a chuck without protruding
too far, can be eenter drilled, as shown in Fig. 8-8. The workpiece
must be accurately held in the chuck, otherwise the axes of the
two center holes will not coincide. If the three-jaw universal chuck
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Cowrtdpy @f Lefflond Machone Tool e

Fig. 8-5. Measuring the diameter of a workpiece in a lathe. The part is held by
foeeplate jows al Lhe headstoek ond

A

== DRILL AND COUNTERSINK

ey
// 7
o
— CHUCK

Fig. 8348, Combination drill and countersink, or center drill, and ifs application 1o
centering paris for burning.

does not run true, it 15 best to use a four-jaw, iIndependent chuck
that can be adjusted to hold the workpiece concentric within one-
thousandth of an inch, if desired. This 18 accomplished by placing
a dial test indicator against the workpiece and adjusting the
chuck until the hand of the indicator does not move when the
lathe spindle is slowly turned by hand. A center drill is placed in
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Fig. B-7. Drilling eenior holes in the ends of 2 evlindrical work plece.

a drill chuek which is held in the tailstock spindle. The tailstock
spindle i# advanced manually te drill the hole to the correct depth.
This method has the advantage of not requiring a layout to be
made on the workpiece prior to drilling.

. Long workpieces, and those that are too heavy to be held by hand,

are center drilled as shown in Fig. 8-9. The work is held by a
three-jaw, universal chuck or by a four-jaw, independent chuck.
It must be held concentric with the rotation of the lathe. The
other end of the workpieee 15 supported by a steady rest. The
steady rest must be adjusted to support the work so that its axis
eoincides with the axis of the lathe, One method by which this can
be done 15 to find the center of the end face of the work by making
a layout as described in Chapter 3 A tailstock center 1z then
positioned opposite the layout mark which determines this center
and the steady rest 15 adjusted until thi= layout mark 1 in align-
ment with the point of the tailstock center. The work can also be
aligned by using a dial test indicator that 1s attached to a surface
gage. The contact point of the indicator 12 moved over the top of
the work, and along the side of the work, at each end. When in-
dicating the side of the work, parallelism between the work and
the axiz of the lathe 13 obtained by using the finish machined
vertical sides of the lathe bed as a reference surface for the surface
gage, Accurate results ecan be obtained by using a surface gapge
without an indicator. The point of the surface gage seriber 15 ad-
justed to touch the top and =ide of the work at each end. This
method 15 preferred when the work has a rough surface scale.
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Courtesy of fellond Mackine Tool Co.

Fig 8-8. IMilling the conter hole in the end of o shorl workpiece by holding it in oa
chuck.

Before the center holes are drilled, a facing eut should be taken across
the end of the work. This is done as shown at I, Fig. 7-14. The work can
be machined to the correct length by facing both ends. A short spot should
be turned on the outside diameter adjacent to the end face az shown in
Fig. 8-9. The spot is turned by cutting just deeply enough to produce a
evlhmdrieal surface that = coneentric with the center hole in the end. The
purpose of the spot s to provide a reference surface which can be gripped
by the chuck and against which an indicator can be placed in order to
test the concentricity with which that end of the work 12 held by the
chuck. The center hole iz drilled in each end using the tailstock, as shown
in Fig. 8-9.

The Machine Setting

A part of any machine tool getup 15 to set the moachine to operate at
the eorreet cutting speed and fecd rate. Most machine tool builders pro-
vide instruetion plates attached to the machine which provide the neces-
sary information for the operator to adjust the handles and levers so
that the machine will operate at the desired speed and feed. The proec-
dure for scleeting the correct cutting specd and for caleulating the spin-
dle speed hns Ieen treated in detail in Chapter 7. While the feed rate was
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Courresty of leflond Markine Tosd o,

Fig. 8-9. Drilling center holes in the ends of a longer workpiece.

also treated in this chapter, & further treatment of this subject will be
helpiul.

The feed rate cannot be ealeulated ; it is largely a matier of exereising
zound judgment based upon expericnce. All of the following factors must
be considered when sclecting the feed: 1. the depth of cut to be used;
2. the surface finish to be produced on the workpieee and the nose radius
of the cutting tool; 3. the tvpe of eut, finishing or roughing; 4. the size
of the lathe and the power available; 5. the rigidity of the workpiece and
the cutting tool; and, 6. how securely and rigidly the workpiece 15 held
in the lathe. Table 8-1 provides some representative feed rates. It can be
used as a guide in selecting feeds, based on the size of the lathe

Table 8-1. Guide for Selecting Feed Rates

| |
Moy Hesvy-THty
Fimishing Culs Roughing Cuts Houghing Cuts
Bize of Lothe im. feew I o ey infrey | mmfrey im.feew I o ey

[.icht Beneh Laothes JEOE 4 08 008 fo 0,12 007 o 010 118 to 025 A0 e NG LED ta 04D
137 do 16Y Lathes A2 4o 000 008 to 025 Sl g HE 025 ko 04D | 020 fo 00D 0D fe 10T
247 Lo 3" Lathes Ol @ 2912 087 {n 030 G0 g DED 025 1o 05D AED o DED 36D fa 157
4% and Larger ].a.r_'lmﬁl 008 1o 018 012 to G40 002 to O30 980 fo OTE O3 ta 105 0UFE to 204
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Preparation of the Engine Lathe

The engine lathe must be level in two directions in order to produce
accurate work, If 1t 18 not level the bed will have a twist which will cause
the headstock and the tailstoek to be misaligned with the movement of the
carriage and the cross shde, A precision level that s aceurate to 0005
inch per foot 1s used to level the lathe. It must be level, paralle]l and
perpendicular to the lathe axiz at both extremes of the lathe bed. Level-
ing screws or wedges are provided on the legs of the lathe to level the bed,
The lathe should be leveled when installed, and a periodie check should
be made to make certain that it remains level. Tt 15 not, however, necessary
to eheek this before doing every job.

If the workpiece 15 to be held between the headstock and the tailstock
center the following preparations must be made, The taper in the head-
stock must be thoroughly cleaned before the center adapter 15 mstalled,
The cleanliness of the headstock taper, as well as the taper of the adapter
should be checked by using the bare hand or fingers. The presence of
nicks or small particles of dirt or metal could not be detected through a
rag or cloth placed on the tapers; however, they can readily be felt by
the fingers or the bare hand. All taper fits on any machine tool should be
checked 1n this manner. If the taper 1= dirty, or badly nicked, it will not
hold and i1t will not provide the desired accurate alipnment of the mating
parts. After the adapter has been inserted in the lathe spindle, the head-
stock eenter is placed in the adapter using the same care (see Fig, 8107,

The hradstock center of the lathe always rotates with the lathe spindle;
therefore it is ealled a live center. Tailstock centers may be of the type
that also rotate with the workpiece; however, frequently they are sta-
tionary or dead centers. The cone point of the headstock conter must
rotate without any eccentricity otherwise the two ends of the finish-turned
workpiece will not be concentric to each other. Such cecentricity cannot
be tolerated on precision parts,

To show how this ceeentricity can oceur, assume that the workpiece is
held in a lathe between a live headstock center and a dead tailstock
center. Furthermore, assume that the tailstock center 15 accurately alipned
with the axis of the lathe but that the headstock eenter is not rotating
concentrically with respect to the lathe axis, The longitudinal feed, guided
by the ways of the lathe, will cause the path of the eutting tool to be
parallel to the lathe axis. As this tool cuts the rotating workpece 1t will
produce a eylindrical surface which 15 concentric to the tailstock center
and to the center hole in the tailstock end of the workpiece. When the
workpiece 12 turned end for end in the lathe, the center hole, which 1=
concentric with the first-turned surface, will now be mounted on the
cecentrically rotating headstock center which will cause the first turned
surface to rotate eccentrically. While the first-turned surface 1s turning
eccentrically, the eutting tool will turn the other end of the workpiece
concentric with the axis of the lathe as before. Thus, the surfaces turned
at each end of the work cannot be concentric with each other as shown
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DRIVER PLATE

ADAPTER

LIVE CENTER
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N

Fig. 810, Type L, long taper spindle-noge showmg deiver plate, adapter, and live

bepdetock conter mounted on spindle. Adapter allows for Inmger spindle bore, Live

center and ndapter ean be removed by fappang with o hbare plaecd through other omd
of apimadle,

m Fig. 3-11. This ean only be corrected by truing the headstock centor
g0 that it rotates coneentrically, with respeet to the lathe axis.

Headstoek conters may be made from zoft steel or trom hardened steel,
Soft centers have the advantage of being easily trued by simply turning
a 60 degree cone point, while mounted in the headstock of the lathe as
shown at A 1 Fig. 8-12, The compound rest 15 positioned at 30 degrees.
with respect to the lathe axis, and a eut is taken by feeding the tool with
the compound rest shde. Only very shallow cuts should be taken until the
cone point of the eenter runs true. With the compound rest in this posi-
tion, the cone point of the eenter will have an ineluded angle of 680 degrees.
This angle must be accurate and should be checked with a center gage or
with a precision bevel protractor.

Hardened headstoek centers usually retain their accuracy for a longer
period. They are trued 1n a manner that 15 similar to truing & soft center
except that the cone point i1s ground with a grinding wheel instead of a
single-point tool as shown at B, in Fig.8-12, The grinding wheel is driven
by a tool post grinding attachment which 12 mounted on the compound
rest. The depth of cut of the grinding wheel is adjusted with the cross
feed and the wheel 12 fed across the cone point of the center by the com-
pound rest slide, The cone point 15 ground until 1t runs true and the in-
cluded angle is correct. Hardened tailstock eenters can be ground in the
same manner by mounting them in the headstock spindle of the lathe,

The tailstock may be a live center that rotates with the workpiece or
it may be a dead center that does not rotate. The live tailstock center,
shown in Fig. 8-13, 1= mounted in precision anti-friction bearings. Live
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Fiz. B-11. Finish-turned surfaccs not conecndrie; eaused by turning each end with an
cecontrically robating lve senter,

tailstock centers are a necessity when turning at very high cutting speeds
such as those normally used with cemented carbide cutting tools, The
cone point of the live tailstock eenter must run true for the same reasons
that the headstock center must run true, This is checked with a dial test
indicator. The center is slowly turned, manually, and any movement of
the indicator hand is noted. If the center does not run true 1t must be
replaced. It must be disassembled and reground in order to be trued. Dead
tailstock centers are alwavs hardened because the cone point acts as a
bearing surface for the rotating workpiece. All the surfaces of the dead
center must be smooth; they are finished by grinding.

Another fundamental requirement for turning a eylindrical workpieee
that 1z held on the tallstock center 15 that this center must be aligned to
coincide with the axis of the lathe. I the work is also held by a center at
the headstock end, the headstock and the tailstock centers must be aligned
with each other. If the tailstock center is misaligned, the turned surface
on the work will be tapered instead of eylindrical. For every 001 inch
thatthe tallstock center is misaligned in a direction crosswise to the lathe
bed, the workpiece will be tapered (002 inch in its length, It can thus be
zeen that the tallstock center must be very accurately aligned in a cross-
wize direction, An error in the vertical a]ignment of the tajlstock center
15 not nearly as critical when turning. For example, to cause a taper of
001 inch to be turned in the lenpgth of a workpiece that 1= one inch in
diameter, the vertical misalignment must be 022 inch; for a 4-inch
diameter, the vertical misalignment must be 045 inch, The vertieal align-
ment built into precision lathes is within a few thousandihs of an inch
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Fig. 812 A, Truing a solt headztoek center with a lathe tool B, Trong o hardened
headstock center by grinding with a tool post grinder.

Towrfery of the fdenl Induedrics Imc.

Fig. B=13. Live tailstock center monnted on precision antifriction bearings

and the vertical misalignment of the tailstock center is almost never a
cause of taper unless the lathe & very badly worn, However, a small
vertical misalipnment can cause a straight reamer, which is held in the
tailstock spindle, to ream a slightly tapered hole.

A check should be made to determine the accuracy of the alipnment of
the tailstock center before any attempt iz made to turn a eylindrical
surface unless it 1= known to be i alignment. If the tailstock center s
nol in alignment, steps must be taken to bring it into alignment. There are
several very precise methods that can be used ; these are described later i
thiz zection. First, however, as a rough check, the taillstock can be moved
up to the headstoek until the two centers are opposite cach other and their
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alignment can be checked visually. If a headstock center 12 not being
used, another method of making a rough check 1s to check the alignment
scale at the end of the taillstock (see Fig 6-200. If 2 misalignment 15 in-
dicated, the elamp bolt should be loosened, and the two adjusting screws
turned, until the proper alignment 15 oblained,

A more precise check for the alignment of the tailstock should be made
before attempting to turn an accurate ecyhndrieal surface. The recom-
mended procedure for checking this alignment 15 to cut two spots on the
workpiece as shown at A and B in Fig.8-14. The two spots should be cut
as far apart as possible on the workpiece. In the case of a piece of eylin-
drical bar stock, as shown in Fig, 8-14, one of the spots should be cut as
close tothe lathe dog as possible while the other spot 15 cut at the tailstock

enid. If & casting or forging is being turned, the spots should be cut at each
end of the longest eylindrical surface to be turned. The procedure for
mdking a precision check of the alignment iz detailed step-by-step below:

1. Set up the lathe and the cutting tool as shown at A and B, Fig
8-14. Check to make sure that the lathe dog will not hit the carriage
when the cutting tool is close to the dog. Also, check to make sure
that the cutting tool can be positioned clear of the tailstock end of
the workpiece in order to be able to cut the spot at that end. Adjust
the cutting speed and the feed of the lathe. Use a feed of approxi-
mately 0.005 inch per revolution.

2. Position the cutting tool approximately one inch to the right of
the lathe dog.

3. Start the lathe spindle and slowly feed the cutting tool into the
workpiece, by hand, until a2 complete evlindrical surface is being
turned. Then, engage the longitudinal feed and allow the tool to
eut as elose to the dog as possible, before disengaging the feed.

4. Withdraw the eutting tool from the workpieee with the eross slide
and move the carriage until the cutting tool 18 elear of the tail-
stock cond of the workpicee.

8. Stop the lathe and measure the diameter of the first spot with a
micrometer ealiper,

6, Cut the second =pot at the tailstock end =o that its length 18 about
24 aneh and i1ts diameter 12 equal to the diameter of the first spot.
Use the trial cut procedure to turn the diameter to size. Briefly,
take a short eut and with the spindle stopped, measure the dhiam-
cter with o mierometer caliper. Move the ecutting tool longitu-
dinallv to elear the end of the workpicee again and then move
the eross slide inward the distanee required o eut thi= spot to
size, a8 determined by the measurement, Start the spindle and cut
the epot to =ize,

7. Attach a dial test indieator to the ecross shide as shown in Fig,
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Fig. 8-14. Procedure for aligning the tailstock cender. (Top) First Step—ceulting spot
ol headstock end of work. Second step—outting spol af falsteck end of work, Thard
step—Indicating headstock apot. Final step—Indicating tailatock spot.

8-14C and D. The indicator should be graduated to read 001 inch,
or less.

8. Position the indicator against the first spot at the headstock end
and move the eross slide until the indicator reads zero.

9. With the indicator reading zero, note the reading of the eross feed
micrometer dial. It is convenient, if possible, to set the micrometer
dial to read zero at this position since this reading can easily be
remcmbered. This position of the cross slide 18 called the zero
reference position. All of the indicator readings on hoth spots are
made with the eross slide at the zero reference position, as deter-
mined by the cross fecd micrometer dial reading.

10. Withdraw the indiecator from the first spot with the cross shide
and move the carriage until the indieator is opposite the sceond
spot at the tailstock end.

11. Move the cross slide inward to the zero refercnee position, as de-
termined by the cross fecd micrometer dial reading. The indicator
will now touch the sceond spot.
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12, Roead the remding of the dial test indieator. T e ]'[‘.'!ll'il'.!_" s BCFD,
the tuilstoek eenter = alipned and vo further work s reguired.

13, 11 the tendicator reading 1= not zero, wmiljust the tailstock erosswise
until the mdieator reads 2ero. To o=t the tatl=tock, looseon the
elamp bolt {Fig, 6-200 and tarn the adjesting serews uotil the in-
cheator reads zero. Then tighten the elamnp bolt and cheek the medi-
cator rewding ngman. The mdientor must read zero with the clanp
holt taghtoned. TE necessary, vepeat this proeedure untilh the inelica-
tor readis gero with the elpmp bolt tight,

14. Cheek the alignment again by taking indieator reasdings on both
spotsz with the eross shde at the zevo referenee position. If neees-
=ary, adjust the tailstock apgaim until the neheator readings on
Lhe two spols are zoro,

After the spots have both been eut to the sanwe =1ze, 1t will net require
nvich tine to ndjust the tatlstock inte alignoneent, The spot at the head-
stock cemd should alwavs be eat first hoeenuse 1t 1= casier to use the trial
cut procedure at the tailstoek el where the tool ean elear the end of
the warkpeee.

In the procedure just given, the two spots acl as gaging or reference
surfaces. A speelal test bar ean be made having two equal diameter refer-
ernee surfaces, one at coch cod. When this bar is placed between eenters
i the lathe, the procedure for alignig the tailstock conter 1= sunilar to
the procedure just deseribed. Simee the two spots do not bave to be cut,
the test bar method 1= fast, However, on some older worn Iathes 1t 12 not
always precise. If the test bar b= not approximately the zame length as
the workpieee, the tailstoek will have to be moved along the lathe baed
after it has been alipned with the test bar, Moving the talstock from one
position to another on some older lathes will eause the ahgnment to
change slightly, but only a slight wmsalignment will prevent the lathe
from doing preeize work. Remcember that for cach 001 inch misalignment
of the tatlstock eenter, the taper along the length of the workpieee will be
twiee this amount.

Another method 12 to cut two spots as before, exeept that both spots
are eut with the eross slile in the same position, as determined by the
eross fecd mierometer dial reading, The two spots are measured with a
mierometer ealiper and the tailsteck = moved a distanee cqual to one-half
of the difference i the measuremont. A =eecond cut over the two spots
must then he taken and both spots measured again to cheek the previous
tarlstock adjustment, Ths procedure is repeated until the measurements
over both spots are equal. Sinee this proceduare requires repeated ents (o
betaken over thezpots, 1t 12 slower than the others.
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Fae =15, The correct setup [or tusnimg bebtween lathe centers,

Setting-Up the Work for Turning Between Centers

The correct setup for turning between centers is shown in Fig, 8-15. A
driver plate s mounted on the spindle nose of the lathe, The driver plate
15 a small face plate that is used to drive the lathe dog,

Lathe dogs are used to transmit the drive from the driver plate of the
lathe to the workpiece when turning between centers. Several different
types of lathe dogs used, are shown 1n Fig. 8-16. The lathe dog 15 placed
over the workpiece but is not tightened until later.

When a nonrotating, or dead, tailstock center is used, a lubricant must
be used between this center and the workpleee, Although proprietary lubri-
cants are avallable, a pood tailstock lubricant can be made by mixing a
small amount of lubricating ol with painter's white lead. No lubricant
18 required if a live tailstock center 15 used nor iz a lubricant used on the
headstock center. The workpiece 1s then placed between the centers. The
lathe dog 1s positioned with the bent end, or tail, between one of the slots
on the faceplate and is elamped to the work., The tail of the dog must not
bind in the bottom of the driver plate slot, as shown in Fig. 8-17, as this
will cause the headstock center to become unseated. When this oceurs a
larger lathe dog must be used. The tailstock spindle s adjusted until the
work seats on both eenters, without binding, and the spindle is elamped
in place. It is important to check this adjustment frequently, during the
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Fig. B=16. Types of dogs, or drivers, commeonly used in connection with lathe work,

course of the turning operation. When a heavy cut 15 taken, some of the
heat generated by the cutting action is absorbed by the workpiece which
will cause 1t to expand in length enough to make the centers bind. When
this occurs, the tailstock center will overheat and, consequently, be ruined.
When a heavy roughing eut 15 followed by a light finishing eut, the work
will lose heat and contract, causing the adjnztment of the centers to be
too loose. A turning tool (Figs. 7-14 and 7-15) is selected and clamped in
the tool post. The overhang of the cutting edge beyond the tool post
should be kept to 2 minimum 1n order to make the setup as ngid as possi-
ble. The nose of the eutting tool should be positioned “on center” or at
the height of the lathe centers, as shown in Fig. 8-18. The turning tool
15 usually, but not always, held about square with the workpiece as n
Fig. 8-15. When turning close to the lathe dog or to a large shoulder
(see Figs. 8-14 and 8-23), or for other reasons, it may be held at an
angle with respeet to the workpieee axis,

End Facing with the Work Held Between Centers

The first operation that 15 gencrally performed after the work has been
set up 15 to face the ends of the work to length. If the ends have been
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Fig. 8-17. Dog that is too short for driver plate,

Fig. 8-18. Corecet vertieal position of cutting tool Tor turning. The nose of the cutting
toen] should ;:Iu'.'l.y.-'h: i “op rl_‘-[|l§1’!r," ar gl the Imighr af the lpihe eeptors,

faced while drilling the center holes, this operation is, of course, unneces-
sary. An end facing tool, Fig. 8-19, and G, Fig. 7-14, 15 placed in the lathe
tool holder. It is positioned with the nose leading slightly, as shown in
Fig, 8-19. The cnd face of the workplece 1z rough faced, using the
longitudinal feed handwheel on the apron to establish the depth of eut,
and the tool is fed across the end face with the eross slide. The direction
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Fig. 3-1%. Procedure for catting off burr surrounding center hole, u=ing an end facing
toal,

of the feed should be outward; 1.e, from the center toward the outside
diameter of the workpiece, This operation leaves a sharp, unsightly
burr surrounding the center hole on the work, which must be removed
by the finizh facing operation

The procedure for removing this burr is illustrated in Fig. 8-19. The
end-facing tool is positioned near the tailstock center, as shown at A. The
tool is then moved into the face of the work using the longitudinal feed
handwheel on the apron in order to obtain the depth of eut. The following
steps must then be taken in rapid order:

1. The tailstock spindle is unclamped,

2. The tailstock center 12 moved out & very short distance by moving
the spindle with the tailstock handwheel,

3. Simultaneously with Step 2, the facing tool 15 fed toward the
center by manually turning the cross-feed handle. See B, Fig. 8-19,
This procedure will eause the burr surrounding the center hole to
be cut off.

4. Immediately after the burr is cut off the facing tool is backed out,

again using the manual eross feed, and the eenter 15 repositioned
in the center hole.

5. The finish-lacing cut is then completed by facing from the center
toward the outside, as shown at C, The power eross feed may be
used to take this cut.

The work is turned around in the lathe in order to face the second end.
A simple layout 1s made before this operation 15 begun. A line is laid out
from the finished face of the work to some distance less than the required
length of the work, as shown in Fig. 8-20, It is convenient to make this
distance one ineh less than the required length of the work. It would be
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Fig. B-20. Measuring length of workpieos by measucing to lavoul lime with hermaph-
rodite calipers. These calipers can also be used to seribe layout lines on evimdrical
aurfaces, as shown,

difficult to scribe a line at the exact length of the work as it would fall
too close to the existing Tace, Furthermore, the chips resulting from the
facing cut might possibly destroy the layout before the facing operation
i completed. After the layout has been made, the facing operation is per-
formed, az described above, until the distance from the second face to
the layout line is one inch, as measured by a rule or by hermaphrodite
calipers,

Cylindrical Turning

As already explained, two types of cuts are normally taken when turn-
ing; namely, roughing euts and finishing cuts, In either case, the cutting
tool is positioned to cut the required diameter by using the trial-cut pro-
cedure. Since 1t 15 so {requently used this method will be described again,
in greater detail,

The cutting tool is first adjusted to take a shallow eut using the cross
slide to position the tool, Care must be taken to make sure that this cut
will leave the work oversize, The automatic, longitudinal power feed is
engaged and a cut, approximately one-half inch in length, 15 taken. With
the lathe spindle stopped, the diameter of the work is measured with
mierometer calipers. The earriage 15 then moved back toward the tailstock
in order to position the tool for taking a second cut. Before this cut is
taken, the cutting tool 1s adjusted to cut the workpiece to the desired
diameter by moving the cross slide the exact distance required. This dis-
tance 15 one-half the difference between the measured diameter of the
trial cut and the desired diameter. The distance that the cross slide is
moved can be accurately determined by reading the micrometer cross-feed
dial, As explained in Chapter 5, some cross-feed dials are direet reading,
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while otherz must be moved one-half of the difference between the trial-
cut diameter and the desired diameter. Since direct reading dials have
graduations that are equal to a movement of one-half of a thousandth of
an inch, this subtraction s not necessary. On direct-reading dials the
cross slide 1s moved the required distance by reading the number of
graduations corresponding to the difference in the diameter. It must be
understood that in either ease, the eross shde moves the same distance,
and that the difference is in how the micrometer cross-feed dials are
graduated. After the cutting tool has been set to take the second cut, the
longitudingl feed is engaged and another one-half-inch-long cut is taken.
The resulting diameter 15 measured, If the diameter of the work is to size,
the longitudinal feed is engaged and the cut is taken to the required length,
It 15 sometimes necessary to take several trial euts before the desired
diameter on the work 15 obtained,

The entire workpiece should be “roughed out” before taking any finish
euts by taking one or more roughing cuts on each diameter that 15 to be
turned. The roughing cuts should leave the diameter of the workpiece
oversize a predetermined amount, which in general practice, may vary
from approximately 020 to (060 inch. Shoulder lengths should be left
short, or "undersize,” in order to provide metal for the finish-turning
operation. This amount 18 usually, approximately, .015 to 030 inch.

The finishing cut 1= often taken with the same cutting tool as was used
to take the roughing cut. This procedure requires fewer changes of cutting
tools. It is sometimes best, however, Lo use a separate tool for finish turn-
ing since less tool wear then occurs. The separate finish-turning tool, hav-
ing less wear than the roughing tool, will frequently produce a better
surface fimish. Sometimes special tools, such as shown m Fig. 7-16, are
used for the finish-turning operation. The trial-cut procedure is used to
obtain the finished diameter on the workpiece. When finish turning, great
care must be exercised i the performance of this procedure so that the
work diameter is not cut undersize. The final finishing cut should not be
taken until the lathe operator is certain that the cutting tool 1s set to cut
the work to the desired diameter.

The cutting speed for finish turning can usually be faster than for rough
turning because of the decreasze inthe depth of cut; however, not all lathes
ean be adjusted to obtain this speed differential, Cemented-carbide eut-
ting tools should be operated at a cutting speed that 15 fast enough to
produce a good surface finish. When these cutting tools are operated above
& certain eritieal cutting-speed range, an excellent surface finish can easily
be obtained. This eritical eutting-speed range 5 dependent on the grade
of carbide used and the nature of the work material. In general, it is in
the range of 150 to 200 fpm, When slower cutting speeds must be used,
the surface finish obtained can be improved by using a good cutting fwmd
and by using a cutting edge that 15 in good condition. This usually means
that the cutting edge must be replaced before excessive wear has taken
place,
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Sometimes, filing and polishing are used to obtain & smooth finish on
parts thal have been turned in a lathe. The file that iz generally used for
lathe work is a single-cut, bastard file of “mill" section, The amount of
metal that s left for filing should be kept to 8 mimimum. It 1s difficult to
file a part round, in a lathe. In general, filing should be avoided except
to “break™ sharp corners of shoulders. An abrasive eloth may be used to
obtain a smooth surface by pressing it against the rotating workpiece, A
rather smooth finish ecan be obtained by using the finer grade of abrasive
cloth. Polishing straps are sometimes used when polishing large diameters,
A polishing strap i shown in Fig. 8-21. The two ends of the polishing
strap are held together with a piece of leather belting.

Figure 8-22 illustrates a digital readout system that can be adapted
to engine lathes, This systemn reduces the time and effort required to set
the cutting tool in order to turn the work to the required diameter and
length. The eutting tool 15 set against the end face, and the digital display
for the longitudinal feed is set to zero. A short trial cut is taken and the
diameter 18 measured with a micrometer caliper. The digital display for
the eross slide is then set to read the diameter of the teial cut, From then
on, the position of the point of the cutting tool—with respect to length
and dlameter—will appear on the digital display, Thus, the lathe operator
can set the cutting tool Lo eut the length and diameter wanted, by observ-

Courbeay of Lellond Afeckine Tood Ca,

Fig. 8-21. Turning and polishing large-diameter workpicees. Note the polizhing strape
wzedd (o poheh loege dameders on Uhe Inthe ot e lefd, The abrasive eloth ig enclosed
in the deoviee that looks like a large nuteracker.
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Courteay o) The Bendiz Corporalion, Automation and Mearurementd [hinaion

Fig. 8-22. Engine lathe equipped with a digital readout.

ing the dimensions: displayed on the digital display without taking any
further trial cuts. For accurate work, of course, roughing cuts should be
followed by a light finishing cut to minimize the effect of deflections
caused by the heavy roughing cuts.

Shoulder Turning
There are three steps in shoulder turning:

1. Locating the shoulder on the work
2. Turning the smaller diameter to size
3. Facing the shoulder to length,

The length of the shoulder can be laid out using & hermaphrodite caliper
as shown in Fig, 8-20. A seratch, or mark, made with the point of the
cutting tool can also be used to mark the location of the shoulder. Often,
the location of the shoulder is measured as the cut progresses, using a
steel rule or a hermaphrodite caliper, A groove eut with a necking tool, A,
Fig.8-23, can serve to locate a shoulder.
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Fig. 8-23. Procedures for lurning shoulders,

Several methods of turning shoulders are illustrated in Fig, 8-23, AL A
a groove 15 first eut with 2 necking tool in order to establish the length
of the shoulder, The small diameter 15 then eut to size by one or more
euts with the turning tool, When this method 15 used, all of the required
shoulders are “blocked out,” and the adjacent eylindrical surfaces are cut’
to size. This method does have a disadvantage, in that two tools need to
be used. On slender workpieces & very slow f{eed 15 necessary to cut the
grooves in order to avold the occurrence of chatter, A faster, and even
simpler method of eutting a shoulder is shown at B, The cutting tool is
positioned to have a zero-degree lead angle. The shoulder 15 formed by
the cutting edge when turning the smaller diameter. Shoulders turned in
this manner are not necessarily perfectly square. When a shoulder must
be square the method illustrated at C, 13 recommended. Usually the
shoulder 15 first roughed out using either of the two previous procedures.
The tool 15 then reset with the nose leading, as shown at C. It 15 set to
cut the small diameter to size, using the trial-cut procedure. The microm-
eler cross feed dial reading used to take this cut, 15 noted, When the tool
approaches the shoulder the automatic-power longitudinal feed is dis-
engaged and the nose of the tool 1s fed by hand, longitudinally, into the
shoulder. When it has penetrated the shoulder enough to take a light cut,
it is fed out using the cross slide. The length of the shoulder is then
measured, and the tool 13 moved longitudinalily, just enough to remove
the excess metal from the shoulder. It 15 then fed into the work with the
cross slide. When it approaches the ecorner of the shoulder it 15 carefully
fed by hand, until the reading of the micrometer cross-feed dial is the
same as was previously noted. In this manner the tool will not undercut
the corner and a smooth blend can be obtained between the shoulder and
the previously turned diameter. It is sometimes an advantage to turn the
compound rest 90 degrees, for thiz operation. In thiz position, the com-
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pound-rest slide will move parallel to the longitudinal feed, and it can
be used to set the depth of cut for the final finishing eut on the shoulder,
Very accurate shoulder lengths ean be obtained using thizs method of set-
ting the tool. A micrometer carnage stop, Fig. 6-23, 1f available, ean alzo
be used to obtain accurate shoulder lengths. This same procedure can be
used to eut a shoulder having a sharp corner, as shown at [, Fig, 8-23, or
to cut 4 radius 1in the corner, as shown at E. The tool, at D), must be
ground with a flat on the end-cutting edge in order to finish turn the
small diameter, otherwise it will cut threadlike grooves on this surface.
Very large radn are cut using a large forming tool that 12 similar to the
tool &t E. The corner 18 first blocked out using & turning tool, such as
shown at B. Tt 15 sometimes faster to block out the corner with a Tacing
tool, as shown at F. The corner radius 1s finished by touching the finished
surface at the small diameter without penetrating this diameter with the
radius-forming tool. This can be done f care 12 exercised. The reading of
the micrometer eross-feed dial is noted when the radius forming tool 15 in
this position. The radius is then cut, as shown at E, with care being taken
at all times not to move the micrometer cross-feed dial beyvond the setting
noted above. A heavy-duty cutting oil, or white lead mixed with oil to a
thin consistency, should be used as a lubricant when performing this
operation in order to obtain a good surface finish in the radius, The cut-
ting speed should also be greatly reduced when using the large radius
form tool.

Mandrels

A mandrel 12 a work-holding device that 13 pressed into a finished
machined hole of a workpiece in order Lo rotate the workplece accurately
about the axis of the hole, while the mandrel 15 held between the lathe
centers, Standard mandrels are made from hardened and ground steel
They have a taper of 006 inch per foot. The size of standard mandrels
15 alwayvs marked on the large end. A thin film of 01l should be placed
on the mandrel before it is inserted into the hole. The small end of the
mandrel should be inserted into the hole and the mandrel pressed in until
it 15 tight. If hammer blows are used for this purpose, the end of the
mandrel should be protected with a piece of soft metal or hard wood. The
best practice 15 to insert the mandrel into the hole with an arbor press.

Two examples of the application of mandrels are shown 1n Fig. 8-24.
In the upper view, the outside diameter of the bushing 18 turned to size
and is concentric with the bore that has previously been finished to size.
In the lower view, the small cast-iron wheel, having & finished hole
through the hub, is having the outside diameter turned concentric and
the sides faced perpendicular to the axis of the hole, IT a comparatively
large pulley 1z mounted on the mandrel, it must be driven directly by
pins attached to a faceplate and engaging the pulley arms in order to
prevent the pulley from turning on the mandrel when taking a cut.

Some special mandrels are shown in Fig. 8-25. A nut mandrel is shown
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Fig. 8-24. (Upper Diagram) Bushing mounted on a mandrel for turning. (Lower
Diagram ) Turming & pulley beld on & mandre

at A, Often, this type of mandrel 13 made by ehucking a piece of serap
stock and turning it to the size required to fit the threads on the work.
Thus, the threads are coneentric with the rotation of the lathe spindle and
any thread mounted on this mandrel will likewise rotate coneentrically
with the lathe. Wuts and other threaded workpieces can have surfaces
turned concentrically, and faces turned perpendieularly, with respeet to
the threads that are held by the nut mandrel. Gang mandrels, shown at
B, can be used to hold two or more parts between centers in a lathe. Cone
mandrels can be used to hold large diameters. A cone mandrel can be
seen at O Expanding mandrels, I}, consist of a slotted sleeve that has a
tapered hole which fits onto a tapered shaft. When the shait is foreed
onto the sleeve, the taper forees the sleeve to expand and to tighten inside

the hole of the workpiece. An expanding mandrel 1s shown in Fig. 8-26.

Steady Rests and Follower Rests

One of the most useful lathe accessories 15 the steady rest shown in
Fig. B-27. The purpose of the steady rest is to support long, slender parts,
in a lathe, The additional support given by the steady rest reduces the
deflection of the workmeee caused by cutting forees; thereby, the accu-
racy of the work 15 improved and the tendency for chatter to oceur 1s
reduced. On very long and slender workpicees a steady rest 18 sometimes
required Just to keep the workpieee from sagging under its own weight.
The steady rest may be used to support workpieees that are held between
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Fig. 8-25_ {a.} Nut mandrel; (h) Gaoe mandec]; (e} Cone mandrel; L) Fxpanding
mandrel.

centers | Fig, 8-271, with one ond held in & chueck and the other on the
tailstoek ecnter (Fig, 8-28). In order to leave the end face free for
machining, one end is held oo chuek while the other end is supported
only by the steady rest (sec Figs, 829 and 6-24),

The steady rest s composed of a frame containing three movable jaws
which form a three-point bearing, The frame 1= hinged on one side to
allow the upper hali to swing back for mserting or removing the work,
The base of the frame fits on the ways of the lathe bed and is secured to
the bed with a clamp. Before applying the steady rest, it may be neces-
sary to turn a true surface, or spot, on the workpieee in order to provide
a bearing swrlface [or the jaws of the steady rest, The spot is turned by
4 tool having a small nose radius and & O-degree lead angle. The spot 1s
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Fig. 8-26. An cxpanding mandrel w=ed to hold o bushing while turning a short taper
uging the compound-rest.

sometimes polished with an abrasive cloth. The jaws should be carefully
adjusted against the workpiece. For very accurate work, a dial test incli-
cator 18 positioned on the workplece 180 degrees opposite one of the
lower jaws. This jaw is brought against the work until the indicator
shows a defleetion of a few-thousandths-of-an-ineh, The jaw is then carc-
fully backed off until the indicator returns to its original reading, The
second lower jaw is adjusted by the same procedure, The top jaw is then
brought down on the work and adjusted so that the work will turn frecly,
but without play.

The surface against which the jaws are brought to bear should be kept
well piled. If the jaws are required to bear against a finished surface,
this surface should be protected by placing a strip of leather belting, or
a strip of abrasive cloth (with the abrasive side out) between the jaws
and the work, The steady rest must be located where it will not inter-
fere with the turning tool. In some cases this may require the steady rest
to be moved to another position after turning one section.

Sometimes, a long cylindrical surface must be turned on a workpiecc
so that there is no room to place the steady rest without interfering with
the cut. In such instances a follower rest, Fig. 8-29, must be used to sup-
port long, slender workpieees against deflections, The follower rest is
similar to the steady rest exeept that it has only two jaws and it is



Ch. 8 TURNING ON LATHE CENTERS 249

Conrtesy of felfilond Afaching Tool Do

Frg 827, Bleadyveest waed 1o support o slender part that 2 held between centers

attached to the carriage. The jaws are adjusted to the finished surface
after a short cut has been taken, The follower rest then moves along be-
hind the eutting tool for the remaining length of the cut.

Knurling

A knurled surface is a raised surface, usually with a diamond-shape
pattern, which is formed to produce an ornamental effect or to provide a
nonslip or gripping surface, This pattern is formed on the surface by a
knurling tool such as 15 shown n Fig. 8-30. This tool has three pairs of
rolls which can be made to produce a fine, medium, or a coarse-pitch
knurled surface. The rolls, or knurls, are made from hardened steel and
each knurl has a series of teeth or ridges that incline to the right on one
kourl and to the left on the other, When the two knurls are pressed into
the work as it slowly rotates, one knurl forms a series of left-hand ridges
and the other a series of right-hand ridges which cross, to form the dia-
mond-shape pattern. The knurled surface is formed by the high local
pressures produced by the kourls which cause the metal on the surface
of the work to flow, or extrude, in an action which is gimilar to center
punching. Knurled surfacez with a single groove are sometimes made,
although the diamond pattern is the most common on machine parts,
Several different kinds of knurling tools are also used. Some knourling
tools are designed to reduce the load, which can be very high, on the
cross-feed screw and nut.
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Fig, B<28, Large steadyrest used fo sopport long workpicee held inoa choek amld
hetween centers on o lathe having two camiages.

DAITERL T af faflond Macking Toold O,

Fig. 8-20. Follower rest nsed to support zlender workpicees provides support for
cutting eotire length without stopping.

The knurling operation iz performed by clamping & knurling tool in the
toolholder and aligning it so that the knurls are paralle]l to the surface of
the workpiece. The lathe should be set to operate at a very slow speed
and a plentiful supply of lubricating o1l should be placed on the surface
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Fig 8-30, Knurling to provide o slip={ree surfnee,

to be knurled, The knurling operation should be started, if possible, with
about one-third or one-half of the knurl in contact with the surface to be
knurled. The knurl is then fed mmward, using the cross feed, until a well-
formed knurled surface is visible on the surface of the work. If a fine knurl
12 being made it may be desirable, at this point, to feed the knurl into the
full depth. On harder materials and coarse knurl patterns, the initial feed
should not be to the full depth unless the width of the knurled surface
on the work is less than the knurl rolls, in order to prevent an excessive
load from occurring on the cross-feed serew and nut, IT the surface to be
knurled 13 wider than the knurls, the power longitudinal feed of the lathe
should be engaged and the knurling tool is traversed back and forth,
feeding it inward before each passage, until the full depth is reached,
The knurls should never be allowed to lose contact with the work until
the job 1s finished. The correct depth i3 obtained by observing the pat-
tern of the knurl on the part.



CHAPTER 9

Chucking Work

There are many different designs and types of chucks used in a machine
shop. For example, there are drill chueks for holding straight-shank twist
drills, magnetic chucks, vacuum chucks, ete. The four-jaw independent
chuck, the three-jaw universal chuck, and collet chucks are commonly
used in the engine lathe to clamp workpieces and hold them in alignment
for the performance of chucking operations which includes turming, facing,
thread cutting, drilling, boring, reaming, and cut off. Short workpieces are
held only by the chuck, while longer ones are given additional support
by the tailstock center or by a steady rest.

Mounting the Workpiece in a Three-Jaw Universal Chuck

A detailed view of a three-jaw chuck is shown in Fig. 9-1. The work-
piece 15 placed in the chuck jaws and the jaws are closed by turning bevel
pinien €, with the chuck key, The bevel pinion engages the gear teeth on
the back of the scroll B, which turns inside of the chuck body ). The

0

Courfeay af the Fuck Tool Company
Fig. 91, Details of a 3-jaw, Adjust-Tru, universzal scroll chuck.
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chuck jaws A4, engage the threads on the seroll. When it rotates, the jaws
move in the slides that are machined onto the face of the chuck body.
Each zlide and jaw 12 numbered, for each jaw must be assembled into 1ts
corresponding shide by always starting with jaw number 1, then number 2,
and finally, number 3. The back plate, or mounting plate, F, contains the
mounting used to hold the chuck on the lathe spindle nose. In this illus-
tration a threaded mounting is shown.

Because of the clearances required to allow this mechanism to operate
without binding and becausze of wear, three-jaw chucks do not always
hold the workpiece accurately in terms of a few thousandths of an inch.
In many cases this is good enough; however, when greater accuracy is
required the jaws must be ground true while in the chuck body; a diffieult
procedure to perform. This can be avoided with the chuck shown in Fig.
9-1. A fine adjustment of the chuek 15 provided that is independent of the
chuek Jjaws. Four opposite socket-head serews, 7, work on pressure plugs,
H, that contact surface, F, of the back plate in order to shift the com-
plete chuek and work into alignment. The work 15 placed in the chuck,
Fig. 9-2, and tightened with the chuck key by turning pinion ', A dial
test indicator 15 used to check the concentricity of the work. Any eccen-
tricity can be rapidly removed by adjusting opposite pairs of socket-head
serews, (7, No further adjustment of the socket screws is reguired when
chucking duplicate parts,

The basic methods of holding the workpiece in both three- and four-
jaw chucks are illustrated in Fig. 9-3. Larger workpicces are held on the
outside diameter by reversing the chuck jaws, as shown in view B, To re-
verse the jaws on i three-jaw universal scroll-type chuck requires » sepa-
rate set of jaws, or the two-picec type j1aws which are keved and bolted
together. Two-picec type jaws are shown on the chuck in Fig. 9-2. The
jaws on four-jaw independent chucls can be inserted into the chuck body
in either of the fwo positions shovwn in Fig. 9-3,

Mounting the Work in a Four-Jaw Independent Chuck

The four-Jaw independent chuck is a very versatile chuck with a wide
range of applications on engine lathe work, Each jaw works independently
by means of a separate serew turned by the chuck key. Parts ean be
held firmly and, if required, very accurately, in this chuck. The accuracy
with which a part can be held is dependent entirely on the condition of
the surface on the work that1s used to test the concentricity. A rough-cast
aurface that 15 not round, obviously cannot be chucked to “thousandths,”
because no reference surface exists to prove the truth of the -position of
the part. Cold-drawn and machined surfaces, on the other hand, can be
indicated into position within “thousandths” using a dial test indieator
as shown in Fig, 9-5 When the procedure s understood, four Jaw chucks
can usually be adjusted accurately within minutes,

The chuck jaws should be opened just far enough to admit the work-
piece by observing the position of each jaw in relation to concentric
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Fig. 9-2. Making « fine adjusiment fo remove sceonirieidy on workpicee on o 3-jaw,
Al pust="Tru, universal serall chuaek.
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Fig, 0-3 Behematic drawing showing the hosie metbods of holdineg (e workpiees in

both three-jaw imdependent ehucks and four-jow universsl ehuck= Oonly fwo chuek

jews are shown [or dllusiration purposes. Any zet of steps on the jaws can be used
(o held parts,
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prooves that are machined into the face of the body. The jaws are then
closed to hold the work lightly, The shank end of a tool holder, or a piece
of metal that is resting in the tool post, is placed against the work-—
opposite one of the chuck Jaws—as shown at A, Fig. 9-4. The tool holder
must not be clamped tightly in the tool post as it must be able to be
pushed aside with little effort. The chuck 15 then turned manually. The
high apot on the work pushes the shank of the tool away resulting in an
opening, Id (shown in B, Fig. 9-4). This oceurs when the low spot is
opposite the shank. All effort should first be made to adjust the jaw with

JAW NOL I JAN MO, 3
| {
'!_- = — | l_I 'E
! ﬁ T 11
| \ O | , \
S [ *!lﬁ-:}
M JAW NCL3 . 3
e AW N, |

Fig. 04, Procedure for adjusting workpiece in a 4-jaw independent chuck,

Fig. 0-5. Using a dial test indicator to test the concentrionty of a workpece held in
a 4-pw independent chuck.
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the largest opening between the shank and the work, and 1tz opposing jaw,
until the openings opposite these two jaws are equal. The other two jaws
then are adjuzted likewize, Finally, the fine adjuztment is made again,
first by adjusting two opposing jaws, then the other pair of opposing jaws,
When the reference surface used to check the coneentricity 12 a finished
surface, it should finally result in work that can be rotated without any
light showing between this surface and the shank, For very accurate work
a dial test indicator can be used in place of the tool shank in making the
fine adjustment. (See Fig. 9-5.) The dial test indicator should not be
used to check a rough surface. The contact point of the indicator should
be uzed only against a finished surface. Sometimes a hole in a workpiece
must be made to run true in a chuck. This s done by indicating inside
the hole, as shown in Fig. 9-6. In this case the indicator is held by a
magnetic baze,

Some parts held in a chuck will tend to show endwise eccentricity or
wobble in addition to radial eccentricity. Im 2ome cases thiz can be cor-
rected by placing the work against the face of the chuck jaws or chuck
body. When this cannot be done, the shank of the tool holder, or a piece
of steel, 15 used against the face in a similar manner as for centering the

Courtesy of The L. 5. Starrelt Companyg

Fig 9=6. Using a dial test indicalor to test the concenfrivity of o hole locoted m
a workpeiece held in & 4-jpw chuck,



Ch. 9 CHUCKING WORK 257

work radially. In this case the high spots are found which are then
tapped back with light blows from a soft hammer. The fine adjustment
can be checked by using a dial test indicator. The contact point of the
indicator should not be in contact with the workpiece when it is being
tapped into adjustment with the hammer, in order to avoid damage to
the indicator mechanism. Very large four-jaw chucks have radial T-slots
spaced between the chuck jaws. Studs which extend an equal distance
fromm the faec of the jaws ean be fastened in the T-slots, and the parts
being chucked can be positioned ngainst the end of these studs, thercby
obtaining cndwise alignment.

The workpiece 18 sometimes dehberately mounted eccentrically in the
four-jaw chuek in order to turn & surface which is eccentrie with respect
to another surface. (Sce Fig. 9-7.) The flexibility of the four-jaw chuck is
elearly demonstrated in this operation. It is, perhaps, the most versatile
and uscful work-holding deviee for engine-lathe work,

Mounting Work in Collet Chucks

Spring collet chueks are highly aceurate ehucks, They should be used
to clamp on fimshed surfaces that are accurate to within a few thou-

Cosrtesy of the Clausing Diviaton of the Atas Preas Company

Fig. 9-7. Work held eecentrically in a d=jaw independent chuck,
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sandths of an inch of the size of the collet used. The spring coliets exert
an cven and uniform pressure around the workpicee, which minimizes the
distortion of thin-walled parts, Figure 9-8 shows a group of spring collets
used 1o hold round, square, and hexagon-shaped workpicees, A draw-in,
bar-type collet chuck 18 shown m Fig 9-9 A special eollet adapter is
inserted in the spindle nose and the eollet 15 inserted in the adapter. The
draw-in bar 18 inscrted in the rear of the spindle. When the draw-in bar
i3 turned, it draws the collet into the spindle by the action of the threads.
The taper on the adapter (corresponding to the taper on the eollet) caunses
the collet to close as it 1 pulled into the spindle by the draw-in bar. All
of the surfares of the spindle nose, the adapter, and the collet must be
clean sinee even the smallest particle of dirt o foreign substance will
canse the workpieee positioned inside the collet to be held inaceurately.
A spindle nose type collet chuek iz shown in Fig. 8-10. This chuek can be
obtained to fit onto ecither a threaded cam lock or a long-taper zpindle
nose. The collet i2 inserted in the front of the chuck and pulled back
against the taper to permit elosing the jaws by turning the handwheel.
As it 15 not neeessary to reach behind the spindle to elose the chuck, a
saving of time and effort results.

The diameter of the workpicee held i a spring type collet should be
within approximately =005 in. {=0.13 mm) of the diameter for which
the collet 1s made. Figure 9-11 illustrates what happens when the work-
picee 12 too large or too small, The eollet will not grip the workpiece
firmly, exeept at the ends of the eollet holding surfaces whieh, as a result,

Coarfesy of Hardinge Brothers I'mé,

Fig, -8 Spring collets for holding diferent work shapes.
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may eans=e we machined surfaces to be inacearate, The workpieee sur-
face on which the collet grips should be a finished swface to obtain the
accuraey el the waximum holding power for which the collet has been
designed,

There are other tvpes of eollets whiteh are =l on Cngine '."|1_|||.,'5.r al-
though these collet= are usorll primartly when o maber of like parts are
to be machined. Cme =ueh collet 1= the step chuek, =shown n Fig, 912, The
step chnek eonsist= of @1 elosing ring, which fits on the Inthe spindle, and
a ek or collet, solueh closes o hold the out=ile imetor of e work-
pieee. The clmek or collet is mele of vubardene! <teel, which s bored out
on the job to the dimneter aul depth reguired to fit the workpiece. Before
horing the chuek, pins (=ee Fig, 9-12) are inserted o holes loeated o the
slits. The pins Limit the mount that the chuek will elose when drawn
tight 1 the cloxing ring. The chuek 1= then bored to the vecuire] diumeter
ad depth; the dinmeter <hould be 0005 in, (0013 nun) less than the size
of the et 1o B Dielel AT tlie eliek L bBeon bored to sige, the |:i||5 are
veqoved and the workpieee ean be held, as =hown in Figo 9-13. The part
in thiz illn=tration i= being comderbored w=ing an ordinary torning tool;
however, the side relied angle of the tool st be Lirge enough to prevent
the flank of the tool from mbbing aganst the hore. Bonmw regalar collets
are made from o =oft metal <o that they enn be bored to a sige for which
there 1= wo =twdon] collet, A =oft collet i= illu=teted o the upper vight
band view of Fig, 95 which shows the pins nsed when the collet s hored
to size

Apotler tvpe of collet is the expomeding collet, wliael = designed to hold
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Ceourtesy af Hardinges Frathers Ine,
Fig. 8-10, Spindle=nose type collet chuck,

by expancling inside of a hole in the workpiece. A taper pin or a taperod
cxpanding bolt 18 used to expand the ecollet. While these collets are gen-
crally round, they can alzo be made to other shapez such as aquare,
hexagon, or threaded,
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Fip. 0-11. Effiect of holding oversize and undersize workploces In a spring collet. A.
Waorkpiess owversize , B, Workpiece undersize,

Cloeirdngy oof .F.l'u'n'hrrpr Mradhere fne,
Fig. %12 2Bfep churk, showing closing ring and collet, which 15 usually called “the
rhueck."”
Collet-Chuck Work

Collet chucks are used to hold finished surfaces only, This, however,
can include raw cold-drawn or centerless ground bar stock, The bar stock
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can be placed inside of the headstoek spindle with enough material pro-
truding outside of the collet to make the required part. The finizhed part
is then cut off with a cut-off tool. Collet chucks are frequently used for
second chucking operations. The part is first finigh-turned on onc cnd.
It is then turned around and the finished end is held in the collet chuck
while the other end 12 turned to size. A turning opeartion with the part
held in a spindle-nosc type collet chuck is shown in Fig. 9-14. Note that
the compound rest 18 zet at 90 degrecs zo0 that the compound-rest zhde
moves parallel to the axis of the lathe. This permits the micrometer dial
of the compound-rest feed screw to be uzed to obtain an accurate dis-
tance between the shoulder and the end face of the workpiece.

In Fig. 9-15 a very long, small-diameter workpicee is being turned while
held in a collet chuck. Turning this between centers would be difficult be-
cause the action of the cutting forces would tend to bend the part and
the lathe dog would interfere with the eut. The first operation is to hold
the workpiece inside of the spindle with just enough protruding from the
collet to take a cut of about one or two inches in length. It 15 then drawn
out of the collet and one end is held by a steady rest as shown, This end
could be held in a tailstock center; however, on very small diameter
work the center hole in the workpiece would be very small affording only
a small bearing surface for the tailstock center, A follower rest is placed
on the carriage which, in this case, leads the cutting tool. The follower

Ermard ey ol Mardiege Rradkees o,

Fie, 913 SBdep chuek bolding workpieer o perform durming, {acing,  boving, sl
eorin el openet ion=,
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Courfesy of Mordinpe Hrofthers Tne.

g, 0=14. Turning and facing & part held in a spindle pose type collet

rest prevents the work from deflecting as the tool cuts the length of the
part to size, This Job could also be done by turning the length between
the collet chuck and the steady rest to size, as shown, after which the
two ends are cut off.

Chucking for Work-Turning and Facing

Cylindrical surfaces can be turned with the work held in the chuck as
shown in Fig. 9-16. The longitudinal feed causes the cutting tool to travel
parallel to the axis of the lathe and as the work revolves, the tool will
cut a true eylindrical surface. The trial-cut procedure is used to obtain
the desired diameter on the workpiece. Long parts held in a chuck may
deflect as a result of the cutting forces which cause the part to be tapered
instead of evlindrical. Thiz can be prevented by using a cutting tool hav-
ing a small-nose radius and setting this tool to have a zero-degree lead
angle.

Facing is the operation of turning a plane surface by feeding the cut-
ting tool with the cross shde. A facing operation is 1llustrated in Fig. 9-17.
The depth of eut for this eperation can be obtained by moving the car-
riage longitudinally,

Greater accuracy in sctting the depth of eut can be obtained by setting
the eompound-rest slide so that it will move parallel to the lathe axis as
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Courteay of che Clasmig inieion of the Atlas Free Compamy

Fig, 915 Turning 2 slender workpicee hald in a collet chuek by o steady rost, Addi-
tirna] support 15 provided by o Follower Post,

shown 1 Fig. 9-17. The depth of cut 18 set by moving the compound
rest shide, using the micrometer dial on the feed serow to make accurate
settings,

Drilling

The first step in drilling a hole on a lathe is to start the hole with a
eombination drill and countersink, or center drill, as seen in Fig. 9-18.
The center drill is held in & drill chuck which is mounted in the tailstock
apindle. The work s rotated by the headstock spindle and & high spindle-
speed should be used to drill this starting hole. The hole is drilled by
clamping the tailstock to the bed of the lathe and feeding the drill into
the work manually by turning the tailstock handwheel. The center drill,
being short and inflexible, will not deflect; but will start the hole true,
without any eccentricity, The twist drill will be guided by the hole made
by the center drill and, therefore, will also start true and without
eccentricity.

After the starting hole has been made with the center drill, the hole
12 then drilled to the required size and depth with a twist drll. The
spindle speed used to drill the hole should be appropriate both to the size
of the drill and the material being cut. As a guide, the Table of Cutting
Epeeds (in Chapter 5) ean be used. The spindle speed of the lathe 1s
caleulated from the eutting specd using Formula 5-1. The drill is fed into

the work manually, by turning the tailstock handwheel.
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Cowrteag of the Closemng Divieton of the Ailsa Presa Compemy
Fig. 316, Turning o part that i held ina 3-jaw unzversal chuck.

Small twist drills {up to approximately one-half inch in diameter) can
be held in & drill chuck which 18 mounted in the tailstock spindle, as shown
in Fig. 9-19, The taper locates the drill on the axis of the lathe and 1t will
hold the drill sufficiently firm to resist the drilling torque. The torque,
encountered when larger drills are used, may be sufficiently large to cause
the taper shank to slip in the taper hole of the tailstock spindle, This will
result in scoring the inside of the taper hole of the spindle. This damage
15 frequently so severe that the tallstock spindle is ruined. It is not ad-
visable, therefore, to place large, taper shank drills directly into the
tailstock spindle unless some means are provided to prevent the drill from
slipping or the step drill method is used to reduce the drill torque.

The tailstock spindle on some lathes is provided with a keyway, or
slot, into which the tang of the twist drill fits On lathes which are so
equipped large-size taper-shank drills can be safely driven by the tang.
Most engine lathes do not have a driving slot 1n the tailstock spindle,
thus other means must be used to drive the larger-size twist drills, One
method of doing this is shown in Fig. 9-20. A lathe dog is elamped onto
the twist drill which is inserted 1n the taillstock spindle so that the tail of
the dog rests on the compound rest. The drill should first be inserted in
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Fig, 9-18. Starting a drilled hole with a center drill.

the spindle after which the dog 15 clamped on the drill so that the tail
i5 against the compound rest. The taill of the dog prevents the drill from
turning. Care must be exercised to make certain that the tail of the dog
15 against the compound rest at all times as the hole is being drilled.
Another deviee used in driving a large twist drill 12 ealled a dril]l holder,
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Comrlday af Lalllend Maghimg Tom Co.

Fig. 9-1%9. Drilling a small-dismeter hole with a drill held o o drll chuck which is
mounted in the talsiock spindle,

{
Courtesy of Laflond Macking Toal oo

Fig 9-20, Thilling a large-diameter hole with a taper shank twnst drll. The lathe dog
prevents the deill from shipping.

which holds the drill outside of the tailstock spindie (sce Fig, 9-21). The
taper shank of the twist drill fits into a matehing taper inside the drill
halder, whieh 1= supporied by a tnilstock conter and the workpieee.
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Fig, 921, Drilling a large=digmeter hole in a lathe, The twist drill s held o a drill
halder.

The arm of the drill holder 1= placed on the shank of the tool holder and
against the back of the tool post. As the dnll is fed through the workpiece
by the tailstock spindle the arm of the drill holder pushes the carriage
toward the headstock. The carriage thus provides a drag, or a constraint
to the movement of the dmll holder, thereby keeping i1t seated on the
tailstock spindle at all times. This constraint 15 especially important in
overcoming the tendency of the drill to pull into the work as it breaks
through the far side of the workpiece.

Large holes ean be safely drilled with taper-shank drills mounted
directly in the tailstock spindle by using the “step drilling” procedure,
A small hole, say, one-half inch in diameter, is drilled first, This iz fol-
lowed by enlarging the hole with sucecessively larger-diameter drills until
the required size 15 reached. In this way the torque load encountered by
any one drill 15 not excessive, and the drill will not ship in the tailstock
spindle. Another advantage of this method 1s that the thrust load 1= re-
duced which, in turn, reduces the load on the tailstock spindle nut and
serew. This may be significant when drilling on & small lathe. The single
disadvantage of employing this method is that more time will be required
to drill the hole.

All of the methods of drilling a hole thus far deseribed require the drill
to be fed into the work manually by turning the tailstock handwheel.
Although this is not objeetionable on engine lathe work, the drill may be
fed with the longitudinal power feed of the carriage using the setup shown
in F]g. 0-22 The deill is held in a deil]l holder that is ¢|ﬂmf:u_=;:_‘] i Lhe face
of a square turret type tool post having a “quick change” feature on one
free. This feature permits tool holders for different types of tools to be
quickly clamped or released. In making the sctup, the drill holder is
adjusted to the position where the drill is at the height of the lathe centers;
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Fig, %22 Bctup Tor drilling on an cnging lalhe wsing the earrigge power fecd. The
drill 1= held on the quick=change Tiee of o square tool post.

it will then return to this position ecach time 1t 18 elamped onto the tool
post. Sinee the eross slide 1s usually moved to perform other operations,
each time that the drill 12 used it must be aligned on the lathe axis by
moving the eross slide to this position.

Reamers are used to obtain an accurate diameter as well as a good
surfaee finish in holes that are being machined in a lathe. Usually the hole
i5 bored prior to reaming in order to make certain that the resulting hole
will be concentric with the rotation of the work. The reamer will follow
the existing hole through which it cuts. The reamer is a finishing toeol
and 1s designed to remove only a small amount of metal, Approximately
0.008 to 0.035 inch should be left on the diameter of the hole for reaming.
In other words, the hole should be 0.008 to 0.035 ineh smaller in diameter
than the size of the reamed hole. In order to prevent a tapered hole
resulting from reaming, it is best to hold the reamer in a floating reamer
holder as shown in Fig. 9-23. This tool allows a small amount of unob-
structed movement which enables the reamer to accurately align itself
to ream a straight hole. The cutting speed for reaming should be about
one-half of the speed recommended for drilling, and the reamer should be
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Fig, 323 Heaming o hiole on g Lotlez, The reamer ia held o a Aoating reames holder,

fed through the hole slowly. On engine lathes the reamer iz fed manually
through the hole by using the tailstock spindle. Cast iron is usually
reamed dry; however, a good grade of cutting o1 should be uszed for
reaming most other metals including all of the steels,

Boring
The ohjective of boring & hole in a lathe is:

1. To enlarge the hole

2. To machine the hole to the desired diameter
3. To accurately locate the position of the hole
4. Toobtain a smooth surface finish in the hole.

The motion of the boring tool 1= parallel to the axis of the lathe when
the carriage is moved in the longitudinal direction and the workpiece
revolves about the axis of the lathe. When these two motions are com-
bined to bore a hole, it will be concentric with the axis of rotation of the
lathe. The position of the hole can be accurately located by holding the
workpiece in the lathe so that the axis about which the hole is to be
machined coincides with the axis of rotation of the lathe. When the boring
operation is done in the same setup of the work that is used to turn and
face it, practically perfect concentricity and perpendicularity can be
achieved.

The setup for boring a hole on an engine lathe 1 shown in Fig. 9-24. The
horing tool 18 hell in o borig bar which s foud through the hole by the
cartiage. A typical boring ool 1= shown in Fig, 9-25. Variations of this



Ch. 9 CHUCKING WORK 271

£ il

Cour teay of the Classing Mvisden of the Atlaa Presa Company

Fig. 0-24. loning a hole on an engine lathe,
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Fig. 0-25. Dvaign of a tvpienl high-specd steel boring tool. The design iz typieal, but
variations are used to swit different conditions.

design are used, depending on the job to be done, The lead angle used, if
any, should always be small. Also, the nose racdius of the boring tool must
not be too large. The cutting speml used for boring can be cqual to the



272 CHUCKING WORK Ch.9

specd for turning. However, when the spindle specd of the lathe s enleu-
linted, the finished, or Targest, bore dinneter should e used. The feed rate
for boring 1= u=ually =omewhat less than for turning to compoenszate for the
lack of rigidity of the boring bar.

The boring operation is generally performed in two steps; namely,
rough boring and finish Loring, The objeetive of the rough-boring opera-
tion 1s to remove the exeess metal rapidly and efficiently, and the objeetive
of the finish-boring operation 18 to obtain the desired size, surface finish,
and location of the hole. The size of the hole 1 obtained by uzing the
trial-cut procedure. The diameter of the hole can be meazured with inside
caliperz and outside nierometer ecalipers as deseribed in Chapter 2,
Basie Meazuring Instruments, or inside micrometer calipers can be used
to measure the dimneter directly,

Cored holes and drilled holes are sometimes cecentric with respect to
the rotation of the lathe, When the boring tool enters the work, the boring
bar will take a deeper cut on one 2ide of the hole than on the other, and
will defleet more when taking this deeper cut, with the result that the
bored hole will not be concentric with the rotation of the work. This effeet
15 corrected by taking several cuts through the hole using a shallow depth
of cut. Each sueceeding shallow eut eauscs the resulting hole to be more
concentrie than 1t was with the previous cut. Before the final, finish cut
15 taken, the hole should be concentric with the rotation of the work in
order to make certain that the finished hole will be aceurately loeated.

Shoulders, grooves, contours, tapers, and threads are alzo bored inside
of holes. The procedure for boring tapers and threads will be deseribed
in subsequent chapters. Internal grooves are eut using a tool that s shini-
lar to an external grooving tool (sce Fig. 8-1). The procedure for boring
internal shoulders 18 very similar to the procedure for turning shoulders
that was previeusly deseribed in Chapter 5 Large shoulders are faced
with the boring tool positioned with the nose leading, and using the cross
zlide to feed the tool, Internal contours can be machined I.ZI.EII]'LE_I" a tracing
attachment on a lathe as shown in Fig. 9-26. The tracing attachment 1=
mounted on the eross shide and the stylus, 1, in Fig. 9-26 follows the out-
line of 2, the master profile plate, Thizs eauses the cutting tool to move in
a path corresponding to the profile of the master profile plate in & man-
ner explained previously in Chapter 6, Engine-Lathe Construction, Thus,
the profile on the master profile plate 15 reproduced inside the bore, The
master profile plate 1s aceurately mounted on a special shide whieh can
be precisely adjusted in two dircetions, in order to alipn the cutting tool
in the correet relationship to the work, This lathe has a cam-lock type
of spindle nose which permits it to take a cut when rotating in cither
dircetion. Normal turning euts are taken with the spindle rotating counter-
clockwise. In Fig, 9-26, the boring eut is taken with the spindle revolving
in a clockwise direction, or “backwards." This permits the boring cut to
be taken on the “back side” of the bore which is casier to see from the
operator's position in front of the lathe. This should not be done on lathes



Ch.9 CHUCKING WORK 273

il

0
a0

.
S

r

¥ H.-; K _ -y
v “ bl
".'L._l. i ’ r'i|||“IrI 2

Courtery of The Monarch Mackine Tool Company

Fig. =26, Boring an internal contour on an engine lathe equipped with o irecing
attachment.

having a threaded spindle nose because the ecutting foree will tend to
unscrew the chuck.

Cutting Off

The objeetive of the cut-off operation is to sever the end of the work-
plece which is protruding from the chuck, Often, this is a finished or semi-
finished workpiece that has been machined from a bar of stock which is
held in a chuek such as shown in Fig, 9-27. A cut-off tool, Fig. 9-28, is
used to perform the cut-off operation, The end cutting edge is ground at
a 3" to 15 angle in order to cut off the part without a burr. The burr re-
mains on the stock that 13 held in the chuck and can be removed by feed-
ing the tool a short distance bevond the point where the stock is separated,
The width of the cut-off blade is dependent upon the size of the cut-off
tool. It should be kept as small as possible. Although both larger and
emaller widths are used, the average width of the cut-off blade 1z from
1 to ¥4 inch. The blade has & back taper of one degree on cach side in
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Fig. 3-27. Cutting off a finished part in an cngine lathe.
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Fig, =28, Design of & cwt=0ff toal,

order to provide clearance for the tool with respeet to the sides of the
groove made by this tool. The side relief angles are two degrees and the
end relief angle 1z ten degrecs. The face of the tool 15 made flat, although
a very large radiuz (equal to the radiuz of the grinding wheel used to pre-
pare this surfacel 15 s=ometimes ground on the face. This provides a very
emall back-rake angle. Two frequently used commereial cut-ofl tools are
shown in Fig. 9-29.

The cutting speed used to cut off stock can usually be as fast as
recommended for turning. Occazionally, & very deep cut must be taken
to cut off a part, in which case the cutting speed should be reduced. This
iz done more in the nature of a safety measure than to decrease the cut-
ting load on the tool. The cutting load, or cutting force, on the tool will
not be reduced by decreasing the cutting speed, but by reducing the feed.
For this reazon, a relatively light feed should always be used to perform
the cut-off operation. For very small cut-off toolz a feed rate as low as
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Fig %20, A. Stroighl-shank oot=off tool, B OTset-shank eaf-off toal.

0005 inch per revolution iz sometimes used. Large cut-off tools can
operate satisfactorily using a feed of (W6 to 010 inch per revolution
For average conditions a feed rate of .001 to .005 inch per revolution is
recommended. 1t 15 best to use the automatic-power across feed to perform
this operation since this feed is more uniform than the hand feed. It
should be pointed out that the actual feed rate of the eross slide of most
engine lathes 15 less than the longitudine! feed rate corresponding to the
same setting of the feed-thread gear box. The setting of a quick-change
gear box will correspond to the actual longitudinal feed; however, the
cross-slide feed will be less. Since the ratio of the longitudinal and cross
feeds depends upon the design of the lathe, no general rule for ealeulating
the actual cross feed rate can be given. This must be determmned experi-
mentally for each lathe.

The eorreet setup for an offset cut-off tool is shown in Fig 9-30, For
hoth offsct and straight eut-off tools, the blade must always be positioned
perpendicular to the workpicee axis and the end eutting edge must he on
center.

Lathe Fixtures

Fixtures are special tools used to loeate the workpicee in a desired po-
gition for machining and to clamp it firnly in place. Usually, fixtures arc
uzed on production work, where a number of hike parts are to be ma-
fhiﬂl’_‘.d T'!'Il_‘.l'l," ane I.!lr_!l:.'!,_'-'\-illllll-?., I".[]".".'("'".'L'I', ".".']IL'I] ”ll:f l:"l?]'lﬁﬁ"l_.'.l':ﬂ i.(]ll I:Ii | |L'!]'l. i!-T-
such that it eannot be located and held by any of the standard work
holding methods. On such oceasions, a fixture s made to machine only
one or two parts. Such fixtures are made as simple as possible without
saerificing the required aceuracy.

Lathe fixtures are usually mounted on a faceplate or in a four-jaw
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Frg, %30, Correet sctup for an oflsel ewt-0f fool, Blade must be perpendicular to
work and on center.
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Firg. 9-31. Stub mandrel vsed to alipn bore of workpiece with axis of lathe to insure
conrentricity and perpondicularity of turned surface with bore,
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Fig. 9-32. Imamond boring a complex part held in o lathe fixture mounted on a four-
jww chek, Diamond boring ool produces mirror-like =uefaee finizh on aluminum part,

chuek, although some very simple fixtures may be held in a three-jaw
universal ehuek or in a collet chueck. A very simple fixture for turning a
pulley 2 shown in Fig. 9-31. Actually this s a stulb mandrel used to
insure concentricity between the outside diameter and the bhore, and also
to insure perpendicularity between the sides and the bore. The mandrel
15 made from a bar of steel which is turned 1o B the bore and a thread is
cut on the ond to hold a retaining nut. It 15 turned ‘and then used without
removing it from the lathe. TL may be removed and used again by indi-
cating one of the eylindrical surfaces or by always holding it in a collet
chuck. However, a collet chuek should not be used when turning a large
diameter.

Most fixtures not mounted on a faceplate are preferably held in a
four-jaw ehuck. Sinee each pair of Jaws can be aceurately adjusted inde-
pendently of the other pair, the fixture ean be aceurately located in the
four-jaw chuek. A lathe fixture held in a four-jaw ehuek that is mounted
on an engine lathe 1s shown in Fig. 9-32. The fixture 1s made to run true
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by mdieating the dmeter aned the fnee with a dial test mdicator. The
workpiece 12 4 compliented forged aluminum alloy valve body that must
b maehined to elose toleranees amd 1o o mirrar smooth surfaee finizh, To
attain the required aceuraey and the mirror smooth surface fimsh o nat-
ural dinmemd cutting tool held on a boring har is used,
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Taper and Angle Turning

Twist drills, end mills, arbors, lathe centers, other small toaols, and
machine partz have tapered zshanks which fit inte spindles, sockets, or
adapters having & matching taper. Heavy-duty power generating and
marine components are often designed to have tapered fits. The taper
provides an accurate means of location for the mating parts. Many tapers
are also designed to hold the two members together. They are called self-
holding tapers in contrast to =zelf-releasing tapers which are designed to
locate, but not to hold. Taperzs have been standardized in order to be
interchangeable. Most machine shops are frequently called upon to meas-
ure or gage, and to machine tapers. External tapers are machined either
by turning in a lathe or by grinding, Internal tapers are machined by
boring in a lathe, reaming, and by internal grinding. This chapter will
concern itself only with the measurement of tapers, and with cutting
tapers and other conical surfacez on a lathe.

Standard Tapers

The exact dimension: and specifications for ztandard taperz are tabu-
lated in engineering handbooks such as “Machinery's Handbook." The
objective here 15 to introduce the standard tapers in common usage 1n the
Umted States.

Morse Taper. This 12 a seli-holding taper. Taper-shank twist drills are
made exclusively with the Morze taper. it 1= al=o uzed extensively on the
shanks of reamers, end mills, countersinl: rounter bores, spot facers, and
lathe centers. It is used on drill-press spindles and lathe spindles, Each
size of Morse taper is different, although in most eases it 15 approximately
8¢ inch per foot.

Brown & Sharpe Taper. Thiz taper 12 approximately 4 inch per foot for
all zizes except Wo. 10 which 1z 5161 inch per foot. Brown & Sharpe
tapers are uzed on the shanks of end mills and reamers, collets, milling
machine ﬂmln:ﬂluﬁ, and grindmg—:mu'hhm H|:5n{|lr;r.5,

Jarno Taper. The Jarno taper has been used on some machine tools, This
ayatem 15 based on some very simple formulaz that make all the dimen-
sions very easy to ealeulate. The taper per foot for all Jarno tapers 1= 600
inch. The following formulas are used to caleulate the other dimensions:

279
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Jarno taper
Diameter at large end = Jarno taper number

5
Diameter at small end = Jarno *“T;':;' number
Length of taper = Jarno L"P;;T numher

Thus, a No. 7 Jarno taper has the large diameter equal to %% inch, the
small diameter equal to %4 or (700 inch, and the length 15 equal to 314
mnches,

Milling-Machine Taper. This taper 12 3% inches per foot in all sizes, n
order to assure easy release from the milling-machine spindles of arbors,
adapters, and other tools. 1t was adopted as a taper by the milling-
machine manufacturers of the National Machine Tool Builders Associa-
tion, in 1927, It has now become an American standard and 1= used on
almaost all of the milling-machine spindles built in the United States,

American Standard M achine Tapers, This standard ineludes a sell-holding
series, and a steep taper, or self-releasing, series. The seli-holding tapers
are, to a large extent, an adaption of the Morse and Brown & Sharpe

tapers. The steep taper series corresponds closely to the Milling-Machine
Taper,

There are other standard tapers, such as for American Standard Taper
Pins and for the Jacobs Taper that is used for chucks and on spindles of
portable air and eleetric tools. The wide application of all of these stand-
ards has contributed greatly to the growth of metal manufacturing,

Taper Calculations

The following definitions are used in dealing with tapered surfaces:

T = Taper; the difference in size between the large and the small

diameter.

T, = Taper per inch; the change in size of the taper in a one-inch
length.

Ty = Taper per foot; the change in size of the taper in a one-foot
length.

I} = Large diameter of the taper
d = Small diameter of the taper
L = The length of the taper in inches.

The formulaz used to caleulate the components of a taper are given
below, Their applications ean best be illustrated by examples:

T'=D-4d (10-1})

T, == (10-2)
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TJ:.I"

Ti“' = -i'i “ﬂ-:]]
Tar=12x Ty (10-4)
D= (T, xL)+d (10-5)
d=D— (LxT,) (10-6)

0n—d
L=="1 (10-7
Tpf ::I

Ezxzample 10-1:

A taper 15 4 inches long. The large diameter is 1 inch and the small
diameter 15 3} inch. Calculate the taper per foot.

Io= 41, D= 1in., o = 3 in.

— — &
7= 27 = Lo = onsin (10-2)

Tor = 12 X Ty = 12 % 0625
= .750 in. (10-4)

Example 10-2:

Caleulate the diameter of the large end of a taper when the small
diameter 15 778 ineh, the taper per foot is 60235 inch, and the length of
the taper 15 3.250 inch,

L= 3.2501n., d = 778 1n., Ty = L0235 in.

T, 6023 .
Tyim 2 -’m-’ = 05019 in. (10-3)

D= (T, »x L)+ d = (05019 % 3,250) + 778
= 941 in. (10-6)

Measuring and Gaging Tapers

The method of gaging tapers is illustrated in Fig. 10-1. Taper plug
and taper ring gages are simple and dependable for gaging tapered holes
and tapered shafts, respectively. They simullaneously gage the diameter
and the angularity of the taper.

To papge the angulanty of a tapered shaft, place a light coating of
Pruszsian blue along the entire length of the taper. If Prussian blue 15 not
avallable, a hight chalk can act as a substitute. The taper 15 inserted 1n
the ring gage and twisted., If, after 1t has been removed, the Prussian
blue coating has been uniformly rubbed off, the taper is cut at the correct
angle. If a portion of the Prussian blue 13 untouched, the anple i= not
correct. The direction of the error can be determined by observing the
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Fig. 10=1. Step type plug and ning Go=Not Go taper gages

aresa where the Prussian blue has been rubbed off. If it has been rubbed
off toward the large end, the taper is too steep and if it has been rubbed
off toward the small end, it 15 too gradual Tapered holes are gaged for
angularity in a similar manner, using & taper plug gage. In this case the
Prussian blue, or chalk, is placed on the plug gage instead of on the
workplece. When gaging tapered holes with a taper plug gage these con-
ditions, previously indicated for a shaft, are reversed. A self-holding
taper that has the correct angle can be made to hold together without
any difficulty.

The taper plug and ring gages are designed on the GO-NOT GO prin-
ciple. For example, at ¥, Fig. 10-1, the small end of the ring gage has
two steps, or surfaces, at different levels which are designated Step 4
and Step B. When Step A is flush with the small end of the shaft, the basic
diameter of 1.219 inches s, in this case, 1.469 inches from the small end.
When Step B is flush, the basic diameter is 1.438 inches from the small
end. Hence, this is a limit type of taper ring-gage and the tolerance for
the position of the gage 1= represented by the height of the step which, in
this case, equals 1.469 — 1.438 = 031 inch. When the gage 15 flush with
either step, or when the end of the work falls within the two steps, the
taper 15 within the specified limits, If the end of the work is inside Step B,
the taper is too large; if the end is outside Step A, the taper is too small,
The plug gage at X, Fig. 10-1, also has a stepped surface and the hole is
gaged in a manner similar to gaging the shaft with the taper ring-gage.
The plug and ring gages determine if the taper being gaged meets the di-
mensional specifications; however, it does not actually measure the taper.

The angularity of the taper is measured most readily by using a sine bar
or a sine plate, A sine bar is shown in Fig. 10-2. The arbor, or shaft, that is
to be measured is held on two bench centers. The sine bar has two buttons
which are similar to toolmakers buttons exeept that they are not adjust-
able. These buttons are usually either 10 inches or 5 inches apart. Their
location on the sine bar is aceurate to “tenths.” The sine bar is positioned
over the taper, as shown, and the difference in the height over the buttons,
Hy and H4, is measured using a vernier height-gage and a dial test indi-
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Fig, 10-2, Measuring the angle of the taper using o sine bar and precision bench-
cenlers,

cator. The half angle of the taper is obtained from this measurement by
applving the following formula;

gin @ = ”—E—I‘E-Hl {IFor 10-ineh =ine bar) (10-8a)
5in § - Hz _i (For S-inch sine bar) {(10-80)
3

The angle, #,15 found directly from a table of trigonometric functions by
obtaining the angle corresponding to the calculated value of sin # in
Formula 10-8 The included angle of the taper 15 two times @, The taper
per inch ean be found by uzing the following formula:

Tyi= 2 X tan & (10-9)

Example 10-3:

Referring to Fig. 10-2, the vermier height-gape reading obtained for
Hy is 4678 inches and for Mg 1t 15 6.122 inches. Caleulate the ineluded
angle of the taper and the taper per foot of the arbor,

. Ty i
He m& - 5:122 - 078 _ 1444 inch (10-82)

§ = 8°18" (From a table of trigonometric functionsz)

siny =

The included angle of the taper = 2 X § = 2 x 8°18'
= 16736

X tan @ = 2 X tan 8°18' (10-9)
# 14588 = 20176 mnch

Tw =12 % T, = 12 x 20176
= 1.501 inch {10-4)

Ty =

—

2
2
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The half angle of the taper can also be determined by measuring over
precision rolle as shown in Fig. 10-3. Two measurements, W and m, must
be taken that are a distance H, apart. The distance, or height, above the
precision-surface plate H, is obtained by two stacks of gage blocks of
eqqual length, The halfl angle, 8, is caleulated by the following formula:

M—-—m
tan @ = T (10-10)

The diameter [}, at any given distance f, from the small end of the
taper, can be determined by meazuring the distance M over precision-gage
rolls having & known diameter W by the following formula:

D=M-=WII 4+ cotan !4 (90 — &)] {10-11)

The diameter of the small end of the taper can be measured by substi-
tuting the measurement m, for M in Formula 10-11.

Example 10-4;

Referring to Fig. 10-3, the measurement across the rolls M is 22558
inches, and m is 20333 inches. The distance between the rolls /1 1s 4.250
inches and the diameter of the rolls is 500 inch. Caleulate the half angle 8.

M —m 225568 — 20333

tan 8 = ~ S - 3 % 4950 = (26176

§ = 1"30° (From table of trigonometric functions)

T~
| "
“h
'] o D
GAGE
" K
- BLOCKSY
H O H
m
7 \
- o 8

Fig. 10-3, Measuring a taper with gage rolls and precision gage-blocka



Ch. 10 TAPER AND ANGLE TURMNING 285

Caleulate the diameter of the taper at a distance of 4,250 inches from
the small end.
=AM~ W[l + cotan !z (90 — §}]
= 22555 = 500 [1 + cotan & (90 — 17307
= 225458 — 500 [1 4+ cotan 44°15"]
= 225558 — 500 [1 + 1.0265)
= 1.2420 1whes

Caleulate the diameter at the small end.

ad=m— WIl+ cotan 'z (90 — #]
= 20433 — 501 + cotan X (00 — 17307
= 1.0201 inches

Taper Turning with a Taper Attachment

The taper attachment is a guide bar that imparts & uniform motion to
the cross slide as the carriage is moved longitudinally. The rate or extent
of the eross-Teed movement for a given longitudinal movement deter-
mines the angle of the taper, The angle of the taper on the work corre-
sponds to the angle at which the taper attachment is set. This ean be
varied and provided on the taper attachment are seales that can be read
in termis of degrees and taper per foot, The taper attachment does not
interfere with straght or evlindrical turning and boring. It 1= & perimancent
part of the lathe that 12 alwavs ready to be usedl by making & few sunple
adustments, A taper part is turned practically the same as a cylindrical
part; that is, the power longitudinal feed is used and, as the carriage
moves along the bed, the cross shde and cutting tool are gradually moved
in or out by the taper attachment, The depth of cut of the cutting tool
12 sct by using the compound-rest shide, or, if the taper attachment 15 a
telescoping type, the rross slide can be used.

A taper attachment and a setup for turning tapers 12 shown 1n Fig. 10-4,
The bar, A. 15 set either to the required taper per foot or to a given angle,
in degrees, as deterined by the graduations on the end of the bar. The
nuts, f, arc used to clamp the bar sccurely in the required position.
Ann O, 15 elamped to the lathe bed by tightening nuts £, so that the bar,
A, 1z held stationary. Nut (7, is loosencd to permit draw-bar H, to slide
frecly through arm O, When the attachment is not in use, nut 7, is tight-
encid 30 that the auxiliary draw-bar I, will insure a smooth, easy move-
ment of arm O, along the bed without any tendeney to bind, The taper
bar 4, may be adjusted to the exact position required, by means of the
knurled knob, J. This attachment has a telescoping tyvpe of eross-feed
serew pernmitung the eross slide to be used to adjust the tool to the depth
of cut, It has a maximum eapacity of 6 inches taper per foot, This ex-
ceptionally steep capaeity 15 due to the incorporation of antifriction
bearings, 1n order to reduce the frictional resistanec.

The taper attachiment can be accurately adjusted by placing a dial test
indicator in the toolpost and placing the contact point agamnst the tail-
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Cowrieey of The Admericen Tool Weorks

Fig. 104, Detadls of an engine-lathe taper altachment,

stock spindle, as shown in Fig. 10-5. The taper per inch of the taper to
be cut 15 caleulated and divided by two, This is the distanee that the eross
slide should move when the carriage is moved cxaetly one neh, longi-
tudinally. The taper attachment is then adjusted until the dial indicator

i

_ Y _ '
i s Pl L-“H e

Fig. 10-5. Method of setting the taper attachment. The same setup can be used to
offzet the tailstock.

: - -
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reads the number of thousandths of an inch caleulated above, when the
carriage is moved exactly one inch. Care must be taken to eliminate all
of the lost motion 1n the taper attachment before starting the dial indi-
cator reading. This is done by moving the carriage toward the headstock
until the dial indicator hand starts to turn. The one-inch, longitudinal
movement of the earriage is started from this position, [t must be em-
phasized, however, that even this method does not guarantee that the
taper produced will be absolutely accurate. Accuracy is obtained by meas-
uring or gaging the taper that has been cut and making fine adjustments
of the taper attachment until the angle of the taper per foot is correct.
The point, or nose, of the cutting tool must be set at the same height
as the center, or axig, of the work when turning tapers. The importance of
thiz will be apparent by referring to Fig. 10-6. To turn the taper shown,
the tool, T, would be moved back a distanec X, while traversing the
length, [ In order to illustrate the prineciple, assume that the tool
could be placed as high as point a, the setting of the taper attachment

Fig, 106, The pose of the cutting toal must be in the same horigontal plane as the
axis of the work, for taper turning.

remating as before. When in this position, the tool would apgain move
back a distance X, while traversing a distance {; however, in this case
the large diameter would be undersize as shown by the dotted line if the
diameters of the small end were the same 10 each ecase. Of eourse, if the
tool were only slightly above or below the center, the resulting error
would also be small. The tool can be sel on center by comparing the height
of the point, or nose, with one of the lathe centers, before placing the work
in the lathe. This precaution must be observed when turning or boring any
taper or angle, regardless of the method used.

With the work set up, as shown in Fig. 10-4, the entire length of the
taper is cut until the taper ring-gage slips over the work far enough to
allow the angle of the taper to be gaged, yet still leaving enough metal for
one or more finish cuts to be taken. Several cuts arc usually required and
the last eut before using the gage should be a light one so that the result-
ing taper will accurately reflect the sctting of the taper attachment. If
necessary, the taper attachment is adjusted to corrcet any error in the
angle of the taper as determined by the taper ring-gage and then another
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light cut is taken along the entire length of the taper. When the angle of
the taper is correct, one or more finish cuts are taken until the taper is
eompleted, 11 a taper ring-gage is not available, a drill press sleeve, lathe
headstock-spindle adapter, or a part having the correct taper may be used
in itz place. It 1= best, however, to use a taper gage even if one must
specially be made for the job at hand.

Taper Turning—O0#set-Center Method

The offset-center method of turning tapers, shown in Fig. 10-T ean be
used only to turn external tapers with the work held between the head-

Fig, 10-7. Taper turning by offset-center method on lathe oot equipped with a taper
attachment.

stock and the tailstock centers. When both of these centerz are in line,
the movement of the tool 15 paralle]l to the axis of the work and, conse-
quently, a ecylindrical surface is produced. If, however, the tailstock
center is set out of alignment, as shown in Fig. 10-7, the work will then
be turned, tapering as the tool is traversed from a to b, because the axis
z-z 15 at an angle with the movement of the tool. The amount of taper,
or difference between the diameters at the ends for a given length, will
depend upon how much the center hy, is set over from the central position,

The amount that the tailstock center should be zet over for turning a
given taper can be caleulated ; however, the calculated distance 15 only a
close approximation due to the effect of the centers inside the center holes
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of the workpicee, Because of differences in the depth of the center holes
and the length of cach mdividual workpieee, cach workpiece must be
gaged to deternune the angle of the taper before it 15 cut to the finish size.
This is not necessary when using a taper attachment whieh will reproduce
the same taper after 1t has been sct to the ecorreet setting. The estimated
amount of offset of the center for turning a taper by the offset-center
method can be calculated by the following formula:

lTl:m. }: I—-m

Offset = 5

(10-12)

Taper per inch
Length of the workpieee

where: T, =
L, =
EJ:-:‘:mI.n!{; 1M-a;
A taper plug that 12 714 inehes long 12 to be turned o a lathe Ty the
offact-center method. The taper 12 4 inclics long and the taper per foot
12 750 imeh. Determime the tailstock offset.

T . 75 .
Tepi= =22 = 90 _ 0695 ineh.
12 12
T T lr-l’..l- B -.‘-“l- q-: .
Offsct = =& :f e o 025 :::: 7500 234 inch

To adjust the talstock, place a digl test indicator agaimst the talstock
spindle a5 was shown in Fig. 10-5. Sct both the dial test indicator and the
micrometer eross-fecd dial to read zeroo Using the graduations on the
micrometer eross-feed dial to determine the distanee, move the carriage
back the required distanece plus one turn of the cross-feed serow in order
Lo take up the back lash of the serew. The eross slide is then maved Tor-
ward one turn, plus the distanee required to eome to the micrometer eross-
feed-dial reading, The tatlstock 12 then moved by loosening the tailstock
clamp-nut and turning the sct-over serew until the tailstock spindle again
eomes against the dial test indicator and makes it read zero. The tallstock
15 then elamped in place, The procedure for turning the taper affer the
lathe has been set up, 15 cssentially the same as 12 used when taper turn-
mmg with a taper attachment.

Angle Turning—The Compound Rest

Steep tapers and angles can be turned by positioning the compound
rest at the desired angle and Teeding the eutting tool with the compound-
reat glide, An example of thiz method 15 1lluztrated in Fig 10-8. The cor-
rect. position of the coinpound rest 15 obtained by using the angle gradua-
tions on the base of the compound rest. The compound rest can be
positioned more accurately by using a vernier bevel-protractor and a dial
test indicator which 1= attached to the compound-rest slide, The vernier
bevel-protractor 12 held against any convenient surface on the lathe or
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Fig. 10-9, Turning an angle on a V-helt sheave with the compound rest
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on the work and the contact point of the dial test indicator 12 moved
along the blade of the protractor. A convenient reference surface for the
protractor would be the face of a faceplate or the tailstock spindle. Very
accurate settings of the compound rest are best made by taking a trial
cut on the workpiece and measuring the resulting angle. The eompound
rest is adjusted until the angle being cut is correet, Figure 10-9 shows the
angle of a V-belt sheave being turned, by using the compound rest to feed
the tool. The sheave 15 held on a mandrel which 12 mounted between
centers.

Boring Internal Tapers and Angles

Intcenal tapers ean be bored by using the taper attachment as shown
in Fig. 10-10. The taper attachment guide-bar A, 18 set to the required
taper as shown by the graduations, The guide bar, locked into position by
serows ), anc arm s :'*]!‘l.:lu]:-m] o the lathe baed 'Ir:,.' the serews shown,
Lever £, 18 tightened and the attachment 12 ready to use. The point, or
nose, of the boring tool must be set at the height of the lathe ecenter.
This ean be done by comparing the height of the tailstock center (not
shown in Fig. 10-10% with the nose of the horing tool using a surface gage,
and taking the flat surfaces on the bed of the lathe as o reference surface,
The procedure for boring the hole is similar te the procedure for turning
a taper. The hole iz bored undersize until the tapercd plug-gage can be
inserted to measure the angle of the taper. Following a light eut, the
angle of the taper is measured and the taper attachment is adjusted to

Fig. 10-10. Use of a taper sttachment to bore s taper hole 1o the end of a spodle.
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Fig 0-11. Taper reaming in an engine lathe,

make the necessary small correction. The taper is then bored to size,
Internal tapers ean usually be finished more rapidly and more accurately
with a taper reamer as shown in Fig. 10-11. The taper in the hole is first
rough-bored; thiz 1s followed by reaming with a roughing reamer and
the final finizh 15 obtained by reaming with & finishing reamer. Some-

A 1

Fig. 10-12. Boring tapered holes by using compound rest set Lo the angle required,

o
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times, the rough taper-boring operation s omitted and the tapered hole
12 made by reaming with the roughing and finishing reamers.

The tapered hole is reamed by placing a tap wreneh on the square
shank of the reamer and inserting the reamer into the bore, The tailstock
conter 18 inserted in the eenter-drilled hole in the end of the reamer. The
headstock gears are disengaged to allow the spindle to be rotated by
hand, without too much effort. The spindle i1z then rotated, manually, by
turning the chuck, while at the same time, the reamer 1= zlowly fed into
the work by moving the tailstock spindle with the handwheel. A pood
grade of cotting oil should be used 1n the performanee of this operation.

The rommpound rest can also be used to bore internal tapers and angles,
An angle is being bored inzide of & large diameter at A, Fig. 10-12. The
diameter 15 large cnough to allow the entire compound rest to enter the
bore, At B, Fig. 10-12, an angle is being bored in a smaller hole using
the compound rest. In thizs case a boring bar 15 used 1in order to get mnto
the bore. Note how the boring bar is mounted on the compound rest.
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Faceplate Work
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veniently held in a chuek or between the lathe centers, and faceplates
are uscd to hold theo, Often, consklerable thought and planning must
be used in order to determine the best way to set up the workpicee on
the faceplate, Care and skill muast be exercised to make certain that the
part 1= corvectly aligned on the faceplate so that the surfaces thal are
to be machined will be in the desired location. Faeceplate work iz so
dlivergified that it can best bhe learned by a careful gstudy of some typieal
examples, In this chapter the examples and discussions are closely re-
lated to the illustrations. The application of faceplates in obtaining an
aceurate hole location will be treated in detail in Chapter 15,

Faceplate Reference Surfaces

The faceplate is o reference surface that is perpendicular to the axis
of rotation of the lathe, Work ean be attached direetly to the faceplute
with the assurance that it s resting on a surface that is at right angles
to that axis. Reasenable care must be exereised to provent the faceplate
from being damaged, thereby destroving its aecuracy, Sometimes a face-
plate does not run true on the lathe spindle. In thiz event a facing cut
should be tnken with the I':.u'a*]*.nl:ll e mounted on the .np'lr::l]n nose, as shown
in Fig. 11-1. New faceplates should always have a trming cut taken icross
the face before they are used. The facing cut should be taken with a
broad-noze, cast-iron finishing tool such as 5 shown m Fig 11-1. The
spindle speed of the lathe s deternined by the cutside dinmeter of the
faceplate and 1t should be based on a eutting specd of about 50 fpon, The
depth of eut should be just enough to “clean up” the surface of the face-
plate. The compound-rest slide ran be nsed to set the cutting tool to the
depth of cut; to do this it is positioned to move parallel to the lathe axis.
The feed rate for taking the broad-nose, finizhing cut should be approxi-
mately 9 times the width of the face of the tool. Care must be exercisod
n positioning thie cutting edge af the tool [l:-lr:-1“1_1| to the eross-foed meove-
ment, otherwize an undesirable proove will be cut on the faceplate. This
entire operation should he done in one or two shallow eats (001 to 003-
inch deep) acress the faceplate.

An angle plate, Fig. 11-5, can be attached to the faceplate to provide
a reference surface that = parallel to the lathe axis. The angle plate must

294
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Fig. 11-1. Truing the surface of a faceplate by taking a facing cut with a broad-noge,
cast-iron fimshing tool.

be aguare (this should be verified with a precision square); 1f it 12 not,
it should be machined square on a planer or a shaper. Sometimes angle
plates having angles other than 90 degrees are used. In either case the
workpiece 18 attached to the angle plate.

Faceplate Jaws

Faceplate jaws for elamping workpieces are bolted onto the faceplate
to provide movable jaws similar to a four-jaw independent chuck. Face-
plate jaws gre shown 1 Figs. 11-2 and 85, They are uscd primarily on
larger faceplates that are mounted on large lathes in place of four-jaw
independent chucks which, in the larger sizes, would add an unnecessarily
heavy weight to the nose of the spindle. A chuck would also place the
welght of the workpiece further away from the support of the spindle
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Courtesy of Leflond Hachine Toad Co,
Fig. 11=2. Faceplate jows used 10 hold workpieces for fneing operalion

bearings, which is undesirable. This is avoided when using faceplate jaws
which are just as cifective as a chuck in holding the workpicee, Faceplate
jaws can be used to hold symmetrical parts, ag shown in Fig. 11-2. They
can also be used to hold irregularly shaped parts, as the diffcrent jaws
can be located at any clistance from the center of the faceplate.

Faceplate Setups

The illustrations in this chapter are used as examples of the application
of faceplate work on engine lathes. Although the same setup is not likely
to be encountered, there 1s frequently a similarity between the jobs that
are illustrated in this chapter and those that are encountered elsewhere,
For this reason the examples shown should be carefully analyzed.

Figure 11-3 shows a rectangular-shape casting with a round boss, or
prajection, the end of which 15 to be turned parallel with the finished
back face of the casting. A cored hole through the center of the boss is
also to be bored true. This s a typical example of a part that can be
conveniently machined by belting it directly to the faceplate of the
lathe. To perform this operation in the lathe, elamp the finished surface
of the casting directly against the faceplate by bolls and clamps, a, b, ¢,
and d, as shown, The work would then be turned in the same way as if it
were held in a chuck. By holding the casting in this way, the face, e, will
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be finished parallel with the back surface, because the latter is clamped
directly agminst the troe-running surface of the faceplate. If a casting of
this shape were small enough it could also be held in the jaws of a four-
jaw independent chuck, but 1f the surface, e, needs to be exactly parallel
with the back face, or if the bore must be exactly perpendicular to this
surface, it 13 better to clamp the work to the faceplate.

The proper way to elamp a piece to the faceplate depends largely upon
its shape, the location of the surface to be machined, and the location of
any previously machined surfaces. Whenever possible, previously ma-
chined surfaces should be clamped against the faceplate as they provide
reference surfaces from which the work ecan be aligned. When the work
15 bolted to an angle plate instead of directly to the faceplate, the previ-
GUSI}' machined surfaces should be placed againbt. the angle plate, If a
hole is to be bored through a workpiece which is larger than the bore in
the spindle nose, the workpiece should be clamped against paralle] bars,
and not dircntly against the faceplate, to provide clearance for the tml
when it reaches the mner end of the hole and to prevent it from cutting
the faceplate. The parallels should be located directly underneath the
clamps =0 that the clamping forces will not bend the workpiece.

When deep roughing cuts have to be taken, especially on large diam-
eters, it 15 well to bolt a piece to the faceplate and against one side of the
workpiece, as at D, Fig. 11-3, to act as a driver and to prevent the work
from shifting. A faceplate driver is always placed to the rear, as deter-
mined by the direction of rotation, since the work tends to shift back-
wards when a cut 12 being taken. If the surface which 12 clamped against
the faceplate is finished, the work will be less likely to shift when a piece
of paper is placed between it and the faceplate,

Sometimes, an assembly of parts 1s mounted on & faceplate for turning,
boring, and facing operations, When machined in this manner, practically
perfect alignment can be obtained between all of the parts in the assem-
bly. Figure 11-4 illustrates boring and facing operations being performed
on an assembly of parts which is held on the faceplate.

/fﬁrﬁ LI ":"\
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Courtery of Lelillond Machine Tool Co.
Fig. 113, Casting clamped to {aceplate for turpiog sed boriog.
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Courtesy of LeRlond Mackine Tool Co,

Fig. 11-4. Boring and facing operations performed on an assembly of parts that are
clamped direetly to o faceplate,

An angle plate 1s used in conjunction with a faceplate, for holding
elbows or other parts that cannot be clamped against a vertical surface,
Figure 11-5 illustrates how an angle plate is used to hold a cast-iron
elbow, E, the two flanges of which are to be faced true and square with
each other. The shape of the casting is such that a flange cannot be held
on the faceplate while the other flange 12 being machined. The angle plate,
P, provides the reference surface against which a flange can be bolted

Fig 11-5 Cast elbow held on angle plate attached to faceplate.
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while the other Aange 15 machined at right angles to it. When setting up
an angle plate for this operation, the distance from its work-holding side
to the center of the faceplate is inade equal to the distance, d, between the
center of one flange and the face of the other.

As the angle plate and the work are almost entirely on one side of the
faccplate, a weight, W, 1z attached to the opposite side for counterbal-
ancing. Very often, weights are also needed to counterbalance offset parts
that are bolted directly to the faceplate. The necessity for counterbal-
ancing depends somewhat upon the spindle speed used for turning, If the
surface to be machined 15 small in diameter so that the lathe ean be run
quite fast, any unbalanced part should always be counterbalanced. Like=-
wise, if the counterbalancing is not perfeet, which is often the case, the
spindle speed must be reduced to avoid excessive vibrations. The face-
plate and the parts attached to 1t can be counterbalanced so that no vi-
brations result from this assembly. It is important, however, to under-
stand that even when balanced, heavy workpieces will place a very severe
load on the clamps due to the action of centrifugal force. Thus, the speed
of the spindle should be limited when heavy, unbalanced masses are en-
countered, even if these masses are balanced by counterweights. Balance
of the faceplate assembly is achieved only when the force tending to
move the counterweights 12 equal and opposite to the foree tending to
move the workpleee.

Figure 11-6 illustrates a part being held and bored while clamped to an
angle plate that 1s attached to the faceplate. This 15 a convenient method
of boring and facing parta that cannot otherwise be clamped and located

Courtesy of the Clausing DNvision of the Atlas Press Company

Fig. 116, Boring & part that & clamped (o an angle plate attached to the faceplate,
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in the lathe. The base of thiz part has been previously machined and is
used as a locating surface for holding the part on the angle plate, The
setup for this and for similar operations 1= usually made in two stages.
First, the angle plate 15 set up so that the perpendicular distapee from
the elamping surface of the angle plate to the axis of the lathe i1s equal to
the distance from the reference surface on the work to the center of the
bored hole. Second, the workpiece must be located along the angle plate so
that the axis of the hole to be machined (or surface to be turned) co-
incides with the axis of the lathe,

The procedure for setting up the workpiece 15 1lluztrated in Fipgs. 11-7
and 11-8, A layout should be made on the workpiece before starting to
make the setup on the lathe. The layout lines on the workplece can be
seen 1n Fig, 11-8. These layout lines define two imagnary planes which
intersect at the axis of the hole. The setup is started by elamping the

T

Fig. 11=F. Setting up the aogle plate oo the faceplate of the lathe.
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Fig. 11-8, Aligning the workpicee an Che angle plate,

angle plate to the faceplate in its approximate position. The angle plate
15 elamped firmly, yet loose enough so that 1t can be moved about on
the faceplate by tapping with a hammer against a piece of soft metal
which is held against the angle plate. The lathe spindle is turned to bring
the clamping surface of the angle plate into a horizontal position, as
shown in Fig. 11-7, and precision parallel bars are then used to form a
bridge over the ways of the bed. With the surface gage placed on the
parallels, the scriber point of the surface pape 15 set at the height of the
lathe axiz by making it correspond to the point of a lathe center held in
the tailstock apindle. A combingtion sguare 12 placed on the clamping
surface of the angle plate, as shown. The distance that this surface falls
below the lathe axis can then be read directly, by bringing the scriber
point apgainst the graduations on the combination square rule. This
height must be checked on both sides of the angle plate, as shown, The
readings 1n both of these positions must be equal otherwise correet dis-
tance from the lathe axis to the angle plate is not obtainable, The angle
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Courteay of Seuth Remd Lolhe

Fig. 11-%. Boriog a bracket mounted to an angle plate which is held oo a faceplate,

Courtery of Lasay Tools Ime,

Fig. 11-10. ¥-block angle plate attached to faceplpte and uzed to hold T-shaped part.
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plate iz then adjusted until this distance is correct, after which it is se-
curely clamped to the surface plate. The workpiece 15 then clamped to
the angle plate in the approximate position mm which 1t will be machined.
The lathe spindle is turned until the work-holding surface of the angle
plate 15 in a vertical position, as shown in Fig. 11-8, using a combination
square to check this position. The seriber point of the surface gage is
positioned at the height of the lathe centers as before. The location of the
workpiece 18 then adjusted on the angle plate until the lavout line, abce,
15 at the height of the surface-gage scriber point at a, b, and ¢. When in
this position the setup 15 completed by tighteming the clamps that hold
the work to the angle plate. It would have been possible to locate the posi-
tion of the angle plate on the faceplate by aligning the layout line that is
perpendicular to abe with the surface gage; however, the method of doing
this, described previously, 1s usually more accurate and, therefore, pre-
ferred.

Another setup for boring a part that is held on an angle plate is shown
in Fig. 11-9. This angle plate 1s similar to those shown in Figs. 11-7 and
11-8. It 1z different, however, from those shown in Figs. 11-5 and 11-6

Cosriesy of Lassy Tools [re.

Fig. 11-11, V-block angle plate with special jaws used to hold part for drilling, facing,
and turning.
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in respect to the location of the work-holding surface. The angle plate 1n
Fig. 11-9 has the work-holding surface on the inside face of the angle
plate, while the angle plates in Figs. 11-5 and 11-6 have the work-holding
surface on the outside face. In lathe work, having this surface on the
inside facc has the advantage of allowing larger workpieces to be held.

A very convenient fixture for faceplate work 15 the V-block angle plate
shown in Figs. 11-10 and 11-11. This angle plate has two surfaces at-
tached to the body, that are 90 degrees to each other—forming a V-locat-
ing surface. The fixed V-locator in the body is perpendicular to the face
of the angle plate. An adjustable clamp, which also has two surfaces in
the form of a V, is used to seeure the part, The position of this fixture on
the angle plate may be adjusted to accommodate the size and form of
different workpieces, In Fig. 11-10, the clamp is shown in the open posi-
tion. The workpicee in this 1llustration 18 a T-shaped part that would be
very difficult to hold in any other manner. Note that the clamp is actu-
ated by a cam. Special V-shaped jaws are used to hold the part in the
V-block angle plate in Fig. 11-11, Two counterweights have been attached

Courisay of South Bend Lafhe
Fig, 11=12 Boriog a jig plate with & Taceplate chuck,



Ch. 11 FACEPLATE WORK 305

to this angle plate in order to allow higher gpindle speeds to be used in
drilling this part, The part in Fig. 11-11 i3 being drilled, turned, and faced
in one setup,

A faceplate chuck made from a standard faceplate is shown in Fig.
11-12. Radial slots are on the face of the faceplate in which the work-
holding clamps are placed. A series of holes 18 drilled and tapped in the
center of each slot in which the socket-head cap screws that hold the
clamps are acrewed. Thus, the clamps can be placed in & number of posi-
tions on the faceplate. These clamps do not hold the sides of the work-
piece, which is a part of a drll jig; they elamp it against the faceplate,

Cuite often it is neeessy Lo use two separate setups to bore concentrie
holes located in the couls of a part. The prineiple by which the two holes
can be bored coneentric to cach other iz illustrated n Fig, 11-13. This
prineiple can be extended to suit a variety of different workpicee con-
figurations and sizes. Fiest one of the holes 1s aceurately bored fo size
and the end 1s faced to provide a surfaee on which the workpiece can be
seated on the faceplate. Then a convenient picee of steel 15 clamped to a
fncoplate and turned to the =ize of the bored hole. The turned pieee of
steel, still in place, now acts as a stuly mandrel which s used to locate the
workpicee on the faceplate for horing the sceond hole. With the workpicee
mounted on the stuly mandrel amwd elamped to the faceplate, the second
hole is bored to size. If only one part is to be machined, the stub mandrel
can be dsearded after the job is dooe. T al-a later date a like part is to
he machined, the stub mandrel 1= saved and used again by abgning it on
the faceplate with a dial test mdieator, Own repetitive work, the stub
manilrel may be a part of 1 more elaborate lathe fixtare,

Lathe fixtures are very often mounted on i faceplate. They mayv be
Vory E:i||'||||tr!'{ taee Fig, 14170, or 1||.-;:}.' may he very :'i.][][1|.l!. {in m'n;;usiun,
time may be saved and aceuvaey assured by inaking o simple fixture Lo
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Fig. 11-13 Principle of uzing o stub mandre] o locate workpiees for boring conecnlric
hiales,



306 FACEPLATE WORK Ch. 11

CRANK

Fig. 11-14. Sunple fareplate fxture for turning the main bearing jonronl of o eranle.
Fistige = lodaded on foceplate by indienting lage hole with o el test indacator,
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Fig. 11-15. Larpge workpicee will one end mountcd on a faceplate and other ened
supporicd on w tulstork cenfer,
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Courtesy of “Mode! Enmiseer'” magacine

Fig. 1116, Machining 2 mode]l steame=locomotive driving-wheel which s mounted on o
faoeplate.

machine only one or two parts. As an example, the fxture in Fig. 11-14
15 used to machine the main bearing journal and the adjacent face of the
erank after the erankpin has been machmed to sizge. The fixture 15 bolted
to the faceplate. A large hole that has previouszly been bored i the fixture
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15 uscd to locate it on the faceplate by imdicating the hore with a dial test
indicator, The center distanee between this hole and the smwaller hole
used to loeate the erankpin is equal to the throw of the crank. The erank-
pin is located in the simall hole in the fixture and elamped in place by a
setserew after the main bearving journal has been centerad by the two
serewvs that elamp against the skles of the counterbalanee, The main
hearing journal can then be turned to =ize; the fixture will locate the
crank so that its throw will be correet.

Longer workpicees that are mounted on a faceplate must have addi-
tional =upport. Tn some eases g steadyrest can be uscd to provide the
additional =upport, or the end of the workpiece may be supported by the
tailstock center, as shown in Fig. 11-15. By supporting the workpiece by
the tailstock center, the centire surface i availahle for machining. The
lathe Flg, [1-15 15 a large gu]:-hvll [k b

The faceplate is an almost indispensable aeeessory to a lathe in the
fazcinating work of model cogineering. For cxample, in Fig. 11-16, a
macle]l steam locomeotive driving wheel is being turned while mounted on

Courlesy of " Mode! Enginger” wmapazne

Fig. 11=17, Frcing & model steamsengine trunk-eolumn easting,
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Fig. 11-18, Facing the Jonge of o curved pipe which is clamped to an angle plate
mounted on o faceplate.

Cowriesy of “Aodsl Engineor’ meogaring

Fig. 11-1% Using 1wo angle plates mounted on a faceplate to hold a zsmall easting,
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the faceplate of a model maker’s engine lathe, In this manner, perfect
concentricity and perpendicularity between the turned surfaces are as-
gurcd. A model steam enpine trunk column casting 12 machined while
attached to a faceplate in Fig. 11-17. The flange of a curved pipe 1 faced
i Fig, 11-18 while attached to an angle plate that 15 mounted on a Tace-
plate. A very ingenious setup 12 shown in Fig, 11-19, where two angle
plates are u=ed to hold the workpiece.



CHAPTER 12

Screw Threads and
Screw-Thread Measuring

The majority of serew threads used in machine construction conform
to some established standard. These serew-thread standards include the
profile or eross-sectional shape of the thread, a range of serew thread
diameters, and a standard number of threads per ineh for each diameter,
Tolerances and allowances for obtaining varyving degrees of accuracy and
different elasses of fits are also included in modern serew-thread standard-
1zation. Special screw threads are used when there is some mechanical
reazon for doing so. There are two basie kinds of serew threads—locking
or holding threads that are used on fasteners to hold parts together, and
power-transmission threads that are used to transmit power and motion.
Sometimes locking threads are used to transmit motion when the power
required 15 low, When this 1s done, however, there is considerable loss
in mechanical efficiency in companson to threads designed to transmit
power,

Definitions of Screw-Thread Terms

The definitions of the principal terms relating to serew threads are
given below (see Fig. 12-1):

Muajor Dhameler—The largest diameter of a straight screw thread, The
term major diameter applies to both internal and external threads

Minor Dnometer—The smallest diameter of a straight screw thread.
The term minor diameter applies to both external and internal threads,

Fiteh—The distance from a peint on & secrew-thread profile to a corre-
sponding point on the next thread profile, measured parallel to the axis.
The mtch is equal to one divided by the number of threads per inch, or:

T 1
Piteh o, Threads per inch
Fiteh Diameter—The diameter of an imaginary ceylinder, the surface
of which would pass through the threads on all sides at such points as to
malke the width of the groove equal to one-half of the pitch. The piteh
diameter 15 independent of the major and minor diameters. It is & measure
of the diameter of the sloping sides of the thread profile. As such, it deter-

311
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Fig. 12-1, Tlusiration showing serew-thread terms,

mines the size of the thread and how closely, or loosely, it fits onto its
mating thread,

Nominal Size—The designation used to describe the size of the thread
for purposes of general identification. For example, the nominal size of a
-1nch, 20-thread per inch, screw thread 1= 14 inch, but 1tz actual major
diameter Tor Class 2A limits might be from 4987 to 4906 inch.

Actunl Size—The actual measured size.

BRagie Size—The theoretical size from which the size limits are derived
by the application of allowance and tolerance.

Design Size—The size from which the limits of size are derived by the
applhcation of tolerance.

Tolerance—The difference between the maximum and minimum limits
of size, or the total permissible variation in size.

Allpwrance—An intentional difference between the maximum material
limits of mating parts. It is the minimum clearance between freely fitting
parts, or the maximum interference between parts having an interference
fit. {in IS0 terminology it i2: Fundaomental Deviation.)

Limits of Size—These are the maximum and the minimum sizes,

Martmum Matertal Limit—A maximum material limit of size 15 the
maximum limit of size of an external dimension or the minimum limit
of size of an internal dimension.

Mintmum Matertal Limit—A minimum material limit of size 15 the
minimurm limit of size of an external dimenson or the maximum limit of
size of an internal dimension.

Fil—The relationship existing between two mating parts with respect
to the amount of clearance or interference between them when they are
assembled.

Basic Form of Thread—The theoretical profile of the thread for a
length of one piteh in the axial plane. It 15 the form on which the design
forms of both external and internal threads are baszed.
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Design Form of Thread—The design forms for a thread are the maxi-
mum material forms permitted for external and imternal threads.

Lead—The distance that a screw thread advances axially in one turn.
On a single thread screw the piteh and the lead are equal; on a double
thread serew the lead is twice the piteh; on a triple thread serew the lead
12 three times the piteh, ete

Angle of Thread—The angle included between the sides of the thread
measured in an axial plane.

Lead Angle—Thi= 12 the angle made by the helix of the thread at the
piteh diameter, measured 1in an axial plane.

Crest—The top surface joining the two sides, or flanks, of the thread.

Hool—The bottom surface joining the two adjacent sides or [lanks of the
thread.

Flank—The flank (or side) of a thread surface connecting crest and
roots.

Truncation—The truncation of the root or erest of a thread is the dia-
tance, measured perpendicular to the axis, between a sharp V-shaped root
or erest {apex) and the eylinder which bounds the root or erest,

Depth of Engagement—The depth of thread contact or overlap of two
mating thread forms, measured radially.

Trest Clearance—In a thread assembly this is the distance, measured
perpendicular to the axis, between the erest of a thread and the root of its
mating thread.

Right-Hand Thread—A thread with the prooves cut so that a machine
serew or a bolt would have to be turned 1n a clockwize direction, when
viewed from the head end, in order to assemble into a threaded hole.

Left-Hand Thread—A thread with the grooves cut so that & machine
screw or & bolt would have to be turned in & counterclockwise direction,
when viewed from the head end, in order to assemble into a threaded hole,

Multiple Thread—A thread having two or more separate grooves cut
adjacent to each other and ".‘.']'nding aroiund the zerew in the manner of a
helix. The two adjacent threads combine to produce the basie form of the
threar.

Standard Screw-Thread Forms and Systems

The purpose of this =eetion isto study the basic serew-thread forms and
the formulas used to obtain their prineipal dimensions, Serew-thread sys-
tems include, in addition to the basic screw-thread forms, specifications
for thread per inch corresponding to a given diameter, classes of fits, and
hasie dimensions for each thread series. These details are found in engi-
neering handbooks such as Machinery's Handbook.

American Standard [Untfied-Thread Form, The former American Na-
tional Form of Thread was used for many vears in making most of the
locking type threads produced in the United States. This form is prac-
tically the same as the present standard thread form wsed 1n the United
States, which is called the American Standard Unified-Thread Form (Fig.
12-2), These two thread forms are completely interchangeable although
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General Formulas far Finding Basic Dimensions of Unified and
Amenican Standard Threads
(H = he'ight of sharp ¥.-thread = o.Bba3 X pitch)

1
Meo. of threads per inch

Depth, external
thread

Depth, internal
thread

Flar at crest,
exterpal thread

Flat at cresy,
internal thread

Flatat root,
mnternal thread

Pitch =
= o.6r34) ¥ piteh
= 0,54137 ¥ pitch
-, 175 X pitch
= 0.25 X pitch

= 0.125 X pitch

Crest truncation,
external thread

Crest {runcation,

internal thread

Root truncation,
external thread

Root trencation,
internal thread

Addendum,
external thread

Pitch diameter,
Eater. and Inter.

= 010825 X pitch = H + 8

w 01651 X pitch = H + 4
= 0.14434 X pitch = H + 6
= 01835 X pitch = H + &

= 0. 32470 X pitch

- Hl.,h.l' Dhiam., —3 X I-dd-
[Add, external thisid)

Fig. 12-2. American Standard Unified [oternal and Externsl Berew Thread Demgn
Forma,

some differences between them do exist. The principal differences relate
to the depth of the thread and the ehape of the crest and root. The depth
of the former American National Thread Form is 64952 x pitch while
the depth of the American Standard Unified Thread Form for external
threads is .61343 x pitch. The American Standard Unified Thread Form
provides an option of either a round or & flat crest while the former Ameri-
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can National Thread Form has a flat crest and root. The exact form of
the rounding is not specified in the American Standard which, in prac-
tice, varies according to tool wear. The width of the flat at the crest and
the root is the same for both thread forms, being 125 X pitch, According
to British specifications the root on the internal threads is rounded to a
radius of 10825 x pitch and on the external threads, to a radius of
14434 x pitch. The preferred American practice is to have a flat crest,
while the preferred British practice is to have a rounded crest. The crest
of the internal thread is flat. The angle of the thread is 6D degrees.

The Ameriean Standard Unified Thread System—This is the system
agreed upon by the United States, Canada, and the United Iingdom in

Table 12-1. Coarse-Thread Series, UNC and NC—Basic Dimensions

Mipor Dliametar
Basin Hasio Lead | Aresof
Maior [ Thde| Piteb [T 7T 140 fofe: ptitary Birem’
Birea Dlﬂm-, ok D:}n..- Thds.. | Thids., “P.I:“ Dmr;hl Wovie
A K. Ka
Inches Inches | Inchea | Inchea |Deg. Min.| 3q. lo. | 8q. In.
1 (.073)* | 0.0730 | 84 00878 | 0.0535 | 0.0581 | 4 31 | 0.00218( OLOOZG3
z F 0.0580 | 58 O.0744 | D041 | G.0GRT | i 2 | 0.00310| QUDO3TO
3 (.680)% | 0.0680 | 48 00848 | DB734 | 00784 | 4 24 | 0.00406  0.00487
4 (1% @.1120 | 40 00825 | D081 | G084 | d 45 | 0.00498 | 0.00604
E (1L 01250 | 40 0. 0088 | 0.09%43 | .08TH | 4 i1 | 000872 | QLDOTEE
g (.1 013508 | 32 01077 | D.0987 | OLD4E | 4 B | 000745 | D00
" (184 & 1840 | 33 01437 | 0.1257 | 91302 | 2 &8 | 0.001198 ) D.0O140
18 (.18 o180 | 24 o069 | 0.0380 | 01448 | 4 ¥ | 001450 | 00175
12 (.XIW)* | 2180 | 24 00585 | OA%dD | 01789 | 4 1| 00206 | 00243
0.2500 | 24 02178 | 01887 | 01968 | 4 11 | 0.0268 | 0.0318
% 0,315 | 18 02784 | 0.2443 | 92524 | 3 A0 | D.O454 | DO524
0.3780 | 18 03344 | 0.2983 | 03073 | 13 M | 006TA | DOTTS
% 04378 | 14 03911 | 03499 | 03202 | 1% ™ | 0.0933 | 0.1083
05000 | 13 06500 | D4058 | 04067 | 3 T | 0257 | D09
0.5625 | 12 0.5084 | D.4803 | 0472 | R &% | D182 0182
0.8250 | 11 05880 | 05035 | 05208 | R & | 0.202 0.224
0.7300 | 19 08850 | 06273 | DG4 | X &0 | D302 0.334
T 0EI5D | B 08028 | 0.7387 | 0.7547 | 2 Bl | 0418 D462
1 10000 | & 08188 | 05468 | 0BT | 3 2 | 0.451 0. B0
1 :i. 1.1358 | 7 1.032% | 0.9497 |0.8704 | ¥ 31 | D.E83 0.76a
1 12508 | 7 LAS72 | L0747 | Loas4 | 2 1§ | 0890 0940
1 13750 | & 12847 | L1708 | 108448 | 2 24| 1054 1.155
1 1.5009 | # 1.3917 | 1248565 | 13108 | 2 11 | 1284 1.408
1 1.76500 | & 1.6200 | 1.6048 | 1.6338 | 2 15 | 1.74 1.90
2 2. D0uind) l& 1.A837 | L7274 | 1.96M | T 11 | 2.30 2.50
n 20500 | 4 21057 | LBYT4 | 2.p0A4 | 1 &6 | 3.02 3.28
!:E 25000 | 4 2.3376 | 21033 | 22204 | 1 57 | 472 & 0
| 27600 | 4 6078 | 24433 | 4T 1 48 | 4.62 4893
3 looon | 4 TH3IE | 28033 | 37784 | 1 38 | 562 5.07
1 3.2%00 | 4 30578 | 20433 | 20704 | 1 2 | 072 7.0
] dp00 | 4 3.337a | 30833 | 1IMd4 | ] 22 | T.02 .23
| 13500 | 4 JE878 | 34433 | 3dived | 1 18 | &.21 8048
4 FC ] i AHKITE | 38833 | 3 1 11 |10.61 1108
* Becomilary aizea,
- g';?thhﬁgﬁ ective Diametar.
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order to obtain screw thread interchangeability among these nations. The
transition of industry from the uge of the former American National
thread system Lo the uwee of the unified threada ia practically completed.

Awmerican Standord Unofied Theead Serces—1nifier] 1ireads consist of o
Coarse-Thread Serivs, Tublie 12-1; 8 Fine-Thread Sweries, Table 12-2; and
an Extra-Fine Thread Senes. There are also 4-, G- 8-, 12-. 16-, 30,

Table 12-2. Fine-Thread Series, UNF and NF—Basic Dimensions

Minor Dismeter
Rasie Dasie Lead | Areaof | . ..
Maior The| Piteh | " gy | 1o Angle | Misor | 'qyrens
E‘]‘- LA, Diam. al Pasic - ik
D I‘:h“ E Thd:-. Thl_‘ru P.D. M "{ Aren
Inches Inches | Inches | [nches |Deg. Min.| Sg. In. | 8q. o
{ W S.0000 | RO 00519 | Lod4dT O0488 | 4 2 | O.DDISY | O, 0080
10 a8rlo | 12 00560 | 0.0558 | 3 &7 | O.DOE3AT | 0.002TA
2 G080 | B 00759 | D.O6ER D.0ER1 | 3 48 | D.0330 00304
3 G080 | M D.0R74 | BOTT1 | OBTET | 3 43 | D.DD451 | 000523
i B0 | 48 | DO9ES | D.0REd 3 8 | 000568 | 00088
¥ 01250 | &4 | BL10E | DOBT1 | 8 i | QupOTIA | 000830
[ ] 81350 | 48 01218 | 0.0073 (01108 | 2 did | O.DOETE | O_OL10LS
B 41040 | 38 01480 01799 | 0.1338 | 3 28 | QUOLZRS | O.OL4TH
iw a.1npn | 3T BARST 02517 | DASEE | 3 2 | 0D1ITS | 00200
iy i 07188 | = AVES 017 BATTR | 2 2 | 00228 | 0.0258
01500 | M 0708 |0 DE2 0.2113 ) B &2 | 00328 | 00384
i 212 | B4 83554 014 0| 2 a® | 00Ty | OLUSSD
a3780 | 4 1479 | BLAZI8 | 0EXTRR | 2 i | 00809 | OOATH
i G338 | M | 0080 03787 03834 2 1 | 01090 | 01187
o.56000 | A 04878 | ULMARY | G448 | 1 &7 | 01480 | 01589
. 5825 i4 5084 | 0.4043 | 05024 | 1 S (0BG 0,203
[ X iwdti] I8 0.688% | 05865 | 05840 1 43 | 0.240 0258
o.7500 | 18 o rid | DETER l.“?_-; 1 & | 0.351 0.373
087568 | L4 (08188 | O.7874 (07877 | 1 MM | 0480 | 0509
| 1LoDbd | ir |0.458 | 0.807H 0.PORA | 1 a8 |D.a25 0E63
i L.1358 | 1% Lo7he 10235 | 1od4B| 1 8 | 0802 0.B5E
i 1.2500 | 12 11958 | 1.0478 | L1488 | 12 | LA L0733
i L3758 | 12 13200 | 1.2738 | 1L.Z88E | 1 » | 126D 1.315
1 1.500% it Lddis | 1.3978 | L4eag | 1 3 | L6821 1.581
# Bacon pien. )
# Bntsh: Effective [hameter.
= — — —_— —I

28-, and 32-thread series, the pitch in each of these rases being constant
for all diameters The Coarse Seriezs ig recommended for general use
where conditions do not require & fine thread. The Fine, and Extra-Fine,
Series are partieularly useful in the automotive and aireraflt industries.
The Fine Seriee 15 also used where the length of engagement of the threade
5 short, where & smaller lead angle is desired, and where the wall thick-
ness demands a fine pilch. The B-thread series was originally intended
for high-pressure-joint bolts and nuts but s now widely used as a substi-
tute for the Coarse-Thread Senes, for diameters larger than one inch.
The 12-thread series was originally intended for boiler practice. It is now
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used extensively as a continuation of the Fine-Thread Series, for diam-
eters larger than 1% inches. The 16-thread series is used for adjusting
collars, bearing retaining nuts, and other applications requiring a fine
thread. It also provides a continuation of the Extra-Fine-Thread Series
for dismeters larger than 1'% inch. The 20-, 28-, and 32-thread series
have been used more or less widely in industry for various appheations
where the Standard Coarse, Fine, or Extra-Fine Series could not he used.
They are now given recognition as Standard Unified Thread Series in a
specified selection of dinmeters for each pitch.

Each thread series has been given a symbol for easy identification.
These are given below:

UNC  Unified Coarse Series

UNF Unified Fine Series

UNEF Unified Extra-Fine Series

U'N Used for all constant-pitch series, whih are given
as follows: 41'N, 6UN, 8UN, 12UN, 16UN, 200N,
280N, and 32UN

UXS  Bpecial threads designed through applications of
fortnulaz given in the Ulnified Standard, but not
given in this text.

Thread Clagses—Thread classes are used to specily the fit between
mating threads and the tolerance to which the thread must be made, The
detailed gpecification for each thread is to be found in engineering hand-
books; however, it s helpful to have & general understanding of the differ-
ence between the classes because of the wide usage of the terms associated
with this subject. The classes are identified by a numeral followed by &
letter A and B. The numeral designates the class of fit, while the A desig-
nates an external thread and the B designates an internal thread.

Clagses 14 and 1B—These classes are intended for ordnance work
and other special applications where quick and eazy assembly is
neregeal’v. They have a hberal allowanee to permit the partz to as-
semble easily. even with slightly bruised or dirty threads. The toler-
ances specified for the 1A, or external, threads are not the same as
those specificd for the 1B, or internal, thieads.

Classes ¥4 and ER—These classes are the most commonly used for
general applications including bolts, nuts, screws, and similar [asten-
ere. This series provides for a mtanmum clearance between mating
threads to permit the threads to be assembled without being exces-
sively loose, but also without binding or seizing.

Classes 34 and 3B—These classes have closer tolerances than those
provided by Classes 2A and 2B. The maximum diameter of a Class
3A, or external, thread is equal to the minimum diameter of a Class
3B, or internal, thread. Therefore, no elearance or allowance is pro-
vided for the assembly of maximum metal components and mating
threads will bind or fit very tightly at assembly.
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The selection of & screw-thread class depends upon the end use of the
threads In almost all cases s given class of thread will be available to
provide required fit. When the requirements {or screw-thread fit cannot
be met by a single class, it is possible to specify a proper combination of
thread classes for the components. For example, 8 class 2A external
thread may be used with a cluss 1B, 2B, or 3B internal thread,

Serew Thread Designation— Slandard thread designations are given on
drawings and specifications in order to specify a given thread, These
gpecifications are frequently encountered on machine drawings, and their
meaning should be committed to memory. The standard method of desig-
natling & screw thread is to speeifly, in sequence, the nominal size, number
of threads per inch, thread series symbol, and thread-class symbol. For

example:
14-20UNC -2A

Thie designation specifies & thread having a nominal size of 3 inch, 20
threads per inch, and that it is 8 Coarse-Thread Series having a class 2A
tolerance for external threads. The pitch-diameter limits may also be
designated, but are not required. The thread in the above example may
be specified as follows:

¥-20 UNC-3A

P 0.2175-0.2147

The additions! designation specifies that the limits of size of the pitch
diameter are 2175 to 2147 nch.

It i& oceasionally necessary to modify the limits of size of the major
diameter of an external thread or the minor diameter of an interna) thread
from the limits in the standard in order to fit 8 special purpose, but with-
outl changing the class of the thread or the pitch diameter. In such cases
the established thread designation is used which is followed by & state-
ment of the modified diameter limits and the designation “MOD." For
example;

¥-10 UNC-2A
Major Diameter (0.740--0.735 MOD

American Nabonal Thread System—There are some older drawings
used in machine shop practice on which threads are specified according
to the American National Thread System; therefore, a briefl description
of thread specifications in accordance to this system will be given, The
designations used are; NC, NF, N-8 N-12, and N-16 which indicate
National Coarse, National Fine, B-pitch, 12-pitch, and 16-pitch series
respectively. There are three classes of fits of which Class 1 is the least
exacting, Class 2 is recommended for general use, and Class 3 s the most
exacting. The thread is designated by specifying in sequence, the nominal
gize, number of threads per inch, thread-geries symbol, and thread-class
symbol. For example, 8 3§ inch, 13 threads per inch thread haviog a
Class 2 fit would be specified as follows:

%-13 NC-2
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American Standard for Unified Mininture Screw Threads—This stand-
ard introduces a new thread series that is intended for genersl purpose
fastening screws and similar uses on walches, instruments, and other
mechanisms. The basic profile of this thread is identical with the Unified,
and American, basie thread form except for the basie heyght. and depth
of engagement whieh e 52 % pitch instead of 54127 x pitch. The n-
cluded angle of the thread is 60 degrees and the thread-series syinhol is
LN M. There are fourteen sizes, and one class of thread which has a zero
allowance on all diameters. The hasic sizes and the pitches for this thread
are metric, although the enginecring tables give the equivalent inch meas-
urements as well as the metric.

Amencan Stondard Microzcopie (Mojective Threads—This thread sye-
tem is based on the thread system onginatid by the Royal Microscopical
Soriety of Great Britain, known as the RMS thread. This system 15 used
for microscopie objective mountings and for other optical assembhes of
microscopes and associated apparatus. The base thread form is like the
British Standard Whitworth thread having a 55-degree angle of thread
and rounded threads and roots

Interference Fit Threads—Interference-fit threads are holding threads
in which the externally threaded member is larger than the internally
fitted member. They are assembled by expanding the internal thread with
the application of heat or by shrinking the external thread by subjection
to a low temperature. At assembly they become the same size and develop
a great holding power by elastic compression of the members. By custom,
these threads are designated as Class 5.

Amen'can Standard Acme Screw Threads—The American Standard for
Acme Serew Threads provides for three types of Acme threads, namely
General Purpose, Stub, and Centralizing. General Purpose Acme threads
have sufficient clearanee on all diameters for free movement whereas Cen-
tralizing Acme threads have the clearance limited at the major diameters
of the extertal and internal threads so that the threads ean contact each
other at these surfaces in order to maintain an approximate slignment
of the thread axis, thereby preventing the thread flanks from wedging
and causing the thread to bind. There is also an alternate American Stand-
ard for Centralizing Aeme Lhreads that. has the clearance himited on the
minor thiameter instead of on the major diameter which then acts as a
centralizing control. The Centralizing Acme thread has a particular ad-
vantage n supporting long, unsupported serews such as the lathe lead
serew. The Stub Aeme thread is used for unusual applications where, due
to mechanical or metallurgical considerations, & coarse-pitch thread of
shallow depth is required,

The thread form for General Purpose Acme threads and for Btub Aeme
threads is shown in Fig. 12-3. The angle of thread is 29°, The crest corners
may, as an option, be chamfered to an angie of 45° and & maximum depth

of % where P is the piteh. For Standard Acme threads, the recommended

combinations of pitch diameter and threads per inch are: %-16; ¥a-i4;
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Fig 12-3. American Btandard General Purpose Acme Serew Thread Form and Amer-
can Stapdard 3tub Aeme Berew Thread Form.

Y-12; Us-12; ¥o-10; %-8; %-6; Th-6; 1-5; 1%-5; 1%4-5; 1%-4; 1Vi-4;
19-4; 2-4; 2%-3; 2'4-3; 2%-3; 3-2; 3%5-2; 4-2; 4%-2; 5-2. Other
combinations can, however, be used for special applications. Three classes
of General Purpose threads are provided in the standard The Clags 26 18
the preferred class for most general-purpose thread assembhes. If Jegs
backlash, or end play, between the nut and the secrew is required, the
Class 3G or Class 4G can be used. The following examples show how
Acme threade are designated on drawinge and tools:

1. 13{-4 Acme-2G indicates 8 Genersl Purpose Class 26 Acme
thread of 134 inch major dismeter and 4 threads per inch, single
thread, right hand. The eame thread, but left band, would be desig-
nated 13-4 Acme-2G-LH.

2 274-04p-08L Acme-3CG indicates & General Purpose Class 3G
Acme thread of 2%-inches major diameter, pitch .4 inch, lead 8
inch, double thread, right hand.
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3. W-20-5tub Acme indicates a 5-inch major diameter, 20 threads
per inch, nght. hand, single thread, Standard Stub Acme Thread.

The Acme thread iz extensively used in preference to the square thread
Leewse it s stronger and it may be cut more readily with a die or a tap
than & square thread. The split nul, on the lathe apron may be more

readily engaged on an Aeme thread; therefore, the Acme thread is pre-
ferred on lathe lead serews.

Square Thread—A square thread is shown in Fig. 12-4. The square
thread has not een standardized and has been superseded, to a large
extent, by the Aeme thread The pileh of & square thread is usually made
twice the piteh of an American Standard thread of corresponding diam-
eter. The thread groove of s square-threaded screw iz 5 X piteh. The
groove in the nut 18 made slightly larger than one-half the piteh in order
to provide a clearanre for the serew, There s also a 10-legree Modified
Square Thread which bas an angle of thread equal to 10 degrees, Thia
thread is practically equivalent to a square thread and yet is capable of
eeonomical prodietion,

American Standord Taper Pipe Threads—Thie thread has an angle of
thread of B0 degrees when measured in an axial plane, and the line bisect-
ing this angle is perpendicular to the axis. The depth of the pipe thread
is greater than the American Standard Unified Thread Form and it equals
B % piteh except for 8 threads per inch which 15 7B8 x pitch. The
tapering pipe thread has u stanilord taper of % inch per foot measured
on the dinmeter aind along the axis. For each size thread the length of the
thread and the length of engagement of the two mating threads must be
held within specified limite. These threads are designed to be sell-holding
and self-sealing when properly assembled. It 15 somelimes neressary Lo
turn er to bore a pipe thread with a single-point tool on an engine lathe;
however, most pipe threads are cut with a die or with & tap, The thread
designation for American Standard Pipe Taper Threads is NPT. A typical
thread specification would read % -18-NPT.

There are other pipe threads that are widely used for spesialized appli-
calions. These inelude; TBA Standard Hose Coupling Threads;, National
Standard Fire Hose Coupling Screw Thread; American Standard Pipe
Threads for Mechanical Joints; American Standard Dryseal Taper Pipe
Threads for Pressure-Tight Joints; and British Standard Pipe Threads.

Depth /) = 0.5 % plich
Width TFfor acrewss 0.6 X pitch

Width thread groove ion nut ==

06 X Pplichk 4+ 0002 to 0.00%
inch clearance

Fig. 12-4. Square Thread.
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Fig. 12-5. Bazic Form of the Ameriean Biandard Buliress Berew Thrends.

Dretails for the specification of these threads are to be found in the Stand-
ards for the epecific thread, or in engineering handbooks, such as Machin-
ery's Handbook.

American Standard Buitress Screw Thread—The basiec form of the
thread for the American Standard Buttress Screw Thread i shown in
Fig. 12-5. One face, or flank, of thie thread is made 7 degrees, with respect
to a line perpendicular to the axis, in order to resist. heavy loads placed
against it. This flank is called the pressure flank of the thread. The oppo-
site ank is 45 degrees, willh respect to a line perpendicular to the axis
The basic depth of engagement of the thread 18 .6 x pitch. A series of
nominal major dismetere and & series of preferred pitchee are provided in
the standard. Since Butiress threads are used mainly on specially de-
gigned components, epecific recommendations concerning comhbinations of
these prefarred diameters and pitches are not made.

Buttress threads are ueed to withstand heavy axial loade such as en-
countered in the breech mechanism of large gune and sirplane propeller
hubs. In the past, Buttress threads were not standardized and, 88 & con-
sequence, variations in emall details of the basic form of the thread were
common. A metric slandard for this thread, that was used in Germany and
Italy, did exist, This thremd 15 eslled Sigenpewinde in Germany, and
Fillettatura a Dente diSega in Ttaly.

British Standard Whitwoerth (BS W) and British Slandard Fine
(B.5.F.) Threads—The basic form of the British Standard Whitworth
Thread is shownm in Fig. 12-6. This thread wae ueed in Great Britain for
general machine construction. The included angle of the thread i 55 de-
grees and the crest and root are rounded to a radius of 137329 x pitch.
The depth i1& equal to 640327 x pitch. The thread form for the Britich
Standard Whitworth, degignated B.5.W., and the British Standard Fine,
designated B.S.F, are the same. The B.S.W. series corresponds to the
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Depth [J = 06408 x pitch
Radius i at crest and root =
0.137329 X plitch
Augle = 57 degrese In plane
of axls

g, 1246, British Btandar] Whitworth Thread Form.

American coarce series of threads and the B3.F. corresponds to the fine
series, The British Standard specifies a specific number of threads per
mneh for every nominal diameter.

Britizh Axzocrafion Standgrd Thread (B A.)—This screw-thread sye-

tem, shown in Fig. 12-7, is recommended for use in preference to the
B3 W. and BE.F._systems [or all serews smaller than ¥4 inch, The thread
has an included angle of 47.5 degrees. The root and the crest of the thread
are rounded. The abbreviation B.A. is used to designate Britizh Associa-
tivn Threads.

Metric Threads

The size of the ihiread profile of all metrie threads is|specified hy the
thread pitch. In contrast, the size of the profile of custommy inch
thveads 12 specified by the threads per inch. Metrie threads uzed in the
United States are specitied by the Ameriean National Standards Insti-
tute, or ANSI. To achieve worklwide standardization of screw threads,
the ANSI metric thread stondard (B1.13) conforms to the 1830 metric
thread standard (IS0 281), where IR0 stands for International Standards
Urganization, Over 300 metric thrend sizes are specificd in these stan-
durils, their major diameters ranging in si2e from 1 mm to 300 mn 039
m. to 11811 1. The threewl pitehes are named coarse, fue, nnd extra-
fine, corresponding to the eonrse, fine, and extra-fine thread scries of the
eustomary inch Unified thread system. The standard metrie thread eizes

Depth [) = 0.8 X pitch
Radius [ at creat and root =
2 plitch + 11
Angle = 473 degrees o plane
of axia

1"ig, 12-7. British Association Thread Form.
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up to 453 mm (1.772 in.) are given m Tahle 12-3. For application on
serews, boite, and nuts ouly 25 thread siges are recommenced by ANSI,
which are listed in Table 12-4. Controversy surroumls the MG6.3x1
thread, which 15 lieted as non-standard in this table. Tlos thre:wl com-
pares clozely to the '4-20 customary ineh Unified thread, and it has cer-
tum other advamages; however, the continned use of the M6.3x 1 threml
I8 uncertain.

Table 12-3, IS0 Melric Thread Sizes, (o 45 mm *

Mletria Maminal Aatrie M oaminsl
geew | s | Mar e || R | e | er | et
[ . ia..
T i the/ia. i -y /.
“A = 025 o s L3 1508 MiTx1 Extra Fins s LX)
lx02 B3 137 ATIE = 3.5 Coarse e 103
MY %035 o3 18L.8 AMIEx 2 M 1.7
MIZZeB © B i MISY1S  Bushme W B
x AT : ‘tirn Fime
MlLIzDZ §|+ 10 *Mmwx 25 Coarse 7 .3
MlLexOd Coarse 10 .8 Mix2 T 1y
Ml4axgng (= 1] 127 MM x1.3 Fins a7 14,9
*AI1.0 x D3S Coasa Ay pr 1t wiEf0x | Exire Fins 8T o |
KO8 =0.20 a3 a0 li.ﬁ Coarms Gl 1.2
ALBx 035 Clom ras .";I jg.ﬂ A2 ; o a 1.1'-3
1.8x .7 AT L] L 1
"MIxn Claras i) LR H‘ﬁll !t Exien Fine W FL |
MY = 028 e KLs "Wz Cronrss SHE 0.4
A2 x A5 Ciog rse a7 L MM Fire Sl [ Fh
M2 = 025 3T il A M3 = 1A Ealin Fine 8.8
*A13.8x 0udl Conrsn [rpd. s MMz 5 254
ALS xRS g TN iR 5 2 Sy 1.7
"Mzl Cloarm A8 HR M2kxid Catrn Fus B 1485
AME x 038 Jd18 Tih 2l 084 25 4
M5z 08 T 38 2.3 MMx 18 1024 0%
M Ex B35 38 b d ] MZXTz 3 Conrse 1083 (]
M x 0.7 Crarse 87 @i MiTxd ine 1.062 137
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A S 7S Cokrsa Eid a3a MiTe 106 i
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Alsixn DB AT E‘.l ME=z) 1.i0% ‘Il-j
53ixD5 218 R "M rdd Conrss 1.181 T
"AEx1 Conkse s FA MMzl 11K LS
AfBn 0TS B‘I a8 MM x 3 Fing 1.581 ILF
zl : 364 MM xild ExtonPins 1181 L8
MIT s ATE a7% nw .*ﬁlg-j 1 1.18] L
“AiAx .25 Crarae s .3 Milx3d 1,230 2.7
M x| Fine E1F] 264 MEx LS ] Th]
AMAx TS -A18 MR afXE g5 Ciopras 1. 780 T3
WMx 128 LT .3 MAxd 190 i!.
Aoz it !.i,; MIax2 Fine 1.99% 1.7
MEx DTS B Bl MW xS ﬁ;:u 'F:_m- 1108 5.0
"Afinx 1.5 (4G o] A 8.9 MAdx 1§ bra Fins 73R} wna
A0 x 135 Fline Aa4 03 MM Chobrss 1ARF a4
A= I 254 AMIexd Fimes 1.417 L]
MINx 7S Exirs Pine L] a3 A han xd 1417 137
M1l x LA Kt 8.5 MMl Exwa Fine L4017 MAa
MIix1 2 254 M3 x 1.5 1.454 8.5
M) x T3 AR I A0 x4 ﬁ'm'-r 1,536 B
AP 1 TS Caonrke A7 1.5 MIDE] Firm 1835 .5
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S TEL Foalre Fine ; i0n
it Taee G 2 E s iE 1 E
T s L 5 K L rd bFefis =
Motz S 03 "Ml 145 s LA is
1431 atra Fine ]
MLE x 0.6 A a9 Mi2 3 Finn i L&
Wil mgmree W3 | oMARL e
LR N JAI0 : rh whre L) :
LTI EE Fine n 1.5 B ELE o B Conme 1.7 .4
x| Extrs Fire BN P ApiSw A 1. L]
KMtz 1.8 N 16.0 LUR LY 3 Fiitie LIl s

® TR0 first choiee thrensd sames,



Ch.12 SCREW THREADS AND SCREW-THREAD MEASURING 325

Table 12-4. Thread Sizes Specified by AMNS|, for Screws, Baolts, and MNuts,
with Comparison to Closest Unified Inch Size

Metric Thread Size Closest Unificd Tneh Size
Metric Major . Ugified Major .
Thread Diameter, Flt'!]]: Threard Diameter, P.l:"l_ﬁh
Size ineh - Size inch .
M1Gx(35 ik A4 0180 i 1] D013
Mz x 04 078 JOLG 1.1 073 016
M25x 045 Iras nig R L] i 1]
Mix 05 118 D20 5440 125 026
M1Sx 06 138 024 f-32 138 o
Mdx07 A57 A28 #-12 84 03
M5 x 08 a7 i<} 10-24 B [ 042
M6Gx 1 236 i) };i-?ﬂ' 50 50
MG Ix 1 248 ficl] =30 250 050
Max 125 315 44 B4 q-18 213 1054
M10x 1.5 394 1] M-18 a5 063
Mi12x 175 472 i i) W13 00 A77
Ml4x2 551 070 g-12 saz 083
Mi1Gu2 B30 o 311 26 AN
M20x2.5 87 98 =10 750 100
M24x3 A45 18 1-4 1.0y 125
M30x8.5 1181 138 T 1188
MG 4 1.417 157 1%%a 1.43%
M42x45 1.654 A77 1% 1625
MigEx5 1 E00 A8 1 1575
MS6=x55 2205 217 a 2 250
MAd x G 2 520 236 214 2 50
M72xd 2815 236 T4 2R7h
Mgl x 6 3150 238 b1 3.125
Muobx8 3543 i) 3 3500
MIDDxE 3.937 K] 4 R

= Mol samdard, With permision from World Aletre Standards for Empineers, by K. Krvermelond.

Metric Threas Profile. The design profiles of external and mternal 180
metrie threade are shown in Fig. 12-8. The key to the symbols used in
thus illustration s given helow:

i = Major diameter of external thread
N = Major diameter of internal thred
= Piteh diameter of external theead
Fi.,= Piteh diameter of internal thread
d, = Minoriaeter of external thread
N, = AMinor dimeter of inlernal thread
Iy= Thread depth of external thread
= Thread depth of intetnal threal

P = Thread pitch

R = Thremd root vadms

Allowavce lias been defined a= the intentional difference i the max-
miim material lnits of two engaged thrends: in 180 terminology this je
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IN PRACTICE THE ROOT IS ROUNDED AND
CLEARED BEYOND WIDTH OF P/B

NUT (INTERNAL THREAD)

%
i
i __,_PITCH DiA
[
r—a f
90* ! U'. Ili D
) = AXIS OF NUT

N PRACTICE BOLTS MAY BE
ROUNDED INSIDE THE MAX. OUTLINE

BOLY (EXTERNAL THREAD) g, 4

AXi5 OF BOLT ‘
Fieg. 128, Design forms of AMEL and [50 mel rie Uireuils,

ealled the fumiemental devistion, 1t e provided to allow the threads to
operate frecly. The formulias given bddow ean be wsed to ealeulate the
threard dimensions of B metric threads when the externnl and internal
threads are m contaet. Wherens the size of the thread depth amd e root.
richus e unsffeeted hy the Tundamental deviation, the sizes of the
ilinmeters will devinte slightly from the caleulated values, The actual
Huead dinmieters =hould he olitained from & table of 180 metrie threads,
which can be found in handbooks, such as Machinery's Handbook ur
Warld Mefeic Stanelards for Engineering hy Kyvermneland.

hi= 0.613435 P
fH.=0511265 P
R=0.125 P
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ds= [y=d -0.64953 P
dy=rl—= 1.22687 P
Dy=d-1.0823 P

Thread Tolerance Closa. In the [30 metrie serew thread system, the fun-
damental devintion is designated by capital letters for internal threads
atul small letters fur external threads The mngmtude of the tolerance is
indicated by a wumber. The combination of the wlerance number and
the fundamoental deviation letter form a toleranee class destgnation; c.g.,
Bg or OI1.

The threml tolerance elasses of external mwl mternol threads determine
their fit. There are three toleranee classes in general use:

For external threads: 8g, 6g, and 4h (similar to Unified Class 1A, 2A,
amd 3A)

For internal threads: 7H, GH, and 5H {zimilar to Unified Class 1B, 2B,
and 3B)

The three eclasses of fits are similar to the Unified Thread Classes
1A/1B, 2A,208, and 3A /3B, namely 8g/7H, 6g/6H, and 4h/5H, respec-
tively. The mediam fit (BI[/6g) 15 approximately equivalent to the Unified
Clags 2 fit 12A/2B); this fit 1= used for most serew thread applications.

Metree Thread Desigration. The AXNSI standard requires that serew
threads be epeetficd by o scrice of symbols which are explained in the
example shown helow:

For an external thread MIGx2 -6

For an interual thread MI16x 2—6H
Metrie threard systernl l I I_ {Thread tolerance cinse
syvimbol [ symbal
Nominal major diameter | | — Pitch in millimeters

i millimeters e —

The 150 standard for serew thread designation i identical except that for
coarse threads the piteh designation s omitted. A thread may be speeificd
to have two tolerance classes, ane for the piteh diameter and another
for the crest diameter, which is the wmajer diamaeter of the external thread
and the minor diameter of the imternal thread, In thiz event the thread 1=
designated as shown below:

Claex designation for pitch diameter tolerance

l——- Class designation for crest, diameter taleranoe

MEx 1.25—5g6¢

A At bebween a pair of threaded partz is indicated by the toleranee desig-
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nation of the internal threod followed Ly the toleranee designation of the
external thread, separated by a stroke, eg.,

M12x 1.75—6!1/6g

Trapezoidal Serew T hreads. The 150 metrie trapezowdal thrend, shown
in Fig. 12-9, has an included angle of 30 degrees hut. 1= otherwise similar
lo the Acme thread, which has an ineluded ungle of 29 degrees. The
design formulas for this thread and the key to the symbols in Fig. 12-8
are given below;

Nominal Diameter d=D (given in 30 standard)
Thread Pitch P fgiven in [RO standard)
Piteh Diameter di=D;=d=0.5P

Munor Diameter (Bolt) dy=d=2h,

Minor Diameter (Nut) Dy=d=P

Major Diameter (Xut) Di=d+2na,

Crest Clearance g {given in IB0 standard)
Radius R wasr=0.54,

Radius K> pwaa=0¢

Thread Hright {Bolt) hi=0.5P+a.

Thread Height {Nut) H.=05P+a,

These formulas will give the dimensions when the external and internal
threads are in contact, In practice the diameters will deviate shghtly from
the caleulated values to allow for the fundamental deviation and for the
thread tolerances. The aetucd values can be fousd o the SO stamlard

The thread tolerance class designations for [&0 metrie trapezoidal
threads are similar to the designation used for the 60 degree thread pre-
viougly described. However, the recominended clagses are not the same,
For threads having a normal length of engagement and & “medium"” fit, a
TI1/7e fit is recommended; for a long thread engagement an 8H/8e fit is
recommended. The corresponding “coarsze” fit would be 8H /8¢ for a
normal length of engagement and 9H /% for a long thread engagement.

I80 metric trapezoidal threads are designated Ly the letters Tr; the
complete i(lesignation of a single start trapezoidal thread 15 showm below:

FFor an extirnal thread Tr40xT=Te
For an internal thread Tr40x7—=TH

Metrie Trapezoilal 1 | | Thread tolerance class
thread designation | symbal

Nominal major dinmeter Piteh in millimeters

1 millimeters

Multiple start threads are gpecified ag gshown by the following example:
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INTERNAL THREAD
!.-i_Fl _1...!

2 /\“3*3"7/4\ /‘R1
4 ;;I E_;L_ | j:E“ Ro 3?

1 | EXTERNAL THREAD

== .

|-

Fig. 120, Design forms of internal and exterual frapezsowdel threads,

Tr34x12 {P6)

Trapezoidal thread l | | { Thread pitch in

tlesignation millimeters
Nominal major diamneter } {Threm‘l lead in
in millhimeters mullimeters

The tolerance class muy he added to the end of the multiple start thread
designution in the previously shown manner. Left-hand threads are desig-
nnted by the addition of LH in parenthesiz: eg, Tr 3626 - Te (LTI). A
fit between threaded parts may be shown by the internal thread toleranco
designation followed by the external thread tolerance designation, sepa-
rated by a stroke; e g, TR 40x 7= 7H/Te.

Measuring and Gaging Screw Threads

Measuring means to determine the exart donension, while gaging 1s
done to determine if the part i3 within speeificd dimenzional limits. It is
usgually more difficult and time consuming to measure an object, including
screw Lhreads, than 1t 13 to gage the object. Sinec gaging nclneves the
desiréd result of determining the Jdimiensional aceeplability of a part, it i
usually the preferred method when the cost of the gage per part to be
examined is not excessive. Generally, the cost of making gages for low-
valume produetion work is prolilitive; however, standard serew-thread
gages are relatively inexpensive and are often kept available in the tool
rooms of machine shops and in too] and Jie shops, Where the volume re-
quired is lurge enough, and where gaging is a requirement of the customer,
there can e no question aboul the qvnalabifity of thread gages. Measur-
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ing methods of determining the accoptability of screw threads are re-
quired in making thread gages, when muking other threads to exception-
ally high standards of aceuraey, anl when gages are not available, Sormni:
of the thread-measuring instruments used now are very elaborate. Ths
chapter will, however, only concern itsell with measuring and gaging
methods that are commonly used in the machine shop

Thread Elewents te Be Inspected—All of the elemenls of a sorew
thread that are listed below are not always inspected, In many cases
complete relinnee is placed upon an mgpeetion based on GO-NOT GO
gages, or even on the "feel” of the fit between the thread ami a gage. At
other times, threads are messured and gagedl with great exactness. The
thread elements that are subject to inspection are pitch, pitch diameter,
lead, thread form, angle of thread, major diameter, minor diameter, taper,
and surface finish,

Thread Plug and Thread Ring Gages— Gaging affords a fast, reliable
method of determining the acceptability of external and internal threads.
The skill required to use thread gages can, in most cases, be acquired
without too much difficulty. One disadvantage of gaging is that part of
the thread tolerance must be given (o the gage in allowing for a gage-
makers tolerance and gage weur. The practical effect of this is that the
thread must be made more accurate than called for by the drawing in
order to be accepted by the gages There are often three classes of thread
gages used in a shop: working gages, inspeclion gages, and masler gages.
The working gage is to be used on the machine in making the thread.
The inspection gage is used by the inspector to accept or reject the finished
product. Master gages represent the basic sige of the thread. They are
made with no allowance for wear and with the minimum gagemakers
tolerance. These tolerances and the wear allowances of inspection and
working gages are usually so arranged that the inspection gage will ac-
cept any thread that the working gage will accept, and will reject any
thread that has been rejected by the working gage. In some shops an
additional elass of gages called setling gages is used to set thread ring and
SNApD ZAREs.

Thread ring and snap gages are illustrated in Fig. 12-10. They are
usually based on the GO-NOT GO principle. For example, an external
thread is aceepted if the GO ring gages will screw over the entire length
of the thread and if the NOT GO gage cannot be turned onto the thread
more than one and one-halfl turns, The thread 15 rejected if either the GO
gage fails to go on the thread for its entire length, or if the KOT GO gage
can be turned for more than one and one-hall turns. The GO ring gage
should fit onto the thread without Linding, or “catching,” anywhere along
the length of the threa:d. In some shops some tightness is pernitted on
the first two threads. Thread ring ggges for inspecting tapered threads
should go on until the back face of the gage is flush with the end of the
thread. In inspecting parallel screw-threads an altempt should be made
to “shake” the gage endwise, and to “rock”™ it, in order to detect any
looscness in the fit of the thread gage on the work. Diffcrences in the
effort required to turn the gage will indicate the existence of taper or a
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U-U-#

Courtesy of Cobt Industries, Praft & Whithey Machine Tool [y,
Courteay of Mansom-Wkitney Co.
Courtery of Grecnfield Fap £ Die Corp.

Fig. 12-10. T'ypical thread ring and thread plug-gages.

lead error in the thread. In any ease the gage should never e forced over
the thread. 11 it docs not go with a light effort it should not be foreed to
go further. If the gage loosens markedly, after it has been turned along
the length of the thread, a more comprehensive cheek of the back see-
tion of the thread is warranted, In this ease i ois possible for the baeck
section of the thread to e undersize without being deteeted by the NOT
GO gpage heeause it will not pass over the front of a thread which is
within the dimensional himita.

A threal ring gage cannot be used to analyze the individoal errors that
couhl be present. For example, 1f the GO gage will not go onto a thread,
the difficulty may be duc to the piteh diameter being oversize, the minor
tlimeter may be overgize, or there may be dirt in the threads, The (GO
pape may pass over threads having the major disuneter undersize or errors
in the thread forne The threads on the NOT GO ring gage have their
roots elearcd to o greater extent and their erests truncated more than the
0 ring gapges. This 1= done 10 an attempt to assure that any contaet be-
tween the threads on the gage and the work will be on the sides of the
threads aned that other conditions will not affeet the fit. The NOT GO
gage thus is affected only by the piteh diameter of the theead,

Regardless of itz limitations, the theead ring gage i a very reliable
method of Inspeeting serew threads, 1t has one great advantage in that it
nt‘l:uu”}’ [EsCs over el 'm:-s]:f‘f‘h-i the eontive thread area. The thread pIug
gage alzo possesses thiz advantage. GO and NOT GO thread plug pages
are used to inspect internal threads much in the same moanner as thread
ring gages are used to inspeet external threads, For an internal thread to
be aecepted the GO thread plug gage must pass through the entivre length
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of the internal thread and the NOT GO plug gage must not enter the
threads for more thun one and one-hali turns,

The Mathing Part as a Gage—A very effective method of gaging n
screw thread on certain classes of work 15 to use o mating part as o gage.
In situations where thread gages are not available, und where a thread
16 being made to fit a particular machine part or a tool, using the work
as & gage will bring about the desired At In this case extra care should
be tuken to sec that both tlireads are clean before they are assembled for
gaging purposes. Care should also be exercised in examining the “[eel” of
the thread fit since the lower limit of the thread cannot be verified with
a NUT GO gage. The two threads should fit together with no endwise
shake and without binding. When no gages are available, and it is incon-
venient to use the mating part as u gage, a bolt, cap ecrew, or a nut, as the
case may he—-that is known to have uccurate threads--ean be used as a
gage. In many eases this inethod produces very aceeptable resulis. Like
the thread ring or plug gsge, the mating part envelops and gages the
entire thread area. It is not recommended, however, when threads are to
e made to tolerances supplied by the customer.

Thread Snap Gages—When the workpiece is turned between centers
on a lathe it must be removed in order to try the ring gage. Furthermore
a certain amount of time is required to turn the ring gage on and off the
waork. The thread snap gage, Fig. 12-11, is used somewhat like a mierom-
eter caliper and there is no need to remove the work from the lathe It
has two pairs of anvils that are adjusted by plug type setting gages to
GO and NOT GO dimensions. The gage should be carefully aligned with
the threads on the workpiece and then passed over the workpiece with a
light pressure. It should not be foreed because the C frame can spring
open enough to pass oversige threads.

Another version of the thread snap gage 15 the roll thread snap gage.
The gaging surfaeccs are free-turning rolls that can move laterally in order
to align themselves with the threads on the workpiece. The rolls are not
actually threads but. are annular rings shaped to the form of the thread.
They are made to work on the GO-NOT GO principle. Indicating type
thread comparators, Fig. 12-12, are similar in some respects to thread
snap gages. The thread is placed between the rolls and against a back-
stop. The dial test indicator will thien read the variation wn the piteh di-
ameter, directly. The comparator is set to master plug gages. Care must
be taken in order to make certwin that the backstop is set so that the
thread-gaging rolls contact on the true diameter of the workpiece, Un
some Indicating types of thread compurators, three zets of rolls, instead
of two, are gsedd. Two lower zets of rolls ure used to nest the thread of the
workpieee in the muanner of a V-hlock. An advantage of the indicating
type of thread page is its ability to cheek out-of-round, and taper, in the
threand. A roll-type thread gage for inspeeting tapered threads is shown
in Fig. 12-13,

{iptical Comparators—The optical comparator, Fig. 12-14, can be useil
tn make precise inessurcments of serew threads It i= possible to measure
the thread form, thread angle, major diameter, minor dismeter, pitch
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Crurteay 0f Federal Products Corp.
Cowrteay of Coll Imdustries, Protf & Whitney Machineg Tool Diw,

Fig. 12-12, Indicating-type thread comparator for inspecting external thread paich-
dismeters. Initial setting established with a setting plug.

diameter, piteh, and lead error in one step. The condition of the surface
of the thread can e observed by using the surface 1lominator.

The optical comparator casts a beam of high-intensity light against the
thread. The shadow cast by the thread profile is magnificd and projected
onto a pround-glass sereen where it can be focused to form an enlarged
silhouette of the thread. The range of magnifications avalable 15 wsoally
from 5x to 250x. The thread to be measurcd 15 held in position by a
V-block, or between centers, as in B, Fig. 12-15. The table of the projector
can be moved in three directions: perpendicular to the lens, parallel to
the lens, and wertically, The table movements can be very accurately
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Courtesy af Colf Madestries, Prad & Whithey Mackine Toaol Div.

Fig. 12«13, (Left) Roll<type thread goge for checking topered thread, (Right) Roll-
type gage for checking major diameter of a tapered thread.

determined by a mierometer and end-measuring rods, The hairlines on
the viewing screen can be rotated 360 degrees to measure angles, The
angle can be measured to an aceuracy of one minute of are by a vernier

Courtery of Jomnes & Lomaon Diveaten of Waterbury-Forrel Company
Fig, 12-14, Oplical Comparator,
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Courtefy of Sonee & Lomeon Divieien of Walerbury-Farrel Compony

Fig. 12-15. A {Left), Projection of a 13-pitch thread at 50 magnifications. B {Right).
Measuring the lead of a serew thread oo an optizal comparator,

scfle, Standard thread comparison charts ean be obtained as shown at A,
Fig. 12-15 The chart may be made of plate glass, substituted for the
viewing sereen supplied with the projector; or, it may be made from a
vinyl plastic which iz placed over the viewing screen and held in place
by chart clips which are attached to the projector.

Toolmakers Microseope—Toolmakers microscopes can be used to meas-
ure the thread form, thread angle, major diameter, minor diameter, piteh
diameter, pitch, and lead error. The table can be moved in two perpen-
dicular directions by precision lead-serews, The lead screws are actuated
by micrometer thimbles that have praduations reading to an accuracy of
0001 inch. The eyepiece can be equipped with standard reticles that have
hairlinez in the form of the thread.

Three-Wire Methed of Thread Measuremeni—The three-wire method
of measuring the pitch diameter of a thread utilizes three precision wires,
or pins of exactly the same diameter, which are positioned in the threads
as shown in Fig. 12-16. The size of the pitch diameter is determined by
measuring over the wires with a micrometer caliper and by applying
thiz meazurement in an appropriate formula. The three-wire method 1=
the accepted method of measuring the piteh diameter on precision threads,
such as thread gages, instrument threads, ete. It is not customarily em-
ployed in ordinary commercial work because thread gages are faster and
easier to use. The three-wire method can be used to compare the size of
two threads without the use of formulaz. For example, suppose that a
certain external thread must be reproduced and that there 1= no gage or
mating thread available with which to inspect the new thread; one method
would be to make a gage to fit the original thread; however, this would
be time conzuming and expensive. Another method would be to measure
the orgina! part with three wires in several places to obtam an accurate
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Fig. 12-18, Measuring pitch diameter by the three-wire method.

representative measurement, M, The new thread is then made to the
same zize as M when measured over the three wires that were used to
measure the orginal thread. Although this eannot be classified as the
three-wire method, ordinary ecalipers ean be modified to compare the
sizes of serew threads in a similar manner, The outside calipers are modi-
fied by filing the points of the legs round, so that they contact only the
sides of the thread and not the roots,

The following notation applies to the formulas for measuring threads
by the three-wire method:

Basic major outside diameter

Number of threads perinch =1+ P

Piteh diameter

Dimension over wires

Pitch = 1 - N

Wire or pin diameter

One-half of the included thread angle in the axal
plane

mEgEZmED
nmwnun w nu

A, = One-half of the included thread angle in the normal
plane, or the plane perpendicular to the sides of the
thread,

B = Lead angle at the piteh diameter
I. = Lead of thread
T = Width of thread in the axial plane at diameter E.

Formulas 12-1, 12-2, and 12-3, given here, are simplified formulas that
do not include the effect of the lead angle. They are, however, sufficiently
accurate for many applications involving single-thread screw threads.
These equations are used for threads having the following thread forms:
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American Standard Unified, American National, British 1.5.0. Metrie,
International Metrie,
To find M, when the standard major diameter is known:

M =D — (151556 X P) + (3 X W) (12-1}
Tofind M, when the piteh diameter B 15 known:

M=FE - (86603 % P)+ (3 x W) (12-2)
To find the best wire size:

W o= A7735 % Pyor W= 57735 + N (12-3)

The effect of the lead angle of the thread is included in Formula 12-4.
It can be used to calculate the piteh diameter of any thread form having
symmetrical sides [(American Standard Unified and National, BA
B.S W, British 1.3.0. Metrie, International Metric), It is recommended
for caleulating the piteh diameter for Aeme and for worm threads that
do not have an excessively large lead angle which is the case for most
single-thread serews. Formula 12-4 15 a simplifieation of one that s much
more cumberzome and difficult to apply ; however, the wire diameter used
in Formula 12-4 must be the exact wire diameter obtained in Formula
12-4a. This, in effect, means that special wires of the zize caleulated from
Formula 12-4a must be used.

M e E4+ W14 sznd,) (12-4)
., T xcosB
We ——— 12-4
eos A, ( 2)
tan A, = tan A ® cos B (12-4b)
tan B = [ + 3.1416 x E (12-4¢)
I'=axP (12-4d)

Formula 12-4 combines simplicity with a degree of aceuracy that meets
all but the most exaeting requirements, particularly for lead angles below
8 or 10 degrees and for the higher thread angles. Additional equations for
B.2W. and B5.A. threads are given below. These equations do not com-
pensate for the lead angle; however, they do not require the use of special
wires. Formula 12-7 gives the recommended wire size, although deviations
from thizs size can be made,

Formulas for the British Standard Whitworth Thread Form (B.SW.)

are:
M =D - (16008 x P) + (3.1657 x W) {12-5)
M= E — (9605 x P) + (3.1657 X W) (12-6)
W = 56368F; or W = 56368 = N (12-7)

Equations for the British Association Thread Form (B.A.) are:
M= D— (17363 * ") 4+ (34320 = W) (12-5)
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M=F = (11363 x P) + (34820 x W) (12-9)
W = 5 % P X sec 23°45" = 5462P (12-10)

The application of the formulas for the three-wire method can best be
shown by the following examples.

Erample 12-1:

A 1%4-12 UNF-3A thread 15 to be measured by the three-wire method.
Caleulate the dimension, M, over the three wires.

W = 57735 + N
= 57735 = 12
= (4511 inch (12-3)
The nearest available wire size 15 050 inch.
M=D— (15155 X P)+ (3 X W) (12-1)

= 1% — (15155 * Mz) 4 (3 x .050)
= 1 5237 inches.

The thread should be cut until the measurement over the three wires
12 1.5237 inches.

Example 12-2:
According to the thread standards (Machinery's Handbook, 21st Ed.,

p. 1292) for Unified Threads, the pitch diameter for the 144-12 UNF-3A
thread must be 1.4459 inches maximum and 1.4411 inchez minimum. Cal-
culate the maximum and minimum meazurement M, over the three wires,

M=F — (86603 » P) + (3 x W)
= F — (86603 x Y20 4+ (3 = .050)

= F — 07217 + 150 = E + 0778 (12-2)
Thus:
Maow. = 14450 4 0778 = 1.5237 inches

Moin = 14411 4+ 0778 = 1.5189 inches

Erample 12-8:

The pitch diameter, E, of 2 ¥%-10 Aeme-20G thread 5 to be 436 inch
and the lead, L, 15 100 inch. Caleulate the diameter of the wire, W, that

must be used to measure this thread by the three-wire method and ealeu-
late the measurement, M, over the three wirea.

tan B = L + 31416 ® E = 100 + 31416 * 436 = 07301

B =411 (12-4c)
tan A, = tan A4  cos B = tan 14°30° » cos 4°11°
= ZHEG2 » 099733 = 25793 (12-4hb)

A, = 14728’
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T'=58xFP=.,5x.100= 050inch (12-4d)
B T % ecos B _ 050 X cos 4°11'
oo A, cos 147287
_ 050 = 99733 (12-4a)
96820
W = 0515 inch

M = E + W (1+ sin A4,) = 436 + .0515 (1 + sin 14°28')  (12-4)
= 436 + 0515 (1 + 24082)

M = 5004 inch

The accuraey of the three-wire method of thread measuring 15 affected
by the accuracy of the measuring wires, or pins. If the accuracy of the
piteh diameter of the serew thread gage to be measured is within 0N
inch, it 12 necezzary to know the diameter of the wires within 00002 inch.
Each wire should be round, within 00002 inch, and should be straight
within the same amount over any quarter-inch section. A set of three
wires should have the same diameter within (00002 inch; moreover, this
common diameter should be within the “best zize” for any given pitch.
The “best size" 12 one that makes contact at the pitch line at one-half of
the thread depth. This 18 where any given error in the thread angle will
have the least effect upon the measurement over the wires, If the proper
precautions are taken, regarding wire accuracy and contact pressure of
the micrometer, it should be possible to check plug gages within an aceu-
racy of 0001 inch. If the wire diameters are accurate to only 0001 inch,
then the pitch-diameter measurement is not likely to be more accurate
than 0003 inch. This, however, may be accurate enough for many classes
of work.

Other aourees of imaccuracy, when measuring threads by the three-wire
method, are errors in thread form and in lead. The three-wire method will
not detect errors in thread form; and the errors in the thread form will
cause the caleulated values of the measurement over the wires, M, or of
the piteh drameter, E, to be incorrect. Errors in lead do not cause errors
in the measurements or in the caleulations, The error in lead cannot be
detected by the three-wire method of measuring zerew threads, thus other
methods must be uzed to check the lead.

Serew Thread Micrometer—A screw-thread micrometer may be used
for measuring the pitch diameter. This micrometer has a fixed anvil
which is V-shaped, to fit over the thread, while the spindle is cone shaped
at the end in order that it can enter the space between two threads.
(Bee Fig. 12-17.) The anvil and the spindle make contact with the sides
of the thread, enabling the piteh dismeter to be determined. The cone-
shaped point of the measuring screw 1= shghtly rounded so that it will
not bear at the bottom of the thread. There is also sufficient clearance at
the bottom of the groove in the V-shaped anvil to prevent it from touch-
g at the top of the thread. When the micrometer 15 elosed and the 60
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Fig 12-17. Bcrew-lhread micrometer,

degree point B, and anvil A, are together {as shown by the diagram), the
zero on the micrometer barrel represents a line drawn through the plane
X-Y, and, if the micrometer s opened, say, .5 ineh, this reading repre-
sents the distance that two such planes are apart. Hence, the micrometer
reading represents the pitch diameter, The thread micrometer does not
give an absolutely accurate pitch-diameter measurement as there 12 a
glight error which depends upon the lead angle of the thread. Usually,
thiz error iz not large enough to be of practical importance. There 12 no
error, however, when the thread micrometer is set to a standard gage of
the plug type and is then used to compare the measurement over the plug
with the measurement of the thread on the workpiece. Thread micrometers
are made to cover a very limited range of pitches, or threads per inch,
which is governed by the pitch of the V-shape grooves in the anvil.



CHAPTER 13

Cutting Screw Threads on a Lathe

Engine lathes are designed with fentures that are provided primarly
for eutting =erew threads. The gear ratios in the quick-change gearbox are
selected to enable the lathe to cut a sequence of precise serew-thread
leads. Most engine lathes are made so that these gear ratios can be modi-
fied by change gears to enable metric threads, or threads having special
leads, to be cut. The lead screw, the aplit nut {or half nut), and the thread
chasing dial are built onto the lathe for the exelusive purpose of cutting
screw threads. The compound rest has many applications among which
15 to feed the cutting tool into the work at the proper angle when cutting
screw threads. The degree of precision that 1s built into the lathe enables
it to cut very accurate threads,

Thread cutting on a lathe is often called thread chasing Practically
every kind of thread can be cut on an engine lathe. A single-point
cutting tool iz used to cut serew threads on engine lathes, This tool has the
advantages of low initial cost, is easily ground and resharpencd, and i=
simple to sct up on the lathe. The loew tooling and set-up costs provide
an advantage for producing screw threads on an engine lathe when the
nummber of parts to be made 12 amall. Even with larger production vol-
umes, the lathe sometimes has an inherent advantage. For example,
threads are cut on parts that are turned on a lathe in order to avoid an
additional setup on another machine, Other methods of cutting screw
threads are: Chasing threads with a threading die, tapping, thread mill-
ing, thread rolling, and thread grinding. Although each of these methods
has its special advantages on certain classes of work, there 1s still much
thread cutting done on the lathe.

The Single-Point Thread-Cutting Tool

The start of a good thread is the thread-cutting tool. It must have the
correct shape, or profile, In order to cut an accurate thread. Usually this
shape corresponds exactly with the shape of the thread to be cut. Accu-
rate thread profiles can be ground on tool and cutter-grinding machines.
While it 15 possible to grind a thread-cutting tool by hand on a pedestal
grinder, the tools for extremely accurate threads should always be ground
on the cutter and tool-grinding machines. Cemented-carbide thread-
cutting tools are usually purchased already formed to the required shape,
as shown 1 Fig.13-1. High-speed steel thread-cutting tools are usually

341
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Cowrdesn of the Valowte T, of the Vaderen Corp,

Fig 13-1. Cemenied carbade throad-catting ool

ground to the required shape. Whether the thread-cutting tool is ground
to the required shape on a cutter and tool-grinding machine, or by hand,
on a pedestal grinder, it should be carefully inspected before it is used,
The design of a high-speed-steel cutting tool for cutting American
Standard Unified and National Thread Forms is shown in Fig, 13-2, This
tool has a 60-degree included angle and the width of the flat, F, is made
appropriate to the piteh of the thread to be cut, View A, is a top view of
the tool showing the shape, or profile. An alternate shape is alzo shown.
The advantape of the alternate shape iz that it reduces the surface area
on the flanks of the tool which must be ground to obtain this shape,
thereby reducing the area in contact with the grinding whecl. This, in
turn, reduces the heat generated by the grinding wheel, It also makes it
easier to control the tool while grinding, in order to obtain the desired
profile. View B, 15 a side view of this tool, showing the angle made by the
Aat. This angle should be 10-to-17 degrees depending upon the hardness
of the metal being eut. The right side of the tool is shown at C. This view
15 & truc auxiliary projection which makes the tool appear to be “upside
down." It 18 an end view of the tool sighting, paralle]l to the left side cut-
ting edge and it shows the relief angle below this edge. The magnitude
of the left side-cutting edge relief angle should be 10 to 17 degrees when
eutting right-hand screw threads. The lower value should be used when
cutting hard materials, and for cutting soft materials the size of this angle
i5 increased to 17 degrees. View 1D 1s a true auxiliary view obtained when
sighting parallel to the right side-cutting edge of the threading tool It
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Fig. 132 Thread-cutting tool for American Standard Unified and National Threads

shows the rnight side-cutting edge relief angle which should be 8 to 12
degrees when cutting right-hand screw threads, The face of the thread-
cutting tool 1s ground fiat, or without a rake angle. It should, however, be
ground smooth in order for all the cutting edges to be sharp. When cut-
ting large threads (say, 5 threads per inch, and larger), the threads are
sometimes rough eut with a cutting tool having a side-rake of 8§ to 12
degrees, and having an included angle of 50 degrees, instead of 60 degrees,
The large thread 15, however, fimished to size with a tool having the cor-
rect ineluded angle and no rake angle.

An offset thread-cutting tool is shown in Fig. 13-3. This threading tool
& recommended when it is necessary to cut close to a shoulder or close to
a lathe dog. The offset thread-eutting tool s set at an angle, as shown,
This allows it to cut ahead of the cross shde and compound rest to pre-
vent these parts from bumping into large shoulders or the lathe dog.
View A 18 the top view of the offset thread-cutting tool, showing its pro-
file. The alternate shape shows a 5- to 15-degree "hook,” or relief, ground
into the nght side-cutting edge. The purpose of this rehief 15 to reduce
the area of the flank under the right side-cutting edge in order to facilitate
the grinding of this surface. View B, is of the left side of this tool, showing
the relief angle under the flat at the nose of the tool. It should be men-
tioned, however, that View B does not show this angle in its true projec-
tion. An end view showing the left side-cutting edge reliel angle in its
true projection is shown at E. The auxiliary View, I, 15 a view from the
end of the tool, looking along the edge which 1s 25 degrees, with respect
to the shank. A clearance angle of 3 to 5 degrecs 15 customarily ground
below this edge, Note that both Views [D and E appear to be “upside
down," which is in accord with drawing practice.

The relief angles below the eutting cdge that are recommended for
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Fig. 13-3. Offset thread-cutting tool for American Standard Unified and National
Threads,

cemented-carbide tools should be less than those recommended for high-
speed steel. The reason for this 18 that cemented carbides, while being
harder than high-specd steel, arc also more brittle, and the cutting edge
requires the additional support provided by having smaller reliel angles.
Thread-cutting tools must be ground 1o have the form of the thread to
be cut. The relief angles below the cutting edges, however, should be essen-
tially the same as recommended in Figs. 13-2 and 13-3. The profiles of
other thread-cutting tools and thread forms are shown in Figs, 13-4
through 13-7.

The form of the thread-cutting tool must be inspected for accuracy.
Twypical gages for checking the thread forms are shown in Fig. 13-8. A eén-
ter gage, such as 1s used for checking lathe centers, is shown at A, This is
used for checking the 80-degree included angle of an American Standard
Unified and National Thread Form. Form gages such as those in Fig. 13-8
should be held on the same plane as the face of the thread-cutting tool,
shown at A. If the tool 1= made to fit the gage when the gage 1= held as
shown by the dotted line, the included angle will be incorrect. The center
gag: has no provisions for checking the width of the flat at the nose of
the tool. This can be done with the cireular thread-gage shown at I3
Orposite cach notel around the cireumference of the gage is stamped the
nvmber of threads per inch for which the notehes have the correct form.
Toe tool is first ground to the 60-degree angle. Thiz angle 12 checked by
the notch &t d which has a sharp V to permit the tool to be ground to a
sharp point. The correct width is then ground as gaged by the notch cor-
responding to the threads per inch to be cut by the tool.

An Aeme gage i1s shown at C, Fig. 13-8. This also has notches for
different pitches or threads per inch. The thread-cutting tool is first ground
to the correct angle using the 29-degree noteh at the end of the gage, as
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Fig. 134, (Upper left) Amercan Standard Acme thread-cutting-tool profile. Fig. 13-5.

(Upper might) Square thread-cuiting-tool profle. Fig. 13-6. (Lower left) British

Stapdard Whitworth thread-cutting-tool proble. Figo 13-7. (Lower night) 20-degree
worm thread-cutting-tool profile

shown at g. The width at the end of the cutting tool is then ground—using
the appropriate shallow notch to gage this dimension—as at k. The num-
bers opposite each noteh represent the number of threads per inch. The
angle between the side of the tool and end-width may be tested as illus-
trated at j, This gage may also be set square with the work by placing
one edge of the gage apainst the turned surface and adjusting the tool
until it eoincides with the gage, as indicated by the dotted lines at ;.

The end width of the Acme tool may also be measured with a gear-tooth
vernier, as shown in Fig. 13-9. The distance, 4, is usually made to equal
250 inch by setting the vertical vernier scale to this dimension. The
width of the flat i1z then equal to the caliper-jaw, vernier scale reading
minus 2 x 250 x Tangent 14°30°, or 2 x 250 x 2586 = .1293 inch. This
can be simplified by using the following rule: The width of the end of the
Acme thread tool 12 equal to the reading of the caliper-jaw, vernier scale
minus 1293 inch, when the vertical scale is set to 250 inch and the caliper
jaws touch on the side of the tool It is, of course, assumed that the in-
cluded angle of the tool 13 29 degrees. For example, assume that the dis-
tance A, Fig. 13-9, is 250 and when the caliper jaws are touching the
sides of the tool, the vernier reading is .315 inch, The width of the end of
the Acme thread-cutting tool 15 then 315 — .1293 = 1857 inch,
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Fig. 138, Gages for inspectiog thread-cutliog tools,

The optical projector, Fig. 12-14, can also be used to measure thread-
cutting tools, This is & very accurate method and its use is recommended.
Likewise, a toolmakers microscope can be used for this purpose. The in-
struments provide the best method of checking thread-cutting tools when
they are available,

Machine Setting—Change Gear Ratios

Almost all modern engine lathes are equipped with quick-change gear-
box (Fig. 6-9). The lathe s sct to cut the required number of threads per
inch by simply placing a few levers or handles in their correet position
according to the instructions given on the chart attached to the feed-
thread gear box

Many older lathes were not equipped with & qguick-change gear box;
instead, they had change gears such as shown in Fig. 13-10, The caleulation
of the change gears required to cut a given thread introduces the prin-
ciples of gear ratios and shows, in prineiple, how the feed-thread gear box
works., For this reason a study of the ealeulation of change gears is
worthwhile.

First, one must understand why a lathe cuts a certain number of threads
per inch and how this number 15 changed by the use of different gears.
As the carriage and the cutting tool are moved by the lead screw, which
13 connected by gearing with the lathe spindle, the number of threads per
inch that are eut depends, in every case, upon the number of turns the
work makes while the lead screw 15 moving the carrage one inch. If the
lead screw has six threads per inch, 1t will make s1x revolutions while the
carriage and the thread tool travel one inch along the piece to be threaded.
If change gears a and ¢ (A, Fig. 13-10) are so proportioned that the
spindle makes the same number of revolutions as the lead serew in a given
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Fig. 13-9. Measuring the end width of an Aeme thread-cuiting tool with vernier
gear-tooth caliper,

time, 1t 18 evident that the tool will cut six threads per inch because the
gpindle has made s1x revolutions while the carriage and the tool have
traveled one inch. If the spindle revolved twice as fast as the lead screw
it would make twelve turns while the tool moved one inch, and conse-
quently, twelve threads per inch would be cut. To obtain this difference
in speed 1t 13 necessary to use a combination of gearing that will cause
the lead screw to revolve only once while the lathe spindle and work
make twe revolutions. On lathes cquipped with o quick-change gear box
thig 12 done by the gear ratios inside the box. On lathes not 20 equipped,
this is done by selecting appropriate change gears.

For caleulating change gears, the lead number of the lathe must first
be obtained. The lead number of the lathe, also called the lathe screw
constant, 12 defined az the number of threads per inch cut by the lathe
when gears of the same size are placed on the lead serew and the spindle
stud, (See Fig. 13-10.) This can be determined experimentally by placing
two, equal-size gears on the lead screw and stud, or thiz number 12
given on & chart accompanying the gears. The gears for any thread are
then calculated by the following equation:

Lead number of lathe
Threads per inch to be cut
Number of teeth on spindle stud gear, or driving gear

= - 13-1
Number of teeth on lead screw gear, or driven gear { )

Erample 13-7:

A 3-10 UNC-2A thread is to be cut on a lathe having a lead number
equal to 6. Calculate the change gears required:

Lead number of lathe G 6 x4 24 _ Driving gear

mnd& p;n_lch to be cut N 10 - 10 >4 40 Diriven gear
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Fig. 13-10, A Lathe with simple geariong for thread cutting. B, Lathe with compound
geariog for (thread culling,

Note that the ratio :;]
which 1z equal to 1. Furthermore, the number of tecth on the intermediate,
or idler gear, b, which connects the stud and lead-secrow gears, 15 not con-
sidered because it does not affect the ratio between gears a and ¢, how-
ever, it does affect their direction of rotation. The gearing as shown 1= for
cutting right-hand serew threads. One additional idler gear (not a com-
pound gear as at B, Fig. 13-10) 12 used between gears a and ¢ when the
direction of rotation of the lead serew must be reversed in order to cut
left-hand threads. The seecond idler gear, like the first, affeets only the
dircetion of rotation and not the ratio of gears a and ¢.

Sometimes the ehange gears cannot be arranged, as shown at A, Fig,
13-10, because the required gears to cut the desired threads per inch are
unavailable. In this case it is necessary to use four gears, or compound
gearing, a5 shown at B. The caleulations required to determine the size
of the compound gears are shown by the following example:

. . 4
has not changed because it was multiphed by 3

Erample 13-2;
A % 524 UNF-2A thread is to be cut on a lathe that has a lead nunber
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equal to 6. Caleulate the sizge of the change gearzs required to cut this
thread by using & compound-gear ratio,

Lead number of lathe _ L _ 2= _ (2 X Ell}}{_[d > 10}
Threads per inech to be cut 24 4 X6 (4 = 200 = (6 = 10)

40 x40 _ Diriving gear
50 = 60 Driven gear

Note again, that the original rato 34 1 never changed. In order to cal-

: 6 2x3
culate compound gears the ratio was changed from EM Lo ‘13{5 and ecach

2 10¥
term 1= then multiplhied by a ratio equal to 1; 1.2 (i_g = 1and T 1). The

position of the gears should be such that the driving gears act as drivers
and the driven gears follow the drivers. At B, Fig. 13-10, geara 15 a driv-
ing gear that drives gear b, and gear ¢ 18 a driving gear that drives gear d.
The gears may be positioned in any of the following combinations in
order to eut 24 threads per el e

Diriving Gear a| Driven gear b |Dnving Gear ¢ |Driven Gear o

Teeth per gear

Combination 1 40 RO a0 0
[Combination 2 40 B a0 80
Combination 3 S0 bl 40 il
Combination 4 a0 60 40 RO

Observe that the 40-and 30-tooth gears are alwayvs driving gears and that the 80-and
G0-tooth gears are always driven gears.

Metrie threads ean be eut on lathes having o lead serew that is dimen-
sioned in threads per inch by using o 127-tooth trapslating gear in the
goar train connecting the heandstoek ¢pindle to the lead serew. The size of
metrie threads 18 speeified by their piteh, Sinec there are 254 mm in an
inch, we have:

25,4 = piteh in inches=piteh In mm

1 ]
25.4 % piteh in inches  pateli in mm
1 B 254
mtchin inches pitek: in mm

Then:
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, 1 25.4
Threadls prer el = — = y
piteh i inches piteh n nm

Applying this relationshap to Equation 13-1:

Lead number of lnthe Lead number of [athe
Threads per inek T 25.4
- piteh m mng
Lead number of labhe » A Lead number of lathe >
patel in mn _ pateli in nm
254 T fix 254
TI':I'I,I."R.'
5 Lead momber of [athe =
piteliin mm to beeut  Dhriving gears {13-2)
127 ~Driven EOTH

Erample 13-3

A MI10= 1.5 thread must he cut on an ineh lead gerew lathe having a
lead number of 4 Caleulate the change gears required to cut this thread
when uzing a plam gear train and when nsing compouned gears,

For a plain gear train:

A Lead momber of Inthe =
el mowm to he cut oA 1h

127 127
30 Diriving gears

127 Priven gears
For a compound gear traan:

3% Lead number of lathe =
pitel momem to be et dx4x 1.5 Awxh
127 127 127
(G 4)» (5 10)
(4= 10p = 127
2450  Driving gears
0= 127 Dwiven gears

The lead serew thread of a lathe mav be made to lave o =standard number
of threads per ineh, or to have o standard pitel in millimeters, When the
lead zerew i= metrie, with the thread haviog o standaed piteh in milli-
Helers, it s FCUSEAEY [0 know the metrie lead noumber of the Iathe in
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order to ecaleulate the change gears for cutting threads, The metrie lead
number of a lathe /s the piteh i owmillimeters that will be cul on a part
when egual gize genrs are placed on the spindle sfud ond on the lead
zerew (Fig. 13-1001. The following equation can then be used to caleulate
the chanpge gears to cut & thread having any piteh o milhmeters,

Fitch in mm to be eut - Drving gears

B T e S S — IS—H.:I
Metrie lead number of lathe DIriven goars [

The driving and deiven gears are deficed as before, Either a plain gear
tramn or compound gearz may be used, dependimg on the availlable gears
anid the space on the gear train,

Example 13-4

Caleulate the change gears required to eut a M30 = 3.5 thread on a lathe
having a metric lead serew and a metrie lead number of 6.

Piteh in mm to be cut dD Ahxk

Metric lead number of lathe 6 G 8
28 Driving gears
45 Driven gears

Inch threadz can alzo he cut on lathes having a metrie lead zerew; the
required change gears can be ealeulated by using the following equation:

127
3% thel=/1n. to be cut ¥ metrie lead number of lathe

Dirivi AT
O ndobhoi 1 il (13-4)
Dirtven gears

Quick-Change Gearbox

The I]_L]ii‘]-n'.-i'l!]'.l]lﬂl:" p{:*urhnxm i, 13-11, % pairt aof the Eroar fraitn eor-
necting the headstoek spindle with the lead screw and the feed rod.
Instead of ustgg Gilferent ehange gears, 1t & only neeeszary to position the
handles of the pearbox to aldjust the <peoil ratio of the spindle and the lead
serow I preparation for cuttme o thread, The guieck-change gearbox in
Fig, 13-11 has icl-metvie capahility ) Le, 10 bas settings: for cutting both
mich and metrie threwds, The stamdord gears, shown in Figo 13-12, pro-
vide the required speed ratio betwoeen the spindle and the gearbox mput
shaft. Thi= gear trnin mus=t contain a 127-tooth translating gear in order
to provide dual inch-metrie eapability to the gearbox. Dual ineh-metrie
I.IE,":'l]'hDHI'H ALl 1:II' :rﬁl.'lllli iy |::I.1!|l':‘1' II:.:I"fi.I];r‘ l'itlll:'r HR ]! i.EH_'II 1II|'E’:U| ol 5l l'I'Lll_"".'I'ilL'
theead lead serew. Many gquick-ehange gearboxes on lathes having an
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Courtesy af Lefiond Afachine Tool Ca,

Fig. 13-11. (huick-chonge gearbox for lathe equipped with o translating gear, Instrue-
tions are provided on gearbox plate for setting-up to cul cither Ineh or metrie threads

inch thread lead serew have settings for cutting only inel threads, Like-
wize, many metrie thread lead serew lathes have gearboxes which have
only metrie thread settings.

Modifying the Output of Quick-Change Gearboxes

There are oecaziong when a thread must be eut for which there 12 no
quick-change gearbox getting, In thi= cvent it is necessary to modily the
normal or standard gear ratio between the spindle and the gearbox by
installing modifving change gears to replace the standard gears normally
used. Thiz enables metrie threads and other ocdid piteh threads to be cut
on inch thread lead serew lathes equipped with quick-change gearboxes
having only inch thread sc-tlinj.r,s.ml..'tkcwi!-e, meh and other obd piteh
threads can be cut on metrie thread lead serew lathes equipped with
gearboxes having only meteie thread =ettings, Modifying change gears can
be used for cutting odd piteh threads on lathes having o quick-change
pearbox that has both inch aod wetrie thread settings=.

The size: of the modifyving change gears ean he ealeulateed by the
forommlas given further on; they depend on the thread to be eut and the
setting of the guick-change pearbox. Many different sets of modifying
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Fig. 13-12. Transloting gesrs for eutling metrie theeads on oo lathe having an aneh
dimensioned lead serew. The largest gear is the 127-looth translating gear.

change gears can be found for cach thrend to be cut. It 12 uzanlly worthe-
while to make scveral ealeulations= i order to fiel the set of pears that
12 ot suitable for installation on the lathe. The following formulas are
hasged on the type of lemd serew with which the lathe s equipped; ie.,
whether the lead serew has inel or metrie threaels,

Metric Threads/Ineh Lead Serew Lathes—A 127-tooth tranzlatmg pear
must be usged in the modifying gear train to enable metrie thremds to he eut
on inch thread lead-gerew lathes, The formula for ealeulatmg these gears
15 E1VEn e Lo -

5 % gearbox setting thds /in X piteh in mm to be cut Diriving gears
127 o ~ Driven ECATE
(13-3)

In order to use this formula # s necessary to seleet a quick-change gear-
box sctting. While any setting coulld be used, many would require gears
that are not suitable for installation on the lathe, Often a gearbox setting
that 1= close to the aetanl thrend being eat will result i the ealeulation of
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snitable gears, Sinee m this ense the gearbox settings are in terins of
threads per eh, it 15 advisable to ealenlate the actual number of metrie
threads 1o one meh length, whieh s ealled the equivalent threads per
meh.

254

Eguivalent this/in.= — : i 13-61
/ Pitelh momm to be cat

A pearbox setting that is elose to the couivalent threads per ineh may be
aolected, If convenient pears cannot be found by this method, & second
method 12 1o mampolate Formula 13-5 slightly before the gearbox setting
12 geleeted, as will be shown i the following example.

Example 13-4

Seleet the quiek-change gearbox setting and calenlnte the modifying
change gears requicerd to et up o Iathe having an inch thread Jead screw
i order to cut an M12x 1.75 thread,

Method 1:

Fouivalent thes/ 25.4 254
LU en WIS .= - =
I / Piteb inomome to be ent 1.75
=145 (Use 14 thds/in.|

a2 gearbox setting in thads /i piteh o to becut 5x 14 1,75

127 127
2 514X 1T Gx Ml X (4100 V042 Doving gears
T 2y w12y 24 % 127 T 29-127  Diriven pears

Method 2:

2 x pearbox setting in thodz/in, = pateh in mm to be cut
127
o pearbox setting in theds /i = 1.5
. ——————
(6= 4} = 5 gearbox setting in thds fin. = 175
(64} %127
6> 5) % (4 % mearbox setting in thds/in, = 1.75)
i 24127
30 (4 gearbox setting x 1.75)
- 94 %127

—_—
[—]

With the formula in tlos form, three of the reguired gears (30, 24, amd
1271 have been found. It 12 now only neeegsary to find the fourth gear
and the gearbox setting. A gearbox sctting 15 selected which when multi-
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plicel by 4 and 1.75 will result in o convenent gear =ige. In this ease, the
pearbox setting selected 15 16 threads per ineli, Thuas:

4= 161751 30x112 _ Driving gears
24w 127 24 = 127 1riven gears

Cddd fnch Pitch Threades/fnch Lead Screw Lathes—TIn order to eal-
culate the modifving change gears to eut odd piteh threads that are
speetfied by their piteh i inches, 1t 15 neeessary to know the sizes of the
atandlard goars, which ean e found by counting their teeth. Standard
gears are those uscd to enable the lathe to eut the threads for which the
pearbox 12 get; they are the gears that ave normally usged. The threads on
worms, which are used with wormn gears, are among the add piteh threads
that ean be eut by this method, Here again, it is addvisable to calealate the
actual munber of threads per ineh of the odd piteh thread and to select
a gearbox setting that s elose to the ealenlnted value, The following
formula 18 used to ealealate the modidymg ehange gears required to eat
these threads:

Standard driving gear = piteh to e cut ininches =
gearbox setting in thds/in.
Standard driven fear
_ Dnving gears
D¥riven gears

(13-7)

Erample 13-5;

Seleet the quick-change gearbox sctting and caleulate the modifying
change gears required to eut o single thread worm having o piteh equal
to UG5 meh. The standard doving aned deven gears hoth have 48 teeth,

1
piteh 065
Stanclard driving gear = piteh to be cut in inches x
gearbox setting in thds/in.
Standard criven gear

A8 06515 (1000) = 065x15  B5x15  B3x15xi2)
BT . (1000} A00x2 T Sl 102 (2)
G530 Dnving gears

040 Driven gears

Thils fin.= 154 1 Use 15 thel= i)

The procedure for caleulating the modifying change gears using the
formulas that follow i the same az illustrated by the two previoos
examples, Odel pateh threwlz, where the piteh g given o millimeters, can
be cut on inch thread leard sercw lathes by ealeulating the modifying
change gears using Formula 13-5, or by converting the miteh into inches
aned using Formmla 13-7, Likewise, the gears for cutting odd ineh piteh
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threads can be caleulated by converting the piteh into millimeters and
using Formula 13-140.

tddd Threads per Inch/Inch Lead Screwe Lathes—
Standard driving gear « gearbox setting in thds/in. _ Driving gears

Standard driven gear » thds/in. to be cut Diriven gears
(13-8)
fnech Threads/ Metrie Lead Serew Lathes—A 127-tooth translating
pear must be used to cut ineh threads that are specified in terms of threads
per inch on metrie lead-serew lathes, It 15 advizable to ealeulate the inch
threads in terms of the pitch in millimeters and then to select o guick-
change gearbox setting that is close to this value.

F [ 251
x —_—
Piteh in mm= thels/im.
127 _ [Iriving gears 13-9)
O pearbox setting in mm piteh Drriven grars o
thds/in. to he cut
{hded Moetric Piteh Threads/ Metrie Lead Serew Lathes—
Standard driving gear X o
i piteh to be cut _ Driving gears (13-10)

Standard driven gear = ~ Driven gears
gearbox sotting in mm piteh

Machine Setting—Compound Rest

In zetting up the machine for cutting screw threads, the compound rest
should be positioned to feed the cutting tool into the work at an angle,
so that only one cutting edge forms a chip. For American Standard Uni-
fied and National threads, or any thread having a 60-degree included
angle, this angle should be 60 degreez with respect to the axis of the lathe
or 30 degrees with respect to the cross slide. Bome machinists prefer to
set the compound rest at 29 deprees, with respect to the cross slide. For
Acme threads the compound rest should be set at 14% degrees with
respect 1o the cross slide, or 7514 deprees with the axis of the lathe,

Cutting S peed for Thread Cutting

Theoretically, the same cutting speed can be used to cut serew threads
on an engine lathe as iz recommended for turning, In practice, threads
can sometimes be cut at this speed. There are limitations, however, that
are imposed by the design of the lathe, the workpiece, the lathe operator,
and sometimes by the setup of the workpiece on the lathe, that must be
weighed in armving at a lathe spindle speed. Some lathes are easier to
manipulate for thread cutting than others. For example, it is easier to
engage the split nut over the lead screw on a 16-inch lathe with a coarse
piteh thread than on a smaller lathe with a finer-pitch lead screw thread,
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The cross shde can also be moved more rapidly on the 16-inch lathe he-
cauze of the coarser-pitch thread on the ecross-feed serew. Fine-pitch
threads on the workpiece can usually be cut at a faster speed than coarse-
piteh threads. The spindle speed must often be reduced when cutting deep
threads such as Aeme, or square, threads, Often, the speed must be re-
duced when the thread ends close to the shoulder. In some cases the setup
of the workpieee necessitates a reduction in speed. An example of this can
be seen in Fig, 13-26. The skill of the operator and his Tamiharity with a
particular machine must also be taken into account.

A learner should start out by using a slow spindle speed for cutting
threads. As skill and confidence arc gained, the spindle speed of the lathe
ean be inereased. It mmust be emphasized that thread cutting is not neces-
sarily a slow-speed operation. The spindle speed should be as fast as con-
ditionz will permit, up to the limit imposed by the cutting speed recom-
mended {or the material being cut. (See Tables 7-1 through 7-5.)

Thread-Chasing Dial—Inch Lead Screw Lathes

In order to cut, or “chase a complete thread on a lathe with a single-
point toal, a number of cuts 5 required, each suceessive cut enlarging the
thread groove until it has reached the depth required. The tool 18 with-
drawn at the end of each eut and returned to the start of the thread at the
tailstock end of the work. When starting the next cut the tool must enter
the thread groove made by the first cut. One way to do this is to leave
the split nut engaged and reverse the lathe in order to return the cutting
tool, This method 18 objectionable because it 12 zlow. It 18 better to dis-
engape the aplit nut at the end of each cut and return the carriage hy
hand to its starting point, (Some large lathes have a power rapid traverse
for moving the carriage.) When the split nut is disengaged from the lead
serew, the tool must be made to enter the thread groove that 1= being cut
when the carriage 12 agamn engaged with the lead secrew, This 18 the func-
tion performed by the thread-chasing dial, Figz 13-13,

The thread-chasing dial gives a visual indication as to when the spht
nut lever should be actuated to engage the carrlage to the lead serew, in
order to make the tool enter the thread groove. It is attached to the car-
riage and has a worm gear that engages the lead screw, The worm gear
will revolve when the lead serew is turning and the carrage is stationary,
or when the carriage is moved longitudinally, with the split nut disen-
gaged and the lead screw stationary, When the carriage 15 moved by the
lead screw, the worm gear will not revolve. A praduated dial iz connected
to the worm gear by a vertical shaft. The gradusated dial 15 used by engag-
ing the lead screw when one of the graduations is opposite the reference
mark.

The thread-chasing dial operates on the following principle: The num-
ber of teeth on the worm gear of the thread-chasing dial 13 some multiple
of the number of threads per inch of the lead screw. The number of teeth
on the worm gear divided by the threads per ineh of the lead serew will
equal the number of graduations on the dizl. For example, if the worm
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!

&

Fig. 13-13. Thread chasing dial.

gear has 24 teeth and the lead screw has 6 threads per inch, the dial
would have four divisions—each representing an inch of carriage travel
Then, if the carnage should be moved one inch with the lead screw sta-
tionary, six teeth on the worm would be engaged by the six threads om the
lead serew, thereby causing the worm and the connected dial to turn one-
quarter of a turn (6 teeth + 24 teeth = 14 turn) which iz equivalent to one
mark or graduation on the dial since there are four equally spaced pradu-
ations around the dial. By subdividing the dial into eight equally spaced
graduations, each line will correspond to a carriage movement of % inch,
The dial, therefore, will enable the carriage to be engapged with the lead
acrew at pointz equal to a travel of one-half 1nch.

To 1llustrate the signmificance of understanding the principle of the
thread chasing dial, assume 13 threads per inch are being cut and that the
work is stationary with the point of the tool in a thread. The lead screw
15 disengaged and the carmnage 18 moved %% inch, or one mark on the dial.
The point of the tool will be in the middle—between the sixth and seventh
thread. It will not be in the thread groove. [T the carriage were now moved
two marks on the dial, or one inch, the tool could enter a thread groove
again, Thus, when the number of threads to be cut is odd, the carriage
can only be engaged when one of the four graduations, representing an
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inch of travel, iz opposite the reference mark. Suppose that ten threads
per inch are being cut, with the work stationary and the point of the tool
in a thread, When the lead screw is disengaged, the carriage 18 moved 14
inch and the tool will be in & thread groove since there are 5 even threads
in the -inch length of thread. Obviously, the tool will be in a thread
groove when the carriage has moved one inch. Thus, it can be concluded
that the carriage can be engaged when any mark on the dial comes oppo-
site the index. IT 11% threads per inch are to be cut, the dial must be en-
gaged on graduations representing a two-inch movement of the carriage,
because 1n thiz ingtance, there will be 2 whole number of threads — in this
case 23, Thus, the split nut must be engaged at every fourth graduation,
Since every second graduation on the dial 13 numbered, this would mean
that the split nut can be engaged at numbers 1 and 3, or 2 and 4 when
cutting threads such as 1134, 1234 15% ele.

There are diffcrences in design in thread chasing dials; however, in
principle they are all the same. To determine how to use a particular
dial, simply move the carriage, longitudinally, a distance of 14 inch with
the spindle stationary and note if the dial has turned one mark. Next, move
the carriage one inch and note which marks on the dial represent the one-
inch movement. Remember that even number threads per inch are cut by
engaging the carrage at the Y-inch mark ; odd number threads per inch
are cut by cngaging the carmage at the one-inch mark; and fractional
pitches, such as 114 threads per inch, are cut by engaging the earriage
at two-inch marks,

Thread Chasing Dial-Metric Lead Screw Lathes

The operation of a metric thread chasing dial on a lathe having a
metrie lead serew i= identical to operating a thread chazing dial on a lathe
having thread-per-ineh lead serew, The dial gives a visual signal to the
operator to engage the split nut to the lead serew when a predetermined
graduation on the face of the dial is opposite the index mark, When the
lead scrow 15 engaged in this manner, the thread cutting tool will re-enter
the thread groove as it moves along the workpiece, Metrie thread chasing
dials differ beeause they require a choiee of one of several gears to obtain
the necessary relationship between the thread on the workpiece and the
thread on the lead serew, whereas only one gear s required on thread
chasing dials used with inch lead serew lathes. With the metric thread
chasing dial it 12 necessary to find the combination of the dial graduation
and the specific gear that will give the desired signal. On most metric
lathes this combination 15 given on a chart attached to the lathe, In
instances where no chart 15 provided or the thread piteh to be cut is not
on the chart, the thread cha-ing dial setting can be calculated. Depending
on the design of the particular dial, there may be gome thread pitches
for which the dial cannot be used.

Although in prineiple all metric thread chasing dials are the same, they
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may be different in the details of their construction, The principle of the
metrie thread ehasig dial 15 illustrated in Fig, 13-14. The dial is attached
to o shaft to which a cluster of gears 12 alzo attached. Aoy one of the
five gears shown may be pozitioned to engage the lead serow. The com-
bination of o particalar gear i the eluster, lead-serew piteh, aned dial
graduation provides a base piteh,

The base piteh is the distance in millimeters that a earriage will travel
when the thread chasing dial rotates a certam amount—as determined
by the graduationz on the dhal=—while the lead serew 12 not rotating, As-
suming that a lathe has & lead serew with a particular metrie piteh, the
haze piteh determines 1f a combination of gear size (in terms of number
of teeth) and dinl graduations ean ' used when cutting a given thread.
When the quetient of the base pitel divided by the piteh of the required
thread 12 a whole number, the thread ehasing dial can be used for eatting
the reguired threwl. For many metrie thread pitches several threadd
chasing dinl settingz are possible. The following formula can be uscd to
caleulate the base piteh in mallineters:

Base Pitch= No. teeth on gear = piteh of thread on lead serew
» no, of turns of dial (13-17]

In the formula, the number of turnz of the thread chasing dial 12 deter-
mined by the graduations on itz face o the following manner, using as
an example, the chal m g 13-14:

Uzing any of the eight graduations & equivalent to 14 turn of the dial.

Using only the graduations numbered 1, 2, 3, and 4 i= equivalent to 14
turn of the dial.

Using only the graduations numbered 1 and 3, or 2 and 4, 1= equivalent
to L4 turn af the dial

Using only one graduation {1, 2, 3, or 41 and no other graduation 1=
couivalent to one turn of the dial.

Caleulating the combination of the dial graduations to use and the gear
g1z 12 somewhat of a rial and error process, until o combination 12 found
that will work. Moreover, 1t s often advisable to make several ealeuln-
tions until the best cominnation 1= found, az will be shown in the follow-
mg example.

Example 13-8:

Tzing the thread chazing dial in Fig. 1314, enleulate the gear and the
dial graduations that ean be used when cutting an M24 <3 thread. The
piteh of the lead serew s G oinm.

L. Try rhe 14 tooth gear using any graduntion on the dial,
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nQ7 GRADUATED DIAL

LEADSCREW
emm PITCH

Fig. 13-14. Schematic drawing of & thread-chasing dial for a lathe cqupped wilk o
meirie ead serew.

Base Pitch=No. teeth on gear < piteli of thread on lead screw
x no. turng on dial= 14 = 6= 14 =105 mm
Base pteh 1S
Piteh of thread required 3

=a.D

This combination cannot be used beeaose the quatient of the hase patel
thvided by the pateh of the thread required 12 not a whole number.

2. T'ry the 14 tooth gear usmmg only the griduations numbered 1, 2, 3,
and 4.

Raze pitech=14 x 6> 14 =21 mm
[

Bascpitch 21
Piteh of thread regquired 3

This combination can be used sinee the guotient s a whole number.
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3. Try the 16 tooth gear using any graduaticn on the dial.
Basepitch=16x6 x4 =12 mm

Basc piteh 1z

Pitch of thread required ~ 3 1

This eombination iz preferred heeause the lathe operator ean use any
praduation on the thread chazing dial,

The significance of the hase pitch hecomes apparent in the ahove ex-
ample. With the lathe stopped and a partieular gear engaging the lead
serew, the base piteh 1s the distanee that the carniage will move when the
thread chasing dial turns 2 eertain amount, as indieated by the gradua-
tions. In the example, using the 16-tooth gear, when the carmagze s moved
12 mm {one mark on the dial) the thread cutting tool will re-enter a
thread groove. In operation, the threads on the workpieee and on the
lead serew are rotating, Whenever the lead serew has made two complete
revolutions (2x 6 nun=12 mm/!, the gears on the lathe cause the thread
groove on the workpieee to make four complete revolutiong (4% 3 mm
=12 mm}; therefore, the thread groove will be aligned to aceept the
thread cutting tool.

Setting the Thread-Cutting Tool

The thread-cutting tool must be set aceurately, otherwise the form of
the thread that is cut will be incorrect even if the tool is correctly shaped.
It should be set at the height of the lathe centers. The angular relation-
ship of the thread 1= obtained by holding a center gage against the work,
or against any convement cylindrical surface that 1= parallel to the axis
of the lathe, and comparing the sides of the threading tool with the sides
of the 60-degree noteh on the side of the center gage as shown in Fig. 13-15.
The tool should not be jammed tightly in the 60-degree noteh, Enough
space should be left free to allow the center gage to be moved sideways so
that each side can be checked independently of the other. It will be help-
ful to place a piece of white paper that will reflect light underneath the
center gage. Thread-boring tools are set in a similar fashion as is seen
in Fig. 13-23. Acme thread-cutting tools are also set in a similar manner
except that an Acme thread gage 15 used in place of the center gage, For
ultra-precision work, especially on smaller threads, the tool setting is
sometimes given a hnal inspection by cutting & thread in a piece of brass
with the tool. The thread is then inspected on an optical comparator or
under a toolmakers microscope, Any errors in the position of the cutting
tool can be seen on the thread and corrected. The procedure is repeated
until the thread form is correct. For most ordinary classes of work using
the center gage, or the thread gage, as described, 15 sufficient when done
with care.
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Cutting the Thread

Two typieal thread eutting operations on an engine fthe aoe zhown n
Fuyz=, 13-16 aned 1315, The proceduere (or eutting the thread 15 shown
Fig=, 13-18 ol 13219, As =hown schematieally in Fig, 1315, the thread
1= cut by taking o mmuober of euts pero=s the workpieee with o =ingle pomt
thread eutting toal that lias heen gronnd to the zhape of the threwl, Each
stecessive eut eolarges the threwd proove until i resches the finizhed
=iz, Before starting cacl cut, the toal is fed nvward o small anount with
the eomponid rest whicl establishes the cepavalent of the feed rate, or the
clip thnekness, althoueh thes s w=ually ealled the depth of eout when eot-
ting threads. With the compoumd rest positioned at the half-angle of the
thremd a= previousiv explained, o smgle chip will form on the leading
edge of the threwd eotting tool. A chip wonld form on both sides of the
tool iF & were Ted steayeht o owith the eross =lude to cstabibizh the Hl-grth
of cutl, Tn passing ofl, the two clups will eollide or mmterfere with each
othor, which can cause the =surface finm=h on the thread to he rough.

’
/

an

Fig. 13-15. Setling a thread-cutting fool with a center gage for cuiting an American
Stendard Unified Theead Form,
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Fig, 13-16. Cutting an Ameeiesn Standard Unified twead with the workpicer held
heltween twe eentlers

Eﬂ .Ei-r_'JI[‘rll_.lll.' "."n']li.[_']l ".".'ﬂ'l_l]l:‘l EII: !'“:,l.l;,'ll Casl e hl_' ﬂi".-'ﬂl! FI:]] ['!]l_‘ I!]'I_l]l]hl.'l' -"I[:Hi
the size of euts required to eut o thread to its finished size. The number
of cuts and the depth of cach eut will depend on the following factors:
1. the type, size, and elass of the thread to be eut; 2, the diameter and
length of the thread; 3. the dhameter and length of the workpicee; and
4. the workpicee materinl. Often the first cut i a serateh et only 001
inch to 003 inch (0.03 mm to Q.08 mm) deep, which 15 cut to check 1f
the correet thremds per inch are being eut. With this cut the workpicce
will not be ruined if it i found that the required threads per ineh have
not been cut, and ecorrective measures can be taken, After the scratch
eut, several fairly deep euts are taken, Depending on the factors listed
above, these eutz may be from 003 inch (0013 mm) to 020 inch (0.50 mm)
deep. Az the theead groove petg larger the 2ize of the cuts ig reduced, with
the final cuts being 001 ineh to 0005 inch (0,03 mm to 0.013 mm) deep.
For example, n typical schedule of cute that might be used to eut 8 14-13
UNC-2A thread would be: 2 cuts, 010 1n.; 3 cuts, 005 in.; 4 cuts, 003 in.;
LT dn el 0005 in. euts until the thread is finiehed to size. Thig schedule
is based on moving the compound rest, positioned at 30 degrees, to sct the
tool for the depth of cut. O eourse, under other ciremmnstanees this sehed-
ule may be different.

The procedure for cutting a right-hand American Standard Unified
thread with a single point thread cutting tool on an engine lathe iz shown
in Fig, 13-19 andd deseribed Turther on in this section, In this illustration,
the numbers refer to the positionz of the thread cutting tool; the arrows
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Comrdesy of Nordiese firofkers fm,

Fig 13-17. Cutting an American Standard Unified thread on o precision toolmakers’
nihe with work held i a collet ¢chuck and on 2 contoer.

indicate the direetion in which this tool 12 moving; and, the letters ndi-
cate the method by whieh the tool s mwoved as follows, L8, carriage
movensent by lead serew ad =plit nat; C.8,, eross slide movement; ML,
manudl lopgitudimal movement of camage; amd C.R., compound rest
slidle movement.,

Referring to g, 13-18:

1. Start the lathe spindle. With the thread eutting tool just left of
Position 1, move the eross =lde inward antil the teol just touches
the workpicee, Tl posttion of the eross slide & the 2ero reference
position. Before each eut through the thread groove, the eross slide
st be at the zero referenee pozition. To necomplizh this, ndjust
the eross food wierometer dinl to rend zero. If this cannot be done
without moving the eross :lide Trom the gero referenee position,
the nnerometer dial remding muast he memorized or recorded.

2. Aove the threwd eutting tool to Position 1 to he elear of the end
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Fig. 13-15. Echematic drawing showing how succeeding cuts (starting from the left)
cutl the thread from start to finish.

|Wr@' ML, 8L

- L\ NC-R.

Fiz. 13-1%. Procedure for cutting an American Standard Unified thread. Arrows indi-
cate direction of motion: L5, Feed by lead serew; C5 Fred by cross slide; ML,
Manual longitudinal feed ; C.R. Compound-rest slide feed.

of the workpicee. Establizh the depth of cut by moving the thread
cutting tool imward the required distanee with the compound rest.
To abtain a precize depth of eut setting, the compound rest mi-
crometer dial should be used. For the first serateh eut, the depth of
cut hould he 001 meh to 003 meh (0003 man to 008 mm).

3. The thread cutting tool 13 now m Position 1 and prepared to take
n eut. Place the left hand on the eross feed erank handle and the
right hiand on the split nut lever, These positions should be main-
tained while the tool 18 cutting. Watching the thread chasing dial,
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quickly enpage the split nut lever when an appropriate graduation
15 oppasite the veference mark.

Tha L":-'Lrl"l:Lgr delvinees the tool mto the work o oeot the theead
groove, as shown by Position 2. Be prepared to withdraw the tool
from the thread groove and to disengage the split nut at the end
of the cut.

At the ol of the cut, Position 3, quickly turn the crosz feed
erank handle fo withdeaw the threwd eutting tool with the eross
glide. When the tool 12 just elear of the thread proove, quickly dis-
engage the spht nat lever to stop the earriage movement. This
order can be reversed when the thread ends 0 a groove or neck
eut into the workpieee to provide elearance for the tool; Le., first
stop the earriage and then withdraw the tool, When thas step has
been completed, the tool should he i Position 4, elear of the
workpieer.

Mowve the earriage manually from Position 4 to Pesition 5 Some
Lathes have a rapid traverse earviape {fecd which = used to move
the carringe to Position 5 when long threads are cut. However, the
aperator must be cortuan that the rapil traverse will move the
corriage townrd the tatlstoel:,

When the tool 12 1 Po=ition 5, =top the lathe 2pindle and cheek to
ger if the required threads: per ineh are being cut. Place a rule
againgt the thread grooves and eount the numbers of grooves cut
m one inch, IT available, a thread pitch gage (Fig. 13-21) mav be
used. If necessary, correct the quick-change gearbox setting. This
step is performed only on the first cut; it is not repeated on the
I':'_l-l]uwing ruls,

At Position 5, sct the depth of cut for the next eut by moving the
thread cutting tool inward with the compowml rest slide. Use the
micrometer dinl to obtain a preeise setting.

Move the eras: =lide inward to the zero referenee position {Posi-
tion 1} as determined by the reading on the eross feed micrometer
dinl. To chminate the effeet of the elearanee bhetween the cross
foed serew md the nat, called backlash, the movement to the zero
referenee position must be made with the eross zlide moving inward
toward the lathe axis, or townrd the workpicee, If by aceident the
cross slide is moved bevond the zero reference position, move the
erosz =lde outward toward Position 5 uotil the backlash lias boeen
taken up, and then mward apain to the gero referenee position,

The thread entting tool 3 pow prepared to take the next cut.
Exeept for Step 7. which 15 not repeated, repeat Steps 3 through
9 until the thread 12 fini=hed to 2ize. The lathe spindle needs to be
stopped only to measure or gage the zize of the thread.
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The size of the thread is not usually measured directly when it 15 in
the process of being turned 1n a lathe. The procedure of bringing it to size
15 & cut-and-try procedure, The appearance of the thread will give an
indication when it is getting close to the finish size. When it is judged to
be close to the finigh =1ze, 1t 12 gaged with the ring gage, snap gage, or
mating part, after each cut, until the gage fits properly as described in
Chapter 12, Essentially the same procedure is used when measuring the
threads by the three-wire method or with thread micrometers,

On some engine lathes the longitudinal-feed handwheel on the carriage
can be disengaged. This is done to avoid the influence of the unbalanced
force on this handwheel as it rotates. This foree can cause the carriage
to feed unevenly when taking very light cuts such as when eutting threads.
The uneven motion of the carriage results in errors appearing in the lead
of the thread that is being cut; therefore, where possible, the handwheel
should be disengaged when the carnage 15 engaged to the lead screw.

When eutting threads in steel and similar metals, a good grade of eut-
ting fluid should be used to obtain a good surface finish on the threads.
There are a good many proprietary cutting fAuids, Generally lard oll or a
heavy, sulfurized mineral oll will give pood results. Threads should be
cut ingray cast-iron without using any cutting fuid.

When the infeed of the tool 18 made with the compound rest set at 29
degrees, the right side-cutting edge rubs against, or burnishes, the "back"
side of the thread, thereby improving its surface finish. Regardless of the
angle of infeed, the "back" side of the thread is sometimes rough and
must be eut with the right side-cutting edge of the tool in order to “elean
up." The procedure for “eleaning up” the back side of the thread iz shown
schematically in Fig. 13-20. This must be done before the thread is to
zizge because it 15 neceszary to take several cuts through the thread groove,
thereby enlarging i1t. Position 1, Fig. 13-20 shows the incompleted thread
groove which has been cut using a 29- or 30-degree infeed of the tool.
The tool 18 moved to cut with the right side-cutting edge by backing out

& (r:l\'] 3 (2 (?I
(? @ T OO v
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"y A Y _y ¥
Fig. 13-20, Schematic illustration of procedure for “cleaning up” the back side of
a thread
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the eompound rest a distance of approximately 010 to 015 inch, Use the
micrometer compound-rest feed dial to ascertain this distance and be sure
to allow for the lost motion in the compound-rest feed serew, This 1s shown
schematically in position 2, which shows the effect of this movement in
relation to the thread. Actually, the movement 15 made before the cut is
started, when the tool iz clear of the thread. For the next several euts
the infeed of the tool 15 made with the cross slide which must be moved
past the zero reference position. Positions 3, 4, and 5 show how the right
side-cutting edge cuts the “back side” of the thread as a result of feeding
with the cross shde. When the leit side-cutting edge of the tool again
touches the "front side' of the thread, as shown at position 5, a new zero
reference posttion for the cross shde 1= obtained by adjusting the microm-
eter cross-feed dial to read zero or by memorizing the reading. The thread
& then finished to size by infeeding the eutting tool with the eompound
rest as before (position G).

It i sometimes necessary to align a thread-cutting tool with an exist-
ing thread groove For example, this must be done if the tool has to be
replaced before the thread is finished, or when the thread is rough cut
with a roughing tool and finished with a finishing toal whiech 15 some-
times the procedure used for cutting large threads. The new tool must be
set to a center gage and to the height of the centers as before It is
aligned with the thread by engaging the lead screw and turning the lathe
forward, until the carriage has moved the tool opposite the thread grooves
The spindle 15 then stopped, but the lead serew is kept in engagement.
This motion of the carriage takes up any lost motion in both the gearing
and the split nut. The tool 15 then positioned to fit into a thread groove
by moving the cross slide and the compound rest slide until the threading
tool, as determined visually, 15 positioned to a perfect fit in the thread
groove, The movement of the compound rest slide, being at an angle,
moves the tool both longitudinally and perpendicularly to the lathe axis
Errors caused by the perpendicular movement of the compound rest can
be corrected by the movement of the cross shide until the tool fits in the
thread groove. When the tool 15 accurately positioned in the thread groove,
the reading of the crozs-feed dial determines the new zero reference posi-
tion for cutting the thread, or it can be set to read zero. The tool is then
withdrawn from the thread. The carriage 15 disengaged from the lead screw
and again 15 brought to the starting position (position 1, Fig. 13-19) to
cut the thread.

Cutting Left-Hand Threads

Left-hand threads are cut by reversing the direction of rotation of the
lead screw so that the carmiage will move from left to right. The com-
pound rest is positioned at 29 or 30 degrees; however, the position is not
the same as that for night-hand threads. It is positioned so that the right
side-cutting edge of the threading tool will form the chip. The left-hand
thread-cutting tool should have a 10- to 17-degree relief angle on the
flank below the right side-cutting edge, and an 8- to 12-degree relief angle
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helow the left-hand eutting edge. The procedure For cutting the left-hand
thread 1s essentially the same as for cutting the right-hand thread except
for the differences explained below, If possible, the part with the left-
hand thread should be designed with a neck, or groove, ahead of the eat.
This provides a space in which the tool can be positioned in starting the
cut. If a neck cannot be eut ahead of the thread, the best procedure is to
start cutting the thread manually. The zero reference position of the cross
slide iz ecstablished in the same manner as for right-hand threads. The
infeed of the tool 13 made with the compound-rest slide before the start
of each cut. The cut is started by turning the spindle by hand, with the
carriage engaged to the lead screw. When the tool approaches the start
of the thread it is earefully moved into the thread groove, with the eross
shde, The cross shide 15 moved in until the micrometer dial reaches the
zero reference position, while at the same time zlowly continuing to turn
the spindle manually. When the zero reference position has been reached,
the spindle 13 then started, and the remainder of the thread s finish cut
by power.

Cutting Metric Threads

The procedure used to cut metrie threads on lathes having an ineh
fead serew 15 different Trom the procodure used to eat inch threads be-
cause the split nut must be engaged continuously from start to fAnish, It
cannot be disengaged at the end of each pass beeause 1t would not be
possible to pick up the thread again, unless the procedure previously de-
seribed to align a thread eutting tool In an existing thread groove 1s used,
This procedure 1= not intended to be used during the normal operation of
thread cutting.

When cutting a thread with a split nut continuously engaged, the
spindle speced nst be slow enough to allow the operator to have com-
plete control over all of the lathe movemnents at all times. Thus, the
spindle gpecd used depends upon the Judgment of the operator. He should
consider his experience in eutting metrie threads on inch lead-serew ma-
chincs, his oxperience on a particular machine, the case with which a
particular machine ean be manipulated, and the size and type of thread
heing eut. All other machine settings made in preparation for cutting
threads are the same as hefore, exeept that the 127-tooth translating
pear must be used in the gear tram.

The procedure for eutting o right-hand metrie thread on an ineh lead-
serew lathe = given by the following steps, Befer again to Fig, 13-19, in
which the numbers refer to the positions of the thread cutting tool and
the amrows to the direction of teol travel; however, the letler symbols
showld be digregarded,

1. 3tart the lathe spindle. With the thread cutiing tool just left of
Paosition 1, wove the eross slide inward until the tool just touches
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the workpleee. The position of the eross slide 1= the zero referenee
jmﬁi‘.im:. Bofore cach eut s started, the erose slide must be at the
zera referenee position, To accomplish this, adjust the eross feed
micrometer dial to read zgero, I this eannot be aecomplished with-
out moving the ecress slide from the zero reference position, the
micrometer dinl reading mus=t be memorized or recorded.

Stop the lathe spindle and move the thread eutting tool to Posl-
tion 1, Establizh the depth of eut by moving the tool inward the
required distanee with the compound rest. To obinln a preeise
depth of eut setting, the compound rest micrometer dial should be
used. For the first serateh ent, the depth of cut should be 001 ineh
to 003 inch (0.03 mm to 0.08 mm).

With the thread cutting toal in Position 1, slowly turn the lathe
spindle by hand and engage the split nut.

The thread cutting tool 1= now prepared to take o cut, Place one
hand on the lathe spindle starting lever (or button) and the other
an the cross feed erank bhandle. These positions should be main-
tained while the tool 12 eutting. Then start the lathe spindle.

The earringe advanees the tool into the work to eut the thread
groove, as shown by Pesition 2. Be prepared to withdraw the tool
from the thread groove and to stop the spindle at the end of the
et

At the end of the eut, Position 3, quickly turn the erozs {eed erank
handle to withdraw the thread entting tool with the cross slide.
When the tool 1= Just elear of the thread groove, quickly stop the
lathe =pindle. Brenuse the spindle moy coast hefore coming to a
complete =top, the thread cutting tool must always be withdrawn
first when eutting threads by keeping the split nut eontinuously
engaged. When this step 1= completed, the tool should be in Posl-
tion 4, elear of the workpicee.

sStart the spindle rotating in the reverse direction of rotation. This
will also reverse the direetion of rotation of the leadserew cansing
the caomiage to move toward the tallstock. By thiz method, care-
fully move the earriage from Posttion 4 to Position 5, Then stop
the spindle. 130 not just reverse the lead serew and run the spindle
in the forward direetion to move the earriage. Some operators will
switeh direetly from Jorward to reverse spindle rotation. With
practice thiz ean be done, but eaution must be used. Thiz proecdure
can be hard on the lathe meehanism; and oo some lathes it can
cause the mator to overheat when done repeatedly.

With the gpindle stopped and the thread eatting tool im Position 5,
cheek to seeaf the correet thread piteh 12 belng eut using 2 metrie
thread piteh goge, as seen in Fig, 13-21. 1t i= not convenient to
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Courtesy of The L. 5. Starvedt O oo i

Fie, 13-21. Metrie =evew=pilch  gage, Smilar =crovw-paicl gapes are avoalable for
Anveriean Btancked 1.

check most metrie threads with o metrie rule. As before, this step
i= not repeated; it is performed only after the frst eut.

9. At Poszition 5, set the depth of cut for the next eut by moving the
thread eutting tool Inward with the compound rest slide. Use the
mierometer dial to obtain o precise setting.

10, Meowve the eross slide inward to the zero reference position (Posi-
tion 1) as determined by the reading on the cross feed mierometer
dial, To eliminate the ofeet of the baek lash between the eross Teod
serewe and nut, the movement to the zero reference position must
be made with the eross zlidle moving inwarnd toward the lathe axis.

11. The thread entting too] is now preparcd to take the next ent. Ex-
eopt for Btep B which 12 not repeated, repeat Stepz 4 through 10
until the thread ig finighed to size. The gplit nut zhould not be
digengngeed from the lead serew until the thread 12 finished and the
job ig done.

It can be seen that this g a slow procedure. It must be used when cut-
ting any thread that cannet be eut using the thread chasing dial to pick
up the thread after each cut. Metrie threads cut on inch lead-serow
lathes aned inch threads: eut on metrie lead-zerew [athes must be cut by
this method. Aost dinmeteal piteh and module threads, and most threads
haviog an odd lead must alzo be cut by this method. This method must
be usedd to cut =ome threads baving an odd number of threads per ineh
(1214, 1234, cte); however, most of the more common odd thread per
inch threads (1214, 1214, ete.) can he eut by using the thread ehazing
dial. Of course, when metrie threads are eat on metrie lead-serew lothes,
wonetrie thread ehasing dial ean be vsed,
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Internal Threads

Ioternal threads are cut with a =ingle point cutting tool ground to the
ghape of the thread, or with o tap, The single point internal thread eutting
tool may be a comented earbide in=ert or a bigh =pecd steel tool bt These
are clomped onto o boring bar o= Figs, 7-12 andd 13-25, When the
threads to Be cut o not penctrate into the bore too deeply, an internal
threading tool may be male from o plece of solid lagh specd steel, which
nl=a actz as a boring bar, A tvpoeal inrernal thread eotling tool of thiz
tvpe macde fromm a high spesl stee] tool ot s shown i Tig. 13-22. The re-
lef angles on internal cotting tool: mmxt be large cnough to elear the
curvature of the bore, as well as the sedes of the thread.

The first step i producing an mternal theead s to dezll or bore a haole
to a size coual to the winor dimneter of the thread. Then the lathe ean be
et up to cut the thread. First the compomd rest 12 tarmed and elamped
in the position shown i Fig, 13-23, or 30legrees with respect to the eross
slile, T mny alzo be positioned 180 degrees from this pesition. However,
this may result in mterferenee hetween the compound rest and the work-
picee or the chuek, widess the boring bar 12 extended longer than neees-
sary. The position shown in Fig, 13-23 i= the preferved position. With the
thremd eutting too! i place, the hieight of the cutting odge 1= positioned
exictly ar the bieight of the lathe conters, which way be done by come-
paring the height of the cutting edge il the height of the tailstock cen-
tor with o =surface gage. Using o center gage ng shown an the illustration,
the threwd cutting tool i= posthioned to cut the correet thread angle on
the workpieee and then it 3= elamped in place, To complete the setup, the
lathe 1= adjusted to cot the required nummber of threads per ineh or pateh,
whichover the case may be,

The wethed of eutting the thread is the same as for eatiing an external
thread, Using the nuerometer eross-feed dial as a reference, the eross slide
1% sot at a zero referenee position. After each cut, the crozs shide is moved
forward to elenr the tool, After the tool 1= withdeawn from the bore 1t 18
returned to the zero reference position, as established by the cross-fecd

v
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Fig, 13-22 Twvpical interaal thread-cutling fool made from a high=speed steel fool bit
whiieds ol=o et = os '|||;‘:-|'|':'.|.|:' Ty,
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Fiz, 13-23. Setup for boring thread and method of aetting ihread boring tool,

dial, in preparation for the following eut. The infeed of the tool to set the
depth of cut for each pass is made with the compound-rest slide. The
size of the thread is determined by the fit of a thread plug-gage or by a
mating part. Small-diameter holes that have threads cut deep into the
hole are sometimes finished by running a tap through the hole.

It is zometimes difficult to see the end of the cut when boring threads
in a hole, and 1t 15 difficult to tell exactly when to actuate the split-nut
lever to disengage the carriage from the lead screw. Thiz becomes unneces-
=ary if the lead serew feed ean be used in feeding the tool out of the hole,
rather than into the hole, in order to cut the thread. Left-hand threads
can be bored in this manner with the setup shown in Fig. 13-23; however,
right-hand threads must be bored feeding into the hole with this setup.
On lathes equipped with a long taper, or cam-lock spindle nose, right-
hant threads also can be eut with the lead serew feed fecding the tool out of
the hole by cutting the threads with the lathe spindle turning in the re-
verse, of clockwise, direetion. When this procedure 1s used, the lathe must
be set up as shown in Fig. 13-24, in order to bore the thread. The thread
15 actually eut on the “back side” of the bore, as shown The thread-
cutting tool 15 positioned in the internal groove to start the cut with the
cross slide in the zero reference position, as determined by the cross-feed
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dial. With the lathe spindle running in reverse, the split nut 15 engaged
at the proper time {determined by the threading dial), and the carmage
15 moved from left to right to bring the tool out of the bore. The infeed
of the tool 15 made with the compound rest, and the cross slide 1s backed
off to allow the tool to clear the threads as it reenters the hole, The eross
slide 18 then positioned to the zero reference position in preparation for
the next eat. This procedure is repeated until the thread is cut to size.
Since the tool is elear of the work at the end of each cut, no special care
5 ruQuirud when acluating the 5]r]lt—nul. lever o djwngﬂgﬂ the r;arr'lﬂ_ge
from the fecd serew, Higher spindle speeds may be used because there is
less danger of the threading tool fecding too far into the bore, This proce-
dure 15 not recommended Tor lathes having a threaded spindle nose be-
cause of the possibility of the chuck or faceplate unscrewing itself from
the spindle. Likewise, boring bars with threaded ends cannot be used.

p—o

o) @
I

Fig 3-24 Alterpate method of borimg o rghtchand thread on ithe coguipped with
tiuprered, or cum-lock, spindle nosc.
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Tapping

Internal threads ean also be eut in a lathe with o tap, as shown in Fig.
13-25. Usually, but not always, threads that are approximately 3 ineh
19 i) and less ndiameter are cut with a tap, although on many ocea-
=ions larger threads are also eut with a Eaypo. 1t 1= first NeCECESTY LD ilrill
a hole having the correet =ize for the tap. The thread may then be cut
complete with the tap. Sometiunes the thread 15 cut undersize with o single
proint fool wwl Andshed with o tap This proeedure prodoees o uniform
siged thread throughout the hole and reduces the torque, ar effort, re-
guired to cut the thread with the tap.

Figure 13-25 illustrates the sctup aned the procedure for tapping o
thread on an engine lathe. Firgt the tap ig elamped oo long=handle type
tapr wrenel. The thresded el of the tap i then ploeed in the hole in the
wi}t‘!—-cpic*nr anel the eenter ok i the shank el of the ta) 5 ]:L'1:'1't| iy
the tailstock center, with the handle of the tap wreneh resting on the
compound rest, Before starting, and from time to time when tapping, a
suitable grade of cutting oil 1= apphed o the tap and inside of the hole,
excepl when tapping east 1ron, wloch 1= cut diey, The tappmg operation s
performoed by manually torning the Inthe ehuek with one haned while ot
the same time turnmg the tailstoek handwheel with the other hiand to
eanse the tailstoek eenter to follow the tap through the hole, The tml-
stock ernter nnst always be seated in the conter hole of the tap as the
Eapr pogre=se= through the hole. A chuek wreneh may be used n= shown
m Fig 13-25 to provude added leverage, when required, m turning the
chiwck, While eutting, the tap 15 prevented from turning by the tap
wreteh hamdle vesting on the compound rest. When the threead i finisled
the Lap 3z removed by manally turming the Inthe choek m the opposite
ilireetion, As the tap hacks out of the Lole, the shank end must he con-
tinually =upported by the tailstock center. The tap 15 preveoted from
turving by the other leawile on the tap wreneh whieh = muade (o rest on
the eross shide.

Cutting Acme Threads

The general procedure for cutting an Aeme thread is the same as for
cutting a 60-degree American Standard Unified and National thread. An
Aceme threading tool with a 29-degree included angle must be used, It s
set with an Acme thread gage after the compound rest has been positioned
at 1414 degrees, with respect to the cross shide. The micrometer cross-feed
dial 1= used to establish the zero reference position of the eross shde and
the eross shide is returned to this position before starting each cut. The
infeed of the eutting tool, in order to cbtain the depth for each cut across
the work, 12 made with the compound rest 2o that the tool will cut with
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Fig, 13-25, Scotup wnd procedure Tore tapping o theead on an cagine lathe,

only two cutting edges, namely, the right side-cutting edge and the end-
cutting edge. If required, the “back side” of the thread can be cleaned up
using the same procedure previously desecribed. Many Acme threads are
very long, as shown 1in Fig. 13-26, and the work must be given support
to prevent it from being deflected by the cutting forces. A steady rest can-
not be used when cutting the thread as in the illustration, because it would
interfere with the movement of the carriage; therefore, a Inllower rest
must be used to support the work.

Taper Threads

Taper threads should be cut with a taper attachment if at all possible.
When the required taper i1s oblained by sefting the tailstock off-center, the
thread will not advance at a uniform rate, nor form a true helix. This
“drunken thread,” or error, 18 caused by the angularity between the driv-
ing dog and the driven plate, which causes the rotating speed of the work
to vary during each revolulion, The bearing surface between the lathe
centers and the work eenters (when the tailstock is offset) is another cause
of Inaccuracy, because as the work centers wear rapidly due to the poor
bearing surfaces, the angle of the taper i1s changed as the tailstock
spindle iz tightened. The amount of the error depends upon the angle of
the taper and the distance that the centers must be offset.

The cutting tool must be set having the included angle of the thread
bisected by a line that is perpendicular to the axis of the work, as shown
at A, Fig. 13-27. It cannot be sct by holding the center gage against the
tapered surface a: shown at I3, which would cause the form of the thread
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Courtesy of the Clowsring DHvisdon af the Atlas Pross Compaony
Fig. 13-2. Cuttiog an Acme thread for a lead screw

Fig, 1527, Correet and ineorrect posit ons of the tool for taper theead cutting

that is cut to be weorreet, The taper attachment can be adjusted to the
eorrect taper by placing a taper gage (not threaded) of the required taper
between ecnters, A dial test indicator 1s fastened in the toolholder and
the contact point of the indicator 18 placed against the gage at the height
of the lathe centers, The taper attachment 1s adjusted until the hand of the
indicator does not move when it is traversed from one end of the gage to
the other.

Cutting Multiple Threads

The gencral procedure for cutting multiple threads is the same as for
cutting single threads, Figure 13-28 shows a multiple thread and the
method used to cut the thread. The first thread is cut as though a single
thread werc being cut, leaving the work as shown at A. When this cut
15 fimished the work must be indexed one-half of a revolution (for a
double thread) without disturbing the position of the lead screw or car-
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riage. This will place the tool in a position to cut the second thread
groove, centrally, between the grooves of the first thread, as indicated by
the tool shown in dotted lines. The second groove 15 then eut producing a
double thread, as shown at B.

The lead, which 15 the distance that the thread will advanee in one
turn, 15 not equal to the pitch—ior multiple threads. For example, in Fig.
13-28, the pitch of the double square thread is ¥ inch and the lead 15 4
inch, If this had been a triple square thread the lead would have been 34
inch, The cutting tool must travel a distance equal to the lead per revo-
lution of the work. In the case of multiple threads, the lathe must be set
to cut an equivalent number of threads per inch, which 18 dependent upon
the lead of the thread, and which 15 not equal to the actual number of
threads per inch. The equivalent number of threads per inch can be cal-
culated by the following formula:

. . 1
s - 13-18
Equivalent threads per inch Tead { 8]

For the threads in Fig. 13-28 the equivalent threads per inch would be:

. . 1
Equivalent threads per inch = —— =2

Leé—r‘i - E

The actual number of threads per inch in this case 12 four.

Fig. 13-28. View showing how & double square-thread is cut.
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The mmdexing, or spacing, of multiple threads can be done 1n several
different ways, One method s to disengage the gear on the stud (Figs.
13-10and 13-121 from the idler, or quadrant gear, aind turn the stud =haft
a predetermined amount while the idler, or quadrant gears remain station-
ary. The stud gear is then reassembled to the stud, in engagement with
the wdler, or quadrant, gear, The stud shaft 15 turned the predetermined
amount rotating the stud gear a given number of teeth. Before starting
to turn the stud shaft & stud-gear tooth and the mating tooth-space on the
wdler, or quadrant, gear are marked with chalk. If the number of teeth to
be indexed is 16, then the sixteenth tooth from the marked tooth on the
stud is placed in the marked tooth space in the idler, or quadrant, gear,

The number of teeth on the stud gear that must be indexed is deter-
mined as follows:

1. Count the number of teeth through which the stud gear is turned
when the spindle is turned one revolution,
2. Ihvide thiz number by the number of threads that are to be cut.

3. The answer must be a2 whole number, or the stud gear must be
changed.

Erample 13-5:

A double thread 12 to be cut on a lathe having a 24-tooth stud gear.

When the spindle s turned one revolution it is found that the stud
gear turned through 18 teeth.

The number of teeth which the stud gear must be indexed is:

14
— = 4 toeth
3 [

One method that can sometimes be used to obtain the spacing for mul-
tiple threads 15 to engage the carriage and the lead screw and move it
forward just far enough to eliminate the lost wotion in the split nut and
the gearing. Attach a dial fest indientor to the lathe bed of the carriage
and place a stack of precision-gage blocks between the indicator and the
carriage. The length of the stack of gage blocks 12 made equal to the pitch
{not the lead) of the thread. Zero the indicator to the gage blocks and
then remove the blocks, Ihisengage the feed-thread change handle or the
nuadrant gear (Fig. 13-12) to dizconneet the lead serew from the spindle.
Turn the lead serew manually, with the earriage engaged, until it comes
against the dial test indicator making it rcad zero. Reengage the fecd-
thread change handle or the quadrant gear. The carriage can also be
moved the required distamee, using the micrometer carriage positioning
attachment, Fig. 6-23. When multiple threads must be cut freguently, a
special indexing Taceplate, or a special tool block that accurately spaces
the cutting tool can be used.

The thread-chasing dial can also be used to space double threads when-
ever the equivalent threads per inch are an odd numbered thread as, for
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example, 3, 7, 11, cte. The first thread 15 cut using the graduations on the
thread-chasing dial that represent onc-inch movenments of the carriage,
while the second thread is eut by the alternate graduations which repre-
sent V4a-inch movements of the carriage. If the equivalent threads per
inch end in a “%,." such as 514, 714, 111, ete,, the first thread is cut by
any one graduation, say, number 1, and the sceond thread B cut by the
graduation that represcnts a two-inch movement of the carriage. In the
case of the dial shown in Fig. 13-13, this would be graduation numboer 3.
Graduations 2 and 4 could also be used. The use of the thread-chasing
dial a5 a meanz of spacing double threads 1= recommended whenever pos-
sible. The procedure to use when the thread dial s employed to space the
threads, 1s to alternately eut one thread groove and then the other so that
both thread grooves are finished at nearly the same tune.



CHAPTER 14

Turret Lathes, Production Lathes, and
Vertical Lathes

While enggine lad b aee vory versatibe and are castle adapted to perform
aowide range of different opermbions, generadly they do oot neet e de-
] for furning parts in Lerge quantities aoud at Ll produetion rates
Tlas eletaned b= et v other tvpes of Tigh prodaction taeming maclines,
el as turret Inthes single and waltiple spiodle autamaties ael, inercas-
mgly, numerically controlled Lathes. These Lthes may b ddesigned] with
e ennventions] Lorigondal <pancdle or with the axiz of the <pasdle vertieal,
Tleew oy be controlloed numuadly, ol as conventional tureet lathes, or
they mav | conny Lol antomtieadly by e denbea] weehani=ms or hiw
clectrome confrols,

There 1= o closs of medinm =izl to very large vertienl sponlle Tnthes
that are not intended Tor bigh production manafactaring, Theses machine
tool=, ustally eallead vertieal ormge unlls, are desggoed to perform tarming
twpe opertions on workpicee= fheo aee more convenient o Lay down ol
ta hald on o horngontad Faeeplate surfaee than on the vertieal faeeplate
sirfaee of a4 conventional Tathe, Many mcdne aud larege <ized parts wre
maetnned more convententiyv in this manner, Often these moehine tools are
reqpuired] to bore large, deep bolis, e whiels ease tlae borving buars or Jong
toal boliling =lides are attaeled oa vertea position. 1Teld a0 horizontal
il ion, these bars or <hdes wonldl bemd or sag appeecibily wnder 1 heir
own o woight, whiel woubd veake it diffientt to bore an aecurate lole. MMany
of these maelanes are apermted by oneneal eontrol, which onables then
o wuvehine complex contoured sarfaees i wbilition to perforneg other
o convent wnal operitons.

Turret Lathes

The characteristic feature of a turret lathe 15 the turret which iz
located at the rear of the bed in the position oecupiod by the rtailstock
on engine lathes. The turret has six faces, on each of which a variety of
cutting tools can be mounted. The turret can be indexed to bring the cut-
ting tools on one of the turret faces nto a position to perform ecutting
aperations on the part, while the tools on the other turrets are held con-

382
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veniently out of the way. The turret lathe also has a carriage which, ke
the engine-lathe carriage, provides & crogs-feed and a longmtudinal-feed
motion to the tools that are mounted on it. Turret lathes usually have two
aprons, one for the carriage and the other for the saddle upon which the
turret 12 mounted. Both of these aprons contain selective gear trains which
provide the available feed rates. The necessary handwheels, handles, and
levers for actuating these feeds are mounted outside of the apron. Nor-
mally, turret lathez do not have & compound rest, although one can be
mounted on the cross zlide, in some casez, as an attachment. The head-
stock contains the spindle and the gears for making the spindle turn at
the selected revolutions per minute,

There are two basic types of turret lathe constructions, the ram type
shown in Fig. 14-1 and the saddle type shown in Fig. 14-2. The hexagon
turret of the ram type turret lathe s mounted on a ram slide which can
be rapidly moved toward or away from the spindle, by the turnstile It
can alzo be fed by an automatic power feed toward the spindle. Stop
screws provide a positive stop and an automatic dizengagement of the
longitudinal feed. When the ram i1s brought back, the turret iz auto-
matically indexed to bring the next face into the operating position. The
ram slide moves easily and can be quickly handled by the operator. It
shdes on & saddle that can be fastened to the lathe bed at different dis-
tances from the spindle. When the turret lathe is operating, however, the
saddle is fastened to the bed and remains stationary. The carriage is pro-
vided with both forward and reversze longitudinz]l and cross feeds. The
longitudinal feed is provided with a positive stop which also disengages
the automatic feed. The eross slide has trip dogs that disengage the auto-
matic cross feed ; however, these dogs can be passed over manually and
the tool can be positioned for taking a cut by reading the graduations on
the micrometer cross-feed dial. The cross slide i1s a bridge type which, like
the cross slide on an engine lathe, bridges the opening in the lathe bed,
It iz finish machined on the top and sides. The top has a T-slot which
provides an anchor for the bolts used to clamp tool blocks in place. Two
standard tool blocks that satisiy many of the requirements are the rear
tool post for eutting from the back side of the cross slide and the square
turret wheh is mounted in the front. The square turret can hold four dif-
ferent cutting tools and it can be indexed to bring the appropriate cutting
tool into position for taking a cut, The ram type turret lathes are usually
smaller than the saddle type turret lathes and are generally used to ma-
chine smaller parts,

The saddle type turret lathe, Fig, 14-2, is usually a heavier and larger
machine that is used to machine comparatively large partz. On the saddle
type turret lathe the turret 12 mounted directly on the saddle which 1s
moved longitudinally back and forth by the handwheel, It can also be
moved back and forth by means of a power rapid-traverse. Automatic
power feeds are used to feed the saddle toward the headstock when taking
cutz. A stop roll, located inside of the bed, provides a positive stop and
disengages the feed of the saddle. It can be passed over by swinging a
master stop out of position. The turret on saddle type turret lathes must
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be indexed by hand. It 15 rigidly supported by the zaddle at all times, in
contrast to the ram on ram type turret lathes, which may well overhang
the saddle a eonsiderable distance when taking cuts. For the hghter work
generally done on ram type turret lathes this s usually no disadvantage
whereas on saddle type turret lathes, which uzually take heavier cuts, the
rigid support of the saddle 15 a very decided advantage, Some saddle
type turret lathes are equipped with a eross-sliding saddle. This provides
a eross-feed direction to the entire turret which can be used for imternal
recessing and facing operations. Standard turpning and boring heads are
shown mounted on the faces of the turret in Figo 14-2. When these are
removed, the face of the turrct appears the same as in Fig. 14-1. The
carriage of the saddle type weret lathe, Fig. 14-2) 15 gencrally a side-
mounted or “side-hung"” type, although a bridge type cross slide can bwe
provided. The bridge, however, places a himit on the diameter of the work
that can be placed over it. The advantage of the side-mounted carrage 18
that the cutting too! held on this carnage 1s nigpdly supported when turn-
ing larger diameters. The side-mounted carriage 18 supported by one of the
wavs on the top of the bed and by the way that 12 machined on the front
sidde of the bod, It can be moved in two directions longitudinally by the
apron handwheel, by rapid traverse, and by automatie power feod. A stop
rodd which engages a mauerometer stop-roll on the carmage provides an
accurate means of pesitioning the carriage in the longitudinal direetion.
It will alzo automatically dizengage the power longitudinal {eed when the
carmage contacts the stop roll. The automatie cross feed 18 disengaged by
stop dogs which can be passed over by the manual cross feed, The microm-
eter cross-feed dial 18 used to accurately position the tool for establhizhing
the depth of cut,

Turret lathes are also classificd as bar and chucking machines. Bar
type turret lathes are used to machine parts dircetly from raw bar stoek.
The bar is placed through the spandle of the lathe, One end of the har is
supported by a bar chuck that 1= held on & bar fecd rack which iz at-
tached to the end of the headstock. The other end of the har 12 held in a
collet chuek which 1= located insude the spindle nose. When the collet
chuck is opened, the bar stock 1= fed out of the spindle by the bar feed,
apaimst a positive stop located on one of the turret faces, The collet
chuck 15 then elosed and the part is made {fromn that portion of the har
sk ]:urnh'l:ullng fromm the nose of the Spirl:ﬁi‘: As a final n]:c‘rﬂtiﬁn, it is
cut off with a cut-off tool. Chucking tyvpe turrit lathes are used to hold
the work in a three- or four-jaw chuck, on a faceplate, or in a fixture
that iz held on the faceplate while performing the various turning and
boring operations. Most turret lathes are designed to be readily converted
from one type o the other. Ram type turret lathes, partiealarly, ean be
readily converted for cither bar work or chucking work. The work done
on ram type turret lathes is probably cqually divided between bar work
and chucking work. Saddle type turret lathes are more frequently used to
do chucking work.
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Turret-Lathe Tooling and Machining Methods

The turret lathe 12 capable of performang all of the operations that
can be performed on an engine lathe, The method by wlueh {hese Opwera-
tions are performed on the turret lathe sometimes differs from the method
used on an engine lathe because of the toohing that 1= available for use
on the turret lathe, Most of the turret-lathe tooling s standard toohng
that can be used todo a variety of work, Some special toohing 15 also used,
if required by the complexity of the workpieee, or if the guantities to be
]‘mrmlm*-:*ti are Iargu wmugh to warrant the extra expense necessary o iihy-
tain faster production,

Standard turrct-lathe tools are classified az chacking tools, eross-shde
toolz, and bar tools, Chucking tools are held on the turret and are used
to machine parts that are held in three- or four-jaw ehucks, Typical of
the parts mewde in thiz way are large gear Blanks, laree collars, large hush-
ings, palleys and sheaves, Bar tools are used to make parcts from bar stoek
gitch nx amoll gear hlanks, small bushings, ghafte, «twds, serews, and bolts.
Cross=-zlule tools can v naed for both clases of work, One additional
category of tools <hould be wentioned and this s work-holiding deviees.
Theae nehule collet chueks, three-jaw chucks, four-jaw chucks, face-
plates, aml speeial faeeplate work-holding fixtures. The entting tools are
the =ame, or =imilar, (o those uze] on engine Bthes The eantting speed s
caleulated the <ame ax for engine-Iathe work anid the feed rates are al=o
=eloeted on the =aume basiz The possible wavs i which these tools ean be
seb upe i alinost withonat liat, SBingle-point entting tools that are essen-
frallv the same as those deseviled i Chapter 7 oare usel on the eross
slule; therefore, they will not be trewred i this chapler. Attention will
T forsod on =ome of the hasie choaeking and e tools that are attached
to the turret. These tool: are introduwesd by relerving to the approprinte
iluatration which <houll he =fudied along with the Jdeseriptions thiat
follow.

Figuwre 14-3, Chverhend Trwrning. Thi= operation consists of turning one or
ppare siriaees op tHe out=ule dianuder of the wnr]-r,pi:*r'n with eutting
tool: that are positioned above the workpieee amld are Ted by the tueeel,
The eutting tools are held by ewdler holders, one of which is plain, while
the other 1= mdjustable. The cutter holders aee hehld by a m:ln'l'.l';i-n'-w Ferning
Bheaed which 1= mounted on o foee of the tureet, Several cutter hololers ran
b poumt ed on he madtiple tuening heod. In Fig, 143, two eats are taken
on the eutside dizmeter, while the end of the part 12 faeed with o tool that
1= heled by o sguare tueret mounted on the cross =hile.

Feguwre 14-4, Madtiple Twrnieg ond Preilling, The moultiple turning head
can be wsed to tuen, while <imulfanconsly machining the indide of the hole
with a deill, reamer, or boring bar, In the illustration twe turning cuts
are bheing taken simultancously ; one from the square tareet and the other
by tooling mounted on the tureet faec. The dreill shown 12 0 eore drill, uzed
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Cousteay of The Worner £ Swascy Companp

Fig. 14-3. {Lefty Owverhead turning Fig 14-4, (Right) Multiple turning and drilling,

Courteay of The Warner & Swasepy Company
Fig. 14-5. (Left) Boring. Fig. 14-6, (Right) Start drilling

to enlarge & cored hole in a casting. It has more cutting edges than a
twist drill, thereby enabling a faster feed to be used; however, it cannot
be used to open a hole from solid metal as the cutting edges do not come
to a point.

Figure 14-5, Boring. Boring operations are frequently performed on turret
lathes. One method is to hold the boring bar in a slide tool that is mounted
on the face of the turret, The slide tool has a micrometer that is used to
adjust the boring tool to obtain the required size of the bore quickly and
accurately. Stops are provided on the shde tool so that the boring tool,
when it 1s being withdrawn, can be backed away from the bore to prevent
the tool from marking the finished swi{ace. Boring operations can also be
performed on turret lathes with the boring tool held by the square turret
which is mounted on the cross slide,
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Figure 14-8, Start Drilling. The purpose of the start drilling operation is
to spot a true cone on the end of the workpiece which will act as a puide
for the subsequent driling operation. The start drill 13 short and stiff.
It will not deflect when starting the hole, and the coned spot will be con-
centric with the rotation of the lathe. The drill which follows will be
guided by this cone and will drill a hole which is also concentrie. Although
special start drills are frequently used, combination drill and counter-
sinks, or center drills, are also used for this purpose.

Figure 14-7, Combination Stock-Stop and Start-Drill. The first operation
when doing bar work 12 generally called stock stop. This operation con-
sists of feeding the bar stock through the spindle until it contacts a stop
that is held in the turret. This stop allows just the right length of bar
stock to protrude from the face of the collet chuck in order to make the
part. The collet chuck 15 closed when the bar stock comes against the stock
stop. The stock stop shown is combined with a start drill which is with-
drawn during the stock-stop operation,

Figure 14-8, Spade Drilling, A spade drill is made from a flat piece of tool
stee]l that 18 clamped to a bar-like spade-drill holder. The point of the
spade drill is similar to the point of a twist drill, providing it with the
ability to open holes in solid metal. Spade drills are often used to drill
the large holes that are over one inch in diameter, Twist drills of this size
are too long and overhang the turret excessively, whereas the overhang
of spade drills 12 2t a nunimum. The blade of the spade drll can be re-
placed, when required, without the necessity of purchasing a new spade-
drill holder. The setup {or drilling 2 hole with a twist drill is similar to
Fig. 14-8, and therefore will not be illustrated.

Figure 14-9, Reaming, Holes are finished by reaming from the turret,
as shown. The reamer should be held in a foaling reamer holder to assure

Courtesy of The Worner & Swarey Compony

Fig. 14-7. (Left) Combination stock-stop and start-drill. Frz. 14-8 (Right) Spade
drilling,
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Courdeay of The Warrer & SEwasey Company

Fig. 14-0. {Left) Reaming. Fig 14-10. (Right) Floating blale reamor,

proper alignment of the reamer with the drilled hole, thereby assuring
that the reamed hole will be straight—not tapered.

Figure 14-10, Floating-Blade Heamers, Larger holes are often reamed
with a floating-blade reamer. The two cutting blades of this reamer are
allowed to float a certain amount, which provides the neceszary alignment
to obtain a straight hole,

Figure 14-11, Tapping, Tapping can be done on a turret lathe to produce
internal threads. The tap must be held in a releasing fap holder. To tap
the hole the turret is advanced toward the rotating workpiece, using suffi-
cient foree at the beginning in order to make the tap start to cut the
threads. After the threads have been started the rotation of the workpiece
and the lead of the threads will combine to pull the tap into the hole. As
the tap feeds through the hole the turnstile s turned by hand just enough
to keep the turret and the tap holder moving at the same rate as the tap.
When the forward progress of the turret i1s stopped, the tap holder will
releaze the tap, allowing it to revolve with the workpiece. The tap 18 with-
drawn by reversing the direction of the spindle rotation.

Figure 14-12, External Threading. External threads are generally cut on
turret lathes with self-opening die heads, As with tapping, the die head
must be started to cut the threads. After the die has started, a light
feeding force 15 used on the turnstile in order to keep the turret moving
with the die head. When the forward progress of the turret is stopped
the die head will snap open, thereby clearing the dies from the threads
that have been cut. After the die head has leen backed away from the
threads it is elosed by a movement of the handle in preparation for eut-
ting the next thread. Die heads are available for cutting a wide range of
thread sizes,
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Courteay of The Warner & Swasey Company

Fig 14-11. (Left) Tapping. Fig. 14=12. (Right) External threading,

Figure 14-18, Koller-Bar Twrners. Roller-bar turncrs are used to turn
long bar work which overhangs the collet. The rollers support the bar
stack to keep it from deflecting. The rollers may he mounted ahead of the
cutting tool n orvider to obtain concentricity between the previously
turned digmeter and the diameter bemng turned, The rollers are set beband
the eutting tool, as shown, when turning the first diameter on rough-bar
stock. When the rollers are set behind the cutting tool they burnish the
turned surface therehw improving its appearance, At the end of the cut
the eutting tool is witlulrawn from the work by moving the cutter reliev-
ing lever. This prevents the cutting tool from marking the turned surface
as the roller turner head is backed off the work by the turret.

Courtesy of The Warmer & Sivasey Company
Fig. 14-13. (Left) Holler bar twner. Fig. 14-14. {Hight) Cut-off operation.
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Frgure 14-15, Cutting Off. After a bar part has been completely machined
it 15 cut off with a cut-off tool, A convenient place to mount this tool is in
the rear cutter-block. When held by the rear cutter=block the cut-off tool
must be held im an upside-down position. When the space i1z available,
the cut-off tool can also be held by the square turret.

Most work done on a turret lathe is planned in advanee, Often, tooling
layouts are made which give the operator, or the set-up man, a pietorial
representation of the way that the machine is to be set up. Figure 14-15
illustrates the tooling layout for machining & flange. The following se-
quence of operations 12 used to finish the part:

1. Start to true-bore hole 7, deep enough to start core drill true.

2. Core drill hole 7 and rough-turn diameters A and D from turret,
At the same time, rough-face F and C from square turret. Face F
firest and C last.

3. Bore hole ) to make sure that it 1s concentrie,
4. Ream hole 7 to size.

H. Fimish-turn diameters A and ). At the same time, fimish faces
F oand C.
6. Chamfer B and E.

Figure 14-16 shows a typical ram type turret-lathe setup for doing
bar work. A saddle type turret lathe equipped with a cross-shding turret
12 shown machining steel gate-valve bodies in Fig. 14-17, The gate valve
12 held in a special indexing fixture that permits three ends of the valve
body to be machined in a single chucking. The versatility of the turret
lathe for deing a wide variety of turning jobs is demonstrated by these
lustrations.

CORE DRILL G
BOUGH TURN

START TRUL-BORE G

j: % FINESH TURMW ALD

{_

ROUGH FACE F&C

Courfeaaw of Thae Warner & Swasey Company

Fig 14-15. Tooling layout {or machiming & Mangs
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Courteay of The Warmer & Swaaey Compangy

Fig. 14-18, Ram type turret lathe setup for bar work,

Chucking and Bar Automatics

Cleking and bar automaties are ngh produetion, vet rather versatile
Iathes, imasmuch as they ean readily be set up to machine difforent parts.
The control: on these machines are set manually. However, in operation
thew are automatic. These lathes may be equipgpued with numerienl control,
."‘:LIIZ'IIII" I:I'Illl\' IH' IZ_'IIII.!IIIEE"II ver Lo IZI.EI ['Ell.EII'I' l;_'hll.{"E-ii]lﬂ i |ili.l.l' 'n'l.'ﬁl']'i .'1I1r| =R
are cquipped to tarn between eenterz. A eharacteristie of ehuekimg and
bar autematies 1= the penfagen Tureet, which on some lnthes 15 above
the spindle and on others is beland the spiedle, A single spindle chueking
autamatic 1= shown in Fig, 14-18, This machine has an overhead pentagon
turret wind two slides. The tureet 1= an integral part of a turret bar which
imlexes the turret and provides the motion parcallel to the spindle axis. A
varuty of staadard tt.11,"lli1||.ri blorkes el tood lolders ean e mounted on
each of the fAve taeeet positions to perforin tarning, dreilling, reanang, bor-
g, sl thread cutting operations. The two slides move perpendicunlar to
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Fig. 12-17. Machining steel gate-valve bodies held 1o an indexing fixture on a saddle
type turret lathe having a cross-shding turret.

Courtesy of the Toming Wackine fhe. of Worner & Seaiey

Fip. 14-18. A single-apindle automatic chucking maclhine,
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ihe :Clli.]ll:”.l:'“ axi= to actuate entting tools that |J1'l'fﬂ:'t1l ErOOVINE, cut-off, fae-
img and forming operation=. All of the tooling is within easy reaeh of the
operator, ax enn be scen in Pie 4-19, The arrangement of the toolz on the
muchines g such that there = o minimm of interference between the tools,
making it possible to take simultancous euts with tools that are attached
to the turrct amd to the shides. The tooling bloeks that are mounted on
the tarret have provisions that allow =everal tools to eat simultanconsly ;

e

B = PSS
1 ¥ 5 -._ Sa—

Conrtedy of the Tureimg Machine D of Wareer & Sinasey

T 14-1% Changing @ lool i an sutomatie chucker,
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e, it is possible for several turning tools to be eutting different diameters
while at the same time drilling, reaming, or horing a hole. A typical opera-
tion on a chucking automatie iz illustrated in Fip. 14-20, where the larpe
stecl eastings zhown in the foreground are being machined.

A single spindle bar automatic is shown in Fig, 14-21, This machine has
three slides, the additional slide being used to actuate a cut-off tool, Bar
stock from which the part i2 made 12 contained mside of the spindle and
held by n ecllet chuck. In operation the stock 1= fed out against a stock
stop and clamped by a collet-type chuck. The protruding pertion of the
bar 1s machined to the part eonfiguration and then it iz eut off, after
whieh the finished part falls into a ehute,

Mueh of the tooling on these machines, such as chucks, tooling blocks,
and toolholders, 1z standard tooling that can be obtammed from the

R
e —

Courfeay of Ehe Turning Machine v, of Worsgr £ Swascy

Fig. 14-20. Machining henvy caslings in an sulomatie chucker
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Cowrfery of fhe Turnimg Maockine i, of Waereer o Swaoeey

Fig, 14-21. A =ingle-spindle aulomatic bar machine,

builder. Rather frequently the standard three-jaw universal chucks re-
guitre =pecial jaws to prip the workpicee. For some work specinl work-
holding fixtures must e designed and built.

Production Lathes

A typical automatie production lathe i1z shown in Fig. 14-22. These
machines are used for high-volume repetitive work such as iz encoun-
tered in the automotive industry, The tooling used on these machines is
specially designed to do one particular job with great efficiency. A typical
setup which is used to machine front and rear automotive bhrake drums
15 shown in Fig. 14-23. A special back-Tacing attachment i1s located inside
the work-holding fixture for facing the mounting face of the brake drum.
The front tool-shde turns and bores the other end of the drom. All turn-
ing and boring operations are completed on this machine in one setup.
No great amount of skill iz required to operate an automatic production
lathe; however, the planning of the eperations, the layvout of the tocling,
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Courdeiy of the firpholl Machineg Com pony

Fig. 14-22. Automatic preduction lathe,

and the design of the tooling do require skill and expenience of the
highest ordoer.

Vertical Lathes

The vertieal lathe, common]y referred fo as o verfical f]r}?'fﬂy ma'H!, has a
circular table which revolves about a vertical nxis 20 that the work-hold-
ing surinee is horizontal, thus making it comparatively easy to place and
hold large eireular parts in position (Sce Fig, 14-24.) The two large,
vortical housings are connected together at the top by a bridge, to pro-
vitle a ngid support. Ways are machined on the face of the housing on
whicly the eross rail s mounted, The cross rail ean be adjusted to any
desired height above the top of the eircular table. Tt is not, however, sct
m 1metion to take a cut. Two saddles, mounted on the cross rail, can he
moved along the length of the eross rail. Tool bars, which have a vertieal
movement, are mounted on each saddle. They can also be swiveled on the
saddle to provide an angular movement. Tool blocks for holding eutting
tools are located at the ends of the tool bar, The vertical orientation of
the tool bars allows them to be made small enough te do boring opera-
tions without deflecting due to their own weight. Many wvertical horing
mills are equipped with a pentagon turret, in which case they are usually
called verfical furret lathes. A vertical turret lathe is shown in Fig, 14-25
machining a large fan exit-case of a jet engine. The pentagon turrec
provides five tooling stations on each of which one or more cutling tools
can be mounted. Both vertical boring mills and vertical turret lathes can
he equipped with a side bead which can be seen n Fig 14-25, The side
head can move in a vertical direction by sliding over the ways of the
right-hand eolumn. The side-head arm moves in a horizontal direction.



Ch. 14 TURRET, PRODUCTION, AND VERTICAL LATHES 399

Comrieay of the Gichall Macking Company
Fig. 14-2% Automatic production lathe tooled to produce putomotive brake drums,

The cutting tools mounted on the side head can, therefore, move parallel
and perpendicular to the surface of the [aceplate,

Workpieces can be bolted directly to the faceplate or they can be
held by chuck jaws, The chuek jaws operate independently of each other
in & manner similar to four-jaw chucks, Figure 14-26 shows a cable hoist
drum being machined on a vertical turret lathe, The workpiece is held
by four-chueck jaws while simultaneous cuts are taken by tools held by
the pentagon turret and the side head, Special work-holding fixtures,
such as shown in Fig. 14-27, are sometimes used to hold the work. This
workpiece is very thin and is apt to distort and vibrate when being cut.
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Courteay of The Fullard Companiy
Fig. 14-25. YVertical turret lathe machining jet-engine part.
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Fig. 14-26, Cable heigt drum being machined on a vertical turret lathe,

The fixture must also hold the part without distorting it. The part is
firmly elamped to the base of the fixture. The snubbers at the top help to
support the work against distortion due to the cutting forces, and they
help to prevent vibration or chatter from occurring.

Vertical lathes are used to hold workmeces that can be more conven-
iently elamped to a horizontal surface rather than to a vertical surface,
They are uzed to machine surfaces that require the use of a long, extended
bar to hold a cutting tool that cannot be supported at two ends. The ad-
vantage of the vertical lathe in such situations is that the long bar—say,
a boring bar—does not deflect under its own weight when 1t is hung in a
vertical position. The vertieal lathe 12 also often used In preference to
other machine tools when large, internal, facing cuts are required; when
very large diameter holes are to be bored; and when both large-diameter
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Courieay of The Hullard Company

Fig. 14-27. Special work-holding fisture and tooling blocks on vertical turret Inthe

boring and facing cuts are required on the same part. Of course, evlindrical
turning and facing cuts on outside surfaces can alse be conveniently
taken on these machines. Many vertical lathes are equipped with numer-
ical controls or with tracer controls which add to their versatility. The
vertical turret-lathe in Fig. 14-25 1z equipped with tracer controls on the
turret and on the side heads, enabling it to cut angles and complex con-

tours. The machine in Figp. 14-26 15 equipped with a numerical-control
syslem,
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Precision Hole Location—The Jig Borer

The problem of preeision hole location 15 encountered by all eraftsmen
who are engaged in precision machine-tool work, Many hales in precision
machine and engine parts, jigs, fixtures, and metal stamping dies must be
machined to very elose tolerances with respect to their diameters and their
location on the workpiece, The hole-loeating methods previously treated
m this book satisfly the accuraey requirements for most ordinary holes;
however, when the location of a hole must be very precise, other methods
must be used.

Precizion hole-location methods have been developed over the years
by skilled eraftsmen such as elockinakers, instrument makers, toolmakers,
and machinists. Some of these methods are still used upon oecasion and
will be described later, in this chapter. An engineering solution to the
precision hole-locating problem was the development of the Jig borer
which occurred at the end of World War I, independently, both in the
United States and Switzerland. This machine tool 15 designed to machine
holes that are preecise, with respeet to diameter and location. A bank of
g borers at work 15 shown in Fig. 15-1. Just prior to World War 11, a
further step was taken by The Moore Special Tool Company, when they
developed the jig-grinding machine which is used to locate and grind
holes in hardened metals to extremely close tolerances. More recently,
coordinate measuring machines have been developed to aceurately meas-
ure the location of holes.

Coordinate Dimensions

The eoordinate system of dimensioning is used on drawings for jig-
borer work, This svstem of dimensioning is designed to be compatible
with the eoordinate axes of movement available on the jig borer. Other
machines, particularly numerically controlled machines, are also designed
to have table movement that is compatible with the coordinate axes of
the coordinate dimensioning system. These dimensions are normally
placed on the drawing by the draftsman; however, the machinist or the
toolmaker is oecasionally required to do this at the machine, It is worth-
while to learn the prineiples invalved,

In the coordinate dimension system all dimensions are given from two
reference axes that are perpendicular to each other, The position of these
axes sometimes corresponds to the side of the workpiece, as at B, Fig.

403
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Conrteay o) e MWoore Speeonl Toal O Fare,

Fig. 151, N bover< arml jie eoincders in a demperature-candrolled toolroom

15-2; although this is not always the caze. At A, Fig. 15-2, the dimensions
arc drawn in the conventional manner, while at B, they are drawn using
the coordinate dimension svstem. Having the top cdge and the left edge,
or the upper left-hand corner, act as a reference surface, agrees with the
positions of the scales on many jig borers, although there are some differ-
ences in this respeet. The dimensions for the coordinate system for parts
to be jig bored is usually given to 0001 inch, Tolerances are usually not
spectfied, for it 15 understood that the jig-borer operator will locate each
hole to the limit of accuracy of the machine, This is the accepted prac-
tice for tool and die work., The dimensions can be transferred from the
conventional system of dimensioning to the coordinate system by simply
adding or subtracting, agz shown in Fig. 15-2. A discussion of how toler-
ances are affected when transferring from the conventional to the coordi-
nate system of dimensioning is given at the end of this chapter,

Boring

Because of its importance 1 precision hole location, a review of the
boring process is helpful at this time, In Fig. 15-3, the boring tool shown
15 rotating about the axis of the spindle of a jig-boring machine, The
point of the cutting tool is always the same distance from the axis of
rotation of the spindle; therefore, the cylindrical surface of the hole that
15 generated must be concentric with the axis of the spindle. For this
reason, single-point boring is the most accurate method of finishing holes
in metals that can be cut with single-point cutting tools.
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Fig. 15-2. (Top) A. Conventional dimensions, (Bottom) B. Coordioate dimensions,

The boring tool shown in Fig. 15-3 is held in an offset boring-head
which can be very accurately adjusted, radially toward or away from the
center of rotation, in order to bore holes of different diameters. With
normal eare it is not difficult to bore a hole to & tolerance in the order
of “tenths,” (L0001 1n. or 0.002 mm) with a precision boring-head.

If the hole that was originally drilled 15 not coneentric with the axis
of the spindle, the boring tool will take a heavier cut on one side of the
hole than on the other side. The unequal cutting foree created by this
cut will deflect the bar more on the side where the heavier cut 1z taken,
thereby causing the bored hole to be eccentric with respect to the axis
of the spindle. This effect can be eliminated by grinding the boring tool

correctly, by using & sharp tool, and by taking light cuts when finishing
the hole to size.

In the situation just deseribed, the boring tool was-rotating, The same
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Courtesy of The Moore Spegial Tool Company

Fig, 153, RBingle-peint boriog=the most preese hole=loesting aoethiod, The saclaee
W Eeneraled by rotation abood 1he hole axis, Fither the workpiors or ool may rofade.

end-result will also occur when the work is rotating, as in a lathe. The
point of the cutting tool will alwave be at the same distance from the
axi= of rotation of the workpieee, which 12 determined by the axis of rota-
tion of the lathe spindle. The evlindrical zurface that is generated as the
tool feeds through the bore must then be concentrie with the axis of rota-
tion of the spindle.

Precision Hole Location

The shapes and sizes of the workpieee in which precsion holes are
located are almost nfinite. Rectangular-shape plates, such as shown n
Fig. 15-4, are freouently encounteredd in ool and dic work, Beeause of
the availability amd the eage with whieh this shape can be worked, it is
used to construct components for stamping dies, jigs, fixtures, and gages.
This shape, thorelore, i= nsed to illustrate and explain the methods of
precision hole loention, Four proven amd practical methods of hole loca-
tion will be explained in the following pages; in addition, two methods
of lovating holes 1o hardenced workpieees will be diseussed. It should e
cmphasized that the uze of the Jig borer, when available, & not only the
preferred, but the superior method of precision hole loeation.
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Famrdv sy of the Moore Special Tool Ca. Iar.

Fuc. 15< (Upper Iefid A, Cheeking the squarencss of the sdes poor fo Iayvime oat.

Al lensl bwo sides swesl bBeosgusiee o oencho other aml (e the wop aml hotlom {ares

CUpper ciehtd 1 Beribing two perpendiealsr sides fo loewie the hole, using (e sopaared

sides as refovemee surfaees, {Lower left) C. Loeading the center of The hole Iy twarling

the hand prick-punch at the line inteezeciions= (Lower pght) 130 Cosefully prick
punching the hole conter,

Precision Layout and Drilling Procedure

Prepare the workpiece. The workpiece s nachined so that the two
fares are paralle]l to each other and “square” with regpeet to all sides, or
edgez, az they are often ealled in the toolroomy. Two of the ecdpes arc
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machined to be exactly square with cach other; these two edges will serve
a8 reference surfaces, Sometimes i s convenient Lo machine all four edges
saquare to each other. The machining can be done on a milling machine,
a shaper, or on a surface grinder. It 12 often more convenient to rough
machine on a milling machine or on & shaper, and then to finish grind
the part on a surface grinder, A metal-cutting band saw will sometimes
be best for rough inachining this part,

Make o precizion layowi. The face of the workpleee 13 painted with a
blue layout dye and the lines are seribed with precision layout tools on the
reqquircd locations. The precision layout tools are shown at B, Fig, 15-4.
Shown are a vernler height-gage, precision gage-blocks, and a universal
precizsion gage, or “planer’ gage, as 1t 1s also called, The vernier height-
gage has a seriber attached to the movable arm which can be set at any
desired distanee above the face of the surface plate. With eare, layout
lines ean be seribed to an aceuracy of 001 inch with the vernier height-
gage. The shider of the planer gage can be accurately positioned anywhere
along the incline. The top of the shider 12 perfectly parallel to its base and
serves as a4 reference surface. It 15 positioned to the desired height above
the surface plate by measuring across the top of the shder and the base
with a micrometer caliper. A more accurate method 1z to transfer the
height of a stack of precision gage-blocks to the top of the shider. This 18
done by holding a dial test indicator in a fixed vertical position on an
indicator holder or on the movable arm of the height gage. The indicator
12 positioned over the gage blocks and set to read zero. It 15 then posi-
tioned over the planer gage which is adjusted until the indicator again
reads zero. A wedge-shape seriber, which has had i1tz bottom surface
lapped perfectly flat, is placed on the planer gage to seribe the lavout
lines, The wedge-shape scriber can also be placed directly on the stack
of gage blocks to seribe the lne if an accuracy to “tenths" 18 reqguired
and a planer gage iz not available. This method, however, is hard on the
gage blocks and should be used sparingly. Lines are thus scribed by what-
ever precision method is most suitable. The coordinate dimension lavout
for the holes 15 obtained by resting one of the two squared reference
edges on a precision surface plate and seribing all of the lines that
arc parallel to this edpe. The sceond reference edpe 12 then placed
against the surface plate and all of the layout lines parallel to this
cidge are seribed. The seribed lines should be kept as shallow as possible.

Prick-punch marks are carefully made at the intersection of the lavout
lines where the holes are desired. When an ordimary prick punch iz placed
in & line that has been seribed by a wedge type seriber a small error will
result, as shown n Fig. 15-5. In order to minimize this error, the prick-
punch mark =hould be started with a hand prick-punch as shown at C,
Fig, 15-4. A hand prick-punch has a more acute peint than a regular
prick punch, The punch is made from a pleee of high-carbon tool steel
that is twisted as shown, and hardened at the point. The hand prick-punch
1z carefully placed at the intersection of the layout lines, using the sense
of touch to fecl the intersection with the point of the punch. When the
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Fig. 18-85 Error introduced by shape of scribed line. This error s reduced by keeping
the seribed line shallow and by using a rotating, hand prick-punch with an acute-
point angle pror to using a regular prick-punch,

hand prick punch is in position, it 12 rotated by twirling back and forth
between the thumb and fingers until a small mark is made. The prick punch
mark 18 enlarged with a standard prick-punch and hammer as shown at
I, Fig. 15-4. This must be done carefully, using a magnifving glass to be
sure that the original position 15 not disturbed. Also, the prick punch
muzt be accurately ground to have a point in the center of the punch,
The hammer blow should be light, making a prick-punch that is approxi-
mately 144 inch in diameter. A circle may now be scribed with dividers
although this is not always necessary, especially with smaller holes. The
circle is not uszed to locate the hole. When a cirele is scribed on precision
layouts, the witness marks are usually omitted. On die and tool work
they may mar a surface that must be finished smooth or they may even
form the nucleus of a erack 1f the part 18 to be heat treated.

The layout iz now completed. When done with zkill and care, accurate
results can be expected,
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Cowrtery of The Moore Epecial Tool Company

Fig. 15-6. Startiog the hole with & small sleader drill, Sleader drill will beod aod follow
prick-punch mark, Center drill will cut into the side of prick-punch mark iostead of
following it.

Dirdl and counterbore the hole from the layoul, A large drill should
never be started in a small prick-punch mark. The prick-punch mark
will be guickly obliterated and the drill will drift into another location.
Also, a center drill should not be used. The center drill 15 rigid and a
shght misalignment between the center drill &nd the prick-punch mark
will cause the drill to start the hole at the side of the prick-punch mark,
as in Fig. 15-6, with a consequent error in the hole location. The best
start 1 made when the prick punch entirely surrounds the drill. An ordi-
nary twist drill, having a diameter of about ¥, or 4. inch, should be
used to start the hole. The position of the hole is determined by the prick-
punch mark and any misalignment of the drill will be ecompensated for
by the Aexibility of the drill, as shown in Fig, 15-8, The slender twist drill
will bend and center itself in the prick-punch mark, whereas the rigid
center drill will not, Since the slender starting drill will bend, 1t will not
drill a vertical hole, and it should not be permitted to go too deep. The
cntire sequence of laying out and drilling the hole is shown in Fig. 15-7.

The starting drill should be followed by another, slightly larger and
stiffer drill, say 34. diameter, which 1= followed by & center drill having a
li-inch pilot. The center drill is drilled to the depth as shown at 7,
Fig. 15-7. A Y -inch drill 12 then used to drll through the part. The hole
15 further enlarged with a #3;,-inch drill which 1s followed by a 235 ,-inch
drill that has been ground to cut flat on the end in order to square the
shoulder of the eounterbore. This operation is omitted if the hole s a
through hole. The final operation iz to finish ream the hole to size.
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Fig, 15-7. Procedure for drilling hole from layaout,

Courlesy of The Mapre Specrad Toal Com amy

Precision Layout, Drilling, and Boring Procedure
1. Prepare the workpicee.
2. Make a precision layout. (Steps 1 and 2 are done as previeusly
described and will, therefore, net be repeated )
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3. Mount the workpicee on a lathe faceplate. The workpicee 12
clamped on the faceplate, Fig. 15-8, in preparation for drilling and
bhoring. On parts of this size it 12 uaally most convenient to
remove the faceplate to mount the work as shown in Fig 15-37.
A shect of paper placed between the faceplate and the workpiece
serves to reduce the tendeney of the part to move, particularly
when it is subjected to large cutting ferees. Soft metal shims
|'|-L'1r'wi between Lhe st rap clamps and the work will prevent the
elamps (rom marring the surface of the work,

4. Align the workpicce in the lathe. The point of a pump center,
Fig. 15-9, 15 placed in the prick-punch mark corresponding to the
hole to be drilled, as shown in Fig. 15-8. The other end is placed

Courtiry @f The Moors Spegial Tool Cemponyg

Fig. 158 Aligning the work with the axis of rotation of the lathe using a pump
center and an indicator.
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Fig. 15-0 Diesign drawing of pump cenler.

on the taillstock center of the lathe and the tailstock is adjusted
g0 that the pump center 15 held i position with a hght spring
tension. The contact point of a dial test indicator 15 positioned
against the pump center close to the point. When the lathe spindle
15 slowly turned by hand, the movement of the indicator hand
will show whether or not the prick-punch mark 15 in the center of
roetation, The work 15 tapped with a hammer arid a soft metal bar,
as shown, until the Indicator hand does not move when the work
12 turned. The work is then tightly clamped to the faceplate.

. Drill the hole. The prick-punch mark has served its purpose—

that of aligning the part on the faceplate. It is no longer ezsential
to the job. The hole gshould be started with a center drill. This
should be followed by a 4- or 8 g-inch drill which is used to
drill the hole through the workpiece. The hole 15 enlarged by dnll-
ing with suceessively larger drlls until 1t reaches the size for bor-
mg. Too much metal should not be removed with any one drill
in order to keep the cutting forees from being large enough to
move the piece on the faceplate. Sufficient stock should be left for
boring to allow several boring cutz to be taken. This can vary
from Y% to Y4 inch or more,

. Bore the hole to size. Figure 15-10 illustrates the hole being hored

te size. The trial cut procedure 15 used to bore the hole to size, A
trial cut 15 taken m the bore and the diameter 15 carefully meas-
ured, The boring tool is then advanced inte the workpiece the
eorrect amount, and another trial cut is taken, I the measurement
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Tig. 1510, Bonng the lole i Qe lathe wotle the work mounted on o faceplate,

of the second trial eut shows the diameter to be correct, the cut
15 completed; if not, a further adjustment 15 made before com-
pleting the eut. The final finishing cut should not be started until
the trial cut shows that the diameter being cut is correct.

Several light boring euts should be taken through the workpiece
to make certain that the hole will be conecentric with the axis of
rotation of the lathe. When using this procedure the hole should
be bored to size; it should not be finished by reaming because in-
accuracy may result due to any slight misalignment between the
spindle axes of the headstock and the tailstock,

Toolmakers Buttons, or the Buttoning Procedure

Toolmakers buttons, Fig. 15-11, are hardened, ground, and lapped
collars, or buttons, with the ends ground perfectly square with the cylin-
drical surface, Thus, when the buttons are clamped in place with the
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Fig. 15-11. Toolmakers buttons, The eylindrical surface is hardened, ground, and
lapped. The end fuces must be exmctly perpendicular to the evlindrical surface.

1&-40 machine screw, the eylindrical surface will be perpendicular to the
workpiece, The outside diameter of the buttons i1s made in several sizes,
namely, in 300, 400, and 500 inch. It is not good practice to mix the
diameters of the buttons In any one setup as this can result in errors.
The inside diameter of the buttons is slightly larger than the screw in
order that the button can be moved around the screw.

The buttoning procedure 15 & good procedure that is frequently used
when a J1g borer 15 not available. This procedure 15 generally more reli-
able than those previously described. A number of buttons can be at-
tached to the workpiece, simultaneously, in order to locate holes in the
workpiece. For simplicity, the deseription to follow will concern itself
with only one hole:

1. Prepare the workpiece, It is machined square and parallel all over,
using methods previously mentioned.

2. Lay out the part. When buttoning, a precision layout is not re-
quired although the precision layout methods described are often
convenlent to use

4. Dnll and tap the button screw holes. Each hole 15 drilled with
a No. 38 drill, using ordinary eare. All holes are then tapped with
a 14-40 tap.

4. Attach the buttonz to the workpiece. The buttons should be
elamped lightly but firmly so that they can be moved with a light
tap of a hammer.

5. Locate each button on the workpiece, The part is placed on the
surface with one of the reference edges down. (See Fig. 15-12.)
Attach a dial test indicator to the vernier height-gage, as shown
With the shding arm of the height page adjusted so that the

vernier scale reads zero, position the contact points of the indi-
cator against the surface plate and adjust the indicator to also read
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zero. The top of the surface plate is now the zero reference plane
for the height gage and the workpiece, The height gage is set to
read the distance from the reference edge to the center of the
hole plus one-half of the diameter of the toolmakers button. The
indicator contact point 12 now run over the top of the button and
the maximum reading is noted. The button is positioned by tap-
ping 1t lightly with a hammer and a piece of zoft metal, az shown
in Fig. 15-12, until the maximum reading of the dial indicator 1s
zero when it is passed over the button. The button 15 now located
with respect to one reference edge and the procedure i repeated
with respect to the other reference edge. The toolmakers button is
located when the indicator reads zero over the button from each
reference edge with the height gage correctly set for each position.
It should now be tightened securely 1n position.

An alternate method of locating the buttons is to use a stack of
precision gage blocks. The length of the stack should be equal to
the distance over the toolmakers button as explained in the last
paragraph. A dial test indicator 1= held by a height gage and
zeroed ower the precision gage blocks which are resting on the
surface plate. The indicator is run over the top of the toolmakers
button and the button tapped into position until the maximum
indicator reading is zero, as before. Again, this must be done from

Courtesy of The Moaore Special Tool Compony

Fig. 15-12. Locating the button on the workpiece. This must be done in

two directions from two reference edges,
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the two referenee surfaces. The use of the precizion gage-blocks
makes it possible to loeate the buttons to within “tenths” when
this procedure is carried out with skill and care.

Mount the work on the faceplate. This is done as previously de-
seribed, A counterweight, shown in Fig, 15-14, is used to balanee
the part and prevent unwanted vibrations from occurring.

Align the work on the {aceplate. This operation is illustrated in
Fig. 15-14. The dial test indicator is placed in the lathe as shown
and itz contact point iz positioned against the toolmakers button.
The faceplate is slowly turned by hand and the movement of the
indieator hand is observed. The workpiece & adjusted by tapping
it with a8 hammer and a piece of soft metal until the indicator
hand docs not move when the faceplate 12 turncd at least onc
complete turn.

Remove the toolmakers button.

. Center drill the hole. Use a large center drill that is consistent, of

course, with the final size of the hole. The large center drill, being
stiff, will tend to correct any eceentricity in the tapped holes used
to clamp the toolmakers buttons.

[¥rill the hole. The drilling operation is done as previously de-
seribed for the faceplate-mounted workpiece.

Baore the hole to size. This is also done as previously described.
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Fig. 15-14. Moore precizon jig=barer having ulirm-precision leod screws to make
previse coordinate table positionings.

Toolmakers buttons are also used to perform precision hole location
operations on a milling machine. The buttons are located and clamped
on the workpiece as has been described for lathe work. The workpiece 1=
aligned and clamped on the table of the milling machine so that the holes
to be produced can be reached by tools held in the spindle of the machine.
A dial test indicator 1z attached to the milling machine spindle. Each hole
15 located by placing the contact point of the indicator agamnst the tool-
makers button and slowly rotating the spindle by hand. When the button
18 located on the axis of the milhng-machine spindle, as shown by the
indicator reading, it 12 removed. The hole 12 then machined by drilling
with a twist dnill, and boring with a boring tool. For convenience, the
boring tool should be held in an offset boring head, Fig. 15-29, which
provides an aceurate radial adjustment of the boring tool in order to bore
the hole to size.
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The Jig Borer

The jig borer is designed speeifically for doing precision hole-location
work, Its design & a combination of the application of sound engineering
principles and a thorough knowledge of toolmaking practices. The highest
order of craftamanship is required in its construction.

A precision Jig-boring machine is shown in Fig. 15-14. The hed of the
j1g borer rests on the floor and the column 15 holted to a pad machined
on the top of the bed. The column supports the driving motor, the spindle
drive mechanism, the power-feed mechanism, the quill which contains
the spindle, and the spindle housing. Highly accurate, machine-tool-grade
anti-friction bearings are used to mount the spindle in the quill. Thesc
bearings are pre-loaded in order to reduce the tendency for chatter to
oceur when boring, Care is taken in the construction of the machine {o
mike certain that the up and down movement of the spindle is perpen-
dieular to the table,

The table iz mounted on the top of a saddle and the saddle 15 mounted
on the bed, The saddle moves toward and away from the column on a
machined and hand-seraped shide, It carries the table with it in this mo-
tion which is called the fransverse table movement. A machined and
hand-scraped shde on top of the saddle allows the table to move in a
direction perpendicular to the transverse dircetion and this movement is
called the longifudinal table movement.

The coordinate measuring svstem of a Jig borer 12 designed to provide
longitudinal and transverse table movements that arc accurate to one-
ten-thousandths (0001} inch. On the Moore Jig borer, shown in Fig
15-14, the coordinate measuring system 15 hazod on the two lead serews
(see Fig, 15-151, that actuate the table movements, These serews are by
no means ordmary serews, They are hasdened and ground to an aecuracy
of .0000% inch m 15 inches, A micrometer dizt attached to the end of cach
lead screw is graduated to read onc-thousandth ((001) inch, One ten-
thousandth (.0001)-inch readings are obtained by a vernier scale which
1z placed adjacent to the micrometer dial. Two steel rules are attached
to the machine and are placed parallel to cach of the two table move-
ments. These rules are used to obtain the coarse table settinga.

Another coordinate measuring system which 1= used on many Jig borers
is shown in Fig. 15-16. This system 13 bascd on precision end measuring
rods and a micrometer head which are placed in a trough that is parallel
to the table movement. There is a trough for each table movement and,
therefore, there are also two sels of precision end measuring rods and
micrometer heads, The precision end-measuring rods are made in different
lengths with one-ineh inerements, The subdivisions of an inch are obtained
by the micrometer head which has a vernier scale that enables it to be
set to an accuracy of one-ten-thousandth (000011 inch. An adjustable
stop 15 placed at one end of each trough, The funetion of this stop is to
move the stack, consisting of the preecision end-measuring rods and the
roicrometer head, along in the trough until it touches the contact point
of a dial test indicator which is 1n a fixed position at the other end of the
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Fig. 1515, System of measuring the coordinate movements of the jig-borer table
using precision lead screws

Courtery of Lelilned Wackine Toal Do

Fig, 15-16, System of measuriog the coordioate movemenots of the jig-borer table
using precision end-measuring rods apd micrometer heads. Arrows show dial fest
indicators,
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trough. The only time that the lengthwise adjustment of the adjustable
stop 15 used 15 after the initial alignment of the reference axes of the
workpiece with respect to the axis of the spindle. At this time, only the
micrometer head is placed in the trough and the adjustable stop 13 used
to move it along in the trough until the dial test indicator reads zero.
At other times, the adjustable stop moves along with the component to
which it 1s attached—either the table or the saddle—and when the table
settings are made it pushes the stack until the dial test indicator hand
reads zero. The dial test indicator has one-ten-thousandths-inch gradua-
tions; howewver, these graduations should not be used to obtain one-ten-
thousandth-ineh table settings which are obtained by the setting of the
micrometer head, The function of the dial test indicator s to place a
uniform end-pressure on the end-measuring rods and the micrometer
head, in order to hold them together and to provide a precise reference
position for this stack in the trough,

Cleanliness and care must be observed when the precision end-measur-
ing rods and the micrometer head are placed in the trough. The ends,
where they contact each other, must be wiped clean. When a setting has
been made, a check for cleanliness i1s made by shghtly rotating each pre-
cision end-measuring rod and micrometer head mm the trough, while
obzerving the hand of the dial test indicator. If the hand mowves, dirt is
present. This dirt must be removed and the table setting made over again.

Several other coordinate measuring systems are used on different jig
borers. It s not possible to deseribe all of these, in detail, within the
scope of this book. The purpose of all these systems, however, 1z alike.
It is to provide a method of aligning the spindle at the precise location on
the workpiece where the hole 1s to be produced. The primary machining
operations for which the jig borer is designed are drilling and boring.
Operations such as reaming. counterboring, countersinking, and spot
facing are also done on the jig borer. Light end-milling operations are
sometimes performed on this machine although heavier euts should be
avolded. An air-driven, internal grinding attachment can be obtained for
Jg grinding. In addition to the production of holes in precise locations,
the jig borer ean be used to machine certain contours on dies and other
tools.

Jig-Boring Practice

There are four basic steps which should be followed in sequence in
order to locate and machine a hole on a )ig borer. These steps are: 1.
align and elamp the workpiece on the jig-borer table; 2. locate the two
reference axes of the workplece with respect to the jJig-borer spindle;
3. locate the hole to be machined; and 4 drill and bore the hole to size.
Theze steps will now be treated in detail.

Align and Clamp the Workmece. The first consideration in placing the
workpiece on the Jig-borer table should be the relation of the coordinate
measuring system of the jig borer to the coordinate dimensions on the
drawing. Although the Jig-borer table can be accurately positioned when
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it 12 moved 1nm any direction, the coordinate measuring system 12 designed
a0 that the reading of the measurement 15 direct when the table 15 moved
toward the left and toward the column. Az shown in Fig. 15-17, moving
the table forward toward the left has the same effect as moving the
spindle toward the right, Likewise, moving the table toward the column
has the same effect as moving the spindle away Trom the column, or down,
when seen in the plan view. For this reason, the coordinate dimensions
on drawings made for Jig-borer work are made to read from left to right
and from the top of the view toward the bottom. The reference axes,
from which the coordinate dimensions are taken are, therefore, placed at
the top and to the left mm the view on the drawing which shows these
dimensions, as shown in Fig. 15-2.

If the workpiece is placed on the jig-borer table so that one reference
axiz 1z toward the column and the other reference axis iz toward the left,
the coordinate dimensions on the workpiece will read 1n the same direction
as the effective spindle movement when the coordinate measuring system
on the Jig borer reads direct. In other words, when the workpiece 1s placed
in this position, the coordinate setting of the jig-borer table can be made
to correspond exactly to the coordinate dimensions on the drawing in
order to locate a hole. This aveids any error that ean oceur when caleula-
tions are required in order L0 make the table settings.

Frequently, the position of the reference axes corresponds with two of
the edges on the workpiece. These edges should be machined perpendicular
to each other before the workpiece 1= placed on the ig borer. They can
then be used to align the workpieee on the jig-borer table and to locate
it with respect to the spindle. Such workpieces should be placed on the
table with the reference edges positioned to the left and toward the
column of the jig borer.

If the holes to be bored pass through the bottom of the workpiece it
must be placed on precision parallel bars (see Fig. 15-18) in order to pro-
vide clearance for the eutting tools and to prevent the table from being
damaged. The method of elamping the workpiece will, to a large extent,
depend upon the shape of the workpiece. If parallels are used they should
be placed directly under the clamps to prevent the foree exerted by the
clamps from bending the workpiece. If thiz occurs, the workpiece will
spring back when the clamps are released with the possible result that
the work done on the jig borer will be inaccurate,

Before the workpiece is firmly clamped in place it must be aceurately
aligned with respeet to the longitudinal and transverse table movements,
The most effective method of aligning the workpieee 15 to indicate along
an edge of the workpiece that is parallel to or, preferably, that corre-
sponds to a coordinate dimension reflerence line. As an example, the work-
piece shown in Fig. 15-18 is a die block on which the two reference edges
have been machined perpendicular to each other, The reference edges are
placed to the left and toward the column of the jig borer. The die block
15 shown being aligned by indicating along the reference edge. The dial
teat indicator 12 held in the spindle of the jig borer and the table 15 trav-
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EFFECTIVE SPIMDLE
MOVE ME NT Away
FROM COLUMN

EFFECTIVE SPINDLE

ACTUAL TABLE WOVEMENT TOWARD
MOVEMENT jEHT
TOWARD LEFT

ACTUAL TABLE
MOVEMENT TOWARD
COLUMN

Fig, 15-17. A. Position of table relative to spindle before table movement. B. Position

of table after moving in conventional direction by direct reading of coordinate

measuring svstem. Mote that the "efective” movement of the jig-borer spindle 1
opposite o direction from the actual table movement.
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Fig. 15-158. Indicating the edge of a die block to align it with the longitudinal
table movement,

erzed in the longitudinal direction. As the table 1s traversed the indicator
reading 15 observed. The workpiece 15 adjusted until the indicator reading
15 the same for all positionas.

Another methad of aligning the workpieee is shown in Fig. 15-19. The
1ig borer i tlus case s provided with a straightedge which ean be at-
tached to the side of the table and which iz parallel to the table travel.
The workpicee can be st divcetly apgainst the straightedge or spaeed
away by means of precision parallel blocks., For very precize work, this
method can be used to obtam the first ahgnment after whieh it 1= checked
with a dinl test indieator, ns shown in Fig. 15-18.

Locate the Two Heference Axes of the Workpiece with Hespect to the
Spindle, The jig borer table must now be moved to position the workpicee
in a preeise and known location from where it can be moved again to the
location of the holes that are to be machined, Sinee all of the holes are
dimensiened from the two referenee lines or axes (see Fig, 15-2), the
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Fig, 15-10, Using atraighicdge aitached o fable and precision setup bloeks to align
workpicee parallel 1o 1le dable trovel

most convenient position to stavt frown 15 where the axis of the Jig borer
gpindle and the two workpieee referenec axes interscet cach other. This
s calbed the =tarting po=ition, which s akin to a zero reference position.
When in thos prosition tlwe Imlgilullilz:ul adl the transverse measaring N
tems of the jig borer are et to read zero. From this position the table amd
workpicee together ean he moved o distanee equal to the coordinate di-
mengions of the hole to the loeation where the hole 5 to he machined
Moreover, the readings of the longitainal awd the transverse table posi-
tion measuring svetonix will be the same ax the coordinate dimensionz of
the hole when the table is at the hole position.

After the workpieee has been aligned amd elamped on the jig borer
table, the first step is then o move the jig borer table to the starting po-
gition; e, where the spandle axi= aned the reference axes all interseet
This 12 aecomplished by picking up convenient reference surfaces on
the workpicee, The term “picking up"” means aligning o special way,
For example, o convenient referenee surfaee may be the finshed surface
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of & hele, Picking up & hole means to indieate the hole with a dial test
mdicator helil in the fpindle and to adjust the position of the table until
the axes of the epindle and the hole commetde. Picking up an cdge means
aligning the workpicee 2o that an imaginary plane will contain hoth the
edge and the spindle axs.

.“lrll‘l!l'. ”']l'“ 'l.'l.'l:fll'l':!llll"'l,,'l“' H'rl'l'l‘]ll_‘(" XS i.]ltl'r'.'-?-'l!l_"[ i.]l L]Il! L'l']ltl'r L:lf il Ilﬂ][!
that has been finish machined beforchand, it 12 only necessary to pick up
the hole as deseribed before to position the table in the starting position,
If the hole has not been machined, other convenient reference surfaces
must be picked ap and the table moved o the position where the hole is
located, which is also the starting position, When in this position, the
longitudinal and trangverse table position measuring svstems are et to
readd zero.

Fregquently the workpieee referenee axes will comeide with two mutually
perpendicular edges, ar sides, which have been machined to precise toler-
ances, auch az on the die block in Fig. 15-18. Although cither edge can be
pieked up fiest, let us zav that the edge elosest to the jig borer column is
picked up first. When this edge has heen pieked up the transverse table
position measuring svstem 12 zet to read zero. Next, the edge on the left
siele 12 picked up and the longitudinal table position measuring system
i= et to read zero. Then when the table is moved to the poesition where
both measaring svstems read zero, 1t will be at the starting position,

There are oecagions when the measuring avstem 12 not =et to read zero
when the table 15 at the starting position. For example, the part drawing
may show that the reference axes are actually loeated outside of the body
of the workpieee, or the reference uxes may not coineide with convenient
surfaces on the workpieee that can be picked up, In this event a hoele or
two perpendicular relerence surfaces that are convenient to piek up are
selected, After they have been picked up, the table position measuring
system b5 set to read the dimensions from these surfaces {or the hole
axiz) to the reference axes located outsicle the workpieee body,

The procedure for pieking up an edge on the workpleee must he mas-
tercd in order to operate a jig boring machine, The most frequently uzed
procedures will now be deseribed, The first procedure requires no speeial
tools, only o dial test idieator which is mounted o the spindle amd a
emall precigion paralle]l or maee hlock., This procedure 1z 1llustrated in
Fre. 1520 and deseribed a2 1t wonld be used on a Moore jig bhorer. The
table position measuring =vzten on this maehine 2 bazed on two preeize
] serews, shown in Fig 15-15. In order to avoid crrors caused by the
hacklozh between the lead serow amd the nut, the longitudinal table move-
ments houkd be made toward the leit and the trinsverze table movemoents
shouwld be maode toward the column, Made i this manner the micrometer
dind readings behind the hamdwhee! will be direet. An oarrow near the
handwheel points to the directions that the handwheel should be tumed.
Referring agnin to Fig, 15-20:
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Fig. 15-20. Pracedure for preking up Lhe edge of & workpiees using a dial teat
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"

3.
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indicalor aml w guge block,

Adjust the contaet point of the dial test idieator to be bevond
the spindle axis as shown o view A,

Move the table toward the left to o position where an indieator
reading 1= obtaimed (view A).

Rotate the spindle ek and Tforth slightly by hand and stop where
the Lrgest inddientor readimg is obtained.

Turn the fuee of the melicator to read zero; as an alternate the
table may be moved to zera the ibicator, making the movement
to this position towared the left,

Whien 1 thi= [rL'l.-"H it 1Pos=ition AT sel the lewd serew mierometer
dinl to read zero.

Tokse the spandle and rotate 1t approximately one-half of o turn.
Haold o =mall precision pamliel or gage block agamst the cdge of
the workpeee (view I3 oand move the table toward the left to the
position (Position B3} where the idieator readimg 12 again zero,
when indieating the side of the parallel or gage block. This indieator
1'¢'.ul.ll:||.{ 1= obtoined h}' t‘ut:ﬂ'm].{ Ll .=|:I:||i|:: Basek o f:JHh, &
before. The final table movement to this pozition must be mode
toward the left,

When at Position B, read the lead serew mierometer dial to find
the distanee moved from Posibion A

The Gnal table position, where the edge and the spindle axis are
nlirned, 1= one-half of the distonee that the table has moved from
Position A to Pesition B as determined by the lead serew mierome=
ter dhal readings,

Move the table to the final position, as determined by the lead
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serew mierometer dinl, The movement to this position must he
made toward the left.

When the ether edge iz being picked up on o Moore jig borer the table
movernents should be made toward the columm so that the readings of the
tahle positions: will be direct,

Apother method of prieking up an cdge 12 ghown in Figo 15-21, which
recuires the uee of two precision parallels. The dimenston M of parallel
Py accurately  measured beforchand, A dial test mdieator is then
mounted i the machine spindle amnd the parallel P, 12 placed against the
celpe of the workpieee, Holding the sceomd parallel, P, agamst the par-
:1||.l'| I"l HES !-'nl‘]lf_'l'l.'l.'r]., [IH! I'llgl' ﬂ-F I|u' 1".'(’]|'L:E'Ii.["|_"l" '.'lIII:I 1][';“‘” '..!Il' :;‘i.ﬂll' I,:Ii tlll:"
parallel P oare indieated by rotating the spindle by hanel, and the table
15 moved to the position where the largest indieator readings are eoqual.
When in this position the axis of the spindle 15 away from the edge a dis-
tanee that 1= cqual to one-half of the dimenszion M. Moving the table
thas distance will complete the alipnment. Figure 15-21A illustrates how
thiz procedure 1= uzed on & conventional jig borer, jig grinder, or vertieal
milling machine; view 13 illusteates how this procedure 12 used on a bori-
gontal spindle milling maclune or on a hovzental boring macline. Whle
the methods: of picking up an edge deseribed in this seetion are uzed most
frequently on a jig borer aml on a jig grinder, it must not be overlooked
that they can be adapted for use on other machine tools,

R W
R
A
L
' 1
Fl","w P_[g@:w
R _*I®
B

Fig. 15-21. Procedure for picking up an odge using two precision parallel=. A Az used
on g borer, i grincee, and veplical-spindle millimg machime. B As used on
horizontal-spindle milling machine or horizontal boring machine,
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A fnster moethod of pieking up an odge 12 by using the cdge finder de-
velopod by the Moore Bpecial Tool Co., Ine. Bhown m Fig. 15-22 by the
kil permission of thi= company 15 a detailed drawimg of thig cdge finder.
All of the eritieal dimensions on this edge finder are made to gagemaker's
toleranees, inchuling the parallelism amd perpendicularity of the gaging
surfaeces, The upper part of this cdge fiwder has o 400 in, (10 mm in
metrie) slot, The inner surfaccs of this glot are gaging surfaces agamst
which ielicator resdings are made, The mside edge of the lower leg is
alzo a gaging surfaee, It i= located in the exact center of the slot and, when
nsedd, it is held against the edge on the workpicee that s to be pieked up.
Figure 1523 illustrates the procedure for using the odge finder to pick up
the edge. The lower insule face of the leg 15 held agninat the edpge on the
workpieee while at the 2ame time the two inside faces of the slot are indi-
cated with o dial test hulieator held in a jig borer spindle. When indieat-
mygg each face, the <pindle i rotated by hand to obtain the largest indi-
cator reading. The table is moved to the position where hoth maximum
imndieator veadings arve equal; in this position the axis of the spindle will
be aligned with the edge of the workpicee.

The contering projector, Fig, 15-24, ig desipned to be used as an edge
finder, The evepiece can be held stationary as the spindle is slowly
turned. The magnification is such that “tenths" (0001 inch) can be seen
and the field of vizion is large enough to show & fairly large area of the
workpiece, Two erossed hairlines act as the center of the optical system,
The center of the optical system should be checked, but when wverified,
it is only necessary to move the table until the edge of the workpiece
eoincides with one of the hairlines on the microscope in order to align
the axis of the spindle on the edge of the workpiece,

A very popular edge finder is shown in Fig. 1525 It can he obtamed
with a cone point at one end and a contact eylinder at the other end, or

Courfesy of The Moore Special Toal Company

Fig. 15-23. Procedure for pieking up the edge of o workpiece using a
Moore Edge Finder.
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Courfesy of Titor Tow! Supply Co.. Mur,

Iig. 15-24, Cenlering rJr-::ji:l:lﬂr whirh i b ||EI'.'IZ|._ fo piek up edges, small undensuis,
oireles, holes, radi, snd sutside dinmeters,

with only a contact eylinder. Only a very hght pressure is required to shde
the eone point and the contaet eylinder neros: the end of the edge finder.
Tl contact eylinder i= always nsed to pick up an edge. The body of the
cdge finder = lselel b the maehine spandd e by o chiuek, When the erlge
finder B ugedd, the spindle must bhe rotating ad the contact eylmder =
intentionally offset =0 that there 12 o distinet wobhble ns it rotates. The
celge of the workpieee 1= moved toward the cdpe finder by moving the tahle
until they contact each other. As the workpicee continues to be moved
toward the cdge finder, the wobible of the contact eylinder decrcases until
it conses altogether. When this occurs the table movement 1s stopped. At
thi position the distanee botween the edge and the axis of the spindle is
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_ailli-
Comrtgay of The L. 5, Sterrell Dompamy

Fig. 15-25. (Left) Application of eylindrical contact of edge finder to pick up an sdge.
(Right) Application of pomied contact to pick up a semibed hne.

coual to one-half of the dinmeter of the contaet eylinder. Sinee the dinme-
ter of the contact L'}'Iillrh'r on most edge finders b= 200 inely, the distance
that the table st be moved to align the axis of the spivdle amd the edge
12 .100 inch.

The conc-point shape contact 15 used to pick up lines scribed on the
workpiece as shown in Fig. 15-25. In this case the cone point must be
made to rotate without wobhble, This can easily be accomplished by touch-
ing the rotating cone point lightly, with an object such as a pencil. The

alignment is then determined visually by lowering the cone point over
the line,

Locate the Hole. Preeise coordinate table movements are usecd to posi-
tion the workpicee =o that the spindle axix iz located exactly where the
hole is to be machined, Fssentially identical table position measuring
systoms are used on the saddle to measure the transverse table position
anil on the table to measure the longitudinal table position. On the Moore
Jig borer the coarsc measzuring system consists of a steel rule, called &
geale, that i praduated im 1 inch increments with ATy inch marked.
The fine measuring system s a1 micrometer «dial attached to the vory
precise lead serew which i= graduated to read (001 ineh and an casily read
vernier seale graduated to read 0001 neh, On the Moore motrie jig borer
the coarse geale is groduated in 1.0 mm inerementg, the micrometer dial
m 0.01 nmun increments, aned the vernier seale in 1.0 g, whieh 12 0,001 mm.
When the measuring system ig set to read zero at the starting position,
the eoordinate readings at the hole loeation will be the same as the
coordinate dimensions of the hole. The movement to each hole must be
made in one direction only in order to climinate the effeet of backlash,
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Thi= =hould always be fowurd the left amd toward the colomn of the
machine. Although the holes ean be machined in any =equenee, 1t 12 casier
and more officient on the Moore jig borer to machine the hole that s
closest to the starting pomt first, then the next closest, cte., until all of
the holes have been machined, The same sequenee 1s recomumended Tor
michimes having an optical measurement system,

O Jig borers having a table position measuring system utibizing end
mensaring rods, as shown in Fig, 1516, this scquence s reversed. It ie
rmuch more converent and efficient on these machmes to machine first the
hole that 1= furthest from the starting pesition, then the next furthest
hole, cte. The largest :_-'[JLL"L‘.*L]]’l of end measuring rods i the |:I'l::|l_l5{|i:~', in
adettron to o woerometer head, will oceur when machimng the hole four-
thest Trom the starting pesition, For maclining the next fuethest hole the
lenpth of thie stack-up will deereas=c and will be chortest when mnchining
the hole closest to the starting posttion. ITn this way end measuring rods
are remnoved and replaced by shorter rods when positioning the table at
cach sueeesszive hole, and the table i= moved progressively toward the
sinrt irlg J_]l_l:i;."l-lll;,]!'l,

Dirill and Bore the Hole. The sequence of operations uzed to produce a
hole on the jig borer 12 based upon two baszic prineiples: 1. A short, stiff
drill, sueh as a center drill, that will not defleet when eutting should be
used to start & hole whenever the work and the axizs of the machine tool
spindle are located at the exact position where the hole 15 wanted; 2. A
gingle-point boring tool that 12 rotating about the axizs of the machine
tool spindle will generate or cut a surface that is concentric to the axis of
rotation, Of course, a drill is required to open the hole so that the boring
tool ean enter and enlarge it

The actual steps required to machine the hole are now listed in a num-
bered sequence.

1. Spot drill the hole with a center drill or a spotting drill. This
operation 1s illustrated in Fig, 15-26. A conventional drill and
counter=sink, or ecenter drill, 1 recommended for thizs operation
except when the holes to be machined are very small. In this rase
a special spotting drll, shown in Fig. 15-27, should be used, The
spotting drills wust be kept sharp because they are not intended
to penetrate deeply into the workpiece. Sometimes all of the holes
to be produced 1n a part are spot drilled before they are dnlled
and bored, Some Jig borer operators will spot all of the holes
hghtly and then re-spot them to depth in order to insure agamst
making errors.

2, Drill the hole. The nitial hole should be dreilled with a twist drill
that will follow the countersink made by the center drill, Although
larger drills are sometimes used, it is best not to start with a drill
in excess of about one-half inch in diameter. If required, the hole
can then be enlarged by drilling with sucecessively larger drills
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Couwrfeay of The Moore Special Too! Company

Fig. 15-26. Spol-drilling holes in o die Block on 8 g borer,

The drill must leave enough metal in the hole to allow the boring
tool to finish the hole to size. Holes that are beyond the range of
ordinary twist drills may be enlarged with o sweep tool as shown
in Fig. 15-28. The tool shown 1z called a “hole hog" aml 2 par-
ticularly efficient for removing large amounts of metal. A hard-

Courteay of The Moore Special Tool Company
Courtday af The Dumind il Comfdny

e, 15=27, Spot deilling for producing very small holes u=ang o spotiing drill
(Right) Special spotting deall,
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enctd pilot on the end of the bhar puides the sweep tool in the
hole that has been drilled previously.

Heat will be generated by the drlling operation, which will
cause the work to expand, especially when much metal 13 removed
by larger size drills. If the fimish-boring operations are conducted
while the work is very hot, the contraction occurring when the
workpiece cools can cause inaccuracy. For thiz reason it 15 soine-
times good practice to drill all of the holes first, allowing the
workpiece to cool before the holes are bored to size. A procedure
that 13 uzed at times 13 to spot drill &ll of the holes on the Jig
borer, rough drill all of the holezs on a conventional drnill press,
and then finish the holes in a jig borer by boring,

Holes less than one-sixteenth inch in diameter are very difficult
or even impossible to bore with a single-point tool. The first step
in producing these small holes is to drill a spot with a spotting
drill. The diameter of this spot should be somewhat less than the
diameter of the hole, One method of finishing the hole 15 to drill
it to size with a twist drill. A small drill will follow the spot made

e U

Courfesy af the Moore Specied Tond Co., Tne.

Fig. 15-28. Sweep tool used for ropd #lock removal from o hole where hole size is
bevond range of ordinoery twist deall
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by the spotting tool quite accurately. Another method of finishing
the hole after it has been spotted, 13 to drill it first with a twist
drill that is one size smaller than the finish size of the hole. The
hole is then finished with a twist drill of the size of the finizhed
hole. This last drill is very carefully honed at the corners where
the lip and the margin meet. Only 8 small amount of honing
should be done on the two corners and care must be exercised
to hone a relief angle so that the drill will cut properly. Small
holes may be finished by reaming after they have been spotted
and drilled. This i= frequently done when no suitable drill is
available corresponding to the diameter of the hole. In such cases
it 15 not uncommon to make a special reaming tool or to grind a
standard reamer to the desired diameter,

Bore the hole to size, The offset boring head in Fig 15-29 provides
an accurate and reliable method of adjusting the boring tool to
cut the desired diameter on the workpiece, There are several de-
signs of offzet boring-heads but they all serve to radially offzet
the boring tool. The amount of offset can be accurately controlled
by graduations which are usually in one-ten-thousandths (0.0001)
inch. On some offset boring-heads the boring tool can be fed radi-
ally outward, continuously, whieh 15 done when taking external
facing cutz around a hole, when facing mternal shoulders, and
when cutting grooves inside the hole.

A boring operation is illustrated in Fig. 15-30. The trial-cut
procedure 15 used o perform the boring operation. A short trial
cut is taken inside the bore and the resulting diameter iz measured.
ITzing the graduations on the offset boring-head, the boring tool
15 ad justed to the distance required to bore the hole to the desired
sige, If the hole is close Lo the finish size, another trial cut is taken
and a measurement is made to verify the previous setting of the
offset boring-head, The hole is then bored to the required depth,

When the diameter of the hole must be greatly enlarged by
the boring tool, one or more rough boring cuts are taken to remove
the bulk of the metal. If the workpiece becomes very hot in this
process it should be allowed to cool before the finish boring cuts
are taken, Before the hole is bored to the finish size, one or two
shallow cuts should be taken through the hole with & single-point
boring tool. These cuts are important because thevy remove any
error in the location of the hole brought about by the operations
performed beforehand. After a sufficient number of light boring
euts have been taken through the hole, it 15 finished to size with
the single-point boring tool.

Sometimes, a reamer 15 used to finish the hole to size; however,
before this tool 15 used, the location of the hole must be established
by taking several hight boring cuts with a single-point boring tool,
as before, The hole should be bored 008 to 030 inch undersize
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Courdesi of The Modre Special Tool Company
Fig. 1520, (¥izet boring head

and the reamer is used to remove the excess metal in the hole to
bring it to the required size. While this procedure is faster, it 1s
not quite az accurate as when the hole 1s fimished by boring.

Using either sequence of operations, the best jig boring practice s to
gpot, drill, and rough hore all of the holes before they are finish bored,
or finizh bhored and reamed. This reduces the possibility of human crror
beeause the table must be positioned at cach hole location several times
to serve ag a check. Errors caused by temperature changes and by stresses
are also reduecd,
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Courtesy af Tho Mapre Epecial Teol Company

Fig. 15-30. Finish boring the hole to size on the g borer.

Jig Borer Accessories

Many aceczzorics are avallable to enlarge the secope of the work that
ean be done on a Jig borer. Two acecszories for which there is frequent
use are shown in Fig. 15-31. In this illustration the workpicee is mounted
on a rotury tuble hwell o an angular pesition by a sine table. The sine
table works= on the principle of a sine bar or sineplate {(sce Fig. 2-28).
When in a horizontal position the table rests on two rolls attached to its
undersuie preeisely 100 inches apart. It ean be rased to a precise angular
position hy placing a stack of precision gage bhlocks helow one of the
rolls while the other remnains clionped to the base, The height of the gopge
block =tack 1= coleulated by multiplying the trigopomcetric  ne funetion
of the required angle by 10.

There are many wvsc: {or a rotary table on a jig borer. The combina-
tion of a rotary table elmmpeed to the sine table as shown in Fig. 15-31 is
often used to g hore holes that are at o compound angle with respect
to other holes and surfaces. In this 1llustration the holes are spaced
around & compion ecnter vy ineleximg e rotary foabrle. Sommae rotary tables
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reurtesy of the Moore Spesied Paod Do, Tee,

Fig. 15-31. Jig-boring holes at an angle and equally spaced in a eciecular patbern
around a1 common cenler. The work 15 mounted on o rotary table which 12 clamped fo
a sine wble,

have an mdex plate and an vulexing erank, like a dividiog head®, with
which the table ean be made to rotate an exact anpular amount or
through cqually spaced divisions, sueh az gear teeth, Other rotary tubles
are praduated to read divectly in degrees, minutes, and seconds, Precise
rotary tables built by the Moore Special Tool Company, Iie. read to 5
econudz aid bove an aceurney of =6 secomds. Ultra-precise rotary tables
built by thi= company read to 1 secomd aml we aceurnte to =2 seconds,
These tables can also be provided with index plates as an attachment.
When a rotary table that reacds m depgrees, mmutes, and 2econds must
he rotated o number of coually gpaeed divisions, the angle between cach
divizion must be caleulnted by dividing the oumbor af divisions mto 360
tlegroes, Since the rotary table 1= grivioated continuously from 1 te 360 de-
grees, the eomulative value of the angle between cach division must alzo

* Bove Chapler 7, Mackine Shop Froctice, ¥olume 2.
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be calenlated. If the true angle between each divigion 12 not a whole nume-
ber of degrees, minutes, and sceonds, the remainder must be carvied as a
fraction of a sccond m order to avold crrors when calealating the ennula-
tive angle.

Example 15-1;

Calenlate the camulative angular reading between each hole when 7
holes are to be bored in a cireular pattern about a common center on an
ultra-precision rotary table,

A60 -+ T=51" 25" 420"
Thus, the true angle between cach division 1s 517 26" 42567 this amount

must be added to cach suecessive angle to find the sumulative angular
position of cach hole.

Diegrecs _Minutes. Beronds
Hole 1 51 25 4204
Adid 51 25 42%
Sum 102 50 B41%g
Huole 2 102 51 2534
Add 2l 25 4204
Sum 153 76 7115
Haole 3 154 17 His
Addd al 25 42%%
Sum 206 32 50104
Hole 4 205 42 513z
Add 51 25 42062
Sum 256 67 D35
Huole 5 257 L) Aa5s
Add h1 25 4204
Sum 308 33 T
Hole 6 08 44 171%
Add 51 25 4204
Bum 350 50 50T
Hole 7 360 0 0

The actual rotary table positions for indexing arce the values opposite
the Hole numbers in the above table. Sinee there are 60 minutes i one
degree and 60 zeconds in one minute, the values at the table pozitionz of
the mmutes aoed seconds st not exeeed 60, Tt 1=, therefore, necessary to
resolve the vidues into vumbers that ean be read on the rotary table seale.
For example, 84 12/7 seconds (see the row above Hole 2) 15 larger than
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one minute, or 60 scconds. To rezolve this number, remember that the
numbers 59 7/7 and 60 are cqual, To find the scconds for Hole 2, subtract
29 7/7 from 84 12/7, which results i 23 5/7 seconds. This leaves one
minute {59 7/7 seconds) which must be added to the 50 minutes, making
51 minutes az the value for Hole 2. The other values are treated in the
same manner, when necessary,

Preciston V-hlocks, Fig. 15-32, are uscd to hold eyvlindrieal parts. In
the operation shown in this illustration, a light facing cut 15 being taken
inside of a hole with an offset boring head, Some offset boring heads, sush
as the one shown in Fig. 15-33, arc capable of fecding outwardly by hold-
ing the upper ring fast with a hand lever while the body is rotated by the
spindle, In this manner facing culs, recessing cuts, undercutting, and
outside diameters can be cut, in addition to the usual precision boring
operations,

Also shown in Fig. 15-33 are some typical T-slot baolts, strap clamps,
heel bloeks, and precision parallel setup blocks used to make setups on
71g borers. A plentiful supply of these accessories 12 required to accom-
motdate the wide variety of setups that are made on a Jig borer in an

Cowrtedy of the Moore Speciad Tow Co,, Tee

Fig. 15-32 Cylindrieal workpiees st up on precsion V-hlocks for jig-boring.
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Cowrtesy of The Modgrd Spenm Toof Co. , Thic,

Fig. 15-233, Universel ol boring nod faeing head shown taking & fneing ol

average shop, a typieal example of which s illustrated in Fig 15-34,
Matched box parallels arc used i this setup to support the workpiece.
Other accessories that nre also frequently used but not illustrated are pre-
cizion angle plates and precision jig borer vises.

In addition to the usual precision hole machiming operations, the jig
horer ean alzo be uzed to take hight end milling cuts. In order to preserve
the accuracy of the machine, it is not advisable to take extremely heavy
cuts, Larger surfaces ean be milled with a fly eutter, such as shown n
Fig. 15-35. This cutter will sweep a relatively large area and vet not
overload the spindle beeause only a single cutting edge 1= doing the
cutting.

Jig Grinding on the Engine Lathe

Hardened metals cannot be eut with an ordinary single-point eutting
tool. The most effective way of machining these metals 15 by grinding,
Tools and dies must {requently be finish-ground after they have been
hardened. Certain precision machine parts must also be ground after they
are hardened. Holes in hardened machine parts are frequently ground on
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Courtesy of the Moera Speefal Pool e, Ine

Fig. 15-34. Precision box parallels used 1o elevate and clamp work above tahle-top.

internal grinding machines, or on eylindrical grinding machines, using an
internal grinding attachment. Although holes in hardened tools and dies
are, on occasion, also ground on these machines, the size and nature of
these components does not usually lend them to this method of grinding.
Holes in hardened tools and dies can alse be ground on an engine lathe
(Fig. 15-39) but a preferable method is to grind them on a jig-grinding
machme (Fig. 15-40) if one 12 available.

A hole must exist before it can be enlarged by grinding; thus, the holes
that are to be ground have been drilled and bored into the workpiece
before it 15 hardened, The heat treatment used to harden the workpiece
usually eauses a small change in the size of the hole and possibly, in its
roundness. The grinding operation 12 used to correet these errors and to
reestablish the precizse location of the hole.
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Cowertesy of the Weors Speacial Tood o, Tre,

Fig. 15-35. Using o fly cutter to mill 2 large surface area on a jip-borer.

Enough stock must be left in the hole by the drilling and boring opera-
tion to allow the hole to be finished to size by grinding. The amount of
grinding stock to be left in the hole will depend upon the size of the hole,
the depth of the layer of hardened metal surrounding the hole, and the
shape of the workpiece. Generally, but not invariably, the amount of
stock left for grinding should be 008 to 015 inch for small holes and
016 to 030 inch for larger holes. Hardened tools and dies, such as the
blanking die in Fig. 15-37, should be ground all over on & surface grinder
before the holes are ground. These surfaces should be ground square and
parallel to each other.

Usually, the existing holes in tools and dies form the basis from which
the final hole location 15 determined. Thus, the first step 15 to measure the
location of the existing holes. Errors caused by the heat-treating opera-
tion or by previous machining operations will thus be detected and small
errors can be corrected by the hole-grinding operation. Sometimes this 1=
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done by slightly shifting the loeation of each hole provided that there is
sufficient grinding stock in each hole,

One method of locating the holes for grinding is by buttoning. The
toolmakers buttons are fastened over the existing holes by one of the
methods shown in Fig. 15-36. The buttons for all of the holes ean be
located from the two reference edges on the side of the workpiece by
using the procedure described earlier in this chapter. In other instances,
one of the holes 1= first ground to size and the remaining holes are then
located from thiz hole.

A general outline of the procedure used is given using a blanking die as
an example. The frst atep 15 to mount this die on 8 faceplate which has
been removed from the lathe, (See Fig, 15-37.) It is easier to mount the
die when the surface of the faceplate 15 in a horizontal position. After the
faceplate 15 attached to the lathe spindle, the blanking die is accurately
located by indicating the hole as shown in Fig. 15-38, The hole 15 then
ground to size using a tool-post grinding attachment. This operation,
illustrated in Fig. 15-39, also serves to locate this hole in the die. A
slight taper, or "draft" as it is called, of about ene-quarter degree is then
ground in the bottom of the hole to provide a clearance so that, when the
die is used, the stock ecan fall through the die. It is ground by traversing
the grinding wheel through the hole with the eompound rest which is posi-
tioned at the drait angle,

The blanking die is then removed from the faceplate and toolmakers
buttons are attached roughly in place over the remaining holes, It is placed
on a precision surface-plate and each button is located by measuring
from the hole that has been ground. The blanking die must be mounted on
the faceplate again and located by indicating one of the toolmakers but-
tons as shown in Fig. 15-13. After the button is located it is removed. The
hole is ground to finish size and the draft is ground in the baek of the hole,
This procedure is repeated until each hole in the die has been ground.

Yz

i
i

Courteay of The Moore Special Tosl Company
Fig. 15-36. Methods of fastening toolmakers buttons over existing holes,
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Fig 15<3%, Clamping the workpiece to a lathe faceplate, The faceplate is removed
from the lathe spindle to make thizs job easier

The Jig Grinder

An increase in accuracy and a savings in time are possible if the Job
described above is performed on a jig grinder. This machine, 1llustrated in
Fig. 15-40, was developed by The Moore Special Tool Company as an
answer to the jig-grinding problem. It 15 very similar in construction to
the jig borer. The longitudinal and transverse table positions are obtained
with the aid of a precise coordinate measuring system. On the Moore Jip
grinder, in Fig. 15-40, this system is based on two precision lead screws,
For each dircetion of table movement the coarse table position is obtained
by reading a steel rule, and the precise setting is obtained by reading a
micrometer dial at the end of the serew. A vernier scale adjacent to the
micrometer dial makes it possible to read one-ten-thousandih (L0001}
inch as in the case of the jig borer.

T addition to this measuring system, the g grinder in Fig, 15-40 has a
switchable inch-metrie digital readout that may be obtalned to read either
in increments of 00005 . /00005 vum or 00001 in. /0001 man, The same
clipital readout can al=o he mstalled on jig horers,

A fixed bridge type jig grinder 12 shown in Fig 15-41. O this jig borer
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Comrtesy of The Moore Special Tool Companis

Fig. 15-38. Locating o blaoking die on & faceplate by indicating the hole.

Courtery of The Moore Epecial Tool Company

Fig 15-39. Locating a hole in & hardened die by mouniing it on a faceplate and
grinding il in & lathe wsing a toolpost grinding atlachment,
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Courfesy of fhe Moore Special Tool Co. |, Ino.

Fig. 16490, Procision pg-prinder with switchable inch-metne digital readout. Position-
ing wecuracy 15 00030 inch in one inch and WKERY inch 1o 18 inches.

the toble can only move in the longitudinal direction; the traverse
moveinent g ohtamed by moving the spindle housing carmer across the
top of the bridge. Vertical adjustments are made by moving the spindle
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Courteay of the Nfoore Specin! Tool Ca,, e,

Fig. 1541, Fixed bridge type jig-grinder equipped with inch-metric preselect and
readout systems.

housing up and down, When grinding, the grinding spindle moves up and
down with a reciprocating motion, The coordinate hole locations are ob-
tained by a switchable mchi-metric preselect and readout system. The
required coordinate dimensions are dialed into the systemn and displayed
on the digital readout; then, the movements (o the eoordinate location
are made by simply depressing a push button. These movements and the
necessary position readings can also be made by mecans of manual
controls.

On all jig grinders the grinding wheel spindle is driven by an air tur-
bine. Four different turbines having dificrent spindle speeds can be at-
tached to the machine; the speeds range from 7,000 rpm to 175,000 rpm.
The grinding wheel is moved radially outward from the axis of rotation
of the main spindle by a coarse and fine control, thereby providing an
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adjustiment Tor prinding the heles to size, Provisions are also made to
enable tapored holes to be prownd, having an angle up to 1% degrees, or
n 3 degree welwded angle, This feature 15 uzed to grind the draft or =tock
elearanee m the lower portion of die openings. Holes as small as 1764 m,
(4 mm) ean be growed using =mall grinding mandrels that are charged
with a dinmoned abrasive,

The tyvpe of abrasive nsed on the grinding wheel depends on the type
of material to be groand, the amonnt of stoek fo be removed, the surface
izl reguired, andd the size of the griveling wlwel el the size of the hole.
:'I.I:LIJ}‘ stodsl=, ineluding tool steels, can be gronwd with an aluminem oxide
abrasnee, A diamond alwasive b= used o prind very small holes and ce-
mented eavbades, Culue boron witride abrasve, sold uocder the trade name
of Borazon®, is very effective for grinding tool steels, cspecially the high
carbon, high chrome, and high-2poed steels,

lig Grinding Practice

The jig grinder iz used to grind holez awd ecomplex profile contours 1n
punches, dies, jig=, wolds, amd on other preeision parts. The operating
proeedure of o jig grinder 1= vory sumilar to operating a Jig borer, the
prineipal dificrenee being that the hole 15 ground to size instead of being
hored to sizge. This proecdure involves the same four basic steps which
follow:

1. Algn and elmnp the workpicee on the Jig grinder table.

2 Loeate the seferiee WxrE, ar :-:urﬁ'wu&, of flw 11'1'!]'|'€E|i1_':_'1,1 with :'c::-xrujt‘.t
to the i spindle,

a4 Loeate the spimdle axis over the hole to be ground i the workpicee.

4 Grind the hole to =iz,

Sinee the first three steps are done exactly alike on the 3z grinder and
Jig borer, they will not be repeatod,

TII]H_' ].'..I"r]ﬂ"l':.lj |]I'ﬂl_‘¢“'lil_]f'l_' fﬂ-]' Hl']lli!]]lﬂ H | |'Il_'|]|]|]["'!' ﬂ]. hﬂl("h’ [ \\'ﬂrk"li.i:_"lf_'l_' [
ajig grinder will vary somewhat, depending on the naturee of the wark-
pieec. However, very frequently, the best proecdure is first of all to rough
erinel all of the hales 001 o 004 el (002 to G010 mand undersize, altor
wlhich the workpicee 15 allowed to cool to room tomperature; then all of
the holes are finish growwd to =ize. Often 1t 3 hdpiol to unelamp the
workpivee and then to elamp 1t agnin before finezh grinding i ovder to
relicve the stresses set up in the workpieee by the rough-grinding oper-
ation.

Holes are grownd on the Jig grivvler by the planetary internal grinding
inethod, whiely = lustented in F]g. 15-42 1In ]:]:l!lli_'hl!l':,.' g!‘il]:lhlg the
erinding wheel robates at o high speed about ils own axis while at the
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':j':: — Axis of wheel
=] spindle—high
speed rolotion

Planetary path of —fos
wheel spindle oround
main spndle aus—
glow rotaleon

Courtesy of fhe Moore Specied Tool Co., Tee.

Fig, 1542, The principle of grinding a hole on a jig-grinder by planctary intornal
grinding method.

same time 1t 18 made to travel continuously in a eircular path—ecalled the
planctary path—at a slow speed, thereby grinding o eylindrical surface
msile of the hole. Simultancously with these motions the grinding wheel
15 usually, but pot always, made to reciprocate back and forth parallel to
the axiz of the hole in order to grind the entire wall of the hole. The axis
of the groumd hole will comneide with the axis of the main spindle. The size
of the bole 1x determned by the outward radial position of the grinding
wheel.

Exeept when grinding very small holes, the plunge grinding method is
reconnneidled for rough grinding when a large amount of stock must be
removed, espeeially when grinding tough and abrasive resistant stecls.
From .010 to .040 ineh (025 to 1.02 mm) stock can be removed in a
.-':mglu friss, Tu plqmgv gl‘imhng the l'L'l:iPI'l}l:ﬂl.i]‘lE motion s ot uﬁ.u:l', in-
stead, 2 deep primding eut is taken, as deseribed above, while feeding the
grinding wheel very slowly downward through the hole using the manual
fine feed control. The grinding 15 done by the outer eorner of the fnce of
the wheel, When the abrasive in this region of the wheel gets dull it will
hreak off, exposing sharp abrasive particles without altering the diameter
of the wheel.

Fintzh grinding o hole to size s usually done by the reciprocating
nwethod, This method i= =ometimes also vsed for rough grinding, cspecially
when the amount of stock to be removed 15 small, The length of the
reciprocating stroke ix adjusted according to the length of the hole, tak-
ing care that the grinding wheel 13 at all times 1m0 contact with the wall of
the hole when grinding in order to prevent grinding a bell-mouth shape at
the end of the hole, The hole 1s ground to size using the trial cut proec-
dure, After n grinding eut has been taken in the hole, the grinding wheel
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15 withdrawn and the diameter of the hole 15 measured, The grinding
wheel is then inserted back into the hole without makng an outward ad-
justment. The requirced amount of outward radial adjustment of the
grinding wheel 1= made slowly and carefully while the hole i1s being
ground. Several trial cuts are usually necessary to finish a hole to size.
Whenever the grinding wheel i3 withdrawn from the hole it should be
allowed to reeiprocate up and down a number of times without "outieed-
ing” the wheel to allow it to “spark out.”

The jig grinder 12 also used to grind profile contours on punches, dies,
and 1n molds, A typical eontour grinding job is tllustrated in Fig 15-43,
which shows a lamination dic being ground. The profile of this die con-
sists of a series of interconnected arcs. Each scgment of the arc 15 ground
by positioning the jig grinder table so that the eenter of the are on the

Comrdesy of the Afoore Special Tool Co., frie

Fig. 1543, Grnding a lamination die profile contour with a je-grinder.
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workpiece coincides with the axis of the main spindle. When in this po-
sition, the grinding wheel is offset radially the required distance and made
to rotate along a planetary path (Fig. 15-42) by rotating the main spin-
dle through the part of & revelution, or are length, as required to grind
the arc on the workpiece. The jig grinder in Fig. 15-43 has an attachment
that rotates the main spindle by power through the exact arc length,
or part of a revolution, required. On jig grinders that do not have this
feature the main spindle is rolated manually, The complete contour
grinding sequence necessary to finish this die 18 shown in Fig. 15-44.
Often sharp internal corners are encountered in profile contour grinding,
such as the intersection of the sides and ends of the blanking station of
the lamination die shown in Fig. 15-45. Sharp corners such as these are
ground with the slot grinding attachment shown in this illustration. In
this case, the entire profilc may be ground with this attachment. Many
other attachments are avallable to increase the versatibty of the jig
grinder and to allow it to perform additional operations on punches,
dies, and other precision parts.

Transfer of Tolerances

All of the dimensions that must be accurately held on precision machine
and engine parts are usually given a tolerance. When such dimensions

Courtesy of dhe Moore Speciad Tool Co., Inc.

Fig, 1544, Stephyv=step procedure for grinding the contour profile of the lnmination
die,
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Courtesy of the MWoore Speciad Tool Cn., The.

Fig. 1545 Grinding internal profile of the blanking station of the lamination die
using 2 slof-grinding altachment oo a Jig-grinder,

must be changed from the conventional system of dimensioning to co-
ordinate dimensions, the tolerances must also be included. The tolerances
of the dimenszions on the coordinate system of dimensioning will not be
the same as on the conventional system of dimensioning from which they
were derived. The new tolerances on the coordinate system of dimension-
ing must be carefully caleulated, otherwise serious errors will result. In
most instances, changing from the conventional to the coordinate systém
of dimensioning will reduce the tolerances.
The principle of the transfer of tolerances can be stated as follows:
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When transferring toleranees from the conventional dimensioning system to
the coordinate dimensioning system, the sum of the tolerances of any pair of

dimensiona on the coordinatie aystemn must not exceed the tolerance of the
dimension that they replace on the conventional sysiem.

This principle can best be learned by following an example:

The 20005903 dimension between two holes shown at A, in Fig. 1546 1s
replaced by the 100020008 and the 3.000= 0045 9nch dimensions in the
coordinate systems shown at C, in Fig, 15-46. The sum of the tolerances in
view C; e (=.0005 and = .0045) must not exceed =.005-inch, otherwize
the original tolerance of the 2.000"" dimension can be exceeded and
the workpiece will not meet the original dimensional requirements, It is
important to realize that the sum of the new tolerances on the coordinate
dimensions may be less than the original tolerance which they replace;
however, they must never exceed the original tolerance.

It iz bhezt to follow a set procedure in order to transfer dimensions and

tolerances from a conventional to a coordinate dimensioning system.
+.003
This procedure is outlined below, and using the 21257 qimension in A,

Fig. 15-46, as an example:

1. Where necessary, change the tolerances so that each dimension has
an equal bilateral tolerance.

In order to maintain the original dimensional requirement, the
corresponding dimension must also be changed. The fguﬂ? toler-
ance of the 2.125 dimension iz changed to = 002, which iz an equal
bilateral tolerance. {Note that the total tolerance of 004 inch has
not been changed.) The onginal dimensional requirements are
maintained if the dimension 15 changed from 2.125 inches to 2.126
inches, The new dimension, 2.126% 002 15 shown n view B, (Note
that the dimension has not really changed, since in both cases, the
limiting dimensions are 2,128 and 2.124 inches.)

2. Transfer the revised basic dimensions to the coordinate dimension
systemn.

The original basic dimension was 2,125 inches, which was re-
vised in Step 1 to 2,126 inches. In the coordinate system this
dimension is replaced by the 8750- and the 3.0010-inches dimen-
stons. (The 3.0010 dimension 15 obtained by adding 8750 + 2,126
inches.)

3. Transfer the tolerances.

The zum of the tolerances of the 8750 and the 3.0010 dimen-
slon2z must not exceed the tolerance of the 2.126 dimension, or
= 002 nch, which 15 the available tolerance. If the available
tolerance 1z to be distributed equally, then each new dimension

will have =.0010 tolerance. These dimensionz will then read:
B750=0010 gand 300100010
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Sometimes the tolerance of a dimension on the coordinate-system
drawing iz affected by more than one dimensional requirement. In this
case, the final tolerance used must be that which fulfills all of the require-
ments, For example, consider the 502=0%2 dimension in view B, It is
replaced by the 3.0010 and the 3.5030 dimensions in view C. If the
3.0010 and 35030 dimensions are each given a = 001 tolerance, the sum
of their tolerance would not exceed the original = 002 tolerance and,
presumably, the requirements for the transfer of tolerances would be met.
However, the 3.5030 dimension together with the 46280 dimension re-
places the 1.125 dimension in view B, which haz a tolerance of only
= (0 inch. Thus, the sum of the tolerances on the 3.5030 and the 46280
dimensions cannot exeeed =001 inech which, when divided equally,
amounts to = 0005 inch. The 3.5030-inch dinwnsion must therefore be
given the lesser tolerance of = 0005 inch,

For this reason, when transferring the toleranee it 15 usually best to
start with the smallest toleranee, Also note that the sum of the tolerances
replacing the 502%0%2 dimension 15 less than the =002 inch. This is
satisfactory sinec the sum of the new tolerances does not erxeeed the
original tolerances,

When a toleranee 15 bound by a small tolerance, as in the case of the
A02 dimension, it i sometimes possible to inerease an adjacent toler-
ance on the coordinate dimension drawing. For example, the 2.000-inch
dimension in view B, which has a toleranee of =005 inch s replaced by
a 10000 and & 3.0000-inch dimension on the coordinate drawing. Each
of these dimensions coulid be given a tolerance of = 0025 inch, however,
the tolerance of the 1.0000-inch dimension on the coordinate drawing is
bound by the requirement of the = 001 tolerance of the 1,000 dimension
shown at the right side, in view B. Thus, the 10000 dimension in view C,
together with the 2.0000 dimension, must have & total dimension tolerance
of =.0010 or =.0005 inch on the 1.0000-inch dimension. Since the sum
of the tolerances of the 10000 and the 3.0000 dimensions {(view C) can be
= 005 inch, the tolerganee of the 3.000 dimension can be increased to
= 0045 imch.

The basis for the determination of the final tolerances for the coordi-
nate dimensions (C, Fig. 15-46) 15 summarized below:

B750=101 The < (010 tolerance together with the =.0010 toler-
ance of the 3.0010 dimension 1s required to maintain the
= (02 roleranee for the 2,126 dimension.

J.0M0=velt:  Sep requirements for the AT50=110 dimension given
above.

3. 50130= 0005 The = 0005 tolerance together with the = 0005 toler-
ance of the 46280 dimension 1s required to maintain the
=.001 tolerance for the 1.125%-201 dimension.

4.6280=0005:  See requirements for the 3.5030= 405 dimensions given
above.

1.0000=200053: The = 0005 tolerance together with the = 0005 toler-
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ance of the 2000 dimension is required to maintain the
=001 for the 1.000=-¢0% dimension given at the right,
in view B,

200007 4005 Sep requirements for the 1.0000=0005 dimension given
above.

3.0000=90143 The 0045 tolerance, together with the = 0005 tolerance
of the 1.0000 dimenzion n view O, 1= required to
maintain the =.005 tolerance for the 2.000=2%5 dimen-
sion in view B,
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Metal Cutting Saws

Originally, metal-cutting saws were primarily used to cut off bar stock
and structural =teel, to length. This 1= still & very important area of
application for metal cutting saws; however, the range of application has
been extended to tnelude shaping of metal into finished and semifinished
machine components, tools, dies, jigs, and fixtures. This work 1s ecalled
band machining. It has been made possible by the development of the
metal eutting band-saw blade along with the development of the vertical-
contour band-zawing machine.

The Power Hacksaw

The power hacksaw 15 used to cut ofl bar stock, to length. The blade
18 held 1n a frame that 1s given a back and forth, or reciprocating, motion.
The saw blade is forced into the work during the cutting stroke, while
during the return stroke it iz backed off from the work. This is done
hydraulically on the saw shown in Fig. 16-1. The hydraulie pressure can
be varied to suit the type of workpiece being cut. It has four cutting
speeds (35, 70, 100, and 140 spm) which enable it to cut a variety of
materials from aluminum to tough alloy steels. A coolant reservoir and
a coolant pump located in the cabinet base provide an ample supply of
cutting fuid at the saw blade. A fully avtomatic, power hacksaw 1s shown
in Fig. 16-2, The operator merely loads the stock on the machine and sets
it into operation by pushing the start button. After each cut has been com-
pleted, the traveling carriage, located on the stock rack, freds the bar
stock to the required position for the next eut. The hydraulically actu-
ated vise then clamps the work and the saw begins to cut. An overhead
clamp enables the work to be bundled, therchy making 1t poszsible to cut
offl two or more bars of stock during one cut. This machine can also be
operated manually for short runs or single cuts,

Alost power hacksaw blades are made from high-speed steel Some
blades have hardened mgh-specd steel teeth which are welded to a tough
steel back. The size of the hacksaw blade teeth i1s dependent on the num-
ber of teeth per ineh; fewer teeth per ineh will result in a larger tooth. The
number of tecth per inch to be used depends upon the hardness of the
material being eut and upon the size and shape of the workplece. The
power hacksaw blade to be used m cutting mald materials in large sce-
tions should have 4 to 6 teeth per inch, while harder materials in large

459
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Courtesy of Racime Hydrowlice & Machinery Imo.
Fig. 16-1. Power hacksawing machioe,

sections should have 6 to 10 teeth per inch. When sawing pipes or tubing,
the saw blade should have at least 14 teeth per inch. Structural steel
shapes such as angles, T's, and channels require saw blades having 6 to

Court eny of Rocine Hpdrawlics & Mockinery Inc.

Fig. 16-2. Automatic power backsaw provided with overhead clamp to cut off
bar stock 1o bundles,
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14 teeth per inch depending on the thickness of the thinnest section and
the way that the work is clamped in the hacksaw vise. Recommendations
for cutting speed, teeth per inch, and feeding forces are given in Table
16-1,

Table 16-1. Recommended Saw-blade Pitch, Cutting Speed, and Feed
for Power Hacksaw Operation

Saw-blade Cutting Feed
Material Teeth, Speed, Weight or Force,

per inch fpm Ibs.

Steel (125-180 Bhn) 4 to B 120 150
Steel (181-250 Bhn) f to 10 1000 125
Ferritic Stainless Steel 4toh 110 125
Austenitic Stainless Steel 4to 6 &0 125
Martensitic Stainless Steel 4to 6 (i) 125
Carbon Tool Steel 6 to 10 75 125
High-Speed Steel £ oto 10 (51} 125
Structural Steel i to 10 120 125
Steel Tubing 14 120 £l
Copper 6 to 10 130 125
Brass Tubing 14 130 fild
Soft Hrass f to 10 150 fild
Hard Brass fto 10 110 Al
Bronze A to 10 100 125
Nickel Silver f to 10 60 150
Manganese Bronze Foto 10 el Fill
Cast Iron fi to 10 120 125
Ironm Pipe 10 t0 14 120 125
Aluminum Alloy 4toh 150 60
Alaminum-Heat Treated 4 to 10 120 fil
Aluminum—Saft 4to 6 180 (i)

Band Type Cutoff Saw

The bard type cutoff saw, Fig. 16-3, utilizes a metal cutting band-
saw blade to eut off bar stock and structural-steel sections, to length,
The band-zaw blades for these saws can be obtained already welded to-
gether mto a loop of suitable sige for each machine. The principle of
operation of the band type cutoff saw is shown in Fig. 16-4. The saw blade
revolvez around the drive wheel and the 1dler wheel. The blade 1z twisted
by the saw guides to bring the teeth into a vertical position in order to
cut through the work. The guides also support the blade near the work,
thereby reducing the tendency of the blade to bend away from the work.
The blade can be made to cut at different speeds in order to cut different
materials, One advantage of the band type cutoff saw i1z that the saw
blade euts continuously., Thus, the non-cutting time during the return
stroke of the power hacksaw i1s saved. Furthermore, since it 1= not neces-
sary to reverse the direction of the saw blade at the end of each stroke,
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Courtdapy of the DedLL Companw
Fig. 16-3. Band type culoff sawing machine,

higher cutting speeds can be used on band type cutofl saws where the
characteristics of the material being cut will allow their use. A continu-
ously uniform feeding pressure is kept on the saw blade which is adjusted
to suit the material being cut. Angular cuts can be taken on some band
cutoff saws. Production band cutoff saws can be obtained that will handle
bundles of stock and that will operate completely automatically.

——

— CARRIER WHEEL

ADJUSTABLE
BAND GUIDES
AND SUPPORTS

Courfary of (ke DodLL Compoany
Fig. 16-4. Operatiog prineiple of the cutoff band saw,
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Vertical-Contour Band-5awing Machine

A vertical-contour band-sawing machine 1s illustrated in Fig 16-5 with
cabmet cover removed 1n one view, and all parts of the machine named.
Although there are different makes and models of these machines their
basic features are similar. The base supports the column and houses the
hydraulic system for actuating the table feed, the electrical controls, the
electric-drive motor, the transmission, the drive wheel, and the air com-
pressor. The column encloses the return route of the saw blade. It sup-
ports the head, and mounted on 1tz face are the band-saw speed-tachom-
eter, the blade shear, the table feed-rate and foree econtrol, the butt
welder for welding blades, the grinder, and the on-off push button, The
head of the machine houses the idler wheel and its adjusting mechanism,
and it supports the saw guidepost.

The band-saw blade is driven by the lower drive wheel. The blade 1=
suppotrted by and runs the 1dler wheel located in the head. It must be held
between these wheels with a predetermined amount of tension which is
dependent upon the size of the blade and the material from which it s
made. The tension is adjusted by turning the wheel-elevating screw. Many
band saws have a tension indicator which is calibrated to read the rec-
ommended tension. The band must then be checked for tracking and
alignment with the saw guides, The idler wheel in the head can be tilted
to make this adjustment by releasing the lock knob and turning the ad-
justing knob (located in the center of this wheel), while turning the
wheels slowly by hand. Some wheels are crowned, while others have a
flange against which the blade runs. Crowned wheels are adjusted until
the center of the blade runs on the erown of the wheel On flanged wheels
the blade iz adjusted to ride against the flange. The blade must also be
adjusted to the back-up thrust bearings which are located behind the
saw guides, Fig. 16-6. The wheel-adjusting knob should be turned until
the back edge of the saw blade just touches the back-up thrust bearing
with no noticeable gap between them,

There are two sets of saw guides; one set 1s located below the table and
the other =et is attached to the guidepost above the table. In Fig. 16-6,
the table has been removed to show both sets of saw guides. Saw guides
are made 1n different widths to mateh the width of the saw blade. The
guides should be adjusted until there is about 002-inch elearanee between
the guide and the saw blade. The upper saw puide can be adjusted wver-
tically. It should always be positioned as close to the work as possible in
order to provide the maximum support to the saw blade., When sawing at
high zpeeds (2,000 fpm, or more), roller type saw guides must be uzed.

Mozt wvertical-contour band-sawing machinez are equipped with an
infinitely variable speed drive, The speeds are adjusted by simply turning
a handwheel. The recommended cutting speeds for different materials are
given in Table 16-2,

The saw table on most vertical band-sawing machines can be tilted
10~ to 15-degrees to the left, and 45 degrees to the right. Some machines
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are equipped with a stationary table where the work must be fed into the
saw blade by hand or by a weight-actuated f{eeding arrangement. The
welght is attached to a cable systemn which pulls the work into the saw
blade. Many contour band-sawing machines are equipped with a hydraulic
table feed. The workpiece iz clamped to the table and the table feed, actu-
ated by a hydraulic cylinder, feeds the work into the saw blade, The
hydraulic table feed has two characteristics, the feed rate and the feeding
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pressure, which are independent of each other and are adjusted sepa-
rately. Their purpose should be understood.

The feed rate determines how fast the table will {feed. It 1z controlled
by a hydraulic low-control valve which determines the rate of flow of
the oil into the table feed-cylinder.

The feeding pressure determines the maximum force that can be exerted
by the workpiece against the saw blade before the table will stall. In-
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Courtesy of the Do ALL Company

Fig. 16-6. Precision, msert type saw guides and back-up thrust bearings,
Table removed to show upper and lower guides

creasing the pressure setting will not increase the feed rate. The pressure
setting does not determine the pressure that will be used to saw the work-
piece, It will determine the pressure inside the table feed-cylinder at
which the table will stall, as stated above,

The feed rate and the pressure that should be used depend upon many
factorz that, in combination, are unique for each job. Among the factors
that must be considered in selecting the feed rate and pressure settings
are: type of work material, thickness of the workpiece, type of saw blade,
piteh of the saw blade, width and thickness of the saw blade, sharpness
of the saw-blade teeth, surface finish required on the work, and the dis-
tance between the upper and lower saw guides,

Saw Blades

Most power hacksaw and band-saw blades are made from earbon alloy
tool steel or from high-speed steel. Less commonly used are band-saw
blades with small, cemented-carbide tips brazed on the end of the teeth,
Band-saw blades are also made with industrial diamonds coating the
edpe of the blade or with either aluminum oxide or silicon-garbide abra-
sives coating the edges. The cemented-carbide tipped blades are used to
gaw difficult-to-machine materials such as: pure tungsten, beryllium,
high-temperature alloys, foamed glass, ete. The abrasive-coated steel
bands are used for deburring, corner breaking, and for rough and finish
polishing of metals. They are also used to cut hardened steel, exotic
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TOOTH SPACING RAKE ANGLE
GULLET
~—TOOTH BACK DEFTH !

"'EICITH FACE

TOOTH GULLET

'!H— BACH CLEARANCE ANGLE
Fig. 16-7. Names of the parte of a saw blade.

alloys, and abrasive nonmetallic materials. Special steel blades are avail-
able for slicing such materials as cork and foam rubber.

The majority of the work on band saws, however, is done with carbon-
alloy steel or high-speed steel saw blades, The recommended cutting
speeds gpiven 1n Table 16-2 are for sawing different grades of steel with
carbon-too] steel or high-speed steel saw blades. These recommendations
should only be used as a starting point. Conditions at the job can make
deviations from these recommendations necessary.

The names of the parts of a saw blade are given in Fig 16-7. There
are four, basie tooth forms which are shown in Fig. 16-8. The precision,
or regular-tooth, form is the most common. It has a zero-degree rake
angle and a 30-degree back-clearance angle. The gullet 15 deep and has a

Courtedy of the Dodlll. Company

Fig. 16-8. The basic band-saw blade-tooth forms. The sames of the tooth forms from
top to bottom are: buttress, claw tooth, precision, and tungsten carbide.



Ch. 16 METAL CUTTING SAWS 469

smooth radius at the bottom providing an ample chip-capacity for most
sawing operations, It ecuts acceurately and can produce a pood surface
finish. The precision-tooth form is the most versatile and s recom-
mended for contour work and for straight euts, The buttress, or skip tooth,
tooth form is the same as the precision-tooth formm given except that the
gullet has been lengthened to handle larger chip loads. It is primarily
recommended for taking deep euts in nonferrous metals, wood, and plas-
tics. The claw-tooth form has & positive rake angle and a lengthened gullet
similar to the buttress-tooth form. It 18 recommended for cutting all
metals, wood, and plastics and 18 particularly recommended for thick
work-sections, The positive rake angle requires 2 minimum feed pressure
te penctrate into the work, thereby extending the tool life of the hlade.
The carbide blade has small carbide tips brazed on the end which are used
for cutting difficult-to-cut materials.

There are five characteriatics that must be specified 1n order to select
a saw blade. These characteristies are: the tooth form, mtch, width, gage,
and sct. The pitch 15 the number of teeth per inch. The piteh 15 selected
primarily on the basis of the thickness of the workplece to be cut. At
least two teeth should a]wa}‘:a be 1o contact with the work: however, it
15 preferable to have even more teeth in contact. Other factors, such as
work material and the finish desired must also be considered In making
the final selection of the piteh. For average work conditions the following
piteches are recommended: %- to YWe-inch thick, 8-10 pitch; Y- to 1-inch
thick, 8 pitch; 1- to 3-inches thick, 6 pitch; 3- to 6-inches thick, 4 pitch;
6 inches and over, 3 piteh elaw-tooth form. The above pitehes recom-
mended should have the precision-tooth form. The width of the blade 15
the distance from the tip of the tooth to the back of the blade, The width
of the blade iz selected on the basis of the minimum radius that s to be
sawed. A radius chart for selecting the blade width is shown in Fig. 16-9.
A wide blade i3 most accurate for cutting a straight line. The gage of the
Llade is the thickness of the band expressed in inches, A thicker blade has

— WIDTH
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WIDTH OF SAW BAND IN INCHES

Courfeay of the DoALL Company

Fig. 16-9, Hadiuz chart for selecting band-zaw width,
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T

SET

i

e EArES) SENTENELEETY FLN A rLrs
RAKER SET WAVE SET STRAIGHT SET
Courteay of the DeALL Company

Fig. 16-10. Basic band-saw tooth patterns. (Left) Wavy sel. (Center) Biraight set.
(Right) Raker set.

a greater beam strength, or resistance to bending, When the width of the
blade is limited by the machine capacity or by the radius to be cut, the
beam strength can be increased by using the same width blade but in a
heavier gage. The heavier gages also have more resistance to side displace-
ment and are recommended for sawing large workpieces where extreme
accuracy is required. Set is the total amount that the teeth are offset {Fig.
16-10), to provide side clearance for the back of the band. The set of the
saw blade enables it to cut contours, The width of the kerf, or slot, cut by

Ceurtery o f the DeALL Company

Fig. 16-11. Grinding end of band-saw blade in preparstion for welding. Note
saw teeth on opposite sides.
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Fig. 16-12. Preparation of teeth prior to welding, to imsure correct tooth-spacing
on welded blade,

the blade is greater than the gage which allows the back of the saw blade
to turn. There are three types of set patterns; raker, straight, and wave,
The raker set 1s the most common. It has one tooth offset to the right, one
to the left, and the next one remains straight. It i3 recommended for work
of constant cross section, from thin to extra heavy, such as bar stock,
forgings, and die blocks. The wave set has & group of teeth offzet to the
left and another group offset to the right to form a wave pattern. It is
recoinmended for work having a varying cross section, such as pipe,
tubing, angles, and structural sections. The stralght set has every other
tooth alternating from left to right, Tt 15 used for free-cutting materials
such az aluminum or wood.

The saw blade used on vertical-contour band-sawing machines is
obtained in coils and must be welded together to form a loop, The band
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may be cut to length on the blade shear (which is attached to the
machine) or with tin snips. When snips are used, the ends of the blade
must be ground to make certain that they will fit together perfectly. The
ends are brought together with the teeth on opposite sides, as shown in
Fig. 16-11, and the ends are ground. It is not necessary to grind the ends
perfectly square. When the blade is ground with the ends held as in Fig.
16-11 they will match perfectly when brought together to form the loop
regardless of the angle to which they are ground. Some of the teeth must
be ground off from all blades having a pitch from 4 to 10 so that the tooth
spacing will be uniform after the weld has been made. About 14 inch of
metal will be consumed during the welding process and this loss of
material must be taken into account. Instructions for grinding are given
in Fig. 16-12. Thiz grinding operation must be done with great care in
order to grind the right number of teeth, or portion of a tooth, and not to
grind below the gullet which would weaken the blade,

After the blade has been properly prepared for welding it is Inzerted
in the butt welder, Fig, 16-13, with the teeth facing out and with the back
of the blade fArmly seated against the back alignment surface of the
welder. One jaw of the welder is adjusted to bring a pressure to bear on
the two ends of the blade that are in contact, The amount of this pressure
and the voltage setting of the welder are obtained on charts that are
furnished with each machine. If the zaw blade iz to be used to make an
inside cut, as in Fig. 16-13, make certain that the blade passes through
the hole in the workpiece before the weld is made. The weld is made auto-

Cowrtory of fke DoAlL Company

Fig. 16-13. Welding & band-saw blade together in preparation for makiog an
inside cut on the partl.
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Courtesy of the DoALL Company
Fig 16=14. Example of a perlecd bard-zow-blade weld,

matically when the welding switch is pressed. The weld 12 made by passing
a low-voltage high-amperage current through the welder jaws and into
the blade, The current fows toward the ends of the hlade where the re-
sistance to the current flow causes the metal in this area to heat up.
When this happens, the metal in the joint becomes soft and flows to-
gether, The movable jaw of the welder causes the metal in the weld to
compress together and form a flash. When the weld is completed it will be
very hard and very brittle. Before 1t can be used 1t must be annealed and
the flash must be removed, The welding flash ean be removed on the
grinder. Care should be exercised to avold grinding the blade too thin
and thereby reducing its strength. The weld is annealed by clamping the
blade in the jaws of the butt welder. The welder is adjusted to anneal and
heat is applied by pushing in or jogging the annealing switch until the
weld reaches a dull cherry-red color. Avoid overheating the weld as this
eould well re-harden it. Before the blade is placed in the machine it should
be imspected visually. One example of a perfect weld is shown in Fig.
16-14.

Band Machining

The basie approach to band machining is similar to working on other
machine tools. The {ollowing steps should be taken: 1. analyze the job;
2. make & layout; 3. set up the machine: 4. cut the work to size on the
machine; and 5. inspect the work. The job is begun by analyzing how it
can be done most effectively, The next step is to make a layout. In the
case of band machining this must be done carefully and accurately be-
cause the final results can be no better than the layout. The machine
setup involves installing the correct blade, and setting the machine to
cut at the correct cutting speed. If a power feed is to be used the work-
mece will have to be held in place or clamped to the table, and the correct
feed rate and pressure settings made. The part is cut by feeding the work-
piece past the blade and keeping as close as possible to the layout line,
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Finally, the work is inspected in order to make certain that the results
are as specified by the part drawing,

The workpieee is frequently fed into the cut by hand. It can be held
directly in the hand as shown in Fig. 16-15. This illustration shows a
blanking punch and die, being made in one operation. The job is started
by first laying out the die. A hole is drilled inside the layout of the die
at an angle (Fig. 16-16), so that it intersects the location of the layout
line at the center of the two-inch thickness and comes through the die
block on the other side, at a location that 12 outside the layout hne of the
punch. A narrow saw blade is passed through the hole and welded to-
gether, The saw table is set at the required angle for the saw eut (7 de-
grees, in this case) and the punch 13 eut out by sawing just inside the
die layout-line and just outside the punch layout-line (Fig. 16-16), Thus,
there is enough material on the puneh and the die so that they ean be
filed to fit together with the required amount of clearance, Several
punches and dies fimished by this method are shown in Fig. 16-17. The
filing of the punch and the die can also be done on the vertical-contour
band saw, using a file band. This is a quick and economical method of
making a short-run trimming, blanking or shaving die. It saves matenal
because the slug that is removed from the center is made into the punch.
If this method of making a punch and a die from one part is to be used,
the part eannot have any sharp corners or radii. In other words, the saw
must be able to cut continuously around the die without interruption.

Courfeny of fhe DodLL Comgeany

Fig. 16-15, Sawing o blanking punch and die in one operation,
with the work table tilted.
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Courteay of the DoAll Company

Fig. 16-16. IMagram showing the angles of the starting hole and the saw band in 2-inch
material when making a blanking punch and die in one operation.

Courteay of the DoALL Company

Fig 16-17. Several finished punches and dies made on the vertieal-contour band saw.
Wote remainder of siarting hole on punch in upper-right view.
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The dimensions necessary to design and make a die by this method are
given in Table 16-3,

Table 16-3. Basic Dimensions for Making Punch and Die,

by Method Shown in Fig. 16-16
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Cowrteay af the DoAll Compory

Another fast method of making low-cost dies 15 called the Continental
Process. This process is illustrated in Figs. 16-18 through 16-21. The die,
punch, and a guide plate are made from thin sections of steel, on &
vertical-contour band saw, To make the stamping, Fig. 16-18, the work
material, which is a piece of sheet metal, 15 placed between the die and
the guide plate. The punch 1s then placed in the guide plate, over the
work. The ram of a punch press (or arbor press) forces the punch into
the die, thereby eutting out the blank, Dies for drawing, bending, and a
variety of other stamping operations can be made by this process,

In this case, the punch and the die are made separately. The first step
15 to carefully lay out the die. Four holes are drilled in the corners of the
die block to receive dowel pins which are used to hold the guide plate
Corresponding holes are drilled in the guide plate using the holes n the
die block to guide the drill. After the punch plate 15 assembled tightly
against the die block, a hole 15 drilled in this assembly, inside of the lay-
out lines, The band-saw blade is inserted through this hole (see Fig,
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Couwrfeay of the DodALL Cowmpony

Fig. 1G6-18. Blanking punch and die made by the Continental Process on & vertical-
contour band-sawing machine,

16-13) and welded together. The opening is then sawed out by manually
guiding the work so that the saw cuts Just inside the layout line allowing
a small amount of metal to remam for fling, Fig. 16-19. The workpiece
15 held in a workjaw which makes 1t easier to guide the workpiece and
follow the lavout. After cutting, a band fle (Fig. 16-20) is placed in the
saw and the die block and guide plate are filed to size. The punch plate
15 disassembled from the die block and 15 used to lay out the punch, It
15 then reassembled to the die block with suitable shims between them.
The shims should be just large enough to allow the work material to be
inserted. The punch is then cut and filed to size on the band saw (see
Fig. 16-21).

The cutting of contours can be facilitated by the attachment shown
in Fig. 16-22. This attachment 15 called a servo-contour directional feed
control. The operator follows the contour on the part by regulating the
hydraube table-feed rate during the eut and by turning the handwheel
which rotates the partsthrough a movement of the roller chain, The
roller chain ean be placed directly around the work, as shown, or the
work can be placed in a workjaw (Fig. 16-19) which would, in this case,
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have the roller chain placed around 1t. Three-dimensional parts such as
those shown in Fig. 16-23 can be made on the vertical-contour band-
sawing machine. This machine can be provided with fixtures enabling it to
do production work. An example is seen 1n Fig. 16-24 where the cap of a
large Idiesel engine connecting-rod forging i being separated. The fix-
ture firmly holds the forging and accurately locates it with respect to the
saw blade, The fixture 12 clamped to the table so that the cut 13 made
using the power table-feed.

A great variety of additional work can be done on the vertical-contour
band saw. Friction sawing, which utilizes the friction between the saw
blade and the work to generate high temperatures a short distance ahead
of the blade in the workpiece, is capable of cutting at extremely high
feed rates. Metals that are impossible to cut in any other way can be
cut by this method. Also, thin aireraft matenals,distorted when sawed by
conventional methods,can be sawed safely by friction sawing. The cutting
speed of the saw blade for friction sawing 1s between 6,000 and 15,000
fpm. Friction sawing 18 possible because each saw tooth i In contact
with the work for only a fraction of a second and there is too little time

¥

> e

Cowrteay of the DoALL Company
Fig. 1619, S3awing contour of die 10 layout line using work jaw to feed the workpiecos.
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Courtery of the DoALL Company
Fig. 16-20. Filing the block of the die using a file band.

Courfeay of the DeALL Company

Fig. 16-21. Sawing the contour of a punch using a Aat vise to hold and (eed
the work piece,
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Courtery of the Do ALL Company

Fig. 16-22, Combining the hydraulic table-feed and servo-contour directional
feed=-control for culting straight lines and contours

5

 —

Courtaayp of thié DedLL Company

Fig. 16-23. Combining various shaping cuts 1o several planes enables the vertical-
contour band saw to produce very complicated parts
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Cowrieay of the DodlLL, Company

Fig. 16-24, Separating the cap of a large, connecting-rod Torging which is held
in o fixlure.

Starretl
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Courtesy of The L. 5. Storreit Compony

Fig. 16-25 Hole saw,
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for heat to transfer into the tooth. Certain materials such as sponge rub-
ber, eloth, cork, leather, synthetic sponges, and corrugated aluminum
are cut by shicing with a eontinuous knife blade that is revolved on the
wheels of the saw. Intricate seroll work can be done with spiral saw bands.
Grinding and polishing blades are used to cut certain materials, to deburr,
and to break sharp corners. Electro-band machining 15 done by feeding a
low-voltage high-amperage eurrent into the knife band at a rate that
eauses 1t to discharge a sustained are from the knife edge onto the mate-
rial being cut. A flood of coolant quenches the are to prevent it from
burning the material. The material is disintegrated by the are without
any actual contact between the work and the band. This band-machining
process 15 uged to cut heat-exchanger cores, honeyveomb structures, flex-
ible tubing, etc. The method requires & special machine and cannot be
adapted to the ordinary vertical-contour band saw.

Hole Saws

FHole saws are used to eut holes in sheet metal, tubing, and in other
thin metal parts. The thrust foree of the larger twist drills would deflect
and bend, rather than penetrate, these parts. The hole saw, Fig. 16-25,
has a small twist drill in the center which drille & small hole before the
gaw comes in contact with the work, The small twist drill then acts as a

,f-

¥

Courteay of The L. 5. Starred! Company
Fig. 16-26 Dirilling a hole in fubing with a hole saw,
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pilot to locate and to steady the saw while it cuts through the metal to

produce a larger hole. Figure 16-26 illustrates a hole being drilled in
tubing with a hole saw,
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Table A-1. ANSI Standard Combined Drills and Countersinks, Plain and Bell
Types (AMNSI Bog.rt-1o07, Rigr2)
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g rinus He on C for sizes 3 through 8 and sizes 13 through 18.
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Table A-2. ANSI Drill Sizes, Their Inch and Millimeter Equivalents, and
Millimeter Size Drills for Which They Can Be Used

- =

ANEI I':E_r-inul Al ar Uar For AMNED 'T::"iiinﬂl- Mifimeter Tiae For
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57 A0 264 ThS E L] 635 fi A5

Corrfeay of the NWattonml Tt JIrifl o Tood fiv., Lenr Sieglie e,
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Table A-2 (Cont.). ANSI Drill Sizes, Their Inch and Millimeter Equivalents, and
Millimeter Size Drills for Which They Can Be Used
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u"-]nl:ﬁ: }M'::ﬂml' Equivalent 5 g -;.ii-’t'.": Em;];chm“ = “‘“'“""" ﬁrill ‘Hise
| BE0N 6.35 .35 1@.&: AGES 11.91 11.90
F 2570 6.53 .55 %-m 4544 12.30 12.30
) 2610 63 fi65 S000 1270 1270
1744 HIS6 6.7 .75 ﬂlﬁ S156G 13.10 13.10
H i) 6.76 675 1T 5312 1349 13.50
I Porpi] 6,01 690 iy 5469 1359 15,90
I a7 04 705 e 5Ras 14 29 14 .30
K 2810 714 7.15 BT 5781 14 58 14.70
Nn 2E12 T.14 7.5 ] Han S038 15048 15.10
L 2600 T.a7 7.40 7] G004 15,48 1550
M 2950 749 750 O £250 15.88 15.90
ey it} 754 7.55 i G406 1627 16.30
N 3020 7.67 7.70 s £5a02 16.67 16,710
T AI25 .04 705 A5 AT19 17.07 17.10
] A160 B3 B.05 s GRTS 17.44 17 A5
r 3230 820 8.20 “hgg 7031 17.86 1735
gy 4281 233 B35 "“'va. 158 1826 1525
) AR E.43 BAdL Tas aadd 1865 18.65
R A .61 .60 Hy THOOD 19.05 19.05
114 3438 873 875 e 1171 19.45 19 45
5 480 BB ER5 2y JTEI2 19,54 19.85
T 580 9,09 9,10 551 bt it 20,24 20,25
T 2504 913 9,15 1Ha 8125 20,64 20,65
T AR 035 9,35 Bl 8231 2103 21 .05
i A750 052 0.55 i B43R 21.43 21.45
v AT70 0506 HE] b T B50 21583 2185
w 38060 980 980 o ETH0 2223 2225
T 006 0.92 005 5oy B0 262 2265
4 2070 1008 10,10 80 REL i) 2302 23.05
T A0 10,24 1025 Sl 4219 2342 2345
Tiig 4062 1032 10,35 184 0375 2381 23.80
A 4130 10.49 10.50 Bliy 0531 24.21 24 20
"‘ﬂ A210 inyz 10,75 ] ik 2461 2460
T8 4375 11.11 11,10 ¥y O844 25.01 25.00
ﬂ-iu A531 11.51 11.50 1 1 0000 25.40 25.40
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Table A-3. Some Frequently Used Conversion Factors
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vanl {widl
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Table A-4. Decimal Equivalents

0154625
03125
044875
0625
Q78125
09375
09375
25
140625
5625
ATI1B75
JBTS
.203125
21875
234375
250
2656125
28125
294875
3125
328125
34375
359375
375
J90625
.408125
421875
4375
453125
46875
484375
500

33

5158625
y &4 53135
:: 546875
11 5625
:i 578125
;; 59375
¥ s09375
: s 1
4l s408125
‘;‘; M es825
ﬂ 471875
}1 6B75
45 703125
i} :: _ 71875
TF34375
1 b4 750
4 W 765825
g;__“ . 7BV25
5l 794875
‘H' M aras
53 a2mi12s
34 64 ‘Ba37s
55 gs9ars
_i_'_'-_ 875
51 890625
29 M 50425
W 5% 971875
15 & 9375
16 61 953125
31 M gsg7s
32 83 9m4ars
1- &4 1000
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Table A-5. Cutting Speeds for Machine Tapping

APPENDIX

Culting Cutling
M iterial ﬂgnd. Material =
m m
Low Corbon Sieela Aluriinumt 50 un 204
Up to 255 C 40 {o BO ;T K0 ta 200
Medium Corbon Steels
30 to 607 C Marganess Bronee 30 to G
[Ainnraled - 30 to GO Phoophor Bronge 30 to GO
eat Trea
(220 to 280 Bhn) 20 to 50 Noval Bross 80 to 100
T ool Steels, High Corbon & Maomel Melal 20 to 40
High-Speed Steel 20 1o 40 Talin Bronss & ta 100
Stainlesn Steels 5 to 35 Ploatics
Thermoplastica S0 Lo 100
I::“ E'dﬁ-;m Lkl 2 Thermosetiing 50 to Y}
Md‘ an
Ferritic 80 to 120 Hard Kubber 50 to 100
Pearlitic 40 1o B0 Hakelite 50 o 100
Zvnr Dhe Caslings U0 to 150




Index

Acruracy, 52
Allowance, 51
Angle plate, 54, 120, 204, 203-305

Boand machining, 473=482
feoding pressure, 464-467
food rate, 464-467, 474
filing, 474, 477, 470
scrvo-contour fecd conirol, 477, 478
threo-dunenzional sawing, 478
Bandsaw, vertieal contour, 463-467
Band-lype cutofl saw, 461, 462
Bnsic size, 51
Bilateral tolernnee, 52
Boring hiead, offsct, 405, 436
Boring, internal tapers andd angles, 270-=
272
infermal throads, 373-375
objectives of, 270
o drill pres=es, 133
on rogine lathes, 270-273
af e borers, =406, 433-437
on turret lathes, 3838
principles of, 7, 270, 404-406
faper, 201=-203
Boring mill, vertieal, 308-402
Brincll hardness, 161
Broaching, principles of (8,0

Calipors, 15-18
gear ookl {vornice), 345
hermaplrodite, 15, 16, 55, 58
inside, 15-18
ingide micrometer, 31
oul=ide, 15-18
calgnde myicromoeter, 206-31, 45-48
vernicr, 4

Center drill, 223

Center drilling

for starting a elrilled lole, 125-120, 264,

410
to prepare work for furning, 223-227

Cenler gnge, 362
Center head, 18, 19, 58
Centering projector, 430
Cliaiter, D5, 183, 184
Cliip Breakers, 186188, 192, 204, 205
Clayp control, 204, 205
Clup formation, 199-204
in ddrilling, M-
Clucking part
in collet ehuck, 257-260
in Fovr-jaw independent cluck, 253-257
i step chuek, 259
in throe-jaw wniversal clinek, 252, 263
Cluicks (see Lothe sttoclmcnts)
Collet elaek work, 261=263
Combination deill and countersink, 223
Combination zquare, 18, 19
Comparalors, oplical, 332-335, 362
Conlinental Procecss, for making dics,
476478
Coordinate dimensions, 403, 404
transler of lolorances to, 453-457
Coordinnie measuring system, 419-421.
422
Counterbores, ®
Counterboring, principles of, §
Countersink, 96
Cut-off lool, 104, 197, 273, 274
Cutting conditions, geleelion of, 171, 218
Cutting Auids, 212, 213
for preventing built=up edge, 200
for reaming, 133
[or lapping, 135
foa- turning, 170, 245
Cutting-off operation, 273-275, 392
Cutling epecd, 162-171
[netors nffecting, 162-171
for boring, 271, 272
fow cuttimg-off operations, 274
for drilling, 106-116
for reaming, 95, 111-116
For gawing, 461, 466

491



492

for tapping, 154
for thread cutting, 356, 357
for turming, 162-172
Cutting tools, indexable inscet fype, 185
180, 197
Cutting tonl matesials, 1T2-170
carhon toal stee], 110
east nonferrous allovs, 179
cemmentod carhides, IT4=177
reramie, 177, 178
cermets, 177, 178
cubic boron nitride, 178
diamond, 178
for twist drills, 110
high-spood steel, 173, 174
polverystalline diamond. 178
Colindrieal grinding, 11

[Dial tost indicator, 34, 35
Dhamond boring, 278
Dic head, sclf-opening, 390
[Mgital readont svatems, 242, 243
Thviders, 55
Licall
center, 223
rombination drill amel countersink, 223
iare, 38T, 388
pun, 101, 102
point angles, §3-80
relief angles, 84, B
spade, 100, 101, 385
aplit point, B33
snotting, 433
start, 380
fwist, 81-83
webs thinming, S0
Dicill elack, 155
Doril] jigs, 135-138
Dreilling
hasie principles of, 7, 8
chip formation, 91, 92
feed rate, 112, 113, 116
liole loeation transfer, 130-132
on & drill press, 124-129
an o lathe, 264=260
an a lugeet lathe, 387-380
cuversige amount normally cud, 83, 84
power peouired, I02-107
setups, 114-124
gpooid, 108-116
tlhrusd, W2-107
torgue, 102-107
Drrilling machines, 75-81
gang, 80, 81
mulliple spindle, 30, 81
vadial, T8, 70

INDEX

sensitive, ¥
turret, T B0
upright, Th-73
Dictll presses (sec Deilling machines)

Edge finder, 420-431
Fdge finding. 424-432
Electro-band machining, 482
Engine lathe, 139=155
apron, 153
back goars, 143
hed, 141, 142
parrage, 140
change goars, 146, 346-356
compound rest, 152
cross slide, 149-152
deiver plate, 236
headstock, 142, 143
hoadstock spindle, 143-146
headstock spindle bearings, 143
headstosk spandle nose, 143=146
micrometer dinls, 149-152
quick-rhange gearbox, 146-148, 351, 352
sncddle, 149
talstock, 153-155
wiye, 142

]"':'.l:"l"'[_llill_le'!. |..5-5I M4
chuck, 295, 206, 305
jiws, 205, 296
seftups, 206=-310
work, precision hole location, 412-417,
42445
Faciog
hack facing, 192, 196
cod of work, 227, 263, 264
rnd of work held befween conters, 194,
237-240
shoulders, 244, 245
to trae faceploie, 224, 25
Feed rate
for horing, 272
for contour handsawing, 464-467, 474
for culbing-off, 274, 27h
for drilling, 110-113, 116
for power hacksawing, 461
for reamming, 95
for furning, 184, 170, 218, 228
Filmg on o lathe, 242
Fixtures
rontour band saw, 478
riell press, 136—138
engine lathe, 155, 275-278, 305-310
turret lathe, 352
Flyeuties, 442
Formulas for
Ameniean Standard Acme Threeads, 320
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American Standard Unified Threads,
al4

AMBL-IE0 Metrie Threads, 326, 327

base patels of metrie threpd dial, 360

cliange gear ratios for cutting inch
threads, 347, 356

change gear rafios for cutling metrie
thronds, 350, 353, 354

clange gear ralios for modifving gear-
box outpui, 355-356

cord of hole circle, 60

eguivalent threads per inch, 354, 379

[B0=-Metric Trapezoidal Thronds, 328

povwer For drilling, 105

power for furning, 217

serew throad patel, 311

zing bar, 283

apindle specd for drlling, 105

epindle speed Tor turning, 171

tap dnll size, 283

tapeer caleulations, 280, 2581, 253, 254

o peer tuening, 280

hrec-wire threwd measwrement, 336-
230

1lhrust for drailling, 105

torgue for drilling, 105

Fraction aawing, 475482

Ciage blocks, precision, 3539
Ciages

cenler, 262

deptl (vernier), 24

height (vermerd 24, 3

(aner, 40, 41

ammall kiobe, 18

gurfoce, 39, 40

taper, plug and ring, 281, 282

telesraping, 18

thread, plug and ring, 3303352

theead, roll type, 332

theend, anap, 332

universal procision, 40, 41
Crethaddimg attacrhment, Iathe toal post, 160
Girinding

cylmdrieal, 11

iz, 442-453

procision, 1G-12

single-point tenl, VRS, 15H

surface, 12

Hacksaw, power aperated, 4520-401
Hardness, 161, 162
Hole saws, 452, 483

Incdieator. dial test, 34, 35

Jig baorer, 419
Jig boring proctice, 421-437
aligning and clamping the workpiece,
4214
dnlling and borng the hole, 433-437
loeating 1he hole, 432, 433
loeating the workpieee and spindle,
424-432
picking up an cdee, 426-432
Jig grinder, 446=150
Jig grinding practice, $42-453

Latlie attachments
collet chuck, 155, 257-200
driver plate, 236
fnceplate, 155
follower rest, 248, 240
four=fmw independent chuck, 155, 258-
257
micrommeter earriage sbop, 156, 157
sopuare turred, 268, 269, 3406, 307
stepdy rest, 157, 246, 247
faper attpchment, 285-257
thread chasing dial, inels, 357-359
{lhread chasing dinl, metrie, 359-362
theee-jaw universal chuck, 155, 252, 253
foal post grinder, 160
rracer atiachmend, 157-160
[athe copters, 223, 229
hive, 231, 232
L.athe operations
ahgning centers, 231-235
angle boring, 201-203
anele turning, 280-201
bl incing, 152, 106
lsic apeeations, 220
boring, 270=-273
chucking, 252-257
culting-off, 194, 197, 273-275
drilling, 264-269
rad Tacing 237-240
faceplafe work, 204-310
facing, 104, 197, 245 263, 264, 205
fling, 242
forming, 194, 245
grimiding, 160, 230
grooving, 194, 197, 244
knurling, 249-251
necking, 194, 197, 244
polishing, 242
reaming, 2060, 270
=houbder turning, 243-245
taper Boring, 201-293
iaper turning, 285-285
iapping, 376
rhireadd culting, 362-351
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truing eenters, 230, 231

turning on conters, 220-251
Lathe taola

dogs, 236

dril chuek, 155

drifl holder, 267, 38

floating reamer holder, 269, 300

mandrel, 245, 246, 305
Lathes
antomad e, 393-397
cnginge, 139-155
hollow spindle, 141
production, 397, 393
sliding gop-bed, 140, 141
turret, 382-302
vieptienl, 398402
Lavout machines, 70-74
Layoul procedures, 53-70
neljusting the Insout, 69, 70
for castings, G-08
for evlindrical partz, 55-58

for cqually spaced holes on o circle,

-6l

for hole locations, 54, 55, 407-400

painting, 51, 52
Lavout zeals, G4
Leveling lathes, method of, 229
Laminte. dimensional, 51

Mandrels (zee Lothe foole)
Machine shop, the work of, 1

Machine tools, peneral descriptaon, 2
Meazurenvent, basic nomenclature of, 51,

n2
Metrieation, 42-44

Micrometer measuring instevients. 3-33

cheeking, 32, 33

depth mierometer, 31

inside merometer, 1
Mul-T=Anvil micrometer, 32

onmizide micrometer, 26, 27, 31, 45
serew throad macrometer, 339, 340

Micrometer =eale rending

inch, 27-31
metrie, 45—18

Milling, 5-7
X ominal Size, 51
Oiptieal comparators, 332-335

Farallef=, 41, 4%
by Eyvpe, 442
Planer gage, 40, 41
Planing, 5
Power, estimaling
For drilling, 102107

INDEX

For maximum wiilization, 218, 219
for turning, 213-219
Precizion, 52
Frecision hole locntion methods, 408-153
buttoning, 414, 418
g horing, 421-437
lxyout and deilling, 407-410
laveout, deilling, and horing, 411-414
Protroctor
bovel, 18, 19
wernier bevel, 24=26
Pump center, 412

Cuick=chonge gearbox, 146-148 351, 352
modifving output of, 352-356

Renmmers, 12-06
floating blade type, 300
hand, 1205
machine, $2-05
rose, U5, 06
taper, 95, 06, 292
Reaming, basie principles of, 92-95
on & Jig borer, 436, 437
on a lathe, 269, 270
stock removal for, 05, 434
tapers, 202, 293
Eelicf angle
of boring tools, 194
of singlo-point tools, 179-181
of theead cwtting tools, 342, 344
of twist drills, 84-87
Hockwell hanlness, 161
Totwry table, 138-441
Rules, precision stecl
ineh, 13-15
mefrae, 44

Savw hlacles
For power havkeaw, 450-461
for vertical contour saw, 467-473
Saw puides, aodjustoient of, 463
Eiw, hiole, 482 483
Savwng, [riction, 478482
Sowing machimes, 450=483
band-type cutoll 461, 462
power hackaaw, 450-461
vertienl contour band, 163-467
Serew throads (eee Threads)
Shaping, 5
Sinc bar, 282, 283
Sine plate, 36, 37
Eime tnhle, 438
Smgle-point cufting tools, 161-217
grinding. 198, 109
Single-point «ulfing (ool
onid cutting cdge angle, 182
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lead angle, 182-184, 104, 271
nomenelature, 179
nosc radius, 184, 185
rike angles, 181, 182
relief angle, 179-181
sile ewi ting edge anglo, 182-184
Bimgle-point cutting tool design
boring, 180, 197, 270, 271
broad-pose finishing, 197, 108
confour Lurning, 197
cut-off, 180, 107. 273, 274
eod Taving, 194, 230
facing, 194, 197
grooving sl necking, 180, 104, 107
rough and finish turning, 197
thread cuiting, 180, 342-345
turn and facing, 192, 106, 244, 245
burning, 191, 192, 1
Bpot facer, 96
Square
combination, 18
exlindrical, 20
method of checking squareness, 19, 20
precision sheel, 19
Surface gage, 30, 40
Eurface grinding, 12

Tap, 97-94
Tap drll sizes, D8
Tapping
b hand, 97, 940, 104
on o dreill press, 133-135
on anengioe lothe, 376
on o turret lathe, 300
Tuper attachmont, 285-287
Taper boring, 201-2093
Tapoer caleulations, 280, 281
Taper reaming, 2092, 203
Taper thread turning, 377, 378
Taper turning, 285-28%
Taper turning ealewlations, 285
Tapers
American Standard Maching, 280
Brown and Sharpe, 279
Jarno, 270, 280
Milling Maching, 280
Moarse, 270
Tapers, measuring and gaging, 281-285
Telesvoping guee, 18
Threads
American National Threead Svatem, 3158
Amenienn Standard  Acme  Threads,
S10-321
American  Standard
Threacds, 322
Amerwean 2tandand Microscopie Ohjoe-

tive Threads, 310

Putiress  Serew

495

Amoriean Biandard Taper Pipe
Threads, 321, 322

Ameriean Standard Unefied Mimature
Serew Threads, 310

Ameriean Stamdard Unified Threads,
arg-318

ANE] Metrie Threads, 323-325

Biritish Assocition Standard Threads,
323

British Standard Fine Thronds, 322, 323

British Stancdard Whitworth Threacs,
q22

definitions of torms, 311-313

ITnterference Fit Threads, 321

120 Metrie Trapezoidal Threads, 328,
aEn

Houare Threads, 321

Thread cutting
on an cngine lathe, 341-381
ap o foered lalhe, 390

Threadmeasuring and gnging, 329-340

mating part as 4 gage, 332
aplical comparator, 332-335
plug and ping gages, 3J30-332
roll-type thread gage, 332
gerew thread micrometer, 339, 340
snap gage, 332
threc-wire method, 335-350
toolmakers microscope, 315
Toleranees, ilateral and vnilnteral, 51, 52
Tool holders for  single-point cutiing
ionls, 185180
Tool life, 168, 170
Toolmakers butions, 404, 405
Toolmakers microscope, 335, 362
Tool materials {see Cubling tool male=
reals)
Tool wenr, G212
butlt-up edge, 202-HM, 207-200
chipmng, 211
crater wear, 200
deformation, 211
Annk wenr, 205207
notching, 200, 210
oxidation, 211, 212
pullots, 210
thermal cracking, 210
Transfer punch, 130
Transfer serew, 131, 132
Transivcre of tolernnees, 453-458
Trial cut proccdure, 240, 241
Turrct lathe, 382-386
Turrel Inthe operations
horing, 388
putling-off, 302
drilling, 387, 385
mulliple turning, 387, 388
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overhead turming, 3587
planning, J02
reasmng, 80 300
roller bar rurning, 391
apacdis drilling, 350
giart drilling, 359
stoe b sl 350
L gm0
thread eutfing, 390
Turres Inthe tooling, 357-392

combination =ock =top and slact drill,

a80

vl ler hioldess, 187
Aoating reamor halidor, 300
multiple turning heal, 387
roar eulber hloek, 302
redenzing tvpe tap holder, 300
roller b Furnes, 391
self-oprtung die boad, 300
glisle 1oal, 358

Twist drall, S1-940
chag formatien, H0-02

INDEX

point geomeiry, 54-00
noenclature, §1-83
slmes B3

Vldoeks 57, 123, 304, 441
Voermier moasuring mstroments, 21-26

hovel prdrecior, 24=26

caliper, 24

lepth gogee, 24

gear footh caliper, 345

height gage, 24, 35
Vernier seale ressling

meh, 21-24

metrie, 4850

vernier bevel protractor eeale, 24-26
Vertieal horing millz, 305402
Vertieal confour bandsaw, $65-467
Vertical furret Ianthes, 305-402

Welidling =aw Llades, procedure for, 471-
473

Witness marks, 55, 125, 409















