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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.
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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
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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
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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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Ch. 1 BASIC METAL CUTTING OPERATIONS 3

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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4 BASIC METAL CUTTING OPERATIONS Ch. 1

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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Ch. 1 BASIC METAL CUTTING OPERATIONS 5

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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6 BASIC METAL CUTTING OPERATIONS Ch. 1

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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Ch. 1 BASIC METAL CUTTING OPERATIONS 7

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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8 BASIC METAL CUTTING OPERATIONS Ch. 1

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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Courtaew of Cincimnati Milacren

Fig 1-6 Princple of cyhodrical gnodiog, "traverse"” method,

Precision Grinding

Grinding wheels are just us much metal cutling tools as are single- or
multiple-point cutting tools which are used Lo alter the shape of 4 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
withstand 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 macline shop to grind cutting tools
on pedestal grinders or on special cutter- and tool-grinding machines,
Precigion grinding machines are designed to control the path followed by
the work and the wheel, with great preeision. These machines thus have
the eapability of producing parts with a high degree of dimensional
ACCUracy.

This capability is further enhaneed by the nature of the cutting sction
of the grinding wheel which preduces 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 aecuracy and sur-
fnce 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 removal rates. This process is called
abrasive machining,

Cylindrieal grinding machines have been dezigned to produce ground
eylindrical, tapered, and formed surfaces. When traverse grinding (Fig.
1-6], the rotating workpiece is traversed past the grinding wheel which is
rotating at & very high speed. At the end of each traverse stroke there 15
& dwell before the direction of the traverse 1s reversed. The purpose of the
dwell 15 to give the grinding whee!l time to eut at the end of the stroke.
Generally, the dwell 15 also utilized to feed the grinding wheel into the
wogrkpiece for the suceeeding traverse. This Teed is called "infeed." An-
other method of eylindrical grinding 12 called “plunge grinding” (Fig. 1-7),
This method 15 hmited, however, to surfaces on the work piece that are no
longer than the width of the grinding wheel The grinding wheel 13 fed,
or plunged, into the rotating workpiece without any traverse motion,

Caurfesy of Cincmmats Muucron
Fig. 1-7. “Plunge grinding” method of eylindrical grinding principle.
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Surface grinding 18 accomplished by traversing u non-rotating work-
pieee, usyally in a horizontal position, past the grinding wheel as shown
m Fig. 1-8. The grinding wheel 15 generally fed a small amount perpen-
dicular {crosswise) to the direction of the traverse movement of the work

Courteay of Lhe Fallmaper & Livimgalen Compong

Fig. 1-8. Prinoiples of surince grinding,

at the end of each traverse stroke. The surface resulting from this action
15 & plane, or Aal surface. Special methods are used to grind profiled sur-
fuees such as threads and gear teeth.
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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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Courizey of The L. 5. Starreil Comfaniy

Fig. 2-1. Basic machinests mensuring toals including a precision surface-plate
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Couriesy of The L. 5. Starreil Company

Fig. 2-2. (Upper view) Steel rule with decimal inch graduations; (Lower view) Steel
rule with fractional imch graduntions,
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systen. In the deeimal ineh system, the inch s divided into one tenth
(100} inch, one-Ritieth (020} inch, and one-hundredth (0100 inch, {See
upper view, Fig, 2-2.) In the fractional inch system (lower view, Fig.
2-2), the mnch is suceessively divided by two, vielding the following
graduations: 4 or 500 inch, 34 or 250 inch, 1§ or 125 inch, ¥g or 0625
inch, Y. or 03125 inch, and 5, or 015625 inch. One advantage of the
fractional inch svstem 15 that the smallest praduation that can be
clearly distingumished with nermal evesight, and without causing undue
eyestrain, 12 1}, or 0156 inch as compared to %, or 020 inch for the
decimal inch svsten,

Decimal equivalents are the decimals corresponding to the [ractions
in the frectional inch systern. The decimal equivalent can be calculated
from the fraction by dividing the denominator into thY numerator. For
example, Lo find the decimal equivalent of 7. ineh, divide 7 by 32, thus
7 32 = 21875 inch, Tables of decims! equivalents are usually avail-
able, making these caleulations unnecessary. Their use is recommended
to preveni possthle mistakes that sometimes are made when decimal
eguivalents sre found by caleulation. A table of decimal equivalents is
given in the Appendix of this text,

Calipers

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

..
== i

Cowrteay af The L. 5 Starvatl Company

Fig 2-3. {Left) Outside calipers; (Center) Inside ealipers; (Right) Hermaphrodite
caliper,
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16 BASIC MEASURING INSTRUMENTS Ch. 2

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
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Courteay of The L. 5. Starreil Compamy

Fig. 2-6. Telescopung gages used Lo mensure hote diametors,
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“tenths" (D001 inch) ecan be made, using both inside calipers and out-
side micrometer calipers. Measurements ean also be transferred between
inside and outside calipers as shown st C, in Fig. 2-5,

Telescoping-Gage and Small Hole Gages

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

Courteey of The L. 5. Starred i Comijiang
Fig. 2-7, S3mall hole gange-setting measured by ouside-micrometer caliper.

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

The Sguare and the Bevel Protractor

A frequently encountered angle iIn machine shop work and in tool-
making is the right angle, or 90 degree angle. The square is the basic tool
uged 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, & bevel protractor, and »
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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Uourteri wf The L. 5. Stasretl Companiy

Fig Z-8 Combmution sel meluding squars head, bevel proteactor, 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 night angle. The use of the
center head will be deseribed in the next chapter,

For very aceurate determinations of the right angle, & master precision
square, Fig. 2-9, is used. The beam and the blade of this square are hard-
ened, ground, and lapped to insure straghtness, parallelism, and the exact,
right-nngle relationship. It should be very carefully handled at all times
Squares may be checked by using two toolmakers buttons that are
serewed to an angle plate as shown in Fig. 2-10 The lower button 1s
serewed bight, while the other button is tightened also, but less frmly.
The square and the angle plate are then set on a precision-surface plate
and finally, the blade of the square = placed against the buttons, A thin
piece of paper, or paper “feeler,” is placed between the blade and each
button. The upper button is then hightly tapped with a piece of soft metal,
say a l-inch dia. ® 6i-inch piece of soft brass, until both paper feelers are
tight. The square 15 then postioned on the other side of the buttons and
checked with paper feelers as belore, 1T both paper feelers are tight the
square 13 sccurate. In making this test it is very important that both
toclmakers buttons have exactly the same diameter. The thin paper
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Courteaw of The L. 5. Starratl Co
Fig. 2-9. Master precision-aieel aquare.

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

Extremely accurate right-angle measurements can be made with the
eylindrical square shown in Fig. 2-11. It is used on a precision-surface
plate. This square 18 & 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-
moz=t dotted curve in contact with the work to the number which shows
the deviation in steps of 0002 inch.

' B

|

Fig. 2-10, Method for checking & square,
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Courleey of the Hrown & Sharpe Manufacfuring Co,

Fig: 2-11. Cylindrieal square used lo moke precise meosurements at nght angies.

Vernier Measuring Instruments

The vernier 1= an auxiliary scale that is attached to ealipers, height
gages, depth gages, protractors, and other measuring immstruments. It
allows exceedingly accurate measurements to be made, The vernier meas-
uring instrument 1s, 1o effect, 8 graduated steel rule to which & shding
member containing the vernier seale 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 haz a 30-divizion vernier acale.

The primary scale of a 25-division vernier 18 divided into inch grad-
wations (large numbers), 100-inch graduations (small numbers), and
025-1nch gradustions (no numbers). The vernier senle has 25 divisions,
and 1ts length 15 equal to the length of 24 small divizions 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 seale,

Courdewy of The L. 5. Starrett Cimpang

1. Read the whole inches on the primary scale 1.000

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

Courfery of the Drown & Sharpe Mamuforfuring Co.

Fig. 2-14. ¥ernier caliper,
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3. Count the number of small graduations bevond the
previous reading and multiply times 050, or 1 = 050 050
4. Find the gradualion on the vernier seale that is in
exaclt alignment with a graduation on the primary
scale and multiply times 001, or 14 x 001 014

5. Add total to obtain reading, 1.464 inches

Vernter calipers capsable of measuring both 1nside and outside dinmeters
are shown in Fig. 2-14. Vermer height gages (Fig 2-15A, and Fig. 2-27)
are uzed to messure vertical distances above a reference plane; usually
a precision-surface plate. They are also used to scribe lines &t a given
distance above a reference plane when making precise layouts on work-
pieces. A vernier depth-gage 1s shown at B in Fig. 2-15.

ik

F A
o Ml
l e [
] S
L w
R L O L e

A B

Fig. 2-15. A, Vernier height-gage, B, Veraier 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
{(607) in one degree, this is equal to one-twelfth (%, = ¥l 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 scales, each having
twelve divisions on either side of the zero graduation. The left-hand scale
15 used when the vernier zero graduation 15 moved to the left of the zero
on the primary seale, while the right-hand scale is used when the move-
menti is to the right. The total length of sach vernier seale 12 equal to 23
degrees on the primary scale. Sinee there mre twelve divisions on the
vernier scale the length of each gradustion iz equal to 23 + 12 or 1-144,
degrees. Sinee one degree equals 607, 1145 degree equals 1%, = 60 or 55"
Thus, the length of each praduation on the vernier scale is equal to
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Courtery of The L. 8. Starreit fa.
Fig. 2-I6 Versier bevel protrastor,
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Caurlesy of The [ 5. Starreff Co
Fig 2-17. ¥Vernier bevel protractor scale,
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60° 4+ 55° or 115°. One graduation on the vernier scale is, then, 5 less in
length than two graduations on the primary seale; 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 whaole
degrees passed by the vernier gero and then eount, in the z=ame direction,
the number of gradustions between the vernier zero and that line which
exactly coincides with & gradustion on the primary or degree seale; 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 30°, and the fourth line to the left of the vernier zero coincides

with a line on the degree scale. Henee, the reading 15 50° +4 x 5 or
S0°20°,

Micrometer Measuring Instruments

The micrometer serew prineiple s used on a variety of measuring
instruments which includes outside micrometer ealipers, Inside micrometer
calipers, and micrometer depth gages. The precision obtainable by all
micrometer messuring inetruments is 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

Comrieey af The L 5. Starreil Company
Fig. 2-1E. Duiside micrometer caliper set ineluding lengih standards.
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instruments are designed to sccommodate 8 one-inch movement of the
micrometer spindle. For example, outside micrometer ealipers 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 1o 3 inches. Inside micrometer calipers and depth micrometer
calipers have separate stems for each one-ineh interval within the range
of the instrument.

Figure 2-19 illustrates & sectional view of a one-inch, outside microm-
eter ealiper 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,

Coprtdiy of Tha L. 5. Elavrefl Oii.
Fig. 2-19, Sectioned view of 01 meh outsde-micrometer caliper

The sleeve houses the spindle nut and it has graduations marked length-
wize on its outside surface. These graduations are one inch long, and they
are divided into 100-inch and 025-inch intervalz. 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 (e end of
the thimble is beveled. The bevel on the thimble has twenty-Ave equally
spaced gradustions around its cireumference. 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 {ace of the anvil
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. 220, Micrometer groduslions

The micrometer screw thread has 40 threads per inch. Its lead, or
diztance that the thread advances per reveolution, is equal to 1 + 40 or
025 inch or the distance between the smallest gradustions on the sleeve.
The beveled edge of the thimble will move lengthwise one graduation on
the sleeve Tor each revolution, since it is attached to the screw, Turning
the thimble through one graduation on the thimble scale will eause the
thimble and spindle assembly to rotate exactly Y4y of a revolution, sinee
there are 25 equally spaced graduations around the thimble. When the
gpindle rotates 1is of o turn, it moves lenpthwize 14y of its lead, or
Las ® 025 = 001 inch.

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

Courtesy of The L. 5. Etarreit Company
Fig. 2-21. Measunnog partl held o a lathe using outside-micrometer calipera
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l. Bead the largest number visible on the sleeve scale
and multiply by 100, or 2 = 100 200
2. Count the nmumber of small praduations bevond the
gradustion corresponding to the number read ashove,

and multiply by 025 or 3 = 025 075
3, Read the gradustion on the thimble seale and multiply
by 001, or 10 =« 001 010
4. Add to obtain ruu:]ihg. 285 mmich

Some micrometers have o vernier seale, v, marked on the sleeve as
shown at B, Fig. 2-20. The vernier seale, in conjunction with the regular
micrometer scale, enables the merometer to be read to 0HH inch, The
relation between the graduations on the vermier and those of the regular
mieroameter is wore elearly shown in C, in Fig 2-20. The vernier has Len
divisions which are the same length as nine graduations oo the thimble,
For convenicnee in reading, cach graduation on the vernier scale is nume-

Courtery aof The L. 5. Starreli Company

Fig. 2-2% Mensuring with large outside-micromeler caliper
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Fig. 2-23. The use of inside-micrometer calipers in mepsuring o large bore

bered. The difference in width of a thimble division and a vernier division
13 equal to one-tenth of the thimble division, Therefore, & movement of
the thimble equal to this difference results in A movement equal to 14,
of Y of a revolution, or Y, X Wy = Y.y of a turn of the thimble and
spindle assembly. This will cause the spindle to move lengthwise ., *
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 mierom-
eler, and then find & line on the vernier seale that exactly coineides with
one on the thimble; the number on this line represents the number of ten-
thousandths 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 somlez read 275 inch. On the vernier scale, the fourth
graduation ecoineides with a graduation on the thimble; therefore,
4 = 0001, or 0004 inch s added to the regular micrometer reading. The
final reading s, then, 275 + 0004, or 2754 inch,

Aceurate 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
tuking different types of mensurements. Any movermnent 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 hest shown by illustrations as follows: 1. Fig. 2-21, when a part 15
held 1o o lathe; 2, Fig 2-7 and A, in Fig, 2-6, when the tool or part to be
measured 1s held in the hand; 3. Figs, 2-1 and 2-22, when measuring with
large micrometer calipers. Inside micrometer calipers, as shown in 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 aceuracy of inside micrometer calipers with
outzide micrometer calipers before they are used. The use of depth
micrometers 13 shown in Fig. 2-24. The thimble 1s carefully turned until
the measuring rod just touches the surface to be measured

Comrdeay of The L. 5. Starreit Compumy

Fig. 2-24 Using depth micromesters Lo measurs shoulder depith
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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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Fig 2-25, Bturrett Mul-T-Anvil micrometer caliper, A, Teed a8 8 micrometsr ealiper,
4, Used nz o height page to measure part on surfoce grinder.

screw will wear to the extent of bomg imprecize on only extremely rare
oecasions. Il this docs happen, the micrometer should be replaced, On
rare occasions; the adjusting nut on the micrometer 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 measurement obtained s compared to the known length of the gapge
blocks.

[nside micrometers are usually cheeked with micrometer calipers that
are known Lo be precise. The mside micrometer 15 placed against the anvil,
Then the spindle of the micrometer caliper 1s carefully adjusted to read
the length of the inside micrometer while 1f 15 moved sabout very shightly
to obtain the feel of the caorrect setting. The readings of the two microm-
clers are compared to make the check. Sometimes inside micrometers
are checked with precision gage blocks and, when avallable, with precision
rig gages,

www.EnagineeringBooksPDF.com



34 BASIC MEASURING INSTRUMENTS Ch. 2

Cowrtoay of The L. & Starecll Crmpaniy

Fap, 236, Dhal test mddicator and planer gage—shows 6 ackgmond—are wded 1o
check e gize nf o muthined surloce oo o planes

Dial Test Indicators

The dial test indicator (zee Fig, 2-26) i a sensitive instrument having
a praduated dial and an indicating hand which 15 connected through a
system 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 is transmitted through the
spindle, greatly amphfied by the internal works, and displayed by n 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 8 great variety of
sizes 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 deviees, In the shop, dial test indicators are frequently simply re-
ferred to as “indicators.”

The dial test indicator in Fig, 2-26 15 used to cheek the depth of cut
on & flat casting. The indicator reading 1s 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
edpes and holes for precision boring, to measure concentricity, to “gero”
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IFyp. 227 Precision gege blovks used with dial tisd indieator sttached 1o vérpias
g ht=gage to megsure workpicee

the pozition of moachine tool slides, and to men=ure parallelisig between
suriaces. The eperation of using o dinl test indicator 1= usually ealled
“inilicating. "

Precision Gage Blocks

Precision gage blocks, Fig. 2-27, are small blocks of steel that have
heen heat treatesd to o high hardness, The heat treatment is also desipned
to olitain a high degree of dimenstonal stability in the bloeks. They are
made to have an extremely high degree of (imenzional aecuracy as shown
in Table 2«1, There are several prades of page blocks which can be
categarizod as mastor bloeks, inspeetion blocks, and working blocks. Work-
ing blocks are used i the workshop, They are used to ealibrate microm-
etors and other precision measaring tools, to mspect dics, teols, and other
precision: miachine parts. In Fip 2-27 o pape block s shown on a precision
surface plate. It 15 gged with the height gape aned the dinl test indientor
to measuee the height of o surface on the workpicce by eowparing the
height of the gope block and the workpiece with the imdicator. Goape
hlocks are also used to weasure angles in conjunetion with sine bars and
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Fig 2-28. Precition guge blocks nod sine plale used Lo measure angies

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

Gage blocks are sold in sets. A set of gage blocks 15 shown m Fig
2-27. The sizes for an 83-piece, gage-bloek set are given in Table 2-2,
By combining two or more gage blocks, a large range of extremely accu-
rate dimensions ¢an be obtaned. The bloeks can be combined in the
following way when there 15 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. Fiest, the joining surfaces of the blecks are cleaned. One
black 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
Lo each other so stropgly that a very considerable foree bs reguired to
separate them. They are best separsted by twisting them apart i a
manner sunilar 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 ac-
complished by successively ehminating the smallest remaining dimension.

Example 2-1,

Determine the gage blocks required to obtain 36742 inches. (Refer to
Table 2-2.)

www.EngineeringBooksPDF.com



Ch. 2

SAA0TE] 1A OG0 0L
D00 DO0E O00'S 0001
(8¥20(g] ¥) SLAZ 000'T  YMnoq

§,§.§.§.Eh_§.§.
000 06% 006 0SE 00F  0gg 008 0S% 006 0§D 00T %O
(8390]¢] 61) S2149G QSO° PAIY,

BFT°  §FT°  LFTC ORLT CRLC BRI ERIC ZEDT TR OFD
6ET°  SET°  LE1°  OET°  ¢gl’  EU  EEL’  ZELC 1810 0B 6B ST LGU
0o’ T Fel ECL” FAAN 120 0z1” GI1° BT L HIN ol FIT
. AN 11T omr 0T BOT” Lot o goT” FOT” £0O1° AL mt

(E0016] 6F) 5OUAS 100" PUGIIG

BASIC MEASURING INSTRUMENTS

38

BOOT°  SOOT°  LOOTT 00010 SOOTT  FOOUT  BOOTT 20010 10U
(%0074 6) S99 TOO0° 38414

www.EngineeringBooksPDF.com

125 yoo|g-adern ad21d-gg ue 10} SBZIS "Z-Z2 ©|qe)



Ch. 2 BASIC MEASURING INSTRUMENTS 39

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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Fig 2-20 Burfpce grge used to tranefer & measurement from i 12-inch rule. The role
1g held in n rule holder.

of the surfaece gage to test a cast surface for parallelism s especially effl ec-

tive because the surface page can average oul the irregularities on such
aurfaces,

Universal Precision Gage (Planer Gage)

A universal preecision gage 18 shown in Fig. 2-30. This pgage was
developed from a planer gage by the incorporation of a fine adjustment
mechanism. Originally, planer papes were uwsed for setting planer and
5i‘|1'1|'IIE'I' cutting tools to establish the correet depth of cut, The universal
precision gage can still be used for this purpese, Many other uses have
been found for this tool in doing precision machine-tool work. The slide
ean be precisely adjusted to any vertieal position by messuring across
the base and the top of the shde with a micrometer caliper, or by trans-
{erring the measurement from n stack of gage blocks with a height gage
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Fig, 2-00, (Left) Setting o ungversal precision gage ueing & height gage, disl test
indicator, and precimon gage blocks. (Right) Seribing a layout line with a sniversal
PreciEion ERgD

and a dial teet indicator, as shown in the illustration at left. A seriber
can then be attached to the universal precision page in order to scribe
layout lines, Other uses inelude measurements of parallel facesin a slot,
as an adjustable parallel, for setting up and leveling workpieces, and as
a height gapge for transferring measurements from gage blocks by using a
dial test indieator mounted on the universal precision gage.

Parallels

1llll'll.ll.ll‘l' Hl_ﬂ. [I‘I'i.][].'l.l.'ill.l"p' ol I'I'll'!‘.'l!:illl'i.]ll.I lllllllr "H.[:I."Fll:- e iIl!l.]HFH.']'IhHII‘I‘I' '|l.l|:,.|-|H
m machine shop and teolroom work, They are used {or the setup of work-
pieccs on machine tools, when mspecting parts, and when making lnyouts
o parts, Parallels are reetangular bars of lardened or unhardened steel
that have two sides ground cxactly parallel; somie parallets hive two pairs
of sides ground parallel Freguently parallels are made in pairs, cach pair
being pround topether =o that they nre exactly the same size. Very lnrge
parallels are usoally made of alloy east oo haghly preeize purallels are
abso made from granite beenuse this material i very stable dimensionally.
Hardened steel precision parallels have two pairs of sides parallel, the
sideg Leing square dand parallel to “tenth” (0001 in or 0002 mm)
tolerances. These parallels are mnde 1o froetional ineh sizes rnnging from
Wox A xBinches to 114 x 3 5 12 inches; melrie sizes range Trom 6 x 10 %
150 mm to 38 x 78 x 300 1um. Special sizes ure often uscd, when needed.

Although ot classificd as parallels, 1-2-3 bloeks serve the same purpose,
Made of bardencd or unhamlened steol to "tenth” tolerances, their
dimensions are 1 % 2% 3 mehes, Usually their weight 15 reduced by drealled
holes, which muy or miny not be tappoed

Adjustable parallels are precizion tools that conld be elassihed g gages
or measuring tools. They may be used as preeision parallels; however, one
of the most important applications of these tools s illustrated in Fig, 2-31,
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Fip, 2-31 Measuring the width of a slot using adjustable pearallelz and micrometer
cnlipsern

where it 1= being used to measure the width of 4 slot, The adustabile
paraliel 12 inserted in the opening anel expanded to fit the slot. The size
of the slot is then measured with 0 mierometer esiiper by measuring over
the adiustable parallel, Ench sdjustable paratlel kass its own size range;
g, ot 1 inch, 2 to Y4 e neh (95 10 12.7 mm, 127 to 175 mm).
A set of zsix paralleis that nre available commercinlly will eover all sizes

from % to 214 inches, or 9.5 to 57.1 mm.

Metrication

The metric svstem adopted by all countries 1= the Tnternational Syatem
of Units, or 31, In mochme shop practice the application of this system i=
primarily coneerned with linear measurements. The metrie units of linear
measuremen! recommended by 8T are the meter, kilometer, and malli-
moeter, although the contimeter mav also be used in some instanees. For
all prL'c'J:-'i:UI: maching work the millimeter will Le usced exelusively. [imen-
sions less than one millimeter are slways expressed as 2 decimal fraction;
eommen fractions (YR, 14, ete.) are not used as they are with eustomary
meh units

There are exactly 25.4 millirmeters in an ineh; thus, one ineh 1= equal to
254 millimeters, exactly, Conversely, one millimeter s equal {o
L3037007RY . . . . mch, which 1 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 melric micrometer calipers are shown in Fig 2-33. They are
ientical cxcept that the ane at B has & vernier seale while the other does
not. The micrometer in view A has graduations that will read to an
accuragcy of 001 mm (00039 1n.) ; the addition of the vernier acale on the
miceometer in view B oallows 1t to be read in 00002 mm (0008 in.)
increments. The usual range of each metric micrometer is 0 to 25 mm,
corresponding to O to 984 mch; metric micrometers are available
sizes up to 600 mmand larger, if required,

As shown in Fig. 2-34, the reading line on the sleeve is graduated in one
millimeter (L00) increments above the line, and bhelow the line cach
millimeter 15 divided in half by a gradustion. Therefore, the reading line
iz divided into onc-holf millimeter inerements by the gradustions above
and below the reading line. Every fifth line above the reading line is
numbered {rom O to 25, indicating five millimeter (5.00) intervals belween
the numbercd hines,

The piteh of the spindle serew on metrie micrometers 5 one-hall milli-
meter (0,50 mm). Onre revelution of the spindle will, therefore, advancs
the spindle 0.50 mm toward or away from the anvil. Since the thimble
moves with the spindle, 1t will also move 050 mum, which 15 equal to the
distance between graduations on the reading line,

The beveled edge on the thimble s graduated into 50 divisions, every
fifth line being numbercd. Each division representz & rotation of 14, of a
revolution by the thimble and the spindle serew. Since one complete
revolution of the thimble and spindle serew causes a movement of 0.50
mm by the spindle, 4, of 4 revolution will cause & movement of

Lio % 050 mm, or 001 mun. Thus, one graduation on the thimble equals
0.01 mm, two graduations 0.02 mm, three graduations 0.03 mm, ete.

To read the metric micrometer, simply add the number of millimeters

A A A L L0 L ML ""T"‘I |r1'u' '1I1‘1r[f1.'r“u L'“'l’“’[ L1 ]'FI‘["TT""W'r'il"'iF']'TTT‘TI"J'II'|' '
1 0" oeb ozt olt -am. of of os* o1 %
wmnll HI Bl 'iu Il]”' 1'.; nl'l- 130 140

LA NN R I1|II|IJ'|III1Ir L MWL N R L A B |1|u||-|l
“ol o® DI oF  of @ ON 08 Ofl OIT 08T Ol OM
il HIHI 150 11 100 @ S8 W &0 30 a2
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Ceuriey of The Lo 8. Storrali Company

Fig. 2-32 Biee| rule with metrie geaduntinna
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Tearfesy of The Lo 8. Starradt Com patiy

Fig. 2-33 Metric 025 mm micromefer calipers. A, Without vernior seale; graduntod
to reid fo 0016 mm, BB, With vernier seale; grodunted to read to 0002 mm

and half-millimeters visihle on the sleeve to the number of hundredthe of
4 millimeter indicated by tho thimble graduation eoinciding with the read-
i lne on the sleeve. To illustrate this proecdure refer to the reading
on the micromoter seale in Fig, 2-34 and foilow the steps below,

1, Read the large number visible on the reading line

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

below the reading line that are wisible beyond the

targe number and mwultiply by 05, or 1 £ 0.5 ol
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Reading 5.78 mm

Courtesy of The L. &. Sterrell Campang

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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-k
o o

AR LA

o

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 vernitr messuring instri-
ments have two set2 of graduations, one 10 inch units and the other in
millimeters.

A 25-divison vernter is shown mm Figo 2-36, The primary seale 18
groduated in 0.50 mm inccements, and overy twenticth graduation is
numbered 10 mm, 20 mm, 30 mm, ete. The verner scule s graduated into
25 graduations, each representing 0.02 min. Every fifth vermer graduation
1# numbered 0,10 mm, 020 mm, 030 mm, 040 mm, and 0.50 mm. To read
a 2h-division metrie vernier, follow the steps below and refer to Fig. 2-36.

1. Read the numbered graduntion on the primary seale.  40.00
2. Count the number of graduations between the numn-
bered graduation on the primary scale and the zero
gradustion on the vernier seale, and multiply by
(505 3 = 050 1.50
3. Find the graduvation on the vernier seale that
enincides with a graduation on the primary scale;
then read the vernier scale. Each vermer praduation
represents 002 mun, In the illustration, the vernicr

seale reading is 0.18 nm, as indicated by the stars, 15
4. Add together to obtain the reading 4168 mmn

The vernier shown in Fig. 2-37 has two sets of gradustions, one n inch
units and the other in millaneters, Exel vernier scele has 50 divisions,
The primary metric scale is graduated in 1.00 mm increments, with
every tenth graduation numbered in sequence 10 mm, 20 mm, 30 mm, ote.

B
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Conrtesy of The L. & Storrodt Company

Fig. 2-36. Motne 25-division vernser scale,
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Metrie
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Plate

Caonriesy of The L. 8. Starrefl Composy

Fig. 2-37. Vernior sealos groduntcd 1o read in metrie (above), and ek (belaw), units,
Dath scabes are B0-division vernier seales,

The wetrie vernier seale has 50 gradoations, each representing 0.02 mm.
Every fifth graduation s numbered o sequence 010 mm, 0020 mm, . .
.80 man, 090 mm, and back to O To read o 5S0-division mictne vermer,
follow the steps below and refer to Fig. 2-37.

1. Read the numbered graduation on the primaey
metrie seale, 20,00
2. Count the wumber of graduations between the nume-
tered graduntion on the primmary scale and the zero
graduation on the vernier seale, Esch gradustion
is one millimeter. 700
3. Fined the gradoction on the wvernier zeale that
coineides with a graduoation on the primary secale;
then read the vernler =egle. Bach vernier gradoeation
represents 0,02 mme In the dllastration the vernier

seile reading 12 042 mm, gs mdicated by the stars, A2
4. Add together to obtain the answer, 2742 mim

Converting, 2742 mm to meh amits gives 1,079 inches, wiaeh 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.

www.EngineeringBooksPDF.com



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

www.EngineeringBooksPDF.com



54 LAYOUT WORK Ch. 3

Brushed onto & clean surfape it dreies rapidly, providing o 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, whieh evaporates rapidly upon application, enabling
the paint to dry in & short time. This mixture should be thin so that it
will spread easily on the metal surfaces, White blackbosard chalk can be
used when no paint s wvailable; however, 1t i not permanent and is not
a pood substitute for layout paint or dye.

Layout of Hole Location for Drilling

The procedure for laying out holes that are to be drilled in a thick
plate is shown in Fig. 3-1, A through F. The dimensions of the hole loca-
tions are given in F. The surfaee finish of the plate is smooth; {ree from
nicks and burrs. After painting the surface that is to be laid out, the
workpleee is clamped to the angle plate with one edge resting on the
lavout table as in A, For clarity, the elamps are oot shown. Using a pre-
eision steel rule that is held in an upright position, the surface pgage,
shown in A, 15 set so that the seriber point is exactly 5 inches (131" +
334" sbove the lower edge of the workpieee. With this setting the surfaee
gage is then used to seribe s horizontal line as shown in B, In a similar
manner, & second horizgontal line is seribed 13§ inches above the lower
eidpe of the workpiece. With a steel rule posttioned as shown in O, the

i = - — _._"

f 1

= :i |. -'-ﬁ_"'_"" —

Fig 3-1, Blepsin lnving oul holes for drilling.
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I84-inch, 3%-inch, and the 4-inch distances are luid out with a seriber.
The leeation of cach hole 18 marked by twa seribed hines which come Lo-
gether to & point. The two lower holes are laid off by seribing twa vertical
lines with & seriber and a square, as shown st T An alternate method is
illustrated in E, where the workpieee is turned 80 degrees and reclamped
on the angle plate. The workpiece is correctly positioned by aligning the
serihed line with the blade of a square. The 18)-inch, 334-inch, and 4-inch
dimensions are then lawd out with n surfsce gage.

A prick punch 35 carefully positioned at the center of each hole, as
determined by the layout lines;, and a mark 12 made by tapping the punch
with o hammer. Using a rule, dividers are then set to the radius of the hole
to bwr drilled, and a etrele, equal in diameler (o the hole diameter, is
geribed at each hole locution, (See Fig 3-2,) The center of each hole is
punched apain with o ecenter punch and a hammer, and four "witness
marks'" are punched on the serbed eircles as shown o F, Fig. 3-1. The
purpose of the witness marks 15 Lo provide pants of ohservation when
starting to drill the hole with the point of the twist drill. The seribed
lines ean be rubbed off by the ehips but the witness marks will remain
The eirele and witness marks are usually omitted for holes that are
approximately 1 inch, or less, in dinmoeter.

There are other procedures that can be used to lay oul holes, two of
which are shown 1 Fig, 3-3. At the left, a combination square and rule is
used, while at the nght, the layout i1s made with hermaphrodite calipers.
Often, combinations of all of these procedures are used to lay out a part

Courteny of The L. 5, Starrell Compony

Fig 3-2 Seribing hole digmeters ona hole lnyout using spring dividers.

Layout of Cylindrical Part

Layout operations on cylindrical parts uwsually require that the point
of the surfaec-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. Thiz pro-
cedure i 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 ecnters in a lathe. (See D)) It is also required when holes
and keywaysare to be laid out, as shown in E and F.
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Courtaay of Tha [, 5 Storreft Company

Fig. 3-3. {Left) Using combination aguare snd scriber to lay out plate. (Right) Using
hermaphrodite calipers to lay out plale.

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

scriber on centerline of work axia. D. Loaying center of end face. E Laying out for

drlling hole perpeodicular to axs, F. Leaying out for drlbog holes perpendicular o
axisand at po angke 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 iz sceribed across the end face and along the cylindrical por-
tion of the work with the surface gage set “on center” Using a
rule, the seriber of the surface gage 15 set above center) a distanee
equal to one-hali of the width of the keywav. A line is then
seribed with the surface gage as shown in Fig. 3-4, F. Similarly,
a line is seribed below the center to outline the sides of the key-
way. The depth of the keyway is marked, and using a seriber
and & square, a vertical line 15 seritbed on the end face, The
iength of the keyway is laid out with a seriber and & rule. A
seriber miark and & prick punch mark are then made at & dis-
tance equal to one-hall of the width of the keyway, from the
end. Using dividers set in the prick-punch mark, a half circle 13
then scribed at the end of the keyway lavout to complete the job.

Procedures other than those deseribed in step 7a ecan also be used to
locate the center of the end face, When the cyhindrical surface is rough,
the use of the hermaphrodite calipers will tend to give more accurate
results than do other methods as the caliper leg will contaet a greater
iength of the cvlindrical surfzee as it 18 moved along, thereby averaping
out small rregularities. The method of using hermaphrodite calipers is
shown in A, Fig 3-5. When the evlindrical surface is fairly true, a center
head, shown in Fig. 3-5, B, is & fast and accurate method of performing
this operation. Two or three hnes are seribed with the blade held in
different positions on the work. The intersection of these lines iz the
center of the end face, A center punch mark €, is made to mark the center
In Fig 3-5, I}, a bell eenter is shown, The conical surface locates the
punch st the center of the end face without the necessity of making 2
layout, The puneh is struck with a hammer, to mark the center. Bell
centers should only be used when the workpieee is {airly round.

r‘q

Fig, 25 Leviog out ceoter, oo end face of cyvhindrical wark. A& Using hermaphrodite
calipers; T Taing center head ; C. Using eenter punch; D, Using bell center,

Layout of Equally Spaced Holes on Hole Circle

A form of construetion frequently encountered is the placement of
holes in & circular pattern, as shown in Fig. 3-8, The eirele on which the

www.EngineeringBooksPDF.com



Ch. 3 LAYOUT WORK 55

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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Fig. 3-7. A. Principle of aligning a casting on a lavoul table for the first setting. Either
seb of YY' digtanees con be uged, but not both, B, Principle of aligning cagting lor
eecond setling.
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1. Place the work on parellel blocks that have been previously placed

in position upon the layout table. Sinee the surface of the casting
15 rough, it is wsually necessary to add shims to prevent the cast-
ing from rocking. Screw jacks are used, sometimes, in place of
parallel blocks and shims,

. Pamnt the ecasting with a white layout paint on all surfsces on

which layout linea are to be geribed.

. Establish a reference plane by selecting and leveling two horizontal

limes, or planes, that are at right angles to each other on the cast-
mg. This is the mmtial step in actually making the layout. The
principle of establishing a reference plane 15 llustrated in A,
Fig. 3-7. A block having two perpendicular axes is shown. Each
axis 1s parallel 1o the top and the bottom surfaces, or planes, on
the block The pair of axes may or may not actually mtersect each
other. The top and botlom surfaces, or planes, of the block will be
parallet to the top of the layeut table when the distances ¥ oand
VY, taken from the top of the table, are equal to each other and
when the distances X and X7 are equal to each other. 1t 15 not
necessary for ¥ oand ¥ to be equal to X and X7,

In order to cstablish the reference plane on the casting, a start-
ing point must be selected Sometines, a flat surface can be used
as a reference plane, in which ecase this surface is leveled with a
surface gage or placed in a perpendicular position with a square
Care 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 seldom are miade with draft

Fig. 3-8, Checking starting reference point of layout with a purface-gage and a ruler,
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The axis of a cored hole, therefore, frequently afords a better
reference position than does a plane surface. The axes of two per-
pendicular cored holes also are frequently uwsed to establish a
reference plane on a casting Figure 3-8 shows the center of n
cored hole being checked with a rule and & surface gage. This
cored hole passes through the casting and the axis of the cored
hole 1s selected to establish the reference plane, The casting 1=
leveled until the cored hole axis is parallel to the lavout table;
this is secomplished by making the distance from the table top to
the center of the cored hole, equal at each end If necessary,
shims are uged Lo adjust the position of the easting. A similar pro-
cedure 13 used to find, and then to level the second axis, which as
perpendieular 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 eqgual amount. This 18 necessary in order
to maintamn the parallelism of the first axis,

Fig. 3-8, Setting the Inyout scale (o the starting reflerence point,
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Courtesy of dhe Trddings & Famo Mochine Tool Company

Fig. 3-10. Seribing a finish Line Tor & suclpce o be milled wath a suidace gage.

4. Position the rule, or il used, the layout scale, with respect to the
casting. A layout scnle, Fig. 3-8, has graduations which have been
specially cut 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 itseli by
reducing the timme required to make the measurement and by re-
ducing errors in reading the rule. When only one or two castings
are to be laid out, & precision steel rule is used, In either case,
the layout scile, or the rule, is adjusted vertically on the rule
holder until one of its prineipal graduations (say, an inch mark) is
exactly nligned with the point of the surface-gage scriber, with
the scriber pasitioned on the reference axis. In Fig 3-89, two lines
are shown scribed across the cored hole containing the reference
axis; the lavout seale is being posttioned with respect to this axs,
using the surface gage,

a, 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 "elean up.” The dimension of each surface is checked with the
surface gage, then a line is seribed to mark the location of the
surface to be machined, Figure 3-10 shows a fimish line bemg
scribed on a casting, to define a 2urface that i1s to be milled or
planed.

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

cored hole, The same cored hole is checked again in the second
setup of the casting when the casting is positioned 80° from its
present position, as described in Step 7. Thus, the hole will have
four seribed hnes as shown in Figs, 3-13, 3-14, and 3-15, which will
determine If sulficient 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 & 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
“elean 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 surfsce to be cleaned up, Oceasion-
ally, a core will shift sufficiently in making a casting to cause the
cast surfaces to be badly misaligned In such n 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,

. Scribe the first setup hne around the casting. It should then be

prick punched at convenient intervals, as shown in Fig. 3-11.
The setup hne 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 also indicate & starting pomt from which other ma-
chined surfzces are dimensionally tied. It is sometimes convenient
to have the setup line coincide with the center of the casting,

Fstablish the second reference plane. The second reference plane
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Fig 3-12, Resetting work to first setup line using o soquare,

i required Lo eheck the amount of material on all surfaces for
“elean up,” and to seribe a second setup line which i used to
align the part in the machine when setting up. The work 15 reset
on the layout table by turning 1t 90° The principle of aligning
the part on the layout table for the second setting is shown in B,
Fig. 3-7. The first layout 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) is then made to be parzlle] to the top of the layout
table by making distanee X equal to X7 (zee B, Fig. 3-7). In
practice, this 15 accomplished with a rule and o surface gapge as
shown in Fig. 3-8, und described 1in Step 3.
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Fig: 3-13. Zcnbiog the second setup line.

L After the easting hos: been seot op o asl alipned with the first setup
line perpeishiculor to the table amd with a reference axis positioned
paritllel to the table, the sceond purt of the lnyout work can proceed
Faveh surfaee that requires wachimng 1= eheckod and the necessary
Lty ol Haes wre seribea] Ly repeating Steps 4 il &

. Serihe the seeal layout lne eompictely around the casting, as
shown in Fire 3-130 Ti= [ine will alse b osed in scttine up the
ERATINE v the myae hine.

To avonl ceeeatrie ent= with small boring bars, whenever possible the
axtE of a=mall dunneter hale should be selected s 8 referenee axis, When
esma |l cormid hole s ot alened with the axs ol rotation of the baring
b, the bartng tool will toke o heavier eat from ane-side of the hole than
from the ather =ide, This uneagual enttimeg aetion enuses the hong bar to
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VIEW a-4 OF
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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Haurfesy af the Hemaliz Sutoation & Alecamremenf THe

Fig: 3-18. Luyoat marbine veed 1o by put o casling,

metal in the hole to he wachined out To zave this pasting the entive
layout is lowered, as shown in Fig. 3-15C. All of the surfuees to be
machined that are pffceted by this <haft 0 the layout must be checked
to sev if they elean up before provecding further with the lnyout. When
thege surfaces bove heen proven o have enough metal to elean up, the
first setup hine i seritbedd el the easting ean he positioned to mnke the
secoml part of the layvout.

Layout Machines

The Inyout work just describod can be greatly simphfied, and the
accuracy greatly inereased, by the use of layout machines. A layout
machine s Hlustrated n Fig. 3-16. The liyvout scriber can be maoved
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Courtfoay of the Somdic Auwlomofion d- Afeosurescent S

Fig 317 Lavoul machine used to lay oul g eylinder block.

herizontally, or parallel to the layout table, by moving the entire ma-
chine and by sliding the horizontal arm. It can be moved vertically by
moving the arm assembly up or down the column, Vernier seales attached
to the column and the arm make pozsible accurite vertienl and horizontal
movements. Circles can be serihed with the circular seribing attachment
shown in Fig. 3-16,

One of the great advantspes of the layout machine 15 that the need
for a second setling is generally eliminated All surfaces can be laid out
in one setting. Flgure 3-17 illustrates an autonobile eylinder block
positioned on a retary table and being lad out with a lavout machine

Two very typieal layout jobs on larger eastings are shown i Figs: 3-18
and 3-1%. One great-advantage of the luyout machine s that both sctup
lines ean be seribed perpondiculnr to each other in one setup, or setting, of
the ensting on the layout table. Sometimes it 13- also possible to seribe all
of the layout lincs 1n one setting of the casting A sccond setting of the
easting 15 required whenever lavout lines must be seribed on the surfnce,
or surfaecs, of the casting facing the layout table during the first setting,
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Ceirteay of the Besdiz duromotion & Aeasurement oy,

Fig, 3-18 Laying out a lrge casting with & lsvoutl machine.

Courfesy of the Bowlie Jutimation & Meaurement e

Fig. 3-10. Laving outl o large casting with n [ayoiut maching.
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ar when g setup line must be continued on these surfaces. The lavout
machine 15 wusnd toalign the workpiece in making the second setting by
using the seriber on the arm of the layvout machine to check the alignment
of the setup lines previously seribed on the casting.

Production machine tools are usually equipped with work holding fix-
tirez that locate the workpiece so that the eutting tool will mochine the
siurfaees of the part in their exaet location without requiring a layout to
be made, However, on more eomplicated and expensive enstings, or when
cestly machining operations are to be performed on the castings, o layout
is usually made prior to machining to verifly that the casting will Yelean
up"” on all of the surfaees to be machined. A tvpical production layout
operation of this type 15 shown in Fig. 3-20. The eyhinder block m this
iHustration 1= mounted on a speciat layout fixture for this layout opera-
tion, which is performed by two layout machines, one placed on each side
of the casting,

Crantrdenty of the Ndadhe Aufomaling & A ddderemant Doy

Fig. 8-20. Produetion lnvoul of epsbngs tsing two lavoul mochines, one oo eoch side
of the cpsting,
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Cenprddsir pf the Bandic Aufomateos b ATadduremont i,

Fig 3221 Luyeni maching with & diginal readoul

Layout machines maoy be equipped with a digital readout system, as
shown In Fig. 3-21, The numbers on this display are clearly visible, which
saves thoe and reduees the possibility of an error in reading the small
geales on the ordinary lavout machine, The digital readout can be turned
on to resd either moinches or in milhmeters, The readings can be in
increments of 001 or 005 inch, or in 0.01 or 0,005 millimeter.
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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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Courteory of The Fosdick Machine Tool Company
Fig. 4-1. Upnight dridling mechine—round column, circular-table fype
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Courteay of The Foadiek Moehing Tool Company
Fig. 4-2 Sensitive upright drilling machine—box column, square-teble type,
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Coarieay of the Claneng men of The Atlas Press Companiy

Fig, 4=3. Beach type, sensilive drill machne

power feeding mechanism. Instead, 1t 12 designed to provide a fine sense
of feel to the spindle feed lever which aids the operator in feeding the driil
through the hole. It is similar in eonstruetion to an upright drifl press
although its features are lighter, A bench-tvpe, sensitive drill press is
shown in Fig, 4-3. Very small, sensitive drill presses capahble of drilling
extromely smell holes are built to de instedment work

Radial Drilling Machine

Radial drilling machines, Fig. 4-4, are very useful for drilling holes
in larger workpieces. In this illustration, holes arve being drilled in & large
machine frame which 15 resting on the floor plate, or base, of the radial
irill press. The arm of the radizl drilling machine is supportes by a large,
round eolumn, The arm can be raised and lowered, and it can he rotated
around the axis of the column, The spindle head or drilling head, iz
mounted on the srm It contains the spindle, the spindle speed-change
mechanism, and the automatic power feed mechanism. The spindle head
can he nuwul lengthwize along the arm and elamped 1n any desired
location, Thus, the :s.punlln moves In an are around the center of the col-
ummn, and radially, in or out from the column. This design affords great
flexibility and ease in positioning the drill in the exact location desired
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Couriray of the Giddimpe & Lewiz Mockine Tosl Company

Fig. 4-4 Hadial driiling machme drilling lerge machine frame which 18 resting oo boss
of drill,

on the workpieee. The arm of the radial drill press provides 8 means of
extending the spindle over a workpiece in order to drill holes in surinces
that cannot be reached by the ordinary drill press, as shown in Fig. 4-4.

Turret Drilling Machines

Some drilling machines are equipped with & turrel having six faces,
Each face has a spindle which ecan hold a drll or other hole-produeing
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cutting tool The turret 15 indexed manually or sutomatically to bring
ench 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 entting 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 o single head All of the
drills feed into the work together, resulting in the production of two or
more holes, simultaneously. As many as Lhirty or more spindles have been

Courleel af the Oliv mud Flewion af The Atlas Press Company

Fig. 4-5, Gaog dnlling-machine equipped with air=hydraulic spindle feeds. Multiple
drifl-heads are mounted on two of the epindles.
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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
W SIS SR (L1
W NG5 THH UL EES]
4 TR 105 ng
W 0s L0 03

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
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Fig. 4-TA, Buggested drill point geometry for drilling vorious moterialz

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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SOFT AND MEDIUM CAST
IRON, HARD WOOD, RUBBER,

BAKELITE, HARD RUBBER,
CHISEL EDGE ANGLE 125°-
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wOOD, RUBBER, BAKELITE,
MOLDED PLASTICS, CHISEL
‘EDGE ANGLE 125°-135°

A
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T |
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STANDARD SPLIT POINT FOR
DEEF HOLES, HARD AND
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EDGE ANGLE 390° - 100°

SPLITTING
ANGLE ? J

CHISEL EDGE
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SPLITTING
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| MODIFIED SPLIT POINT
FOR THICK WEB DRILLS
USED TO DRILL SUPER-

STRENGTH ALLOYS.
SPLITTING
ANGLE

CHISEL
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BEFORE SPLITTING

el

55° |
5
| { 5; J

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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Comrfeyy af fhe Nodiomal Tood Dl & Tmd! Dy, Leor Biepler Tae

Fig. 4-8. Standard aplit=point drill gomd. Wels repliced by fwo socondary cutting
rdgoe

will alst reduce the degree of work hardening of the work material. A
standard spht point & shown in Fig. 4-8 and 1 view [, Fig:. 4-7. This
sphit pomnt goometry 15 recommended for drilling the more conventional
stecls and for deep hole drilling. The sccondary cutting edges at the drill
peint are formed by grinding a 55 degree bevel along the back edge of
the land as shown. The hevel must also be oriented {o form the correct
splitting angle, which for the conventional split poimnt drill should be ap-
proximately cqual to the chisel edpge angle, or approximately 130 to
135 degrees. At the center, the two cutting edges formed by the splht
should beseparated by a zmall “chisel edge” that is about 005 to 015
el (0,13 to 038 mm) wide, depending on the sige of the drill. By in-
ereasing thoe splitting angle 5 1o 15 degrees (150 degrees maximum) on
standard twist dritls that are ground to bave g split’ point, the contering
aetion, when starting to detll the hole, will be improved, This type of deall
point may he used to drill ordinary materisgls on numerically controlied
machines. Precipttation or age hardening stainless steels, high tempera-
ture alloys, and 111]Jr1‘—]|1g||-5l rr:ngt]l stooles shonild be drlled with & thick
weh drill when possible, where the web 15 50 to 200 pereent thicker than
the comventional web, A modified spht point, shown i view J, Fig. 4-7, 15
recommended for drilling theze materialz with a heavy web drill. The
sphitting angle is inereased Lo approximately 170 degrees o lengthien the
secandary cutting odge, which should oxtend to approximately one-half
of the length of the hip, or primary cutling edge. The modified sphit poimnt
shoold not be used on drills having a conventional web thickness.
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Dl pointz are preferably ground on 8 machine designed for this pur-
pose. The dnll peint grinding machme in Fiz. 4-9 will grind a theoreti-
cally correet drll point, 1L ean also grind a point having o small nib at
the tip that will make the dreill seli-centering when sturting, In many
shops o drill point grindimg machine 5 not available and doll points
are proumd by hand, A skilled machinist or toolmaker can gomd a drill
|J{Ill1l‘|_ h:l.-' all=hanid gr'tmhng. This skill is a{‘[{uin:hl h]." ]:r:lt:t'l:;u aifiel i dil-
fienlt to deseribe. Briefly, the drill must be posttioned against the [ace
of the grinding wheel at the eorreet angle and with one hp held hor-
gontally, It ks held and voted in the left hand near the point whale 1t
ts rocked up and down by the right hand, which 1z holding the shank of
the deill. At the same time [t s rotated clockwise o small amount and
moved shightly inward toward the prinding wheel. 1t is returned by mak-
mg these moves i the opposite directions, Each lip 18 ground in this
manner until 1t 18 sharp and the point has the correet geometry.

Cosrtemy of Lhe Ofiver fustrument Co., fac.

Fig. 4-%. Oliver drill point grinding machine This grinder will grind the lip relief
nogle 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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Courtesy of the National Twial Drill Company

Fig. 4-12. Photosierogeaph of & metal chip formed by a eutting edge such as the lipa:
of & twist 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 respect,
twist drills are unique among the metal-cutting tools.

Reamers

Figure 4-15 illustrates a chucking reamer and & hand reamer, and 1t
defines their respective individual elemenis, Reamers are used to finish
cut holes to & precise dimension and to provide a smooth surface finish on
the walls of the hole, They are preeision 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 i never Lo rotate tf in the
reverse direciion, Reamers should always be rotated in the forward, or
cutting direction, at all times, regardless of whether they are entering or
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NORMAL SECTION THROUGH
CHISEL EDGE OF DRILL

CrRr A IRy
TF ] 2 F"w&“,h.;w-:.' ':L %
AR

LR L AL

Courbesy of the Notional Twiet Deill Company

Iig 4-13. Photomicrograph through the axis of & deilled hole oormal to the doll chisel-
edge showing the complex cutting and extruding action by which the metal 1o this
region is remaoved.

leaving the hole. Failure to do this will rapidly damage the margin and

destroy the accurscy of the reamer, Heaming is a fast, efficient, and easily
apphed method of finishing holes,
There are two basie types of reamers: machine reamers and hand

Courtesy of the Naflonal Twist Oeill Company

Fig. 4-14, Bection of hole with drill removed Lo show separate chip formed by the lip
and the chisel 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

www.EngineeringBooksPDF.com



96 DRILLING MACHINES, TWIST DRILLS Ch. 4

shell reamer B sepuarate from the body of the reamer. The advantage of

this design 1s that reamers of different size ean 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 [requently used in
drill-press work in order to modifly an existing hole, The counterbore, A, in
Fig. 4-16, 13 used to enlarge the end of a hole by cutting a eyhndrical
surface that is concentrie with the original hole. The concentrieity 1s ob-
tained by the pilot locatéd on the end of the counterbore and which acts
to guide the tool as 1t penetrates into the work, A countersink, B, in Fig.
4-16, 15 used to make u cone-shaped enlargement in the end of the hole
A spotfacing tool 1s shown at €. The purpose of the spotfacing operation

Fyy. P

i I A

’

Fig. 4-168 A, Counterboring 4 hole, B, Countersinking 4 hole, ©. Spot=fucing a hole,

i# to cut a smooth, fat surface which is perpendicular to the axis of the
hale, Usually, this surface serves as a seat for the head of a cap screw
ar boit; or as a seat for a nut.

Taps

The basie nomenelature of a tap is shown in Fig. 4-17. A tap 15 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
158 an ordinary drill that 15 appropristely siged so that i will leave just
the right amount of metal in the hole for the tap to remove and fimish
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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:

105255 « 6l .
Hole size= 500 B :"3—}{ = 450in.

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 g 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 R L] .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. As

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
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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

www.EngineeringBooksPDF.com



Ch. 5 DRILLING MACHINE OPERATION 117

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 o nut are then placed on the boll and tighteoed. In
some instances, the T-slot bolt may be placed through an opening 1in the
workpiece, a4 shown by the right-hand elamping srrangement in Fig 5-1,
Ly this ense heel blocks may oot be required Finish moachined surfaccs
on the workpieee must be protected {rom damage by placing soft metal
shims between the strap elamp and the workpicec.

Tomrtiar of fhe Mausng e gf the difar Preas Co.

Fig 53 A, Workpieee elamped o tible with o C-clomp. B, Workpioes ¢lamped wiih

p umaversal sdpusioblo type elamp. C. Drilling bole st oo sngle by tilling deill press

tahie; warkpices olomped with steap elnmps, 1) Angle plate peovides elaomping or
[neating surface pecpondicilar 1o dahle
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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 techmique that is sometimes used when the workpiece is
clamped is to loosen the elamps shghtly when starting the hole. Some
elamping pressure should remain on the workpiece, which should be just
free enough to allow the center punch mark to align the workpiece to the
drill asat starts to drill the hole. Using a hight manual or hand feed, the
drill is allowed to drill to n depth of about one-halfl of the drill dizmeter.
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 (spproximately 395 in or 8 mm and smaller),
the workpiece does not usually need to be elamped, although it may have
to be held m u drill press vise to provide the leverage required to safely
overcome the drill torque, Az an example, in view A, Fig. 5-5, the work-
niece 18 large cnough to be held against the table by hand when drilling
the small hole, In view B a smaller workpiege is clamped in a vise which
provides the neeessary leverage to resist the torque of the small drill,

Dirill press vises are p necessary aceessory in drilling. They are used to
hold workpicees when drilling large, medium, and small size holes. When
drilling with large nnd medium size drills, the vige may be clamped to the
table while holding the workpicee. A typreal example s shown in Fig,
5-6A, where the vizc 15 elamped 1o Lhe table while a medium sz hole s

Fig. 54 Using a bolt clomped to the table to resist the drll torque while bolding
the workpicee against the table by hand.
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LN

Fig. 5-5 Prilling with o small deilll A Workpieee large coough o safely resisl forque
of amall deill while Leld by hand, B Bmaller workpreee slomped n vied 1o pesst
tornue of azall drill

drilled, Thiz vise his !?h'ppq?ii jaws which onable the Wnrkpie—rr:' to be
clamped sbove the seat of the vise to provide clenranee for the dnill ns it
passes Lhrough the hole; otherwise, 1t would be neeessary o place the
workpieee on parallels in the vise to provide the necessary clearanee as
ahown in Fig. 3-60. Some drill press visez have a V-groove machined on
the solid jaw, which 15 used to locate amd hold round workpicces, as
zhown in Fig. 57, A and B.

Oeeasionally, inpenuity must be used to set up the workpiece for
drilling. As un example, in Fig. 5-8 an orngmental iron part is held on a
wood hoeard to drill the kole. The wood "fixture” is rounded on the end
to conform to the shape of the workpiece

The spindle of the radial drill press ean be positioned 10 areas on the
warkpiece which are sometimes difficult, or impossible, to reach with an
upright drill press. Sueh a setup is shown at A, Fig. 5-8, which illustrates
the punch plate of u die block being drilled, In this setup the punch plate
13 placed on parallels that are positioned on the drill press table, The
parallels will provide clearance for the drill when it 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 its weight s sufficient to resist
the drill torque and prevent it from moving as the hole is being drilled.
Smaller workpieces, as in B, Fig. 5-9, must be clamped to the table to
prevent their movement when the hales are drilled. The hole being drilled
15 not o through hole; thus, it is not necessary Lo use parallels as at AL
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Note the use of strap clamps in this setup. At A, Fig 5-10, a round bar
of steel i= bolted against & V-noteh {not visible) machined into the side
of the table. The V-noteh sligns the bar in 4 vertical position for drilling
holes in the end, as shown, The table of the radial drill press may be set
at ar angle to drill an angular hole, shown at B, Fig. 5-10, The part 13
clamped with "homemade" strap clamps which are thick steel straps
through which & hole has been drilled,

A job that iz frequently encountered is 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 laid out as deseribed in Chapter 3. (See E, Fig.
3-4.) The part iz placed in a V-block, or, if it 13 a long part, in & matched
pair of V-blocks, It 15 positioned so that the drill will not cut mto the
V-block., Some V-blocks have a hole through the center for drill clear-
ance, When two V-blocks are used the drill can be positioned between
them (Fig 5-12), The seetbed layout lineon the end face of the workpiece
s-aligned in o vertical position-by the blade or the beam of a combination
square (A and I3, Figo 5-11). The work 1= then clamped into pesition
as shown at C. The square i5 not used to align the drill with the work-
prece, Very large eylindrical parts can sometimes be aligned in the man-
ner shown at 1. The blade of a combination set has a center head and a

A, Courtesy f Pazsy Tools fac,

B Cowretisy of Clouseng Mha, wf fhe Adlos Preas O,

Fig. 56, A Dinilling o modiomesize hole with The workpiees elimpoed inoviee soed rest-
ing on steppod jaws of viae which s clomped (o toble by patended "Rapid Lox™” bose
B Wotkploeo alampod i wise while cesting on poeallels
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Fsg. 5-7. Y-groove in eolid jaw of vise for locating and holding round workpiecos.
A Workplece held Tor deilling perpondicilar {o axis, B Waorkpioee beld Tor dreilling
|a-|||'.'4|||*-| 1 af :||.||ru|; ik o 8

souare head fastened to i, 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 1D,
The workpiece is adjusted until the spirit Jevel on the square head 1s 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 get up, a sharp drill of the correct
size ig held in the spindle of the machine, and the machine has been set
ap for the correct cutting speed and feed The first step is to align the
drill with respect to the center punch mark at the center of the hole to
be drilled. The drill point 18 then fed into the workpiece until it has
penetrated approximately two-thirds of the dmll's diameter. The drill
is then backed away a&nd 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 lavout circle, indicating that if the
hole were to continue to be drilled in this position 1t would not be 1in the
degired loeation. To eorrect this situstion, cut one or more shallow
grooves on Lthe heavy side, asshown 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 1s toward the grooved side. The drill point i# fed a httle deeper
into the work and the concentricity between the spot mnd the layout
cirele is again checked. If neecessary, additional grooves are cut with a
draw ehisel, 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 15 drilled exactly where the layout has ndi-
caled that it be made, Tt should be mentioned that it is ususlly not neces-
sary to cut grooves in cvery hole as deseribed. Frequently, the initial
check of concentricity between the spot and the layout cirele will show
that they are coneentric and the hole ean 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 & hole first (see Fig, 5-15). The center-drilled hole is then used
as o guide for starting the twist drill, The center drill 1s short, stiff, and
will not bend Furthermore, it has a relatively small chisel edge when
compared to larger sige drills, thereby enabling the center drill to pene-

Cowreest af e Clatary M, of the Aifes Pregs Oa

Fig: 3-8, Drilling an crnamental fron part using o wood "fectaee” which s clmped
P e Fable,
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trate the workpieee with preater ease. The coned surface formed by the
center drill has an meluded angle of 80° which 15 steeper than the incladed
angle of the drill point, Thus, the lips of the twist drill contaet the work-
picee first and the chisel edge does no work until the loeation of the hole
1z egtablished. The point angle of the lips will eause the drill to follow the
axis of the hole made by the center drill, and, sinee the ehizgel odpe of the
twist drill dees not cougapge the work, the drill will penetrate into the work
with ease. This method is especially recommended for starting holes on
machitnes where the wark s nermally clamped to the table and where the
spindle ean be aligned exactly to the desired location on the workpiece.
When this method 3 used on an uprnight or sensitive drilling moachine, the
workpiece should not be elamped when starting the hole with the center

1

Lower left virw courfery of the Clamniag knsien af the Atlas Mrass Company
Fig. 5-11, iUpper left) Usng the blade of o combination pguare (o alige evlindrical
part, (Upper right} Uzing the beam of o eombioabion spuare 1o align & evlindrical

part. [Lower left) Betup for clumping eviodriesl parl o V-biock. {(Lower might)
Using o center head combined with a square head to align a large evlindrical pard
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Courteay of The L& Starretf Company

Fig, 5-13. [rrilling hole perpendicalar to oxis of eyvlindrieal part which {8 clamped 1o
matched pairof Ve-blocks

A
Fi, 5-13, Method of starting drill, concentnie witls seribed circle.

idrill. On radaal drilling machines the arm and the spindle head should not
be locked, Allowing the workpiees or spindle to “flont” lets the center
critl fived and align itself with the center punch mark s it starts drilling
into the woerkpicee. Alter the workpieee and the machine spmdle are
aligned, and when the genter hole haz heen deilled, the workpicee may be
clampoed, when necessary, to drill the hole to sige. On radinl drilling
machines, the arm and the dall 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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Fig. 5=l A emall lead hole te sometimes used to reduce the thmst required for a large
drtll,

the diameter of the drill<ie, the gpot should not be quite gs deep asthe
point of the deill, Nexl the bole & deslled through the dic shoe with a
Ad g ineldeil] (see view CV and remmed with a % inch hand reamer, as
shorwm at 1), ta complete thoe job, _

(i other clissgez of work that <o not require the same degree of ae-
curacy the sequenes may be chanpged slightly, For cxample, the hole may
b drilled to size at B, omitting <teps C and 1 For tap drill holes, the
parts may be disassembled nl € hefore drifling the hole Lo the tap diell
gige, or the parts may be disasgembled before delling through i they
cannal be clemped Frmly togother. 11 both parts are not hardened, a
very precise alipmment of the holes ean be obtained hy drilling both
holes undersize and then reaming the holes topether with a haned reamor
or by machine reaming,

Transfer punches are exhndriea) in shape to it snuely into the hole n
which they arc to he used. One ond is hardeoed and has a small sharp
puneh point that = ground concentrie with the bady, The other el st
b soft—this 15 voery hoportant in order to prevent possthle serious inpury
when this el is struek with a hnmmer, Tranzter punches can be pur-
chazed commureially, or they can be made on the joly Trom deill rod or
other types of tool steel. The use of transfor punches is Hustrated m Fig,
5-18, After the two parls are located s elampod together; the transfor
puneh is inserted 1o the hole and tapped lightly with a hammer, The
parts sre then hse=cmbled wml the transfer punch mark 1= vory carc-
fully enlarged =hghtly with & regular conter punels A start hole s then
drilled into the workpiece using 8 ¥4+ inch or 5 0.75 mm dnll. Buccessively
larger holes are then drilled into the worlkpicee to enlarge it Lo the re-
quired =ize and depth. This proecdure 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
MANNET.

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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Cosirtery af the Clowring Divisien of the A ¢ los Preae Compomy

Fig. 5-20 Casting held in a drill Jig for drilling operation. Note that the part ls held
to the inble 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 15 located and elamped 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 drll g is
shown in Fig. 5-21. The workpiece is'shown at A, and the Jig 15 used to
drill the 14 -inch hole. The work 15 shown in pesition in the g by the
dashed and dotted line. Figure 5-22 illustrates the application of hard-
ened-gteel drill g bushings, These bushings it the drill closely and keep
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Fig. 522 Fixed and removable guide hushings for drill jge

it in proper position. Some Jigs have fixed guide bushings and others have
remavable puide bushings. A fixed bushing 15 shown by the sectional view
at A, Fig. 5-22, which also indicates how the drill ts guided while it is
drilling the work, w, Jigs are eqiipped with removable bushings should
drills of n different size need to be used or if drilled holes are to be
fAmished by reaming. For example, if & hole 15 to be drilled and reamed,
s removable bushing is used that fits the drill, as shown ot B, and this
i5 replaced by a bushing that fits the reamer, as shown at C.

Drill fixtures are similar to the drill jige shown except that they do not
have drill bushings. For this reason they are generally more open in con-
struction than drill jigs They are always fastensd to the table of the
machine g0 that thewr relationsiup to the spindle remains fixed. Drill jigs,
on the other hand, may or may not be fastened to the table
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Engine Lathe Construction

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

Courteny of The B K, LeBlond Maczhine Tool Company
Fig. 6=1. Largn lathes at work
139
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Cowurtedy of the Allae Prese 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 mdividual electrie motor. The in-
dividual motor drive eliminates the need for overhead shafting, reduces
power lozzes, provides a more direct drive, and provides greater fexibility
mn the pleeement of the lathe on the machine shop floor.

Engine lathes differ from other lathes by their greater simplicity of
construction and by their greater versatility in performing many different
machining operations, Turning cylindrieal surfaces, facing flat surfaces,
cutting threads, drilling and boring holes, and cutting internal threads
are some of the typieal operations that are performed on engine lathes.
f equal importance in considering the versatility of the engine lathe is
the eaze with which the workpiece can be set up and held, and the ease
with which the lathe ean be manipulated in performing different opers-
Lions. Although production lathes and numerieally 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 shopz and in tool and die shops. When operated
with szkill and with an understanding of its capabilities, it ean produce
parts to exacting ztandards of aceuracy and finish, When the appropriate
size of machine 12 used, 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 i contrast in size, & 2mall beneh lathe iz shown i Fig. 62, A amall
high-precision toolroom lathe is ghown in Fig. 6-3. The lathe shown in
Fig. -4 i5-a sliding bed gap lathe which 15 also called a gap bed lathe. The
bed of this lathe can be moved over the base to form an opening, as shown,
which provides 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 Tunctions as a
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repgular engine lathe, A hollow spindle lathe s shown in Fig, 6-5 Parts oo
b turned on Lhis lathe that are considerably longer Lhan the normal eentor
distunce by positioning the workpiece through the hollow spindle. The
workpreee enn be held by chueks on both ends of the spindle. Hollow
spantlle bathes are wsed extenstvely i ol fields Tor turning and threading
tlie cmids of oll pipes.

Principal Features

The principal parts of an engine lathe are shown in Fig 6-6 The bed
of the lathe, Fig. 6-7, 15 a heavy rigid casting made from gray cast
iron. Gray east-iron is used as & material of construction for machine
tool beds and frames because it has exeellent vibration dampening quali-
ties and it 15 a good bearing material for sliding bearings. The bed rests on
two legs with the exeeption of small bench lathes which have the bed
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Fig. 64 Shiding bedpap [athe.

attached directly to the bench. The top surfaces of the bed are aceurately
machined to provide a sliding surface for the carriage and to provide for
the precise alignment of the headstock and the tailstock. This alignment
iz 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 ealled longitudinal, Some lathes, that shown in
Fig. 6-2, for example, have flat beds thet 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 machinesdd 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 is usually located inside
the cabinet leg at the headstock end. A multiple V-belt drive transmits
the power from the motor to the headstoek. The prineipal function of the
headstock is to support and to align the headstock gpindle. On many
lathes it slso contains a selective gear transmission thal provides for
different speeds of the lathe spindle, A& typical geared headstock s shown
in Fig. 6-8 The spindle speeds on geared 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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Ceurtoay of LeBlond Af gabine Pl O
Fig 6-5 Hollow spindle lathe

these levers. (See Fig. 6-8.) The speed change mechanism on many smaller
lathes consists of stepped pulleys of different diameters & shown in Fig,
6-10. The belt can be on any of the four different pairs of pulieys 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 genrs, thus providing
the lathe with a total of 16 spindle speeds. The back gears consist of four
gears loested inside the headstock that reduce the speed of the stepped
pulley 1o the headstock. When the back gears are engaged this pulley is
dizconnected from the headstock spindie; when the back gears are dis-
engaged thiz pulley iz 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, & gear transmission, or & variable-
speed drive, The back-gear drive can be seen in this llustration. It pro-
vides the slow spindie 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
15 held to & minimum. The spindle 15 hollow to sllow bar stock and lathe
attachments to pass completely through, if desired. The spindle nose 15
very accurately machined to provide tocating surfaces for lathe centers,
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Ciurtday of The Momarch Machine Tool Combuny
Fig 8-7. Lathe bed ghowing the ways of the lathe.

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

Courtoay af The Morarch Mochine Food Coampany

Fig 6-8. Geared type headstock
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Couwrteay of The Monareh Mochire Tood Company
Fig. -0, Geared ivpe hendstock with guick-change gearbosx

iz held by the taper in the sdapler. The construction of the nside of the
spaniddle 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 i Fig, 6-13. At the left iz the long, tapered type of spindle nose
The spindle nose mountings {chucks and feceplates) are located by the
taper and are driven by the key. The threaded ring screws onto & match-
ing threed on the chuck and faceplate, and it 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 s cam stud (see Fig 6-12) which fits
into each of the holes located above the taper, The cam is turned by a
chuck key, to hold the spindle mounting frmly, on the short taper. The
cam studs nlso act as drivers for the mounting. A threaded spindle nose
15 chown in the view to the right, in Fig. 6-13. The spindle nose mount-
ing is held 1n place and i driven by the threads. The shoulder behind the
threads 15 used to help loeate the mountmg on the spindle nose. The
spindle nose should be kept free of nicks and scratches, and 14 should be
carefully cleaned before s chuek or a face 15 mounted on it. Also, the
eorresponding surfaces of Lthe chuck or faceplate must be clean and kept
free from any damage.

The Quick-Change Gearbox

The quick-change gearbox s located st the left sido of the lathe below
the headstock (sev Figs. 6-9 and 13-11 in Chapter 13). T4 is connected to
the spindle by a gear tram as shown m Fig. 6-14. The gears in this train
are called pick-ofl gears beeause they can be interchanged rapidly, Some
of these gears are used to eut throads that cannot be eut with the stan-
dard pick-off gears and the settings of the quick-change gearbox.
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Courtesy of Ehe Atluns FProws Company
Fig 8-10, Stepped pulley type hendsiock

The function of the quick-change pearbox 18 to provide the lathe with
the capability of eutting different sercw threads and operating at differ-
ent feed rotes. Inventoed h}' the American, Froderniek B Maues, and later
improved by another Ameriean, Wendell P. Norton, it was for many
veurs culled the “Norton Quick-Change Gearbor.” Tt consists of o tumbler
gear which can be positioned to engape any one of & cluster of different
gize pears to provide a varicty of speed ratios. The tumbler gear 12 en-
paged by a lever located in front of the gearbox. Often, to provide addi-
tional speed ratios;, o second set of gears 15 used and still another, third
set. can be used to reverse the direction of rotation of the leadsorew and
the feed rod, The required number of threads per imeh—or thread pitech—
amdi the required feed rate are obtained by positioming the handles ac-
cording to mstructions provided on the quick-change gearbox,

The output shafts of the feed-thread gearbox are the feed rod and the
lead serew. The function of the feed rod s to actuate the auotomatio-
power feed mechani=m loeated 1n the lathe apron. The lead serew 15 used
to feed the carnage in the longitudinal (parallel to the lathe axis) diree-

tion when eutting threads. It should be used only to cut threads i order
nof to impair its aceurney as the result of wear and the impozition of

www.EnagineeringBooksPDF.com



148 ENGINE LATHE CONSTRUCTION Ch. 6

L—
=
——
e
=
=
-

Courfery of the Clonmnp Dvvimon of the Allse Presa Company
Fig, 6-11, Modern headstork showing back gears and antifriction spindle bearings.

beavy feeding forees. Some lathes (Fig 6-6) have g control rod located
below the lead serew and feed rod whieh is used to start and stop the
headstock zpindle. This rod i=aetuated by the spindle control handle
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Fig. 6-12. Cam=lock type spindle nose showing sdapter 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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Courizey of Lelifone Alachine Toal Cg

Fig, 614, Front end of cngine lathe showing gesr frgin feom hendsioek spindle 1o
rpurrk-vhungs gearbox. The piek-off gears i the brain ean be quiekly removed  pned
repliceed by other gears,

to & 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
dinmeter 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 0580 inch is to be removed from the diameter of
the workpiece, the cross-feed dial is moved 25 gradustions

Clearanee must be provided between the cross-feed screw and the
cross-feed nut (Fig. 6-17) m order to allow the screw to rotate without
hinding. This clearanee 15 intentional although it results in a cerfain
amount of lost motion between the nut and the serew., Thus, when the
erogs-{eed serew is turned in one direetion and then in the opposite diree-
tion, it will not move the carriage until the lost motion is taken up, In
order to accommodate this lost motion, the cutting tool must be posi-
tioned by always moving the cross slide toward the workpiece. If the
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Fig, 615, Prinvipal parts of the lathe carnipge
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Codrlery of The Monmarch Mochine Toal Company
Fip. 6217, Cross feed sera,

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

Many lathes are equipped with dual reading micrometer dials on the
eross fecd and on the compound rest serews as shown i Fig 6-158, Dual
reading disls have two seales, one of which 15 graduated in inches and
the other in millimeters. The digls shown m Fig. 6-18 have one scale
reading in O001-ineh inerements while the other reads 002 millimeter per
division. Both seales are direct 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 tram located inside the howsmp. If the
fecd serew has an inch thread, the ineh dial will rotate at the same gpeced
as the feed scrow; otherwise it is the metrie dial that will rotste at the
same speed as the metne feed serew.

The Compound Rest

The compound rest 1s clamped to the cross slide and its base can
turn through an angle of 360 degrees when the elamp nuts are loosened,
The base hus graduntions enabling it to be clamped st any angle with
respect to the lathe axis. The compound-rest slide is moved over the hase
by n feed serew that iz similar in design to the cross-feed screw. The
compound-rest {eed can only be actusted 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 o
large T slot which 15 used to elamp = tool post or tool block. The cutting
tool, or the cutting tool holder, 1s clamped in the tool pest, or tool block,
The function of the compound rest is to provide a4 movement of the cut-
ting tool at any desired angle, with rezgpect to the axis of the work.
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Fig 6-18. Dunl inch-metric micrometer dinls on cross feed and compound-rest serews

The Apron

The apron of the lathe, Fig. 6-19, is fastened to the underside of the
saddie, Tt is essentially a housing that containg the gears and clutches
required to actuate the nutomatic power, longitudinal and croos-feeds It
also supports a large handwheel that actuates the manual longitudinal
feed and a lever, shown at the far right, called the “split-nut” lever,
which actuntes 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 cut 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, 68-15) which is located on the side
of the bed above the lead serew.

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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Cowriesy af LefMosd Machine Toiw Co,

Fig 610, Lathe nproe.

all of its parts 12 illustrated in Fig. 6-20, It consists of 4 base that reste
on the bed of the lathe and & body thas 18 elamped to the base, The base,
which is aligned with the axi=s of the lnthe 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 luthe bed until it 15 in the desired posi-
tion, then it is clamped to the bed by tightening the clamp bolt nut. The
tuilstock spindle i= prevented from turming, by a key. When the tailstock
handwheel 15 turned, the serew eauses the tailstock spindle to shde 1n or
out of the body, The spindle may he clamped by turning the binder
handle. The mside of the spindle nose has a taper whieh is used to hold
the taillstock center, drill chucks, or cutting tools such as dnlls or ream-
ers. This taper must be absolutely clean before a center or other tool 15
mserted 1n it It serves, primanly, to locate; its ahility to resist torsion
is very lhmited, It should not be used to hold large drills because the cut-
ting torgue of the drill may esuse the taper to ship and possibly score
the surface. When this ocours, the taper will no longer locate the center
or the tool accurately, and it will no longer be sble to hold. The repair
of a tailstock spindle 15 & very expensive procedure. Scored tailstock
spindle tapers cannot alweys be repaired, thus requiring the replscement
of the entire spindie, The centers, drill chucks, and eutting tools are re-
moved from the tailstock spindle by backing the spindle into the hody
until the object that is held in the spindle bumps sgainst the plug end
of the secrew which forees it out. The body of the tailstoek 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. This movement 18 used to accurately alipn the hesd-
stock and the tallstock zpindles. It can also be used to turn tapers. An
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Fig. 8-20. Detaila of eogine lathe tailstock : 1, Tailstoek center; 2 Spindle; 3 Body

of tallatock (top): & Oul hole; 5 Binder handle: & Spindle out; 7 Screw bushing;

B. Serew; 9. Handwheel: 10 Machioe handle; 11, Key for spindie: 12. Clamp bolt;

14. Base; 4. Clamp; 16 Adjusting eceews; 16, Alignment scale; 17 Guide; 18. Binder
plugs; 9. Binder atud ; 20. Woodraff key; and 21. Handwheel nut

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 seale should not, however, be depended upon for great accuracy.

Engine Lathe Attachments

Many attachments have been developed to incrense the usefulness and
the securacy of the enpine lathe, Some of these attachments will be dis-
cussed in greater detail in subsequent chapters. A group of frequently
used engine lathe attachments s shown in Fig 6-21. A collet chuck and
a group of collets are shown at the top of this llustration A three-jaw
universal chuck is 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 chuck key. They move in
and out together and hold the round workpiece in & central location with-
out the need for further adiustment. A four-law independent chuck s
shown in the lower right-hand view. Each jaw is adjusted independently
of the other jaws by the chuck key which is the T-shaped kev adjacent
to the chuck. The jaws can be reversed in the chuck body in order to
grip onto imside or outside surfaces, A drill chuck 1= shown between the
three- and four-jaw chucks, The drill ehuck 15 used to hold straight-
shank twist drills, reamers, and other eutting tools. It 13 usually held in
the tailstock spindle when used in a lathe, A large faceplate is 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 1= a special device to hold and to locate workpieces,
in & lathe, that cannot be held by other methods.
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Courteay of The Monareh Machine Tool Compomy
Fig 6-21. Engine [nthe attachments.

Fourteay of LaHitoeal Afachrne Tasl Ta,

Fig. 622 Targe faceplate Tor hiolding workpieees that eannot copveniently be beld
I3y mibior miot s

A micrometer carriage stop 1s shown in Fig, 6-23. It is used to obtain
aecurate positions of the carrlage and to move it exacl distances, longi-
tudinally. A length rod is extended from the headstock. It ean be aceu-
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Courlesy of The Moaareh Machine Tosl Company
Fur. 6-23. A micromeler carsiage-ston,

rately moved in one-inch increments. A micrometer head at the end of
the length rod is 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 slways be at the same distanee from
the end of the length rod.

A large steady rest s shown in Fig. 8-24. Steady rests are used to
support long and slender parts. The steady rest also permits an unob-
atrurted access to the ends of parts so that facing and boring operstions
can be performed on these ends. The steady rest is composed of 2 [rame
containing three jaws These jaws form a three-pomt bearing surface
and they can be adjusted in or out, radially, by turning the adjusting
serews. The frame is hinged on one side allowing the upper hall to swing
open for inserting or removing the work The base of the frame has
V-grooves 1n it that fit the ways of the lathe bed. When the steady rest
i5 1n use, it 15 clamped to the bed and the jaws are set spamst the work
thus supporting, or steadying it, during the operation.

Tracer attachments can be used to turn and to bore irregular contours,
a8 shown in Fig, 6-25. They can also-be used to cut stepped shafts with
shoulders and to turn tapers. Internal tapers, internal shoulders, and
eounterbores ean be readily cut with this attachment. The tracer attach-
ment 18 mounted on the carriage in place of the compound rest, &s can be
seen in Fig 6-26, A template with the profile of the part to be turned 15
mounted on the carriage butl 15 prevented from moving with the carriage
The stylus of the tracer attachment follows Lhe profile of the template
which causes the cutting tool to turn this profile on the part in 2 manner
to be deseribed.

The regular cross shde 15 removed Trom the lathe and replaced by one
having a top shde (similar to the compound rest) mounted on it This
slide 1= actuated by a hydraulic eylinder which has its movement con-
trolled by u stylus. The nose of the stylus must have the same shape us
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Tig. 6-24. Boring & large workpiece in a lathe with the cod held by & stendy rest.

Cosrdesy of LeBood Wachims Teoal O

T <25 Part turned on engine Tathe eqiumped with trocer ntlachment

the nose of the cutting tool The stylus follows the outline of the template
which 12 mounted on the cross slide nnd 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. 0-27. Tool post attnchment grinding 5 [athe center

movement. However, it will be carried away from the axis of the work
by that portion of the top slide motion that is moving away from the
work axis. This, the tool 15 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 parallel to the lathe axis, operate st o slower or {aster
rate than the lungltudmal feed rate, while the tool 1= moving toward or
away from the work axis,

A teol post grinding attachment & shown grindmg a hardened lathe
eenter in Fig 6-27, Workpieees whieh have been heat treatod to have a
high hardness can only be machined by grinding. While most evlindrical
wil internal grinding is done on machines designed for that purpose,
there ore ocensions when external aned intornal eylindrieal and tapered

surfaces are ground on an engine lathe
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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

Matertal Hardness Materral {:u thing ﬁprrcL r[I-I'I'I
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
Martensitic), 51004, Gooa 3, Goong 200255 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
- _ 1p-81 % AC Bo 1o
[(Ferritics Pearlitic), Bo-gg-0f [ 115-260 AC 6y 116
{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
BEE-178 AC AN 100 400
(Mediam Carbonl. 1930, 1640, 1050 ( 17523 % AC. AN Qo 350
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)h. 1330, 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.

www.EngineeringBooksPDF.com



174 SINGLE-POINT CUTTING TOOLS AND PERFORMANCE Ch. 7

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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Fig. T=d, The ¢fect of the lead angle on Che chip thickness

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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rivdius must be made large enough to prevent any formation of thread-
ke 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 18 then deopendent upon the feed rate,
the sarface finish required on the work, and the requirement to prevent
the occurrence of chatter, It should be pomnted out that the life of the
cutting toel can be adversely affected by o nose radins that is either
too large or too small. For average conditions when turning, a nose radius
of Y4, to ¥ inch is recotnmended, although larger nose radi ean some-
times be used successfully.

Tool Holders

In most cases the cutting tool 15 elamped in a tool holder; however,
single-point cutting tools are sometimes elamped directly on the machine
The tool holder s made from a less expensive steel than the cutling
tool It 1z heat treated to ineresse its strength and to resizt the penetra-
tion of the screws which clamp it in place. Although there is 4 great vari-
ety of tool holders, only representative examples 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
earbide tips are sometimes brazed on steel shanks as in B, Fig. 7-5.

Most cemented carbide cutting tools are in the form of mdexable
inserts, which are also called dispesable inserts and throw-away inserts.
They are held in pockets machined in the tool holders which nest
the insert, Three typical indexable insert tool holders are shown in Fig.
7-fi. Each insert has seversl cutting edges. After a cutting edge has
become dull, the insert 1s indexed to bring another cutting edge into the
position on the tool holder where it can eut. When all the cutting edges
are uzed up, the insert 15 replaced. There are positive rake and negative
rake tool holders and inserts. A positive rake tool holder i3 shown at A,
Fig. 7-7. The positive rake msert must be provided with n reliel angle

Fig, 7-5; & {Laft}y Toolholder for high-speed sieel tool bits, B. {Right} A cemented-
earhide entting tool with o braged-on ingert.
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Fig, T4 Three typicnl indextbile inzert 1oolholders

on the Aank, For this reason only the edges on the top faee of the ingert
can be used as cutting cdees. The relief angle on the negative rake insert,
shown st B, Fig. 7-7, i& provided by the inelination st which the insert
ig held on the tool holder, Held o thiz FII':Hjli.ﬁrl., Lhe Banks af the inserd
con be perpendicular with hoth fares and all of the edges on both faces
can be used as éutting cdpes. Thercfore, negative rake inserts have twice
a« many cutting edges as compurable positive rake inserts. Another
advantage of negative rake inserts 1= that t||.1'].' are stronger than [11]:411'!1.'{:
rake jnserts and more able to withstand shock loads, sueh as encountoered
when taking interrupted cuts, The advantage of positive ruke mmserts s
that when cutting; the entting foreo 15 significantly less. When the eutting
foree must be kept as low as possible, as when cutting thin material
sections, & positive rake ingert should be wsed. Positive-negative rake
nserts, view C, Fig. 7-7, are held on negative rake tool holder but have
an effective positive ik angle, rlrl,',l'l.'ili-l:'tl by 4 groove on the [ace of the
w=ert, As shown in Fig. 7-8, Lthe groove also acts as & chip breaker
Dwuetile materials produed an unbroken continuous chip. This chip will
move off from the tool very rapidly when cutting at a high speed with
cemented carbides, thereby ereating 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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Fig, 77, Orientation of inserfs in toolholder pockets, A Posilive ke insert; B

Mepative rake insert; C. Posttive/Megative rake immsert,
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Conrtesy of fhe Valenite Dvstston af ghe Poleron Corp

Fig. 78, Pogitive/Noegntive take imsert shown colting doetale materal (stoeld . Groove
irn faee provides preeitive mke angleand pets as clipbreakor.

The methods of clumping the inzerts on the tool holder are shown in
Fig. 7-8, The insert 15 alwaye placed on a eemented earbide seat which
rests on the bottom of the tool holder and provides a firm fiat beaning
surface for the insert. A pin, pin-type cam, or a screw holds the seat
in place on the holder. In Fig. 7-0A the msert 15 elamped by a top clamp.
When cutting ductile materials, a plate-type chip bresker s clamped on
top of the inserl. The insert at B has a chip breaker groove on the face
and, therefore, does not roquire g separate plate-type ehip breaker 1t is
clamped to the tool holder by & pin-type cam which fits into the hole
provided in the inzert. By turming the pin-type eam with an Allen wreneh,
the inserd is ¢lampod firmly to the scat and against the sides of the poeket.
Other pin=type clamping arcangements are also used. The tool holder in
Fig, 7-0 can be adapted to elamp the insert by both methods, At A it is
usedd as a top elamp-type toal holder, At B it is a pin-type tool holder, and
at C both methods are used simultaneously

www.EngineeringBooksPDF.com



o o o
< 7
T T 1

Coriamy of Corbofoy Spacdms Depi.- enpra!l Blecirle Oa,

1'-||.|; i | .'l.-!'r-1||11r|:.ll il r|.|r|:r|.|'-|:!l|; tevikoxa bl an:I}rls §if huﬁhﬂl.rli'l‘ A T'l'l-'[: 4'|',1|'n||r B. Pia-
tvpe clamp; O Uepg baq clamyp and pin-type slamp sirmlisneonsiy.

Indexable inserts used to cutl serew threads and shallow pgrooves aro
usually mounted on the side of the tool holder, as shown m Fig 7-100 A
tool used for cut-off and for deep grooving operations s shown in Fig
7-11. Any of four diferent heads holding an equal number of different
cemented carbide cut-off und deep grooving inserts can be mounted on a
single shank. A group of tvpical bormg bars used to hold cemented
earbide indoxable inserts are shown in Fig. 7-12, Two typical horing bars
for holding high-speed steel Lool bits are shown in Fig 7-10

Tool Shapes

Many different tool shapes have been suceessfully used for turming
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, since the tool angles
have been described in a previous section.

High-speed steel single point cutting tools are usually ground to shapwe
irom solid blanks called tool bits. The basie high-speed steel cutting tool
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Far. 7=10. Tonlholder nnd fmeserts for tirceod eattimg and for ewstting shallow grooven.
Thser! 1 vlimpel on side of eolliolder
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Fig 7=11. Deep grooving and cut-off (ool slowing the remented-carbide mserts and
the Tovr stvles of heads that may be asgemblod @n g single shank,
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Fig, 7-12, Typen] rermented-earbide, indoxnble ingort boring hars:

shapes and how they are applied we shown in Fig 7-14 and are deseribed
bolow:

A Twrsing Tool. Thie 15 0 hasie high-speed stecl gingle point cutting
tool shape, i is a right-hand turning tool used for both rough and
fimsh tyrmng operations, The side cutting cdpge angle 15 zero
togrees providing o sero degree lead angle when the tool is posi-
tioned as-shown, 1t & often used to turn a éylindrical surface and
to form a square shoulder at the ond of the cut.

B, The Lead Angle Twrning Tool. The lead angle (sile cutting cdge
angle) turning tool 15 one of the most frequently used single point
culting tools for roughing aned for Anishing operations. It may be
positioned at an angle, az shown at ©, to form o square shoulder at
the el of 4 turning cut
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C. Turning Tool with Chip Control, This tool & used to turn ductile
materials, which form continvous ehips that sometimes have a
tendeney to snarl. The ehip eontrol groove will eurl the ehip
and couse it to [low nway from the workpiece, There are several
variations of this tool, one of which does not have the smoll flat on
the fuee of the cutting edge. However, the Bat is [requently ased
a9 it strengthens the eutting cdge and tends to mercase the tool
life. It should be approximatety 016 to 047 inch 1040 to 1.2 mm}
wide, The width of the Hat and size of the groove depend on the
material being eut and the feed rote ysed

D, Round Nose Twrming Tool The round nose turning tool 15 uscd
extensively when turning large diameter workpicces; however, it
cin be wserd equally cffcetively on smaller dizmeter workpeces.
The eurved side euttiog edge is, in offeet, a farge lead angle ullow-
mg & heavy feed rate to bo used, while the lurge nose radius pro-
duees a very good surface finish on the workpiceo. It is used for
both heavy rough turning euts and for lght finish turning cuts.

L. Tuwrn and Foermg Tool. This 15 merely & vanation of the apph-
eation of the turmng tacl at A, although for this purpose the tool s
ofter provided with o slightly lorger ond cuttmpg edge angle
Positioned as shown, it 13 used (o turn & eyvlindrieal surface up to a
shouliler. When against the shoulder it 15 fod cutward away from
the workpieee eenter to take a fneing cot—ealled back faomp—
i order to eut the shoulder perfeetly square. I necestary, o facing

www.EnagineeringBooksPDF.com



Ch. 7 SINGLE-POINT CUTTING TOOLS AND PERFORMANCE

1

E‘

é:f

)

o

f

/

.

193

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

www.EngineeringBooksPDF.com



Ch. 7 SINGLE-POINT CUTTING TOOLS AND PERFORMANCE 195

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-

www.EngineeringBooksPDF.com



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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* Tig, 7«18 Bequenee for grimling generil=purpase furning toal. Cpper left) Top view
of simulipnedusly grimdiog Ve ened cotting edgo and end relief nngle. {(Upper night)
sde view of same operation. (WWenter ol Fop view of simulinneously. grinding side-
pihed wegele dncd alde outhsg dge angle (073 (Orptor cfght) Side viow of swme oghere
ation (Lower left) Bupuliivecosty . grindiog Hie sde-mke dnd leck-rake angles

[Lower pightd Grinding the pose falins,

*The vrowsan Fue 7-18 woere obtamned throogh the kind cooperation of Mr, Horaldd 13
Muonning, Chairmon, [ndustrial Acts -Dept, and Mreo Paul Voiel, sludent, wl 1he
Jumes E, Sperey Bevior High Salool, Hennetts, NY
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Cosrfeew of Concinmeh Milacron

Fig. 7-19. A {Upper left) Continuwous chip. B (Upper right) Discontinuous chip.
C(Lower Jeft) Sspmenta) ehip D (Lower plght) Continuoug chip with buill-up
eoRe

tooth appearanee on one side The sule of the chip that passes over the
tool face iz more completely welded together, and 1= burnizhed by the
face so that it has a smooth appearance. The degree and depth of the
segmentation of a chip can vary greatly beeause of the {eed, the eutling
spegd, and the noture of the metal being cut.

Another phenomenon associnted with the formation of the chip is the
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Courtery of Cincinnoly Milarron

Fig, ¥-20 The formation of o discootinuous chip. (Left) Cutling tool with large
rake angle. (Kight) Cuttng tool with small rake angle

built up edge shown at 1), Fig. 7-19. This generally oceurs when culting
duetile materials at relatively low (approximately, 150 to 200 fpm, or
less) entting speeds The built-up edge 120 bighly work-hardened loyer
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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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Courtaay of Keanametol Frc.

Fig 7-21

toeurland break off as deseribed, The three basie types of chip breakers
are shown in Fig, 7-22, Many cemented carbide inserts for turning duactile
materials that form a continuous chip have pressed-in chip breakers or a
ﬂhi.]'l control geometry that e formed i the insert when if 2 made. A 1;]11[1
breaker plate is not used with these inserts,

Tool Wear

All metal eutting tools begin to wear ol the stant they start to cut.
Tool wear 12 unavoidable. However, the rate of tool wear must be kept
within acceptable hmits to obtamn n ressonable tool Iife. Fundamentally,
t.[,]t]l WELr 18 [!-3.'.].5[:'1' 1:}' SN ".-'I':'J'}' I'UFI'IIFIEJ; ]H!‘"['I'H.'I.TI I{fﬂ.I_l r]]r;'r'ml;,".ﬂ, und
metalhirgieal interactions between the outting 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 deaeribed,

Flank Wear, This type of tool wear pattern 158 normal and will always
oceur. It eannot be avoided, but the rate at which it progresses must he
controlled to obtain a reasonable tool life, Flank wear 1g illustrated 1o
Fig. 7-24A. The worn surface on the flank just below the eutting edge 1=
called the lank wear land. 1t is a very uniform band that can readiiy be
seen with a low powered magnifying glass or magnifying mirror. The
width of the wear land can be measured with a low powerad toolmakers
microseope, and the progress of the wear as the tool cuts can be shown
on a graph, asin Fig. ¥-23. When a new tool starts to cut it will wear very
rapidly during the first minute or two of s operation; this iz ealled 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.

therehy forming a notch on the Aank that may extend below the flank
wear line giving 1t a japped appearance The velds thus ereated are
quickly flled with work material winch 15 welded to the tool materal
and werk hardened by the pressure of the eut Burprisingly, controlled
tests have shown that on high speed steel tools, the built-up edge may
actually prolong the life of the cutting tool by “repairing” the damaged
arcas with work material that is hardened and welded i place, These tests
show that the teol life may be somewhat erratic; however, the tool life
16 not shortened and may be nercased, Studies have shown that the tool
may cut for periods of time without any inerease in Ehe width of the
wenr land, Apparcntly the built-up edge protects the flank of the tool
[rom exposure Lo wear

The built-up edpe 1 not & problem when rough turming with high speed
steel efitting tools, excepl when turning certain very soft matenals which
farm an cxcessively larpe built-up edpe. Simee 1t 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
LG 130 6 -
130 140 g 1 HH
140= 160 Td 1.03
1ha-1 80 R 11}
1Bo- pon ] 1.14
Al Plain Carbon Steels J| e 4 .33
IIO-240 Ay 1.4.%
416G A .51
o280 R=T] 1,59
1 Bo- o 1.00 .74
0= §ED 1.01 1. &
ATD- 140 1.06 1&g
W ddo-ha 1.14 A0l
Free Mac hining Steels
1oG-140 .41 1.1z
AIST ¢ o8, 120g, 1010, crng. roob, neny. snuB. poag, ) :::':;: :: :::.
ferd. viag, viab, o2 1 61 B " 13
18- 700 N1 1.14
1 1Bo-100 Ny 145
.I‘:SIJ:IJ?,J:IJ&,II:_“;I.,II:-‘U..I:I:-‘I,:II}.L:II|=,II].E.. J JEE-F 30 55 150
BE4B. 1150 130-240 £7 1.54
iqo-260 [ F] 1.65
Alloy Steels
'!" i -1 B 1.6y
| isn-18s g 1.79
180200 69 i.BR
ALSLgor . qoed. 4007, 4008, 4045, 4037, 4043, 4947, ::1::: :; 1 ::
057 4040 4142, 4145, 4147, 4150 4340, 4640, 4815, '.J 14t . 5 1B
4817, 4820, 00, 5132 5035 SI4D, 5145, 5150, 18, 160180 B4 1.19
Gige. B6y7. B4, BE4e. BA4s. Bhsa, Brgo 1804300 &7 1.38
o= 320 N1 .48
RELSET T .gh 1.6z
BT T 100 174
I 1 =164 K13 1.53
| | oe-de 1] (T
l 180 200 L] 1.55
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
Moozaoeagn 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,
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
High Temperature AllnﬂI 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 | .22 || Zinc Die Cast Alluyzl A5 | obB
omabey e B | j.00
Inco 700 130 .12 | 3.0 Copper ipure) g1 | .48
Ineo yoa 133 1.10 | j.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 oo | 3,73 Medium . ga | b
15300 t . A3 | oo
1562 75 | oo ,
roo-p5e | BE | 1o MEE:_""'“ . 0.68
Toal Steel 150a0e | 9B | 16N B olled thard) ' 0 | oo
joo-Age | Do | 3.2 : -
150-400 | .30 | 3.55 || Magnesium Alloys e | ooy

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

=il UATIONS.

I'or inch units only:

IFor 31 metrie units only

Q=12Vjd
V
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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

L 445 .
V= 12 fd ~ 12x.016x.125 (Q=12 V fd)
= 198 ipm
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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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Dirurfeay of LeSlakd Maihide Toal o

Fig 8-2 Turning with workpieer mounted on Inifstook conter and held by o four jaw
rhuck

holis i the workpneee serve as procise loentmg suriaecs 88 well as hearmg
surfaces to earry the weight of the workpiece and to resist the cutting
forces, Alter the workpieee has been removed from the lathe for uny
reason, the center holes will accurately align the workpieer huek in the
lithie or m oanother lathe, or inoa evhindrieal grinding inaehine, The work-
pivee st mever be ekl at the beadstock end by both a chuck and a
lathe center. While sl Rest theught this seems= like @ quiek method of
uligning the workpicee in the chuek, this umst vot be done becanse 1t =
ol possihle to press evenly with the jnws spainst the workpece while it
i also supported by the eenter, The alipmnent provided by the ecnter
will not e maintamed and the pressure of the jaws may damoge the
center hole, the lathe eenter, aml perbaps even the tathe spancdle, Com-
pensating or Hoabting jaw chucks used ohimost exclusively on lugh produe-
tion work provide an exception to the statements mode nhove. These
chucks are really work drivers nnd ennnot be used for the same purpose
as opdinary three or fouer-paw chuyeks

While very large dinanetor workpieees nre sometines mounted on two
centers, they are preferably held ot the headstock end by faceplite jaws
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—

Courtesy of Honfinpe Brplhers Ine

Fur B-i Turniog with workpioee mounted oo the toilstoek conter snd n oo rollet
chuek.

zec Fig. 8-5) to obtain the smooth power transmassion, moreover, lirge
lathe dogs that are sdequate te transmit the power not generally avail-
sble, nlthough they can be made as o specinl. Faeeplate jaws are like
chuck jaws ¢xeept that they ure mounted on a fuceplate, which has less
overhang from the spindle bearings than a large chuck would have,

Preparation of the Workpiece

Before the workpiece can be placed between centers in & lathe & center
hole must be drilled in each end. This hole is drilled with & combination
drill and countersink which is commonly ealled a center drill (see Fig,
B-6}. The conieal hole should be drilled deep enough so that & good bear-
ing surface 13 provided for the lathe centers; it must not, however, be
drilled beyond the largest diameter of the center deill, The eountersink
has a 60-depree meluded angle and the lead dnll provides a elearance {or
the lathe center pomts. The axes of the two center holes must coincide
with each other so that the lathe centers will seat firmly on the conieal
surfaees of the holes. There are zeveral methods of drilling the eentor
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Conrteey of Leflond Mashing Toal o,

Fig. 84 Turniog between two venters: A lathe dog iz clomped to te workpeee,
sned topither they are deiven by the deiver plale on the lathe spindle nose,

holes in the work: Three diffcrent methods for dommg thiz job will be
degeribed.

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 s made
at the center of each end. A dnill chuck is mounted in the headstoek
spindie of the lathe as shown in Fig. 8-7. The center punched hole
of the workpiece 15 held agamnst the tailstock center, as shown, and
the tailstock spindle is advaneed in order to feed the other end face
into the ecenter drill. One hand iz 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 15 drilled
to the correct depth. The work is then turned around and the other
center hole 15 drilled. This is an accurate method of drilling the
center hole when the workpieee 18 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 chuek, otherwise the axes of the
two center holes will not coinerde. If the three-jaw unmiversal ehuek
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{ragriaay v f LB iemd Machinn Taul O

Fig, B-5. Muazuring the dinmeter of & workplece o g lathe, The part 2 held by
focephbe jiwsal bhe headslork ond

&S s

= DRILL AND COUNTERSINK

—e

Fir. 3-8, Combination drill and countersink, or cepter drill, and its application 1o
centering paris for burning.

does not run true, it is best to use a four-jaw, independent chuck
that ean be adjusted to hold the workpiece concentric within one-
thousandth of an inch, if desired. This is accomplished by placing
a dial test indicator against the workpiece and adjusting the
chuck untll 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. Dirilling eemior holes in the ends of o cvlindriend workpleoe.

a drill chuck whieh 18 held in the talstock spndle. The tailstoek
spindle 15 advanced manually to drill the hole to the correct depth.
'Iq'uia method has the advantage of not requiring a layout to be
made on the workpiece prior to drilling,

. Long workjpieces, and those that are too heavy Lo be held by hand,

are center drilled as shown in Fig. 8-9. The work 15 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
eotneides with the axis of the lathe, One method by which this can
e done 15 to find the center of the end face of the work by muking
# layout as described 1n Chapter 3. A tallstock center 12 then
positioned opposite the lavout mark which determines thie center
and the steady rest 13 adjusted until this layout mark 1z n align-
ment with the point of the taistock center. The work can also be
aligned by using a dizl test indicator that 15 attached to s surface
gage. The contact point of the mdicator is moved over the top of
the work, and slong the side of the work, at each end. When in-
diesting the side of the work, purallelism between the work and
the axis of the lathe s obtained by using the finish machined
vertical sides of the lathe bed as a reference surface for the surface
gage, Accurate results ean be obtained by using a surface gage
without an indicator. The point of the surface gage zeriber i= ad-
justed to touch the top and side of the work at esach end. This
method is preferred when the work has a rough surface scale.
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E'ni.rrt;:.su' it fefTlond Markine Tool Co.

Fig. B8, Dwilling the eenter hole in the end of a-short workpiece by holding it inon
vhuck,

Before the center holes are drilled, a facing eut should be taken across
the end of the wark. This 15 done us shown at 1, Fig 7-14, The work can
be machined to the correet length by facing both ends, A short spot should
be turned on the outside dinmeter adjacent to the end face az shown in
Fig, 8-9. The spot is turned by cutting just deeply enough to produce &
evlindrical surface that is concentric with the center hole in the end. The
purpose of the spotl is Lo provide a relerence surface which ean be gripped
by the chuck and against which an mdicator can be placed in order to
test the concentricity with which that end of the work 12 held by the

chuek. The center hole iz drilled in each end using the tailstock, as shown
in Fig. 8-9.

The Machine Setting

A part of any muchine tool setup 18 to sel the mnchine to operate at
the eorreed cutting speed and fecd rate. Most machine tool builders pro-
vide instruction plates attached to the machine which provide the neces-
sary information for the operator 1o adjust the handles and loevers so
that the minehine will operate at the desired speed and feed. The proco-
dure for sclecting the rorrect eutting specd and for ealeulating the spin-
elle speed hns loen treated inodetadl in Chapter 7. While the feed rate was
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Courfeay of Dalifapd Markine Pasd o

Fig. 8-0 Drilling cesiter holes in the ends of a longer workpisss,

also treated in this chapter, & further trestmoent of this subjeet will be
helpiul

The Teed rate eannot be enleulated ; it is largely a matter of exereising
sound judgment based upon expericnce. All of the following lactors must
be econsidered when selecting the feed! 1. the depth of eut to be used;
2 the surface finigh to be produced on the workpicee and the nose radiis
of the cutting tool; 3 the tyvpe of eut, finshing or roughing; 4. the sige
of the lathe and the power available; 5 the nmdity of the workpiece and
the cutting tool; and, 6 how securely and rigidly the workpiece 1= held
in the lathe, Toble 85-1 provides some representative feed rates. It ean be
used as o guide in selecting Teeds, based on the size of the lathe

Table B-1. Guide for Selecting Feed Rates
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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
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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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Fip. B-12,A Truing a soft hewdstoek center with a luthe ool B, Trutng o hardened
hoadstosk center by grinding with o tool post grender.

Tewrtery af the Pdenl Indaitrice Imr

Fig. 813 Tave taibsioek center moonted on precision astifrieion bearings

and the vertical misalipnment of the tailstoek eenter is almost never a
eawse of taper unless the lathe = very badly worn, However, a small
vertical misalipnment can cause a straight reamer, which iz held in the
tailstock spindle, to ream e shightly tapered hole.

A check should be made to determine the aceuraey of the alipnment of
the tailstock center before any atlempl s made to turn a eylindrical
surface unless it 15 known to be in alignment. 11 the tailstock center s
nol in alignment, steps must he taken to bring it inte abignment, There are
severdl very preciee melhods that ean be used : these are described Iater in
this z=ection, First, however, as a rough check, the tailstock 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. Procediire for aligning the tailstock conter. (Top) First Step—euiting spot
of hondstiock ond of work, Second slop—cutbting gpol at tuildteck end of work, Tlired
step—Indicating lieads=tork spot. Final gtepaIndicating tadatoek spor.

A-140" and I, The indicator should be graduated to read 008 inch,
or less,

5. Position the indieator against the first spot at the headstoek end
and move the eross shide untal the indieator reads zero.

4. With the indicator reading zero, noto the reading of the cross feed
micrameter dial. It s converent, if possible, 1o set the micrometer
dial to read zero at this position since this reading can easily be
remembered. This pesition of the cross shde 1# calied the zcro
reference position: All of the indicator readings on hoth spots are
made with the eross shde ot the zero reference position, ns deter-
mined by the cross feed micrometer dial reading.

10, Withdraw the indicator from the first spot with the cross shide
and move the carringe until the indiestor i@ opposite the sceond
spot ot the tail=tock end.

11, Move the eross slide inward to the zero refercnec position, as de-
termined by the cross foed micrometer digl reading. The indicator
will now touch the sccond 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. &=16, Types of dogs, or drivers, commonly used in connection with Inthe work,

course of the turning operation. When a heavy cut 1s taken, some of the
heat generated by the cutting action is absorbed by the workpiece which
will cause it to expand in length enough to make the centers bind. When
this oecurs, the tailstock center will overbeat and, eonsequently, be ruined.
When a heavy roughimg eut 15 followed by s light finishing eut, the work
will lose heat and contract, causing the adjnstment 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 pest
should be kept to a minimum in order to make the setup as rigd as possi-
ble. The nose of the cutting tool should be positioned “on center” or at
the height of the lathe eenters, as shown in Fig, 8-18. The turning tool
15 usually, but not always, hebd about square with the workpieco as in
Fig. 8-15. When turming elose to the lathe dog or to a large shoulder
lsee Figs, 5-14 and 5-23), 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 iz generally performed aiter the work has been
set up is lo 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 that have been turped in a lathe The file that s generally used for
lathe work 8 a single-cul, bastard file of "mill" section. The amount of
metal that is left for filing should be kept to 8 minimum. Tt s difficult to
file a part round, 1n a lathe, In general, filing should be savoided except
to "“lreak’ sharp corners of shoulders. An abrasive cloth may be used Lo
obtain & smooth surface by pressing it against the rotating workpiece. A
rather smooth fimish can be obtained by using the finer grade of abrasive
cloth. Polishing straps are sometimes used when polishing lurge diameters,
A polishing strap is shown in Fig. 8-21. The two ends of the polishing
strap are held together with a piece of leather bhelting.

Figure 8-22 illustrates a digital readout system that can be adapted
to engine lathes, This svstem reduces the time and effort required Lo set
the cutting teol in order to turn the work to the required dinmeter and
length, The eutting tool 15 et aganst the end face, and the digital display
for the langitudinn] feed i3 set to zero. A short trial cut is taken and the
diameter 15 measured with a micrometer caliper. The digital display for
the eross slide is then set to read the dismetor of the trial eut. From then
on, the position of the point of the cutting tool—with respect to length
and diameter—will appear on the digital display, Thus, the lathe operator
ean set the cutting tool to eut the Jength and diameter wanted, by observ-

Courbeay' of Lelmd Afeckine Tisd &a,

Fig. 8-21 Turnimg and polishing lasge-diamefor warkpicees: Note the polizhine straps
usd to polish lnrge diametors on (he Inthe it 1o left, The obrasive eloth woonelosod
inn the devieo that looks like n lirge nuterackeor.
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Courfeay of The Hendig Corporghion, Astomation and Meoruremeant [inason,

Fig. 8-22 Tingine lathe equipped with o digital readout,

ing the dimensions displayed on the digital display without taking any
further trial cuts. For aceurate work, of course, roughing cuts should be
followed by a hght 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 dizmeter Lo size
3. Farcing the shoulder to length,

The length of the shoulder can be laid out using a hermaphrodite caliper
as shown in Fig. 8-20. A serateh, 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

www.EngineeringBooksPDF.com



Ch. 8 TURNING ON LATHE CENTERS 247

I

|
a
i

|
-

TR (RN NN R |

— s i -———-I

| I_ |
-.-.-.-1-.-..-—| .

-

simizci s I ke

-
s
& Far. i e fo e Porried

= e e
[~ [T ] 4

)

===
I [ 7ot Bushing | :
— s T A,
I |
F\.;l H —l-'. e ——— = _:.
I ; |
SEN— 1 e mar———
1
|ttt 1 T rapered - !
1 [ i
I r 1 ]

M o o -

(dl £ xXPANDING MANDRELS FOR LONG JOBS

RS

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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Cowrreaw o T Baefern Tool & Mifg To

Fig 526 An cxponding mandrel usql to bold o busthong while turnmg o short taper
tning the romepodnd-resl

sometimes polished with an abrasive cloth. The jaws should be earefully
adjusted apainst the workpiece. For very accurate work, o dial test incli-
eator 18 positioned on the workpieee 180 degrees oppesite one of the
lower jaws. This jaw 1s brought against the work until the indicator
shows a deflection of a few-thousandthe-al-an-inch, The jaw s then carc-
fully backed off until the indicdator returpns to it original reading, The
second lower jaw s adjusted by the same procedure. The top jaw is then
brought down on the work and adyusted so that the work will turn frecly,
bul without play

The surface against which the jaws are brooght to bear sliould be kept
well oiled. 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 eloth [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 reguire the steady rest
to be moved to another position after turning ane seetion,

Somctimes, a long cylindrical surface must be turned on o workpieco
so that there is no room to place the steady rest without interfering with
the cut. In such instanees a follower rest, Fig, 8-28, must bo used to sup-
port long, slender workpieces against deflections, The follower rest is
similar Lo the steady rest except that it ha: only two jaws and it is
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Conriesy ¢f Lafllond Aoackine Teal Co

1"||.|; A=27, Atendvrest nsed 1o support ooslender port that @8 held ket woren contirs

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,

A knurled surface 15 8 rased surface, usually with a diamond-shape
pattern, which is formed to produce an ernamental ¢fect or to provide a
nonslip or gripping surface. This pattern 15 formed on the surfaece by a
knurhing tool such asz 15 shown n Fig. 8-30. Thiz tool has three paire of
rolle which can be made to produce a fine, medium, or a coarse-piteh
kourled surface The rolls, or kourls, are made from hardened steel and
each knurl has & series of teeth or ridges that meline 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 kourled surface s formed by the high locsl
pressures produced by the kourls which cause the metal on the surface
of the work to flow, or extrude, in an sction which is similar to center
punching Knuried surfaces with & single groove are sometimes made,
although the diamond pattern is the most common on machine parts,
Several different kinds of kourling tools are also used, Some knurhing
tools are designed to reduce the load, which can be very high, on the
cross-feed screw and nut.
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Conerieny of Leillongd Aochonr Teood To.

Fig, 5-25 Lame stendyveest dseld o suppert long workpeoe Tield oo ehock gl
hetwern ¢enters on o lthe having two comiages

iy ol Fat o Al gl me Tool Ca

Fie, B-200 Follower rest used to aupport slender workpieees proveles supporl for
cutbng rolire bmgth withoul steppinge.

The knurling operation iz performed by elamping a knurling tool in the
toalholder and aligning 1t so0 that the knurls are paralle] to the surface of
the workpiece. The lathe should be set Lo operate st a very slow speed
and a plentiful supply of lubricating oil should be placed on the surface
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Courteny of Leillond Wochise Tood Co.

Fig 8-30, Knurling to provide o slip<frec surinte

to bt knurled, The knurling eperation 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 inward, using the cross feed, until a well-
formed knurled surface 13 visible on the surface of the work. If a fine knurl
15 being made 1t may be desirabile, at this point, to feed the knurl into the
full depth, On harder materials and coarse knurl patterns, the mitial] feed
should net be to the full depth unless the width of the knurled surface
on the work 15 less than the knurl rolls, in order to prevent an excessive
lead from occurring on the cress-feed serew and nut, If the surface to be
knurled is wider than the knurls, the power longitudinal feed of the lathe
should be engaged and the knurling tool 15 traversed back and forth,
feeding it inward before cach passage, until the full depth is reached.
The knurls should never be allowed to lose contact with the work until
the job 18 finished, The correct depth is obtained by observing the pat-
tern of the knurl on the part.
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CHAPTER 9

Chucking Work

There are many different designs and types of chueks used in a machine
shop. For example, there are drill chueks for holding straight-shank twist
drills, mapgnetic chucks, vacuum chucks, ete. The four-pw independent
chuck, the three-jaw universal chuek, and ecollet chucks are commonly
used 1in the engine lathe to elamp workpieces and hold them 1 alignment
for the performanee of chueking operstions which includes turning, facing,
thread cutting, dralling, boring, reamiog, and cut off, Bhort warkpieces 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-jJaw chuek 18 shown in Fig, 9-1, The work-
piece 15 placed in the chuek jaws and the jaws are closed by turning bevel
pimion €, with the chuck key, The bevel pinion engages the pear teeth on
the back of the seroll B, which turns inside of the chueck body ). The

Courieay af the Huck Tool Company
Fig, 91, Details of a 3-jnw, Adjust-Tru, unaversgal 2croll chiick,
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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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prooves that are machined into the face of the body. The jaws are then
closed to hold the work lightly, The shank end of & tool holder, or & 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 s then turned manually. The
high spot on the work pushes the shank of the tool away resulting in an
opening, 1) (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
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Fip. 04, Procodure for adpsting workptece o n 4-paw mdepenident choek,

Fig. -5, Using 4 din] test indicator to lest the concentngity of 4 workpece held in
g d-pw indepondent chuck
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the largest opemng between the shank and the work, and itz opposing jaw,
until the openings opposite these two jaws are equal. The other two jaws
then are adjusted likewize, Finally, the fine adjustment 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 is a finished
surface, it should finglly result in work that can be rotated without any
light showing between this surface and the shank. For very accurate work
i thal test indicator can be used in place of the tool shank in making the
fine sdjuztment. (See Fig, %-5.) The dial test indieator sheuld not be
ueed to check a rough surface. The contact point of the indicator should
be uzed only apainst o finished surface. Sometimes a hole ina workpieee
must be made to run true in a chuck. Thi= s done by indicating inside
the hole, as shown in Fig. 9-6, In this case the indiestor is held by a
magnetic base.

Some parts held in a chuck will tend to zshew endwise eccentricity or
wobble 1n addition to radial eceentricity. In some cases this can be cor-
rected by placing the work against the face of the chuck jaws or chuck
body. When tlis eannot be done, the shank of the tool holder, or a piece
of steel, is used apgainst the face in a similar manner as for centering the

Cusirtesy af Thi L 5. Flareeft Company

Fig %6, Using a dinl fest indiwalor Lo test the eoocentriciby of o hole locsted in
noworkpeees ield i & 4-1pw cliuek
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work radially. In this ease the high spots are found which are then
tapped back with light blows from a soft hammer. The fine adjustment
ean he checked by using & dial test indicator, The contact point of the
tndicator 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 chuek jaws. Studs wlich extend an equal distanee
from the faee of the jaws can be fastened in the T-slots, and the parts
being chucked can be positioned ngainst the end of these studs, therchy
obtaimng cndwise alignment.

The workpicee 15 sometimes deliberately mounted eccentrically in the
four-jaw ehuek 1n order to turn & surface which is eccentrie with respect
to another surface, (Sce Fig. 9-7.) The fiexibility of the four-jaw chuck is
elearly demonstrated in this operation, It is, perhaps, the most versatile
and useful work-holding deviee for engine-lathe work,

Mounting Work in Collel Chucks

Spring collet chucks are highly aceurate chucks, Thev should be used
to clamp on finished surfsces thal are accurate to withan & few thou-

Cosrtesy of tha Clousing [Neiadon of the Atlas Pross Compoay

Fig. 9-7. Work held cecentrically in o 4-pw independent ehuck.
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sandiths of an inch of the size of the collet used. The spring colicts exert
an cven and uniform pressure around the workpleee, which minimizes the
distortion of thin-walled parcts. Figure 9-8 shows o group ef spring collets
used 1o hold round, square, and hexagon-shaped workpicees. A draw-in,
har-type collet chuck 5 shown in Fig 9-9 A special eolict adapter s
miserted in the spindle nose and the eoilet i inserted in the adapter. The
drow-in har 15 inserted in the rear of the spandle. When the deaw-in bor
i turned, it draws the collet into the =pindle by the action of the threads.
The taper on the adapter (eorresponding to the taper on the coliet) causes
the collet to close as it s palled into the spindle by the draw-in bar, All
of the surfaces of the spindle nose, the adapter, and the eollet must be
clean since oven the smallest particle of dirt o foreign substance will
eausge the warkpieee posibionod msude the eallet to be held inaecurately.
A spindle nose type collet chuek is shown in Fig, 8-10, This chuek can be
obtained to fit onto cither o threaded coam lock or a long-taper spindle
nose. The collet is inserted in the front of the chuek and pulled back
against the taper to permit elesing the aws by turning the handwhenl,
As it s nol neeessary to resch belamd the spindle to close the chuck, a
saving of time and effort results

The dinmeter of the workpicee held & spring type eollet should be
within approximately = 005 . 1 2013 mm) of the dinmeter for which
the collct is mmade. Figure 9-11 illustrates what happens when the work-
pieee 18 too lorge or oo smudl, The eollet will aot grip the workpiece
firmly, exeept at the ends of the eollet bolding surfaces which, as a result,

Courteey of Hardizge Frathere ne,

Fig -2 Spring collets for holiling diffecent work shapes.
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Courdeay of Xomdlh Hend Latks
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may = e aeloed suefaees 1o e doaeenrate, The warkpleee sir-
fage oo wlieh the eollot gripecshonbil e o Aeished sietnee fo obtain the
aecurney il the s holiling power for which the ecollet s been
& e TR TR

There are other tvpe= of collots wlaeh ame used on engive lnthes, al-
theueh these vollets ore need prigmmly when o mmnber of like parts e
to b machaned. Ulne =ueh collet = the =tep chuek, sliowns o Fig 812, The
~top plinek consist= of o elo=tyge e, wlioeh fit= on the dnthe spiodle, and
doehnek or collet, whiel) elosv= o holil the otsswde Qiameter of e work-
e The elimek or colled < e of melssedinge ) =teel, aehiel as bored out
on the jab to the g ter sl |||'|rl1| recpuired to fit the 'l.".'l.'.ll'l-:||i:'n' Bofare
Porine Lhe ehivek, plos f=ee Fre 02123 are bwerted 30 boles loeated i the
=fits. e pins Loait the amonnt that thie ehiek will elose when deawn
tighit B the closing ring. The eliek i= then bored to the regquireil dinmeter
A depth the dhnmeter shoull be G005 0 0013 nua) bess than the size
of the pat (o b Liesled Avese the eligedk Bos been boosl] to sige, e [l are
eqnonceel el 4 he workpreee s be held, ssosbown e Fig, 9-13. The part
i thi= ilin=tration = begeg comdorbored msing an orclinney toring tool;
howescer, the shile relied angle of the tool unsl be bogge enougls to prevond
the Dank of the toal Froare enbifiog sgomst the bore. Bomn tegulbinr eollets
are puede freem o =0t ovetnd =0 thot they enn b Dored 1o 0 =ize for whieh
there = 1 stamdor] collet, & =oft eollet = illu<tmbed g the upper right
land wiew of Fiyg B8 which shows the phns asee shon the eolbet s Trod
oy =1Eg.

Avsther bvpe of eolhel i the oxpoineding coller, whoel s desygae] to hokld
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Ceurlesy of Hordings Bratherd Ine,
Fug, 0-10, Bpindln-nose type collet ehuck,

hy expancling inside of a hole in the workpiece. A taper pin or 8 taperod
expanding bolt 15 used to expind the collet While these collels are gen-
erally rounel, they ecan also be mace to other shapes sueh as square,
hexagon, or threarded
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Fig, 111, Effect of holding oversize and ondergize workpiceds m s spring collet, A
Warkpiece oversize ; B, Workpieoo undersiz,

(Morrerdang mf ]l'u'rrhrrpl_ Meadhgrn fnip

Fig. 112 Rtep rhuek. showing closing ning snd eollet, sheel is usually ealled {he
rhuck "

Coilet-Chuck Waork

Collet chucks are used to hold fimished 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-
Lruding outside of the collet to make the required part, The findzhed part
18 then eut off with a cut-off tool Collet chucks are frequently used for
second chucking operations, The part is first finish-turned on onc end
It 18 then turned around and the finished end is held in the collet chuck
while the other end is turned to size. A turning opeartion with the part
held in a spindle-nose type collet chuek i3 shown in Fig. 9-14. Note that
the compound rest is set at 90 degrees so that the compound-rest shde
moves parallel to the axis of the lathe. This permats the mierometer dial
of the compound-rest feed serew to be vsed 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 15 being turncd wihile
held in & collet chuck, Turning this between eenters would be difficult be-
cause the action of the cutbmg forees 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
eollet to take o et of about one or two inches 1o length. It is then drawn
out of the collet and one end is held by & steady rest as shown, This end
could be held in a tailstock ecenter; however, on very small dinmeter
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

flmardean o Ilaridimer Brafloks e,

Fi, 813 Btep churk lollme sorkpiiess o pecfoem iucming, (e, Dsving, sing
cost i bopl s ina apnet i,
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Courtaay of Mardinpe Hrothers [ae

Fip f=14. Twrnng and cing o part held 1o o spndle oose Bype collet

rest prevents the work from deflecting as the tool cuts the length of the
part to zize, This job eould 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 revelves, the tool will
cut & true eylindrical surface. The trial-cut procedure is used to gbtain
the desired diameter on the workpiece, Long parts held in a chuek may
deflect as a result of the cutting forces which cause the part to be tapered
instead of cylindrical. This can be prevented by using a cutting tool hav-
ing & small-nose radius and setling this tool to have a zero-degree lead
angle

Facing s the operation of turning a plane surface by feeding the cut-
ting tool with the cross shde. A facing operation 18 1llustrated in Fig. 9-17.
The depth of cut for this operation can be obtuined hy moving the car-
ringe longitudinally,

Greater aceuracy in setting the depth of sut ean be obtamed by setting
the compound-rest slide so that it will move parallel to the lathe axis as
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Fig, B-15 Tuening o slender workpleees hald in g colled cliwk bae o stesidy rest, Addi=
taorsl B prpsir] i_3 prnvid:‘-!‘] kv o Followior Pt

shown in Fig. 9-17. The depth of cut is set by moving the compound
rest slide, using the micrometer dial on the feed serew to make accurate
setbings,

Drilling

The fArst step in drilling a2 hole on a lsthe 15 to start the hole with &
eombination drill and countersink, or center drill, as seen in Fig. 9-18,
The center drill is held i a drill chuek which iz mounted in the tailstoek
spindle. The work is rotated by the headstock spindle and & high spindle-
speed should be used to drill this starting hole, The hole is drlled 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,
bemg short and inflexible, will not deflect; but will start the hole true,
withoutl any eccentricity, The twist drill will be guided by the hole made
by the center drill and, therefore, will also start true and without
eeeentricity, '

After the starting hole has been made with the center drill, the hole
15 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 n guide, the Table of Cutting
speeds (in Chapter 5) can be used. The spindle speed of thie lathic s
cialedlnted from the cutting specd using Formula 5-1. The drill s fed mnto
the work munually, by turning the tailstoek handwheel
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Fig 0-10. Tourning & part that s held oo 3-law universal ehuck.

Small twist drilis (up to approximately one-half 1nch in diameter) can
be held in & drill chuck which 15 mounted in the tailstock zpindle, 85 shown
in Fig. 9-19. The taper locates the drill on the axis of the lathe and it will
hold the drill sufficiently firm to resist the drilling torgue, The torgue,
encountered when larger drills are used, may be sufficiently large to cause
the taper shank to slip in the taper hole of the tailstoek spindle. This will
result in scoring the inside of the taper hole of the spindle. This damage
15 frequently so severe that the tailstock spindle 35 ruined. It 15 not ad-
visable, therefore, to place large, taper shank drille directly into the
tailstock spindle unless some means are provided to prevent the drill from
slipping-or the step drill method & used to reduee the deill torgue,

The tailstock spindle on some lathes 15 provided with a keyway, or
slot, into which the tang of the {wist dnll fits On lathes which are so
equipped large-size taper-shank drills can be safely driven by Lhe tang.
Mozt engine lathes do not have s driving slot in the tailstock spindle,
thus other means must be vsed 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 tallstock 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, =18, Starting & drilled hole with a center drill.

the spindle after which the dog is clamped on the drill so that the tail
15 against the compound rest. The {a1l of the dog prevents the drill from
turning. Care must be exercised o make certain that the tail of the dog
15 against the compound rest &t all times as the hole 13 being drilled.
Aunother deviee used i driviag a lorge twist dreill 12 ealled @ dril] holder,
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Cosrleay of Laolilend Maehome Tool o

Fig, 911 Drilling a small-dimeter hote with a drid] hedd s o dnll ebhock - which s
mounted m ie Latlsioek spinille,

Courtesy of Lafflond Mackine Foal Cp.

Frg 9=20 Thilling o Inrge-diameter hole with a taper shank twst drill, The lathe Jdog
prevents L el drcvm nlippin“

wineh holds the drell outsade of the tailstoek spusdie (zee Fig 9-210. The
taper shank of the twist (el fits inlo a mateling taper nside the drill
laikeberr, w luel 1 supporied by o tnilstoek conter and the workploee
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Fig, 921, Driling o large=dismeter hole in a lathe The twist drill is held o a drifl
holder

The arm of the drill holder 12 placed on the shank of the tool holder and
against the back of the tool post. As the dnll s {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 drill holder, thereby keeping it seated on the
tailzstock spindle at all times, This constramt 18 espeoially 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 can be safely drlled with taper-shank drills mounted
directly an the tailstock spindle by using the “step drilling” proeedure
A small hole, say, one-half inch in diameter, is drilled first, This 1= Tol-
lowed by enlargimg the hole with suceessively larger-diameter drills until
the required size is reached. In this way the torque load encountered by
any one drill is not excessive, and the drill will not slip in the tailstock
spindle. Another sdvantage of this method is that the thrust load is re-
duced whieh, 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 emploving 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 bo fed into the work manually by turning the tailstock handwheel
Although this is not chjeetionable on engine lathe work, the drill may be
fed with the longitudinal power feed of the earriage using the zetup shown
m Fig, 9-22, The deill 15 held 1o a drill holder that is elamped to the fage
of a square turrot type tool post having a “quick change” feature on one
fuce, This feature permits tool holders for different types of tools to be
quickly clamped or released. In making the sctup, the dnll 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, %23 Heaming o hiole on a Inthe, The eamer d8 beld in o fonting ceamers hoider

fed through the hole slowly. On engine lathes the reamer ig {ed manually
through the hole by using the tailstock spindle. Cast iron is usuelly
reamed dry; however, a good grade of cutting oil should be used for
reaming miost other metals ineluding all of the steels

Boring
The ohyective of boring & hole in a lathe 1s:

1. To enlarge the hole

2. To machine the hole to the desired diameter
3. To necurately locate the position of the hole
4. Toobtain a smoothsurface 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 workpece
revolves about the axis of the lathe, When these two motions are com-
bined to bore & hole, it will be concentrie with the axis of rotation of the
lathe. The position of the hole can he accurately located hy holding the
workpieee in the lathe 5o that the axis aboul which the hole is to be
machined coineides 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 horn:g o hole on an cugine Inthe = shown in Fip 9-24. The
horing tool 18 heb! i boriug bar whieh s fodd theough the hole by the
eartizige. & typienl bormig teal 1= shown m Fig D-25. Variations of this
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Fig: 0:24 Degnnga hole on an engine lathe
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Fig. 0-25. Dvsign of o (vpical high-speed steel borme tool. The desipn (2 tvphisal, bul,
viriints are deed fo suid different conditions,

dezign are uzed, depending on the job o he done, The lesd angle used, if
nny, showld alwayvs be siall Also, the nose radins of the boring tool nost
net be too lavge The cutting specd uscd for boring ean be equal to the
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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

www.EngineeringBooksPDF.com



Ch. 9 CHUCKING WORK 273

O S
P O

=

rnlll|IrIIr

Courtesy of The Monarch Machine Tool Company

Fig, (=26, Boring an interna] contour on an engine lathe equipped with o frocing
attnchment.

having a threaded spindie nose becazuse the cutting force will tend to
unscrew the chuck.

Cutting Off

The objective of the cut-off operation is to sever the end of the work-
rece which iz 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 chuck such as shown in Fig. 9-27. A cut-off tool, Fig. 8-28, is
usedd Lo perform the cut-off operation, The end cutting edge 158 ground 4t
3" to 157 angle m order to cot off the purt without a burr. The burr re-
mains on the stock that 12 held m the chuck and can be removed by feed-
ing the tool a short distanee bevend the point where the stock is separated,
The width of the cut-off blade is dependent upon the size of the cut-off
lool It should be kept as small as possible. Although both larger and
smaller widths are vsed, the sverage width of the cut-off blade is from
L} to ¥ inch. The blade has a back tiuper of one degree on cach side in
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Fig 0-27, Cuthing off g finished pard inoon cogine lathe.
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Fig, 528 Design of o ct=nf fool

order to provide clearanee {or the toal with respect to Lthe sides of the
groove mide by this tool, The side relief angles are two degrees and the
end relief angle 13 ten degrees. The {ace of the tool 15 made fiat; although
a very large radius {(equal to the radius of the grinding wheel used to pre-
pare this surface) is sometimes ground on the face, Ths provides a very
small buek-rnke nugle Two frequently used commerenil cut-ofl tools are
shown in Fig, 0-29,

The eutting speed used to eut off stock eon usually be as fast as
recommended for turming. Oceasionally, a very deep cut must be taken
to cut off a part, in which rase the cutting speed should be reduced. This
is done more in the nature of a safety measure than to decrease the cut-
ting load on the tool The cutting load, or eutting foree, 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 eut-off operation. For very small cut-off tools s feed rate as low as
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0005 ineh per revolution is somwtimes used, Large cut-off tools can
operate satisfactorily using a feed of 0 to 00 inch per revolution
For average conditions a feed rate of 001 to D05 inch per revalution is
recommended. 1t 15 best to use the automatie-power across {eed to perform
this operation since this feed s more aniform than the hand feed. [t
should be pointed out that the actual feed rate of the cross slide of most
engine lathes is less than the longutudinal feed rate corresponding to the
same setting of the feed-thread gear box. The setting of a qulek-change
gear box will correspond to the actus] lonpgitudinal feed; however, the
eross-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 ¢:ﬁ.]:L:ulm.ln.;=I
the actual cross feed rate can be given. This must be determined experi-
mentally for each lathe.

The eorreet setup for an offset cut-off tool s shown in Fig 9-30. For
both offset and strnight cut-off tosls, the blade must-alwaye be positioned
perpendicular to the workpicee axis and the end cutting edge must e o
center,

Lathe Fixtures

Fixtures are spocial tools used to loeate the workpieee inoa desired po-
sition for machining and to eiamp it firmly o ploce Uzandly, fixtures arc
used on production work, where s wwmber of ke poarte sre to be ma-
fh]ﬂl'd. TEIEI'!" AL LRI, I".[J".".'("'.'I'I', ".".'III'IE r]l.lf" ﬂ'[?nﬁﬂl_l.l']l‘.[i:l'll n‘ H | |:|H]'". |
syl thit 18 cannot be loested and biold by any aof the stiandured work
kolding methods. On such oceasions, o fixture is made to machine only
one or two parts, Such ABxlures are muade as simple as possible without
saerificing the reguired aceuracy,

Liathe fixtures are usually mounted on a faceplate or in 0 Tour-jaw
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Fug %=30. Correet sotup for an ofsel cuf-0ff tool, Blade must be perpendicular to
work and on center,

Creurteatr of "“Aloddl Boginers'™ magozing

Fug. 938 Stub mandre! vsed to nlige boro of workpiees with pxiz of lothe to mesure
omemirieity dnd perpendicolseidy of turmed sorface with bore,
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Fig, 532 Dhamond boring o complex part beld in o lothe fxture mounted on o fose-
jww chiek, Diomond boglig (ool produees sireor-dike sarfioee Tmsh on alumonam part,

chuek, although some very sunple fixtures may be held in o three-jaw
universal ehuck or in a collet ehuek. A very simple fixture for turming a
pulley ig shown i Fig, 9-31. Actually this & 1 stub mandrel used to
insure coneentricity Letween the outside diameter and the bore, and also
te insure perpendieclarity between the sides and the bore. The mandrel
i muade Trom a bar of stee] whieli is turned (o B Lhe bore and g tliread is
cut on the ond to hold a retaning nat. Tt 1s turned and then dsed without
removing it from the fathe, Tt may be removed and used again by indi-
cating one of the eylindrical surfaces or by always holding 1t in a collet
chiuck. However, a collet chuek should not e used when turning a large
diameter

Most fixtures pot mwounted oo 4 faceplate are preferalily held in a
four-jaw ehuek. Smee each pair of jaws can be accurately adjusted inde-
pendently of the other pair, the fxture ean b aeeurately located in the
four-jaw ehuck. A lathe Axtuee held inoa four-jaw ehuek that is mounted
on an enpine iathe is shown in Fig. 9232, The fixture 15 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.

D—d 1-—% .
y J L ~ 0625 in. 10-2
» i 3 (G235 1n { )
Tog = 12 % Ty = 12 0625
= 750 in. (104}

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, Btep type plug and ning Go=Not Go taper gnges

area. where the Prussian blue has been rubbed off. If it has been rubbed
off toward the large end, the taper 15 Loo steep and i it has bheen rubbed
offl toward the small end, it is too gradusl Tapered holes are gaged for
angularity in a similar manner, using & taper plug gage. In this case the
Prussian blize, or chalk, is placed on the plug gage instead of on the
workpiece, When gaging tapered holes with & taper plug gage these con-
ditions, previously indicated for a shaft, are reversed A seli-holding
taper that has the correct angle can be made to hold together without
any difficulty.

The taper plug and nng 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 1s flush with the small end of the shalt, the basic
diameter of 1.219 inches 15, in this case, 1469 inches from the small end.
When Step B i1s flush, the basic diameter is 1 438 inches from the small
end. Henee, 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 1469 — 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 himits, If the end of the work 1z 1nside Step B,
the taper 1s 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 & manner similar to gaging the shaft with the taper ring-gege.
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 o 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 ber has two buttons
which are similar to toolmakers buttons exeept that they are not adjust-
able. These buttons are usually either 10 inches or b inches apart. Their
location on the sine bar is accurate to “tenths ™ The sine bar 18 positioned
over the taper, as shown, and the difference in the height over the buttons,
Hy and 4, i= 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
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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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Caurtaey of The dmericen Toal Weorks

Fig 104 Detwalp of an engime<tathe taper gt fachment,

stock spindle, as shown in Fig. 10-5. The taper per inch of the taper to
be cut 1sealeulated and divided by two, This bs the distance that the eross
shide should move when the carriage is moved cxactly one mnch, longi-
tudinally. The taper attachment iz then adjusted until the dial indieator

iy -

Fig. W0-5. Method of seitmg the taper attachment. The same setup can be used Lo
offset the Luilstoek.
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reads the pumber of thousandths of an inch ealeulsted above, when the
carriage is moved exactly one inch. Care must be taken to ehiminate all
of the lost motion 1n the taper attachment before starting the dial mdi-
eator reading, This 15 doene by moviog the carriage toward the headstoek
until the dial indicator hand starts to turn. The one-ineh, longitudinal
movement of the carriage 15 started from this position, [t must be em-
phitsized, however, that even this method does not guarantee that the
taper produced will be absolutely accurste. Accuracy 15 obtained by meas-
aring or gaging the taper that has been cut and making fine adjustments
of the taper attachment until the angle of the taper per fool 18 correct.
The point, or nose, of the eutting tool must be set at the same height
as the center, or uxig, of the work when turning tapers. The mmportance of
thiz will be apparent by referrning to Fig. 10-6. To turn the taper shown,
the tool, T, would be moved back a dstance X, while traversing the
length, 1. In order to illustrate the prineiple, assume that the tool
could be plaeed as hagh as point a, the setting of the taper attachment

Fig 106 The nose of the eutting tool must be in the same horigontal plane as the
axes of the work, for laper turning.

retating ag before, When in this position, the tool would apain move
back a distance X, while traversing a distance ) however, 1n this case
the large diameter would be undersize sz shown by the dotted line i the
dinmeters of the small end were the samo in ezch case. Of course, i 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 eomparing the height
of the point, or nose, with one of the lathe centers, before placing the work
n the lathe. This precaution must be observed when turning or boring any
taper or angle, regardless of the method used.

With the work set ap, as shown in Fig. 10-4, the entire length of the
taper 15 cut until the taper ring-gage ships over the work far enough to
allow the angle of the taper to be gaped, vet still leaving enough metal for
one or more finish cuts to be token, Several cuts arce usaally required and
the last cut before using the gage should be a light one so that the result-
g taper will accurately reflect the setting of the taper attachment, If
necessary, the taper attachment is adjusted to eorrcet any error in the
angle of the taper s dotermined 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 1s
completed. If a taper ring-gage is not available, a drill press sleeve, lathe
headstock-spindle adapter, or & part having the correct taper may be used
in itz place, It = best, however, Lo use n Laper page even if one must
specially be made for the job at hand.

Taper Turning—0O#set-Center Method

The offset-center method of turning tapers, shown in Fig. 10-7 can he
used only Lo turn externzl tapers with the work held between the head-

Fig. 10-7 Taper turnmg by offset-center method on athe oot equipped with o taper
attachment,

atock and the tailstock centers. When both of these centers are 1 line,
the movement of the tool 15 parallel to the axis of the work and, conse-
gquently, a cylindrical surface is produced. 17, however, the tailstock
center b2 set out of alipnment, 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 1% 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 set over for turning a
given taper ean be caleulated ; however, the caleulated distance is only a
close approximation due to the effect of the centers inside the eenter 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: 10-8. Method of turning aogles and steep tapers with the compound rest.

Courtedy of the Clowaing Dhvision of [hd Afjvs Prese Company

Fig 10-9, Turning an angle on & V-hell sheave with the compound rest
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on the work and the contact point of the dial test indicator is moved
ulong the blade of the protractor. A eonvenent reference surface for the
protractor would be the face of 4 {aceplate or the tailstock spindle. Very
aecurate settings of the compound rest are best made by taking a trial
cut on the workpiece sand measuring the resulting angle. The compound
rest is adjusted until the angle being cut 15 correet, Figare 10-9 shows Lhe
angle of a V-bhelt sheave betng turmed, by wsing the eompound rest to feed
the tool, The sheave 15 held on & mandrel which s mounted between
centers.

Baring Internal Tapers and Angles

Inteenal tapers can be bored by using the taper attachment as shown
in Fig. 10-10. The taper attachment gubde-bar A, 2 set to the required
taper as shown by the geadoations, The puide bar, loeked into position by
serews 2, and arm O s elamped to the dathe bed by the serews shown
Lever £, 15 tightened aned the attachment i ready to use. The point, or
nose, of the boring tool must be set ol the height of the Iathe eenter.
This can be done by comparing the licight of the tailstoek conter (not
shown i Fig: 10-100 with the nose of the horing tool using & surface gage,
and taking the [lat surfaces on the b of the lathe oz o referenee surface.
The procedure for boring the hole is similar to the procedure for turning
a taper. The hole 1s bored undersize until the tapercd plug-gage can be
inserted to mensare the angle of the taper. Fellowing a light eut, the
angle of the taper is weasured and the taper attachment is adjusted to

Fig. 10-10. Use of a taper stiachment to bore s taper hole in the end of a spindle.
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Fig 10-11. Taper rearming 1o 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 15 first
rough-bored; this is followed by reaming with & roughing reamer and
the final fimsh 12 obtained by reaming with a hAnishing reamer. Some-

-

0o

Fig. 10-12. Boring tapered holes by using compound rest sel Lo the ungle required,
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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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Conrfery of Lellond Machine Toad Co,
Fig. 11-2 Faceplate jowa used 10 hiold workpieces for foomg oporalion

bearings, which iz undesirable. This is avoided when using faceplate jaws
which are just as effective as a chuek in holding the workpicee, Faceplute
jaws can be used fo hold symmetrical parts, as shown i Fig 11-2. They
can also be used to held irregularly shaped parts, as the different jaws
can be loeated at any distanee 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 Lkely
w be encountered, there 15 frequently a similarity between the jobs that
are llustrated in this chapter and those that are encountered elsewhere,
For this reason the examples shown should be earefully analyzed.

Figure 11-3 shows a rectangular-shape casting with o round boss, or
projection, the end of which s to be turned parallel with the finished
back faec of the casting. A cored hole through the center of the boss is
also Lo be bored true. This & a typical example of & part thal ean be
conveniently machined by bolting it directly to the Taceplate of the
Inthe; To perform this operation in the lathe, elamp the finished surface
of the casting directly sgainst the faceplate by bolls and clamps, a, L, e,
and d, as shown, The work would then be turned in the same way as if it
were held in a chuek. By holding the casting in this way, the face, e, will
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be fimshed parallel with the back surface, because the latter 15 clamped
directly aguninst the troe-running surface of the faceplate If o casting of
this shape were amall enough it eould also be held 1n the jaws of a four-
jaw independent chuck, but 1f the surface, e, needs to he exactly paraliel
with the back face, or if the bore must he exactly perpendicular to this
surface, it 18 betler to clamp the work to the faceplate.

The proper way to clamp a piece to the faceplate depends largely upon
tts 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 elamped against the faceplate as they provide
reference surfaces from which the work can be aligned. When the work
18 bolted to an angle plate instead of directly to the faceplate, the previ-
ously machined surfaces should be placed against the angle plate, IT a
hole 18 to be bored through a workpiece which 15 larger than the bore in
the spindle nose, the workpiece should be elamped against paralilel bars,
and not directly against the faceplate, to provide clearanee for the tool
when it reaches the inner end of the hole and to prevent it from cutting
the faceplate. The parallels should be located directly underneath the
clamps so that the clamping forees will not bend the workpiece,

When deep roughing cuts have to be taken, especially on large diam-
eters, it iz well to bolt a piece to the faceplate and against one side of Lthe
workpiece; as at D, Fig. 11-3, to act a5 a doover and to prevent the work
from shifting. A faceplate driver iz always placed to the rear, as deter-
mined by the direction of rotation, since the work tende to shilt back-
wards when a cut 13 being taken. If the surface which s clamped ngainst
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 15 mounted on & faceplate for turning,
boring, and Tacing operations. When machined in this manner, proctically
perfect alignment can be obtained between all of the parts in the assem-
bly, Figure 11-4 illustrates boring and facing operations bemng performed
on an assembly of parts which iz held on the faceplate.
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Courteny of Lelllond Machine Tool Ca.
Fig 11-3. Cesting ciamped to [acepinte for turning aod boriog.
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Couriasy of Leflond Machine Tool Co,

Fig. 11-4. Boring and fecing operations performed on an sssembly of parta that are
clomiped direetly to o faceplate,

An angle plate 18 used in conjunction with a faceplate;, for holding
elbows or other parts Lhat eannotl be elamped against o vertical surface,
Figure 11-5 illustrales how an angle plate is used to hold & east-iron
elbow, E, the two flanges of which are to be faced true and square with
each other, The shape of the casting 18 such that a Aange cannot be held
on the faceplate while the other flange 13 being machined. The angle plate,
P, provides the reference surface ngainst which a flange can be bolted

Fig 11-5 Cast elbow held op angle plate atiached to facoplate
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while the other flange 15 machined at right angles to it. When setting up
an angle plate for this operation, the distanee from its work-holding side
to the center of the faceplate is inade equal te the distance, d, between the
center of one flange and the face of the other.

Az the angle plate and the work are almost entirely on one side of the
faceplate, & weight, W, is attached to the opposite side for counterbal-
ancing. Very often, weights are also nceded to counterbalance offset parts
thut are bolted directly to the faceplate. The necessity {or counterbal-
ancing depends somewhat upon the spindle apeed used for turning. 1f the
surface to be machined 18 small in diameter so0 that the lathe can be run
guite fast, any unbalaneed part should always be counterbalanced. Like-
wise, if the counterbalancing is not perfect, which is oiten the case, the
apindle speed must be redoced to avoid excessive vibrations. The {ace-
platie and the parts attached to 1t can be counterbalanced =o that no vi-
brations result (rom this assernbly. It 15 important, however, Lo under-
stand that even when balanced, heavy workpieces will place a very severe
load on the elmnps due to the action of centrifugal foree. Tlius, 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 iz achieved only when the force tending to
move the counterweights 13 equal and opposite to the force tending to
move the workpleee,

Figure 11-6 illustrates o part being held and bored while clamped to an
angle plate that is attached to the faceplate. This is & convenient method
of boring and facing parts that eannot otherwise be clamped and located

Courleaw of the Clousing Divielon of the Allas Fross Company
Fig 11-6. Boring & part that s elamped to an angle plate attached to the fnceplate,

www.EnagineeringBooksPDF.com



300 FACEPLATE WORK Ch. 11

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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Courteag of South Remd Lathe

Fig. 11-%. Boring & bracket mounted to an nngle plate which s held oo & feceplate,

F .

Courtesy of Losay Tools Ixe,

Fig, 11-10. V-block angle plate nitnched fo faceplpte und vsed to hold T-shaped par
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plate 18 then adjusted until this distance 1= correct, after which it is ze-
curely clamped to the surface plate, The workpiece 15 then clamped to
the angle plate in the approximate position in which it will be machined.
The lathe spindle i1s turned until the work-holding surface of the angle
plate is in a vertical position, as shown in Fig, 11-8, using a combination
sguare to check this position. The scriber point of the surisce gape is
positioned at the height of the lathe centers as before. The location of the
waorkplece 15 then adjusted on the angle plate until the lavout line, abe,
i5 at the height of the surface-gage scriber point at a, b, and ¢. When in
this position the setup 13 completed by tightening 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 layvout line that is
perpendicular to abe with the surface gage; however, the method of doing
this, described previously, is usually more accurate and, therefore, pre-
ferred.

Another setup for boring a part that is held on &n sngle plate iz shown
mn Fig. 11-9. This angle plate 15 zimilar to those shown m Figs, 11-7 and
11-8. It is different, however, from those shown in Figs. 11-5 and 11-6
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Couvlesy of Lassy Tools e,

Fig 11-11. ¥V-block angle plate with special jaws uzed to hold part for drilling, facing,
nod turping.

www.EngineeringBooksPDF.com



304 FACEPLATE WORK Ch. 11

in respect to the location of the work-holding surface. The angle plate in
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. Tn lathe work, having this surface on the
inside face has the advaninpe of allowing larger workpieees to be held

A very convenient fixture for {aceplate work is 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 %) degroes to each ether—forming a V-locat-
g 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 & V, 15 used to soeure 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 elamp is shown in the open posi-
tion. The workpicee in this illustration is a T-shaped part that would be
very difficult to hold in any other manner. Note that the clamp 15 actu-
ated by a cam Special V-shaped jaws are wsed to hold the part in the
V-block angle plate in Fig. 11-11, Two counterweights have been attached

Cwnrieay ¢f Senih Bend Laolke
Fig 11=12. Boring a g plate with a Teeeplate chuck
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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,
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CRANK

Fie -4, Smple faceplate fxbire for foming the moin beormg jonrnnl of o eranle
Fibee = Joeabdd g foeeplate by inchenting boige bole with g il fest bndientor,

Faurtdin af Lodtlesd Wnediae Tl [

Fig 11-15, large workpicer wiih one end mowneed on oo focoplnte snd ofher ongl
stpporicd on w Dulstock center,
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v

Casrlegy of “Hlode]l Enmeeer'” magacing

Fig Vi-16 Machinme o mede] #leami=-loesmnolive deiviopawlioel wliich s motnted ona
figeplite

mgchine oty one or two parte. Az an exnmple, the Axture i Fig, 11-14
e usoid to machine the main bearing joumal and the adiaeent face of the
erank after the eraukpin has: been nchimed to stee;, The fixture 15 bolted
to the facepinte. A lnrpe hole that haz previously been bored m the fistare
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i psoed to loeate it on the faceplate by mubicating the hore with o dial test
indieator, The eenter dstanee between thes hole anodd the swaller hole
usedd Lo Jocate the erankpim s equal to the throw of the crank. The erank-
piae is leeated an the small hole n the fixture and elampasd i plaee by g
setserew after the main bearmg Journal bas been centersd by the twa
serewwes bt ehonp agaimst tw skles of the eounterbalanee. The main
hearing journal can then he turned to =ize; the Axture will lecate the
erank so that = throw will e correst,

Longer workpicees that are mounted onoa faceplate must have addi-
tional support. Tn sowe ¢nscs o steadyrest enn be used to provide tho
atlilitional support, or the enil of the workmece may be supported by the
tiilstock center, ng shown in Fig: 11156 By supporting the workpiece by
the toilstoek eenter, the entire surfaee i availahle for machming. The
Tathie in F'];:, 11-1518 & large g.t]:-hr-ll HERITS

The faceplate s an almost indispensable jpecossory to w lathe o the
faseinating work of wmodel engmeerng, For example, i Fig 11-18, o
mode] steam Jocomotive deiving wheel = being turned while mounted on

Comrtery of ' Model Foginzer” magonmn

Fig, 11=17, Foong & moodel steameengime trunk-onlumn casting
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Fig. 11-18, Fasing the Songe of o eoeved plpe which 8 clamped o an nele plate
mointed on o facoplate,

Fourtesy of “Afodd Engmineer” mapactp

Fig. 11=1% Using 1wo amgle ploles mounted on a foceplate 1o hald a-small 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.
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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-
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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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(H = height of sharp V.thread = o.8bda3 X pitch)

L Creat truncation,
£ No. ol threads per inch internal thrand 10825 X piich = H + 3
mﬂﬂ::rl TRl = 08134y X pitch c[:wu ST = atbst X pitch = B + 4
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internal thread %95 X pich galernal thremd 9.374716 X pitch

Flatat root, - c.135 X pitery,  [Piteh diampeter, = Majwr Diam. —2 X ndd,
wboroal thread Eater. nnd Inter.  [Add, external thread)

Fig. 12-2. Amencan Standard Umbed Interoal snd Exterosl Berow Thread Demgn
Forma,

some differences between them do exist. The principsl differences relate
to the depth of the thread and the shape of the crest and root. The depth
ol the former American National Thread Form is 84952 x pitch while
the depth of the American Standard Unified Thread Form for external
threads is 61343 x piteh. The American Standard Unified Thread Form
provides an option of either a round or & Aat crest while the former Ameri-
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can Wational Thread Form has a flst crest and root. The exact form of
the rounding is not specified in the American Btandard whieh, in prac-
tice, varies avcordmg to Lool wear. The width of the fiat at the crest and
the root 18 the same for both thread forms, being 125 X pitch. According
to Bretigh speeifications the rool on the inlernnl threads s rounded to A
radius of 10828 X pitch and on the external threads, to A radiue of
J4434 x piteh, The prelerred American practice is to have o flat crest,
whale the preferred British practice 15 1o have &8 rounded erest The crest
ol the internal thread is Aat, The angle of the thread s 60 degrees.

The Ameervean Standard Unifred Thread Systemn—This 3 (he syalem
sgreed upon by the United States, Canada, and the United Iingdom 0

Table 12-1. Coarse-Thread Series, UNC and NC—Basic Dimensions
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order to obtuin screw thread imterchangeabilily among these nations. The
transbion of indusiry from the uee of Lhe former American National
thread system Lo the uee of Lhe unified threads s practically completed

Awmerfean Stamdord Enetied Theead Serves=Unifivel 1hvends consist of i
Cobese-Thread Revies, Taulilis 1215 8 Fine-Thread Sernss, Talde 12-2: am)
ai Extra-Fine Thread Sevkis, Theee are also 4-. 0-, B-, 12-, 16-, 201,

Table 12-2. Fine-Thread Series, UNF and NF—Basic Dimensions
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Inches Inches | Inehes | Inches [Dog. Min.| Sq. [a. | Bq. In
L ] B.08# | BB 00510  O04d7 OB48E | 4 2 | DDOIS) | O 0040
l *8730 | 1% i, 00560 | 0.8358 | 3 &7 | O.DO2AT | 0.0027TH
B.0460 | B4 G.O0758 00668 00481 | 3 dbk | ODOIE3G | O ]
k| S0800 | B | BOATE | BTTL (DA77 | 3 43 | 0D0ASY | 000573
i BALED | 4B oSSl obSed | 3 020 Bi | OD0SSE | 00088
b OLTED | 44 | GLN0T | BODTI (G.0064 | 3 A6 | DOTIA | 000830
& S1380 | 48 18 | 0.0873 | oliaS | 2 dd | 000874 | 001015
i &iadd | 34 1480  0ITHE | BIX3IN | 3 W | DDIZAS | 001474
i® GIM00 | 5T | GARPT 00517 00583 3 T [ ODITE | 00200
i3 i 0IEs | W BIFIN | 00722 (17T | 2 T | O0IM | 00758
0150 | W TS | obeEY 07113 ) £ & | 00T | 00384
M L | B.E55d | 02014 | 0.MTE | ¥ dd | 0084 | D0SED
837D | X4 84470 B OXIRR | 2 Il | DOS0S | DOMTE
i B.4375 | B0 | 04080 (03767 (63834 | 3 0E (OO0 | O.1IR7
radad | TR 04875 04387 | @4d5m | 1 &7 | 01480 | 015989
L] tﬁ ] B.4048 | 06004 | 1 &5 | DAY 0,203
. IR | D.8ABRS | 054NN | OS540 | 1 431 | 0,240 0258
G500 | 18 | 6708 | DLETID l.lllt; i i: 0351 e |
a.0758 | 14 G478 | 09878 | B3R 1 0. 480 0,500
1 Looed | 1T | G.5ED | 0 BR7H (O.00RA | 1 M | p.azy D683
i i3 | 1% LoJes | 10%T8 | 10del | 1 8 | D82 0 B8
1 L2500 | 12 11048 | LIATE | L1S8E | 1 | L Oy 1073
1 L3750 | 1 LATOR | LETER | L.46E | ¥ | L3260 L3l
i 1 i LAdSD | 1.3978 | LawDs | 0 ¥ | L 621 L.5AL
® Beenn miwen. :
i Hnush: Efective Dhameter.
[ 5= e - — l

28-, and 32-thread senes, the pitch in each of these rases being constant
for all diameters The Coarse Series i8 recommended for general use
where conditions do nol require & fine thread. The Fine, and Extra-Fine,
Beries are particularly useful in the automolive and airerall industries.
The Fine Series 15 also used where the length of engagement of the threads
w short, where & emaller lead angle w desired, and where the wall thick-
ness demands & fine pileh, The B-thread series wasg originally intended
for high-pressure-joint bolts and nuts but & now widely used as a substi-
tute for the Coarse-Thread Seres, for dinmeters larger than one inch.
The 12-thread series wae originally intended for boiler practice. It is now
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used extensively as o continustion of the Fine-Thresd Series, lor dinm-
eters larger than 1% inches. The 16-thread serics is used for sdjusting
collars, bearing retaining nuts, and other applications reguiring a fine
thread 1t also provides a continuation of the Extre-Fine-Thread Series
far dismeters larger then 1%, inch. The 20+, 28-, and 32-thrend series
hove been used more or less widely in industry [or various applications
where the Standard Coarse, Fine, or Extra-Fine Seres couli not he used.
They are now given recognition as Standard Unified Thread Series in a
specified selection of dinmeters for each piteh

Each thread series has been given a symbol for easy ideniification,
These are given below:

UNC  Unified Coarse Series

UNF  Unified Fine Series

UNEF Unified Extra-Fine Series

TN Used [or all constont-pitch sories, whwh are given
as fotlows: 41'N, 6N, 8UN, 12UN, I6UN, 2017N,
281™, and 321'N

UNS Bpecial thresds designed through spplications of
formmulias given o the Unified Stuncdard, but not
given in this test,

Threat! Clagses—Thread clnsses are used to specily the fit between
mating threads and the tolerance to which the thread must be made. The
retailed specificalion for each thread is Lo be found in engineering hand-
books; however, it s tielpful to have a general understanding of the differ-
ence between the classes bersuse of the wide usage of the terms associated
with this subject. The classes sre identified by o numeral followed by &
letter & wnd B. The numerel designotes Lhe class of fit, while the A desig-
nates an external thread and the B designates an nternal thread

Classes 14 and [B—These classes are intended for ordnanee work
and other specini applications where quick and emsy assembly jo
necessw’y. They huve g hbersl asllowanee to permit the paris Lo as-
semble easily. even with shightly bruised or dirty threads. The toler-
ances specified for the 1A, or external, threads are not the same as
thase speecificd {or the 1B, ar internal, threads

Claeses 24 and ER—=These ¢lasses wre the most commonly used for
general appheations including bolts, nuts, serews, and similer fasten-
ere. This scries provides for a minomuw cleorgnce belween nmting
threads to permit the threads 1o be sssembled withoul being exces-
sively loose, but also without binding or seizing.

Closses dA ond 38 —These classes have closer tolerances than those
provided by Classes 2A and 2B. The maximum dismeter of a Class
3A, or externnl, Vhread = equal Lo the minkmum diemeter of 4 Class
38, ar internal, thread. Thereflore, no clearance or atlowance 18 pro-
vided for the assembly of maximum metal eomponents and mating
threads will bind ar G very tightly st assembly.
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The selection of 4 screw-throad cless depends upon the end use of Lhe
threads In almost all eases u given class of thread will be available to
vide required fil. When the requirements for screw-thread fit cannot
met by a single class, it is possible to specify e proper combination of
thread classes for the componentse. For example, s class 2A external
thread may be used with u cliss 1B, 2B, or 3B internal thread,

Screw Thread Designation- -Standard thread designations are given on
drawings and specifications in order to specify a given thread These
specifications are {requently encountered on machine drawings, and their
meaning should be committed Lo memory. The standard method of desig-
neling & screw thread is to epectly, in sequence, the poming| size, number
of threads per inch, thread series symbol, and thread-clase symbol. For

exnmyple:
14-20 UNC -2A

Thie designation specifies & thread heving 8 nominal size of ¥ inch, 20
threads per inch, and that it s 8 Coarse-Thread Scries having a class 24
tolerance for external threads The pitch-diameter limits may slso be
designated, but are not required. The thread in the shove example may
be specified &z follows:

¥-20 UNC-3A

P 0.2175-0.2147

The addiions! designation specifies that the limits of size of the pitch
dinmeter ure 2175 to 2147 nch.

It i& oceosionally necessary to modify the limits of size of the major
dinmeter of an external thresd or the minor dismeter of an interna) thread
from the limits in the standard in order to fit 8 specia] purpose, but with-
out ehunging the clasa of the thread or the pitch diameter. In such cases
the established thread designation is used which is lollowed by & slate-
ment of the modified dinmeter hmits apd the desgnstion “MOD." For
example;

-10 UNC-2A
Major Dhumeter 0.740-0.735 MOD

American Nabonal Thread System—There are gome older drawings
used in machine shop practice on which threads wre gpecified secording
to the Ameriean National Thread System, therejore, & brief description
of thread specifications in aecordapce to this eystem will be given, The
designations used are: NC, NF, N-§ N-12, and N-16 which indicate
National Cogrse, National Fine, B-pitch, 12-piteh, and 16-piteh series
respectively, There are three classes of fits of which Class 1 is the least
exacting, Class 2 is recommended {or general use, and Class 3 & the most
exacting, The thread is designated by speeiflying in eequence, the nowinal
gite, number of thresde per inch, thread-geries symbal, and thrend-class
symbol. For example, 8 3¢ inch, 13 threads per inch thread having o
Class 2 it would be speaified a5 {ollows;

¥-13 NC-2
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Amenican Standard for Unfed Minialurs Screw Threade—This stand-
srd introduces o new thread series that ie intended for general purpose
fastening screws Bnd similar uses on walches, instruments, and other
mechanisma The basic profile of this thread is identical with the Unified,
and American, basie thread form exeept for the bose heght and depth
of engugement which s 52 x pitch msteud of 54127 x pitch, The n-
cluded sngle of the thread is 60 degrees and the thread-series syinhol is
UN N There are fourteen sizes, and one cluss of thread which has u tero
allowanee on all dismeters. The hasic eiges und the pitches for this thread
are metric, sithough the enginecring tables give the equivalent fnch meas-
urements as well as the metric

Amencan Standard Micvasscapic (Hjestive Threads—Thie thread syve-
temn iy based on the thread system originated by the Royal Microscopicnl
Soriety of Great Britain, known & the RMS thread. This system 1s used
for microscopie objeetive mountings snd for other opticsl assembbes of
microscopes and associnted spparatus, The Luete thread form is like the
British Standard Whitworth thread having & S5-degree sngle of thread
and rounded threads and roots,

Iterference Fit Threade—Interference<fit threads are holding threads
in which the externally threaded member s lurger than the internally
fitted member. They are sassembled by expanding the internsl Lhread with
the spplication of heat or by shrinking the external thread hy subjection
to a low temperature. At assembly they become the same size and develop
4 great holding power by elsatie compression of the members, By eustom,
these threads are designated as Class 5.

American Standard Acmae Screw Theeads—The American Standard for
Acne Serew Threads provides for three types of Acme threads, namely
General Purpose, Stub, und Centralizing. Guenersl Purpose Aeme threads
have sufficient elesranee on all dismeters for [ree movement whereas Cen-
trolizing Acme thresds huve the clearanee limited at the major dismeters
of the extertinl and internal threads so that the threads ean contaet each
other at these surfaces in order fo twaintain an spproxumate slignment
of the thresd axis, thereby preventing the thread flanks from wedging
and causing the thread to bind. There 18 also an alternate American Stand-
urd for Centralizing Aeme Lhreads that, has the elesrance limited on the
minor thameter instead of on the major diwmeter which then acts an a
centralizing control. The Cendralizing Aeme (hread has a particular ad-
vantage m supporting long, uneupported serewe such as the lathe lead
serew The Stub Aeme thread is used for unususl auppheations where, due
to mechanicul or metallurgicsl considerations, u coarse.piteh thread of
shallow depth is requared

The thredd form for General Purpose Aeme threads and [or Stub Aeme
threads 1s shown in Fig. 12-3. The angle of thread is 29°, The crest corners

muy, 62 un option, be chamfered to un angie of 45" &nd & maximum depth
of l% where P 13 the piteh. For standard Aeme thresds, the recommended
combinations of pitch diameter and threads per inch are: ¥-16; ¥a-14:
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Powmmulas fior
Finding Baaw Donenssons of General Purposs Acms sl Stob Aoss

Genaral Purposs Acoe Threis Blob Acing Thesads
Pitzk = § = 1 + Ha thrsds o iech Piich = p= i + Mo thrssds per inch
Basic Thremd besght b = ogp Baais thread halght b = 2ap
Bagar thiwmd thakneaf = a6 Base thrmesd Uhinknem | = 6,88

Ch. 12

Bane fatet ciwd Fen =0, [ Fos = 0,
-lh‘ lhn-:l? X I.I.:I.I‘I-'Hl':'l-; FL=TY )

hlihtl.luu'lF = B — a1 F-lnl'-ﬂ-l o ..-u:-!:-. b 4
I -uq-l-w:u;ul.. J “:nn-."uf-n i
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mﬁ:ﬁmﬁ_dh - mwmwlhﬂ?r}'
Feamm r—l mx tominar dam, -F"-—nqhﬂﬁ-l-l.-ﬂlurn:ﬂl_
. b memd = gstoh an 1. teread = mrek
lhmdhnuiu:ul.lm.'l m“ﬂ e}

Fig 13-3. American Stendard General Purpose Arme Screw Thread Form end Amer-
con Stasderd Stub Aeme Berew Thread Forme

Ya-12; Wu-12i Wo-10; 55-8; B-6 -6, 15 1%-5i 104-5: 1%-4; 14
1% -4, 2-4; 24-3; 2'4-3; 29(.3; 3-2; 314-2;: 4-2; 434-2: 5-2. Other
combinations can, however, be used for gpecial applications. Three elasses
of General Purpose threads are provided in the standard The Clazs 26 is
the preferred elass for most general-purpose thread asgembhes If Jess
backlashk, or end play, between the nut and the serew i required, the
Class 3G or Claee 4G can be used The [ollowing examples show how
Acme threads sre designsted on drawings &nd tools:

1. 134-4 Acme-2G indicstes 8 Genersl Purpose Claes 26 Acme
thread of 134 fuch mujor dismeter snd 4 thresds per inch, single
thread, right hand. The same thread, but left band, would be desg-
nated 134-4 Acme-2G-LH.

2 274-04p-08L Aeme-30G indicates 8 General Purpose Clase 3G
Acme thread of 2%-inches major dinmeter, pitch 4 inch, lesd 8
inch, double thread, right hand
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3 W-20-8tub Acme indicates o ¥-inch major diameter, 20 threads
per inch, tight hand, single thread, Standard Stub Aeme Thread

The Acme throad s extensively used in preference to the square thread
leesase ot s stronger and it may be cut more readily with a die or a tap
than & squure Lhrowd The split nut on the lathe apron may be more
repdily cngaged on wu Acme thread, therefore, the Aceme thread is pre-
ferred on Isthe lead eerews.

Squnre Thread—A syuare thread e shown in Fig 12-4. The sgyuare
thiread has not heen standardieed and has been superscded, to o large
extent, by the Arme thremd The pitéh of & syunre thread s usually made
twice the piteh of an American Standard thread of corresponding dinm-
eter. The thread proove of s square-threaded serew 18 5 ¥ pteln The
groove in the nut 18 made shightly larger than one-hall the pitch i order
Lo provide o elearanre for the screw, There i also a 10-legree Modified
Squure Thread which has nn angle of thread equul to 10 degrees, This
thread is practically equivalent to & square thread and yet is capable of
weonomical prodisetion,

Ameriran Stowdird Tuper Pipe Theeads—Thie thread hae an angle of
thread of 80 degrees when metsured in an axisl plane, and the line biseet-
g thiz angle 15 perpendicular to the axis. The depth of the pipe thread
18 greater than the American Standard Unified Thread Form and it equals
B % mitel excepd for 8 threads per ineh which 8 788 x piteh. The
tapering pipe theead hes w standord taper of % inch per foot measured
on the dinmeter nnd slong the sxie. For each size thread the length of the
thread and the length of engagement of the two mating threads must be
held within specifed imils, These threads are demigned to be self-holding
snid self-gealing when properly wssembled. It & somethnes necessary Lo
turn or to bore a pipe thread with & single-point toal on an engine lathe;
however, most pipe threads are cut wilh a die or with a tap, The thread
designation for American Standard Pipe Taper Threads is NPT, A typical
thread specification would read 3%-18-NPT.

There are other pipe threads that are widely used for spesssliaed appli-
cations, These inelude; T'SA Btandard Hose Couphing Threads; National
Standard Fire Hoee Coupling Serew Thread, American Standard Pipe
Threads for Mechunical Joints; American Standard Dryseal Taper Pipe
Threads for Prevsure-Tight Joints; and British Standard Pipe Threade.

Depth [} == 0.5 % plich
Width [Ffor scrawss 0.5 X pitch
Width Lhresd gEroove io oubl =

06 X plieh -+ 0002 to 0,008
inch clearanos

Fig. 12-4. Sgmare Thread.
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Fig. 12-5. Hazme Form of the Ameriean Btondan) Builresn Serew Thrends.

Dretails for the apecification of these threads are Lo be found in the Stand-
ards for the specific thread, or in engineering handbooks, such as Machin-
ery's Hendbook,

American Standard Bulftress Serew Thread—The basic form of the
thread for the American Standard Buttress Screw Thread w shown in
Fig 12-5, One face, or fisnk, of this thread is made 7 degrees, with respect
to & line perpendicular to the axis, in order Lo resist heavy loads placed
sgainst it. Thie flank is ealled the pressure flank of the thread. The oppo-
eite Aank in 45 degrees, witli respecl to & line perpendicular to the axia
The basic depth of engagement of the thread 18 & x pitch, A series of
nominal major dismeters and a eeries of preferred pitchee are provided in
the standard. Since Butiress threads are used mainly on specially de-
signed components, specific recommendations concerning combinations of
these prefarred dismeters and pitches are not made.

Buttress threade are used to withstand heavy axial loads such as en-
counlered in the breech mechenism of large gune and sirplane propeller
hubs. In the past, Butlress threads were not standardized and, 88 & con-
gequence, varistions in small details of the besic form of the thread were
commaon. A metric slandard for this thread, thatl was used in Germany and
Italy, did exist. This threm] 15 enlled Scgenpewinde in Germsny, and
Fillettatura a Denfe deSegn in Naly,

British Standard Whitiwarth (HS W) and Brilish Slandard Fine
(B.8F.) Threads—The basie form of the British Standard Whitworth
Thread 18 sghonn in Fig. 12-6. This thread was ueed in Great Britaio for
general machmne construction The included angle of the thread w 55 de-
grees and the crest and root are rounded to & radius of 137329 x pitch.
The depth is equal to 640327 x piteh. The thread form for the Britich
Standard Whitworth, designated BS W, and the British Standard Fine,
designated B.B.F, are the same. The B.S.'W. eeries corresponds to the
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Depth [ = 0.8403 x pitch
Radius [T at crest and root ==
0.127389 X Fpltch

Angln = b degronn [0 plane
of nxis

Fig. 126, Briliah Biosdan] Wihitworth Thresd Form

American coaree series of thrends and the B3 F. edrresponds to the fine
series, The British Standard specifies a apecilie aumber of threads per
meh Tor every nominal dinmeter.

Britiah Associalion Standard Thread (B A ) —This screw-thread sys-
tem. shown in Fig. 12.7, s recommenced for use in preference to the
BEW, and BEF systems (or all serewe smaller than ¥4 inch, The threaid
has an included nngle of 47.5 degreea. The root and the crest of the thread
ure tounded. The ahhreviation B.A. s used to demgnate British Assoein-
ton Threada,

Metric Threads

The sze aof the thread prodilo of all meteio threads 1@ speafiend by the
thrond piteh. In contrast, the sige of the profile of customory wich
thevads e specified by the theadds per inch Metrie threads used in the
United States are speeiliert by the Apwriean Nationa] Stapdards [nsti-
tute, or ANSL To achieve worllwile standardiznlion of screw thresds,
the ANSI metric thread stomdard (BL13) conforms to the IS0 metrie
thread stunlard (IS0 281), where IS0 stands for Internalional Soandacds
Chgantzation, Over 300 metrie thrond 7izes are speciflicd in there stan-
divinds, their mnjor dhivmetors: rengivg desge Trom 1 mm to 300 mig (U39
e b IREDD e The theead pitebes wee named coarse, Hue, nnd exirn-
fine, vorresponding to the vourse, fine, sl extra-fine thread senes of the
pustomary inch Uwfied thread svstem. The standard metme thiread eiges

Depth [ = 0.8 X piteh
fadius K at crest aod root =
2 % plteh «+ 11

Angla = 47% degrees |n plaoe
of axis

Pig, 12-7. British Asociation Thread Form.
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up o 45 mm (1.772 in,) are given m Tahle 12-3. For application on
serews, hoite, aud nute only 25 thread smes ore recommenddied by ANST,
which are listed in Table 12-4. Controversy surroumls the MG3x |
thread, which s listed ns non-standard in this table, This thres corms
pares closely to the '4-20 cistomary inch Unified thread, and it hps cer-
Loni olhier mlvantages . however, the contivioed yse of the MO3Ax 1 theeml
i uncerlain

Table 12-3. 150 Melric Thread Sizes. 1o 45 mm *
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Table 12-4. Thread Sizes Specified by ANS| for Screws. Bolts, and Nuts,
with Comparisan fo Closest Unified lnch Size

Melrie Theond Sige Cloaest TFeudied Tneh Size
Metric Major i Ueifed Major ny
T hread Diameler, E.:' h;}l‘:' Thread DHiamoter, E:;ﬁf"
Siae mneh i Sae inch
MIGx0I6 JOid 14 -8 Lt A
M2 x 0.0 070 o6 [ 073 om
M2 5% 045 s nig R L1t i}
M3z 0.5 118 i 540 1325 025
MiSExDB 138 24 f-32 138 0an
Mixa? A57 028 g-12 64 o
M5 x (LR my 131 i-24 L] 2
MBGx 1 ] 039 =20 350 S50
=hiGIx 1 48 fram ] 250 i
Mix 125 8 049 Bq-18 213 050
MiOx 15 04 L] M-1d 75 a3
Mi12x L75 &73 D3 b 500 077
Miax2 il ST g-12 il 083
M1GwT A3 iy -1 S35 i |
M2Z0x215 87 1158 =11 240 100
M24x3 Lo ] A1 i-3 1,060 125
M30xa.5 1.181 138 14y 1168
MG x4 1417 157 1i%q L4438
Mé2xd 5 1654 177 1% 1625
MisxE L 550 Jdog 135 1875
Miex 5 b 2205 mn 2% 250
Mbdx G 2520 236 P ‘2,500
M72x4 LRak B A 2B7h
Mejdxfl 1150 a3 1 1125
M x 6 3543 236 3 3.500
Miolx6 4817 256 § o (KK

ol wimmibnnl. WG peemisaion from Wailsdl Meime Staadoeds Tor Eabieo, bu K Keereeiond.

Metrie Throad Profile. The design profiles of external and mternal 150
meirie threads are shown in Tige 12-8. The kev to the symbols used 1o
thisillastraton s given helow ;

o = Mufor diammetor of external thred
0 = Mujor dinmeties of internal thretd
o= Pitedi elfamieter of extornd el

F.,= Piteh dintneter of internil thread
d = Minor dimueter of externnl threwd
N, = Minor dumeter ol inLernl theend
Tig= T heewd depth of exteriml Gread
= Thremd dupth of mternsl tivemd

P = Thremi pitch
= Threml root imilns

Alfiswsesnee Lias beon defioed n= the ventiona] i erenee i the maxs
i apaterinl boats of two engaged Hirends; in 180 terminology this je

www.EnagineeringBooksPDF.com



326 SCREW THREADS AND SCREW-THREAD MEASURING Ch, 12

IN PRACTICE THE ROOT IS ROUNDED AND
CLEARED BEYOND WIDTH OF P/B

NUT [INTERNAL THREAD)

AXIS OF NUT

IN PRACTICE BOLTS MAY BE
ROUNDED INSIOE THE MAX OUTLINE

L

BOLY (EXTERNAL THREAD) gy 4
- g iy

AXIS OF BOLT

Fie 135, Design forms ol ANEL and 150 ol re irsuils

eaflod the fumdempntal divwation. T s provaded 1o allow the threads o
aperate {recly, The formulas given bslow enn be sl 1o ealenlate the
thremd domenstons of 150 mietric threads when the externnl and mternnd
threadz are i contact, Wheresns the size of the theesd slepth aml the root.
vichus fre unffected by the Tutidnmental deviation, the siges of the
dsimeters will deviicte shightly from e valealibed values. The et
Hirend dimnetors should be olitpinedd from & falide of 180 metne thrende,
which can be found i handbooks, sueh a8 Machinery's Handbook or
Waseled Mele'ie Steielaedy for Engineering iy Keerueland

hu= (LGI3435 P
H.= 0541265 P
Ne=0a25p
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dy=1l=1.22687 I
D =d-10553 P

Thread Tolerance Cloga, In the 130 metr e serew thrend sy stoni, the Ton-
damental deviation & disigniited b capital letters, for internal hiceads
atel small letters Tur oxternel thremls The mngidtnle of the toleranee i
incliented kv o number, The combipation of the wiriapnee numhber anid
the Dindamcntal devinbion letter form A teloranee class desgnation: g,
Bg or O11,

The thrind 1oleranee elasseeof extermal sl mternol threads determine
their it There are theee toleranee clasees i peneral use:

For external threads: 8g, 6g, and 4h [simielar 1o Unified Class 1A, 24,
amd A

For mternal threads: 7H, GH. nnid SH Usirollor to Unified Class 1B, 28,
avl 3D)

The three elasses of fits are similar to the Unificd Thread Classes
1A/1D, 24,28, and 3A/3D, namely 8gf7H, Gz/6H, and 4L/5H, respec-
tively. The medusn fit (B11/6g) 1= approximately edquivilent to the Unified
Claes 2 it (ZA/2R), this fit &= used for most serew thread applications.

Mceteie Threud Designation. The ANSI standard requires that sérew
theeads be enceifid iy n series of symbols wineh are explumne] in the
exronple shown helow:

Faor an external thread MiGx2-8g

For an interunl threacd MI16x% 2—6H
Metrie threnil system | l ‘ I |___ {T‘hrnud toleranee ¢lnse
symbol [ sy mim]
Nominal toajer diameter | — Piteh in millinveters

it himetors —

The IS0 standard for serew thread designation is wenwenl except that for
coarse thrends the pitel designation @ omatted. A Uheew] may be speeibied
to have two tolerance clnsses, ane for the pitely diameter and another
for the crest diameter, which i the wlor dianieter of the external thread
and the mimor dinmeter af the mtevial thread, In thic event the thread 1=
designated asshown helow:

Claes destgnation for pitch dinmeter {olerance

[— Class designation Tor crest ihameter taleranee

MEx1.25-5p6p

A At betwevn o pnir of threaded ports 15 mdiented by the toleranee desig-
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nation of the internal threod followed Ly the tolernnee desigoation of the
external thread, separated by a stroke, eg.,

MI12% 1. 75=6/1/6p

Trapesoidal Sevew Thremle. The 1530 metric trapezowdal thread, showy
in Fig. 12.8, has an included angle of 30 degrees but is otherwise similar
to the Arme tkread, which has an ioeluded wngle of 29 degrees. The
design formulnz for this thread and the key to the symbols in Fig, 12-6
nre given below:

Nominal Dismeter d= 0 {givenin IR0 standard)
Thread Pitch P fgiven in 1RO standard)
Piteh DHameter ds=Dy=d=0.5P
MmarDiameter (Bolt) dy=d -2h,

Minor Thameter {Nut) Dy=d-P

Major Dinmeter (Xut) Dy=d+2n,

Crest Cloarance o, {given in [BC standard)
Radws R} was=054,

Radiue I oe—. =

1'I“.I':"'E.H'I:l H"ighl ‘EDI” Ih:D-E.P""ﬂ-

Thread Height (Nt} H.=05P+ao,

These formialas will give the dimenstons when the external and mtermnal
threads are in contact, In proctiee the dinmeters will deviate slightly from
the caleulated values to allow for the fundamental deviation and for the
threem! tolernmves. The welon] values ens be fousnd W the IS0 st iowlard

The thread tolerance elass designations for [80 mewie trapezoidal
threads nre similar to the designation used for the B0 degree threwd pre-
viansly deseribed. However. the recominended ¢lasses are not the same.
For threads having o normal length of engagement and a "medium” fit, a
TH/7e fit 18 recommended; for a fong thread engagement an 8H/8e fit ix
recommended. The corresponding “coarse” fit would bhe 8H/Be for a
narmal length of engagement and 9H /% for 8 long thread engagement.

IS0 metrie trapezoidal threads are designated by the letters Tr; the
complete idesignation of a single start trapogotdal thread 13 shown helow:

Far an external theead Tri0x7T="T¢
For an internal thread Tr40%7T—=7TH

Metrie Trapezoitinl | | Thread tolernnee class
thread designation symbal
Nominal major dlnmttnr} Piteh in mullimeters

1 milhmeters

Aultiple ztart tiireards are specified e shawn by the following example:

www.EnagineeringBooksPDF.com



Ch. 12 SCREW THREADS AND SCREW-THREAD MEASURING 329

INTERNAL THREAD
e P —]

e
by g Sl

L'y EXTERNAL THREAD

C

:.

Fig 1224 Ussien fura of Infernal and extenml feapesoidal theesads,

Tr3dx12 (P6)

Trapezaidnl thread } | | { Thread piteh in

designation mitlimetors
Naminal major dinmeter | { Thread léad in
i millimeters 1 nullumeters

The tolerance class muy lie wedded o the end of te muitiple start theead
dlesignation in the previously shown manner. Left-hand threads are desig-
nnted by the addition of LEH w parenthesis: eg, Tr 3626 - Te (L)L A
ht between threadied parts may be shown by the internal thread toleranco
degignation followed Ly the external thread tolersnee designution, sepa-
rated by astroke; e g, TR 40x 7 = TH /T

Measuring and Gaging Scréw Threads

Measuring means o determine the exarl dunenston, while gaging 1=
done to determane if e part 18 within gpeeified dimenzional limas. It is
wsunlly more difficult and time conswmng to measure an objeet, ineluding
sorew threwds, dhan ot 18 to gage the ohjort. Sinee gaging welneves: the
desred result of deternfining the dunensional aceeplabilily of & part, it is
usually the preferred micthod when Lthe vost of the page per parl Lo be
examined 18 not excessive. Cenernlly, the cost of making gages for low-
volome prodaetion work i prolalitive;, however, standired sereet-thread
gupges are relotively inexpensive und are often kept available in the ton!
rooii of machine shops and in toal and die shops. Where the velume re-
auired is lurge envugh, and where gaging 1s o cequirement of the customer.
there can be no question about the sivailabilibty of thread gages Measur-
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ing methods of determining the neevpnbility of serew thrends are re-
quired in making thread gages, whien mnking other threads to exception-
ally high standards of aceuraey, anl when guges are not availahle. Sorne
of the thread-measuring instruments used now sre very elaborate. This
chapler will, however. only concern itsell with messuring snd gaging
miethode thal are commonly used in the machine shop

Thread Elewents te Be luspected —All of the eélemenls of a sorew
thrend that are listed below are not always inspected, In many cases
complete velinnee is placed upon an ingpestion based on GO-NOT GO
gages, or even on the "feel” of the it between the thread smi o gege At
other times, threads are messured and gaged with great exactness The
thread elements that are subject Lo mspection are piteh, pitch diameter,
lead, thread forni, angle of theeud, major diameler, minor dismeter, Laper,
nnd surfuee finish,

Thread Plug amd Thread Ring Gagis-— Gaging affords a fasl, reliable
methad of determining the aceeptability of external and internal thressds.
The skill required to use Lhread gages eun. in most cases, be acqjuired
without too mich difficulty. One disadvantage of gagng 15 that part of
the thread toleranre must be given to the gage in allowing for o gage-
makers tolerance and gage weur. The practical effect of this is that the
threwd musl be made more accurate than called for by the drawing in
order 1o be gecepted by the gages There are often three classes of thresd
gages used in & shop: working gages, inspection gages, and masfer gages.
The working gage is to be used on the machine in making the thread.
The inspection gage is used by the inspector to aceept or reject the finished
product. Masler gages represent the basic sige of the thread. They are
made with no allowanee for wear and with the minimum gagemukers
tolerance. These Lolerances and the wear allowances of Inspeetion wnd
working gages are usually so arranged thet the inspection gage will ne-
cepl any thread that the working gnge will accept, amd will reject any
thread that has been rejected by the working gage. In some shops an
additional elass of gages called setfing pages is used to set thread ring and
STIAD RAgEs.

Thread ring and snap gages are itlustrated in Fig. 12-10. They are
ususlly based on the QO-NOT GO prinmple. For example, an external
thread is nceepled if the GO rving pages will serew over the entire length
of the threed and if the NOT GO gege eannot be turned onto the thread
more than one and one-half turns The thread is relected if either the GO
gage Muils o go on the thread for its entire length, or if the KOT GO gage
can he turned for more thun one and one-half turns: The GO ring guge
should fit onto the thread without Linding, or “catehing,” anywhere along
the length of the threwd. Tn some shops some tightness is permitted on
the first two threadw. Thread ring gagea for inspecting tapered threads
should go on until the back fnee of the gage 13 flush with the end of the
thread. In inspecting parnllel screw-threads an attempt should be made
to "shake" the gage endwise, and te "rock™ it, in order to «etect nny
looscness in the fit of the thread goge on the work. Differences in the
effort required to turn the gage will indicate the existence of taper or o
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Courteey af Calt [ndusries, Fraf & Whitney Mackime Tool v,
Courtesy of Henwm-Whitney Co,
Cowrtery of Qreenfield Tap & Did Corp.

Fig 12-10. Typical thread rving and thread plug-gages.

fead error in the thrend. Inoany ease the pape should never e foreed over
the thread. If it does not go withe o light effort it shoulid not be foreed to
o further. 11 the gage loosens markedly, after it has been turned along
the |L'r:i_:t|| of the thread, a more :'1r|||:|'-h3!u;lr|:~'t~;t' cheek of the back see-
tuon of the thread s warranted . In this ease it is possibile for the hack
section of the thread to e undersize withont being deteeted by the NOT
GO page heeause it will not pass over the front of o thread which is
within the Jdimen=1ional hts.

A thread ring gage cannot be used to anndvee the individanl errors that,
eaubd b present. For exaople, if the G0 gage will not go onto o hread,
the ditfieulty way be due to the piteh dimmeter heing oversize, the minor
dimneter may be oversize, or there may be dhirt o the threads: The (GO
prpe nay pass over threads having the majer disnmneter undersize or errars
im the thread forne The theeads on the WOT GO ring page bove their
roots elearod to rogrenter extent and theiwr crests truncated more than the
GO ring goages: This i done inogn attempt to assure thit any contact be-
tween the threwls on the gage and the work will be on the sides of the
threads med that other comnditions will not affeet the Bt The NOT GO
page thus s afflected only by the piteh dhameter of the threadl

Repgauritless of iz hmitations, the theead nng gage 13 a very celinble
wethod of inspeeting serew threads 1t has one great pdvantage in that gt
actilly passes aver and imspects the entiee theead drea The thread plug
imine aleo possesses this advantage. GO and NOT GO threead plug pages
are used to mspeet internal threads mooch in the ame monper 1s thread
ring gages are uscd to inspeet externnl thrends, For an internal thread to
be weeeptod the GO thread plug pape must pass through the entire length
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of the internnd thrend and the NOT GO plug gage nust not enter the
threads for wore thun one and one-hall turns,

The Mahing Part as a Gage—A very effective method of gaging =
kerew thresd on certain elasses of work is to use o mating part os o gage.
In situationx where thread goges are nol available, vnd where n thread
18 being made to it a particular machine part or a toal, using the work
as o gage will bnng about the desired BU In this case extra care should
be tuken to sec that both threads are clean before they are nssembled for
gaging purposes. Care should nlso be exercieed in exwmining the “leel” of
the thread fit mnce the lower limit of the thread cannot be verified with
a KUT GO gage. The two threads shoull fit together with no endwise
shake and without binding, When no guges are availuhle, and it 1= mneon-
veniont Lo use \he mating parl as u gage, s boll, eap serow, or & nut, os the:
case may be——that is known to huve uccurate threads--can be used 85 u
gage. In many cases this muthod produces very aceeptable results. Like
the thread ring or plug page, the juating poct envelops and gages the
entire thread area. It 18 not recommoended, bowever, when threads ure to
be madde to tolerances supplied by the customer.

Thread Snap Gager—When the warkpiece 18 turned between centers
on a lathe it must be removed in arder to try the ting gage. Furthermore
& certsn wmount of time is required to turn the ring gage on and off the
wark. The thread soap gage, Fig. 12-11, s used somewhut hke s mierom-
eter caliper and Lhere is no need to remove the work from the lathe It
has two pairs of anvils that are adjusted by plug Lype setting gages to
GO and NOT GO dimensions. The gage should be carefully sligned with
the threads on the workpiece and then passed over the workpiece with &
light pressure. It should not be foreed becsuse the C frame can spring
apen enough to pass oversige threads

Another version af the thread soap gage 15 the roll thread snap gage.
The gaging surfoecs are free-turning rolls that can mave laterslly m order
to align themsclves with the threads on the workpeece, The rolls are not
actually threads but. are annular rings shaped Lo the form of the thread.
They are made to work on the GO-XNOT 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 & boek-
stop. The dial test indicator will then vead the varmtion in the piteh di-
ameter, directly. The compurator 15 set to mnster plug gages. Care must
be taken n order to make celtom that the huekstop s et so that tle
thread-gaging rolls contact on the true dinmeter of the warkpiece, Un
some indicating types of thread comparntors, three sets of rolls, insteml
of two, are aseid. Two lower sets of rolls ure useld to nest the thread of thi
workpivee in the munner of & V-hiork. An advantage of the mdienting
type of thiread gage s its ability to check out-gf-round, and taper, in Lhe-
thrend, A roll-type thread gage for inspeeting tapered threads is shown
in Fig 12-13.

{iptical Compoarators—The opucel comparator, Fig 12-14, can be usel
Lo make jrecise ineusurcments of serew thirends It 15 possible Lo measure
the thread forn, thread angle, mujor diameter, mmnor disnseter, pitch
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Fig 12-11 Thread snap-gage

Crurieay 0f Federal Products Corp,
Cowrteaw of Calt Imduatriee. Profi & Whilney Maching Toal Diw

Fig. 12-12, Indicating-type thrend comprrntor for inepecting externel thread pich-
dinmeters, Initial setting estublished with & setting plug.

thameter, piteh, oo lead error i one step, The comdition of the surfiec
of the threwd ean be obzerved By using the surface dumanator,

The aptical comparator easts a begm of ligh-intensity light against the
thread. The shadow éast by the thread profile s magnificd wnd projocted
onto & prounid-gliss sereen where it ean be focused Lo form an enbarged
silhouette of the theead, The ranpe of mepnifieations available 1 usanlly
from 5% ta 250%. The thread to be messurced s held in pasttion 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, paralicl to
the lens, and vertically, The table movements can be very mecurately
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Courtesy of Colf fafasrua, Proo £ Whiiney Machone Tool Do,

Fig. 12-13 {(Left) Roll<type thread gage for checking taperod thread. { Righty Roll-
tvpe gage for checking major diameter of 4 tapered thread.

determined by a micrometer and end-measuring rods, The hairlines on
the viewmng screcn can be rotated 360 degrees to mwasure angles. The
angle can be measured to an aceuracy of one minute of arc by & vernier

Courtery of Sones & Lomeon Divoaiem of Wotsrhury-Fareel Company
Fig, 12-14, Oplical Comparator
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Crurtery of Jones & Lameorn Divimien of Walerhury-Farrel Compony

Fig 12-15 A {Left), Projection of & 13-piteh thread at 50 magnifications. B {Right),
Menssuring the lead of a screw thread on an optizal comporator,

seale. Standard thread comparizon charte can 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 prolector; 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 Microscope—Toolmakers microscopes can be used to meas-
ure the thread {orm, thread angle, major diameter, minor diameter, pitch
dismeter, piteh, and lead error. The table can be moved in twe perpen-
dicular directions by precision lead-serews, The lead screws are actuated
by micrometer thimbles that have graduations reading to an accuracy of
0001 inch. The eyepieee can be equipped with standard reticles that have
hairlines in the form of the thread.

Three-Wire Method of Thread Measuremont—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 i Fig 12-16. The size of the pitch digmeter is determimed by
measuring over the wires with a moiecrometer caliper and by applying
this measurement n an appropriste formula. The three-wire method i=
the accepted method of measuring the piteh diameter on precision threads,
sieh as thread pages, instrument threads, ete. Tt 1= not customanly em-
ploved in ordinary commercinl work because thread gages are faster and
easier 1o use, The three-wire method can be used to compare the sige of
two threads without the use of formulaz. For example, suppose that a
eertain external thread must be reproduced and that there = no page or
mating thread available with which to inspect the new thread; one method
would be to make & gage to fit the ongingl thread; however, this would
be time consuming and expensive. Another method would be to measure
the origina! part with three wires in several plares to obtain an accurate
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e

—— 1::?:
"E‘ l'.i-:jr:q-"

Fig 12-16. Measuring pitch dismeter by ihe three-wire metbhiod

representative measurement, M. The new thread is then made to the
same size s M when measured over the three wires that were used to
messure the original thread. Although this eannot be classified as the
three-wire method, ordinary calipers can be modified to compare the
sizes of serew threads in a similar manner. The outside calipers are modi-
fiedd 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:

{2 = Basic major outside diamieter
N = Number of threads per inch =1 + P

E = Pitch diameter
M = Dimension over wires
P=Piech=1=+ N
W = Wire or pin diameter
A = One-hali of the included thread angle in the axial
plane
A, = One-half of the included thresd angle in the normal

plane, or the plane perpendicular to the sides of the
thread

B = Lead angle at the piteh diameter

L. = Lenad of thread

T = Wulth of thread in the axial plane &t diameter E.

Formulas 12-1, 12-2 and 12-3, given here, are simplified formulas that
do not inelude the effeet of the lead angle. They are, however, sufficiently
aceurate for many applications involving single-thread serew 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.)

o M =D — (16008 x P) + (3.1657 x W) {12-5)
M =FE — (9605 = P) 4+ (3.1657 X W) (12-6)
W = 563687 or W = 56368 « N (12-7)

Equations for the British Association Thread Form (B.A.) are:
M= D— ({17363 x P) 4+ (34520 x W) (12-8)
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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, = 14°28°
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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. Berew-thread micrameter,

degree point B, and anvil A, are together {as shown by the disgram), the
gero on the micrometer barrel represents & line drawn through the plane
X-Y¥, and, if the micrometer Is opened, say, .5 inch, this reading repre-
gents the digtance that two such planes are apart. Henee, the micrometer
reading represents the piteh diameter, The thread micrometer does not
give an absolutely amccurate pitch-diameter measurement as there 1z a
ghght 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 15 then used to compare the measurement aver the plug
with the measurement of the thread on the workpiece. Thread micrometers
are made to cover & very limited range of pitches, or threads per inch,
which is governed by the piteh of the ¥-shape grooves in the anvil.
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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
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Corrdesst of thae Falewte SR nfihe Videean Cerp,

Faig 43-1. Cemeniml eorhide throad-eutting (ool

ground to the required shape. Whether the theead-cutting tool 13 ground
to the required shape on a eutter and tool-grinding machine, or by hand,
on a pedestal grinder, it should be ecarefully inspected before it is used,
The design of a high-speed-steel culting tool for eutting 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, s made
appropriate to the pitch of the thread to be cut. View A, is a top view of
the tool showing the shape, or profile. An alternate shape iz also shown
The advantage of the alternate shape is that it reduces the surface aren
on the fanks of the tool which must be ground to obtain this shape,
thereby reducing the areas in contact with the grinding wheel This, in
turn, reduces the heat generated by the grinding wheel, Tt also makes it
casier 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
fat. This angle should be 10-10-17 degrees depending upon the hardness
of the metal being eut, The right side of the tool 18 shown at C. This view
13 & true auxiliary projection wlich makes the tool appear to be “upside
down.'" It iz an end view of the tool sighting, parallel to the left side eut-
ting edge and it shows the reliel angle below this edge. The magnitude
of the left side-eutting edge relief angle should be 10 to 17 degrees when
cutting right-hand screw threads, The lower value should e used when
cutting hard materials, and for cutting soft materials the size of this angle
i5 increased 1o 17 degroes. View T3 s a true auxiliary view oblained 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) American Standard Aeme thread-cutting-tool profile. Fig 13-5.

(Upper nght) 3qunre thread-cuiting-tool profle Figo 13-6. (Lower left) British

Standard Whitworth theéad-eutting=tool profile. Fig 137 (Lower nght) 29:degree
worm bhread-cutting-tool profile

shown st g. The width at the end of the cutting tool 15 then ground—using
the appropriate shallow noteh to gage this dimension—as st & The num-
bers opposite each noteh represent the number of threads per inch, The
angle between the zide 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 gepe apzinst the turned surface and adjusting the tool
until it eoincides with the gage, as indicated by the dotted lines st j.

The end width of the Acme tool may also be measured with a gear-tooth
vernier, #s shown in Fig. 13-9. The distance, A, is5 usually made to equal
250 inch by setting the vertical vernier seale to this dimension. The
width of the fiat 1s then equal to the caliper-jaw, vernier scale reading
minus 2 x 250 = Tangent 14°30°, or 2 x 250 x 2586 = .1293 inch. This
ean 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 toueh on the side of the toel It is; of course, sssumed that the in-
cluded angle of the tool 13 29 degrees. For example, assume that the dis-
tance A, Fig. 13-9, 15 250 and when the caliper jaws are touching the
sides of the tool, the vernier reading 15 .315 inch, The width of the end of
the Acme thread-cutting tool is 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. Mensuring the ond widith of an Acme (hread-eoitimg ool with vernier
gear-toath caliper,

time, it is evident that the tool will cut six threads per inch because the
spindle has made six revolutions while the earriage and the tool have
traveled one inch, IT the spindle revolved twice as Tast as the lead screw
il would make twelve turns while the tool moved one inch, and conse-
quently, twelve threads per inch would be cut. To ebtain this difference
mn specd 1t 13 neceszary to use a combination of geanng that will cause
the lead serew to revolve only onee while the lathe spindle and work
make two revolutions Oo [athes couipped with o quick-chanpe gear box
this 1= done by the gear ratios ingide the box. On lathes not so equipped,
this 18 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, slso called the lathe screw
constant, iz defined as the number of threads per mch 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 serew and stud, or this number is
given on & chart accompsnying the gears. The gears for any thread are
then calculated by the following equation:

Lewd number of lathe
Threads per inch to be out

_ Number of teeth on gpindle stud gear, or driving gear
Number of teeth on lead serew gear, or driven gear

i13-1)

Erample 13-7:

A 3-10 UNC-2A thread 5 to be cut on a lathe having a lead number
equal to 6. Calculate the change gears required:

_Laad number of lathe i 6x4 24 _ Driving gear

Threads per erinch tobecut 10 10 x4 40  Driven EEar
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Fig. 13-10. & Lathe with simple gearing for thread cutting, B, Lathe with compound
gearing for thread cuitiog,

L. . i 4
Note that the ratio “I'I has not changed because it was multiphed by i

which is equal to 1. Furthermere, the number of tecth on the intermedinte,
or wller gear, b, which connects the stud and lead-serow gears, is not con-
sitlered because it does not affect the ratio between grars a and ¢; how-
ever, it does affect their direction of rotation. The gearing as shown 15 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 thremds. The sceond idler gear, hke the first, affeets only the
direction of rotation and not the retio of gears @ and ¢

Sometimes the change gears eannot be arranged, s shown at A, Fig,
14-10, beeause the required gears to eut the desired threads per inch are
unavailable In this casze it is necessary to use four gears, or compound
genring, a5 shown at B. The ealeulations required to determine the size
af the compound goars are shown by the Tellowing example;

Erample 13-2:
A ¥ ;24 UNF-2A thread iz to be cuton a lathe that has a lead nunber

www.EnagineeringBooksPDF.com



Ch. 13 CUTTING SCREW THREADS ON A LATHE 349

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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Ceurieay o f Leliond Afachise Toel {5

Fig. 1311 Qwek=change gearbox for [pthe equipped with a tronslating gear, Tostrgc-
tons are providod on gearhex plade for setting-up to eat cither ineh or meies thrends

mch thread lead serow have settingz for eutting only el threads, Lake-
wize, maty metrie thread lead serew lathes have gearboxes which have
only metrie thoead settings.

Modifying the Outpul of Quick-Change Gearboxes

There are cecagions when o thread oast be cul for whieh theed 12 no
gk k=chunge genrbox setting. Tn this event b is neeessary to imodily the
narmal or =tandard gear ratio between the spihadle and the gearbos by
tstalhing modiiving change pears to repluce the standared gears normaully
wsedl. This enables metrie thrends and other odd piteh theeads o be cut
on meh thread lesd sevew lnthes oqpupped with quick=change gearboxes
having only ineh theead settings. Likewise, inch amd other odid piteh
theends can be eut on meteie thread Joad serew lathes el with
pearboses having ooly wetrie (eead =ettmgs, Modifving change geaes can
bee wi=edl for cutbmg odd gateh threads on lithes having o guick-elaoge
peartiox that La= both ineh aoed metre threeadl settings

The sizes of the wodifying clunge gears can e ealeuluted by the
formmlas given furthier on; they depend on the theead to be cot amd the
setting of the gutek-vhange pearbox. Many different sets of modifyvang
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e 14-12, Trunslmime geies for eswthinog motre (heeels on oo lathe havme snoameh
dimenstoned lead sereiv., The lorgost poaris tho 127-{ooth trunsisting geer,

chanpe gears can o fourned for vach thread to e eut. Tt s wzunlly wortl-
while to make several ealealations m order to el thie set of pears that
1 st suitnhle for m=tallation o the dathe, The followmp formulas are
bivserd o the bypoe of lemd serew with wlach the lathe s equopped; fo;
swhothier the lead serew hos tneh or meteie threwels

Metvie Threads/ hieh Lead Serew Lathes—A 127-teoth transiating pear
sl be used e the soodifying gear team to enabile meteie threaels to bo cut
an el thread lead-serew lathes, The formuala for ealeulntmge these goars
15 EIvEn Fepresnse -

3 x penrhox setting thuds An > pitelim mm to be eut Diriving genrs

127 © Triven ALEHREE
[14-5]
I order to use this formuala 8 & necessiovy to seleet o quick-chinnge gear-
box sctting, While any sefting eoulid he used, many would requive gears
that are not suitnhle [or installation on the lnthe, Ofter: a pearbox sétting
thiat ix close te the netanl thrend being cut will result o the ealealation 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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1'-I|;. bE-16, [.‘-'.Illjhp. HR Asmreaonn Stancbied Unified rlip Il l.'.'il'l.l {dui '-l.'-!.lTk|'|:|l'|'| liei]ed
hetweon bwo gonlers,

No sehedule which would At cach ease can be piven for the mumber and
the size of cuts required to eut o threaed to its fimshed stze, The number
of cuts ane the depth of each eut will depend on the fallowhig Taetors:
1. the type, size, and elass of the thread to be cuts 20 the diameler anid
length of the threwed: 3 the dimoeter aned length of the workpicee; and
4. the workpieee materinl. Often the first cut i= & seeateh eutl only 001
imch to O0F ineh (003 mun to 008 awnd deep, wiaeh s cut to cheek if
the corveet thremds per inel wre being eat, With this eut the workpiccee
will mot Bae rained ©f it s founud that the requircd threads per inely have
not been cut, amd corrective measares can bo taken, After the scrateh
eul, severl fairly deop eut=are taken, Depending on the factors listed
above, these euts oy be from 005 ineh (013 nm) to U020 meh (050 mm)
tdleep. As the theead groove gets larger the gize of the cuts 15 reduced, with
the Gl euts being 001 el 1o 0006 fnel (003 mog to 003 o) deep
Far example, o typienl schedule of cuts that baght be used to eut o 15-14
UNC-2A throad would e 2 cuts, 01016, 3 cuts, 005 in.; 4 cuts, 003 in.;
JRIT dpa. el A5 1, euts untd] the theemsed is fniebed to size, Thig gehédule
i hased ou woving the compoud rest, positioned at 30 degrees, Lo sel the
toal for the ||1,']JI|| of cul. OF eourse, under other cireumstances s sehod-
mle may be differeat,

The procedure for cutting a nght=-hanl Amervienn Staondard Umified
thrend with & single pomnt thread catting ool on an engine tathe 1= shown
i Pz 13-19 el deseribwed further on in this seetton, In this ilustration,
the numbers refer to the positions of the thread cutting tool; the arrows
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Courdexy of Mordirse ffroffhiors Foc

Fig 13-17 Cuilaryer g Amweeiean Stindard Umibed thresd en a precision foolmeikers”
Lot e weith work beld s s collet eliwek and ons eenior.

intdicate the direetion in which this tool = movinge: wml, the letters jidi-
cate the method by whieh the tool s moved as follows, L8, enrringe
sovenrent b lead sevews and =plic nat; C8 eroess shde movemnent; ML
manual fongitudhinal movement of earmage; ol CRL, compound  rest
shile novoment,

Referring to Fig, 13-19:

1. Stact the lathe spinlle. With the thread euttig tool just lefy ol
Position 1, move the erosd <o anward antil the tool just touehivs
the workpivee, Thi= position of the eross slicle w Ue gero reference
po=ition. Before cach eut through the thread proove, Lthe erass slide
must be at the eero referenee position. To necomphsh this, ndjust
the eross food mirerormeter dind to rend weros I this eannet be done
without moving the evoss =lule Trom the gero relerenee position,
the noeroanetor diad reshing must be memerized or recorded

2. Alove the thiread ewtting teol 10 Pesition 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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10,

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

i

i
"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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e

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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Courtcsy of The I % Starcetf Conipeany

Fir 13-21. Netre =epow=prieli poge. Somilor ecpewspilels giges wto avolahile (or

11

11.

Avveraean BSenlied 1lresuls

ehieck most metrie thyewds withe oonetrie rule. As bofore, this siep
ool repeanted ;) i i performed only after the Hest cat,

AL Position 5, get the depth of eul for the next cut by moving the
thvead eutting teol Inward with the eompound rest shde. Lse the
mrerometer dial to obtan o precise selting

Move the eross shide mward (o the gero referenee position {Posi-
tion 1) as delermined by the rending on the cross feed mierometer
il To elimhinte the effeet of the boek sl betweon the eross feed
servwy anid omut, the mwvement to the zero referenee postion must
b pniondtes wiith the eross 2lide moviag inwand toward the lathe axis
The thread eatring tool is now preparcd o take the next ent. Ex-
cept For Step &, which 1= not vepented, repent Steps 4 through 10
until the thread is fnished to size. The split nut should net be

disenpaged from the leal serew antil the thread 35 fHnished nnd the
jolvas done.

It eon beseen that thig s a slow proecdure. Tt must be useld when ent-
tingg oy thrend that cannot be cut ustag the thread chosing dhinl to pick
up the thread after each eut. Metrie threads cut on ineh lead-serow
Inthes s ineh thrends eut on motrie lead-serew lathes must be cul by
thits mrethodl Most dinetenl pitele and module theeads, nnd most threads
v an oded leaed mnst alxo be eat by thee wethod. This method musi,
be tmed to cut some threads baving an odd number of threads per ineh
(1214, 1234, ctel); howover, mest of the more common odd thremel per
nich thresds (1214 1274, etel) can be ent by using the threwd ehnsang
dhind, OF rourse, when metrie theends nre eat on meteie lead-serew |nthes,
i qnetre thieed ::h.:]:-tlhq:, il e T sl
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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
—

md

Fig, 13-22 Twvpical interaal thread-cutling fool made from a high=speed steel fool bit
whiieds ol=o et = os '|||;‘:-|'|':'.|.|:' Ty,

www.EnagineeringBooksPDF.com



374 CUTTING SCREW THREADS ON A LATHE Ch. 13

o _.-f':’r_f '
e .
e
|
|
e
e’
!"':I'I"'ll|'l |
1, 4.
— L
:[ -:] I-. - -Ii-._ﬂ':l — I:.-.-'I
l

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.

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, Setup wisd proocidure for tapping o dhecnd on an enging lathe,

only two cutting edges, namely, the right side-cutting edge and the end-
cutting edge, i required, the “back =ide” of the thread can be cleaned up
using the same procedure previously described. Many Acme threads are
very long, as shown in Fig. 13-26, and the work must be given support
to prevent it from being deflected by the eutting forces. A steady rest can-
not be used when cutting the thread ds in the illustration, because it would
interfere with the movement of the carniage; therefore, a [ollower 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 15 obitained by setting the tailstock off-eenter, the
thread will not advance at & uniform rate, nor form & true hehx. This
“drunken thread,” or errar, 1s 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 revolution, The bearing surface between the lathe
centersand the work eenters (when the tailstock is offset) 1s another cause
of inpecurscy, because as the work centers woear rapidly due to the poor
bearing surfaces, the angle of the taper is changed as the tailstock
spindle is 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. 1t cannot be set by holding the center gage against the
tapered surfaee a: shown at I}, which would cause the form of the thread
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Courfery of fthe Closeing fHvisdom af the Atlse Prose Comipany
Vi 13-26. Cuttiog ao Acme thresd for o lead screw

I

Fie, 1327, Cormeet and meorrect positions of the tool for taper threpd cuting

that 15 cut to be weorreet, The taper attechment ean be sdjusted o the
eorrect taper by placing a taper gage (not threaded ) of the reguired taper
between conters. A dial test indicator is fastened in the toolhelder and
the contact point of the indieator 1s placed against the gape &t the height
of the lathe centers, The tapor attachment 13 adjusted unti the hand of the
indicator docs 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 o multiple thread and the
miethod useéd to eut the thread. The first thread is eut as though a single
thread were being cut, leaving the work as shown at -A, When this cut
ia finizghed the work must be indexed one-half of a revolution (for a
double thread) without disturbing the position of the lead serew 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.
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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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Courtedp o) The Worner & Soasey O o eanig

Fig. 14-3. {Left) Owverhead turning Fig 14-4, (Right) Multiple orning and drilling

Courteay of The Warner & Suwppepy Comjpiangy

Fig 14-5, (Left) Boring Fig 14-6, (Right) Siart drilling

to enlarge 4 cored hole in & casting. It has more cutting edges than a
twizt drill, thereby enabling a faster {eed to be used; however, it cannot
be uszed to open a hole from spolid metal as the eutting edges do not come
to a point.

Figure 14-5, Boring. Boring operations are {requently performed on turret
lathes, One method is to hold the boring bar in a slide tool that 1s mounted
on the face of the turret. The siide tool has o 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 bonng teol,
when it 15 being withdrawn, ¢can be backed away from the bore to prevent
the tool from marking the inished s lace. Boring operations can also be
performed on turret lathes with the boring toel held by the square turret
which Is mounted on the cross shde,
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Figure 14-8, Starl Drilling. The purpose of the start deilling operation is
to spot a true cone on the end of the workpiece which will act as a guide
for the subsequent dniling operation. The start drill 13 short and staff.
It will not deflect when starting the hole, and the coned spot will be con-
rentric with the rotation of the lathe. The drill which follows will be
guided by this cone and will drill & hole which 15 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 18 generally called stock stop. This operation con-
sists of feeding the bar stock through the spindle until it eontacts 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 n order to make the
part. The collet chuek is 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,

Frgure 14-8, Spade Drilling, A spade drill 13 made from a flat preee of tool
stee] that is clamped to s bar-like spade-drill helder. The point of the
spade drill is similay to the point of a twist drill, providing it with the
ability to open holes 1o solid metal. Spade drills are often used to drill
the large holes that are over one inch i diameter, Twist drilis of this size
are too long and overhang the turret excessively, whereas the overhang
of spade drills is &t & minimum. The blade of the spade drill can be re-
placed, when required, without the necessity of purchasing a new spade-
drill helder. The setup for drilling & hole with & twist drill 15 similar to
Fig. 14-8, and therefore will not be illustrated.

Figure 14-9, Reeming, Holes are finished by reaming from the turret,
as shown, The reamer should be held in o foaling reamer holder to assure

Courlesy of The Worner & Swasey Compomgy

Fig. 14-7 iLeft) Combination stock-siop ond stori-denll, Frz 14-8 iRught) Spade
drilling:
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Courdeay o) The Warmer (- Bwinsey Company

Fig. 14-0 {Left) Reaming., Fig 4-100 (Riight) Floatmg blade reamor,

proper alignment of the reamer with the drilled hele, thereby ASSUTINGE
that the reamed hole will be straight—not tapered.

Frigure 14-10, Floattng-Blade Heawmers, 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 necessary alignment
to obiain 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 eut the
threads, After the threads have been started the rotation of the workpiece
and the lead of the threzds 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 progresz of the turret s stopped, the tap holder will
releaze the tap, allowing it to revalve with the workpiece. The tap 1s with-
drawn by reversing the direction of the spindle rotation

Figure 14-12, Exiernal Threading. External threads are generally cutl on
Lurret 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 [orce 15 used on the turnstile 1n 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 been backed away from the
threads it 15 closed by a movement af the handle in preparation Tor eut-
ting the next thread Idie heads are available for eutting a wide range of
thread siges.
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Courdery of The Warner £ Sugaey Company

Fig 1d-11, (Leflt) Tapmog. Fig 14-12. (Faight) External threading,

Fugure 1418, Koller-Foer Turners. Roller-bar turners: are used to turn
long b work which overhangs the eollet. The rollers support the bar
stock to keep 1t from defecting. The rollers may be mounted ahend of the
tutting toal in ovider to obtain coneentricity betwecn the proviously
turned diameter and the dimmeter being turncd, The rollors arve sct hehind
the eutting tool, ns shown, when turning the first dinmeter on rough-har
stocle When the rollor= wre et hebind the cutting tool they burnish the
turned surface therehy imiproving its appearance. At the end of the cut
the cutting tool is witlelrawn from the work by moving the cutter reliev-
ing lever, This prevents the cutting tool from marking the tarmed surfuce
as the roller turner head is backed off the work by the turred

Courtesy of The Worser 8 Bwosey Coinpany
Fig. 1413 (Left) Holler bor twmner, Fig. 14-14. {Hight] Cul-ofl opernticn.
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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
first and C last.

3. Bore hole ) to make sure that it 1s concentrie,
. 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.

e

CORE DRILL G
BOUGH TURN

START TRUL-BORE G

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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Courtery of The Warmmer & Swaary Componjy

Fig. 14-16, Ram type turret lathe setup for bar work,

Chucking and Bar Automatics

Chur'].'.in,-; il b migtainnbies ire ||i:..r.,JI ||‘.'-!ltl1lt'[:||.'-:|, Vi ratlire versatile
bt hies, mesnaeh as they can reddily be et up to machioe difforent parts
The conitrods on the=e machimes are =el mannsbly, However, i operation
tlew e antonedie. These Juthes oy beeguigpued with momevien] control.
Sobuc anay e ehanged over toodo cathier ehinekbug or bar work aoed some
are couipped to tnrn hetween eesters. A eharneterizie of ehueking and
bee mtonmnties I= Ahe pentigon fucet, which oo sone lnthes B oolove
Ehezpindle and oo others i bebamd Vhe spadle. A sele spandle ehaekmg
sikonatie s =hown o Fig 13-18. This mnehoe bas an overbemd pentagon
barret and twooslides. The tareet 15 an imtegral part of o turret bay which
dnlexes the turrel and provales the motion parallel to the spustle axiz. A
varty ol standard toolnig bibeirebes svinel Lol Digilebesis eine Dot pnosiisibecl on
eaeh of the Gyve tarrel posibions o perfono tarmme, dedioge, resonne, bor-
g, ol threml cutting :I|I1'I'.'I||.iiu|:- Tl two <lnles wioye |H':||I'I:L|H"1I|!I.I' io
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Fig. 14-17. Machimog steel gate-valve bodies held 1o an indexing fixture on o =addle
type turrek lathe hoving a cross-shiding turret

eoirtery o the Tormdng Machoae i of Woeser 8 Seaing

Fip 14-18 A dingle-spindle automatie chueking maclane
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the gpiwlle axis to netuate entting tools thiat perfosm grooving, cat-off, fae-
b aned Tormng operntion= All of the tooling 1= within easy reach of the
oprerakor, as e e =een i P, 4=190 The areatgement of the tool: on the
wmeldnes = <ueh that thore <o mnommon of isterference belween the tools,
mdiking it possibile to talie simoltancous eal: with tools Phat are attaelied
to the tareet aml 1o the <bdes. The toohing bloeks thal are mounted on
thar turret inve provisions that allow =everal tools to cot siminlianeonsly

=

Cmertenfy af Mg Tursig Maching Div ol Weraer & Sumssy

Fie. 1E-18% Changing & iool tnoan sulomatie chueker,
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ez, it is possible for soveral taening toels to be eatting different diamelors
while at the same time drilling, resming, or boring n hele. A typical opera-
thon onn chueking autonwitie = iHosteated in Fig. 1420, wherp the larpe
steel enstings shown o the feregrousl are being maehined

A ﬁ'ulgllu Hjillll”:l‘ b putonnathe iszhown in Fig 14-21, Thiz machine has
theee $lides, the additional shide being used to actuate a eut-off tool, Bar
stock from which the part i3 made 1= contained inside of the spindle and
hield by n eollet ehuek. In aperation the stoek iz fed ool agninst a stock
stop and clampod by o collet-type chuck., The protruding portion of the
har 19 machined to the paet configuration and then it iz eut off, niter
whiteh the firashed part falls into o ehute,

Mueh of the tooling on these muehines, sueh ns chucks, teoling blocks,
and toolholders, 1s standard tooling that can be obtained from the

" gy i 2
g =

Courbesy of 2l Turmemg Aasdivng Dyv, o Wormer & Swigbou

Fig 14-20, Mocluning benvy enslings inan pulomatie chueker
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I

- —
Cowrdeepof fhe Turniiyg Wackie D, of TWerser o Smosey

Fir 1421, A singlé-spondle aubamalie bar machine,

hutlder, Rather frequently the standard three-jaw aniversal chueks re-
quire =peeil jows= to grip the workpieee, Far some work gpeeinl work-
holding fixtures st be designed and built,

Production Lathes

A typical automatie production lathe is shown in Fig. 14-22. Thiese
machines are used for high-volume repetitive work such s 15 encoun-
tered in the automotive industry, Tho toohng used on these machines is
specially designed to do ene particalar job with great efficiency. A typical
setup which is used to machine front and rear automaotive bhrake drons
15 shown n Figo 14-23. A special baek-facmg nttaclunent is located inside
the work-hobding fixture for facing the mounting faee of the hrake drum.
The front Locl-slide turns and bores the other end of the drume All turn-
me amnd horing operations are completed on this moehine in one setun.
Nao preat omount of skill i2 required to opernte an automntic production
lathe, however, the planning of the eperations, the lavoul of the tooling,
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Courfery of the ishold Waechine Cempang

Fig. 14-22, Automatic production lathe,

and the design of the tooling do require skill and experence of the
bighest order.

Vertical Lathes

The vertical lathe, commaonly reformed fo ag a verfecal hu.l'.:'nlr; mefl, has 4
cireutar table which revolves about & vertical axis zo that the work-hold-
g surinee is horizontal, thus making it comparntively ciusy to place and
lyaalit liirge eircular parts in ['u:-HI'.il:.'lI!!n (= F'lj_.ﬁ, 14-24.) The two lLLI'gr_',
vertieal housings are conneeted together at the top by a hridge, to pro-
vitle a rigid support. Ways are machined on the face of the housing on
whielt the erose radl 1= mounted. The eross rail ean be adjposted to any
degired height above the top of the eiveular tuble. Tt is not, however, sct
m 1otion to take a cot Two saddles, mounted on the eross rail, can be
moved along the length of the eross rail. Tool bars, which have & vertieal
moevement, are mounted on each saddle, They can also be swiveled on the
saddle to provide an angular movement. Tool bloeks for holding eutting
tools are locsted at the ends of the tool bar, The vertieal orientation of
the tool bars allows them to be made small enough to do horing opera-
tions without deflecting due to their own weight, Many vertieal boring
mills are equipped with a pentagon turret, in which ease they are usually
called verfical furret lathes. A vertical turret lathe 18 shown in Fig, 14-25
mischining a large fan exit-caze of a jel engine. The pentagon turret
provides five tooling stations on each of whicl one or more cutling tools
ean be mounted. Both vertical horing mills and vertical turret lathes can
be equipped with a side bead which ean be seen 1o Fig, 14-25, The side
herd can move in a vertieal direction by sliding over the ways of the
right-hand columm. The side-head arm moves in o honzontal direetion.
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Cowrieny of the Ghishalt Mackine Cominny
Fig, 14-2% Automatic production Inthe tooled to produce putomotive brake drums.,

The cutting tools mounted on the side head ean, therefore, move parallel
and perpendieular to the surface of the faceplate

Workpieces can be bolted directly to the faceplate or they ecan be
held by chuek jaws The chuek jaws operate independently of each other
in & manrer similar to four-jaw chucks, Figure 14-26 shows a cable hoist
drum being machined on a vertieal turred lathe, The workplece is held
by four-chuek jaws while simullaneous 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
workpiere is very thin and is apt to distort and vibrate when bﬂng cut.
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Fig. 14-24. Vortieal borng mill.

Coortaag of The Fullerd Compeny
Fig. 14-25 Yertical furret lathe machining jet-engine part
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IPaiz. 14-20, Cable hoid drum being machined on a ‘wvertical furret lithe

The fixture must also hold the part without distorting 4. The part is
firmly elunped to the base of the fixture. The snubbers at the top help Lo
support the work apainst distortion due to the cutting forces, and they
help to prevent vibration or chatter from oceurring.

Vertical lathes are used to hold workpieces that can be more conven-
iently elamped to 4 horigontal surface rather than to a vertical surfaee,
They are uzed to machine surfaces that require the use of a long, extended
bar to hold a eutting tool that cannot be supported at two ends The ad-
vantage of the vertical lathe in such situntions is that the long bar—say,
a boring bar—does not deflect under its own weight when it 3¢ hung in a
vertieal position. The vertieal lathe 13 also often uzed in preference to
other machine tools when large, internal, facing cuts are requured; when
very large diameter holes are to be bored; and when bath large-diameter
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Courtaay of The Hullerd Company

Fie 14-27. Special work-holding fisture and tooling bloeks an vertieal turret lathe

barimng and Tacing cuts are required on the same pert. OF vourse, evlindrical
turning and f{acing cuts on outside surfaces can alse be conveniently
taken on these machines. Many vertical lathes are equipped with numer-
ieal controls or with trgeer eontrols which add to their versatility. The
vertical turret-lathe in Fig 14-25 1=z equipped with tracer controls on the
turret and on the =ide heads, enabling it to eut angles and complex eon-
toure. The macline in Fig. 14-26 i equipped with a numericai-control
sy ELem.
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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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Chirtdan nf Phe Noeee Saedenl Toad T fae

P 151, e Verees il i sooinddens i A Semipeeatice=eondmolled tookroeom

15-2; although this 1s not always the case. At A, Fig: 15-2, the dimensions
arc drawn in the conventional manner, while at B, they are drawn using
the eoordinate diniension svaten, Having the top edge and the left edge,
ar the upper left-hand corner, nct 4= a reference surface, agrees with the
positions of the scales-on many jig borers, although there are some differ-
ences in tlus respect. The dimensions for the coordinate system for parts
to be jig bored 15 usually given to 0001 inch. Tolerances are usually not
specified, for it is understomd that the jig-borer operator will locate each
hole to 'I:hn timit of arcuracy of the machine, This 5 the accepted prac-
tire 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, o2 shown in Fig. 15-2. A digseussion of how toler-
iwnees are aff eeted when transforring from the conventional ta the coordi-

nate svstem of dinensionmyg s given at the end of this chapter.

Boring

Because of s importance in precision hele location, & review of the
boring process 15 helpful at this time. In Fig. 15-3, the boring tool shown
18 rotating about the axis of the spindle of a jig-boring machine, The
point of the cutting tool s alwayvs the same distance from the axis of
rotation of the spindle; therefore, the eyhndrical surface of the hole that
15 generated must be concentrie with the axis of the spindle. For this
reason, single-point boring is the most accurate method of finishing holes
m metals that can be cut with single-point cutting tools.

www.EnagineeringBooksPDF.com



Ch: 15 PRECISION HOLE LOCATION—THE JIG BORER 405
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4, 7500

Fig. 15-2. (Top) A. Conventivonl dimeomiots. {Bottom} B. Coordioate dimensions.

The baring tool shown in Fig. 15-3 15 held in an offsel. 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 care it is not difficult to bore a hole to a toleranee in the order
of “tenths," (0001 1n. or (LO02 mm) with a precision boring-head.

Il the hole that was originally drilled is not concentric 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 force created by this
cut will deflect the bar more on the side where the heavier cut 18 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
carrectly, by using & sharp tool, and by taking hight cuts when finishing
the hole to size.

In the siluation just described, the boring tool was-rotating, The same
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Cosrtesy of The Moore Special Tool Company

g 153, Bmngle=pinl bormg=the mest peeese ole=loeatme moethol, The sarfhee
woEenersl rd b pobabon abond e lole pxis Eithee sl workpiees o Tood may rodnin,

end-result will also ocour whon the work 15 rotating, &8s in a Iathe. The
point of the eutting toal will alwayvs be at the same distance from the
axi=of rotation of the workpicee, which iz determined by the axis of rotn-
tion of the lathe spindle. The evhndrieal surface that is generateil 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 workpicee in whieh precsion hoeles are
loeated nre almost mfinte. Rectangulor-shape plites, such ns shown n
Fig. 154, ave Trepient]y eneounterss] in tool amd die work. Beeavse of
the peablability aml the ease with whielh thi= shape ean be worked, it s
n=c¢l to construct components for stnmping dies, 1gs; fixtores, and goges
This shape, thevelore, 12 wsed to illustrate and exploon the wethods of
procizion lole loeition, Four proven and practical methods of hole loen-
tion will he explained in the Eellowing pages; n addition, two methads
af loeatmg holes an hurdened workpieees will be diseassed. 1t should o
erplsized that the uee of the Jig borer, when avanlable, = not only the
'|"|]'r"{1'1'l'r"‘|i., tll” HH' I‘-l'-!:ii""l'il.?l' I'IH"ThHI.i ‘II[ 1311'1'1"ihir'l||. !II'IlL' l‘l“'llli.l'll'l.
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the hand peiek-punch ot iha libe inteezechions (Lowee deht) 10 Cueelalle prick
e h'im.: |]:u 1'n|'.r' orrilrT

Precision Layout and Drilling Procedure

Prepove the workpiece, The workpoeee = noelined so that the two
fuees are paralle]l to ench other amnd “squire” with respect Lo all sules, or
edpes, ns they nre often called in the toolreosm. Two of the edpes are
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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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Courtasy of The Moore Special Tool Cowm pony

Fig. 15-5 Error introduced by shape of scribed line. This error s reduced by keeping
the perpibed lipe shallow pod by using o rotating, heod prick-punch with an acute-
poinl afgh peior Lo waitg a regular prick-punch,

hand prick punch 15 1n position, 1t 15 rototed by twirling back and forth
between the thumb and fingers until a small mark 1s made, The prick punch
mark is enlarged with & standard prick-punch and hammer s shown at
I3, Fig 15-4. This musl be done carefully, using a magmiiving glass to be
sure that the original position 1% not disturbed. Also, the prick punch
must be seeurately ground to have a point in the center of the punch
The hemmer blow should be light, making a prick-punch that 15 approx-
mately Y44 inch in diameter. A circle may now be seribed with dividers
although this is not always necessary, especially with smaller holes, The
circle is mot used to Joeate the hole. When a cirele 13 seribed on precizion
layouts, the witness marks are ususlly omitted. On die and tool work
they may mar a surface that musi be finished emooth or they may even
form the noeleus of a erack if the part 15 to be heat treated,

The layout iz now completed. When done with skill and care, accurate
restlts can be expected,
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Courtes of The Moore Epecial Tool Compani

Fig 15-6. Btartiog the hole with a small sleader deill, Bleader drill will beod aod follow
prick-punch mark, Ceoter deill will cut into the sde of prick-punch mark ostead of
follasing it

Direll and counterbore the hole from the layoul, A large drill should
never be started in & 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 18 rigid and a
slight misalignment between the center drill and 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 eonsequent 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 abont Y, or Y, inch, should be
used to start the hole, The position of the hole 15 determined by the prick-
punch mark and any mizalignment of the drill will be compensated for
Ly the fexibility of the drill, as shown in Fig. 15-6. The slender twist drill
will bend and center itsell in the prick-punch mark, whereas the rigid
center drill will not, Since the slender starting drill will bend, it will not
drill a vertical hole, and it should not be permitted to go too deep. The
entire sequence of laving 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+ dinmeter, which is followed by a center drill having &
e-inch pilot. The center drill i drilled to the depth as shown at 7,
Fig. 15-7. A Y -inch drill 15 then used to drill through the part. The hole
18 further enlarged with a *3;,-inch drill which is Tollowed by a *35-inch
drill that has been ground to cut flat on the end in arder to square the
shoulder of the eounterbore. Thiz operation 18 omitted i the hole 5 a
through hole. The final operation 18 to finish ream the hole to size.
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Fig. 15-T. Procedure for drilling hole from [ayoue,

il

Courdenp of The Maore Soeccad Toal Cem fang

Precision Layout, Drilling, and Boring Procedure
1. Prepare the workpieee.
2. Muke a precision layout. (Steps 1 and 2 are done as previeusly
deseribed and will, therefore, not be repested )
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3. Mount the workpieee on a lathe faceplste. The workpicee iz
elamyred on the faceplate, Fig 15-8, in preparation for drilling and
boring. On parts of this size it s usually most convenient to
remove the faceplate to mount the work as shown m Fig. 15-37
A shect of paper placed between the faceplate and the workpiece
servies to reduce the tendeney of the part to move, partiealarly
when i g subjected Lo large cutting ferees, Seft metal shims
prlaoed Letweon e strap clamps and the work will prevent tho
I:'I|.1.]['I|'I!-'| I‘I'nlﬂ I'II.ElI"I'”:]j._f !hf‘ .‘i||]'fl'l-|."l"' ’.'I[ ||I.I:' 'l-'i-"ljll']'l..

4. Align the workpiece in the lathe, The pomnt of a pump center,
Fig. 15-9, 15 placed m the prick-punch mark corresponding Lo Lhe
hole to be drilled, as shown in Fig. 15-8. The othier end is placed

Lt

-

3 ; F'e
> . -

CeedrLeny @F Thd Moore Emdeial Tool Cemjuny

Fir. 1548 Abgning the work with the axis of rotation of the lathe using o pump
contor and sn jodicator,
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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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Fir 1510, Boripg the Lole i e lathe wills the work mounied on s Taeeplate,

of the second trial eut shows the dizmeter to be correet, the cut
15 completed; if not, & further adjustment s made before com-
pleting the cut. The final finishing eut should not be started until
the trial eut shows that the diameter belng cut 1s correct.

Several light boring euts should be taken through the workpiece
to make ecertain that the hole will be concentric with the axis of
rotation of the lathe, When using this provedure the hole should
be bored to sige; it should not be finished by reaming because in-
aceuracy 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 perfectily square with the eylin-
drical surface, Thus, when the buttons are clamped in place with the
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Fig. 15-11. Toolmakers buttons, The evhindsical sueface s hardened, ground, and
lapped. The end fuces must be oxactly prependiculor to the exvlindrical surfoce.

1&-40 machine screw, the eylindrieal surface will be perpendicular to the
warkpiece. The outside diameter of the buttons is 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 ope setup as this can resuit i errors,
The mside diameter of the buttons 1= shightly larger than the serew in
grder that the button can be moved around the screw,

The buttoning procedure 15 o good procedure that is frequently used
when a Jig borer is not avallable, This procedure is generally more reli-
ahle than those previously deseribed. A number of buttons can be at-
tached to the workploce, simultaneously, in order to locate holes in the
workpiece. For simplicity, the deseription to {ollow will concern itsell
with only one hole:

1. Prepare the workpiece, It 18 machined square and parallel all over,
using methods previously mentioned

2. Lay out the part. When buttoning, a precision lavout 15 nof re-
quired although the precision layout methods deseribed are often
convenient to use

3. Drll and tap the button screw holes. Each hole i= drilled with
& Mo, 38 drill, using ordinary eare. All holes are then tapped with
a ly-40 tap.

4. Attach the buttons to the workpicee. The buottons should be
clamped hghtly but firmly so that they can be moved with a light
tap of & hammer,

5. Locate each button on the workpiece, The part i1z 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 sliding arm of the height gage adjusted so that the

vernier stale reads zero, position the contact points of the indi-
cator against the surface plate and adjust the indieator Lo also read
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zero. The top of the surface plate 1s now the zero reference plane
for the height gage and the workpiece. The height page is setl 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
indieator contact point 12 now run over the top of the button and
the maximum reading is noted. The button is positioned by tap-
ping it hghtly with a hammer and a piece of soft metal, as shown
i Fig. 15-12, until the maximum reading of the dial indicator is
gero when it iz passed over the button. The button 1s now located
with respect to one relerence edge and the procedure 13 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 lightened zecurely In position.

An alternate method of locating the buttons is o use & stack of
precision gage blocks. The length of the stack should be equal to
the distance over the toolmakers bution as explaned in the last
paragraph. A dial test mdicator is 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 untll the maximum
indicator reading is zero; as before. Again, this must be done from

Courtesy of The Mapee Special Tool Compony

Fig. 15-12. Lorating the button on the workpiece. Thid must be done in

two directions from two reference edges
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15:00%. Aligning the workpeer in the lathe with & toolmokers button

the two reference surfaces, The use of the precizion page-blocks
makes it poessible to loeate the buttons to within "tenths™ when
this procedure 1s carmed 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 o balanes
the part and prevent unwanted vibrations from oceurring

Align the work on the faceplate. This operation is illustrated in
Fig 15-14. The dial test indicator is placed in the lathe as shown
and itz contact point is positioned against the toolmakers button:
The faceplate is slowly turned by hand and the movement of the
indicator hand is oleerved. The workpiece & adjusted by tapping
it with & hammer and s piece ol soft metal until the indicator
hand docs not move when the faceplate is turncd at least one
complete turn

Hemove the toolmakers button,

. Center drill the hale. Use a lurge center drill that is consistent, of

eourse, with the final size of the hole. The large center dnll, being
stiff, will tend to correct any eccentricity in the tapped holes used
to clamp the toolmakers buttons.

Drill the hole, The drilling operation 15 done as previously de-
seribed for the faceplate-mounted workpiece.

Bare the hole to size. This is also done as previously deseribed.
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Courtesy of the Mooce Eperiuil Teod T, Tur

Fig. 16=11 Moore precision jig=borer Tnving ulmeprecigon lead getown (o make
preaeses eoordima te talile posstionings,

Toolmakerz buttons are also used to perform preecision hole location
operations on & milling machine. The buttons are located and clamped
on the workpiece as has been described for lathe work., The workpiece is
aligned and clamped on the table of the milhng machine so that the holes
to be produced can be reached by tools held in the spindle of the machine.
A dial test indicator is attached to the milling machine spindle. Each hole
is located by placing the contact point of the indicator against the tool-
makers button and slowly rotating the spindle by hand. When the button
iz located on the axis of the milling-machine spindle, as shown by the
indicator reading, it iz removed. The hole iz then machined by driifling
with a twist dnll, and boring with a boring tool. For convenience, the
boring tool should be held in an offset boring head, Fig. 15-249, which
provides an accurate radial adjustment of the boring tool in order to bore
the haole 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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Fag, 15-15. Syatem of measunng the coordinate movements of the jig-borer table
ustog procision load sorews

Courtedy of Lelllnmd A achine Teal Ca

Fig 15-16, System of measuniog the coordioate movements of the jig-borer fable
using precision eod-measuring rodz apd micrometer heads Armows 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. 15-15. Indicating the edge of a die block 1o align s with the loogitudinal
tabie movement,

ersed in the longitudinal direction. As the table iz traversed the indieator
reading 15 observed. The workpiece s adjusted until the indicator reading
is the same [or all positions.

Another method of aligning the warkpieee is shown in Fig 15-19. The
jig borer o tlos case s provuded with o strasghtedge wioch ean be at-
tached to the side of the tabde aned which 12 pareallel to the toble trovel.
The workpicee can be set diveetly sgminst the strajghtedge or spaemd
away by meanus of precision paralle]l blocks. For very proeise work, this
micthod enn be userd to obtain the frst abhenment aftor whieh it s chiecked
with ool test todieator; ns chown i g, 1518,

Lacate the Two Hefreence Axes of the Workpigce with Respect to the
Spandle, The jig horer table ozt now be moved to position the workpuece
A preeise wind known location from where it ean be movel] again Lo the
laeation of the holes that daro Lo beogpnehiined, Sioee sl of e holies are
dimensioned from the twa referonee lines or axes (sea Fig. 15-2), the
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Fig 15-10, Using straiglicdge sitached o fable and precislon setop Bleeks to align
wl'n-rk[lin'l'vl: ||:||";|"|?| 1ew Han tnble reayed

mpst cabveniont position to stavt frown 1= wheee the axis of the Jig horer
gpandle sl the two workpmeee referonee nxes jonterzcet cnch other, This
i cilbed the =tarting position, which = akin to o 2evo reference position.
Whient tn Ll prosttian e ongi aclinal wowd Lhe Lransverse imeasuriig $vs-
terns of the i borer are =0 to read zero. From thos position the table amd
waorkpueee together can e moved o distanee equal to the covrdinnte di-
mensions of the hole to the loeation where the hole = 1o e maeloned
Moreover, the veadings of the longitadingl and the trunsverse tulile pose-
tion mepsuring svsteni= wiil be the sate o the coovdionte dnpensions of
the hole when the table bs at the bale positian.

Alter the workpueee his been aligned aned elmaped on the jpg hare
tilsle, the first step b= then to mave the g borer table to the <tarting po-
eition: Lo, where the sponille axd= wsd the reldérence uxes all interseet,
Thi= 17 wecomplishied by picking op convenient reference surfioes on
the workpiceee, The tevm “picking up" mwenns aligning oo special way,
For example, n conveniont reférence surfaer may e the fimshod surfnee
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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

1.

=¥

"

3.

on

=] H

10,

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 mcthod of prekmg up an edge 18 by wsing the edge finder de-
veloped by the Moare Speeial Tool Ca,, Tne, Bhown i Fig. 15-22 by the
kil permission of thi= company = nodetasled deowmg of thee cdge finder
All of the eritieal dimensions on Haz cdge Ander are mode to prgemaker's
taleranees, melading the paralleligm ol perpendieslarity of the gipme
surlnees. The gpiper part of this cdge finder has o 400 0. (10 mun o
metrie) slot. The moer surfacos of ths slot aro gaping surfaces: apgamst
whieh nehieator remedings are made, The mside odge of the lower log s
al=o a gaging surfaee, It ks locsted in the exaet centor of the slot wd, when
uscl, 3t b Ll apadnst the edge on the workpicee that 5 to be pieked uj.
Figre 15-23 tllustrates the procedure [or using the eidge Ander to pick up
the edize. The lower insile face of the leg 15 helid npainst the edee on the
workpleee while at the same time e fwo tnside faces of the slot gre ndi-
cateed with o dinl test huelientor beld oo jig borer spindle. When idieat-
g each face, the =pindio = rotated by hand to obtain the largest aedi-
eator reading. The table is moved to the position where both maxlinum
mdheator veadings are equal; in this position the axis of the spidle will
b aligned watli the oelge of the workpicee

Tho eontering projector, Fip. 15-24, ig desipned to be used a= 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 vision is large enough to show a fairly large area of the
workpiece. Two erossed hairlines aet as the center of the optical system,
The center of the oplical system should be checked, but when verified,
it 15 only necessary to move the table until the edge of the workpiece
coincides with one of the hairlines on the microscope i order to align
the axis of the spindle on the edge of the workpiece.

A very popular edge finder 1= shown in Fig. 1525 1t ean be obtamed
with u cone point at one ond and & econtact exlinder at the other o, or

Courfeey of The Moere Sperticl Tosl Company

Fig. 15-23. Procedure for pieking up the edge of ‘o workpicee UEng &
Moore Edge Findir,
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Courfesy of Troion Tesl Supplp Co . Jur,

Iig. 16-24, Cenloring projector which can be veed to plek up cdges, small undenuts,
cireles, holes, rodii, o eol=ide dinmeters.

with onby wecontuet eylinder, Only o very hight pressure s reguived to slide
the eone powt and the contaet eylmder gaeross the end of the eidge finder.
The contael eylimder = always uged to pick up oo edge The body of the
el fmldr = Fielel i tlie piamielipie spaele by o chuck. When the edge
Fvder i usedl, the spindle must be rotating muld the contact eylinder =
mtentionally offset so that there 1= 0 odEtinet wobhie ns t rotates. The
celge of the workpmoeee = oved towaed the cdpe finder by moving the tulle
until they eontaet each ather. A the workpueee contmues to be moved
townrd the edge fincder, the wolible of the contaet eylinler decreases until
it censes altopethior. Wheo this ovenrs thie table movenient Js =tapped. At
thi= position the distanes between the edge dnd the axie of the spindle =
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Comrfeay of The L. & Starrell Company

Fig. 1525, (Laft} Applicanion of eyiimdriea) contmet of mlee finder to pick up an sdgy
[Highi} Appiication of pomnted cootact Bo pick up n senibed fhine;

eyl to one=ha!f of the dinmeter of the contoct evinder. Sinee the dinmie-
ter of the contaet evhnder en moest odge Goders e 200 el the distance
that the table vt be moved to slign the axes of the spoodle aml the edge
12,100 mnch.

The conc-point shape contact 15 used to pick up lines seribed on the
workpiece us shown in Fig 15-25. In thiz case the cone point must be
miade to rotate without wobble. This can easily be necomphshed by touch-
ing the rotating cone point lightly, with an object such as a pencil. The
alignment i= then determined visually by lowering the cone point over
the line.

Lacute the Hole, Preeise coprdinate tnlie movements are used to posi-
tion the workpicee =0 that the spondle axis is loeated exactly where the
hole is lo be apnehioed, Fssentlally ddenticaf table position measuring
sysloms are useed on the saddle to measure the trangverse table position
nreil on the tuble to mensure the longituding] table position. On the Moore
g boror the coursé mea=uring system consists of a steel role, called o
geile, thut @ pradeated i 1 ineh inerements with oLy ineh marked.
The fine measuring system &8 o micrometer dial attached to the vory
precise Jemd serew wlhich 12 procluated to read 001 ineh and an castdly rend
verier senle graduated to read 0001 el On the Moore metee jig oy
the coarse senle s produated in 10 moe meremoents, the mierometer dint
m 001 man inerciente: aned the vermer seniean 1O wm, whieh 2 00001 mm
When the messaring svsteimn iz set to rend zero at the starting poesitwon,
Hie coorcdhnnte resdings at the hole locatton will e the same ns the
coorchnnte dimmensions of the nole, The movement to eacli hole must by
made i oone direction only kg order to cluninnte the effeet of backlush,
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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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Cowrieay of The Moore Spesial Tood Company

Far. 15-26. Spol-drilling hales in o die Block on o jig borer

The drill st Jeave ¢oough netal 1 the hole to allow the boring
tool to findsh the hole 1o =<mwe. Holes that nre ]:L'I'.'n|||| the range of
ordinary twist drille niay bo enlorged with o sweep tool as shown
i Fig 15-28. The toal shown 1= called a “hole hog” amid 3 par-
Licularly efficient for removieg laree sunount= of metal. A hacd-

Couwrteay of The Moore Special Tool Company
lrl.r-:'lllr af The Damimd Rl i el ey

T 15=27 Spot drilling for producing very small boles using o spot s ing drill
(Right) Bpecipl spofting deall
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encd pilat on the entd of the e gpodes the sweep tool i the
ol that has heen drilled previously,

Heat will be generated by the drlhing operation, which will
cause the work to expand, especially when much metal 12 removed
by larger size drills. If the fimsh-boring operations are conducted
while the work 15 very hot, the contraction oceurring when the
warkpiece cools can cause inaccuracy. For this reason it is some-
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 iz uzed at times 18 to spot drill al] of the holes on the jig
barer, rough drill afl of the holes on a conventional drill press,
and then finish the holes in a jig borer by boring,

Holes less than one-sixteenth inch 1o diameter are very difficult
ar even impossible to bore with a single-point tool. The first step
in producing these small holes i3 to drill a spot with a spotting
drill. The diameter of this spot should be somewhat less than the
dismeter of the hole. Ooe method of finishing the hole 12 to dnll
it to size with a twist drill. A small drill will follow the spot made

i, |

Tourtoey af tha Moorn Specisd Tiid ., Ine.

Fig, 1528 Sweep (ool used for romid stoek removal from oo hole where hole giao s
hevond range of ordinary twist dedl
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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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Courtery of The Moore Special Tool Company
Fig, 1520, O6fset bocing hend,

and the reamer 13 used to remove the excess metal in the hole to
bring it to the required size. While this procedure is faster, it 1=
not quite as accurate as when the hole 15 finished by boring.
Usmpg cither sequence of operations, the best g boring practice 1= to
snot, drill, and rough bore all of the holes before they are Ansh bored,
or finizh bored and veaned. Thos reduees the possibibty of human error
bienuse the table muist be positioned at cach hole location several times
toserve 48 8 cheek. Evvors caused by temperature changes and by stresses
are wlso redueed,

www.EngineeringBooksPDF.com



438 PRECISION HOLE LOCATION—THE JIG BORER  Ch. 15

Canrfesy of Tho Meore Special Teal Compony

Fig 16-3) Finish boring the hole to sige on the jig borer.

Jig Baorer Accessories

Muny acecssories nre nvallable to enlofge the seope of the work that
ean be done on o iy borer. Two acecszores {or whieh there 1s freguent
wse - wre shown i Fig 13-310 In tles tHustration the workpaeee 1= mounted
on u votiury tuble hobd moan angobo position by o sine toble. The sme
talile works on the prinoiple of n sine bar or sineplate (see Figo 2-25).
When inoa horizontal position the table rests on two rolls attached to its
unclersulo proci=ely W0 mehes apiet. Tt ean b radsed to o precise bngular
pesation by placiug o stack of precision gapge hlocks helow one of the
el swlole the other retpins clapnpedd to the base, The height of the gope
Floek staek 1= ealealnted by waltiplyiog the trigopometrie sne funetion
of thy reguired nngle by 10

There nre many pscs for o rotary table on o jig borer. The combinn-
thon of o rotary table elnmped to the sine table ns shown in Fig: 15-31 is
often used to il bore holes that are at o compound angle with respeet
1o other lwoles and =urfaces. In tios illustention the holes are spocod
arouml & cormpion eentor by indeximg the rotivey babile. Some rotary tables
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rourtery of e Aledre Speeead Pood Do, e

Fig. 15-31. Ne-boring holes 2t an angle and equally spaded oo arenilar pattorn
around A common cenler. Tho work 18 mounfed on norotory table whicl iz clamped fo
i sine 1 lin

hgve an cles plate wind an elesing erank, like o divading head®, with
wieh the table ean e mnde to rotate an exact anpulnr amousl or
through coadly spaced divisions, suely as gear teetl Other rotary tables
are pricheated Lo vead direetly o degrees, mates, and seconds, Preciso
rotury tables built by the Moore Spectal Tool Company, Tee. read to 5
seepmds miul bnve i aeewrney of 46 seoomids. Ultr=precize rotary tables
st by ths company remd to 1 second and e aeenrnte to =2 seeonds,
These tables ean also be provided with mulex plates as an attoelment.
When a rotary table that reacls o degrees, minutes, aml secotkds must
b rotuted] nooepher of couoily spreed divistous, the angle bhetween each
division must be caleubnted by dbividing the onmbor of divisions mito 364
degrees, Simee the rotiry tabile as gracomted continnousty from 1 to 360 de-
grecs, the enmulative voalue of the angle betweon coaeh divisgion must alzo

# e Chepde T3 Alaefiioe Shop Precle;, Yolume 8
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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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ane minute, or G0 zovondz. To rezolve this number, remember that Che
numibers 59 7/7 and 60 are copuad, To find the seeonds for Hole 2, subtraet
28 7/7 from 84 12/7, wlaeh results an 25 5/7 sceonds. This leaves one
minnte (59 7/7 seeonds) which must e added to the 50 minutes, making
51 minutes az the value for Hole 20 The other values are treated in the
SATN FILELIRTIC T, l|.1|'|'I-I._'I'. 'Ilt"t'['f-_i!-.'lr?r' a

Precision V-hlocks: Fig. 15-32, are usced to hold evlindrieal parts In
the operation shown m this tHustration, a hght facing cat 15 being taken
wsitde of & hole with an offsct boring hoad; Some offset boring heads, sush
ns the one shown 1 Fig. 15-33, arc capable of fecding outwardly by hold-
g the upper ring fast with o hand lever while the body s rotated by the
gpanddle. In this mmner facing culs, recessing culs, undercutting, ol
outside dinmeters can be cul, in addition to the asual precisio boring
l_ll.ll’r:l“{l-ﬂ.‘;i.

Alzo shown in Fig 15-33 are some typacal T-slot bolts, strap clamps,
heel bloeks, nnd precision parallel setup bloeks used to make setups on
jig borers, A plentiful supply of these necessories s requirad to accom-
modnte the wide variety of setups that are made on o Jig horer in an

gy of the M pvss HI"'I i Tay o, Tne

Fig, 1532 Cylindreol workpieeo set wp on pression ¥=-hlocks for jig=boring
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Coorteny af Phe A gerd Bioeim! Teol Do, Far

Fig 1530, Universil off=0t boritgg nod Tieng hend shown takig o fuang ol

nverage shop, a typieal example of whieh 15 illustrated in Flg. 15-34
Matehed box paratlels nre wsed w this setup to support the workpieee
Cher necessories that e nlso frequently used huat not illustrated are pre-
1"i.:‘i.|:1['| !'lll[.‘:]i' |II.}:I.[¢"?-' .'ll]l.‘. [I':I"l'ib-'j.l.:l'll .:'!l-'. IHJ|'!."|" YVisps

[n addition to the useal precigion hole mochinmg operations, the jig
borer ean alzo be used to take Dght end milling cuts. In order to preserve
Lhe aceursey of the mnehine, i is not advisable to take extremely heavy
cuts. Lorger surfaces cnl be milled with & fiy eutter, such ns shown in
Fig. 15-35. This cutter will .sweep a relatively lorge arca and vet not
overlogd the spindle beeause only o single cutting edge s doing the
cutting.

Jig Grinding on the Engine Lathe

Hardened metals eannot be eut with an ordinary single-point ecutting
toal, 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 alse be ground after they
are hardened. Holes in hardened machine parts are frequently ground on
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Courfeay of Mo Moord Speert Piod e, far

Fig. 15-34 Preosion box parallels v=ed 1o elevale and elamp work sbove whle-top

mternal grinding machines, or on cylindricgl 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 ean also be ground on an engine lathe
(Fig. 15-39] but a preferable method s to grind them on a jig-grinding
machine (Fig. 15-40) if one is available

A hole must exist before il can be enlarged by grinding; thus, the holes
that are to be ground have been drilled and bored into the workpiece
before it 13 bardencd, 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 18 used to correet these errors and to
recstablish the proeise location of the hole,
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Fip. 15-35 Using a flv eatter (o mil & barge surface ares on s 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 serrounding the hole, and the
shape of the m:rkmprf- 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 a surface grinder
before the holes are ground. These surfaces should he ground square and
parallel 1o each other.

Ususlly, the existing holes an tools and dies form the basis from whach
the final hole location is 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 c&n be corrected hy the hole-grinding operation. Sometimes this is
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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 loeating the holes for prinding i by buttoning. The
toolmakers buttons are {astened over the existing holes by one of the
methods shown in Fig. 15-36. The buttons for all of the holes can be
located from the two reference edges on the side of the workpiece by
using the procedure deseribed earlier in this chapter. In other instances
one of the holes i first ground to size and the remaming holes are then
located from this hole,

A general outline of the procedure used is given using o blanking die as
an example: The first step is to mount this die on a faceplate which has
been removed from the lathe. (See Fig. 15-37.) It 15 easier to mount the
die when the surface of the {aceplate 15 in & horizontal position. After the
faceplate 15 attached to the lathe spindle, the blanking die is accurately
lpeated by indicating the hole as shown in Fig. 15-38. The hole 15 then
ground ta size using u toal-post grinding sttachment. This operation,
tllustrated in Fig. 15-39, also serves to locate this hole in the die. A
alight taper, or "draft" as it 35 called, of aboul one-gquarter degree is then
ground in the bottem af the hole to provide a clearance so that, when the
die is used, the stock ean fall through the die. It 15 ground by traversing
the grinding wheel through the hole with the eompound rest which 15 posi-
tioned at the draft angle,

The blanking die 15 then removed {rom 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 toelmakers but-
tons as shown in Fig. 15-13. Alter the button is located it is removed. The
hole 15 ground to finish size and the draft is ground in the back of the hole,
This procedurs 15 repeated until each hole in the die has been ground.

Cowrteny of The Mogre Fpecial Toel Company
Fig: 15-36. Methods of fastening toolmakers buttons over existing holes.
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]

Conerieay of The Moore Specinl Tosl Compong

Fig 1537 Clamping the workpiece to o lathe faceplate The faceplate 8 removed
from the lathe spindle to moke this job easer,

The Jig Grinder

An increase in accuracy and a savings in time are possible i the job
described above is performed on a jig grinder. This machine; 1llustrated in
Fig. 15-40, was developed by The Moore Speeial Toel Company &s an
answer to the jig-grinding problem. It 15 very gimilar in construction to
the jig barer, The longitudinal and transverse table positions are obtained
with the aid of a precise coordinste measuring system. On the Moore Jig
grinder, in Fig. 15-40, this system is based on two precision lead serews,
For each direction of table movement the coarse table pasition 1s oblained
by reading a steel rule, and the precise setting is obtained by readmg a
micrometer dial at the end of the serow. A vermier scale adjacent to the
micrometer dial makes 1t possible to read one-ten-thousandth (.0007)
inch as in the case of the jig borer.

T wlelition Lo thas measaring syslem, the jie grinder in Fig 15-40 hos &
switeluible inch-metrie digital resdout that ipay be obtoined to read eithey
b dpercmsents of 00005 be /00005 mom or 00001 10, /0001 non, The =ame
chipital roadout can al=o he mstolled on g borers,

A Bxeed bridee type g grnder i shown i Fige 15-41, Ok this g borer
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Cowrtery of The Moore Sgecial Tool Compane

Fig. 15-38. Locating b blaokiog die on u Taceplate by imdicntiog the hole

Courfery of The Moerr Epeciol Toof Company

Fig 1530 Locating a hole o & hardened die by mounting it on & faceplate and
grindieg il 1o o Jathe wzing a toolpest grinding atlachment
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Couriesy of fhe Bogre Speciol Tool Co:, fsc

Fue. 1640, Procision pg=prinder with switchahble snch-metne digital readout. Mpeition-
ing weeurgey 15 A0 inchin one inch and (KEEERF inch an 18 inchos.

the table con t‘:mlj.' move i the lonmtinhinal direction; the traverse
mmovernent 15 ohbtamed by moviog the spindle housing camier neross the
top of the bridge. Vertieal adjustments are made by moving the spindle
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Courtasy of P Afoore Spacind Fool S, Ine

Fig. 1541, Fined bridge type jig-grinder equipped with inch-matric preselect and
readout syvstems.

houstng up and down, When grinding, the grinding spindle moves up and
down with a reciprocating motion, The eoordinate hole locations are ob-
tained by a switchable imch-motric preselect and readout system. The
required coordinate dimensions are dialed into the system and displayed
on the dygital readout: then, the movements (o the coordinate location
are made by simply depressing 2 push button. These movements and the
necessary position readings can also be made by means of manual
controls.

O 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 axiz of rotation
of the mamn spindle by a coarse and fine control, thereby providing an

www.EnagineeringBooksPDF.com



450 PRECISION HOLE LOCATION—THE JIG BORER  Ch. 15

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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— %15 |:|1 h‘hEEF
spindie—high
speed rofotion

Plranetary path af -

wheel sgindie oround
maif spend 8 oLis -

slow rolalon

Clourtesy of fhe Alegre Spacied Taol T, er

Fig, 1542, The principlo of grinding o hole on a jig-goinder by planctary internal
grinding mothod.

same time 1t is mude to travel continuously in a cireular path-—cailed the
planetary path—at o slow speed, thereby grinding & eylindrical surface
msicle of the hole. Simultanecously with these motions the grinding wheel
s usunlly, It pot always, made to reciproeate back and forth parallel Lo
the axi= of the hole in ordeor to grimd the entire wall of the hole, The axis
of the grownd hele will coineide with the axis of the main spimdle. The size
of the hole is determmed by the outward radial position of the grinding
wlheel.

Exeept when grinding very smeall holes, the plunge grinding method s
reconnncnded for rough grinding when a large amount of stock must be
remmoved, egpeeially when grinding tough and abrngive rezistant stecls.
From 010 to 0340 meb (025 to 1.02 mm) stoek can be removed o a
single pass. In phinge grinding the feeiprocating iobion s not used ; in-
stead, 2 deep primding eut s taken, gs doseribed above, while feeding the
prinding wheel vory slowly downward through the hole using the manuoal
fine fecid control The grinding 15 done by the outer éorner of the face of
the wheel, When the abrasive in this region of the wheel gets dull 1t will
hireak off, exposing sharp abrasive particles without altering the dismetor
of the wheel,

Fintzh grinding o hole to size 8 usually done by the reciproeating
method, This method = someties nlzo used for rough grinding, especially
when the amount of stock to be removed 1s small, The length of the
veciprocating stroke 15 adjusted aceording to the length of the hole, tak-
ing vare that the grinding wheel 12 at all times i contaet with the wall of
thir hole when grinding i order to prevent grinding a bell-mouth shape at
thit end of the hole, The hole 15 ground Lo size using the trial eul proec-
dure. After o grinding eut has been take i the hole, the gomding wheel
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i withdrawn and the diameter of the hole 12 measured. The grinding
wheel i5 then inserted back into the hole without makng an outward ad-
justment, The required amount of cutward radial adjustment of the
grinding wheel is made slowly and carefully while the hole is being
ground. Several trig] cuts are usually necessary to finish a hole to size.
Whenever the grinding wheel 12 withdrawn from the hole it should be
allowed Lo reetproeate up and down a number of times without "outieed-
ing"' the wheel to allow it to “'spark out."

The jig grinder 12 also vsed to grind profile eontours on punches, dies,
and 1 molds, A typieal contour grinding job s illustrated in Fig 15-43,
which shows a lamination dic being ground, The profile of this dic con-
sists of a series of interconnected arcs. Each segment of the are is ground
by positioning the jig grinder table so that the eenter of the are on the

Cosirdess of ihe Afoora H;.l"l:lrl:! Tl 0., T

Fiz 1543, Gnnding o lammaton dee profile contour with o g-grinder
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waorkpiece eoincides with the axis of the main spindle. When in this po-
gition, the grinding wheel is offset radially the required distance and made
to rotate along & planetary path (Fig 15-42) by rotating the main spin-
dle through the part of & revelution, or are lepgth, as required to grind
the are on the workpieee. 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 mam spindle is rolated manually, The complete contour
grinding sequence necessary to finish this die is shown in Fig. 15-44.
Often sharp internal corners are encountered m profile contour gnnding,
sueh 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 profile 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 aperations on punches,
dies, and other precision parts,

Transfer of Tolerances

All of the dimensions that must be accurately held on precizion machine
and engine parts are usually given o tolerance. When sueh dimensions

i AL
\ I'*--._.'..;";J'

ol
S

] b -\'1
i s .
O
f

Cowrtasy af the Afoore Specind Tool o, Tae,

Fix, 1544, Step-tiv=step procedure for gnoding the contour profile of the Iimination
die.
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'

/8 M

Courtesy of fhe Moore Spéiind Tool Co,. Jne

Fig. 1545 Cronding interonl profle of the blinking sintion of the lamination dio
iz o slot-grindmg attnehment on 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 dimensions on the coordinate system of dimenzioning will not be
the zame ns on the conventional system of dimensioning from which they
were derived The new toleranees on the coordinste system of dimension-
ing must be carefully caleulated, otherwise serous errors will result. In
most instances, changing from the conventional to the coordinate svstem
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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Fig. 15-46. A Conventional dimensions—mixed tolerances; B. Conventional dimen-
stons—all equal, bilateral folerances; and C. Coordinate dimenzions.
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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 & Machanery Ima.
Fig. 16-1. Power hickswing 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 B to

Courtesy of Hocine Hpdrowlios & Moskinery 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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Courtésy of the DoALL Company
Fig. 16-3. Bond type cutofl snwiong 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 suil the material being eut. Angular euts can be taken on some band
cutofl =aws. 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

Crourfery of the DodLL Componyg
Fig. 164, Operating principle of the eutoff 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
zaw blade by hand or by a weight-artuated {eeding arrangement. The
weight is attached to a eable system which pulls the work into the saw
blade. Many contour band-sawing machines are equipped with a hydraulic
table feed. The workpiece 1= clamped to the table and the table feed, actu-
ated by a hydraulic eylinder, 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 13 controlled
by a hydraulic Aow-contral valve which determines the rate of flow of
the o1l into the table [eed-eylinder.

The {eeding pressuredefermines the maximum force that can be exerted
by the workpiece against the saw blade before the table will stall. In-
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Courteay of the Dod LE Compang

Fig: 166, Precisoen, inserl type saow gurdes and beck-up thrugt bearings,
Table removed to show upper and lower guides

creasing the pressure zetting will not increase the {eed rate. The pressure
setting does not determine the pressure that will be used to saw the work-
piece, It will determine the pressure mside the table feed-evlinder 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 faclors
that must be considered in selecting the feed riate and pressure settings
are: type of work material, thickness of the workpiece, type of saw blade,
pitch 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 industnal diamonds coating the
edge of the biade or with either aluminum oxide or silicon-garbide abra-
sives coating the edges. The cemented-carbide tipped bludes are used Lo
saw difficult-to-machine materials such as: pure tungsten, beryilium,
high-temperature alloys, foamed glass, ete; The abrasive-coated steel
kands are used for deburring, corner breaking, and for rough nnd finish
polishing of metals. They are also used to cut hardened steel, exotie
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iTrznc'.r.H SPACING RAKE ANGLE
Gul‘;‘:. LET
~—TOOTH BACK REFTH !
\_roarH race

TCOTH GULLET

L HALK CLEARANCE ANGLE
Fig. 16-¥. Namezof the parte of a saw blade,

alloys, and abrasive nonmetallic materials. Special steel blades are avail-
able for sheing such materials as cork and foam rubber.

The majority of the work on band saws, however, 15 done with carbon-
alloy steel or high-speed steel saw blades, The recommended cutting
speeds given in Table 16-2 are for sawing different grades of steel with
carbon-too] stee]l or high-speed steel saw blades, These recommendations
should only be used as s starting point. Conditions at the job can make
devistions from these recommendations necessary.

The names of the parts of a saw blade are given in Fig 16-7. There
are four, basic 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 1s deep and has a

Courteay of the fodll Company

Fig. 16-8. The bazic band-saw blade-tooth forms The asmes of the tooth forms from
top to bottom are: buttress, clpw booth, predision, and tungsien carbide
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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

wWE
Hy Y
'
.
L
L 2e]

e e fFrExsd FE-

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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Fig. 16-10. Basic band-ssw tooth patterns, (Left) Wavy sel (Center) Birmight sel
tRight} Raker sel.

a preater 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 papges also have more resistance to side displace-
ment and are recommended for dawing 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 widih of the kerl, or slot, eut by

Courtenry o) the DoeALL Company

Fig. 16-11. Grindiog eod of band-saw blade in preparsiion [or welding. Note
siw 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 biade
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
perfeetly square. When the blade is ground with the ends held as in Fig
16-11 they will mateh perfectly when brought together to form the loop
regardiess of the angle to which they are ground, Some of the teeth must
be ground off from all blades having a piteh from 4 to 10 so that the tooth
spacing will be uniform after the weld has been made. About 14 ineh 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. 168-12. This grinding operation must be done with great c¢are in
arder to grind the right number of teeth, or portion of a tooth, and not 1o
grind below the gullet which would weaken the blade,

After the blade has been properly prepared for welding it is inserted
in the butt welder, Fig 16-13, with the teeth facing out and with the back
of the blade frmly seated against the back alipnment surfzce of the
welder, One jaw of the welder 15 adjusted to bring 4 pressure to bear on
the two ends of the blade that are in contact, The amount of this pressyre
anid the vollage setting of the welder are obtained on charts that are
furnished with each machine, If the saw blade is to be used to make an
ingide cut, as in Fig. 16-13, make eertain that the blade passes through
the hole in the workpiece before the weld is made The weld is made auto-

Coevieey af the DeAl L Company

Fig. 168-13. Weldiog & band-saw bigde together in preparation for makiog an
inside cul on the part.

www.EnagineeringBooksPDF.com



Ch. 16 METAL CUTTING SAWS 473

Cou reeay of fhe Do ALL Compong

Fip 168-14, Fxample of o perfect hand-sow-hlade weld.

matically when the welding switch is pressed. The weld is made by passing
a low-voltage high-amperage current through the welder jaws and into
the blade. The current flows toward the onds of the blade where the re-
gistance to the current flow causes the metal in this area Lo hest 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 15 completed it will be
very hard and very brittle. Before it ean be used it must be annealed and
the ffash must be removed. The welding flash ean be removed on the
grinder. Care gshould b exercised to avoild 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 apphied 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 15 placed in the machine it should
be nspected visually, One example of a4 perfect weld is shown in Fig.
16-14.

Band Machining

The hasie approach te band machining i1z similar to working on other
machine tools, The following steps should be taken: 1. analyze the job;
2. make & layout; 3. set up the machme; 4. cut the work to size on the
machine; and 5. inspect the work. The job is hegun by analvzing how it
ean be done most effectively. The next step 15 to make 4 lavout. In the
case of band machining this must be done carefully and accurately be-
cause the final results can he 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-
piece will have to be held in place or clamped to the table, and the correct
feed rate and pressure setlings made. The part is eut by feeding the work-
piece past the blade and keeping as close as possible to the layoul line,
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Finally, the work is inspected in order to make eertain that the results
are as specified by the part drawing,

The workpiece 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 s started
by first laving out the die, A hole i3 drilled inside the layout of the die
at an angle (Fig. 16-16), so that it intersecis the loeation of the layout
ine at the center of the two-inch thiekness and comes through the die
block on the other side, st a location that is cutzide the layout line of the
punch. A narrow saw blade 1= passed through the hole and welded io-
gether, The saw table 13 set at the required angle for the saw cut (7 de-
grees, in this case) and the punch 1s eut out by sawing just mmside the
die layout-line and just outside the punch lnyout-line (Fig 16-16), Thus,
there is enough material on the punch and the die g0 that they can be
filed to ft together with the required amount of eclearance, Several
punches and dies finished by this method are shown in Fig. 16-17. The
fling of the punch and the die ean also be done on the vertical-eontour
band saw, using & file band This s a quick and economical method of
making o short-run trimming, blanking or shaving die. It saves material
becsuse the slug that is removed from the center is made into the punch
If this method of making a punch and a die {rom 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

Courfery of fhe DoALE Camgjeany

Fig. 16-15. Sawing u blanking punch and die in one operation,
with the work table tilted.
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Crourteay of the DoALL Company

Fig 18-16. DMagram showing the angles of the starfing hole and the saw band i 2-inch
material when making & blanking punch and die o one operation

Conrfaay af the Dol Company

Fig. 1617 Severnd finished punches und dies made oo the vertionb-eontour band sow.
Wote remninder of slarting hole on punch m upper-nght. 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

. Ivstance
iatance :
S| froen i
Angle of from e . . Amaount of
Die aw |Anglefor| Layour [ payout |Diameter) Width of | “g,cyjpp,
Thickness, [ Btarting [Saw Cut, | Line to C "]::'E il Drill é‘; TE | Sides on
inches | Hole, | degrees | Center of | rrter @) OTI0, | Sdw, Punch
degrees Sww Kerl, | SEne | dnches | anehes | qng Die
i vy ole, ’
inchiza inehos
L 21 18 264 g L T Ne
*a 18 1a T Ly 3319 %49
1 14 11 334 Ly e lg 4
I 1 12 9 333 ig 54 1y P399
1tq i1 B M4 54 Yea Ly 2a
2 10 7 M Me T Me s
3 9 i a2 P Il Ly L Xy
4 8 L] T4z %39 I;‘EI Lq l 3%
5 7 6 L4 AT %a Ly 213
f f 5 1 Sig 1164 Ly 2k
Die Thickness, Minimum Outside | Minimum Inside o ;
inches Radius, inches Madius, inches Saw Width, inches
by 52 ! 3332
o ¥ia 1 b T
1 7 & I..-'-' .I'i
i lg s Y4 L%
1 ks Y892 e 1y
2 1h{g Tis e
4 14 Uia i
4 1 _i;; L L4
5 1 16 ?"[l. ."i
L] 1 5 e Ly

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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Cowrteay of the DoALL Compomp

Fig 16-18, Blanking punch and die made by the Continental Process on & vertical-
contour band-sawing machine,

16-13) and welded together. The opening 15 then sawed out by manually
guiding the work so that the saw cuts Just 1nside the layout Iime allowing
a small amount of metal to remzin for filing, Fig. 168-19, The workpicee
15 held m a workjaw which makes 1t essier to guide the workpiece and
follow the layvout. After cutting, a band file (Fig. 16-20) 12 placed in the
gaw and the die block and guide plate are filed o size. The punch plate
15 disassembled from the die block and 15 used to lay out the punch, It
iz then reassembled to the die biock with suitable shims between them.
The shims should be just large enough to allow the work material to be
ingerted. The puneh is then eut and fled 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 sttachment is called a servo-contour directional feed
control, The operator follows the contour on the part by regulating the
hydraulic table-feed rate during the eut and by turning the hand wheel
whieh rotates the parts'through a movement of the roller ehain: The
roller chain ean be placed directly around the work, az 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 it. Three-dimensional parts such as
those shown in Fig. 16-223 can be made on the vertical-contour band-
sawing machine, This machine can be provided with fixtures enabling 1t to
do production work., An example is seen in Fig, 16-24 where the cap of &
large Thesel engine connecting-rod lorging 5 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 i3 made
using the power table-feed.

A great variety of additional work can be done on the vertical-contour
band saw. Frietion 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, 15 capable of cutting st extremely high
feed rates, Metals that are impossible to cut in any other way can be
cut by this method. Alse, thin airerait materials, distorted when sawed by
conventional methods.can be sawed safely by friction sawing. The cutting
speed of the saw blade for frniction sawing is between 6,000 and 15000
fpm. Friction sawing 18 possible beesuse each saw tooth B n contact
with the work for only & fraction of a second and there is too little time

Courtesy of the DoALL Company

Fig 1619, SBawing contour of die 1o layvout ling aamg work jaw (o fesd the workpiece
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Courtery of the DpALL Company
Fig: 16-20, Filing the bioek of the die uping a fle baod.

Corteny of the DeALL Company

Fig 16-21 Buwing the contour of a pumeh vang & Aat vise to hold sod feed
the workpiece
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Courlery of the Do ALL Company

Fig 18-22 Combinging the hydraulic table-feed snd servo-contour directional
feed-control for culting stroight lines and contours

N

B

Clourtesy of the Ded L L Compony

Fig 16-23, Combioing vanous shampog cuts 1o several pisoes eoables the vertical
contour baod saw o produce very complicated poarts
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Cowrieay of the DoAlLL Company

Fig, 16-3. Beparating the cap of 6 large, connecling-rod Jorging which 15 held
in o bhxlure

Courtery of The L. 5. Starreti Company

Fig. 16-25 Hole saw,
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482 METAL CUTTING SAWS Ch. 16

for heat to transfer into the tooth. Certain materials sueh as zponge rub-
ber, eloth, cork, leather, synthetic sponges, and corrugated aluminum
are cut by slicing with a continuous knife blade that is revolved on the
wheels of the saw, Intrieate seroll work can be done with spiral saw bands.
Grinding and polishing blades are used to cut certain matenals, to deburr,
and to break sharp corners. Electro-band machining 1s done by feeding &
low-voltage high-amperage current into the knife band at a rate that
eauses it to discharge a sustained are from the knife edge onto the mate-
rial being eut. A flood of coolant queneches the are to prevent 1L 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 used to cut heat-exchanger cores, honeycomb structures, flex-
ible tubing, ete. The method requires a speeial machine and eannot be
adapted to the ordinary vertical-contour band saw.

Hole Saws

Fole 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 defleet
and bend, rather than penetrate, these parts. The hole saw, Fig. 16-25,
hag a small twist drill in the eenter which drille 58 small hole before the
zaw comez in contact with the work, The small twist drill then acis as a

Courteay of The L. 5. Starred] Company

Fig. 16-2% Dirilling & hole in tubyng 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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Appendix

Table A-1. ANSI Standard Combined Drills and Countersinks, Plain and Bell
Types (AMNSI Bog.rt-1o07, Rigr2)

PLAM TYPE ll

Jr c%-%
B
""'-,_l}' "

Baod Dirill | Dnll [Overall Bod Dirill | Dol | Overall | Bell
E#E I:H'l.l'::'ri. ]'_'ri:.lm, L.mI:m I.::::h Eig D?arru. Dlgm. Ll.‘-l'::t.h Length Di:.m-
a0
“ad A D C L A D c L E
I . 14 11 b iy 164 i | m.100
o | i 2 | S | tias || 13 | Me | He | e 134 | o150
I Li Y4 " il 13 14 EET bET ] 2 o 0
2 Yia Ah4 g‘gq 174 i) §im Tiy i 24 o, 150
3 14 Thy Tha 2 1 Tia f3 b4g 24 0. 150
O 4L O O+ R O+ O - #30  / PR [
5 1 .
8| s | tss | s | 3 O R I ol I ¢ ol I+ B
Tl BN I 3 U TN I R R R
L M e e b4 . . . . .

All dimensions cxcept size designation are in inches. i

Toleraree: Plus poooo minus o.oopo on AL Elui 0.0030 mMinus 0.0000 on [ plus b
minus Ms on L; plus o.ooe minus o.0080 on O for sizes co through 2, 11 and 12; plus
g rinus He on C for sizes 3 through 8 and sizes 13 through 18.
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486 APPENDIX

Table A-2. ANSI Drill Sizes, Their Inch and Millimeter Equivalents, and
Millimeter Size Drills for Which They Can Be Used

- =

.‘I.:!:'IEI I':E_r-inul S illianetar Uar For .'L!'f«l'S[ _T:h-_:i:u.'.ll Mifimeter Tiae For
(ineh} " "L'm?r!.m Equivalent ., S fﬂ':ﬁ] Faeaent: Equivabent Drill Size
20 0135 (.34 0.5 KT 1065 2T 2.70
T .1]1!5 057 (.38 e A0%4 278 250
Lhy 0156 040 0,40 5 1100 2.79 .80
T8 0160 041 0,42 K] 1110 282 285
rird 0180 44 0.45 &3 1130 AT .90
T 200 .51 0.50 32 1160 2485 295
7 0210 053 0.55 31 1200 105 305
| 0225 057 0,60 W 1250 118 3.20
73 0240 0,61 0,60 k! | 1285 105 3.25
T2 0250 064 065 pa!] 1360 345 345
71 0260 (1 i 085 28 1405 357 380
70 2RO 0.7 0,70 g 1406 3.57 3A0
& it 074 0.75 27 1440 166 365
(i1 0310 079 (.30 26 1470 273 375
Tan L0312 0.7% (] 25 1405 380 380
b7 0320 0.8l 0.80 | 1520 3,86 385
il 0330 0.84 035 23 1540 191 3.00
fi 0350 089 (.50 S 1562 107 4.00
4 A0 a1 0.0 2 550 3.0 400
63 AET0 054 0.95 21 15040 4,04 4 .05
62 AZR0 ooy 1.00 P | 1610 406 4.10
1 0300 049 1 063 19 AGAD 420 4,25
Gl 400 1.02 105 14 605 431 4,340
50 0410 1.04 105 14, 1719 437 4 40
58 0420 107 1.10 17 1730 439 440
&7 0430 1.0 1.10 16 ATT0 4 50 4 50
Al 0465 1.18 120 15 1800 4 57 4.60
Ha 69 1.1% 120 14 1820 462 4,65
a4 0520 132 1.35 13 1850 470 470
64 0550 1.40 140 e AETS 4.76 4.75
53 0595 151 1.50 12 800 4 80 4 30
14g 0625 1.59 1 &0 11 1910 485 4,85
52 0635 1.61 180 1] 1035 491 4,90
51 D670 1.70 1.70 W 1060 458 5.00
S 0700 178 130 ] 1990 505 505
49 0730 1.85 185 7 2010 5.11 510
48 0760 193 195 me, 2031 516 515
5y 07EL 198 2.00 i M0 518 520
47 OTES 199 200 5 2055 522 5.25
16 DB 206 205 4 2060 5.31 330
45 MEH) 208 210 3 2130 .41 540
44 O8G0 218 2 T D188 556 5.55
43 0800 226 225 [I 2 2210 5.61 560
42 0935 237 240 1 2280 5.70 5.80
din LIERE 238 2.40 A 2340 HiM 505
i1 60 244 245 155, 2344 595 5.95
40 MR 2 50 250 R 23RO fi 05 .05
an ARKIS 253 255 C 2470 f.15 fi.15
38 1015 258 260 3] 2460 6.25 fi.25
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

AXET Jrecmmnl o Use For | ANSI ]Jr'tuful i Ilimmeber U:lr Far
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

Courteay of the Nofional Twist Orilil & Tood v, Leor Siegler Ine.
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Table A-3. Some Frequently Used Conversion Factors

=

Cuantisy Muliply
Length imeh il
o inch Fj'l1--:|

ineh fim, 1
fond [{LY]
Toot (iip
vared Cirdl
vard will
Bl {eni
il lmnebur {rmm
el lmnedor {mml
il limeter il
canlimalar l:l:mg
meker im
macter L}
meker [k
kalornedses thm}

Aren imeh® Tin
inch? {im #)
fntd [EiE
lond? {ftE)
miillimekersd lfmr:n!{
midllimeders® {miend
meetersd m¥*]
T ersd im¥)

Vilooity ireh/minute {in./minl
ot ' minuts {Ipim )
milefhnuar {mph
mullimetsr fmanate (i mind
ke fminute {mfmind
kilometerhair fkmihr)

Mass Fu.lnrt {lh}
on {lorgg 3240 1)
(1 Fshnrt 200 Lk
toiy Emadrac)
ot &

ilagrain

'I-:il.ﬂg-:um 1L:]
kilapsnm (ks

Farcre nannd-farer (AR
ounce=Toree [oEd
nevet na M
mewkan [

Trrmie ranl-inch {Ik-igid
peonnel - Tesnk (ThaT1]
T L - BTVl T i(M-ml
e tom-meter [ =g )

Pressuare poumifinek® Ellu'in."l
Tl e h? Ihfin.?)
prina firwh® (I fim=
potmdfineh® N
ponnd inchs (Ihfin2)
paacsl I:]:":--Jl
pnzenl M
Lo b (M imd)
newlan/millmmeter?  (MN/mm®)
kilogpramfeentimeter? (kglomF)
har
har

Mowemr hnrsepower thpl
[rnran e (hp
watk [WI
kilawnlt kWY

LY

0.5
M
254"
3048
J0ga*
0.0144*
T4
1 EEH
D030 FTo0
IRLRE LS |
000100361
(L FALTO0E
3037008
LAnRNEL

1.0036L3
] B R H]

D 1S5
0007 EET
1550.003
10.THIDIS
oA
0 A0gE
1608344
0. 0ANETHIR
3 HENRD
B E213T12
0, 4535
1006047
GOT1AAT
i1 ]I
R L
0, g
0001181
0, el
144852
0.27A03%
0, 2344041
3508042
O, 11 TIHEES
L]
B RLATH4
0_TAT 4811
RREDLTAT
fifrs, TET
NQASSITET

0,00 =
00081450377
0003450377
HAETT
4. 22334
1450577
LU
T46.6009
0T a5 B
fi. o342
L3032

Ta (ihtnin
meter imh
conlisneter fem)
rillimaier DECTET))
mipkag fml
millimeter :IHHI%
mieler im
malilimator gl
kilecmetes {kend
imch fim, )
il R LY
warsl (vl )
inch Lam. s
inth fin}
Tt ELIA]
vanl {widl
miala Lankd
emallimeters® {mam® )
rrefirad rmik
rnallimetiers® {mm?)
rrtars® Tmt)
inch? 3y
fapqd I
imok¥ fim, %)
Tncid [ ELE)
Faillimeter minute  (masdmind
mptarimimie (i imind
kilonmeter'hr kinfhrd
inchimin L, i )
Tand meimate T
rmils! e {milhr}
kilngraam Tked
kilgram (kgl
kilegraem fkgl
kilogrnrm tkfﬁ
ol {IkY
fem Cleng 2E0 11:)
ton (short BHD 1hi
Laf (metiael
newl o [ B
e il (K
pountl=Toren (WL
nnree- I [ngl
EfEw O meter [ ™)
miw - i ber [ )
piaEmd-inek Ik -in.0
poiensl = Toot I:'Ih-ﬂ%
rasczl ('
nawlom retee? {Mim=i
rewlnnfmilhmeter? { N{/mm*]
kilagram/eentimoter® (kalem?)
T
[sHi4
miaimd ! ineh® {1hin. 21
prmnal fmeh® fhfin. 21
ponelmeh® [1sfin®1
ol fime 1 (e @)
wsimd fineeh® {1t kn 21
rscl (ul
Wkt (W
kibnwatl TEW
hnssepomer (B
P sapawer Chijal

*Where sn nxterik 1= chown, the canversion Jartnr s exsel.
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Table A-4. Decimal Equivalents

| 015425
%: B o312s
ili 046875
L == i .06125
3 o7el11s
31.'.--“- 09375
:. 109375
=
_ 1406325
i,'!_““ 15625
I aners
- b rers
Jd 203125
I s
7 ¥5 234375
_17:;;,. 250
17 285628
% M 2m125
19 294875
5 M_ 3125
1 3728125
11 &% 3437s
1 N 359375
i—:: 375
AF0425
ﬂﬁﬁ_ 40625
E_ 421875
ﬁ__,__. 4375
_ 453125
ﬁ__I_ 46875
484375
1}__%*‘__ 500

3

515425
Y b 53135
:: 548875
,1 5625
:i 578175
;; 59375
W 609375
5 B aas
' 1l s40812s
;} B4 ss5825
ﬂ &71875
{: B8BTS
&4 703125
i M 7ig7s
41 734375
3 o _ rso
y ¥ 785825
g} M rmizs
5l 7esm@7s
H_ M pr2s
51 g2B125
ﬁ. e  Ba3zs
ﬂ 859375
_i___._ a7s
= 7 B906125
: M 908125
T % 971875
12_ M 937s
1 $1_ 953125
38 g4m7s
37 81 9paars
1 # 1000
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Tahle A-5, Culting Speags for Machine Tapping

Culung Cuiting
Matera E—rd. Malerial
m d
Lawn Corbon Biesis Al pmimari 50 w A
Up to 259% C 40 o BD Brois S8 o 200
”';n“:: ‘i:;;::“"" Mangonese Hronas 3 to 50
i’-i.mml 30 Lo 60 Phsphor Bronse 10 1o 60
'{:ﬁu to 280 Bhn) 20 ta 50 N noal Brass B0 to 100
T'vul Steels, High Curbom & Momel Matol 20 10 40
Siandesr Steela 5 0 36 FPlaskica
1 Thermoplustics 50 to 1M
?;ﬂ' E‘n.lt-: 4 Ly 100 4 e % 1190
' .
Pearlitic 40 to B0 Rakelite & 1o 100
Bime e Caatings U0 1o 150
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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
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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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Ameriean Standard Unified Threads, Jig horer, 419
514 Jig boring proctice, 421-437
AMBL-IE0 Metrie Threads, 326, 327 aligning and clamping the workpiece,
base patels of metrie threpd dial, 360 4214
cliange gear ratios for cutting inch dnlling and borng the hole, 433-437
threads, 347, 156 loeating 1he hole, 432, 433
change gear rafios for cutling metrie loeating the workpieee and spindle,
thronds, 350, 353, 354 424-432
change gear ratios for modifyving gear- picking up an cdge, 426-432
box outpui, 355-356 Jig gramder, 446-450
cord of hole eirele, 60 Jig grinding practice, $42-453
eguivalent threads per inch, 354, 379
[B0=-Metric Trapezoidal Thronds, 328 Latlee attachments
povwer For drilling, 105 collet chuck, 155, 257-200
power for furning, 217 driver plate, 236
serew throad patel, 311 fnceplate, 155
zine bar, 283 follower rest 248, 240
apindle specd for drlling, 105 four=fmw independent chuck, 155, 258-
epindle speed Tor turning, 171 257
tap dnll size, 283 micrommeter earriage sbop, 156, 157
tapeer caleulations, 280, 2581, 253, 254 sopuare turred, 268, 269, 3406, 307
faper turning, 280 stendy rest, 157, 246, 247
Lhrec-wire threwd measurement, 336- faper attpchment, 285-257
20 thread chasing dial, inels, 357-359
1lhrust for drailling, 105 {lhread chasing dinl, metrie, 359-362
torgue for drilling, 105 theee-jaw universal chuck, 155, 252, 253
Friction anwing, 478432 foal post grinder, 160
rracer atiachmend, 157-160
Ciage blocks, precision, 3539 Lathe centera, 223, 220
Gages live, 231, 232
center, 262 I..11E_|.E ope rfmuns .
depth (vernier), 24 aligning centers, 231-235
height (vernier) 24, 31 angle boring, 201-203

laner. 40, 41 angle turning, 280-201
I-z::,::ﬁrtmh: 18 hack [ncing, 192, 106
I o lsic apeeations, 220
foee, 39, 40 _ ;
famer 1 boring, 270=-273
chucking, 252-257
thread, plug and ring, $30-352 culting=-off, 104, 197, 273-275

theead, roll 1ype, 332 drilling, 264-269
thread, anap, 332 el Tacing 237-240

universal precision, 40, 41 faceplate work, 204-310
CGrinding attachment, lathe toal post, 160 [ncing, 104, 197, 245, 263, 264, 205

taper, plug and ring, 281, 282
telezeoping, 18

Girinding filing, 242
cylindrieal, 11 formng. 194, 245
i, 442-453 grinding, 160, 230

L&l 1 144, 197, 244
procision, 1G-12 ErOOVIRE, L%, '
single-point tool, 198, 190 hn}]:_llnrsz. 243-251
surfaee, 12 BCRING, 194, 197, 244

polishing, 242
reaming, 2060, 270

Hacksaw, power aperated, 4520-401 shoubder turning, 243-245

Hardness, 161, 162 taper horing, 291-293

Hole saws, 452, 483 {aper turning, 285-289
iapung, 306

Inddientor. dial test, 34, 35 rhiremd culling, 362-381
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truing eenters, 230, 231
turning on conters, 220-251
Lathe tools
dogs, 236
dril chuek, 155
drifl holder, 267, 38
floating reamer holder, 269, 300
mandrel, 245, 246, 305
Lathes
antomad e, 393-397
cngine, LE0-155
hollow spindle, 141
production, 397, 393
sliding gop-bed, 140, 141
turret, 382-372
vieptienl, 398402
Lavout machines, 70-74
Layoul procedures, 53-70
pelpustinge the Toseoud, 649, 70
for castings, G-08
for evlindrical partz, 55-58
for cqually spaced holes on o circle,
TE-Alk
for hole locations, 54, 55, 407-409
painting, 51, 52
Lavout zeals, G4
Leveling lathes, method of, 229
Laminte. dimensional, 51

Mandrels {2ee Lathe feols)
Machine shop, the work of, 1
Machine tools, peneral descriptaon, 2
Meazurenvent, basic nomenclature of, 51,
a2
Metrieation, 42-44
Micrometer measuring instevients. 3-33
checking. 32, 33
depth mierometer, 31
insille micrometer, 31
Mul-T-Anvil micrometer, 32
onmizide micrometer, 26, 27, 31, 45
serew throad macrometer, 339, 340
Mirrometer seale reading

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

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
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