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PREFACE TO SECOND EDITION

The past several years have witnessed the introduction of new design in some of
the basic tool machines. New pictures, diagrams, illustrative sketches, and certain
revisions of content have been incorporated in this second edition to reflect the new
developments, and some of the old material has been deleted. Many sketches and
drawings have been redrawn for better clarity.

New exercises for practice in reading the basic precision measuring tools have been
added which will assist the student and instructor to understand thoroughly and easily
the principles involved.

Basic shop safety has been briefly outlined and inserted as preliminary instruc-
tion to the actual text material,

The authors have just completed an entirely new Workbook to accompany this
revised edition. The Workbook is totally objective throughout. All sections of the text
are covered by multiple-choice, true-false, or completion type questions accompanied
by illustrative diagrams and drawings.

A M. W.
HR.A.
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Chapter 1
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RULES AND SCALES

DEFINITIONS
Rule. .. Scale
TYPES OF RULES AND SCALES AND THEIR USES

Graduations —numbers . . . Flexible . . . Narrow steel rule . . . Hook rules . . . Reading
therule ., . Shrink scales. .. Decimal scales

DEFINITIONS

The interchangeable use of the terms “rule” and “scale” by mechanics in industry
has led to a considerable amount of confusion. A rule is a strip of wood, metal, or
other suitable material graduated into units of measurement which can be used to
measure the actual dimensions of an object. A scale is a strip of wood, metal, or other
suitable material graduated into representative units which can be used to check or
lay off representative measurement. The six- or twelve-inch graduated blade used
by 2 machinist or toolmaker in his work is a rule, because he checks actual measure-
ment with it. The shrink blades used by a patternmaker or coremaker in his work are
scales because he checks representative measurement with them that is, he must
make the pattemns sufficiently large, so that after the casting has cooled it will have
shrunk to the right size.

Thus far, few textbooks or catalogues have made attempts to distinguish clearly
and correctly between these two terms. On the contrary, there has been a feeling that
by employing the terminology of the man in the shop—however incorrect—the books
and catalogues would have greater appeal. Recently, however, a movement has been
started to correct improper terminology as generally used by men in industry, and
authors of textbooks and catalogues are gradually making the necessary corrections.

TYPES OF RULES AND SCALES AND THEIR USES

Rules are made in a variety of lengths, widths, and thicknesses, and several styles
of graduations, each one having a particular advantage or desirable qualities. Of
the graduations used on rules, the one
most common is the No. 4. These i g A
graduations consist of one face gradu-
ated to read in 64ths and 32nds of an Fio. 1-1. Rule with No. 4 graduations.
inch, the other graduated to read in
16ths and 8ths of an inch. These rules are usually about 3/64” thick and vary in
width, depending on the length, from 1/2” to 1-1/4”, and in the common lengths are
not flexible. See Fig. 1-1.

Mechanics who work to close limits prefer the “flexible” rule. These rules are
made ina vanety of lengt.hs and wndths The width varies from 1/2” to 3/4” depending

T T T L TL R C T S T




g MACHINE SHOP THEORY AND PRACTICE

tions which consist of one edge graduated in 32nds of an inch and the other edge
graduated in 64ths of an inch. These rules are extremely flexible, which make them
adaptable to work which heavier rules could not do. Fig. 1-2 shows one of these rules.

,A,f—rr'..‘-,'*“.-..l-.~....|....-........
» 1 wasiyiy D reerziT2A 3 L ST 1 Teagorat §. e ¥
ctetadonbonbudadadadue bt den bt utio b e ety s s

Fic. 1-2. Rule with No, 10 graduations.

The narrow steel rule shown in Fig. 1-3 is found to be convenient for measuring
the depths of narrow slots or small
| A It oI R L I IS [ R r o NS (WP TR R | deep holes. It is about 3/16” wide and
about 1/25” thick. It is graduated on
one edge of each side, either in 32nds
and 64ths of an inch or in 64ths and 100ths of an inch.
The hook rules shown in Figs. 1-4 and 1-5 are found very convenient for taking
casurements through the holes of gears or pulleys, the distance from an inside under-

Frc. 1-3. Narrow depth rule,

v L - 3 .. B . 2 o b R Rl e s ——
} ) ’ ’ s
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Ko . culeiudita o il
Fic. 1-~4. Narrow hook rule.
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Fic. 1~5. Wide hook rule.

cut to the face of the work, or from points where the mechanic cannot see if the edge
of the rule is flush with the edge of the work.

To !carn to read the rule all that is necessary is to become familiar with the
graduations on it, notice what the graduations are, and how they are grouped to form

117 i v
R R R gw“%%mmmwwm
64

f

Y

. 2 7
i -
! hmmlmmhuhzddy Liihf.hlh’:!sfzulhl-! !!’“!:h[ p)q,‘lhln,li!;[az[

Froo 1260 Olverse sife, Fio. 1-7

Reverse side.

dificrent values, Firs, 1-6 ¢ =
vrent values, Fiws, 16 and 17 show the obverse and reverse sides of a rule having

t 4 eraduationss that is. graduations of $ths and 16ths of an inch on one side, and
4
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Fic. 1-8. Witness lines for practice reading. Fi1c. 1-9. Witness lines for practice reading.

32nds and 64ths of an inch on the other, Familiarize yourself with these graduations
and then practice reading the dimensions on Figs. 1-8 and 1-9.

Scales, as mentioned before, are used for checking or laying ofi representative
measurement. They are used by the draftsman in drawing and also by patternmakers
and coremakers. The draftsman uses it for making drawings to a certain scale size,
while the patternmaker uses it for making patterns a certain amount oversize to take
care of the shrinkage of the metal when it cools off. For example, cast-iron has a
shrinkage of nearly 1/8” to the foot; therefore, a 12” shrink scale for cast iror
would actually be 12-1/8” long. It can readily be understood from this that any
fractional part of a foot would have 2 proportionate amount of this shrinkage, or the
one-inch graduations would actually be 1-1/96” long. In purchasing a new steel rule,
the buyer should inspect it carefully to make sure that he gets what he wants.

T N N s N O D
rr"i" T O T Thcrrt WO, W SO, WO o

Fic. 1-10, Shrink scale.

Fig. 1-10 shows a picture of a shrink scale and at first glance might be mistaken for
an ordinary rule; however, close observation shows it to be clearly marked “SHRINK
1/8 TO FOOT.” Other shrink scales are marked in a similar manner.

SHRINKAGE OF VARIQUS METALS IN CASTING

Tron pipe 1/8 in. Malleable iron 1/8 in.
Steel 1/4 in. Aluminum 3/16 in.
Copper 3/16 in. Lead 5/16 in.
Thick brass  5/32 in. Thin brass 3/16 in.

Certain industrial organizations have adopted a decimal system for specifying
dimensions on blue prints, which replaces the fractional system. Under the new decimal
system it is understood that a two-place decimal dimension will carry the same degree
of accuracy as the former method; that is, plus or minus .010 variation from the size
specified. It is further understood that the dimension should end in an even figure so as
to eliminate the third decimal place in case the figure would have to be divided by
two. For example, the diameter of a hole instead of being given as 1.250 would be
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graduated i
be used as
Fig. 1-12.

tool can also

Tic. 1-12.
Depth gage.  One chown in

Exnmple 1.

Tow many {ourths in 1.7 50”2

Answer Seven

Solution.
1750 = =1

Example 2.
tlow many sixteenths in 4312872
Solution.
43125 = Affe = k- Answer Sixty-nint
Example 3.
What is the value of 3/4 plus 17647
Selution.
P Y 1% Answer

- . 4
F e i1 ¢

Example 1.
¢ 3/322

\What is the yalue of 1-7/8 minu
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Solution. _
1§ =13 Rt EE. T3t Answer 13
Example 5.

How much must be allowed for shrinkage in casting thick brass to a dimension of 8”2 Answer to
be nearest fraction in decimal equivalent table,

Solution,
Shrinkage for thick brass is 5/32" per foot.

. 8 2 X s 5
8 inches = lz—gfeet 3 X}f—“shnnkage
16
£z =5+ 48 = 104 = g (approximately) Answer ot
PROBLEMS

1. How many eighths in 1.625?

2. How many sixty-fourths in 2.2507

3. How many thirty-seconds in 3.0625?

4. What is the value of 2-5/8 plus 3/64?

5. What is the value of 15/16 minus 1/64?

6. How many thirty-seconds in 1-3/4 minus 1/327

7. One inch less 5/64 is how many sixty-fourths?

8. What would be the allowance in casting a lead pipe 15” long? Answer to be nearest fraction
in decimal equivalent table.

9. An zluminum casting is 20.75” long when it is cast. How long will it be after it cools? Answer
to be nearest fraction in decimal equivalent table.

10, 1f a steel casting shrinks 7/8”, how long was it before it cooled?

REVIEW QUESTIONS

1. What is the difference between a rule and a scale?

2. What is meant by a No. 4 graduation; Ne, 10 graduation?

3. A hook rule is useful for taking under what conditions?

4, What i3 a shrink scale?

5. How is a decimal scale graduated?

6. In a vertical column make a list of the consecutive fractions from zero to oné inch in steps
of one sixteenth of an inch.

7. Write the decimal equivalent corrected to four decimal places opposite each fraction in the
above example.

8. What is the decimal value of 1/32?

9. What is the decimal value of 1/64?

10. Can you suggest an easy way to remember the decimal value of such fractions as 17/32, 9/64,
31/322

,['.‘\
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Precision tools are those which possess the e quality of exactness or a high degree
of accuracy- Tools such asP liers, wrenc hes,5cre\v7dnvers, ctc. are of the non-preclsxot
Lype, because they arc uccd {or rough work and thereforc do not possess the quality ©
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¥i1c. 2-1. Blade and cnmbimﬁon.

exactness. Tools such as the combination square and its attachments, dividers
pitch gages. and the ike, are of the qcmx-precxsmn type. pecause they Pe

moderate degree of accuracy and exactness: Tools such as micrometers prot
~ ?

vermer tools and indicators are of the prec'\s'lon class because they POSSCSS

degree of accurdcy @ and becaust of theit reliability in taking nearly exact measy
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SEMI-PRECISION TOOLS

#The combination square is a tool that can be used for a variety of purposes.”
When new its accuracy may be such as to place it in the precision class. However, since
the head can be made to slide along the blade, it does not retain its accuracy for a very

—

S o ey

erramracaras

o et . LG
PRV PR R IR IR/ RN

Fic. 2-2. Bevel protractor and blade,

N B, N
S Lo

long time, particularly if it is put to much use. This tool with its attachments, however,
does fill 2 very important place in every machinist’s or toolmaker’s kit. The head
may be slid along the blade, and locked in position by the knurled nut, as shown in

F16. 2-3. Applications of square head and center head.

Fig. 2-1, or the blade may be removed entirely for use as a rule, since it is marked
with No. 4 graduations. The head of the combination contains a spirit level and also
a handy scriber point, and is so made that one side forms a 45-degree angle with the
blade. This set has a wide range of uses, a few of which are shown in Fig. 2-3 A, B,
C, and D.
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used. This tool consists of a long, round, steel béam with a flat on one side and two
sliding heads designed to slide along the bar and clamp on its flat side. One of thae
heads is equipped with a micrometer screw adjustment. This makes it possible to,
make fine adjustments of the point. The heads are equipped with spring collets for__'
adjustments of the points in or out as may be necessary.

CLAMP NUTS
BERM SADDLE
7 HEADS " g /
-

COLLET CHUCKS

POINTS

7777 ///”/’// // /'77'//( TTTTT
///////////////////JJ //J//JJ/

Fic. 2-8. Setting a trammel to a rule.

Fic. 2—‘) Scn’bmg a nrdc -n:iz 2 tx——el
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QOutside caliper.

Ti6. 2-10
Tig. 2-14 shows how the
caliper 1eg? must be centered €
cular to the axis of th

1o a rule.

tting inside caliper

-13. Se

Fi6. 2

1nside caliper.

Fie. 2-V2
. on the opposite cide; this process i
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Fig. 2-15 illustrates the use of the inside caliper. This tool is used much the
same as the outside caliper, but occupies a more prominent place, because it is used
more frequently. This is due to the fact that
it can be used readily in conjunction with the
vernier caliper or micrometer caliper for ac-
quiring a much more accurate reading than
can be had with an outside caliper. In using

Fic. 2-14. Using the outside caliper. Fi6. 2-15. Using the inside caliper.

this caliper, hold the stationary leg down on
the bottom side of the hole, and while moving
it with a rocking motion, adjust the other leg
to the proper feel, that is, until it just barely
touches the wall at a point diametrically op-
posite the other leg. The measurement may
then be transferred for reading to a rule or
micrometer caliper as shown in Fig. 2-16. In
transferring the measurement to a microm-
eter, the same amount of caution must be
exercised as was used in getting the feel of
the hole.

?\!

Fic, 2-16. Trnsferring a caliper setting to a F1g. 2-17. Hermaphrodite caliper.
micrometer.

The hermaphrodite caliper, Fig. 2-17, resembles an ordinary inside caliper
except that one leg has the end hooked in for making contact on the work. The other

4 = get  .w .. . s oy e L rre . ee s
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Fig. 2~15 illustrates the use of the inside caliper. This tool is used much the
same as the outside caliper, but occupies a more prominent place, because it is used
more frequently. This is due to the fact that
it can be used readily in conjunction with the
vernier caliper or micrometer caliper for ac-
quiring a much more accurate reading than
can be had with an outside caliper. In using

Fic. 2-1S. Using the inside caliper.

this caliper, hold the stationary leg down on
the bottom side of the hole, and while moving
it with a rocking motion, adjust the other leg
to the proper feel, that is, until it just barely
touches the wall at a point diametrically op-

" posite the other leg. The measurement may
then be transferred for reading to a rule or
micrometer caliper as shown in Fig. 2-16. In
transferring the measurement to a microm-
eter, the same amount of caution must be
exercised as was used in getting the feel of
the hole.

Fic. 2-16. Transferring a caliper setting to a Fic. 2-17. Hermaphrodite caliper.
micrometer.

The hermaphrodite caliper, Fig. 2-17, resembles an ordinary inside calipet
except that one leg has the end hooked in for making contact on the work. The other
leg is hke that of a divider, since it is drawn toa sharp point. This tool is used fur
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of the smallest hole in which it can be used. Fig. 2-21 [ po, | GAGE ¢Loses | GAGE ObEN

shows one of these gages; Fig. 2-22 gives the range A V2 IN. 74 N,
of each different size. Fig. 2-23 shows how this in- B 34 IN. 174 IN.
strument is used. To use it, compress the head and c 174 N, 2% IN,
Yock it by turning the knurled nut, Insert the gag- o 2% IN, 3% IN.
ing end in the hole to be gaged, unlock the head and E 3% IN. 6 IN.
it will expand to the diameter of the hole; next, get Fic. 2-22. Table of sizes.

the feel, or touch, the same as with a caliper, then

lock the plunger in position, after which the reading may be transferred to a micrometer

caliper by gaging it over the ends of the head.

Fic. 2-23A. Small-hole gage.

Fig. 2-23 A shows a small-hole gage. It is
made in four sizes as follows:

Size “A”—Range 0.125” to 0.200”
Size “B”—Range 0.200” to 0.300”
Size “C”—Range 0.300” to 0.400”
Size “D”—Range 0.400” to 0.500”

Unlik2 the telescoping gage the small knurled
nut on the handle end is used to pull a taper-
headed draw bar into the gaging end which
causes the split ball to expand to fill the hole.
The hole size is then transferred to a common

Fic. 2-23.

Using the telescoping gage.

micrometer caliper.

Fi6. 2-24. Screw pitch gage.

The screw pitch gage, Fig. 2-24, an instru-
ment frequently confused with a thread gage,
is used in checking the number of threads per
inch on a screw, bolt er nut, If the pitch of a
thread is not known, it may be readily deter-
mined by comparing it with one of the stand-
ards of the screw pitch gage. On the edge of
thin leaves, teeth are cut corresponding to

standard thread sections. The free end of the leaf is generally stamped to show the
number of threads per inch and the decimal value for the double depth of the thread.

See Fig. 2-25.

To use the screw pitch gage, place successive leaves over the thread until one
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inch can be read directly from the stamping on the
Jeaf. These gages are made for the American’ Na-
tional Coarse and National Fine threads, Whit-
worth threads, and the International Standard or

" Metric form of threads. :
.The radius or fillet gage, Flg 2~26, is a
standard form of template used for gaging regular
concave or convex surfaces. It contains a series of.
leaves having standard radii ground and lapped on
the ends and sides. Another type consists of individ-
ual leaves which progress from’1/32” up to 9/32” by 64ths, and from 9/32” to 1/2"
by 32nds. The size of the radius is stamped on the leaf for ready reference. Figs.

Fic. 2-25. Use of screw pitch gage.

_Fi6. 2-26-B. - Fie. 2-26-C.

Using concave side U.Si“i; concave
T of gage. . . side of gage.

RRRE

A
AN T\
AN & S
i\t 3 &; vy
e\
7RI ﬂt::) ; . :
ul g 21
s ¢ R Fi6. 2-26-D. . Fic. 2-26-E.
ﬁ AFa ,g‘ ‘\”5‘3& Using convex side Using convex
! of gage. side of gage.

Fic- 2-26 A. Radius gages.

2-26 A, B, C, D, and E show these gages and some applications.
The thickness gage, frequently called a “feelex
gage,” shown in Fig. 2-27, contains a series of
leaves varying in thickness from one-half a thou-
sandth up. They are made in a variety of lengths
and thicknesses, making it possible to get many com-
binations in thousandths of an inch. This gage is
particularly useful to machinists, toolmakers, or
machine repair men in gaging narrow slots or clear-
ances, or for adjusting gaps for valves. .
The center gage, sometimes called a “thread gage,” is used as a standard of”
comparison for threading tools. It is used for comparing the shape of the threading
tool bit with an accurately ground and lapped “V” on the edge of the gage. It is also

F1c. 2-27. Thickness gage.
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used for setting the tool in the tool post of the lathe, so that the center line of the
V-point is perpendicular to the axis of rotation of the screw blank, and for testing the
included angle of lathe, grinder, or other machine centers. These gages are made for

’ .
X z:'i;:tb lbh

s e
F16. 2-28. Obverse side of center gage, Frc, 2-29. Rl:vtxse side of center gage.
American National threads, English Standard threads and for the Metric System.

Two views of this gage, Figs. 2-28 and 2-29, show the graduations on the edges for
checking the number of threads per inch, Ore side of the pomt is engraved to show
T

Fic. 2-31. Setting internal threading too! with center gage.

the size of tap drills for 60-degree V-threads and shows in th
ousal
double denth of commonly 1meed thraade Fiee 2.2n aed 7. ay¢ .adu’s of an mCh the
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for setting up the work. It is also used for leveling up work on the planer, mill, and
drill press. Perhaps one of the greatest uses for this tool, when it is new, is that of an
adjustable gage, because it may be adjusted and locked to micrometer measurements

for checking slots or keyways. Letters are used to designate the sizes as follows:

LETTER LENGTH THICKNESS CAPACITY
A 1.3/4 9/32 From 3/8 inchto 1/2 inch
B 2-1/8 9/32 LS V2 S § V4 LI
Cc 2-11/16 9/32 L § ¥4 T I 1 V4 -
D 3-9/16 9/32 “O1s/16 ¢ “15/16 ¢
E 4-3/16 9/32 *15/16 % ¢ 1.3/4 ¢
F 5-1/16 - 9/32 “O13/4 v w2y/4 o8

The “V-block,” shown in Fig. 2-36, is a hardened and ground block of steel. The
sides of the “V” form a 90-degree angle and are central with the sides of the block.

Fic. 2-36. V-Blocks.

Slots cut in both sides enable the use of a clamp for securely holding the work. The
opposite sides are ground parallel with each other, and each face square with the ad-
jacent faces. These blocks are’used to hold cylindrical work, for laying it out, for
locating and drilling holes in cylindrical work, or for holding cylindrical work in a
vise, or for various other operations on cylindrical work. Fig. 2-37 shows V-blocks

holding 2 shaft which has been laid out.

Fig. 2-38 shows a planer or shaper r

gage. This gage is similar to the adjust-
able parallel shown in Fig. 2-34. It is com-
posed of two inclined planes. Like the ad-
justable parallel, it may be set by means
of a micrometer or height gage and used
as a gage for checking slots from 3/8” wide
up to 8-1/4” wide. This gage was primar-

3lv dectoned nc an 2id 10 the chanar Ak nlaner nmaratar fa accict in gettine the cutting

F1c. 2-37. V-Blocks holding a shaft.

.

Fic. 2-38. Planer gage.
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ment. From these derivations it is readily understood that the word micrometer means
small or fine measurements and when applied to a tool or instrument means a mechanism
for gaging small or fine measurements.

The micrometer caliper, Fig. 2-42, is perhaps the most commonly used precision
instrument in the toolroom or machine shop It is composed of a frame in the shape
of the letter “U.” At one end of this frame is a contact
block called the anvil, A spindle, with a screw ad-
justment, operates through the other end of the
frame. On the outside of the frame a sleeve is rigidly
attached which encloses the spindle. This sleeve tele-
scopes into a thimble which is rigidly attached to the
extreme outer end of the spindle. The spindle being
threaded is thus completely enclosed by the sleeve
and thimble. Fig. 2-42 shows the micrometer and its
working parts.

In using the micrometer, the thimble is rotated
by the thumb and fingers, moving the screw and
spindle with it. The screw has forty threads per inch,
5o that one revolution of the thimble maves the
spindle 1/40” or .025. These revolutions of the
thimble are plainly marked as graduations on the
sleeve. The frame end of the thimble is beveled and
graduated into twenty-five equally spaced divisions, Fic. 2-42. Micrometer showing parts
each division being 1/25th of a revolution, represent- it
ing 1/25th of .025, or one one-thousandth of an inch (.001”). When the micrometer
caliper is completely closed, the zero mark on the thimble should coincide with the
zero mark on the sleeve. If the micrometer is opened one graduation on the thimble,
the reading would be .001” or one one-thousandth of an inch; if the thimble is turned
farther until the tenth line on the thimble coincides with a line on the sleeve, the
micrometer would be opened 10/25ths of .025 or .010.

To read the micrometer caliper, read the visible vertical lines on the sleeve start-
ing from the zero, remembering that each division is .025. To this add the number of
divisions on the thimble, reading from the zero on the thimble to the line which
coincides with the horizontal line on the sleeve. This should be the total reading or
the distance from the end of the spindle to the face of the anvil.

In the sketches shown below, practice reading the settings and if possible procure a
micrometer caliper and practice with it to acquire the proper sense of feel or touch.

The common micrometer caliper cannot be used for taking measurements finer
than one one-thousandth of an inch (.001*). Later models have a vemier add~" to
the sleeve so that measurements as fine as one ten-thousandth (.0001) may be { -
This consists of ten equally spaced divisions placed longitudinally on the sleeve, !
occupy the same space as nine divisions on the thimble. The difference between o

RATCHEY SCHEW,
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ment. From these derivations it is readily understood that the word micrometer means
small or fine measurements and when applied to a tool or instrument means a mechanism
for gaging small or fine measurements.

The micrometer caliper, Fig. 242, is perhaps the most commonly used precision
instrument in the toolroom or machine shop. It is composed of 2 frame in the shape
of the letter “U.” At one end of this frame is a contact
block called the anvil, A spindle, with a screw ad-
justment, operates through the other end of the
frame. On the outside of the frame a sleeve is rigidly
attached which encloses the spindle. This sleeve tele-
scopes into a thimble which is rigidly attached to the
extreme outer end of the spindle. The spindle being
threaded is thus completely enclosed by the sleeve
and thimble, Fig. 2—42 shows the micrometer and its
working parts.

In using the micrometer, the thimble is rotated
by the thumb and fingers, moving the screw and
spindle with it. The screw has forty threads per inch,
so that one revolution of the thimble moves the
spindle 1/40” or .025. These revolutions of the
thimble are plainly marked as graduations on the
sleeve. The frame end of the thimble is beveled and
graduated into twenty-five equally spaced divisions, Fic. 2-42. Micrometer showing parts
each division being 1/25th of a revolution, represent- labeledt.
ing 1/25th of .025, or one one-thousandth of an inch (.001”). When the micrometer
caliper is completely closed, the zero mark on the thimble should coincide with the
zero mark on the sleeve. If the micrometer is opened one graduation on the thimble,
the reading would be .001” or one one-thousandth of an inch; if the thimble is turned
farther untit the tenth line on the thimble coincides with a line on the sleeve, the
micrometer would be opened 10/25ths of .025 or 010,

To read the micrometer caliper, read the visible vertical lines on the sleeve start-
ing from the zero, remembering that each division is .025. To this add the number of
divisions on the thimble, reading from the zero on the thimble to the line which
coincides with the horizontal line on the sleeve. This should be the total reading or
the distance from the end of the spindle to the face of the anvil.

In the sketches shown below, practice reading the settings and if possible procure a
micrometer caliper and practice with it to acquire the proper sense of feel or touch.

The common micrometer caliper cannot be used for taking measurements finer
than one one-thousandth of an inch (.001”). Later models have a vernier added to
the sleeve so that measurements as fine as one ten-thousandth (.0001) may be taken.
This consists of ten equally spaced divisions placed longitudinally on the sleeve, which
occupy the same space as nine divisions on the thimble. The difference between one of
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the frame. In measuring screw threads, the angle of the point on the spindle and the
sides of the “V” on the anvil come in contact with the machined surface of the
thread, so that the reading of the micrometer indicates the pitch diameter of the screw,
or thé full size less the single depth of the thread. In Fig. 2-46 the spindle point is

[ e e

Fic. 2-45. Application of screw thread micrometer caliper.

shown closed in the “V* of the anvil, With the micrometer in this position the reading
is zero, so that readings are taken the same as on a regular micrometer caliper. These
micrometers may be secured for checking American National Fine or Coarse threads

Fic. 2-46. Screw thread micrometer closed.

or for the British Whitworth Standard thread. The one-inch micrometers are made to
theck threads within four ranges, that is, 8 to 13 threads per inch, 14 to 20 threads,
22 to 30, and 32 to 40 threads per inch.

*The inside micrometer caliper, Fig. 2—47, is used for checking internal and lineal
measurements; it is also used for setting calipers, or with special equipment, as a



4 m
ge. gradu ed to read in thousandths of an inch, and the . ‘;ﬁ\e
a total movement of either 1 /2" or 1" depending on.the capacity'oi'the set. o

the smaller set, the measuring rods enable 2 maximurm %ase

but after much use the accuracy is seriously impaired by the
wear on the end of the tod and thimble pin- In using this
Fro, 2-47. Tnside microme- instrument for checking inside diameters, OF dimensions &
ﬁrdza\iper  thmeasuring  quiring & high degree of precision, itis desirable t0 check over
' the ends of the caliper with a common ‘micrometer calipers
this offsets the possib‘ﬂity of error and acts.as @ double check on: the instrument.
using this tool for calipering the inside diameters of holes, it is necessary 10 exercise
the same senseé of feel or touch as 15 required for the inside caliper.
The depth micrometer caliper, Fig 948, is used as the name jmplies, for taking
micrometer readings of depths of pockets, grooves, recesses, and sO forth. The thimble
is graduated to read in thousandths of an inch, but the gleeve is graduated in a direction

Fic. 2-48. Pepth micrometer \with measuring rods.

exactly opposite 10 that of the common micrometer caliper. Fig. 949 shows 2 com-
parison of the two kinds of sleeves. Notice that on the common snicrometer the reading
starts at the frame and progresses out toward the end; whereas on the sleeve of the
depth micrometer, the reading starts out at the end and progress’es in toward the base
or frame. Otherwise the readings are the same. In inserting the different measuring
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rods through the serew, care must be exercised to see that the shoulder on the cap-end
of the rod is free from dirt, and seating properly. After the rod is inserted, it is good
practice to check the instrument for correct reading. This can be done by placing the
base of the micrometer on a surfice checking plate and screwing the rod down flush

TR

—_—

Frc. 2-49. Comparison of common micrometer sleeve 20d depth micrometer sheeve.

with the base. If, when the rod is flush with the base, the zero mark on the thimble
coincides with the zero mark on the sleeve, then the instrument is not out of adjust-
ment. If these zero marks do not coincide, the tool should be placed in competent
hands for adjustment.

~ The tube micrometer, shown in Fig. 2-50, is used for measuring the thickness of
the wall of tubing, bushings, and similar work and is read the same as the standard
micrometer. Generally the anvil is made to fit in a hole 3/8” in diameter or larger
and will take measurements up to 3/4” deep.
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rods through the screw, care must be exercised to see that the shoulder on the cap-end
of the rod is free from dirt, and seating properly. After the rod is inserted, it is good
practice to check the instrument for correct reading. This can be done by placing the
base of the micrometer on a surface checking plate and screwing the rod down flush

Fic. 2-49. Comparison of common micrometer sleeve and depth micrometer sleeve.

with tHe base. If, when the rod is flush with the base, the zero mark on the thimble
coincides with the zero mark on the sleeve, then the instrument is not out of adjust-
ment. If these zero marks do not coincide, the tool should be placed in competent
hands for adjustment.

* The tube micrometer, shown in Fig. 2-50, is used for measuring the thickness of
the wall of tubing, bushings, and similar work and is read the same as the standard
micrometer. Generally the anvil is made to fit in a hole 3/8” in diameter or larger
and will take measurements up to 3/4” deep.
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VERNIERS

The name “Vernier” as applied to several precision tools is derived from the name
of the man who discovered this principle. Pierre Vernier, a French scientist and mathe-
matician, reasoned that the eye can not discern the exact distance between two given
lines but can tell when two lines coincide or fall on each other so0 as to form one straight
line. On this fact he developed the vernier principle which is applied to micrometers,
calipers, protractors, and similar instruments.

Generally, there are two systems for graduating vernier calipers. On one type the
smallest division on the blade is .020, while the smallest division on the plate is .019.
On the other type the smallest division on the blade is .025 while the smallest division
on the plate is ,024. In either case the difference between the graduations is .001. The
inch graduation on the blade is divided into 40 equal spaces, each space being equal to
1/40”, or .025. When the zero on the plate coincides with the zero on the blade, the
25th mark on the plate coincides with the .600 mark on the blade; thus the 25 cqual
spaces on the plate equal .600. Therefore, one space on the plate will equal 1/25th of
.600 or .024. However, since the difference between a space on the plate and a space
on the blade is 001, it is convenient to think of the graduations on the plate as being
.001. Fig. 2-51 illustrates the graduations of the plate as compared to the graduations
on the blade. To read the vernier, read the blade up to the zero on the plate, then
move down and read along the plate until a Jine is found to coincide with a line on
the blade.
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aid to transferring measurements. Here again, care must be exercised in reading the
instrument, or an error equal to the width of the nibs might result,

RS

Frc. 2-52. Vernier height gage.

The vernier depth gage, Fig. 2-54, is used in much the same manner as the depth
micrometer. The accuracy of this tool is more permanent than the depth micrometer
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2-55. Gear tooth verniet caliper.

The gear tooth vernier caliper, Fig. 255, is us asurements in
connection with gear teeth, gear cutters, hobs, and the like. It is used for checking the
ted addendum of gear teeth. -

chordal thickness and correc
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To test the tooth thickness with a gear tooth vernier caliper, the addendum beam
is set for the corrected addendum. After the burrs have been stoned from the end of *
the toath, the addendum beam is set on the end of the teeth as illustrated in Fig. 2-56.
The caliper jaws are adjusted to the thickness of the tooth by means of the knurled
nut, then the chordal thickness can be read directly from the horizontal blade.

——
s .. _cHomoar
Y THICKNESS

Fic, 2-56. Application of a gear tooth vemier caliper.

CAUTION. Make certain that the vernier graduations are read correctly. On the
smaller size the finest graduation on the blade is .020, while on the larger size the small-
est graduation is .025, It must be remembered that this instrument checks the corrected
addendum and chordal thickness of the tooth only, it does not check the pitch diameter
of the gear.

EXERCISES
Example 1.

‘What will be the vernier caliper reading for an outside measurement if the zero on the vernier plate
has passed the third line to the right of the .600 mark and the nineteenth line on the plate coincides
with 2 line on the blade? .

Solution, *

Each line on the blade equals 025; therefare, if the zero on the plate has passed the third
line to the right of the .600 mark, the reading for the blade is .675. Each line on the vernier
plate represents .001 so that if the nineteenth line on the plate coincides with a line on the
blade, the zero mark bas passed the 675 mark by .019; therefore the complete reading is
675 + 019 or .694

Answer 694
Example 2.

What will be the vernier caliper reading for an inside measurement If the zero on the plate has passed
the second line to the left of the 1.900 mark on the blade and the eleventh line on the vernier plate coin-
cides with 2 line on the blade?

Solution, -
Two lines to the left of the 1.900 mark on the blade gives a reading of 1.850. Since the
eleventh line on the plate coincides with a line on the blade, the zero mark on the plate is
011 past the 1.850 and the total reading is 1.850 + .011 or 1.861
Answer 1,861
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A protractar is an instrument for measuring or laying out angles.

+ The universal vernicr bevel protractor, Fig. 2-57, is a precision instrument
used in the tool room or machine shop for accurately measuring angles in degrees and
minutes. This instrument is composed of a dial, graduated in degrees. which is an
integral part of the stock. It is equipped with two blades, 7 and 12" long. They may
be clamped tightly against the dial by means of an eccentric stud which lochs them
against the side of a slot in the dial. The blade may be slid along its entire length or
turned through any angle and clamped at that point, One side of this instrument is

Fra. 2-57. Universal vernier bevel protractor.

flat which makes it convenient for laying it on flat work, increasing its range of usc-
fulness. A vernier is mounted on the center plate in such 2 manner that its edge overlap<
the graduations on the dial. The graduations on the dial make a complete circle or
360°. The vernier is graduated into 12 equally spaced divisions on each side of the
zero. When the zero on the vernier coincides with the zero on the dial, the 12th line on
the vernier coincides with the 23-degree mark on the dial, thus these 12 marks on the
vernier are actually equal to 23°. Therefore, one of the 12 divisions on the vernier will
equal 1/12th of 23 degrees (23 degrees equals 1380 minutes) or 115 minutes. Again,
looking at the protractor with the two zero lines coinciding, it is found that if the
vernier were moved slowly, the number one line on the vernier would meet the nmumber
two line on the dial, or the 120-minute mark; thus, when the first line to the right or
left of zero on the vernier is made to coincide with the next consecutive linc on the
dial, the vernier or blade has moved the diffcrence between 120 minutes and 115
minutes, or $ minutes. The graduations on the vernier, therefore, are actually equal
to 115 minutes, but for convenience of use it is practical to think of them as being
5 minutes. It is for that reason that every third line, starting from the zero, is marked
consecutively 15, 30, 45, and 60.

To read the protractor, note the direction of travel of the vernier around the plate
with respect to the zero on the plate, then read the dial up to the zero on the vernier
This gives the magnitude of the angle in degrees. Now move down to the vernicr phf_'
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9.
” INDICATING GAGES

An indicating gage is one that shows
visually the variations in dimensions as they
pertain to uniformity of size or shape. The
amount of variation is generally indicated
on a dial or graduated fan-shaped scale.

Indicating gages are made in a variety
of shapes, sizes, and principles. The com-
mon dial type, shown in Fig. 2-58, works
on the gear and rack principle; that is, the
plunger has gear teeth cut on it which
actuates a pinion attached to the pointer
shaft; thus, any movement of the plunger
causes a corresponding movement of the
pointer. The reading, in thousandths or
ten-thousandths, is taken visually from the
numbered dial. This indicator is used more
frequently for checking external surfaces
than for internal ones, and has many uses
both in the tool room and on production.

The universal junior indicator, Fig.
2-59, is operated on the lever principle. In

this gage the contact point actuates a

pointer which visually indicates on a fan.

‘5”'505”‘350

@ B8 o
10.

Fic. 2-58. Common dual type wndicating gage.

S}.laped dial the amount of movement of the point. The scale on this dial is graduated to
give a total reading of .010, which is considerably less than the total reading possible
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REVIEW QUESTIONS

1. Name three semi-precision tools.

2. Name several precision tools.

3. What factors determine the classification of a tool as being precision or semi-precision?

4. What are the principal parts of a combination square?

5. How are dividers used?

6. Trammels are used for what purpose?

7. What is meant by the expression, “getting the touch”?

8. What are the advantages of telescoping gages over inside calipers?

9. Describe the use of the hermaphrodite caliper in locating the center of a shaft.

10. How is a screw pitch gage used?

11. What is a radius gage?

12. What is a thickness gage?

13. Name several uses of a center gage.

14. For what purpose is a2 surface gage used?

15. How many kinds of parallels are there?

16. Describe a V-black.

17. What range of sizes can be used on a planer or shaper gage?

18. Discuss the care of a solid square.

19. Name the important parts of a micrometer.

20, How many threads per inch are there on the screw of a micrometer?

21. What is the decimal value of 1/40”?

22. What part of an inch is 1/25th of 1/40”?

23. How many sepatate readings are necessary in determining a reading to four decimal places?

24, What dimension on a screw does a screw thread micrometer measure?

25, Discuss the use of an inside micrometer.

26. How does the sleeve of a depth micrometer differ from a common micrometer with respect ta
graduations?

27. How much must be subtracted from the micrometer reading when ball points are used?

28. Discuss the vernier principle.

29, Name six tools commonly used in the machine shop which employ a vernier.

30. What dimensions of a gear tooth are checked by a gear tooth vernier?

31. What is the value of each graduation on the vernier of a vernier bevel protractor?

32. What are indicating gages?
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SHAPER—PLANER

SHAPER

HISTORY: Development — DESCRIPTION: Classes — CRANK SHAPER: Bull Wheel’
IMPORTANT PARTS: Names — DESCRIPTION

Ram...Base. .. Crossrail ... Table feeding mechanism ... Saddle. . . Table . . . Rapid
traverse hand feed . . . Automatic power feed . . . Shaper vise . . . 2‘001 head . . . Speed
control mechanism . . . Bull ivheel

SHAPER OPERATION

To set the length of stroke . « . To set the position of the stroke . . . Holding the work . . .

Clamp or vise . . . Shaping a block of rectangular form . . . To shape an inside square

corner . . . In shaping a job to layout . . . Angular work . . . To cut a dovetail . . . Com-

pound angles . . . Wark operations and solution of a compound angle . . . Work opera-
tions square wedge

WORK DIFFICULTIES
Chattering tool . . . Warping of work . . . Checking the squareness of vise -

SPEEDS AND FEEDS .
Factors involved . . . Tables of strokes per minute . . . Formula to determine speeds

CUTTING TOOLS
Compured to lathe tools . . . Tools commonly used . . . Do’s and Dor’ts

VERTICAL SHAPER (SLOTTER)

) DEFINITION
Holding the work . . . Setting length of stroke . . . Position of the stroke . . . Work difficulties

PLANER

DEFINITION

Di{l’er_ence betieen shaper and planer . . . History . . . Size . . . Planer parts, names of
principal parts . . . Bed . .. Columns . .. Crossrail . . . Table ... Tool head . . .
Table drive . . . Feeds . . . Holding the work ... Clamping hints

HISTORY

The shaper was originally intended as a woodworking machine. The first one
designed by Sir Mark I. Brunel, a Norman Frenchman, who came to the United St
as a refugee from France about 1793. The idea for the design of the shaper cam
him while he was attending a dinner at Alexander Hamilton’s home. At this dinne:
met an English industrialist by the name of Dilabigarre, who had the responsibilit
making blocks (pulleys or sheaves) for English sailing vessels and had been experien.
considerable difficulty in forming the mortices. Dilabigarre presented his problen
Brunel, who after much thought suggested that the mortices could probably be

36
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three or four at a time if the proper machinery could be developed. After many reverses,
Brunel’s plans finally materialized in 1797, He produced the first successful *shaper
while he was located at Fort Montgomery in the highlands of the Hudson River in
New York State.

The metat working shaper was not developed until 1836. It was invented by James
Nasmyth, an Englishman, whose family and ancestors were of an artistic, as well as
mechanical, turn of mind. This machine was only one of a long list of important
machines which Nasmyth invented. His metal working shaper was popularly known for

a long time as “Nasmyth's Steel Arm,” and did much to encourage the metal working
industry.

DESCRIPTION

The metal working shaper, as it is used today, is 2 machine in which the metal
temoving toal is moved by a ram which travels in a horizental plane with a reciprocating
motion. Its size is determined by the size of the largest cube which can be machined
on it. This machine was originally intended to produce plane surfaces, either angular,
horizontal, or vertical, but with skillful manipulation may be used for producing cither
concave or convex surfaces. The work is usually held in a vise which is bolted to a box-
like table. This table may be moved vertically or horizantally.

There are two classes of shapers in use today, the “Crank” shaper and the
“Geared” shaper. Of the two, the crank shaper is most commonly used, and is made
in either Standard or Universal type. The difference between these two lies in the fact
that the Universal type has a vise that can be swiveled out of a horizontal plane on 2
swiveling work table.

CRANK SHAPER

In the crank shaper, Fig.:3-1, the ram is given its reciprocating motion by means
of 2 recker arm which is operated by a crank pin fram the main driving gear ar “Bull
Wheel,” Fig. 3-2. The ram carries the downfeed mechanism which contains the clapper
box and cutting tool and peels a chip off the work on the forward stroke.

IMPORTANT PARTS

The important parts of the shaper are: ram, column, base, crossrail, speed
control mechanism, rocker arm, and bull wheel.

DESCRIPTION

The ram is a chilled iron casting of semi-cylindrical form, heavily ribbed on the
inside to give strength and rigidity. It is actuated back and forth horizontally in the
dovetail slide of the base by means of the rocker arm and the crank pin. The ram
contains the stroke positioning mechanism and the downfeed mechanism.
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The base is a hea}'ﬂy ril?bed cast iron body which gives support to the operating
members of the matfhme. It is so designed as to reduce vibration to a minimum and has
an accurately machined and scraped dovetail in the top to form a bearing slide for the
ram. The front of the casting is machined to furnish two columns upon which the
crossrail slides in its up and down movement.

The crossrail is a heavy, chilled, malleable casting which is attached to the columns
of the base by means of gib plates and bolts. The top surface of the crossrail as well as
the front surfaces are accurately machined and scraped to pravide a smooth surface
for the table saddle as it is fed back and forth. The crossrail contains the table elevating
mechanism as well as the table traverse mechanism,

The table feeding mechanism consists of the pawl and ratchet mechanism, rocker
screw for regulating the amount of feed for each return stroke of the ram, and the feed
connecting link which connects the rocker screw to the ratchet drive and lead screw.
As the rocker screw moves back and forth the connecting link moves with it, actuating
the pawl and ratchet on the end of the feed screw. The feed screw is held rigidly by
the crossrail and passes through a bronze nut in the back of the saddle. Thus any
movement of the ratchet by the rocker screw causes the feed screw to move the table
a definite distance. ~

The saddle is an accurately machined malleable casting which is gibbed to the
crossrail and to which the table is firmly bolted. When the table is removed, the front
of the saddle reveals T-slots which permit the clamping or bolting of work.

-The table of the shaper is an accurately machined malleable iron casting of box-like
construction and is bolted to the saddle. The top and sides contain T-slots which permit
the clamping of work or the swivel work vise. Some of these tables are constructed so
that they swivel in a vertical plane on the saddle or can be tilted up and down. When
a shaper is so equipped, it is known as a Universal Shaper. The table may be moved
horizontally by the use of either the rapid traverse hand feed or the automatic feed
and may be adjusted vertically to provide for different thicknesses of work.

To use the rapid traverse hand feed, a crank is furnished which fits the squared
end of the feed screw. This permits the table to be fed just as fast as the operator desires
to turn the crank, or a lever controlling 2 high speed power traverse can be thrown to
move the table in cither direction relative to the operator. Movement for the automatic
table feed is derived from an eccentric slot in the bull wheel. This eccentric slot makes
one revolution for every revolution of the bull wheel and transmits motion by means
of a shoe and series of lever arms to the rocker screw and connecting link so that the
vonnecting link moves forward and backward on one revolution of the bull wheel.

To engage the automatic power feed the work is fed into the cutter by hand fecd.
The pawl is turned so that it engages the teeth of the ratchet on the feed screw; since
the power feeding mechanism is always in motion while the shaper is running, the pawl
will be moved back and forth. driving the ratchet in one direction or the other depending
on how the face of the pawl contacts the ratchet. On the return stroke of the ram the
feed screw is moved causing the table to be fed toward the cutter in preparation for the
cutting stroke.
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The shapert viseis 2 sturdy mechanism having twWo jaws, onc stationarys .thc ctt\.xcr
movable, and 0 qrranged {hat they may be drawn together by @ sCrew. This vise difiers
jrom otheT vises since {he jaws ar¢ Jonger and deeper and will open to accommodatc
work of considcr:\b\c width. Generally the vise comes cqmpped with hm‘dened steel
jaws ground in place. These Jaws ghould not be removed except for repair purposes.
The body of the shaper vise may be gwiveled in @ horizontal plane from 0° to 180°3
nowever, the usual position is to have the jaws set either pm‘a\\c\ with the stroke of the
ram oY porpendim\:\r to the stroke.

The tool head is 8 dovetail slide fastencd 10 the front of the xam by means o}
T-head bolts, which permits it to be swiveled in & yertical plane from 0° to 0p°. This
tead consists of the downfeed mechanism, clapper Lo, and tool post. 1t may be raised
or lowered by hand feed 10 accom-
modate yertical cuts ont the work.
When making vertical or. angular
cuts using the downiced mechanism,
the clapper box must be swiveled
away {rom the surface 10 be ma-
chined, otherwise the tool will dig
into the work on the return stroke.

The speed control mechanism
is a change gear bOX located on the
operator’s side of the shaper and is
so designed that the speed of the
ram and cutting tool may be changed
for varying length of the work and
hardness of metals. At 2 constant
speed of the driving €T the ram
Wwill make the same number of
mechanism.  strokes PC minute regardless of
whether the stroke is 47 of 127 Ttis necessary, therefore, for the cutting tool to make
three times a8 many strokes {or the 47 cut a8 it docs'ior the 127 cut in order 10
maintain the same cutting speed. This change of speed can be accomplished by engaging
or disengaging geavs of varying numbers of tecth by adjusting the speed control lever.

The }m\\ \\'hcel‘ \> a large cast steel gear mounted inside the shaper base OF column
and driven by 8 pinion which is motivated by the speed control mechanism. Anchored
to the conter of this cast steel gear is & radial slide which carries & Jiding, block into
which the crank pin fits. The position of the sliding block is controlled by a small leac
serow which is connected 1o the oper:\\or’s side of~t1\c shaper by means of b»cvcl gear
and 8 squurc-cndcd shait. Obviously the location of the cliding b\ock'
the center of the bull wheel governs the length of the stroke of
apart these two centers are located the greater the length of the
the linkage Hetween bull wheel and tam.

o, 33, Bul wheel showing stroke adjustment

with respect t
the ram. The farth
stroke. Fig. 3~4 shov
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SHAPER OPERATION

Several factors which affect the effi-
cient operation of a shaper are: setting the
length of stroke, setting the position of
the stroke, the clamping of the work, the
grinding and setting of the tool bit, the
speed of the ram, and the feed of the work.

To set the length of stroke on a
shaper, move the ram to the extreme back-
ward position by means of the hand wheel.
Place the hand crank on the stroke setting
shaft located on the operator’s side of the
shaper, and loosen the binding nut. Then
turn the crank so that the pointer on the
ram indicates on the scale the length of the
work plus $/8”, then tighten the binding
nut.

The reason that 5/8" was added to the
length of the stroke was to provide clear-
ance for the cutter.

To set the position of the stroke,
move the ram to the extreme forward
position by means of the hand wheel.
Place the hand crank on the stroke posi-  Fio. 3. Linkage between bull wheel and ram
tioning shaft located on the top front of : .
the ram, and loosen the binder lever. Tumn the crank so that the cutting tool clears
the front of the work by 1/8”, then tighten the binder lever.

The stroke of the shaper is the distance the ram travels in either a backward or
forward direction. On the forward stroke of a crank shaper the cutting tool peels a
chip off the work; therefore the forward stroke is known as the cutting stroke and is
slower than the return stroke, The reason that the cutting stroke is slower is not because
of the resistance offered by the work to the cutting tool, but because of the location
of the crank pin at the extremity of each stroke. The rocker arm which is actuated by
the crank pin assumes an angular position at the end of each stroke which causes the
crank pin to assume a position below the horizontal centerline of the b‘ull wheel. From
the accompanying sketch, Fig. 3-5, it can be seen that the crank pin has to travel
through about three-fifths of a citcle for the cutting stroke and two-fifths for thc;clu{n
stroke; since both strokes are the same length it is very obvious that the ram will
return to its original starting position in one-fifth less time than it went forward.

Before starting any job on a shaper it is very necessary to have a completc under-
standing of the blue print and the shaper operations which the job requires. Make sure
that there is sufficient stock ta do the job according to the blue print. See that all toals
are clear of the ram and cutting tool, that the machine is well Jubricated and that alt
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The shaper vise is a sturdy mechanism having two jaws, one Stationa‘ry, .the ‘c.n;her
movable, and so arranged that they may be drawn together by a screw. This vise differs
from other vises since the jaws are longer and deeper and will open to accommodate
work of considerable width. Generally the vise comes equipped with hardened steel
jaws ground in place. These jaws should not be removed except for repair purposes.
The body of the shaper vise may be swiveled in a horizontal plane from 0° to 180°;
however, the usual position is to have the jaws set either parallel with the stroke of the
ram or perpendicular to the stroke. _

The tool head is a dovetail slide fastened to the front of the ram by means of
T-head bolts, which permits it to be swiveled in a vertical plane from 0° to 90°. This
head consists of the downfeed mechanism, clapper box, and tool post. It may be raised

' ; ‘or lowered by hand feed to accom-
modate vertical cuts on the work.
When making vertical or angular
cuts using the downfeed mechanism,

~ the clapper box must be swiveled
away from the surface to be ma-
chined, otherwise the tool will dig
into the work on the return stroke.
The speed control mechanism
is a change gear box located on the
operator’s side of the shaper and is
so designed that the speed of the
ram and cutting tool may be changed
“for varying length of the work and
hardness of metals. At a constant
‘speed of the driving gear, the ram
will make the same number of
strokes per minute regardless of
whether the stroke is 4”7 or 12”. It is necessary, therefore, for the cutting tool to make
thrfee times as many strokes for the 4” cut as it does for the 12” cut in order to
man‘nain the same cutting speed. This change of speed can be accomplished by engaging
or disengaging gears of varying numbers of teeth by adjusting the speed control lever.
The.bull wheel is a large cast steel gear mounted inside the shaper base or column
and driven by a pinion which is motivated by the speed control mechanism. Anchored
to ?he center of this cast steel gear is a radial slide which carries a sliding block into
which the crank pin fits. The position of the sliding block is controlled by a small lead
screw which is connected to the operator’s side of the shaper by means of bevel gears
and a square-ended shaft. Obviously the location of the sliding block with respect to
the center of the bull wheel governs the length of the stroke of the ram. The farther

apart these two centers are located the i
: greater the length of <
the linkage between bull wheel and ram. BEf of the stroke. Tig 3-4 ShPWS

F16. 3-3. Bull wheel showing stroke adjustment mechanism.
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SHAPER OPERATION

Several factors which affect the effi-
cient operation of a shaper are: setting the
length of stroke, setting the position of
the stroke, the clamping of the work, the
grinding and setting of the tool bit, the
speed of the ram, and the feed of the work.

To set the length of stroke on a
shaper, move the ram to the extreme back-
ward position by means of the hand wheel.
Place the hand crank on the stroke setting
shaft located on the operator’s side of the
shaper, and loosen the binding nut. Then
turn the crank so that the pointer on the
ram indicates on the scale the length of the
work plus 5/8”, then tighten the binding
nut.

The reason that 5/8” was added to the
length of the stroke was to provide clear-
ance for the cutter.

To set the position of the stroke,
move the ram to the extreme forward
position by means of the hand wheel.
Place the hand crank on the stroke posi-  Fre. 3. Linkage between bull wheel and ram.
tioning shaft located on the top front of
the ram, and loosen the binder lever. Turn the crank so that the cutting tool clears
the front of the work by 1/8”, then tighten the binder lever.

The stroke of the shaper is the distance the ram travels in either a backward or
forward direction. On the forward stroke of a crank shaper the cutting tool peels a
chip off the work; therefore the forward stroke is known as the cutting stroke and is
slower than the return stroke. The reason that the cutting stroke is slower is not because
of the resistance offered by the work to the cutting tool, but because of the location
of the crank pin at the extremity of each stroke. The rocker arm which is actuated by
the crank pin assumes an angular position at the end of each stroke which causes the
crank pin to assume a position below the horizontal centerline of the bull wheel. From
the accompanying sketch, Fig. 3-5, it can be seen that the crank pin has to travel
through about three-fifths of a circle for the cutting stroke and two-fifths for the return
stroke; since both strokes are the same length it is very obvious that the ram will
return to its original starting position in one-fifth less time than it went forward.

Before starting any job on a shaper it is very necessary to have a complete under-
standing of the blue print and the shaper operations which the job requires, Make sure
that there is sufficient stock ta do the job according to the blue print. See that all tools
are clear of the ram and cunmg tool that the machine is well lubricated and that all

e e
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While operating the shaper keep your mind on the work at hand. Don’t go awa

from the machine and Jeave it running of don’t engage in conversation fellow worke!

who are operating machines.

L P
' II”‘
| L

Fic. 3-5. Sketch explaining rapid return stroke.

Holding work. Work may be held on 2 shaper by damping it to the table or by
means of a vise. Before putting the work in the vise make sure that the vise is iree
from any obstruction which might keep the
work from seating properly- Make sure that
burrs or rough edges left from former ma-
chining operations aré removed from the

work.

Tn seating the work in the vise it is not
necessary to pound it severely with 2 hammer
or mallet. Generally, if a mallet must be used
at all, light taps aré all that is necessary. A
good practice is to put narrow pieces of ordi-
nary scratch pad paper under each corner of
the work, then, by pulling gently on each
Fic. 3-6. Rectangular block. piece, it can be determined whether or not the

] work is seating properly.

In shaping 2 plock of rectangular form, as chown in Fig. 3-6, the general

practice is to shape the thickness first, then the width and the length.
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Procedure. |

1) After the work has been properly seated in the vise, Fig. 3-7, the length of stroke
should be adjusted and positioned properly for the work. The tool is then fed down
by hand until it contacts the work, and
the table moved crosswise; the work is
then moved away, clear of the cutting tool, -
and the tool head is fed down to give a @)
depth of cut sufficient to clean up the sur- = o)
face. With the ram moving back and forth,
the work is again fed by hand to the tool
and the automatic feed engaged by drop-
ping the feed-pawl into mesh with the
ratchet gear on the table lead screw.

2) After shaping one side to clean up,
it is next necessary to shape the correct
thickness and keep the faces parallel with
each other. To do this place two parallels
of the same size on the vise rails as shown  F16.3-7. Cleaning up the first side of the block.
in Fig, 3~-8. Use two hold downs, Fig. 3-9, one on each side of the work, so that the
finished side will be seated squarely on the parallels; then spot the cutter on the work,

Fic. 3-8, Shaping second side paraliel with first side Fic. 3-9. Shaper hold down.

using hold downs.
after which, adjust the depth of cut so as to leave about 1/32” for finishing. After the
roughing cut has been taken, increase the speed of the ram so as to give a good finish
on the final cut.

3) After shaping the thickness the next operation is to shape the width square with
the thickness. This is accomplished by placing one of the finished sides against the
solid jaw of the vise, then putting a hold down or narrow parallel between the movable
vise jaw and the other finished side of the work, as shown in Fig. 3-10. This method
holds the work quite securely and keeps the vise jaws parallel.

4) After the width has been squared with the thickness, the finished side of the
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width is placed down on the vise and the work held by two hold downs, one on either
side of the work, as shown in Fig. 3-11. . ,

5) When the width and thickness have been shaped square with each other and to
the finished size, the next operation is to shape the length to size and square with the

- ST 1
TN SR W s NN
w s N - Rt ".t—"‘ — 7 }'—;}

- 3R s e

Fic. 3-10. Shaping first side of wid;h square

F16. 3-11. Shaping width to size square with
with thickness,

_ thickness,

width and thickness. Loosen the vise saddle bolts and swivel the vise 90° so that the vise
screw is parallel with the travel of the ram. Tighten the saddle bolts and place the
work in the end of the vise so that the surface to be shaped is exposed to the cutting
tool and so the longest dimension of the exposed surface will be the stroke of the ram.
The other end of the vise must be blocked with a parallel or piece of stock which is the

same size as the work to keep the vise jaws nearly parallel so that they will better grip
the work.
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F1c. 3-13. Shaping an inside square
corner.

F16. 3-12. Shaping the work to length square
with width and thickness,

6) Next place a solid square on the vise rails and against the work, édjust the work
to the square and then tighten the vise securely. See Fig. 3-12. After the vise has



SHAPER — PLANER 45

been tightened test the work again with the square to make sure that it has not moved.

7) Repeat the process of setting the job to shape the other end of the work square
and to the correct length.

',‘I‘o shapg an insiqe square corner such as that shown in Fig. 3-13, first shape
the job to t{ncl:ness, width, and length as previously outlined; then, with the broadest
surface resting on parallels and held by hold
downs, rough out the vertical surface by feed-
ing the tool head down and taking a series of
horizontal roughing cuts. When both surfaces
have been roughed out to within 1/16", tilt
the clapper box towards the extreme right
(operator standing in front of the machine),
and adjust the tool holder so that the one tool
bit can operate on both surfaces, Use a small
downfeed and finish the vertical section; then
finish the base.

In shaping a job to layout, if much
stock is to be removed, take roughing cuts to
bring the job within 1/16” to 1/32” of the
line. Then take light cuts so that the cutting
tool will split the layout lines. Be very sure to
leave part of the prick punch indentations in
the work as “witness” marks.

If a job is laid out containing a concave
or convex radius as shown in Fig. 3-14,
rough skape it to within finishing stock, working the straight line to size. Next, swivel
the cutting tool slightly in a clockwise direction but leave the clapper box in a vertical
position. Then feed the' tool head down until the cutting tool cuts to the line, move
the table by hand and feed the tocl down again repeating this altemate {eeding down
of the ool and moving of the table until all excess stock has been remaved and the radius
blends in with the flat surfaces. ;

Angular work is shaped much the same as radial work. The sketches shown in
Figs. 3-15, 3-16, and 3-17 indicate how the clapper box must be swiveled. Angular
surfaces are machined either by setting the tool head, adjusting the table, or setting
the work to the desired angle. .

To determine the accuracy of the angular setting, a sine bar (see Flgs. 13-12,
13-13, 13-14, p. 220) ar bevel protractor set at the correct angle is placcfi in t}}c vise
in a position to correspond to that which the work will assume. Then a dial mdncat'or,
placed in the tool rest, is run over the sine bar or bevel protractor and the machine
adjusted to give a zero-zero reading from one end of the gage to u‘f other. ‘_th" the
correct setting is obtained the table or head is tightened and the mdfcntor is passe”
over the gage again to make certain that the setting has not been disturbed by t

Fic. 3-14. Shaping to [ay out.
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clapper box, but when the tool head has
been swiveled, the upper part of the clap-
per box should be swiveled in a direction
away from the surface being machined,
otherwise the cutting tool will drag and
produce an undercut in the work. It is an
advantage at times, when a heavy cut is’
being taken on a horizontal surface, to
have the clapper box turned in a direction
1 I I l away from the cut. This has a tendency to
preserve the cutting edge of the tool.
‘To cut a dovetail, both a right- and
left-hand cutting tool and tool holder are
- I necessary and once the actual cutting of
r_—me wmmmm% the angular sides begins, the work should
Tro. 3-15. Tool head and clapper box set for Dot be disturbed. Surfaces 2 and 3, Fig.
horizontal cut. 3-18, should be machined first, then the
tool head is swiveled to the proper angle and the tool and tool holder, corresponding
to the angular side to be machined first, are put in the tool post. Care should be taken

A ]
J

Fia. 3-16. Tool head and clapper box sot
for angular surface (left).

F16. 3-17. Tool head and clapper box set
for angular surface (right).

to keep the tool bit from digging into the work and as the layout lines are approached

(requent checks should be made to insure accurate sizing of the dovetail 3
‘.»\nothm- type of wark which the operator of a shaper is frequently cailed upon to

do is the shaping of compound angles. A compound angle is one whose rriag?ﬁtude

depends on the value of two other angles. The subject of compound angles is a course
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of study all by itself and is too involved to be presented fully in this treatize. However,
a few lzf the more simple forms which occur frequently will be considered. In the case
of the job shown in Fig. 3-20, jt is assumed that the width, thickness, and length have

Frc. 3-18. Dovetall slide. FiG. 3-19. Shaping a doverail slide.

been shaped to size and it is required to shape the plane ABC. With the visc set so that
the screw is parallel with the travel of the ram, place the job in the vise; then swivel

Fic. 3-20. Tlustration of a simple Fic. 3-21. Vise swiveled throuzh argle 8.
compound angle.

the vise through the angle & (theta) so that Yine AB is parallel with the travel of the
ram, Fig. 3-21. Next. tilt the vise through the angle 3 {beta) which will put plane
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4BC in a horizontal position as shown in Fig. 3-22. From the ’foregoinfh it dl: gzmii
évident that angle 6 and § must be given, regardless of what o@er angles the raftsm .

puts on the blue print or sketch.

Fre. 3-22. Table tilted through Fic. 3-23. Rectangular block. (Square wedge
angle B. ' to be cut out.)

Example 1. .
Assume that the draftsman gave angle CAD as 15° and angle CBD as 10°,

Solution, )
The solution for 6 and B would be as follows: ‘
Let CD = 1; then BD is the cotangent of 10° and 4D is the cotangent of 15°,

Therefore, the tangent of 8 is equal to the cotangent of 15° divided by the cotangent of 10°,

or the cotangent of 15° multiplied by the tangent of 10°.
To find the value of 8let BD = 1. Then DE is equal to the sine of § and DC is the tangent

of 10°. .
Therefore, the tangent of g will equal the tangent of 10° divided by the sine of 6, or the

tangent of 10° multiplied by the cosecant of 6.

Example 2.
To do the job shown in Fig. 3-23.
Solution, .
Have the vise screw parallel with the travel of the ram and locate the job in the vise. Then
swivel the vise through the angle ADE so that line AD is parallel with the stroke of the ram.
Next tilt the table up through the angle  (theta) so that line 4B is in a horizontal plane.
To find the value of angle 6, assume that angle 4DE is given as 12° and angle DEB is

givenas 7°,
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Then letting line DE = 1, AD will equal the secant of 127 and DB will equsl the tasgent of
7°. The tangent of angle § will equal D civided by AD o the tangent of 7° divided by the
secant of 12°. .
Instead of dividing by the secant of 12°, the same result m2y be obuaized by multiplyins
the tangent of 7¢ £y the cosine of 12°,
Further information relative to calculations on compound angles may be found in
that excellent text, “Practical Shop Mathematics,” Vol. II, by Wolfe and Phelps.

WORK DIFFICULTIES

Two conditions which cause much concern to the operator of a shaper are chattering
of the work or cutting tool and warping of the work. Some of the more common causes
of chattering are: the cutting tool having too much clearance, the tool suspended too
far, the work improperly supported, or too much play between the ram and its ways.
Chattering may be eliminated by the operator correcting any or all of the above
conditions; however, a machine repair man should
be called to remave the play in the ram. Warping
of the work may be avoided by taking light cuts,
alternately from each side, to remove internal
strains. )

Work being out of parallel may be caused by
chips or dirt between the work and vise or by
chips getting between the vise and saddle. Work
being out of square may be caused by dirt or
chips between the work and solid jaw of the vise,
or the solid jaw may be out of square with the =
stroke of the ram. To determine whether or not $, . ... . J/ 4 /' /)]
the vise is square with the stroke of the ram, Fig.
3-24, place a dial indicator or other suitable indi-
cating gage in the tool holder, with the point of
the indicator on the face of the solid jaw; then Fic.3-24. Checkingihe ‘:c for yaareness
move the table and vise at right angles to the with stroke of the .
stroke, observing any change in the indicator setting. If the jaw is out of square, loosen
the saddle bolts slightly and bump the vise in a direction to compensate for the amount
of error.

To check the solid jaw of the vise for being vertically square Yrilh the stroke, place
an indicating gage in the tool post, resting the point of the indicator on the edge of
the blade of the square as shown in Fig. 3-25; then move the table back a.nd .forth
50 that any “out-of-squareness” will be registered by the indicator. If the vise is o\ft
of square in this position it may be due to dirt between the saddle and the table, or if
the table is universal, it may be due to the fact that the table has been moved. It might
also be caused by the solid jaw being wom or damaged.

To check the vize rails for being parallel with the stroke of the ram, get two parallels
of the same length and width, which are equal to or greater than the width or depth

Lttty 0 vt toa0a3dy
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of the vise. Place these parallels on the vise rails, then place an i}ldic.ating gag
the tool post so that its point rests on the edge of the parallel as shown in .Flg. 3-26.1
move the ram back and forth by hand, but do not let the indicator point drop off
end of the parallel, and observe the indicator needle. If the outer end of each of
parallels is low it indicates one of two things: either there is dirt under thg Pack
of the vise, or the table sags due to wear on the table cross-head gib.

’T_ ——
=]
(I ,
I _J
£'/['-'/'/{[rbu(l“ Bznduslpb ey, )
Fic. 3-25. Checking solid jaw for being ver- - Fic. 3-26. Checking vise rails for béing parallel
tically square with stroke. with stroke of ram.

If the back end of the parallel is low or if alternate points on the two paréllels- do
not give the same reading, it is an indication that the vise is not bearing properly on

the table. These conditions may be overcome by seeing that the vise seats properly,
or by having the table cross-head gib adjusted.

SPEEDS AND FEEDS

The shaper was designed for the purpose of reducing the job to the desired shape
or size in a minimum of time and effort. With this idea in mind, the completion of a
job requires one or more roughing cuts and a finishing cut. The greatest cut for the
purpose of stock removal depends on many factors, the more important of which are:
rigidity of work set up, rigidity of cutting tool mounting, machine support, how the
tool bit is ground, and general machine conditions. Unfortunately, no general rule can
be given for the depth of cut, feed, and speed of shaper, due to so many variable
conditions. . :

Generally speaking it is the duty of the operator to make the machine do the work.
In other words the operator must make the shaper work during the roughing cut.
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The feed and depth of cut should be such as to remove as much stock 2+ the shaper i
capable of driving during the roughing operations, being consistent, of cour>r.x;=ix?:
the amount of material to be removed. The stroke of the ram should be set for the
correct speed in FPM, setiing the feed as great as possible without tearing the metal.
Then feed the cutting tool down to its maximum capacity. For a finishing cut leave
1/32” 10 1/16” of stock and then increase the speed of the ram. . .

BRIT READNG
Sraces noex

Fic. 3-27. Gould and Eberbardt stroke adjusting staft azd feed L

Sams, iwecATINS

SEwETH OF STROKY
Fic. 3-28. Cincinnati stroke adjustizg shaft end feed dal.

A common error made by most mechanics is to under-estimate the ability of a
machine and cutter. If the machine is operated too slowly and there is failure to make
the cutter work up to capacity, then production of work comparable with the time
expended is impossible. For this reason it is wise for the mechanic to determine the
number of strokes per minute of the ram as a starting point; then if the machine set.up
or other conditions do not warrant the speed, it can always be stepped down.
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of the vise. Place these parallels on the vise rails, then place an ifldic‘ating gage ir
the tool post so that its point rests on the edge of the parallel as shown in Fig. 3-26. Now
move the ram back and forth by hand, but do not let the indicator point drop off the
end of the parallel, and observe the indicator needle. If the outer end of each of the
parallels is low it indicates one of two things: either there is dirt under the back en
of the vise, or the table sags due to wear on the table cross-head gib.

{
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F16. 3-25. Checking solid jaw for being ver- ~ Fic. 3-26. Checking vise rails for being parallel
tically square with stroke. with stroke of ram.

If the back end of the parallel is low or if alternate points on the two paralléls do
not give the same reading, it is an indication that the vise is not bearing properly on

the table. These conditions may be overcome by seeing that the vise seats properly,
or by having the table cross-head gib adjusted. '

SPEEDS AND FEEDS

’.l‘he. shaper was designed for the purpose of reducing the job to the desired shape
or size in a minimum of time and effort. With this idea in mind, the completion of a
job requires one or more roughing cuts and a finishing cut. The greatest cut for the
purpose of stock removal depends on many factors, the more important of which are:
rigidity of work set up, rigidity of cutting tool mounting, machine support, how the
tool !Jit is ground, and general machine conditions. Unfortunately, no general rule can
be given for the depth of cut, feed, and speed of shaper, due to so many variable
conditions. )

Generally speaking it is the duty of the operator to make the machine do the work.
In other words the operator must make the shaper work during the roughing cut.
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The feed and depth of cut should be such as to remove as much stock as the shaper is
i+ capable of driving during the roughing operations, being consistent, of course, with
. the amount of material to be removed. The stroke of the ram should be set for the
w  correct speed in FPM, setiing the feed us great as possible without tearing the metal,
‘Then feed the cutting tool down to its maximum capacity. For a finiching cut leave
1/32” to 1/16” of stock and then increase the speed of the ram.,

- STROKE SKAST
cuArs

DRICT READING
Sracer incex
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Fic. 3-27. Gould and Eberhardt stroke sdjusting shaft and feed dial.

Das, noiCATING
Lensra or STroE

BNAFT FOR SETTING.
LENSTH O STROKE

Fi6. 3-28. Cincinnati stroke adjusting shaft and feed dial.

A common error made by most mechanics is to under-estimate the ability of a
machine and cutter. If the machine is operated too slowly and there is failure to make
the cutter work up to capacity, then production of work comparable with the time
expended is impossible. For this reason it is wise for the mechanic to determine the
number of strokes per minute of the ram as a starting point; then if the machine set-up

i or other conditions do not warrant the speed, it can always be stepped down.
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of the work. Also the number of surface feet per minute for different kinds of metal
demands a change in the number of strokes per minute, so that until the operator of a
shaper becomes well acquainted with the action of the machine on these different
metals, the two factors mentioned above must be taken into consideration in setting the
machine for the correct number of strokes per minute,

Fi6. 3-31. Speeds obta ! Fic, 3-32. Speeds obtsinsble on new atyle Cincinnati
Gf“; Shpcf (back :;:ﬂa:fa l;,;;kngec:r ::x);)c shaper {back gear in and back gear out).

The following formulas for determining the number of %trokes per minute ?f the
fam and the cutting speed are based on the fact that the cuum'g tool is in operation on
the forward stroke which is only three-fifths of the time and is therefore slower than
the return stroke.

CS=(NxL)+6
N=(CSx6+L
where, ¥ = Number of strokes per minute of ram

L==Length of stroke
CS = Cutting speed of metal in FPM



ed as so Many “gtrokes PE

mber of strokes Per minute 15 diﬁerent,i

minute” of the 12 he gtandard nU
yarious kinds of shapers On most 0 the older models, the number of strokes T

of the pack gear lever and the speed change lever ist
e positions are marked 1-2-3-4, a3 shown

dern shapers these positions clearly indicate -

Fic. 3-29- Change . & E. shaper.

The following chart shows the numbers of strokes per minute of the ram obtainable
on one of the older Gould and Eberhardt shapers. .

BACK GEAR IN BACK GEAR OUT
Position Strokes per min. Position Strokes per min.
1 10 1 45

2 15 2 65

3 21 3 92

4 30 4 132

Fic. 3-30. Chart of speeds obtainable, back gearin and back gear out {or old-style G- & E. shaper- '

Figs. 3-31 and 3-32 show the index plates from a modern 16" Gould & Eberhard
shaper and 2 modern 16” Cincinnati shaper. - ‘

Since the n\n?mber of strokes per minute for the different positions of the lever 3
fixed, the speed 1n surface feet per minute will change with any. change in the lengt
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of the work. Also the number of surface feet per minute for different kinds of metal
demands a change in the number of strokes per minute, so that until the operator of a
shaper becomes well acquainted with the action of the machine on these different
metals, the two factors mentioned above must be taken into consideration in setting the
machine for the correct number of strokes per minute.

F1c. 3-31. Speeds obtainable on new style Fic. 3-32. Speeds obtainable on new style Cincinnati
G.&E. shaper (back gear in and back gear out). shaper (back gear in and back gear out).

The following formulas for determining the number of strokes per minute f’! the
ram and the cutting speed are based on the fact that the cutting tool is in operation on
the forward stroke which is only three-fifths of the time and is therefore slower than
the return stroke.

CS=(NxLy+%
N=(CSx6)+ L
where, & = Number of strokes per minute of ram

L==Length of stroke ' \
CS = Cutting speed of metal in FPM
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Solution. _ ' '
The cutting speed for machine steely using @ hf\gh speed steel'tool Bit, is 115 ¥P
(re abOVve jormuld: N = {CS % 6) I
N

Examp\e 2.
what would be the cutting speed for a2 block of toot steel &" 1ong if the pumber of strokes per mipute
of the ram 15 587

golution-
Lsing the formuid cs = WX Ly~ 6,

The cutting S eeds foT yarious metals in terms of PM of the yam and the a]
prox'\mate table seeds are given pelow- These 21¢ given 23 ctarting points only and W
depend on several ifierent factors: : ‘ -

JIATERIAL SPEED FEED
Cast 110 5060 030
Machin€ gteel 110—120 060
T poot Stee 60-10 050
' o Chrome n Shrink
High Sp d Steel 40-50 030
Wichrome 050
Brass
Copper 160—255 050
A\um‘mum
Most shaP rovided wh mmonty 2 back ge:
E‘-. can be Tifted in decrease spee ith this arranger
N ossiD ) v iffer ,ass in Fig '
\ Y des‘\m\)\ Hec \ ifferent S giferent gpeeds
\ effectiV achining
'\‘Z pROBLEMS
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6. What will be the cutting speed if the stroke is set 2t 57 25d the fumber of stroles pet minute of
the ram is 922

7. What will be the cutting speed if the strole is set at 47 ard the rumber of etroles et minote of
the ram is 652

8. What will be the cutting speed if the strole is set at 8.5° and the rumber of strules per minute
of the ram is 21?

9. What will be the cutting speed if the stroke is set 2t 7° and the number of strokes per minute
of the ram s 1322

10. What will be the cutting speed if the stroke is set at 11” and the nunber of stroles per rusite

of the ram is 157

CCTTING TOOLS

The shaper tool difiers from the
lathe toal, Fig. 3-33, in that the shaper
too! has less side and front clearance be-
cause the work feeds into it on the re-
turn stroke, whereas the lathe tool is
constantly feeding into the work.

The shaper, like the lathe, is {re- )/
quently called upon to make many dif-
ferent kinds of cuts and for this reason
the operator must be able to grind the £ATHE TooL
tool bits necessary to do the job. The Fic. 3-33. Comparison of front dexrznce azgles between
too! post of a lathe is equipped with a latbe and shaper tord bits
rocker rest for the tool holder in order to provide a means of adjusting the tool bit
for front clearance. The shaper too! post s not thus provided, so that the proper
clearance angles must be ground. For best results these angles should not exceed 4°.
If more clearance than this is given, the cutting edge of the tool will not last lon;i, due
to the lack of bhacking to keep it from chipping or breaking down. Less clearance than
2° will permit the tool bit to rest on the work, causing the tool to heat vp quickly,
leaving a poor finish on the work.

The sketches in Fig. 3-34 illusirate some of the more commonly used cutting tool
shapes. Special tool shapes may have to be ground from time to time for special opera-
tions. When these occasions arise, the grinding operation will have to be governed by
the requirements of the job.

In putting the tool holder in the tool post, set it so that the point of the toa! project<
about two inches below the bottom of the tool block. Greater distances than this may
cause chattering because of insufficient support of the tool. Never have the work table
so far away from the cutting tool that the tool head or tool holder will have to Iy
given a long overhang. This practice might result in breaking the tool head <tide and
it puts undue strain on the tool post, slide, and clapper box.

Make sure that there is at least 2” clearance between the ram and the vicwe or work,

Tools commonly used. Among the precision tools commonly used on the thaper
are the solid square and microméter. This tool, the solid square, is strictly a precision
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too} and should be handled with the same consideration as that given to a fxc]:ix;or;etelx;i
It should not be dropped or handled carelessly in connection with the work g ds ou
be kept separately from other tools so that it will not be sprung, bent or nicke

A surface gage is frequently used on
the shaper for lining up or leveling up the
work to layout lines. The scriber point
may be used in connection with one of the
spindles or the base, setting the point to
one end of the layout and adjusting the
work so that the line is horizontal.

The sine bar is used in connection with
the shaping of angles whose values require
a high degree of accuracy. Sine bars are
available in standard lengths of 5”7 and
10”.

_ To set the tool head or work table
F16. 3-34. Forms of shaper tool bits. - at the correct angle, one end of the sine

bar must be raised above-the other an
amount equal to 5 or 10 times the sine of the angle. The tool head or work table should
be swiveled to the approximate angle by means of the graduatxons Then place the
sine bar in position in the work vise.. The indicator point should then be brought to

., bear on the top surface of the sine bar and the table adjusted to give a zero-zero
’ readmg from one end of the sine bar to the other.

DO’S and DON'TS

DO thoroughly understand the reqmrements of the job.
DO see that there is at least 2” clearance, between the ram and the vise, or work.

DO wear goggles. Remember, you can eat with false teeth, and walk with a wooden
leg, but you can’t see with a glass eye.

DO keep your hands away from the moving work and tool holder.

DO make sure that the tool bit clears the work at both ends before startmg the ram
in motion.

DO  keep vise handle’ pomtmg toward ﬁoor

DO sec that all tools are clear of the working surface before starting the ram in motxon

DO make sure that the job is held securely.

DO make sure that the tool head is not down too far.

DO see that the shaper is well oiled.

DO keep your mind on your work.

DO see that the machine operates at near capacxty

DO keep shirt collar buttoned for protection against hot chips.

DON'T use ill-fitting wrenches on. the shaper. o

DON'T hammer the vise wrench or handle. It mars and mcks the wrench and does
not matenallv Increase the clamping pressure on the work.
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DON'T walk away from the shaper and leave it running.

DON'T wear thin-soled shoes.

DON'T stand directly in front of shaper while it is in operation.

DON'T try to talk to a neighbor operator and run your machine at the same time.

DON'T forget to keep the tool head gib friction bolt tight after the head has been
fed down.

DON'T try to feed the tool head down without Joosening the gib friction bolt.

DON'T forget to increase the speed of the ram before taking a finishing cut. Tt
gives a better finish and completes the job in a shorter time.

DON'T let chips accumulate in the vise screw recess; they damage the nut in the
sliding jaw.

DON'T hammer on the tool head or clapper box to swivel them. Loosen the nuts
sufficiently so that the head or box can be turned easily by hand.

Fic. 3-35. Vertical shapet,

VERTICAL SHAIER (SLOTTER)
DEFINITION

The vertical shaper, Fig. 3-35, sometimes called a “slotter,” is a machine with 2
vertical ram which is especially adapted to slotting holes, pockets, keywayy, ard

L
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The speed chart shown in Fig. 3-38 is for the Pratt & Whitney 6" vertical shaper
ind indicates the number of strokes per minute possible with the gear shift lever in the
our different positions. It likewise shows the maximum cutting speed in FI'M at the
niddle of the stroke for various stroke lengths with the gear shift lever in position 1, 2,
3, or 4, as shown in Fig. 3-39.

The cutting tool used on a vertical shaper differs from
the one used on a shaper in that it is strictly an end cutting
tool. The sketches shown in Figs. 3-40, 341, 3—42, and
POSITIONS o cears | 3-43, represent some of the tool shapes and holders commonly

t [ 2] 314 | used. Fig. 3-40 shows a solid forged tool used for heavy duty
stroxes PR wkute | work, Fig. 3-41 shows a heavy duty holder using bits of
33[49[76 [116 | various sizes and shapes, depending on the work require-
MAXIN UM CUTTING SPELD
4 FELY PIR MINUTE AT

MIDCLL OF STROXE
40 |59 {(92]
3856 |(87)
3553 i(81]
33] 49 |(76]
30| 45|70
28|41 | 64
25|37]57
22132]%0
19|28 43
15|23 35
1§ [12{18] 27|42
1 8 l12]{19]29

Fic. 3-38. Speed chart plate Fic. 3-39.  Lever ponitions for speeds.
on vertical shaper,
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ments, and is more cconomical than that shown in Fig. 3-40. Fig. 3-42 shows a tool
holder for such tools as shown in Fig. 343,

<l

Fic. 3-40. Heavy duty forged slotter tool,

Work difficulties. Perhaps the greatest difficulty encountered with work on the
vertical shaper is that the cutting tool has a tendency to spring to one side, or deviate

((\:'\
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6. 3-12. Heavy duty too! hotder: Tio. 3-43. Cutters for use with heavy duty tool holder.

<o that the center of the hole in which the keyway is to be cut will be on the exact
center of the rotary table. Then in casé the sides of the keyway do not come exactly
square, the rotary table can be turned 10 permit cleaning up the sides of the keyway
g0 that they will be square.

The operator of a vertical shaper 15 frequently called upon 10 shape circular gections
which cannot be done conveniently on any other machine. The center of the rotary
plate or {able usually contains 2 ground hole which is exactly on center at the inter-
section of the T-slots. Tnto this hole a test plug may be placed and indicated sO thal
the rotary table is on the exact center of the tool holder. The work may be locate
Joosely on the rotary table and indicated sO that it is on center; then the work can b
clamped tightly after which the excess stock on the work may be removed t0 produ
the correct radius. . :

QOccasionally it is necessary 10 cut serrations in a flat or semi-cylindrica\ piece
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work. Besides accurate indexing to insure correct spacing of the teeth, the cutting tool
must be kept sharp and of the right shape, because frequently these serrated teeth
have to mesh much the same as gear teeth do; therefore, if the teeth are not the same
shape and size, the pieces will not fit together properly,

The safety rules for operating a horizontal shaper apply to a vertical shaper with
these in addition: X X

1) Keep all tools offi the work table,

2) Try out by hand the position and length of stroke before starting the ram in
motion.

3) See that the tool properly clears the work on the length of the stroke,

4) Before starting the machine in motion make sure that everything is clear of
the downward stroke of the ram.

PLANER
DEFINITION
A planer, Fig. 3-44, is 2 machine used to produce flat surfaces on work that is too
large or otherwise impossible to machine on a shaper. The planer differs from the

Tic. 3-4. Plancer,

shaper in that the work table moves back and forth with a reciprocating motion while
i il whi ble.

the cutting tool is fed on a crossrail which straddles the ta! ! . . .

]Iistosy. The invention of the planer cannot be f:rtdxlet! to any particular in-

dividual, but is due to several people. Several individuals in E‘qghnd have been

eredited with the planer invention as carly as 1570. However, Richard Robests, an

o~
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nr® o s et e 4

the end of each stroke. When it makes contuct al the end of the cutting etrake, the
shifter throws the belt off the fixed pulley onto the Joone one and 1t the sianse time thraws
the crossed belt from a loose pulley to a fixed pulley, Since the cromsed helt fs pannlng
faster than the open belt, the table comes back faster on the return steoke, With this
arrangement the operator can use the shifter lever by hand ta qun the Leltn an lose
pulleys and stop the table movement without stopplng the whole snachine, Provizions
are made to Jock the shifter lever in a nentral posftion to guard apainst neefdental
starting of the machine,

Feeds. The automatic in- and downfeeds of the cutting ool operate ut the be plunlng
of the cutting stroke. This is particularly true on long work, I a long flat eurfucr Is
being planed, the infeed is used and is controlled by the feed o rew moving the cutter
head along the crossrail, If it is necessary to plane a veetlcal eurfare the sutomatle fred
is used to operate the small feed screw in the toal head, Either ane af the<r feeds nay
be accomplished by hand by turning a crank or handle on the ferd wrrew which contiols
movement of the head in the direction required.

(=

A — Finger clamp,
double end,

D~ Plin slotted clamp, E ~ Adjustable gtryi rlarry F - trens poe3 clare]

Fri 345 Stny g

Holding the work. Work s grnerally held an the planer by gream of dlee e or
by toe dogs and poppsts. Fig. 3-45 shows veverad types of sirep tlatoore,
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Clamping hints:
1) Besure that the work is clamped securely before starting to machine it.
2) Maked habit of sighting petween the work and Cross head, and work an

chine uprights, to see that the work clears.
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3) Protect all finished surfaces by placing shims of copper, brass or fiber between
the clamp and the work.

4) When placing the work in position protect the table from work scratches or
marks by using rubber or cardboard pads.

Fio, 3-49. Setting 2 planer gage with & Fic. 3-20. Setting the planer tol nith 2
micrometer. planer gaze,

5) When a finished surface is placed on the table, put pieces of thin paper under
the corners so that as the clamping operation progresses they can be used to determine
whether or not the work is seating correctly.

6) Use a washer with every nut and bolt.

7) Don't select bolts which are too long. They might interfere with the action of

the cutting tools.
(=1 ) “
1P

A e _

Fic. 3-51 A. Correct and incorreet use of toc dors and poppets.

8) Don't try to use bolts that are too short. For best holding results, the nut <hould
strew completely on the bolt, not just two of three threads. _

9) Make frgqucnt use of ;lops for the work to rest against. When u-ing strap ;l:m;ln
or Uclamps, support the clamp parallel with the table and keep the bolt as close to
the work as possible.

‘[ o
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Ti6. 3-51 B Correct and incorrect use of clamps and step blocks.

REVIEW QUESTIONS

1. Name the jmportant parts of a shaper-
9. Discuss the pr'mc'\p\e involved in chortening OF iengthening the stroke of the ram.
3. Why is 3 /8" added to the length of the stroke?

4, Outline the procedure of setting up @ simple job in the shaper.

5. Discuss {he procedure necessary 10 shape a rectanguiar block.

. What is meant by chaping & job to lay out?

7. Describe 3 shaper hold down.

8. Discuss 2 few common work difficulties.

9. How is the vise checked for peing square with the stroke of the ram? .
10. What arc the necessary steps to check the sotid jaw for being vertica Iy square with the strok
11. How does 2 shaper tool differ from 2 lathe tool with respect t0 clearance? )

12. What precision tools are commonly used on 2 shaper?

13. What is the chief difference between 2 common shaper and 2 vertical shaper?
14. How is work held on @ vertical shaper?

15. Discuss common work difficulties on 2 vertical shaper.

16. How does 2 planer differ from & shaper?

17. Name the important parts of a planer.

18. How is work held on @ planer?

19. What prccauﬁons should be taken in clamping work to a planer table?

20. Give five important rules for the use of strap clamps.
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LATHE
HISTORY
Tree lathe

DEFINITION
Engine lathe

CLASSIFICATION
Screw machine . . . Horizontal turret lathe . . . Vertical turret lathe « . « Back-off lathe

HRISTORY

The lathe as we know it today is the result of the ambition and craftsmanship of
the best mechanics from the 17th century to the present time. Historically, the fiest

Fi. 41, Treelithe.

tthe necessitated the use of two trees, which the mechanic selected as being far enough

apart to suit his needs, He bored a hole through the trunk of each tree, and through

each hole drove a conical pointed wooden pin into the center of the log of wood he
(3]
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REVIEW QUESTION S

1. Name the jmportant parts of a shaper.
9. Discuss the princip\e involved in shortening 0T lengthening the stroke of the ram.
3. Why is 3 /8" added to the Jength of the stroke?

4. Outline the proccdure of setting up 2 simple job in the shaper.

5. Discuss the procedure pecessary to shape 2 rectangular block.

6. What 18 meant by shaping 2 job to lay out?

7. Describe & shaper hold down.

8. Discuss 2 {ew common work difficulties.

9. How is the vise checked for being square with the stroke of the ram?

10. What are the necessary steps to check the solid jaw for being vertically squaré with the stroke?
11. How docs 2 shaper toot differ from 2 lathe tool with respect to clearance? .
12. What precision tools are commonly used on @ shaper?

13. What is the chicf difference between a common shaper and & vertical shaper?

14. How is work held on 2 vertical shaper?

15. Discuss common work difficulties on 2 yertical shaper.

16. How does @ planer differ from 2 shaper?

17. Name the jmportant parts of a planer.

18. How is work held on @ planer? .

19. What prccau\ions should be taken in clamping work to a planer table?

20. Give five jmportant rules for the use of strap clamps.
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LATHE
HISTORY
Tree lathe

DEFINITION
Engtne lathe

CLASSIFICATION
Serew machlne . . . Horlzontal turret lathe . . . Vertlcal turret lathe . , . Back-off lathe

HISTORY

The lathe as we know it today is the result of the ambition and craftsmanship of
the best mechanics from the 17th century to the present time. Historically, the first

Fic. 4-1. Tree lathe.

athe necessitated the use of two trees, which the mechanic selected as being far enough

2p2rt to suit his needs. He bored a hole through the trunk of each tree, and through

each hole drove a conical pointed wooden pin into the center of the log of wood he
67
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LATHE [

diameter, and has a bed the total icnglh aof which {s 14", A similar lathe of European
manufacture would have the size specified as 9 by 14°,

CLASSIFICATION

The too! room or machine shop lathe, as mentioned before, was the fore-runner
of many modern specialized machines. Some of these machines are quite similar in
principle, among which are the Serew Machine, Horizontal Turret Lathe, Vertical
Turret Lathe, and the Back-off Lathe,

Trc. 4-2. Screw machine.

Serew machine. This machine, Fig, 4-2, was developed prim:ﬁl'y to manufacture
machine screws to relieve the machine shop lathe of that duty.'.»\s time went on nesw
ideas were incorporated, such as a multiple head containing suu'ons for dlﬁcrt_m kinds
of tools, to carry out different operations. This head can be {ndcxcd to bnngc;?ch
too} into position for operating on the work. It l’tp'):lccd zh? laxkto'dz of the :;.1 . ine
shop lathe. The spindle evolved into a sptda! rapid chucking d'e\'xee wCL ha‘!l“h e o:‘;.f
bar stock, replacing the small conventional spindle a'nd 3-or 4-.]aw chu - The oou.:h
pound rest gradually changed into a tool head having four different st:uo"ns', :nm
containing tools for special purposes. All of these ch:.\nges'r::xm: about grab;n o?[ 'doin
today the screw machine may be considered a highly specilized lathe eapable s

i § k of a repetitive nature. )
mul"l‘%l:‘?s?tz‘:s‘n;lo :’hgo:r:dﬁne dpe-:ends on the nature of the work to bc; dor:,d by
once it is adjusted to the work requirements, it can be depended minoﬁf e
piece after piece with unfailing accuracy, except for the wear on 5
cutting tools.
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Vertical turret lathe. This type of lathe commonly referred to as a “Bullard" i
really a horizontal turret lathe tipped up on the work head end. It {3 provided with ar
exceptionally large combination work table and 4-jaw chuck, with providons for hold:
ing work by means of strap clamps.

The turret swivels and has six different stations for tools, Unlike the horizontal
turret lathe and screw machine, the main furret ean be fed across the work as well as
parallel with the axis of rotation of the work. This arrangement readily adapts the
vertical turret lathe to boring holes of large diameter as well as facing operations.
The vertical column on the operator’s side of this machine contains a four station
turret for holding four different cutting tools to be uced for turning the outside
diameter of the work. Each of these turrets is independent in its movements both as to
direction and amount of feed and both may be used on the work at the same time,

REVIEW QUESTIONS
1, Describe a tree lathe.
2, Name several types of lathes.
3. How did the term engine lathe originate?
4. How is the size of the American-made lathe specified? European-made lathe?
5. What is the chief difference between a screw machine and 3 turret lathe?
6. What is a vertical turret lathe?
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TOOL ROOM LATHES
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Bench Inthe. The bench lathe, Fig. 5-1, is a small tool room lathe used to‘ facilitate
the machining of small miscellancous parts required in bench operations and is capable
of producing these parts cheaply, accurately, and quickly.

T16. S-1. Bench lathe,

These lathes usually have a capacity for work of 8,9, 10, or 11” in diameter, have
beds 36” to 40” long, are cquipped for thread cutting and can do work operations
similar to those done on the standard tool room lathe.

Tool room lathe. The lathes previously mentioned have a place in large tool rooms
but are not nearly as important as the lathe shown in Fig, 5-2.

This type of lathe is used far more frequently than the others because of its
adaptability to a wide range of operations. It demands a much greater degree of skill
1o operate. To the uninitiated, the experienced lathe operator does not scem to en-
counter any great difficulty in starting and completing a job; however, before he
could do this, he spent considerable time learning those simple fundamentals which
are so essentinl to good: workmanship. He knows that his lathe must be ubricated
regularly, that he must use care to prevent marring the painted and polished surfaces
that he must keep it free of dirt, chips, and oil stains. ,

72
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For good workmanship, the machine centers and sockets have to v ially
good care by keeping them clean and free from nicks and burrss. b\cllm‘:":?k(:r?z;i}s
must move freely but not Joosely. )

Getting acquainted with the lathe, It is very important for the beginner to
get acquainted with the starting and stopping lever. He should try out the various
movements of the cross feed and compound to determine their action. The carriage

Fre. 5-2. Tool room lathe.

Prindpal Assembly Units ~ A, Headstock, B, Gearbox. C, Apron, D, Bed. E, Talgiock.
F. Carriage. G, Compound rest. H, Taper attackment,
should be moved back and forth by hand and the taitstock should be moved along the
ways as well as moving the quill in and out by means of the hand wheel. Notice the
graduations on the dials of the controt handles; try 1o get a good impres<ion of their
values.,

Start the machine motor and learn to start and stop the spindle with the motor
running. Notice where this lever is located because jt will have to be uced mare fre.
quently than any other. Try increasing and decreasing the spindle speed by referring
to the “plate of spindle speeds.” With the spindle revolving, enzage the carriage
fecd and notice in which direction it moves. Try reversing the direction: stop the
carriage movement and engage the power for the cross-feed slide; reverse the direction
of the feed.

Move the tumbler gear lever to the extreme left and notice what effect it has on
the feed. Now move it to the extreme right. Did the rate of feed increase or decreie?

Stop the machine and change the upper and lower compound levers to mrr.r«mnd
with a setting on the “Feed thread index plate.” Start the machine and potice the
change in the rate of feed. Notice that the lead screw is not turning. It tumns when the
“feed thread lever” is moved 1o engage it with the gear box and is used only when
“chasing” threads. . .

Lining up the centers. After becoming generally sequainted with the levers .-13’
operating the lathe, the next thing to do is to check the alignment of the cente* )
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i : 5 dstock center and after clamping
ss move the tailstock center up close to the hea : ' _
f}(l)"t?al?ist()(lk casting to the bed, turn the tailstock spindle hand wheel until the two
ce;xters almost touch each other. Observe any discrepancy in fhe ahgnmegt of the
center points, If the tailstock center is out of line, either to the right or leit, it mayvbe

adjusted as follows:

Procedure

1) Loosen the tailstock clamp bolts and with a wrench turn the set-over screw, on
the operator’s side of the tailstock casting, so that the two machine centers will
coincide.

2) Tighten the clamp bolts and check the alignment, repeating the operation of
adjusting the tailstock on the slide until the centers are aligned within the required
degree of accuracy. :

3) As a further check move the tailstock hack and place a 1”7 X 107 test bar
between the centers, after having cleaned the center holes of the bar thoroughly.

4) Install an indicator in the tool post, adjusting it so that the plunger pin bears
correctly on the test bar. Set the indicator at zero and move the carriage back and
forth noting any deflection of the needle. If the indicator needle shows any variation,
adjust the tailstock to give a zero-zero reading from one end of the bar to the other.

It must be remembered that the shanks of the machine centers, as well as the
sockets into which they fit, must be thoroughly cleaned and free from nicks.

Cutting tools and holders. The tools used for cutting on the lathe are generally
made of high speed steel. This steel is an alloy of tungsten, carbon, and either vanadium
or molybdenum and can be used for cutting steels at very high rates of speed.

Sometimes cutting tools made of chromium, cobalt, and tungsten are used. This
cutting tool, known as “Stellite,” is considerably harder than high speed steel but is
very brittle; for this reason it must be well supported.

Tungsten carbide or carboloy is harder than any of the cutting tools with the
exception of the diamond. This material is pressed and sintered into shape and then
brazed to a steel shank or holder. It is highly recommended for certain kinds of hard,
tough materials, and when the cut is long and continuous.

In speaking of the angles of a cutting tool the terms rake and clearance are often
confused. The term rake pertains to the angle which the top side of the lathe cutting
tool makes with the horizontal at the cutting edge. The angle that this top surface
makes in a plane parallel with the length of the tool bit is called back rake. The
angle that this top surface makes in a plane perpendicular to the length of the tool bit
is called side rake. Back rake angles vary with the kind of material being cut, the
tough cutting steels requiring less back rake than the mild cutting steels. The recom-
mended back rake angle for tough cutting steels is 8°, for very free cutting steels,

16-1/2°. The side rake angle varies in the same manner; that is, 12° for tough cutting
steels and up to 22° for free cutting steels,
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Clearance is the term applied to grinding away the front and leading side of the

Lo?l En. 'I"hcsc nng}cs are very important because they determine the amount of
bm.: which the bit can take. Insufiicient clearance cauces hard cutting action, ;
creasing the friction, rapid heating of the tool bit, and finally burning of l}m ntv i
edge of the tool. Excessive clearance weakens the cutting cd-g,c, Causes “di;:;:i:;; (i':"':

\(ﬂrrnn 2068 avsir
I
7
o i
3
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FIc. 5-3. Tool bits showing rake and clearance angles.

of the tool, and produces “chatter.”” The front clearance angle should be about §°,
whereas the side clearance angle should be 10° for tough cutting steels and up to
12° for free cutting stecls.

The following diagrams are forms of tool bits commonly used for lathe work. The
angles of rake and clearance should be ground to suit the type of material upon which
they are to be used:

Fig. 5-4 A shows a right-hand (R.H.) turning tool, commonly u<ed for general
tumning purposes when the carriage is fed toward the headstock,

The left-hand (L.H.) turning tool, Fig. 5~4 B, is used for general tuming and
finishing purposes when the carriage is fed toward the tailstock.

Fig. 5-4 C shows a R.H. facing and corner too! used for making square shoulders
08 the work when the carriage is fed toward the headstock. Where the shoulder must
have 2 filloteq corner, the point of the cutting tool is ground to produce the corree

radius, {(—
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. R.H. FACE & COR. LM FACE & COR.

Fic. 5-4. A, Right hand turning tool. B, Left hand turning tool. C, Right hand facing and comer tool.
D, Left hand facing and corner tool.  ~

N
\\\\\ <

Fie. 5-5. . A, 60° threading toal bit. B, Shoulder threading tool bit. -
C, Round nose turning tool R.H,



TOOL ROOM LATHES 7

A L.H. facing and comner tool, Fig. 5—4 D, is uzed for making square shoulders on
the work when the carriage is fed toward the tajlctock.

) For chn.sing threads on an unshouldered picce of work, the threading bit shown in

Fig. 5-5 A is used. This tool is for American National Form threads, having a flat on

Fic. 5-6. Forged boring teol,

the point equal to one-cighth of the pitch and an included angle of 60°. Except for
toarse threads, the flat need not be ground on the point,

Fig. 5-5 B shows a R.H. 60-degree threading tool used for cutting screw threads
up against a shoulder, Generally, work of this nature is necked at the shoulder to permit
withdrawing the tool bit and reversing
the carriage so that the tool will not dig
into the shoulder.

The round nosc, R.H., cutting tool,
Fig. 5-5 C, is suitable for rough or gen-
eral purpose turning. By giving the ool
more back rake and no side rake it can be used for either right- or left-hand turning
purposes.

Boring tools are either of the forged type or hit type, and having a cutting head
ground like a L.H. turning tool. This
tool has a back and side rake of 20°
and a side clearance of about 10" The
front clearance depends on the diam-
eter of the hole to be bored, but should
be sufiicient to keep the too! from
rubbing on the surface of the hole
Fig. 5-6 shows a forged boring tool and
Fig. 5-7 shows the bit type hold by
means of a boring bar.

“The internad threadinz tool. Fig
$-8, is a special boring tool ground the
same as an external thread cutting
tool. Like the boring bit or tonl, it
should have sufficient front clearance
1o keep it from rubbing on the s;-—‘-cr
of the hole or thread.

Fic. $-7. Borirg bitinerts and tar.

Fic 5-%. Internal thread'ng tonl
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R.H. FACE -a COR,
Fic. 54, 4, Right hand turning tool, B, Left hang

D, Left hand facin

Lw EacE & cor.

turning tool, C,
& and corner tool,

Right hand facing and corner tool,

Fie, 5.5, LA, 60° threading too bit, .

B, Shoulder thre,
tool R 11 ,

ading tool big, . -
C, Round nos, turning -
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A LH. facing and corner tool, Fig, 5-4 D, is used for making square thoulder< on
the work when the carriage is fed toward the tajlstock. )

] For chafnng thrcad.s on an unshouldered picce of work, the threading bit shown in

Fig. 5-5 A is used. This tool is for American National Form threads, having a fat on

Fic. 56, Forged boring tool,

the point equal to one-eighth of the pitch and an included anzle of 60°, Except for
coarse threads, the flat need not be ground on the point,

Fig, 5~-5 B shows a R.H. 60-degrec threading tool used for cutting xerew threads
up against a shoulder. Generally, work of this nature is necked at the shoulder to permit
withdrawing the tool bit and reversing
the carriage so that the too! will not dig
into the shoulder.

The round noce, R.H., cutting tool,
Fig. 5-5 C, is suitable for rough or gen-
eral purpose turning. By giving the tool
more back rake and no side rake it can be used for cither right- or left-hand turning
purposes,

Boring tools are cither of the forged type or bit type, and having a cutting head
ground like a L.H. turning tool. This
tool has a back and side mke of 20°
and a side clearance of about 107 The
front clearance depends on the diam-
eter of the hole ta be bared, but «<hould
be sufiicient to keep the tool from
rubbing on the surface of the hnle
Fig. 5-6 shows a forged boring tool and
Fig. 5-7 shows the bit type held by
means of a boring bar.

The internal threadinz tool. Fig
§-8, is a special boring tool ground the
came as an external thread culling
tool. Like the boring bit or tool, it
should have sufficient front clearance
to keep it from rubbing on the surface
of the hole or thread.

Fic. 5-7. Borirg Litinscrts aa ftar,

Fic 5-%  Intermal thresd’ng tol,



e, .. & AN NP ¥ ¥

78 MACHINE SHOP THEORY AND PRACTICE

—

“Cutting-off,” or “parting” tools are those which are sI‘)ecia.lly Shape(.i and
ground for the purpose of cutting off a piece of stock. As shown in Fig. 5-9, this tool
has no back or side rake. It does have front and side clearance. The clearance on each
side is ground so that the tool will be wider at the top front édge than at the back end.

(284 o ¥ o),

F16. 5-9. Cutting-off tool.

e T

13:,:-{‘,'?
o

Fic. 5-10 A. R.H. forged tool holder.

_ Tool holders. Tool bits made of high speed steel, stellite, or tungsten carbide, must
be held securely and rigidly if the work is to be done efficiently. To that end, patented,
forged holders are made which not only simplify the job set-up but also contribute to
the economy of the cutting tool. Figs. 5-10 A, B, and C show three of these patented
forged tool bit holders. To differentiate between a left-hand too] holder and right-hand.
too‘l holfier, hold the head in your hand and observe in which direction the shank
pomls;.xf it points to the left, it is left-hand; if it points to the right it is right-hand.

Boring bars for bit inserts are held in the toel post of the lathe by means of a



TOOL ROOM LATHES ”

special forged holder. This holder is superior to the one piece forped boting tonl in
that once the position of the bar i< set, the too} bit can be talen out and sharpened
and can be reset without disturbing the set up. This proves to be very advantazrous
when counterboring or chasing threads. The holder shown in Fig. 5~11 ean be ued

Fig. S-11. Bori~g bar boller,

for bars using the bit insert or for round forged bars of two different sizes. It can also
be used for bars which use either straight or angular bits, and does not require extea
equipment.

Fig. 5-12 shows a light duty boting bar holder which may be u<ed {or cither boring
or lurning. For boring, bar tools varying by eighths of an inch from 1/8” to 3:8”,
can be held. The offset head permits holding square tool bits for right- or left-hand
turning purposes.

Fic. $-12, Light duty boring bar holder. Fic $-13 Partimg and safc tod holler

Blade type parting tools are held by forged tool holders sin\ihf 1o that .mcd for
too! bits, Fig. 5~13 shows a type of holder which may be used for either parting tonle
or side cutting tools. The blade is held in place by means of a cam which is opf-m\rd
by a wrench and which permits the blade to be adjusted or removed for grinding
without disturbing the setting of the holder. .

Grinding the tool bit. Success in operating a lathe i< dependent on two im-
portant factors: the efficiency of the work set-up, :-md the exactness with which the
cutting 100l is prepated for the work. In the preceding material, tool shapes and vy
were discusced; consider now, the actual operation of grinding a tool bit. Nelc The
tool bit should not be held in the tool holdet for ;:rindin:: . .

In the first place, select a grinder with a coane grain abrasive \\!m-.l on ene i:’m—
for voughing out the tool bit, and on the other side a fine gram abracive wheel for

f
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er is illustrated in Fig. 5-14. The wheel on the right is
1 and the one on the left for finishing. Note the protecting

finishing. Such a tool grind
el. These guards should be used, or goggles must

used for roughing out the too
glass guard in place on the right whe
be worn, whenever the tool is ground.

il

F16. 5-14. Tool grinder.

. Fig. 5~15 shows two views of how the tool bit is located against the grinding wheel.
"y View 4 shows how the.front and side clearances are ground after the tool has been
roughed out. It should be moved from right to left so that its contour will be one con.

A

Fi16. 5-15. A, Grinding front and side clearance. B, Grinding back and side rake.
tinuous clean cut from one side of the tool to the other. Caution: Be careful not to

draw the temper ot: the tool or burn it. View B shows how the final cutting edge should
be put on by holding the leading face lightly against the grinding wheel and moving
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e,
it back and forth. Before placing the tool bit in the toal bolder, it shanld b truched
vp with an oilstone to dean up the cutting edge,

Setting the tool. For ordinary tumning pumposes the tool bit <ho

vol. J 1 u'd be placed in
the holder so that jt will not project further than twice its thickne<e,

Fig. 5-16 thowy

Fic. $-16. Cutting tocl set 0a cemterine of work.

how the tool holder and tool bit should be placed in the tool post. In adjusting the toot
to the work, set the point of the too! exactly on center for ordinary work. In cutting
cast iron and “free cutting” steel the point of the tool chould be set slightly above
center. This adjustment can be made
by moving the crescent-shaped wedge
of the tool post either in or out on the
tool post ring. Besides setting the point
of the tool on center, the tool holder
should be set perpendicularly with
respect to the axis of the work. Heavy
cuts should be taken toward the head-
stock, and the too! holder should be
set in a direction away from that of
the carriage travel as shown in Fig.
5-17. This practice keeps the cutting
tool from digging in and possibly spoil-
ing the work.

Cutting speed. Relative to lathe
work, the cutting speed is the number Fic. $-17. Setting the tond beller wath ans ef w ek,
of feet i sured on the .
dm&l’::;;:!;l:;.c r:::'i‘,’ that will pass a given poinL' In other Yrords it is the 'lo:‘:u
Jength of the chip taken off by the tool bit in one minute ard is expreseed by the
Tette: M. : L

Tr: gz,:m;,,, the FPM of a piece of work, mulxi.p]y the work dismeter in inches
by 3.1416 by its given RPM and divide by 12; that is,

FPM = (D X 31416 X RPM) = 12

{;
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A

The governing factors here are the work diameter and 1.:he RPM of the work..
diameter of the work is always specified, but the RPM is dependent on -thg kinc
material to be machined. By experiment it has been found that each kind of s
machines best when the lathe is set to give a definite FPM. The following table g
the recommended speeds in feet per minute for the more common metals.

The following formula for the RPM is derived from the one given for the F.

and is close enough for all practical purposes.
RPM=(CS X 4) =D

Where,

CS = the cutting speed in feet per minute,

D == the diameter of the work in inches.

Until the lathe operator becomes well enough acquainted with the machir
- characteristics of the various metals, this formula should be used as a starting p
for all spindle speeds.

MATERIAL , SAENO. FPM
Chrome Vanadium . 6145 " .. 50-60
Nickel Chromium 3250 - 50-60
High Speed \ 71660 50-60
Cast Iron . . - 55-65
High Carbon Tool Steel 1095 ' 60-70
Chromium Steel 5140 75-85
Cold Rolled Steel 1010 100-110
Machine Steel 1015 100-110
Wrought Iron- coes 100~-110
Bronze - . ceso 200-250
Copper ceen 200-250
Aluminum - ' 200250

EXERCISES

‘xample 1.
Suppose it is required to turn a piece of SAE 5140 steel, 1.5” in diameter.

olution,
Use formula RPM = (CS > 4) + D.
The cutting speed for SAE 5140 is 75-85 FPM
Therefore, :
RPM = (80 % 4) + 1.5 = 320 =+ 1.5 = 215 approximately
Answer Set the spindle speed as nearly as possible for 215 RPM

Ixample 2.
Find the RPM at which a piece of cast iron 2" in diameter should be machined.
volution,
RPM = (CS5X 4) - D
RPM = (60 X 4) =~ 2 = 240 = 2 = 120
. Answer 120 RPM
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Example 3. .
At what RPM should a piece of aluminum stock 3.5° in diameter be turned?
Sclution.
BPM = (CS X 4) + D
RPM = (225 X 4) + 3%
= 900 + 3.5 ~ 257 approximately
Axzrer Approvimately 257 RIM
Example 4,
A bronze bushing 1.25% in diameter is to be bored. Fird desired RPA.
Solution,
RPM ~ (CS X 4) + D
RPM -~ (225 X 4) + 12§
~- 225 X 4 + 5/4
- 225 X 4 X 4/5
~- 45 X 16
- 720
Anrxer 720 BIM
PROBLEMS

FIND the RPM at which the following work sbould be turned:
L Hizh speed steel 2.25° in diameter,
2. Cold rolled steel 3.5 in dixmeter,

3. SAE 6145 stock 1757 in diameter,
4. SAE 1015 stock 2.57 in diameter,

5. Aluminum $.5° in diameter.

6. SAE 3250 stock 1.5 in diameter.

7. Wrought iron stock 3.0° in diameter,
8. SAE 1095 stock 2.757 in dizmeter,
9. Cast iron stock 6.5” in dizmeter.
10. Copper stock 3.25° in diameter.

Feed. Obviously, the feed of the cutting tool is dependent on many variable factons,
such as the condition, shape, and method of supporting the cutting tool; the kind,
shape, and support of the work; the depth of cut, and the condition of the lathe. In
other words each new job presents its own peculiar problem relative to feeds and
speeds, One job may be of ordinary bar stock which can be su;momd‘readﬂy a.:-.d
machined; the next job may be an odd-shaped forging which will'r.ccrs'xutc g-:(fmg
under the scale to preserve the edge of the cutting tool; lhc_ncxi. job may be an iron
casting that may require special effort to set up and will require different cutting (o?!s.

In aty event, after the machine has been set for the com-ct number of RPM, give
the cutting tool as much feed and depth of cut as the machine ard v.rmk will ;und.' Mi
the chips are not coming off blue, except on 2 finishing cut, the mackine ks not working
P to capadity. . )

Roughing cuts are taken to reduce the work to spprodmate size ia the lt'nl time
possible. These cuts require heavy feeds and 2 well supported cutting tool. Naterally
the depth of cut must be taken into consideration when selectirz the feed. In the case



rtant to take 2 depth of cut sufficient to allow the cutting tool t0

a rwise the tool will be dulled quickly- The tool bit. used
metal chould have @ pack rake of 5°,8 cide rake of 10° to 12°,a front

REVIEW QUESTIONS
the lathe.

2. What is meant by rake and clearance in regard to 2 cutting tool
3. Name several alloys commonty used in jathe cutting tools.. .
4. How is the “hand” of a lathe tool determined with respect to right and left?

9, What are the jmportant points to be observed in setting the tool on 2 lathe?
10. Why chould the tool holder be set in 2 direction away from the headstock when taking heavy

11. How is the point of the tool set with respect 10 the centerline of the work?

12. What is meant by cutting speed?

13. What does FPM mean? -
14. Why is it necessary to get wynder the scale” when machining 2 casting?

o

P el N
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Chapter 6

LATHE WORK

Centering ... Conter drilling ... Facing ... Tur cea Filing .., Shoalders .,

Chuck and mandrel work, .. Draw ber and collets... Originating end Anlahing tAe

cesBaring ... Counterboring ... Undercutting ... Sleady reet soek ... Kassi-

ing oo Tapers—Esternal ... Taper aitochment o.. Infevnal topers ... Checling
18pers . o o Threading . . « Do'e &nd donts for the lathe
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Fro 6-1. Loostizg the temter with center bead and tade.

Centering. Work to be turned between centers requires that the ends be drilled
with suitable holes for the center points to enter. The porition of these holes may be

located in the approximate center of the work by use of the hermaph-
rodite caliper, by use of a surface gage, or by use of the center head
and blade of a combination square, or by chucking it up in the lathe.

On cylindrical work which is not too large, the center head method
can be used as shown In Fig. 6-1. First place the work tangent to the
inside faces of the center head and scribe a line, holding the seriber
point up close against the blade. Revolve the work about 90° and
seribe another line. The intersection of these two lines will be the
approximate center of the stock. Repeat this procedure on the oppo-
site end of the work.

To use the hermaphrodite caliper for Jocating the center of the
stock, set the legs to slightly more than the radius of the stock; rub
chalk on the end of the work and then with the point of the hooked
feg resting against the outer surface uee the pointed straight leg and
scribe four arcs, as shown in Fig. 6~2, moving the hooked leg around

about 90° of the work circumference for each arc. Use the center | 75 Treariog
punch and make an indentation as nearly as possible in the center of trecrrrrw hiaber
these arms. Do the same thing on the other end of the work. ey teolie ool oy
If the work Is of square, rectangular or other regular shape the center can be
Jocated by drawing lines from opposite comers. The intersection of the dizgozal liner

will be the approrimate center of the work.
3



After the work center has been Jocated the center hole €31t be made bY using a com-=

bined drill and countersink (center drill). Fig. 6—3 shows this tool and a chart Qf the
' sizes commonly used.

Center drilling the work:

Probably the most common method

BODY DIAM. DRILL DIAM
N INCHES 1N INCHES

endin d steady rest. When the 3-jaw
universal chuck is used, the jaws are

tightened on the work O that it will

Tic. 6-3. Combined dril and countersink and chart of the run as trué as possible; select @ Js.A2
sies commonly vsed: facing-tool and install it properly in

the tool posts then sct the RPM of the spindle for the kind of material to be machined
and start the machine. Move the cutting tool to the center of the work and face the en
to remove about one-half of the excess stock on the work length. This facing operation
should procced by having the cutting tool feed from the center of the work to the
outside, as ShOWD in Fig. 6-4 R - _

*To center the work, place 2 drill chuick of ¢ size in the tailstock gpindle and
in it place the proper center drill’ L ‘ N

screws and “snug” up”” ton' the ' §
spindle binder levery t\‘\ehh\i‘it}\'" AN
the headstock spindic ’\jé&é\’\"\ng"( by
at a speed consistent \with the size B¢
of the work :md_;cen'tef dpih, tarn

the tailstock hand wheel fecding
the center drill t the work. Teed
the drill into the work s0 that the
diameter of the cd{miers'uhk‘hole . ‘ - : -
does: not CSC(‘.(‘.(\ 6ne-ha\i of yth(; . .Flc. ¢~y TFacing the cnd of the work in o 3-jaw chuck.
drill body. To center drill the other end of the work, Tig. 6—
and procccd as previously' outlined. e

- 'The centering operation just.ou{\ined is for work held by the 3.jaw chuck. |
same method applies for the 4-jaw chuck except for the chucking of the work. In
chuck the jaws a\je‘movcd independently of cach other sO that the work must be T
to run hpﬁreximately true before the center holes are drilled. - -

To cause the work to run tru¢, Tig. 6-6, place it in'the chuck and adjust the

5, reverse it in the ch
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to conform to the contentric circles on the facr of the chudk. (See Fig, 6-12.) Adjust
the tool holder in the tool post <o that the point of the cutting tool can be fed up clone
to the work at the jaws. With the headstock spindle in neutral, turn the chuzk aver by
hand, meanwhile noting which jaws permit the work to run eccentrically. Loosen the

¥16. -5, Center driliing the work, Fic. 66 Trogthert whinad pawbucd

Jaws which permit the work to run away from the cutting too] and tighten the oppeite
jaws. Continue this process until the work runs within the required degree of accuracy,
then proceed with the centering operation as outlined for the 3-jaw chuck.

Simple turning.
Procedure.

1) After the work has been faced to length and ernter drilled, remove the chuck
from the spindle being careful not to hit the ways with it as it comes off the spindle.
Clean the spindle socket thoroughly and after cleaning the <hank of the headstack
center ineert it in the spindle.

Fi13 6T A 0" 0 center,

P 65 B 00" balf cemter.

2) Remaove the drill chuck from the tailstick by turning the handwheel to pull
the spindle In and the shank of the drill chuck tp amainst the krockout pla. Clean this
socket thoroushly and after cleaning the shank of the taflsieck center —Fig. 6-7 A
and B shows the full center and half center — fncert it in the tailitock socket,
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3) Install a drive plate on the

MACHINE SHOP THEORY AND PRACTICE

spindle and a lathe dog of correct size on one end

of the work. Place the tail of the dog in one of the drive plate slots and the work on the

. Fic. 6-8A. Dog binding on drive plate slot. * Fic: 6-8B. Lathe dog.

/ e

Fi6. 6-9. Faulty centers in work.

A, Drilled hole not deep enough. B, Incorrect angle.
C, Countersunk hole too deep.

headstor;k center. Then, aiter moving the

‘tailstock to the approximate location on the

ways and lubricating the center, engage it
with the work. Be sure that both work
centers are perfectly clean, that the tail-
stock spindle does not stick out too far, thaf
the tail of the dog, Fig. 6-8, is not bindiny
in the drive plate slot; then adjust the tail

stock center to permit the work to b

rotated freely between the centers, but n¢

loosely. :

4) After the work is located proper
between the centers, put a sharp right-ha:
turning tool in a left-hand tool holder
the tool post. Adjust the tool holder
taking a light cut with the point of -
cutting tool on-.center. Adjust the spin
speed for the correct RPM for the mate
being machined; start the machine and ¢
the point of the cutting tool on the w

5) Set the dial on the cross-feed st

. at zero and feed the cutting tool in ens

to clean up the surface; then engage
feed for moving the carriage towarc
headstock and turn a spot about 1/2”

¢ v ot vt
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6) Disengage the carriage feed, back the cutting tool out and move the cartiage
by hand to the dogged end of the work. At this end turn another spot, feeding the
cutting tool in to the same depth as for the first spot.

7) Use a micrometer to check the diameter of these two spots to determine
whether or not the lathe is cutting taper. If there is any discrepancy in the micrometer
readings, adjust the tailstock by setting it over, in the correct direction, an amnunt
equal to enc-half the difference between the two diameters.

8) After the machine has been set to tum straight, within the required degree of
accuracy, set the point of the cutting tool for taking a roughing cut; that is, about
1/64" above center. If this cut is quite deep, be sure to set the cutting tool away
from the direction of the {eed and rough out the entire job.

9) For the finishing cut, the cutting tool should be very sharp. If only one or two
pieces have been roughed out, the edge of the cutting tool ean be restored by rubbing
an cilstane over it. If several picces have been roughed out the tool bit should be re-
ground. The finishing cut on a lathe should be from .015” t6 .025~ deep or .030™ to .050™
on the diameter, Less stock than this will not give the cutting edge a chance to get
under the surface and will not produce a uniform shape or a good finich.

10) After the cutting tool has been sharpened and reset, uce the cross feed and
£pot it on the work; move the carriage to the right without disturbing the croes feed
screw, caliper the work for size, then feed the cutting tool in a fow thouvandths short
of one-half the amount which the work is oversize.

11) Start the machine, engage the carriage feed, and take a trial cut wide enough
to permit the uee of the micrometer lor checking the work.

12) Stop the machine and check the work for size, After noting by what amount
the work is oversize, move the carriage to the right of the work, feed the cutting tonl
in the necessary distance, start the machine, engage the carriage feed and finidh turning
the work up to the dog.

13) Disengage the carriage feed, stop the machine and without dicturbing the
tool setting, remove the work from the machine and move the earriage to the right,
Reverse the dog, end for end on the work, protecting the finished surface with a piece
of sheet birass or copper placed between the work and the screw on the dog; lubricate
the dead center and place the work back in the machine.

14) Start the machine, engage the carrisge feed and finith tumning the week.

Filing on the lathe {s done to produce a good finich'or to bring the work down to
size but does not replace finiching by turning: ft should be reworted to if the job is
within one to two thousandths of size and il specifications demand that the work be
held clocer to sire.

When it is necessary to file on the lathe, the following practices should be otrerved:

Hold the file with the handle conveniently in the palm of one hand with the thumb
on the top. Place the thumb of the other hand on top near the end of the file with the

finpers curled over the end and gripping the file from underneath.

Tn the actual filing operation, only light pre<ture should be applied on the formard
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ways and Jubricating the center, engage it
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stock spindle does not stick out t0o far, tha
the tail of the dog, Fig. 68, is not bindin
in the drive plate slot; then adjust the tai
stock center to zpermit the work to |
rotated freely between the centers, but o

speed for the correct RPM for the mat
being machined; start the machine and

at zero and feed the cutting tool in €
to clean up the surface; then enga!
feed for moving the carriage tow?
spot about 1 /2
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the carriage

. ve
6) Diwngage the carrizge feed, back the cutting tool aut and mo freding the

by hand to the dogred end of the work. At this end tum another spot,
cutting tool in to the same depth as for the first spot.

7) Use a micrometer to check the diameter of thfsc twao ;
whether or not the lathe is cutting taper, 1f there is any dncrrpanc.) |
readings, adjust the tailstock by setting }it owr:’_ln (hlc correct direction,

ual to one-half the difierence between the two diameters. .
“ 8) After the machine has been set to tum Slr:!ghl, wilhl?l;l;e;cﬁugi (::gféo z‘f
set the point of the catting tool for taking a rough > | )
??’T?l;ow mn(f: If this cut is quite deep, be s,iurcj t: set the cutting tool away
from the direction of the feed and rough out the entire job.
. 9) For the finishing cut, the cutting tool should be very sharp. If only ;ﬂc ol:bti:o
picces have been roughed out, the cdge of the cutting too) can be rulc'rcd y]:;“be CLE
an cilstane over it. If several pieces have been roughed out lhc’ tool bit sbox’:’ 051;)”
ground. The finishing cut on a lathe should be from .015” to .02'5’ deep or 030" to .
on the diameter. Less stock than this will not give the cutting cdg? a chance to ge
under the surface and will not produce a uniform shape or 3 good finish. 3

10) After the cutting tool has been sharpened anfi rcsct,'usc L!u: cross feed {:x:d
£pot it on the work; move the carriage to the right without distutbing the eross fe
screw, ealiper the work for size, then feed the cutting tool in a few thousandths short
of one-half the amount which the work is oversize. . .

1) Start the machine, engage the carriage feed, and take a trial cut wide enough
to permit the uce of the micrometer for checking the work. .

12) Stop the machine and eheck the work for size, After noting by what .amounl
the work is oversize, move the carriage o the right of the work, feed the cutting t.ool
in the necessary distance, start the machine, engage the carriage feed and finish tuming
the work up to the dog.

13) Disengage the carriage feed, stop the machine and without disturbing. the
tool setting, remove the work from the machine and move the carriage to the ng:ht.
Reverse the dog, end for end on the work, protecting the finished surface with a piece
of sheet brase or copper placed between the work and the serew on the dog; lubricate
the dead center and place the work back in the machine,

14) Start the machine, engage the carriage feed and finish turning the work.

Filing on the lathe is done to produce a good finish'or to bring the work down to
size but does not replace finishing by turning; it should be resorted to if the job is
within one to two thousandihs of size and if specifications demand that the wotk be
held clocer to size.

When it fs necessary to file on the lathe, the following practices should be observed:

Hold the file with the handle conveniently in the palm of one hand with the thumb
on the top. Place the thumb of the other hand on top near the end of the fils with the
fingers curled over the end and gripping the file from underneath.

Tn the actual filing operation, only light pressure should be applied on the formand

spots (0 determine
in the micrometer
an amount
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For finiching the shoulder, grind the required radivs on & finsh turning tosl and after
placing it in the toolholder, adjust it sa that both the emall diameter and shoulder ean
be completed at one setting.

For square shoulders, scribe a line on the work as previowsdy descrited, then usin:
tool similar to the one ured for pasting or cutting off, neck the work down at the I

within 1/64” of the required diameter. Use an outside caliper for checking this diameter,

then replace the neching too!
with one having a slisht radius
on the point, and rough out the
small diameter to within 005"
to .010” of tize. Oilstone the
point of the ool and finith the
small diameter to ¢ize. Disen-
gage the carriage feed when the
tool bit is 1/16” to 3/32” away
from the shoulder, then com-
plete the turning by feeding the
carriage by hand up to the
shoulder. At this point sct the
cross feed dial at zero and feed
the too! bit out by hand; check
the location of the shoulder and
il necessary to face off more
stock, feed the tool bit in to the
small diameter as noted by the
cross feed dial, then re-face the
shoulder within the required de-
gree of accuracy.

Chuck and mandrel work.
Uncentered work may be held
on the lathe by one of several
different kinds of chucks, by =
face plate, or on a mandrel. With
very few exceptions, all work
‘must be held at some time or Fic 617 Foegonbuite

by means of a chuck. Theee "
:!l:;;-t ):m classified as being “combination,” “universal” or “indepmde::!. de:
pending on how the jaws can be moved. Another type of chuck known a3 & “collet
chuck ks alko ued.

E;hc “combination™ chrck is o called becaute the three faws may be moved ene
at a time or in unicon When new, they have a high degree of accuracy, but, beawse
of the many moving parts, they do pot tetaln thelr socuracy over 2 veey Tang period
of time.
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stroke, releasing' the pressure on the b
stroke without lifting the file from the w
-and. taking slow even strokes. @
The file.should not be held in one pl
‘onthe :work, instead it should be mo
. ‘diagonally across the work, the stroke
ternating from left to right and right to 1
.- When it:is necessary to file close to
'chuck or headstack cénter, do not arch
- Jeft‘arm over the'chuck or drive plate.
. Fig. 6~12..This practice:frequently res
: \' in arm injuries and is innecessary. Instead
= of filing right-handed, hold -the file handle
. in the left hand and grip the-end of the file
- - with the.right hand. “Pinning” or “load-
..~ ing” files, especially new ones,-can be over-
\i-.come -by -filling the chisel cuts of.the file
- with chalk. The work speed for filing should
- not exceed twice the turning-speed. - -
.+ .Shoulder Work. Work in. which the
. - outside . diameter - steps from’ one-size to
.-:another is-said to be “shoulder” work.
A, Square shoulder. B, Radius shouldcr .- ;These shoulders may-have square corners or
c, Unducuuhou!du . -.. - filleted: corners. and may have a radius or
: -undercut.as shown in Fig. 6-10,
_ 'l‘he ﬁrst step in tummg a shoulder should ‘be to lay off-the specified distance on the .
tailstock side. This is generally done by using a rule of suitable sxze, placing it on the
work for the .correct length and then..:.
scribing-a sharp clean line.at the end.. p
Chalk applied to the surface of the .
work in the approximate position “}111 4
make the line stand out more readily.
After the line has been scribed, the cut- |
ting tool is used to “neck” the work
at that point to save time in rcpcated...‘ .
measurements. In case the shoulder has .
to be filleted, the ncckmg operation,
Fig. 6-11, consists of starting the.tool
1,32” away from the line and Ieedmg.-' o '
it-in just far enough to make a pro- .. “ 7 Fie. 6- -1, \'Lcl\mz., the \\ork
nounced undercut in the work; the bal
roughed out to size,

" Fi6. 6-10. "Three t)pcs of shouldcrs '

ancc of the smaller dlameters can then readlly ¥
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For finishing the shaulder, grind the required radis on & finteh turning tood and after
placing it in the toolkolder, adjust it co that both the small diameter and shoulder can
be completed at one setting.

For square shoulders, sctibe a line on the work as previously deseribed, then using a
tool similar to the one uced for parting or cutting off, neck the work down at the liar to
within 1/64” of the required diameter. Use an outs!de caliper for ehecking this diameter,
then replace the neching tool .
with one having a slight radius
on the point, and rouzh out the
small diameter to within 005"
to 010" of size. Oilstone the
point of the tool and finich the
small diameter to size. Diten-
gage the carriage feed when the
tool bit is 1/16” to 3/32” away
from the shoulder, then oom-
plete the turning by feeding the
crriage by hand up to the
shoulder. At this point set the
cross feed dial at zero and feed
the tool bit out by hand; check
the location of the shoulder and
if necessary to face off more
stock, feed the tool bit in to the
small diameter as noted by the
cross feed dial, then re-face the
shoulder within the required de-
free of accuracy.

Chuck and mandrel work.
Uncentered work may be held
on the lathe by one of several
different kinds of chucks, by a
face plate, or on a mandrel. With
very few exceptions, all work
‘must be held at some time or fic 17 Flegenlits
other by means of a chuck. Thee . -
chucks are clacified as being “combination,” “universal” or “independent, de:
pending on how the jaws can be moved. Another type of chuck known as 2 “eollet
chuck is alw weed,

The “combination™ chuck is to called becauee the three Jawy may be moved one
at a time or in unicon When new, they have a high degree of mncy,_l.r;:!, bresuse
of the many moviag party, they do pot retaln thelr accurscy over a vesy Tong period
of time.
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A, 3 jaw eoiversal chuck.

==
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Fic. 6-15 8. Checking 2 job in a 4-jaw chuck,

Fis. 6-14. Chocks,

B, 4 - i,

Fic. 6-13B  Fag-zetep
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§) Set the cpindle speed to satisfy the larger drill and with the point of the drill in
the bole start the spindle, at the same time starting to feed the drill into the work by
means of the tailstock band wheel. Since the feed of the drill is dependent on the ad-
vancement of the tailstock center, be sure to keep it tight against the drill holder and
keep the carriage adjusted o that it does not put a side strain on the drill. .

6) As the drill breaks through the back of the work, use a slower feed and keep the
holder up against the tool post to avoid having it pulled through the hole. After the dsill
is completely through the hole stop the spindle, then back the tailstock center away and
remove the drill and holder.

It is always good practice after a2 hole has been drilled, if it calls for reaming, to take
a cut through it with a boring tool to straighten it up, because the reamer will nearly
always follow the hole as it was drilled. Therelore select a boring tool consistent with the
diameter and length of the hole and take a light clean-up cut, making sure that enough
stock is left for reaming; this can be determined by using an inside caliper or a tele-
scoping gage.

Machine reamers, like drills, bave either straight or tapered shanks and can be held
by any one of the methods outlined under drilling in the lathe. To ream a large hole,
place the reamer in the drill holder, then locate the front end of the reamer in the bole
and the tailstock center in the center hole of the drill holder, The handle of the drill
holder should then be located against the tool post as for drilling.

To avoid heating the reamer at the cufting edges, reduce the work speed to about
half the drilling speed, then start the spindle and at the same time feed the reamer into
the work using the tailstock hand wheel. During the reaming operation be sure to keep
the reamer well lubricated, keep the tailstock center engaged with the drill holder center,
and keep the handle of the drill holder up against the tool post. Do not feed the reamer
too fast as it tends to tear the surface of the hole, and might result in work spoilage.

F1o. 6-17. Stzoderd lathe mandeel,

Mandrel work. A mandrel is 2 shatt or bar, usually of circular cross section, for
holding work that has previously been reamed or bored and which must have additional
turning done on it. Standard mandrels, Fig. 6-17, have a taper of .003” to .005” to
facilitate holding the work against the pressure exerted by the cutting toal. The term
mandrel should not be confused with “arbor.” A mandrel always holds the work whereas
an arbor always holds the cutter.

Other types of mandrels are the “gang” mandrel and the “expanding™ mandrel.
The “gang” mandrel, Fig. 618, is used for holding several pieces of the same kind such
as ring nuts, washers, or similar pieces of work while their outside diameters are being
turned. -
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Cutting tools used for boring are either of the one-piece forged type, Fig. 6-21, or
bit type inserts, Fig. 6-22, that are held by a special bar. The forged type of boring tool
has a heavy shank to be held by the tool post and a cutting head ground the same as
a left-hand turning tool except that the front clearance must be great enough to keep
the front of the tool from rubbing on the work as shown in Fig. 6-23. This front
clearance is from 10° to 20° depending on the size of the hole, The general shape
of the boring tool tip is shown in Fig, 6-24. .

>.

Tic. 6-21. Forged boring tool application
Boring is one of the few methods by which straight cylindrical hales c:m‘ ‘bc; machine%;
Drilled holes are seldom if ever straight, because of hard and soft spots or blow holes

in the work, and for this reason can not be depended upon l? produce acmmtr.’}‘_f:\::‘
work to close limits. If the hole must rua true and central with the work, the e

way of doing it is by boring.
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Cutting tools used for boring are either of the one-picce forged type, Fig. 6-21, or
bit type inserts, Fig. 6-22, that are held by a special bar, The forged type of boring tool
has a heavy shank to be held by the tool post and a cutting head ground the same as
a left-hand turning tool except that the front clearance must be great enough to keep
the front of the tool from rubbing on the work as shown in Fig. 6-23. This front
clearance is from 10° to 20° depending on the size of the hole. ‘The genera) shape
of the boring tool tip is shown in Fig. 6-24.

Fi6. 6-21. Forged boring too! application.

Boring is one of the few methods by which straight cylindrical holes can be machincc!;
Drilled holes are seldom if ever straight, because of hard and soft spots or “blow holes'

Fre. 6-22. Bit type lasert.

in the work, and for this reason can not be depended upon to produce accuratcly finished
work to close limits. If the hole must run true and central with the work, the quick, sure
way of doing it is by boring.
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inchl: then stop the spindle, disengage the carriage feed and back the tool away from the
work.

8) After covering the point of the boring tool with a shop towel, or other protective
covering, test the size of the hole with the caliper or with a plug gage corresponding to
the finished size of the hole. If the end of the plug gage is in good condition and the
cross-feed slide and dial have been handled correctly, the plug gage should be a snug fit
in the front end of the hole, If it is, then start the spindle, feed the tool up to the hole
and engage the carriage feed and finish boring the hole to size.

i Oo“l Y — ‘ I;‘O

Fi6. 6-24. Shape of boring tool tip commonly used.

Where several cuts have to be taken, use a fast feed and rough the hole to within
005" to .008” of size; then for finishing, regrind the boring tool or if it is in pretty good
shape, touch it up with an oilstone. In the finishing cut, check the hole for “bell-
mouthing.” This is a condition in which the mouth of the hole is larger than other sec-
tions and is caused by the pressure of the cut forcing the tool away from the work. It is
also caused by taking repeated light cuts for a short distance in an effort to obtain the
right size, then throwing the feed in. Naturally when the boring tool comes to the heavier
cut, it springs away from the work. When this condition does occur it-can be remedied
by reversing the carriage feed so that the boring tool takes a cut as it comes back out of
the hole.

Counterboring is the process of boring a larger hole on the same axis as a hole pre-
viously bored and is accomplished the same as straight boring except that it is done
against a shoulder. It may be compared to shoulder work in external turning.
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Undercutting a hole is the operation of boring a recess or larger hole at a given
distance from the beginning of a hole previously originated. It is done for the purpose of
making relief at the end of a counterbored hole or for removing unnecessary stock be-
tween internal bearing points. To do undercutting, proceed the same as for boring, but
before withdrawing the boring tool from the hole, first set the cross-feed dial at zero to
indicate the diameter of the undercut. If the undercut is quite long, set a stop on the -
ways of the lathe on the headstock side of the carriage to indicate the farthest end of
the undercut, then be careful, as the tool is withdrawn, not to run it into the front
shoulder.

The shape of the tool used for internal undercutting is similar to the parting tool;
that is, it is square nosed with the corners slightly rounded. For long undercuts it can
be of regular boring tool shape with a very slight side rake.

Fie. 6-25." Steady rests.

.The location of the inside undercut can be checked with a narrow hook rule having
icient capacity to measure the location of both shoulders.

Steady rest work. Fig. 6-25 shows two steady Jests. This attachment is used to
iport long slender work in connection with the lathe centers or lathe chucks. It is espe-
lly useful when it is necessary to.drill, bore, thread or do other internal operations
the end of a long piece of work.

ocedure.

- 1) To use the steady rest for supporting long slender work, support the work be-
cen Centers, or use the lathe chuck to hold one end and the tailstock to hold the other
end; then turn a section in the center of the work somewhat wider than the width of
th.c steady rest jaws. This spot must be turned perfectly true, otherwise it will put th
tailstock center under an unwarranted strain. , T
ﬁng ::ftf.r uzc spot is turned, move the carriage to that end of the work on which the
perations are to be performed, and after cleaning the ways of the lathe and the
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bottom of the steady rest, place the steady rest in position on the ways, as shown in
Fig. 6-26, so that the jaws can be adjusted to the turned spot on the work.

3) Tighten the clamp plate bolt to hold the steady rest to the ways, then adjust the
jaws to the work. Adjust the lower jaws first, setting each jaw so that it just contacts the
work. Be careful in adjusting the jaws to have the binding nuts “snugged up” and if

Fic. 6-26. Work supported by steady rest.

the turned spot is to finished size, put pieces of copper or brass between the jaws and
the spot to protect it.

4) When the spindle is started keep the steady rest jaws well lubricated with tap-
ping compound or other suitable material.

When it is necessary to drill, bore, thread or do other similar internal operations on
the end of a long piece of work, one end can be held by the chuck and the other can be
supported by the steady rest as shown in Fig. 6-27.

Occasionally on semi-finished work, it is necessary to do internal operations on one
end with the other end supported on the headstock center as shown in Fig. 6-28. To do
this, place the steady rest in the approximate position on the ways of the lathe sith the
upper section hinged back, but do not tighten the clamp plate. Put the drive plate on
the spindle leaving it unscrewed about three revolutions. Attach a lathe dog of suitable
size to one end of the work, then locate the dogged end of the work in the headstock

S~
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Knurling. The process of scoring diamond-shaped or straight-lined patterns on the
surface of the work is called “knurling.” It is done for the purpose of providing a
surface which will not readily slip when gripped by the fingers or hand, such as the
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Frc. 6-29. Standard knurls,

thimble of a micrometer or the handles of plug gages. It is also done for the purpose of
increasing the diameter of a shaft to make it a press fit, as is frequently done to armature
shafts when rebuilding electric motors.

Fre. 6-30. Tlustrations of actual size of knurling.

Fig. 6-29 shows the tools by which knurling is done on the lathe and actual size
illustrations of the patterns each tool produces. These rollers, known as “knurls,” are
held in a special self-centering head in a shank which fits the tool post. The diamond-
shaped knurl is crushed on the work when one right- and one left-hand knurl is forced

\\’:"\‘ ==

Fic. 6-31. Too! holder with Fic 6-32. Tool holder nith
one sct of knurls. three scts of hnurls.

against the outside diameter, the lines of one knurl crossing the other to produce the
diamond-shaped pattern. In the straight knurl, the lines are formed parallel with the
axis of the work.

Fig. 6-31 shows a knurling tool holder pravided with one pair of knurls that will *
produce either a fine, medium, or coarse knurled surface depending on the pitch of the
knurls, Fig. 6-32 shows a knurling tool holder with a rotating head containing three
sets of knurls and by which any of three grades of knurling may be produced.

Procedure.

1) To do a good job of knurling on the lathe, place the holder in the tool post so
that the knurls bear evenly on the work, then tighten the tool post screw securely.

2) Next move the carriage and cross-feed slide so that the knurls will contact the
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end of the surface to be scored; set the lathe for coarse feeding and the spindle speed a
Jittle slower than that used for turning.

3) Start the spindle and feed the knurls to the work making sure that both rolls are
contacting to give the pattern desired. When this fact has been established press the
rolls into the work, at the same time applying lard oil or other suitable cutting com-
pound to the work surface.

4) When the diamond pattern is quite pronounced, release the cross-feed pressure
slightly and engage the carriage feed. During the roughing cut be sure to keep the work
surface well lubricated with the cutting compound. '

5) When taking the finishing cut, feed the knurls to the work carefully and make
sure that they are tracking in the grooves made by the roughing cut, then force them
in to give the type of surface desired.

Handles of plug gages and other similar tools should not be knurled to a sharp
diamond point. Such a gripping surface is uncomfortable to the hand and is an unneces-
sary expenditure of time and power.

Taper and angle work. Mechanically speaking the term “taper” may be defined
as the gradual and uniform increase or decrease toward one end in the diameter or
thickness of a piece of work. It is usually expressed as inches or fractional parts of an
inch in a length of one foot. For example, .5 TPF means that the work has five-tenths
of an inch taper per foot. It is sometimes expressed as taper per inch or in terms of an
angle; however, the standard practice is to express it as TPF (taper per foot).

Nearly all machines that employ revolving spindles depend on a taper of one form
or another for holding tools. The reason for this lies in the fact that this method is the
quickest and surest for holding tools rigidly and accurately. When the taper shank of
tools are kept clean and-free from nicks, and the spindle sockets kept in the same con-
dition there is no other method nearly so efficient for holding tools.

There are three general standard taper systems in common use today. They are:
the Morse taper which has from .600” to .630” TPF, and is used as a standard in drill
press sockets and taper shank drills; the Brown & Sharpe taper which has from .500”
to .5161” TPF and is used as a standard for milling machine spindle sockets and the
shanks of tools to fit these sockets; the Jarno taper which has .600” TPF is used as a
standard fox: headstock and tailstock spindle sockets by many lathe manufacturers.
he Zoz:;;{er sxz;s are specified by a number which represents the specifications-both for
A tcht;m s}};nk: In the Jarno taper system the number tells a complete story rela-
number “;petcx cations; therefore, it Is the most simple and convenient to use. The

Q! the taper indicates the small diameter in tenths of an inch, the large diameter

in eighths of an i 3

m eight n inch and the length of the shank or depth of the socket in halves of
For example, a No. 8 Jarno ta i

. T . per has a small diameter of 8/10”
diameter will be 8/8” or 1.000” and the length will be 8/2” o
systems are so complicated that it see
corresponding to each number, The

or .800”; the large
! or 4.000”. The other taper
ms inadvisable to attempt to remember the values
refore, when it is required to make up either a
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Morse or Brown & Sharpe taper, be sure to follow the dimensions, as specified in the
tables, for the number required,

Tapers can be produced in the Jathe by one of the following methods: offsetting the
tailstock, setting the compound rest at the taper angle, use of a wide nose forming tool,
,usc of the taper attachment, or by means of a taper reamer.

= taper per inch
T = taper per foot
L’ = length of taper
I = length gage mustadvance
L = length of wotk
D = large diameter
d = small diametee
TSO = tailstock offset
C = cut to be taken by boring
tool.
t= (D= + L
. T=12(D—d)+ L
TSO= (1 +2)L
CeTI+ 2

Fic. 6-33. Offsetting the tailstock,

External tapers. Turning tapers by offsetting the tailstock, Fig. 6-33, becomes
necessary when a taper attachment is not available. In this method the length of the job
has a definite bearing on the size of the taper; a long job will naturally have less TPF
for a given tailstock offset than a short job, but the length of the tapered section of the
work itself has nothing to do with the amount of offset. .

To determine the amount of offset, divide the taper per inch by 2 and multiply by
the length of the work in inches; that is,

Oflset = (¢ +2) L.
The taper per inch, £, is equal to the TPF = 12.
t=TPF +12.
To offset the tailstock the correct amount, several methods are available, but

£



the set-over =

Answer Use d -
end of {he work:
Exmp\e 2.
Tind the amount of set-over required © turn 8 TPF on 2 piec of stock 10" long:
Solution.
Find TPL. TPl = TPF + 12
TPl = 3 = 12 = 0666
Find cet-over. Offset = (t = 2L .
(0666 10 = 333
Answer 333
pROBLEMS
1 Petermint {he offset to turn 5 TP¥ on a piece of work 5.3" long:
9. How muc must the Lailstock be set-over to tu c TPF on 2 piece of stock 14" Yong?
3 Petermint the am unt of cet-over furn 325 TPF on @ piece of stock 5" long.
4. How uch must ¢ tailstock pe offset 10 turn 1.2 P © a piece of work g” long?
With the tailstock 11t the corre { positio tichten the binding nuts S curely The
actual turh g of the taper is then rried out mple turning operatio ,but be sure
1o keep the ead centet well b pricated 1O offset th friction due to the cross-oe ring ©
the center the center hote of the W ork
Remembers that where o tailstock 1® ff a direction v the tool post the
small end O the taper will be on e tailstoc® he WO the tailstock 1S offset
in a direction away fro the tool post thes d of the taper will be towar ¢ head-
stock end of the work
T\i)mer attnc\)me t. This attd ent is prov? as a lathe accessory S0 at tapers
c":;n\ :: \\;‘med‘ with the ! the centers in ling, d controls th ovement of the cutting
ol co that when xhe.camagc fced is ENEAET he tool will feed angu\ar\y with respec
and tailetock center qis.
4. made bY different mzmuiacmrers are set bY cimilat
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methods. Nearly all of them require certain balts or nuts to be Joosened to permit the
cross-feed slide to mave independently of the cross-feed screw, while other bolts have to
be tightened to bind the cross-feed slide to the taper attachment slide block. Provisions
are made in the form of hand wheels, cranks, or square ended shafts for moving the
taper attachment to a definite position on the scales provided at the end of the plate.

‘Thé graduations on the scale usually express taper per foot and the angle correspond-
ing to the taper per foot. Some lathes have a scale at cach end of the attachment, one
giving taper per foot, the other giving the corresponding taper angle.

Fie. 6-, Using the taper attachment.

After the taper attachment has been set and the bolts adjusted properly, try it out
by turning the carriage hand wheel and observing the action of the cross-feed slide. Due
to wear of the moving parts, considerable play may develop which necessitates moving
the carriage quite some distance beyond the starting point to have the cross slide engage
properly with the taper attachment slide. This play also makes it impossible to use the
cross feed for gaging the depth of cut; as a result, the feed screw for the compound rest
stide must be used for feeding the cutting tool to the work; for this reason adjust the
compound rest slide so that there will be sufficient movement of the screw to complete
the taper.

The lathe compound can be used for turning tapers when they are too large to turn
by offsetting the tailstock or of such a nature that the taper attachment cannot be used.
This method is shown in Fig. 6-35.

* . Tp use the compound for turning a taper, if the sketch or print gives it in an angle.

rd



Fic. 6-35. Using

Example.
6" TPF.

Suppose th s necessary 10 turn

atiti
e, the tangent of the angle is .250.

npproximate\y equal to 14°2'.
4° out of para“el with the axis 0

in the tool post sO that the
d lead screw and S¢
fed to the work D!

s 2503 therefor
s 250 is
he compout swiveled to 1
After the compound has be the tool holder
endicular to the line of travel of the compoun

.rk. The cutting tool is

cutting tool will be perp
the cutting edge will be on the

means of the cross-iced screw.
To check a tapet of this nature, if a ga
pevel protractor or @ sine bar chould be set for the i

The quotient of 6 + 24 i
able of tangent
d should be £ the work.

Solution.

s not available, either

ge or mating part i
e and the job set up ar

ncluded angl
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che(;kec! with a height gage and indicator as outlined in Chapter 17 under *Gages and
Inspection.”

. A wide-nosed cutting tool may be used for cutting tapers of short length, as shown
in Fig. 6-36, when other methods are inconvenient to use. The cutting edge of the
tool must be set at the desired taper ’
or angle and may be fed to the work
by means of the cross-feed slide or
by moving the carriage, once the tool
is in position.

Internal tapers. Sockets for
holding taper shank tools are ma-
chined either by use of the taper at-
tachment or by taper reamers.

The work can be beld by any of
the conventional methods excepting
between centers.

When the taper attachment is
used the hole is drilled the same as for
boring, the drill being no larger than
the small diameter of the taper. After
the hole is drilled the taper attachment is set to produce the required taper, then 2
boring tool is mounted in the tool post as for simple Loring.

Internal tapers formed by reaming are started by first drilling the hols vumewhat
under the size of the small diameter of t2e taper; a rouzhing tapsr reamer §s then
arranged with the leading end in the kolz and witt the shank supparted Ly the tailitrk

Fx. 6%, Utdega wide nored Urd 21 tager work,

Fi6, 6-37, Setvp for paTing 8 BT

center 25 flustrated In Fig, 6-37. The reamer i kept from revalving by ez ol the
adjustable tap wrench placed on the gquare end of the paamer ask, or by meam of
a drill kolder, and fixed as ehown. )
Tke rga:r.'er for finishing the taper 14 e [z L‘.n:z.-.'.r.r mamver 31 the r;’:zﬁ:.“
reamer; Eowever, care st bn carrciied in ter that the Eole o gat .'rz.-y‘,"::y.,



ep, a5

e work is too ste
apers by means ©
-tap! it is also necessary 1
th from the length of the piug
¢ end of the plug 2aE¢-

not availqble"cah be
- or by <tandard steel
i h'shou\dbe

Example 1.
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the formuta d = D (97 + N) gves
4 = 5625 — (91 + 12).

- 5625 =& 081

Splution.
' - Ag15 or appmx'\mntc\y 31/64 - N
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Example 2.
Find the tap drill size for 2 7/16—10 NS thread.

Solution,
d=D— (9 +N)
d - 4375 — (97 + 10)
~ A375 — 097
~— 3405 =~ approximately 11/32

Ansicer 11/32
Example 3.
Find the tap drill size for a 7/B—14 NS thread,
Solution,
d = 875 — (37 + 18)
- 875 — .0692
=~ 8058 = approxzimately 13/16
Anrnwer 13716

TAP HOWER

e

xR
of stocx
TROBLEMS
Find the tap drill size for each of the following threads:
1. 9/16-—8 NS 5. 3/4—16 NS
2, 1.1/3—10 NS 6. 15/16—8 NS
3. 7/8—12 NS 7. 1-1/2—6 NS
4. 1/2—14 NS 8. 7/16—20 N§

For tapping in the lathe, special tailstock fixtures are available which hold the tap
against the rotating work, permit the tap to advance as the thread is cut, and help to
reduce tap breakage to a minimum. If such a fixture is not available, the end of the
tap is started in the hole, then turned with a tap wrench on the squared end of the
shank of the tap so that as the tap is turned by hand it will be kept straight.

It is very important when tapping to use a good grade of tapping compound and
to keep the flutes of the tap free from chips,

Dies can be used for external threading in the lathe in a manner similar to that
used for tapping. The die head, using a set of chasers, can be inserted in the tailstock
and used to great advantage. The ordinary stock and die can be used by getting the
die started on the work; then, with the stock resting on the tool holder, start the lathe
spindle at a very slow rate of speed. Before starting the die on the work, however, it
should be checked for size against a male thread gage, and if it is found to vary from
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ting for the “upper” and “lower™ compound levers. These are usually specified by
letters 2s AC, BD, and so on. The first letter indicates the position of one lever, usually
the Jower compound, while the second letter indicates the position of the other lever, the
upper compound,

Lathes equipped for cutting Y TARRCIAR o]
threads usually have a lever on the T it R B T o
front of the apron for closing the AD ERloeien o o T.‘:,‘:. L) KLl Gt
“split-nut” or “half-nuts” on the |LAE sl tl]coldefd e 2 B
lead screw, and most of them are | BO lehe) s jehole) 1202518,

- equipped with a chasing dial located | B D [ %] 25 [ 5% [ 3] 220 Jrosmend vr [ vees vt
on the top right- or front right-hand § B E [21] & 15 bas] 25 K KR KD
side of the apron. The purpose of T

this dial is to allow the operator to X
unclamp the half-nut at the end of

the thread, then return the carriage

to the starting point and engage the

half-nut on the lead screw so that the

threading tool will follow the groove Fic. 640, Feed thread Index plate.
previously cut.

Before the actual threading operation is started, the operator must decide, from the
number of threads required, at what point on the dial to engage the half-nut, For
“chasing™ all even numbers of threads, engage the half-nut at any point on the dial.
For odd numbers of threads, engage the half-nut at any quarter-tumn of the dial. For
half-threads, like 2-1/2 threads per inch, or 3-1/2 threads per inch, the half-nut must
be engaged at opposite graduations, that is, No. 1 and No. 3, or No. 1-1/2 and 3-1/2,
or No. 2 and No. 4. For quarter-threads, like 2-1/4 or 3-1/4 threads per inch, the half-
nut must be engaged at the same point on the dial each time a new cut is started.

Fig. 641 shows the half-nut.lever and thread chasing dial on the apron of a tool
room lathe while Fig. 6-42 shows the same parts on a bench lathe.

Cutting the thread. Neither the automatic cross feed nor carriage feed are en-
gaged when threading on the lathe. These levers should be left in a neutral position.
It is important not to disengage the half-nut while the tool is engaged with the work,
otherwise a split thread will result.

Procedure.

1) Before the first cut is started, the threading tool should be spotted on the work
and the cross feed and compound feed dials set at zero.

2) The single depth should be caleulated using the formula suited to the kind of
thread to be cut.

3) The threading tool is fed into the work for the first cut, the spindle started and
the half-nut closed at the correct graduation on the thread-chasing dial.

4) After the threading tool has progressed for the correct length of the threaded
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American National threads is equal to the Major Diameter minus 6495 divided by
the number of threads per inch in the screw; that is,

Pitch Diameter = Major Diameter — Single Depth.

VJTJITTTITITd
J]TIIIII

To use the screw thread mi-
crometer caliper: first, select one
that is suited to the number of
threads being cut; that is, one marked
to measure either 8 to 13, 14 to 20,
22 to 30, or 32 to 40 threads per inch;
sccond, calculate, or select from a
table of threads, the correct pitch
diameter of the screw; and third,
with the sides of the V-anvil gripping
one thread, fit the conical point of
the spindle to the groove opposite the
anvil. If the pitch diameter of the
thread is of correct size, it will be so
indicated on the micrometer.

The ring gage, or female thread
gage, Fig. 6-66, checks the complete
thread with respect to a standard
mating part, and readily detects over-
and under-size sections of the thread.

Fic. 643. Checking the pumber of threads per inch,
The plug thread gage or “male” A, Using the nd: B, Using screw pitch m

thread gage, Fig. 645, is used for the

same purpose as the ring thread gage. Both the ring and thread plug gages should be

selected for the class of fit which the blue print calls for; that is, a thread specified as

9/16—12 NC-2 means that the major diameter is 9/16”; the screw should have 12

St
4

. !
%

8

i3

4

Fio, 644. Female thread gage. Fic. 645. Male thread gage.

threads per inch, they should be of the National Coarse type and be Class 2 fit. I
other words the class of fit is specified by a number. A loose fit is Class ; free £ %
Class 2; a medium fit is Class 3, and a close fit is Class 4.

Measuring the accuracy of screw threads by means of “three wires” 22d Sy
micrometer caliper is perhaps one of the most common methods used, espe=®~

-

4
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Example 2.

What should the micrometer reading be for a skarp V-thread when using the three wire method if
D = 875, IV = 05249 and N =~ 12?

Solution,
M =D 43I — (L7132 + N)
= 875 + 3 X 05249 — (1.732 + 12)
= B75 + 15747 — 14433 .
- 88814
Anrcer 88814

PROBLEMS

Determine the micrometer reading for checking the following threads using the given data:

1. American National D = 4,000 We.s N=5

2. Sharp V-thread D~ .35 W =036 N-18

3. Ametican National D=25 We=1s Ne= 6

4. American National D~325 W64 N- 4

5. American National D=5 =028 N=24

6. Sharp V-thread D =115 W - 058 N=11.172
7. Sharp V-thread D=175 0 =082 N~13

8. Sharp V-thread D-15 W =044 Ne-14

9, American National D=35 w135 Ne= 3172
10. Sharp V-thread D =215 iV =096 N=17

Multiple threads. Screws having two or more separate threads, or starts, as shown
in Fig. 6-46, are called “multiple” threads. Threads of this type can be cut by one of
several methods.

The more common methods are: by sctting the compound parallel with the work avis
and advancing it a distance equal to the pitch of the screw; by using a drive plate having
accurately spaced slots; and by indexing the spindle gear through the necessary frac-
tional part of a revolution to start the second thread.

In using the compound to cut multiple threads, it should be turned so that its
lead screw action is parallel with the axis of the work, then cut the first thread com-
pletely as for single threads except that the final sizing of the thread is done with the
cross slide screw. To cut the next thread, move the compound by means of 1ts (eed screw
a distance equal to the pitch of the screw to be cut.

To cut multiple threads by means of the face plate, it is nccessary to have the
slots accurately spaced. To cut a double thread, cut the first thread completely as far
single thread cutting; then, without disturbing the cutting tool setting, and withner
turning the lead screw, remove the work from between the centers and engage 2 ==
of the lathe dog in the slot opposite the one in which it was first engaged; re-enrzr =
tailstock center and cut the next thread as though a single thread were being oz

The last method for cutting multiple threads, indexing the spindle, fzve = ~==

Lo~ 'S
i
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To grind a square threading tool, the cutting edge at the front must be held to one-
half the pitch of the thread and taper back slightly; that is, about 1° on cach side, To
determine the angles of the side clearance divide the lead of the thread by the circum-
ference of the pitch circle. This will give the tangent of the helix angle and is expressed

in the following formula:

The tangent of the helix angle = Lead = (Pitch diameter X 3.1416)
The pitch diameter of the square thread is equal to the major diameter minus the pitch.

The process of cutting a square thread is the same as that
for the American National thread.

When it is necessary to cut threads on a tapered surface,
the threading tool should be set perpendicular to the axis of
the work. This is especially true when cutting pipe threads.

When cutting an Acme thread, grind the thread tool to fit
a 29° Screw Thread gage as shown in Fig. 6-48. This par-
ticular thread template can also be used for setting the
threading tool to the work.

_ When placing the dog on the work protect the finished
surface with a picce of brass, copper, or similar shim stock and

tighten the sct screw of lathe dog sccurely. Once the thread- | L:

ing operation has started do not remove the dog until the
thread is finished.

Before starting to cut the thread be sure to ofl the half-
nuts and lead screw. If the work must be removed from
between centers during the threading operation, be sure to
put the tail of the dog back in the same slot in the drive plate
and do not, under any circumstances, disturb the spindle
setting while the work is out of the lathe.

Fic. 648, 29 scrow thraad
rage.

After the first cut has been taken on the screw blank, be sure to check the lathe
setting for cutting the thread by checking the work with a rule or screw pitch gage.

DO'S AND DON'TS for the Lathe

DO become acquainted with the function of the important parts of a lathe.

DO keep your machine properly lubricated.

DO keep your lathe clean and orderly. A dirty machine is not conducive to good

workmanship.

DO thoroughly understand and plan the job before starting to work.
DO be sure that the lathe is properly set up, then proceed deliberately and in an

orderly manner.

DO keep the cutting tools sharp. Dull cutting tools require a Jonger time to do the
work, give a poor finish and put the machine under an unwarranted strain,

DO take as heavy a cut as the machine, work, and cutting tool, will permit. A series
of light cuts wastes time and makes unnecessary work for the opcralor.m

+
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ponN'T take
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pON'T waste time by orking 10 a finer degree of accuracy than
cketch calls for. '
pON'T offer €xCUSes when you wgerap @ job. Accept YOUT respons’xbi\ity and Yy
to do bettel the next time.
pON'T push any lever or turn any handle OB a lathe unless you know what will
happen 35 a result.
pON'T let the turnings rom the work col ct aroun e tool bit. Use 2 chip padd\e
to break them OF better still gnv ol bit s0 th will brea¥® up the chip
pON'T operate the lathe with your shirt cleeves down. th olled up above
the elboW-
ON'T weat 1o0se fitting chop coats or aprons when operating any machine
DPON'T wear 1ong ties or finget rings while operat'mg a machine-
ON'T try achine and gag yersation at the same time. 1f YO
\ must tatk, ¢ down the -

DON'T be afraid to wear goggles W turning WOrs whi produces ying chip
Remember you may pe able t twt false e th and wal with wooden leg
but you G )t see With glass €Y

PON'T atte pt 1o check t \c when Horing, without first covering the borir
tool t0 guard ag st ar hand injuries
PON'T try (o file 2 picce fkin the lathe b arching ¢leftar over the chu
pON'T put your han fingers on any revolving work of tool at any time.
DPON'T g0 away and 1eave Your machi yunning § you must leave your mach
«ghut it down.”
PON'T drop chucks, 1ace or grive plates Of lay work OF tools on the ways of
athe.
DPON'T attempt 0 operate the lathe with the compound rest hanging out ove
compound rest clide.
REVIEW QUESTIONS
1. What is meant by ucentering’ work to be turned on @ lathe
eral methods of locating t{he center of a piece of stock

9. Describe se¥
center dnli?
¢ procedure of center drillin

4. What is
3. Discuss th g a piece of stock.



LATHE WORK

12

5. Describe the steps necessary to true the wotk in & &-faw chuck.
6. What are the steps pecessary in simple turning?
7. Disauss several factors to be considered when filing on the lathe.
8. What s meant by shoulder wotk?
9. What is the difference between an Independent chuck ard 8 riversal chuck?
10. What is meant by “facing” the work?
11. Discuss the operation of facing a piece of stock held in 2 chuck.
12. Describe the procedure of drilling and reamirg 2 hole,
13. At about what work peed should reaming be done, as compared with drilling?
14. How does 2 mandrel differ from an arbor?
15. What is a gang mandrel?
16. Defire the term expanding mandrel,
17. Discuss the procedure of mounting work on a mandrel and facing the job to length.
18, What is meant by boring?
19, Describe the cutting tools used for boring.
20. What are some advantages of bit type boring bars as compared to forged boring tool?
21. How is a hole checked for size?
22. What s meant by bell-mouthing?
23. Define the term counterbating.
24. How Is undercutting accomplished?
25. Describe a steady rest.
26. When is a steady rest used?
27. How is a steady rest set up?
28. Describe the process of setting up a jnb supported by headstock center and steady rest,
29. Discuss the procedure of setting up a plece of work held by chuck nd steady rest.
30. What is meant by knurling?
31. Describe two types of knurling,
32. Define the term taper.
33. How is taper usually expressed?
31. Name three standard taper systems,
35. When are each of these systems used?
36. Name five methods of producing a taper in the lathe,
37. How Is the accuracy of tapers commonly checked?
38. What is meant by tapping?
39. What is a tap drill?
40. How clte can threads be cut on a lathe besides using & tap ot die?
41. Describe the set-up of 3 threading tool for an external thread.
42. Describe the set-up of 2 threading too! for an internal thread.
43. Discuss the set-up of the lathe to “chace” threads.
44. At what point on the dial is the half-nut enzaged for chasing various numbers of threads?
A5. Discuss the procedure of cutting the thread.
46. Name two methods of checking the number of threads per inch,
47, What is the pitch diameter of a screw?
48. Name several methods of checking screw threads.
49. What does a thread micrometer measure?
50, Discuss several methods of cutting multiple threads.
51. What is a left-hand thread?
52. How are left-hand threads cut?
53. Discuss the thread toel for cutting a square thread
54. How is the threading tool set for cutting threads on a tapered surface?
§5. Why should the set screw on the Iathe doz be tightenad very securely?
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milling machine by F. W. Howe. About the year 1861 h R. Bro

ghc ﬁrtn of Brown & Sharpe, invented the first um'vc{::fp milling m:cr;;i::;'mobgcgc’
inventions were added in quick succession, variable spindle speeds, table speeds 'u;d
ogbcr valuable features. At the turn of the century, with the im’cnl'ion of ;ypc“'r,it;n
bicycles, and automobiles, the milling machine grew in importance to take a posiu’or;
alongside the Jathe as being an indispensable machine,

Fio. 7-1. Manufacturing type mill

MILLING MACHINE CLASSIFICATIONS
Types. Depending on the style of construction, milling machines are generally
classified as being of the “manufacturing™ type, “planer” type, “knee and column
type, and “special” type. {
The “manufacturing” type shown in Fig. 7-1 is intended for general
purposes. It {s built in a variety of styles and sizes and has a fixed table beight‘. -



Fic. 7-2. Plain tool 0 milling machine-

“Spec'mi types” of milling machines include «Thread Mills,” used for milling va-
rious kinds of threads, both external and internal; «Spline Mills,” used for cutting single
or multiple keyways tang stots and the 1ike; and “GearvMillers” used for cutting

yarious kinds of straight tooth gears.
These machines {orm a part of any special machine section of large tool and machine
shops, but since their operation jsof a spedalized nature, they will not be discussed ir

this text. Tt is the intention of this section to discuss only those machines which ar

commonly used in tool rooms OF machine shops and discuss phases of their operatio
which are of fundamental jmportance 10 the beginner.
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Knee and column mills, The “knee and column” type mill gets its name from the
fact that the table is supported by a “knee-like” casting which slides up and down on
a column. This type of machine is used more frequently in tool and die rooms than any
other kind of milling machine. Depending on the position of the spindle and table ad-
justments, the knee and column mill is classified either as “Vertical” or *Horizontal,”

The vertical mill has its spindle in a vertical position with provisions for raising and
lowering it. This machine has many of the advantages of other milling machines, but is
especially suited to boring and for profile work.

The horizontal knee and column milling machine is used more frequently in ton)
and machine shops than any other. Depending on the movements of the table it is
divided into two classes, “Plain” and “Universal.”

The plain milling machine, Fig. 7-2, differs from the “Universal” milling machine,
Fig. 7-3, in that the table is not capable of being adjusted through as many positions.
The table can be raised or lowered (vertical feed), moved in and out from the column,
(transverse feed), and can be moved crosswise of the knee (longitudinal feed).

This machine is used principally for classes of work which are easy to set up, It has
a wide range of usefulness, particularly in tool rooms which do not have work requiring
the use of a universal table,

The universal horizontal milling machine, Fig. 7-3, has all the advantages of the
plain milling machine, and in addition, the table can be swiveled in a horizontal plane.
This adjustment of the table makes it possible to do a much wider range of work such
as milling spirals, helices, and cams.

QUESTIONS

1. What is the earliest date of record of any milling machine?

2. How is the name Vaucanson connected with the milling machine?

3. What is meant by the term milling as applied to certain machines?

4, What did Eli Whitney contribute to the development of the milling machine?

5. In what year and for what purpose was the “Lincoln Miller” developed?

6. What did F. W, Howe contribute to the development of the milling machine?

7. When and by whom was the first universal milling machire invented?

8. Into what classifications are milling machines generally divided?

9. What characteristics identify the manufacturing type of mill?
10. What type of mill is uced for heavy slab and face milling operations?
11, What are the identifying characteristics of & planer type mill?
12. How can the knee and column type mill be distinguished from the planer type mill®
13, Why are some mills referred to as being horizonta! while others are called vertical mills?
14. What is the diflerence between a plain mill and 2 universal mill?

15. What is meant by: Vertical feed? Transverse feed? Longitudinal feed?

16. What kinds of milling machines are commonly used in machine shops and tool rooms?
17. For what kinds of work is the universal mill especially adapted?

18, What is the function of esch of the following parts of 3 universal mill?

a—The column. b—The knee. ¢—The saddle. d—The table. ¢-=The overarmt




Fi1c. 7-3. Universal horizontal

Handsheel for longitudinal movement of table,
Spindte wpeed welector handle.

Spar for luching overarms.

Start and stop puch huttuns.

1ever for statting and stopping spindle.
Column., Supports knee and table.
Spindle.

Overarms {or supporting the arbar.

Work table. Swivels in saddle,

Yever for tongitudinal power feed of table,
. Lever fur power feed of tahle traverse.

L.
M.

.‘:‘.":O"“WUPE’?

anppOPO%
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ATTACHMENTS

The range of usefulness of milling
many practical attachments which are
it possible to change the style of one ma
“Iaying around” period of the work.

Vises. These commonly used w
are: the “Plain Flanged,” «“Swivel Flange
These attachments are provided with broa
ing the vise in the table T-slots, and
to provide for bolting it to the table.

machines may be greatly
available. In some casc¢
chine into another,

ork holding devices are of four com
d,” “Universal Swivel,” and

tool room mill.

Handwheel for table traverse”

Crank for vertical adjustment of knee.
Lever for power vertical adjustment of knee.
Feed selector handle. .

Knee. Supports saddle and work table.
Lever for binding knee.

Side control for vertical adjustment of knee.
Side control for table traverse.

High speed feed control lever.

Side control feed levers.

increased through the
5 these attachments m
thus cutting down on the

mon types. They
«yertical” vises.

d bases having “keys” attached for position-

the flanges of the base have slots in the ends, oF sides,
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Plain flanged vise. This vise is most commonly used for plain milling operations
requiring heavy cuts of a slabbing or deep slotting nature. Its rugged low construction
keeps the work close ta the table thus reducing work vibration to a minimum,

Swivel vise. This vise is designed to make it possible to mill an angular surface in
relation to a straight surface without removing the work from the vise, These angular

Fic. 7-4.  Pluin flanged vise, Fiz. 7-5. Swivel vise,

surfaces can be cut parallel, or perpendicular, or at some acute angle to the straight sur-
face. The vise proper is fitted to the base and held in place by T-head bolts which operate
in a circular T-slot. The flanged base is held to the table the same as the plain flanged
vise.

i
{
i
1
|

g

6. 7-6.  Universal gwivel vise, Fie. 1-7, Vertial vise,

Universal swivel vise. This vise, Fig. 7-6, is designed to make it possible to mill
angles in relation to each other, and 1o do a greater number of operations without re.
moving the work from the vise. It is extremely usefu! to tool and die makers because it
is adaptable to the milling of compound angles. It can be set 2t any angle or seties of
angles. The flanged base is graduated in a manner similar to the swivel vise, the jack-
knife section can be set at any angle from 0° to 90° in a vertical plane The vise proper
swivels on the upper section of the jack-knife which is graduated from G° to 150°.

Vertical vise. Fig. 7-7 thows a type of vise that is valuable for milling operstinns
which must be performed on the end of the work. It is essentially a plain vise with
jaws in a vertical position; the base is heavily flanged and is provided vn!h km ol
slots for clamping it to the work table. i



o in Fig. 7-8 is an attachment used in con-
ce of the work into equally space

sector arms and index
plates. The size of the dividing
head s govcmcd by the dis-

mechanism, with the gpindle in~
a horizontal position.

The footstock, shown with
the dividing head, cnables work
to be held between centers: The

Lo T i work center can be adjusted
Tic. -5 Dividing head and foOtSQOCk. horizonta“y for engaging, an
disengaging it and the work; it can be adjusted yerticallys and can be get at an angle
to facilitate the handling of tapered work.

Vertical milling attachment. There are many different types of vertical milling
attachments which do the same kinds of work; the two considered here are for heavy
duty and light duty work. These attachments at€ used for adapting the horizontal mill-
ing machine o 2 light class of vertical milling work such as drilling, boring, T-slot
cutting, and so 01t

-

o, -9 Vertical milling attachment Tic. 7-10. Vertical milling attachment
{teavy duty). | (Light duty)

. ‘;le\\fz\;nga duty vertical milling attachment, chown in Fig. 7-9, has 2 standard
f(-c\c g (\0 :‘ \ can \'ac cet At fmy angle from a vertical to 2 horizontal position. 1t is com
e \¢ milling machine by an adaptor which fits over the spindle nose and b)
damping the {rame to the column. , '

The light duty vertical milling attachment, show

by ) - > nin fig. 7-10, is held i
sy the OVerarms of the milling machine and is driven by means of an ar’laptor w;:;c%l i;_f
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the milling machine spindle. The spindle of the attachment is of a small size and cannot
be swiveled.

The compound vertical milling attachment, shown in Fig. 7-11, is capable of
handling a variety of work. It is so made that
its spindle can be operated cither off the end
or side of the milling machine spindle axis.
The driving member of this mechanism is a
splined arbor which fits a corresponding
splined sleeve of the attachment; the other
end of the arbor fits the nose of the milling
machine spindle. The attachment is con-
nected to the machine by two split collars
which are a part of the main casting, and
which fit the milling machine overarms. An-
other part of the main casting has provisions
for clamping it to the milling machine ., Compond vertical milizg attschment,
column,

The spindle of this attachment can be swiveled from a vertical to a horizontal plane
and has a collar graduated for angular readings from 0° to 360°.

S S

R -

Fiz. 7-12  Rack cutting attachment.



. rack milling attachment,
shown in Fig. n-12, is used for cutting
teeth in gear racks and can be used for

nection with the dividing head. This
mechanism is connected to the milling
machine by clamping -it against the
column. It contains 2 hardened steel
arbor that is parallel to the 1ongitudinal
travel of the milling machine table, and
upon which the cutter ;s mounted.
The rotary attachment, Tig. 7-13,
is used for circular milling such work as
circular T-slots, semi-circular pockets of
recesses, Of for work requiring circular
cections. The circular base jmmediately below the work plate is graduated to read in
degrees, OF half-degrees, depending on the size of the attachment, and the worm shaft
is equipped with an adjustable dial which gives readings in either two Of five minutes
of arc. :
The attachment chown can be driven either by power or hand feed,and can be used
for heavy duty face cam milling when properly geared to produce the correct lead of the
spiral. .

Fre. 7-13. Heavy duty rotary attachment.

QUESTIONS
Milling Machine Attachments

1. What units are considered as milling attachments?

2. Name four kinds of milling machine vises.

2. What is the difference between @ swivel visé and a universal vise?
4. How are vises attached 1o the mill table?

5. When might 2 verticat vise be used on a mill?

6. For what kind of work is the universal vise pnrticu\arl\' suited?
<. What is the purpose of a dividing head? ’

8. Name the principal parts of a dividing head.

9. How is the size of a dividing head dc(crmincd?
10. What is the purposc of the footstock?

1}‘. \\'vhnt t.hrcc adjustments can be made on the footstock?

12, What is the purpose of the vertical milling attachment?

13. For what work operations is the vertical attachment suited?

Hr. What -15 meant by a compound vertical milling attachment?
15. How is the vertical mi !

‘ Jling attachment conn illi i
11(": What .is the purpose of the rack milling nu::}:;(\icr‘\({’?mc il machine?
1:3. 'l;:rc:\‘)‘c &hc. construction of the rack milling attachment.
1‘_\: “cln"nt l;mds of w?rk is the rotary attachment intended?
«cribe the graduations of the rotary attachment.

20. How i
ow is the rotary attachment ueed on the milling machine?
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CUTTERS

Classification. Milling cutters are dlassified according to the shape of the teeth, as
formed, inserted, or saw-tooth cutters. Included in these three classifications are thou-
sands of different kinds of cutters, each having a particular advantage when used on the
class of work for which it was designed. The following diccuesion of milling cutters ic
intended to give the student information on the sizes, kinds, and characteristics of the
ones commonly used and the purposes for which they are used,

Plain milling cutters. These cutters are of two types,
regular or keyway cutters, and slabbing cutters, The keyway
cutter is not very wide in comparizon to its diameter, and its
cutting ability depends on peripheral teeth only. The sides
of this cutter are ground slightly concave to reduce the fric-
tion between the sides of the slot or keyway and cutter.

This cutter is made in many diameters and widths to
accommodate different classes of work. It is used for pro-
ducing plane surfaces parallel to the axis of rotation and for
cutting keyways.

A slabbing cutter is a plain milling cutter that has con-
siderable width in comparison to its diameter. This type
of plain milling cutter is used to produce broad, plain sur-

faces, and sometimes has its teeth notched to break up o
the chip, Fie, 7-14. ThinmTrgcutter,

Plain milling cutters over 3/4” wide have helical teeth which have a shearing action
on the work. This is a desirable feature beeause it reduces the strain on the cutter and
machine, produces a better finish on the work, and requires less power to operate.

Fig. 715 Caarw helical toath o, 7-16. Fine belical tanth
alablxnz cutter. slablizg cutter.

Plain milling cutters made with comparatively few H't'ﬂ.l an.d having a steep helix
angle, are known as “coarse” tooth cutters, and ate the h.nd in common use. Thee
cutters have considerably more chip clearance and are p:rhcuhrl.\: cﬂ'x(::m( on ]:.(;\-y
slabbing cuts. because they can remove a maximum amount of material with a minimum
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f1c. -1 Gide milling cutter. Inteﬂocking side mﬂhn‘g cutter.
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locking cutters.
Radius cutters. These cutters have form
the facc without changing the form of the g
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Fig. 721 are used for cutting ¥ 7-18. Staggered
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Angular cutters. These cutters

differ from other cutters in that their te



MILLING MACHINES 13

neither pc‘rpcndicular nor parallel to the axis of rotation of the cutter body. Single angle
cutters, Fig. 7-23, have the tecth at either 45° or 60°, and are available with teeth an
the angular face only, or on the angular face as well as on the long side, so that they will

2 i;
\
Y
{ Lo
Fic.7-19. Interlocking side Fio. 7-20. Concave cutter. Fic, 7-21. Conver
mill cutters. cutter,

~

cut both sides of the included angle at the same time. These cutters are used for cutting
dovetails, for cutting teeth in ratchets, or for milling the teeth of straight fluted cutters,
They may be either right- or left-hand.

.22, hand corer  Fro. 7-23. Siagleazgle Frou7-24 Doulie
Firo. 7228, Lelibindcomet Dot rilling eutter. sngle cuteet.

Fic.7-22.A. Right- .
- 'mzrz .génd);{.;ih:u':::f o rounding cutter.
Double angle cutters, Fig. 7-24, are similar to si?gle angle cutters, except 1?.:( they
have two faces on the outside diameter which are neither parallel nor ptrptndxtuhr‘ to
the axis of rotation of the cutter body. These cutlters usually have the (lu-lh on h::g :,d‘e
2t 40°, 48°, or 52° with the vertical centerline, whereas the face angle side l:c!(. .
at an anole ’nf o 0o ta 15° with the vertical centetline. They are also made




o,

*. to take a special tapered screw for
‘expanding the arbor body to fill the
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i 5 o 60°, and 90°. Double angle cutters are used for cutti'ng
f tz;:gatrec;;cilg crir«:lc]il?:; i:e:t(tjefrz,s bixf when so used should have a .slight radius on the potllz:t
;I; the teeth to produce the required fillet in the gash, thus giving added strength to the
tcct;‘;) f t:[el;% :Zz:mer fluting cutters are a type of double angle cutter that have the
vertex Ic:f the angle at the point of the teeth well roundc.zd and are of the fo.rmg:(? to'oth
type. They are generally marked as to size by a number which s.,lgnfﬁe:s
~a .  the diameter and number of flutes of the reamer or tap for which it is
e A‘ Y. intended, and have standard angles. These cut?ers. can be sharpened
%" without changing the profile of the teeth by grinding the face of the
{ e . teeth radially. ‘ .
A3

\@3 ARBORS ‘ )

The cutters mentioned above are held by arbors of various kinds.

F16.7-25. Tap  Arbors have a tapered shank to fit the taper of the machine spindle and

wi(i,gmc‘::fcr,,ﬁm' are held in place by a draw-bar which fits through the back end of the

spindle and screws into a threaded hole in the end of the arbor shank.

These arbors are generally of three types: the standard arbor, shown in Fig. 7—26. ;

the stub arbor, shown in Fig. 7-27, which is the same as the standard except that it is
shorter; and the stub expansion ‘

arbor, Fig. 7-28, which is very short [~ "7 A .

and has the end slotted and tapped iﬁt‘:""“"“' e

i .

|

l Lol
w...«---"“%
-

e R - ey

Fie. 7-26-A. Standard milling arbor.
hole in the cutter.

After selecting the arbor to suit the cutter, make sure that it is properly installed in
the machine. And, after installing the cutter, see that it is properly supported by. the

arbor yoke or center. If a stand:
ard arbor is used to hold a helica
cutter, be sure that the cutter i
installed so that the work pres
; o . sure against the cutter teeth tenc
Fic. 7-26-B. Standard milling arbor with pilot. to push the arbor into the machi
spindle rather than away from
or left-hand threads at the yoke er

Standard arbors are made with either right-

Whyn using these arbors be sure that the cutter is installed so that the work presst
against the teeth has a tendency to tighten the nut
on the arbor rather than loosen it.

B.eforc placing the cutter on the arbor be sure
that its hubs, and the end of the spacers, are free from

dirE and chips. If this is not done and the nut is tightene
spring the arbor so that the cutter wear will be unav
the arbor, yoke bearing, and spindle bearing.

© . Tie. 7-27. Stub arbor.

d, the dirt and chips
en, putting a needless strain v
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END MILLS

These cutters, Fig. 7-29, besides having teeth on the periphery, have teeth on the
end, and are of two types. The solid end mill has the cutter body integral with a shank
which fits, or can be “sleeved™ to fit the milling ma-
chine spindle. Some of these end mills bave straight
or specially formed shanks to fit into an adaptor,
but the kind commonly used has a tapered shank
of either Brown & Sharpe or Morse Standard type.

When the teeth on the periphery are helical,
those which have a right-hand cutting action have
left-hand helices and tLose which have a left-hand
cutting action have right-hand helices. Fic. 3-20 Stub expantion artor,

The two-lipped end mill, Fig. 7-30, generally has two straight teeth which meet at
the cutting end in much the same manner as a “flat bottomed™ drill. Like other com-
manly used end mills, it has a standard taper shank, and can cut with the peripheral teeth

- e e e P

Fic. 7-29-A.  Right-hand helical end mill Fi16. 7-29 B Leftfand helal end &1,

as well as with the end teeth. This end mill is used for deep pocket milling and for taking

heavy cuts in solid stock. Generally the depth of cut with this tool is one-half the diam-
eter of the cutter and it operates most satisfactorily at a high speed.

Shell end mills. Generally end mills over 2” in

diameter are <o made that the cutter head is detach-

m able from a special kind of arbor This is a distinet

' advantage from the standpoint of economy because

jt is cheaper to replace when the cutter head has worn

out or the *ceth have broken.

The shell end mill is held on a special arbor by means of 2 ap saew, the bead of
which fits into the counterbored face of the cutter, and screws into the arbor. The a:tes
is provided with a tongue, or key,
that fits a keyway, or slot, in the
back face of the cutter head and
drives it. The diameter of the cutter
is generally {rom 1.1/4” to 6” and
the length from 17 to 2-3/47.

A face milling cutter, Fig.
7-32, is a large disk with cutting :
blades jnserted in such a MARNET Ryo 7 514 Shedenim b

Fi. 7230, Two Lipped end =0t RIL

-un Shelt et mdt arbor
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i i ; ace and the periphery of the disk. While
o Cuft t:gg ?::xttl:; ::éﬁd%f:g g:eotzebfelieve that thi face teeth do ?111 the work,
e namcﬁ? lsi heral teeth do the stock removing because they lead into and cut
actual}}’ ss ztgcel: pThc face teeth actually remove the small amount of_ s.tock left by
:ﬁz s;::c;; of th‘e work or cutter as they brush over the surface machmc_ed by the
pm’?ﬁirsilc:fti::hrs are held in the machine by a taper shank to which the cutter is bolted,
by bolting them directly to the spindle nose, or by means of a special dr:ill\;f-bar ﬁx}t}x}r:
which pulls the tapered recessed back face onto t%le tagered nose of the milling mac km
spindle. Face milling cutters are used for machining wide, flat surfaces on such woxj as

large castings.

F16. 7-32. Face milling cutter L.H. ' Fic. 7-34. Fly tool arbur (old style).

The fly cutter, shown in Fig. 7-33, is a tool bit, shaped and ground to a special form.
While this tool is capable of accurately reproducing its shape in the work, it is not very
cfiicient since it removes only one chip per revolution of the spindle, and cannot be used
for very long periods of time without resharpening. It does its best work when a high
speed and fine feed are used.

From an economy standpoint, the fly tool is not expensive to make; when an intri-
cate shape must be milled, for which a form cutter is not available, or which does not
warrant making up a formed milling cutter, then the fly cutter will save a great deal
of time and expense. Fig. 7-34 shows an arbor for holding the fly tool cutter.

T-slot cutters are a form of short end mill used for cutting the wider part of the
slots in machine tables, such as mill tables, planer tables, grinder tab]es, and the like. As
generally made, it is a small, staggered tooth side milling cutter with a tapered shank,

necked dowr‘x f.or a distance of about one inch back of the cutter head.

In machining a T-slot, the narrow top part of the slot is machined first, either by an
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end mill or a plain milling cutter, then the T-slot cutter s used to cut the wider section

Tt the bottom,
Ty ==t
an el |

Fic. 7-35. Talot cutter RH,

Fic. 7-3 A, Warbu®T Lev sext cutter,
callet, and alagior
) Woodruff key seat cutters, These cutters, Fig. 7-36, are used for cutting the reat

for a crescent-shaped key. In cutting an ordinary key seat, plain milling cutters are ueed
and the work on the work 1able is fed longitudinally pa<t the
cutter. When using a Woodrufl cutter, the longitudinal feed =0
is not used; after the cutter has been located with respect to \
the work, the work table is fed vertically into the cutter, <o v—":"’}l'
that the key will stick out one-half of its thickness.

The American Standards Association has adopted a num-  Fie, 7-36B. Wostru key
bering system for specifying the size of Woodmuff cutters. seat eutter,
Under this system, a number containing cither three or four digits is uted, 10 that the
last two digits give the nominal diameter of the cutter in 8ths of an inch while the
preceding digits give the thickness in 32nds of an inch.
Example.

Consider a Woodrufl cutter with the site secified as 1008,

Solution.
The last two digits give the diameter in Sths of & Inch; therefoce, this cutter would te
8/8 or 1” in diameter; the remaining digits give the thickness in 32nds of an inch; therefore,
this cutter Is 10/32 or §/16” thick.
Anrcer 17 in diameter, $/767 thick,

This method for notating the sizes of Woodruff keyway cutters supersedes the old
Whitney and SAE systems, (See Table No. 11, Appendix.)

Woodruff cutters have a straight shank and are generally held by a special adsptor
which contains a set screw to lock the cutter in place.

QUESTIONS
Milling Cufters

1. How are milling cutters penerally elassified?

2, What is meant by a plain milling cutter?

3. How does the slabbing cutter differ from the plaia keyway cutter?

4. Why do phin milling cutters over 374" wide basy helical teeth?

5. What kinds of cutters are considered as caarse tooth cuttens? [
6. What ate the advantages of casrse tooth cutters?



~ Why do some right-hand cutters have 1eft-hand helices and some leit-hand cutters bave

9. What are straddle milling cutters?

10. Why ar¢ the teeth of some side milling cutters staggered?

11. What kind of cutters are known as interlocking cutters?

12. What is the purpose of interlocking cutters?

13, How is the correct width of interlocking cutters mainta'med?

14. Describe the radius cuttet. A

15. What is the difference between concave cutters and corner rounding cutters? ]
16. What can be said about the position of the teeth on angular cutters with respect to the cutter

17. At what standard angles are the teeth of single angle cutters?
18. For what kinds of work are single angle cutters general\y used?
19. At what standard angles are the teeth of double angle cutters?
20. By cketch, show what is meant by the face angle side of double angle cutters.
21. When aré double angle cutters used?
22. How does the tap of reamer futing cutter differ from 2 double angle cutter?
93, How is the size of the tap or reamer futing cutter designated?

94, How are milling cutters commonly held in the milling machine?
95. How art mill arbors generally held in the milling machine? .

26. What is the difference between the stub arbor and the stub expansion arbor?
97. What regulations should be followed for installing 2 standard arbot in the milling machine?
8. Give three important facts relative to placing 2 milling cutter on the arbor.
29, How should the arbor be supported after the cutter has been propeﬂy installed?
30. How does the end mill differ from commonly used milling cutters?

31. How is the common end mill held in the milling machine?

92. What is the purpost of the two-lipped end mill?

33. What determines the depth of cut that can be taken with 3 two-lipped end mill?
34. Describe the shell end mill. B A
35. What is the advantage of the shell end mill?

36. Describe the face milling cutter. -

97, What fallacy exists relative 10 the cutting action of this type of cutter?

98, How are {ace milling cutters held in the milling machine?

39, For what kinds of work operations are face milling cutters intended?

40, What are the advantages of inserted tooth cutters?

41. What is 2 fiy cutter?

42. How is the fly cutter held in the milling machine?

43. For what types of work is the fiy cutter used?

44. What is the purpose of a T-slot cutter?

45. How does the T.slot cutter differ from an end mill?

46. How much of the slot does the "T-slot cutter form?

47. Describe the Woodruff key cpat cutter.

48. Generally speaking, 10 what depth is the Woodrufi cutter fed?

49. How is the cize of the Woodruff cutter specified?

50, What size cutter would vor 8007 By the number 12122

be specifie by _

ao——




Chapter 8

MILL OPERATIONS

MILLING PRACTICES

Holding the work — Clamps, Vises, Diriding head , . . Haw fo true u; b

. ring colleta ... Detween centers ... Angle plate... l‘-lﬂnt’kl ...I?Illx';:v::':‘:l.

s and feeds— Examples, Formula, Feed, Conlant ... Genersl Suggestions e
Set-up, Selection of cutter, Up-ferd, Down-feed

MILLING SET UP AND OPERATIONS

Slab milling procedure . .. Gang milling ... Straddle milling ., . Lxample, . . Key-
way cutling procedure

MILLING PRACTICES

Holding the work. Clamps. Work may be held by clamping it to the table provid-
ing the milling eperation will permit it. When work is held by this method, it is im-
portant that the face to be clamped to the table is free from nicks and burrs. The table
and work should be wiped clean. Paper towels or other suitable material should be
placed between the work and the table to avoid slippage. Where the work is exceptionally
large, small pieces of paper should be placed under each comer to act a< “tell tales.”
The reason for this is to test the work to see whether or not it is seated properly on the
table. In any event, the work must be well supported. Long overhanging scctions should
be braced properly against the pressure of the clamps to prevent bending or springing
of that section. If this practice is not adhered to and the picce is machined, when the
clamps are loosened, the finished surface will not be accurate.

The work is held to the table by means of strap clamps of various shapes and sizes,
some of which are shown in Fig. 8-1. These clamps are supported at one end by means
of a step block or jack, and held in place by a T-head bolt, These tools are an important
part of milling machine equipment and several sizes of each should be hept on hand
along with an assortment of washers to {acilitate <cttinz up the work,

Three important facts which should be borne in mind relative to the u<e of <trap
clamps are: (1) make sure that the clamp is kept parallel to the table; (29 Leep the
bolt closer to the work than to the step block o the pres<ure will tie on the worl, and
(3) uce bolts with sufficient thread on them <o that the nut can be run down far enough
to permit it to tighten the clamp on the work, It might al<o be menttoned here that any
overhanging section of the work that has a clamp bearing on it <hould be <upported
properly from underneath by means of a jack.

Vises. Of all the devices used for holding work on the milling machine, nane is vend
more frequently than the vise. This attachment can be depended upon for bolding the
work, accurately, picce after piece, in a good solid manner The jaws are hardened” -
ground in place and may be removed to use specially formed jaws for holding odd st
work.

139
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When placing the vise on the milling machine table, it is necessary to align it
operly with the centerline o

f the spindle. The reason for this is because the keys in

E — Step block, F — Planer jack (Round). G — Planer jack (Square).

Fi16. 8-1. Clamping accessorics,

he base of the vise and the milling machine table slots develop play or wear, with the
esult that even though the vise keys are located against the side of the table slot, the
vise will not be lined up accurately.

To locate the vise so that the jaws are parallel
to the spindle, fix a dial indicator to the arbor
and with the indicator plunger bearing on the
solid jaw of the vise, Fig. 8-2, move the table
back and forth, using the table transverse hand
feed; observe any deflection of the indicator
needle and adjust the vise to give a zero-zero
reading from one end of the solid jaw to the other.

To locate the vise so that the jaws are square
Fio 8-2. Alipning vise panllel with spindle V:'ith the spindl.e, Fig. 83, p]ace it in that pOSi-

axis, tion on the mill table, and use the same pro-
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cedure as for setting the vise parallel with
the spindle, but move the table back and
forth using the longitudinal hand feed.
Dividing head. One of the more com-
mon methods for holding work on a divid-
ing head is with a 3- or 4-jaw chuck. The
3-jaw chuck is used where the dimensions
of the operation to be performed do not
have to be held very close with respect to
the center of the work. The reason for this
is the fact that the jaws of most 3-jaw
chucks operate in unison, so that the
operator has no control over the individual
jaws; consequently when the scroll gear

P o SR R TP VI

-
e 5 £S5 L

Fic, 8-3. Aligning vise squate with spindle axis,

of the chuck wears, the work cannot be accurately trued.

Fic. 8-4. Dividing head.

The use of the 4-jaw chuck
requires more time to locate the
work centrally, but since the jaws
arce controlled independently, the
work can be made to run just as
true as the indicator will gage it;
this is a distinct advantage over
the 3-jaw chuck.

These chucks screw onto the
nose of the dividing head
spindle, but be sure that the
threads of both the chuck and
spindle are clean before putting
the chuck on.

To true up a job in 8 chuck
on a dividing head, adjust the
Jaws equally, according to the con-

centric lines on the face of the chuck; insert the work, then tighten each chuck jaw
the same amount on the work; attach a dial indicator, adjusting the indicator for
height and rcach so that the plunger can conveniently bear on the side of the work.
Disengage the dividing head worm and worm wheel and while turning the chuck by
hand, observe any deflection of the indicator needle. Stop turning the chuck when the
indicator needle shows a maximum deflection; loosen the jaw or jaws immediately
opposite the indicator an amount judged to give the necessary correction when the
other jaws are tightened. Repeat this procedure of indicating the work and loosening
and tightening opposite jaws until the desired accuracy is obtained.

Spring collets. Small work may be held in the dividing head by using a spring



Fic. 85 Collet adaptor, spring collet,
o that the cutter, OF cutters, will o foul on any art of the B
rewed dowlt y means of a sP wrench S

propcrly S
<cion cap 18 €

Re sure that the adaptor, collet
before acsembling them and do not forget t0 wipe O he
m\{'&;&:“cc& ccn?crs. ]obs. requiring illing operations whi ust be P orme
o the :\ms_oi rotation areé usually done petween cente The work is hel
nter in the dividing head spindle and the footstock center.
on centers, get clamp o mill dog to fit the work 2
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a work center to fit the dividing head; adjust the dividing head spindle so that {t
occupies a horizontal position; clean the spindle and work center; insert the work center
then adjust the dividing head and footstock to suit the approximate length of the work
Fasten a driver similar to that shown in Fig. §-6 to the work center, and attach the
clamp dog to onc end of the work. Clean the work and machine centers, then locate the
end of the wotk with the dog on it to the dividing head center, so that the tail of
the dog fits in the driver; the footstock center is then adjusted to the other end of the
work so that it is a running fit and the set screw of the driver is brought up against tha
tail of the dog to hold the work in position.

Angle plate. Oceasionally it is nccessary to mill a surface or slot parallel or
perpendicular to another face of the work. While this operation might be done by
clamping the work to the table, it may be
done more conveniently by clamping it to a
90-tlegree angle plate, For this type of set-
up, it is necessary to clamp the angle plate to
the table so that it is parallel or perpendicular
to the spindle.

A simple method for setting the angle
plate parallel to the spindle is that of placing
an arbor in the spindle and bringing the face
of the angle plate up against it; after loosely
clamping the plate in position, back the plate
away, insert a piece of paper at each end of  Fic. 8-7. Aligning angle plate parallel with
the face so that after the plate is fed against spindle azis, using an Ideal indicator.
the arbor the pieces can be used as test strips to check the position of the angle plate
as it is being tightened to the table,

The angle plate may be aligned square with the spindle, Fig. §-8, by using a dial
indicator attached to the arbor; then with the indicator plunger bearing on the face of

the plate, observe any deflection of the

indicator needle as the table is fed

longitudinally. After the necessary core

rections have been made, run the indi.
amb cator across the face of the plate again
7

to make sure that the angle plate did not
move during the tightening operation.
Work is held 10 the angle plate by
means of strap clamps or C-clamps, but
be sure that they are placed so that they
~ do not interfere with the milling opera.
o o =5 (ion.'
Fiz KR A zming angle plite saeare with spindie axiy, “blocks, Cylindrical work that is
Wirg an 1deal ind.cator. not centered can be held on the milling
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QUESTIONS
HoldIng Work on the MIll

1. Name seven methods for holding work on the milling machine,
2. Give five important rules for clamping work to the mill table,
3, Why should long, overhanging sections of the work be properly braced when clamps bear on
that section?
4. Why Is Jt necessary to keep the strap clamp parallel to the table?
5. Why should the bolt for the strap clamp be placed closer to the work than to the step black?
G. \Why Is the vise commonly used for holding work on the milling machine?
7. Can the keys in the bottom of the vise be depended upon to align the vise accurately with
Tespect to the mill spindle? Why?
8. Explain how to align the vise jaws square with the mill spindle.
9. Explaln how to align the vise jaws parallel with the mill spindle.
10. Give three methods of holding work with the dividing head.
11, When may a 3-jaw chuck be used for holding work on the dividing head?
12. Why is it poasible to Jocate work more accurately with a 4-jaw chuck on the dividing head?
13. Explain how to true up a job in a 4-Jaw chuck in connection with the dividing head,
14. Explain how a spring collet may be used in connection with the dividing head for holding work,
15, Why Is it necessary to have the adaptor, collet and compression cap clean before placing them
in the dividing head?
16. Under what conditions might it be necessary to use the dividing head and footstock centers
for holding work?
17, Explain how the work is kept from rotating when it is held between centers on the mill?
18. Under what conditions might an angle plate be used for holding work on the milling machine?
19, Explain a simple method for aligning the face of an angle plate parallel with the spindle.
20, How can the face of an angle plate be squared up with the milling machine spindle?
21, How Is the work held to the angle plate?
22, When a V-block is used for holding work on the mill, how is it aligned parallel with the table
travel?
23. How ls the V.block secured to the mill table?
24. Under what conditions would it be advisable to use fixtures for holding work on the mili?
25. Give four features that a good milling fixture should contain?
26, Of what Importance are fixtures In milling operations?

Speeds and feeds. The efficiency of a milling machine is dependent on its ability
to remove a given amount of materiat in the shortest possible time, Therefore, to have
the mill operate at peak efficiency it 1s necessary for the operator to select the proper
cutting speeds for the cutter, and feeds for the work.

The-amount of metal removed by a cutter from the job depends on the width and
depth of cut, whether a coarse or fine feed is used, and the speed of the cutter.

Speed. The speed at which a milling cutter is to run depends on the kind of
material used in the cutter and the kind of material to be cut. Speed is expressed in
terms of feet per minute (FPM) of a point on the circumference of the cutter, Naturally,
the speed at which the point on the dircumference is traveling is directly dependent on
the revolutions per minute (RPM) of the cutter.

/\
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RPM X w X D
12
Conscqucntly, the following formula can be developed 10 detemﬁne the RPM of 2

cutter, when the cutting speed (CS) of the metal to be machined is known. Note that
- or 3.14160 = 12 is approximately equal 10 1/4.

cS x4
RPM ="
EXERCISES

Example 1.

Suppose it is required t0 determine the RPM of 2 milling cutter, 35" in diameter, t0 cut a block
of SAE 1095 (tool of carbon) cteel, using 2 high speed steel cutter.

Solution.

The RPM can e found by multiplying the cutting speed by 4 and dividing the result b}
the cutter diameter in inches; applying this procedure to the above example, using th
cutting speed for SAE 1095 annealed steel as 70 FPM

RPM:CSXI&-

D
CS = cutting speed of the metal = 70

D= diameter of cutter in inches = 3.5

0 .
g = XA =T =0

e

35 3.5
Answer The spindle speed chould be set as nearly as possible for 80 revolutions per minute.
Example 2. .
At what RPM should the spindle be set to

machine a piece of HSS when 2 27 end mill is used?
Solution.

The cutting speed for 1SS is 40-50 FPM

Therefore the RPM = ‘?—5——;—{-‘E -4 X 2™ 90

Example 3. Answer 90 RPM
How fast should 8 45"

Solution.

milling cutter be Tun when machining 2 piece of cast iron?

The cutting speed for cast iron is §0-100 FPM

Therelore the REM -~ x4

e

A5 -20 X 4 =80

Answer 80 RPM
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PROBLEMS

1. Find the RPM necessary for = 6* side milling cutter for chromium steel.

2. At what speed should a 3" shell end mill be run for milling machine steel?

3. At what RPM should a palr of straddle mills 5.25° In diameter be run for milling a piece of
00l steel?

4. How fast should an 8.5" face milling cutter be run for machining a cast iron die base?

5. At what speed should a 4.75 side milling cutter be run for milling an aluminum casting?

MATERIAL CUTTING STEID IN FPS(
High Speed and Chromium Steel 40-50
Annealed Too! Steel 60-80
Cast Tron, Cold Rolled and Machine Steels 80-100
Brass 150-200
Bronze, Copper, Aluminum 150-300

These speeds are recommended for use with high speed steel cutters.

Feed. The sclection of the proper feed in milling is probably one of the most
difiicult things for the operator of a milling machine to determine. The reason for
this is because there are so many variable factors, that no definite rules can be set up
to guide the operator. Factors which affect the selection of the feed are the diameter,
proportions, number of teeth and spred of the cutter, the rigidity of the work and
cutter set-up, the amount of excess stock to be removed, and the kind of finish
required on the work.

In common practice, it is customary to load up the cutter with as much feed as it
will stand, being consistent, of course, with the amount of stock to be removed and
the condition and proportions of the cutter. Some jobs have considerable material to
be removed but the work set-up will not permit a heavy feed. These same jobs may
require cutters of small diameter or the spacing between the tecth may be very shallow,
In cither case a heavy feed and deep cut are impossible because of the lack of chip
clearance, Therefore, the milling machine operator should first of all set the cutter at
the correct speed for the kind of material to be machined; and secondly, load up the
cutter with as much feed as it will stand, being consistent with the factors as outlined
above,

When two or more cuts are required to remove the excess stock it is customary
to take a series of heavy roughing cuts and for the last cut leave from 1/64” to 1/32”
of stock. This amount of stock permits the cutter to get under the stock, thereby
holding the cutter down rather than causing it to spring away from the work, resulting
in a better finish than if less stock is left When taking this finishing cut it is not
advisable to throw out the feed and let the cutter run idle on the work. This practice
causes an undercut in the work, due to the run out of the cutter, spring of the arbor,
or spindle play which destroys the finish of the work. This mark needs to have only
3 fractional part of a thousandth of an inch of depth to be very plainly visible. When
taking a finishing cut, increase the speed of the cutter and set the table fe  agive
the required surface quality.
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running in the correct direction and to keep the table gibs tight, otherwise the action of
the cutter will pull the work in, which might spail either the cutter, or work, or both.
Be careful also that the cutter is running in the correct direction, not backwards; if
the cutter is run backwards into the work the cutting edges of the teeth will be burned
or broken off.

Do not use cutters that are not sharp. Dull cutters require a longer time to remove
n given amount of material, give a poor finish, and put an added strain on the arbor
and spindle bearings. Continued use of a cutter after it becomes dull means that added
time must be spent in sharpening it and much more of the tooth stock must be removed,
thereby shortening the cutter life.

QUESTIONS
) Speed and Feed

1. Upan what principle does the efficiency of 2 milling machine depend?

2, Why are the proper speerds and feeds essential in the efficient operation of & milling machine?

8. Upon what factors does the metal removing ability of & milling cutter depend?

4. What factors govern the speed of & milling cutter?

5. What does the abbreviation FPM mean?

6. State the formula for finding the speed of a milling cutter.

7. What does the abbreviation RPM mean?

8, State the formula for calculating the RP)M of a milling cutter,

9, Give the cutting speeds for commonly used metals,

10, Why cannot any definite rules be set up for calculating the feed of the work In milling?

11. What factors affect the selection of the feed in dolng a definite job on the mill?

12, What common practice Is followed In setting the feed for a definite job in the mill?

13. How tnuch stock should be Jeft for & finishing cut in milling?

14. Why fs it necesvary to leave a definite amount of stock for & finishing cut?

15. What Is the result If the feed Is disengaged and the cutter I3 permitted to run idle on the work?

16. What feed and speed changes should be made in the set-up when taking & finfshing cut? Why?

17. Of what value Is 2 coclant in the milling operation?

18, What coolants gre commonly used?

19. Why is & coolant not used on cast fron?

20, What care should be exercised when placing vises, dividing besd, and the like on the mill tatie>

21. What factors should be considered when setting up the work on the mill?

22. Give three rules for selecting & milling cutter to do a given job on the mill.

23. State four important factors which should be considered when installing a cutter on the arbor.

24. Show by sketch two methods of feeding the work relative to the direction of rotation of the
cutter,

25. What are the sdvantares of the common feeding method?

26, What are the advantages of the downfeed method?

27, What care must be exrrcised when the downfeed metbod Is used?

28. Give four results of use of a dull cutter,
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bearing.
the cutter speed,

Fio. 8-12- A ab mi ing operation: outboard
3) After the work and cutter have been installed calculat
RrRPM = CS K&~ D), and set the machine as nearly as poss'\bl or this SP ed.
4) Sct the table feed for what is judged.to we correct for the type of cutt kind ©
metal from which the W ork is made, the amount of stock to be removed, and the rigidit
oi the work set up. If the mill is equ\pped touse & coolant of cutting lubricant, do no
forget to ust ity it will save the cutter and give a better finish to the work.
Gang milling. When {wo Or more cutters arc ganged Up © the arbor, OF when two
or more Pieces of work arc¢ ganged up on the milling machine table it Y known 35
“gtmg" mitling. This kind of milling requires care; poth in the celection O tters, an
in the work cetup, and is usually restricted 0 workof repetitive nature.
Tig. 8-13 shows a type of job which readily lends itself to be ganged UpP for milling
he radius on cach end. These pieces are¢ loaded on 3 §aN6 andrel and placed In & vise
as shown in Fig. g-14. 1f the mandrel is perm'\tted to extend beyon the ends of th
workitcanbe rested on the top ends of the vige jaws to actas a locator SO t the radiv
of cach piect will be milled approx'\matc\y in correct relation to the ol
Straddie ailling. This is the operation of milling tw0 opposite sides of 8 piece
w?rk at the same time. Ttis usually done by placing two side mills, spac t the corre
distance x\?art, on the mill arbor. Side mills used for straddle milling PY ses shou
kept in prirs and their outside diameters charpened to the came SiZe-
When new, these side mills generally have their hubs equal in length 10 the thickr
«d sharpening of the side teeth, howeven uses the thicknes

of the cutter. Repeat

v
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the cutter to become less than the length of the hubs, with the result that when setting
a job up for straddle milling, say a 2” dimension, if a 2" spacer were to be placed between
the hubs, the work would be oversize by an amount equal the distance between the side
cutting edges when the hubs are placed together,

o

N7

Fic. 8-13. Link. Fic. 8-14. Links panged up for milling

To set the culters the required distance apart, place them together, hub to hub,
as shown in Fig. 8-15, then use a thickness gage or other suitable gage and determine
the distance between the adjacent sides of the cutter, This distance subtracted from
the finished size of the work will give the total length of the spacers to be placed on the
arbor between the cutter hubs.

Fic 315, Showing theopenirgbetween Fie 8-16. Centralizing the worl for straddle milling
the cutting sides of stral lle mills,

Fig. 5-16 illustrates a method of centralizing the work for straddle milling. After
the cutters have been properly installed and the work set up on the machine, move the
work table out so that the side of the work toward the machine column can be spotted
by the cutside face of the outer cutter; raise the table by means of the elevating screw



D=(U+T)—E

EXEBCISES

Example 1.

Suppose it is necessary to straddle mill a 1.875" dimension, using 2 cumn'" 1/2" t:hick. \.Nhe
hub to hub {he opening petween the adjacent sides of the cutters 1% 056" Unﬁmshed size |

ark 18 2.165".

on.
The tength of the spacer = 18715 — 056 = 1.819
;= (U — Fy 17 (2165 — 1875) * ¢ 7 200 + 27 148
p~ (U¥F y—E~ (2165 + 5) — A45 = 2.665 — 145 = 2.520

Answer 2.520"

ample 2. ‘ )
How chould 2 piece of work be centra\'\zed for ctraddle milling 2 2.062" dimension,

ished size i 2.3.8" and {he distance between the inside cutting edges is 0227 when the €
"

¢ placed hub to hub? The thickness of each cutter is 5

olution.

D~ (315 + 625) — 1565 = 3.000 — 1565 = 2.8435

Atter the outside face of the outside cutter has beent spotted o0 the work
\ongimdim\\y to clear the cutter, then feed the table in 2.8435".

Answer 2.843
PROBLEMS

Calculate for each of the following the distance to move the table in:
.U~ 1.375": F 1.287: T = 5
2. U = 1.000": F -~ 9207 T = 5
3. U~ 10072 F - 875" T = 625"
LU 450" F e 6257 T = 532"
5 U~ 18757 F 7 1.655": T = 45

Keyway cutting. Scats for standard square keys are usually cut by
«tandard plain milling cutters .

_ _The work may be held between centers, in @ )
by avise. In any case, the wor

- k must be lined up so that the keyway will be P
{he centerline of the chaft and should be rigidly supported, especially if the sh

e quite Yons. After the work has been set up correctly and the cutter proper
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assuming that a plain milling cutter is being used and that the diameter of the shaft is
not too large, position the shaft so that it can be spotted on the side by the cutter; start
the machine, and while holding a piece of paper between the cutter and the shaft, feed

the table slowly toward the cutter until friction
between the two pulls the paper out as shown
in Fig. 8-17,

To locate the cutter centrally, lower the
table; then with the dial on the traverse feed
screw set at zero, move the work toward the
cutter a distance equal to one-half the diameter
of the work plus one-half the thickness of the
cutter.

If the work diameter is too large for the
plain milling cutter 10 be spotted on the side,
another method of centralizing the cutter is to
locale it approximately over the center of the
work; use a combination or solid square placed
altemnately on each side of the work and measure
the distance from the cutter face to the blade of
the square; then move the table so that the right
and left faces of the cutter are equidistant from
the right and left sides of the work.

After the cutter has been centralized over
the work in the correct location, start the ma-
chine and spot the cutter on the work, using the
vertical feed until the spot on the shaft is just
equal to the width of the cutter. Set the dial on
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Fic. 817, Centralizing a cutter for slot

milling.

the vertical feed shaft to zero, and feed the table up a distance equal to one-half of
the width of the keyway then feed the table longitudinally to give the keyway the

proper length,

For keyways closed at cach end, end mills of the correct diameter are used, and are

Lo-

i 8-1F Centnala"gan end eJ lar bt mil ng

centralized by spotting the
periphery of the cutter on the
shaft. If a vertical milling at-
tachment is used, lower the
table to clear the cutter, then
move the work sideways into
the cutter a distance equal to
the radius of the work plus the
radius of the end mill. If the
end mill is placed directly in the
milling machine spindle, after
its periphery has spotted on the



Milling get-ups and O

1. What is meant by clab milling? :
9. What factors chould be considered prior 10 setting WP the job

? .
3. Why chould the work and cutter be located as close to the machine column s possible?
4. What is the difference petween gang milling and straddle milling?

7. How arce the cutters Ust in straddle milling spaced for milling the desired dimcnsion?

g, 12137 g dimension Were {0 be straddle milled, would it be all right 1O put spacers of that
petween the hubs of the cutters? Why?

q, Explain 2 method for centralizing the work in straddle milling.
10. How may work be held for keyway cutting?

11. Explain 8 method for centralizing @ chaft that is to have a keyway cut in it.

12. Generally speaking, to what depth must {he cutter be fed in milling 2 seqt for 2 square key?
13. Is the depth of the ceat for a square key measured from the top of the shaft or the cide of the
way?

\.1. 11 the depth of the key scat were measured from the top of the chaft, what would be the result’
15. How are square key seats, closed at the ends, milled?
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DIVIDING HEAD WORK

DIVIDING HEAD
Kinds - Milwaukee, Brouwn & Shar, « Classifications— Rapid, Plain, Angular,
Graduating, Differential . . . Helical and Splml Milling . ; . Definitions — Helix, Spiral
«~»« Ezamples o!ﬁel{cﬂlmlllrnp—Squt “,’l’mcedurn + « Spiral Miliing — Solutions
Procedurex

Dividing head. The dividing head is a device used to divide the surface of the work
accurately into equally spaced divisions; i.e., in work such as cutting teeth in gears,
reamers, and the like. There are two types commonly used, one having a ratioof 5 to 1,
the other a ratio of 40 to 1. This means that to get one complete revolution of the spindle,
the hand crank or index crank must make either $ revolutions or 40 revolutions depend-
ing on the kind of dividing head used.

Fic. 9-1. Cut-away dividing head. RatioSto 1.

The Milwaukee Milling Machine Company makes a dividing head with a § to 1
ratio, the principal parts of which are: spindle, spindle gear, drive pinion, crank, sector
arms, and index plates. Fig. 9-1 shows a cutaway view of this dividing head. The spindle
gear and pinion are of the hypoid bevel gear type.

The sector arms are adjustable so that they may be set to include any portion of a
circle which coincides with the index plate used. The index plates are circular steel plates
having groups of holes accurately located and of a size such that the pin on the end of
the plunger contained in the crank will conveniently fit. These holes are arran ed in
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known a5 agtandard Plates,” €0 -at

Each plate contains a of | olesarranged } il !

«ible to get 3% ety of Ir ctional pa tgof'at meof a’c‘ran}.;:'«”l‘:. g'm‘xm‘ ersof BT
{ these circles are 1ot AT Lpibid .o bl ord fY ot

Plate No. 347,39,41,43,47,49. . o
vidi the Cincl ti Milling Machine Company 15 eqmpped
F,??d‘ cide. The pumber ©

2,83, )
Second cide—46,47; 49, 51,53 54,57, 95 2, 66.;This plate'may be reracefl })y
one of three gpecial plates drilled on both sides, side having 1 1 circles and containing

{he numbers of holes shown in the table Fig. 9-

)"‘t 48 67 46

‘ . 69 81 79

¢ jores N 91 9

: N g9 111 109

i eact 17 Yy B 923 5
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- On the “Wide Rangé p'\\'idcr” made by the'C'\hc'mnati Companys divisions
A

1030 000 TRV S indexed dircctly. This device consists of dual sector ArMSy cran



INTIARDIVIDING; HEAD WORK3 41> A M 157,

index plates. The small crank operates the spindle by means of a gear reduction-havingy
aratio of 400 to 1, while the large crank operates the spindle in a 40 to:1,ratjo. vt
Classifications of indexing. The different kinds of mdexmg for which the dividing -
head can be used are classified as rapid, plain, differential, angular and graduating...
Rapid indexing. Rapid indexing is accomplished by, means of the rapid index
plate located on the nose of the spindle. On the Brown &’sﬂé’r}‘:’é" ividing head, this
plate contains 24 equally spaced holes that make it possxble to inde}; directly any
number of divisions which is a factor of 24. These numbers of divisions are 2, 3,4,
by brgsrodl o estod b el
6,8, 12, ‘ahd 24, > olasme x’I
On t.he Cincinnati dividing head this !plate has 3 circles havmg 24 30, and 36 hol
Thése Plites aks posdbla 1he FoloWIY niimBb o alvislors by’ éﬁld Indéinﬁfg
24-hole circle— 2, 3, 4, 6, 8, 12, 24
le cu'cle;— 2y 85,904
le cle—2, 3, 4,
To do rapld mdexmg, it xs necessary to dis ngd’ge“the"&o“x‘ﬁ"f fidthe worm
wheel. This is accomplished by turning a small knurled hand wheel on the side opposne

g uﬂ mf: Jl" m 210 llnn a1y 2t sloaiz slod-OL adls 9o0i2

the crank, through one-half a revolution operating the eccentric i which the worm
shaft’is modnted"The 'spindlesand rapid index plate may then be turned directly by
hand. 21311047

“2ateollol ady 10 dags wi paissbar b arf? mr[”ﬂél“ﬁhwd saibivib squod2 » aworll eds gaizJ

eroiotnb ¥ erolzizib § .1
Ezample 1. enorrab §1 .G enorivib £L8
Suppose that it i3 Hetédialy td'index 8 divisions. rooaah &8

Solutior, "nmnl'nl adt 1 des 0t ,;muhm biqgst otly asstioies brod pubenb itnannail eodr garJ

First dxscn"g'éI "e’&:e wo;m from the worm wheel; then, on the Brown'& Sbarpe dividing head,

locate the fighite’ lzmpcd on the edge of the plate opposite one of Eheholés? insert the plunger D

vabai sinté'thid h&le and aftet taking the first cut and.backing. the work aiwdy! fromithe Eutter btk lhe
10w plunger out;of the index plate, tumn the spindle by b hand and bring the ne:gthc e marked B aroun w
and engage the pin withit. Continue this process untila complete revolution has been made by

EYS '“lhespmdle slismmot o T Ly acieiowi 10 beay @i anizsbot to baid @idT laodhy

of the index lntcunotnumbucd the indexing may he carried out by us
aszs g OF mm}m TED \Shuw Indisamon o a1l notps v e amy - ""1%

‘)Iqrr‘s/thedumhhxﬁv sthére N:id the number,¢f holes per diviton. 5.z, o) ,2omit Yo 19dmun

)
38 Yo enobtplover + = 0 = f” nady 2401241 91 zobai o) betiopat e 30 dndy s-uqque
8

01 [
L4 LRSI

bae eomisdnswer FEngagé.the pin inanystiole,then for eachydiyision turn the (spindle throygh three
sd 1o holes, not,counting the firstoped [livr 1admun slodw arfs werit 6 Yo t16q loors oo
oitnlovst £ Yo req lsnoitasnt adt od lhie ym £ b e (nantoed udt bne daes
aadi enoizivib 8¢ 108 yabmi 0f {Ineevise - 1 9ugque e sa G
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=lbs £ 6 e yobai od) 190 of Yirezo29n i 3 notuls st 6 10 @ 1 o) sdsm o
10 -81 st vorisis vaasseni #idt o] @ Yo slgitlum & 2 doidw eslod to 19dmun & gaived
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Example 2. . e
Using 2 BF wn & SharPe dividing phead, what indexing 15 necessary 10 cut qually \‘11&“
Lo
spaced sp\incs? ‘\ ; ,J‘
SOI““;O”- 24 )\j"
Using rapid indexing the formula is N . ) &
n M _g4 1{
oles in the rapid index plate. |

Therefor® Z’V'. =% :
Answer 4h
Examp\e 3. _ ‘
Using & C'mc‘umnﬁ dividing head, calculate the indexing for 10 equally spaced divisions by rapid
o 10 an ever

indexing.
Solulion- '
Since the 30-hole circle is the only one in the rapid index piate that will contai
. 30
pumber of times, the formula is N .
30 0
Therefore & = B
N 10
Answer 3 holes in the 30-hole circle.

id indexing for each of the following:

4.8 divisions

5. 12 divisions

6. 24 divisions

f the following:

he Brown & Sharpe
1.2 divisions
2.3 divisions

3. 4 divisions

. the C’mcinnaﬁ dividing head, calculate the rapid indexing for each O

1. 8 d'\.vi.si.ons 3.9 divisions

2.5 divisions 4. 30 divisions

an indexing. Plain indexing 15 periom\ed with the aid of one of three ind

furnished with the dividing head, while the worm 15 engaged ith the Wor

_This kind of jndexing is used for preciSion work. The formuld 15 7 where N
e divided into 40 a1 e

amber of divisions required. IfNisa pumber {hat can b

yer of times, the answer will be the complete 1€V utions of the crank.
ose that it is required 10 index 10 divisions, then 4—1% = %% =
number of times
revolutions @

al part of 2 revol

N\
IfNisa number such that it is contained into 40

ractional part of a time, the whole pumber W1

ank, and the {ractional part of a time will be the fraction
se it 15 necessary to index for 36 divisions then

sr example, suppo
.40 40 4 $
o mk N =36~ 1—=1 —éRevolutjon
h:wi: make the 1/9 of 2 revolution it is necessary to set the index crank in
ga number of holes which isa multiple of 9. 1In this instance either the
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27-kole cirde can be wsed, but the 18-hole drde & in plate No. 1, while the 27-bole
drcle s in plate No. 2. If plate No. 1 is on the dividing head, adjust the crank pin to
fit into the 18-hole drde; to get the sector 2rm setting, change 1/9 to 18ths; that is
1/9 X 2/2 = 2/18, or set the sector arms for 2 holes in the 18-hole drde. If plate
No. 2 &5 on the dividing head set the ank for the 27-bole cirde, than charge 1/9 to
27tks; that is 1/9 X 3/3 = 3/27, or set the sector arms for 3 koles in the 27-hole
dirdle. Therefore, for each division, turn the crank cre revolution and eitker 2 holes
in the 18-kole circle, or 3 koles in the 27-kole circle.

Ii ¥ is 2 number larger than 40, write it under 40 and redrvce the resulting
frection to its lowest tenms. Select an index plate such that oze of its circles will contain
tke denominator of the fraction an even number of times, tken change tke fraction
to this depomination.

EXFRCOISES
Example 1.
Reguired to index 70 divisices.
Sel=tion,
;—?= §=—c.zmc!"::ndtkcz.kfrac’;&ﬁﬁcc.

Plates No. 2 2=d No. 3 each contein cirdes of boles czpable of bandfing $ of 2 revolution.
Phats No. Z containg the 21-bais cirde, so Gargiz $ to 2ists = 4 X 3 = §.

Therefore, st the sector 2, for 12 hales iy the 21-boke cirdde.

Pite No. 3 coctains the £3.bels cirtle, so dhanging § to 49tk = 4 X § = 3§

Azzeer  Setthe sector arms for 28 boles I the 43 bl dircle.

Example 2.
L::ngmL&’peéI\'}iqbe—d,a!m‘_u: be indexing preessary tocnt 32 teetk ina
Spur g,
Seletiom,

32 divisionss can be cut by plain indexing.
420 _40 g 1

Tbe:-:.‘c'e‘ » 132«1*-

3 of a revolzticn c2a be rmale by viing phte No 1.

Int.‘:sp‘.u:mlz'l!zl&c:mbcka:d:bat:".:pkdﬁsath.{. Fto16tks; = o%:
that s, 4 beles in the 16bhcle cirde.  Set the index crazk for the 16Doke circle 2nd set the secter
27 for 4 boles (pot coumting the £ra1 bole) in the 16-bole drdle.

The comple ensxer is 1 revelation and § boles ia the 16-hole arck.

TUsing the 20-bole cirdle, chznge 1 1o 20tks; = o; thatis, Sholesinthe 20-holecirde.  The
crrzplets anewer §s 1 revelotion 204 § boles i the 20-bole dircle.

Example 3.
\\h:ind:xizgi,mxymm‘.slmlhin:gu:oz:a(_'xzi—:axidiri{-::gbaﬂ?
St
wicn. 4_0‘ '—0
22713

Crange 1§ to 39tbs; 43 = 3 ox 30 boles in the 39.bele dirde.

On the £rst s3d= cf the standand index plate, a circle contains 39 boles; this ke a moltiphe of 13,
Azser Foreach division tum the arzsk throagh 30 boles in the 39-hole circle. (

-
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- 31 « Therefore, the gedr compound is $§ X §}. ; Observe that when = mimber in the denominator
. =+* position is raised to suit a standard gear, a number in the numierator position’ must be multiplied
by this same value to maintain the proper ratio. CoE I BALE 0T ey

Thc gnr compound is arranged on the dmdmg head as Iolluws‘

o (Al -f 40 - =1 gmroh spmdle - '_’ K i
i ‘C =56 = second gur on s!udJ .

)o!"ﬂ i

ﬁrsi geat $ri'sthid
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‘Fre. 9-3. Ccmpmmd gears amranged on dividing bead.

! areqs
To have the gear differential make up the difference between the requu-cd number
of dmsmns N, and the selected number of divisions #, it is necessary. to have, the index
plate, lale in the correct direction re]atwe to the crank. , RN 5
It n— N) is positive the index plate must mtate in the samc du'cctxon as th!:
crank.is turned. If (n — N) is.negative the mdex plate must rotau: in a du’cchon
opposite to that of the crank. - v oy
When the gearing is simple and (n ~N ) posmve, use one xdler gear. . v,
oy (When the gearing is simple and (n —— ) negative, use two }d),erlgears.
.21When the gearing is compound and (n —,N) positive, use no jdler gears. |
.oWhen the gearing is compound and (n — N) negative,.use two idler gears.
1,y Therefore, the compound gears of the prcccdmg 1Hustratxon rcqmrc the use of no
idler, gears, so that the index plate will rotate in the same “direction as the crank thus
making up,the difference between the requlred number .of , dmsxons, 96, and the

selected number, of divisions, 98. .. . e R .o

Elx N o v
) 8 ool ' [ sy F
"‘,Calcuh'ia‘m'é'm feithg b Gulying 423 Wivtdiogs. " Y :

sm‘nx.mzm il u“ that )m.Jruul ‘. v - (L

e “anoitasTl boggitnos™ es e L o e s

chu!a,u(n—N)—- Let 1 = 320,

S o L by sgyreearty Lo



rrect values, btain: (320 — 323} 3% = > raise 10 terms Of
i 16- i Continue 35 {ollows to find the geaT

.nd the 6A-tooth geat on the worm haft. dince the
cary so that the index plate

place the 4-to0t!
ng is o ple a 7y is negatives {wo idler geaT® arc nece -
i travel in the proper direction relative to the cran The complete answer 15%
3ho\cs Gears = 4. i with 2 idler gears.
16 holc circle D 6
It is absolutely necess hen doing diﬁerential indexing 1O have the index plate
locking pin discngaged f e plate, oth¢ e it will be gheare .
Most milling mach? anufacturers and do, furnish indexIng charts that
i i e necessity

Using the Brown & Sharpe dividing head with the above standard gears and th

dexingl formula, calculate the indexing for the following:

e diﬁcrenﬁa\ in-

1. 171 divisions 6. 818 divisions

2. 83 divisions 7. 914 divisions

3. 11 divistons g, 1300 divisions
9, 1623 divisions

4, 61 divisions
5, 263 divisions 10. 1124 divisions

kind of indexing 15 done about the same a5 plain in-

\ngular indexing. This
dexed through an angle rather

ng, the exception being that the work must be in
1 a certain number of divisions.
One revolution of the index crank equals 1/40th of a revolution of the sp'md\e.

40 Y 360° = 9 degrees, OF 540 minutes, OF 32,400 seconds of ar¢ on the 40 to

io dividing head.
Since one revolution of the crank causes the spindle t0 rotate through 9°, then 10
\ : o a5 many turns

pate the gpindle through any other number of degrees would requirc
i.ﬁw cr§n\; as the number 9 is contained in the rcqu'\red‘ angle. Tor example, suppose
L is required to index an angle of 27 o The number of revolutions of the crank require

to index this angle is 27 gor3.In other words, to determing the number of revolu-
ven angle in degrees

liong of the crank necessary 10 index a given angle, divide the gi
by 95 or the gwen angle, changed to minutes, bY 540; or the given angle changed to
ceconds, by 32,400.

o The {io\\ow’mg. cxarr.\p\cs arc intended 0 acquaint the student with the more simple
rms of angular indexing. More complicated types can be handled by means of 2 rather

c‘on"‘p\lgllcd mathematical procedure known as wcontinued fractions;” which is
weyond the ecope of an clementary text.
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Ezample 1.
Required to index an angle of 17°24",

Solution.
Change 17°24° to minutes as follows:

17°24' = (17 X 60) + 24 = 1020 + 24 = 1044’, One
turn of the crank equals 5407; therefore, to index 1044’ the
crank will have to be turned as many times as 540 is con-
tained in 1044,

1044 = 540 = 1§34 or 13 rev.

Since one of the standard index plates contains a 15-hole
circle, the complete answer will be one revolution of the crank
and 14 holes in the 15-hole circle. Set the sector arms for 14
holes in the 15-hole circle with the left arm up against the index
pin, which should be placed in any convenient hole of the Fic. 9-4. Sector armsset for 14 holesin
15-hole circle; then turn the index crank once, and on through 15 hole circle.
to theright arm,

Fractional parts of a turn which are very neatly equal to a whole turn such as 14/15, 30/33, etc,,
require the sector arms to be set as shown in Fig. 9-4, and the crank turned through arc ¥ instead of
X. That is, the crank must be turned through an arc outside of the sector arms instead of inside.

Example 2,
Required to index an angle 72°15'38",
Solution,
Change 72°15'38" to seconds as follows:
{1(72 X 60) + 15)60)} + 38 = {[4320 + 15)60} + 38 = (4335 X 60} + 38 =
260,100 + 38 = 260,138"

One turn of the crank equals 32,400 seconds; therefore, to index 260,138 seconds the crank will
have to be turned as many times as 32,400 is contained in 260,138,

260,138 + 32,400 = 8.02895 or approximately 8.0290 revolutions of the crank.

The whole number is the complete number of revolutions of the crank. The fractional part, 0290, is
found, by consulting angular indexing charts in handbooks, to be very close to .0303 which is given
2s one hole in the 33-hole circle.

The complele answer is

8 revolutions and one hole in the 33-hole circle.

While this does not give precisely the required angle, it is close enough for all practica! purposes, the
ervor being equal to (03030 — .02895) X 32,400 = 43.74", Remember this is the error in an angle

of 72 15'38*, which is less than the ed of dard dividing heads.
PROBLEMS
!
Calculate the indexing for the following angles:
L7 M 4. 15° 7. 371°
2. 11°3% 5. 17°11'38° 8. 19°50°

3. 14°57°30" 6. 23°45" G, 54°42°28" /



1

the
indexings thus, $ X
ratio; 320~ i =3%E” 3.
Rais'mg o slan gcaﬁ, % % = %%'
place the 24-tooth & on the sp'md\c and the 64-tooth gear o1 orIm chaft. .
earing 15 5 ple nd (0 — N) is negativés two idler gears are neces tha:t the index
i travel the propet direction relative 10 crank. The complete answer 15
lho\es Gears = 4. % with 2 idler geats-
16 hole circle p ©
Ttis absolutely necessary when doing diﬁerential indexing 10 have the index
ocking Pin disengaged from the plate, otherwise itw cheared off
Most milling machin manu{acturers can, and do, furnish indexing chart
are intend for use with their dividing D€ These chat climinate the n€
of calculating the indexing for commoO y us pumbers of divisions. 1§ possi
copies of these charts and practice using The standard ears furnishe
Brown Sharpe & iding head are: WO with 24 teeth and One each of the fo
28, 32, 40, 4% 48, 56, 6% 1 g6 and 100
PROBLEMS '
Using the prown & Sharpe dividing «ith the above standard gears and th d\fierent\al in
calculate {he indexing for the following
6. 818 divisions
7. 914 divisions

1. 177 divisions
2. 83 divisions
3. 17 divistons
4, 61 divisions
5, 263 divisions
:c kind of
at the work mus

yolution of the crank cau

Since one Té
through any

rotate the gpindle
of the crank s
it is required 10 jndex an angle of
{0 index this angle is 27 =9 or -
tions of the crank necessary to index 2 given
by 95 or the given angle, change

coconds, by 32,400.
e intende

indexing 18 don
t be in

1/40th of
32,400 §

{ degrees
e required
r of revolutions O

other pumber O

the number 91is coma'\ned in th
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8. 1300 divisions
9, 1623 divisions
10. 1124 divisions

the sam
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the student with

The {ollowing examples ar
{orms of angular indexing. More complicated types canbe handled by ™€
known as «continued fractions,” whic

ematical procedure
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of an elementary text.
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Example 1.
Required to index an angle of 17°24",

Solution,

Change 17°24" to minutes as follows:
17°24 = (17 X 60) + 24 = 1020 + 24 = 1044’, One
turn of the crank equals 540°; therefore, to index 1044’ the
crank will have to be turned as many times as 540 is con-
tained in 1044,

1044 + 540 = 1334 or 1}}rev.

Since one of the standard index plates contains a 15-hole
circle, the complete answer will be one revolution of the crank
and 14 holes in the 15-hofe circle. Set the sector arms for 14
holes in the 15-hole circle with the left arm up against the index
pin, which should be placed in any convenient hole of the FIG. 94. Sectorarmsset for 14 holesin
15-bole circle; then turn the index crank once, and on through 15 hole circle.

1o theright arm.

Fractional parts of a turn which are very nearly equal to a whole turn such as 14/15, 30/33, etc.,
require the sector arms to be set as shown in Fig. 94, and the crank turned through arc ¥ instead of
X. That is, the crank must be turned through an arc outside of the sector arms instead of inside.

Example 2,
Required to index an angle 72°15'38".
Solution,
Change 72°15°38" to seconds as follows:
{[(72 X 60) + 15)60} + 38 ~ ({4320 + 15]60) + 38 = {4335 X 60} + 38 =
260,100 + 38 = 260,138" .

One turn of the crank equals 32,400 seconds; therefore, to index 260,138 seconds the crank wilf
bave to be turned as many times as 32,400 is contained in 260,138,
260,138 + 32,400 — 8.02895 or approximately 8.0200

of the crank.

The whole number is the complete number of revolutions of the crank. The fractional part, 0290, is
found, by Iting angular indexing charts in handbooks, to be very close to 0303 which is given
asone hole in the 33-hole circle, .

The complete answer is

8 revolutions and ane hole in the 33-hole circle,

While this does not give precisely the required angle, it is close enough for all practical purposes, the
error being equal to (03030 — .02895) X 32,400 — 43.74%, Remember this is the error in an angle

of 712°15'38*, which is less than the g 3 of standard dividing heads.
PROBLEMS
Calculate the indexing for the following angles:
1.7° - 4. 15° 7. 37°
2 neas 5. 17°1138° 8. 19°50°

2. 14057730" 6. 23°45° 5. 54°42°28"
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PROBLEMS
~ 15 Calculate thelindexing necmry 15 cit graduationd’of ‘the following sizes:!) .

stithem £ no L1is0198%20 o x sye Jiobailed 6 1o - o6 1385%ms -l
2. .0255% il 5 by Den882 e oty gy vy
3. .0447° 8. .3498"
4. 07325" ) 9. 4607°
5. .0_964':'.3)' o 10. .00832"
\ ! QUESTIONS AN

~ //'; \‘ / ! 7 Y
\\ o HET ; Dividing Head H :~.\"__.(7,‘\"J_{ ;
‘ 4 t
1. What i i meant by the ratio of at dwxdmg head ! [r' Py l
2, What is the purpose of the sector arms? | Sy [
3. How is it possxble to judge when a definite (ractwna] part nt‘ a a revoiution has been made?
4. What') f of divisi canrbe btained by use of the inde plate (umxshed ‘with 'the 5
to 1 dividing head? - | \ |
5. What numbers o! holes are contamud in each cxrcle ’of each plate furmshed with the Brown
& Sharpe dividing head? N AW
6. What'is meant by rapid indexing? EANTS R RTI
7. What numbers of divisions can be done by rapid indexing on the Cmunnau dmdmg head?
“The Brown' & Sharpe dividing bead?' ~1 hu: ) 5 3¢ rorienes daio 8ol AT evics
5 1o -8.:What is the formula for l’apld indexing on.the Brown, & Sharpe dmdm ‘hmd ot 1o e
o9 .\Vhat is mc:mt b in ind .
.,,,qlo. What js the rqml a for p exing the 40t0'1 dmdmg headi -
) ll. Jyhat numb‘eﬁ"‘s’of ‘ivisioné [mn7bé ‘doné by plain indexing’ wheii’a 20 to'1 dit
® 12 vt RVinsiat by Qifitfential indexing?.; 17 Iulis1eqg uail ¢
13. What is the formula for differential indexing?
w.ilild, How is it possibleito’determine whether 2 giyen; inumber of divisions. lsplam or dlﬂ’erenual
dr e s r)l{]j

R R U

“‘dﬂms’ o yd botesnen ei Mo 4l m 131 q [roit d

Ay 150 F.xplau} the purpases of an idler gear? R .
16. E: 0‘ :omp'ound géars are pTa ng head 1 usmg “the f‘ehers AC/BD !

o 17. “’hzt is hi effect’ bn Lhe set~u;; it (L \') is posmve? If! tn—h) 1s pegative? < oL 00
118, State the 'idlés {6t 1ise of‘idler gears in differential indexing.
19, By sketch trace the ‘action from the crank’] back 10 the mdex pla(e in differential indexing
when' simiplé gears are- used. od >
ar 20, By sketch. trace the action fmm the crank bad(!o the xndex plate when compound gears are
"se‘i"! o oudr b By "'UJ i § - 3
21 Consult a bandbooL or | fz ’s chaxt‘for Indexing tab Doa Uus chart give com-
plete information regarding plain and differential mdmng? Can you use it?
-022, What! {s angular-indexing?
T 123) Explain'how an angle of one degree\ean be'l lndexed ~_ - -
1 fte 24! Tlustrate how to change 2n nngle given in dcgrees “and mitites into minutes.
25. Change into seeunds an angle given in degrees, minutes and seconds,
.26 State the formuh for angular indexing, -.
\ ! r27. \Vhflt nsj mea.nt by gmduaung vn!h respect,to dmdmg bead work?
.28 How‘is the dmdmg Fead Set vp for graduatmg" v
29, Explam why bne'Févolution of the crink'on & 40 to | dividing Eead will move the table 006257,
30. State the formula used for graduating. PN
27315 What:care should be exercised in turcing tke crack whils gradytiog?

Ty

Pt e
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If the mill table were set at 90° with the arbor axis, and shaft 4 were moved straight
ahead as indicated by the dotted arrow, but at the same time revolved; the cutter B

would cut a groove as indicated by C. If
the mill table were swiveled to angle H,
however, and shaft 4 were moved straight
ahead as indicated by arrow X, Fig. 9-8,
and at the same time revolved, the cutter
would mill a path as shown by D. It can
readily be seen that groove C does not con-
formto the contour of the cutter, even though
it does form a helix and has the required
lead. It must be remembered that one of the
features required of 2 helical groove is the
conformity to the contour of the cutter used
as shown at D. Since this is true, then the
table must be turned through an angle such

that, when the work advances and at the g 0.8 The result of swiveling the table properly.

same time revolves, the path left by the

cutter will be identical to the contour of the cutter.
The helix angle is determined by the required lead and the diameter of the work.

1t is calculated by use of the following formula:
Tangent of the helix angle = 3.1416 X D < L

where D is the diameter of the work
and L is the lead of the required helix. (Fig.

Generating the helix. In order to cut a helix,
the dividing head must be connected to the mill
table lead screw by gears from the worm shaft to
the lead screw. Most modern milling machines have
a table lead screw with four threads per inch. Some
of the older machines have five, some eight threads
per inch. In any case it is necessary to connect the
dividing head and mill lead screw with gears of a
value such that, when the table has traveled longi-
tudinally a distance equal to the required lead, the

Y
N
R
i
\
1[ \ 9-9.)
xp} \
Iy
! \
| \
] \
] \
\
A |
et B | ey

Fre. 9-9. Mfustration of the triangle formed
by the belix and the lead.

work or dividing head spindle will have made ex-
actly one revolution. When the dividing head
spindle makes one revolution, the worm shaft or
index crank must make forty revolutions; and when

the table has traveled the required lead, the lead screw must revolve X times the
required lead, N being equal to the number of threads per inch on the lead scres. The

ratio of the gears can be expressed

as follows:
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M

Revolutions of the Lead Screwt N >< Requlred Leadw Py ol 5

Pt e o

Revolutions of the Index Crank _\=40. v bensibnd e b

If the lead screw is standard wrth 4 threads per mch the formula can‘ _l)e srrnp_lrﬁed

as follows: - “ s “2"f~'. Covortt sy b ol Limn cperovied
Revolutions of the Lead Scréew’ | Regqiiiréd Lead s : S A
T ETTCEACIEITA S NN ATE AN

.Revolutions of the Index Crank ™' - 10 e

, o e U BN SRSt I 7S TS (Rt O S T LA B A SIOR

Example. Ty ST -l ‘f-Ei paeh Dy oo ari pesn sl e
) o - ’ for s,J,(uf‘.'!lr)lﬂu)’m.“‘( LR (A

Consider the follomng Suppose it is necessary to mrllShehcal ﬂutcs onacuttero S0 d;ame)te_r,L
vnthaleadof(is"f - X oo s e ot el e 11 e
v T ooy i Fofis heanain o AR IR S S U S I .l.‘.: A

Solution. - .- ;‘1 woany fnoflor o 'azr- Byviinpot ext

’ ’ y eyt RTATH
" Step No. 1. Set the dividing head to mde*r ‘g divisions ! B vnvinen wit ol i
' nedd oid b aldy gonaid A e avioda

‘40
Revolutions of the crank =: :-8—* S.in any, circle.innp o sgor ol

.
s ey CRs ” 3.
it f: Drs sosnprhin s ay el inily

I STEPNO‘Z Calculate theheﬁxangle it ond el r‘tr(, i wseslorny Al rnns
Tangent of helix angle = (st%‘.},m.), L 6 feaiieobi ::;:l fiivr e300
ey 325X 3.1416) 5,35 = 029172,

4
S

:The angle whose tangent 1s 0. 291 7 2 =

o gilord o™
16° (o earestdegree) iz ziforf oAl

Ster No. 3 Calculate the gear ratxo. - ,1 f
‘ Lo T Reqmredlead_‘i\?__z P
IR TN 10 110 2 (o

Sm No 4 Smce {- cannot Be raxsed mto srmple gears, arrange it as a compound thus:
. i‘ X ~}, rmse this to standard gears as follows: ! | !
KICHEE segd marinna s Pt

X7 (1><2)><7 2XT: 2><(1><8)"12><56 (2)(24))(56_[48)(56”"
1><2 1><(2><2) 1><4 1><(4><8)‘u'1><32 (1><24)><32r24><32‘

FULRITRY L ;

’ The complcte rnformntmn necessary:to'set up this piece of work is as follows- f f
'Turn the crank five complete revolutions in any circle; , b
- Swivel the Universal mill table 16%-7 .: - b
A8-tooth gear on worm; 24-tooth gear on stud. (ﬁrst gear); . . _ ,j’ S S
56-tooth gear on smd (second gear), 32-tooth gear on lead screw.- - L :

Dmdmg heads and mrlhng machmes usually are fumrshed wrth a chart of commonly
d leads, the gears necessary ‘to’ ciit these leads and the proper placement -on the
chine, Frequenﬂy, however, leads are requlred whrch are not listed on the chart.
1en an occasion like this arises, reference can'be made to standard “Hand Books”
ich contain such mformauon. The followmg problem is placed in the text for the

1efit of those who might care to follow it through in an effort to’ learn how the valties
atained in the “Tables of Leads” can be calculated ST S
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Example. . peeio o Dudie omlanr pn s ene e tons D B

Find the helix angle and change gears necessary to cut 2 lmd of 3.429” on a shaft 1.5” in diameter.
“The mill table lead screw has 4 threads per inch. -
Solution, IELETIEE NI LT

Srer No. 1. The tangent of the helix angle = (D X 3.1416) + L.
eds 1ot i ot 1s ¢ LS X:3.1416 + 3.429 = 53757 27" (nearest degree is $49), o-r
1) ey Mml,, e b et 29.
o ,I\Of YTht: gur rauc - chunedlgd + 10 8 7;3-4—“ .

~This gear ratio is too hrge to factor fmo standard gears; therefore it is necessary
to find a fraction approximately equal 1o the gear ratio which can be factored
into compound gears..; This new traclxon is found by a method known s
“Continued I-‘rachons,  which ‘an be studied 14 more detail in “Practical
Shop Ma!.bemzucs," VoL I, by Wolfe an(d Phe)ps
enliienon Jl’"".l[‘lr‘h'}") )
Srer No. 3. _Find. the successive qucments. 2 These are the quouen(s found by continually
2 172 dividing the smaller.of the two numbers which make up the gear ratio into the

3429
larger as follows: The gmnuo&quﬂs/wmo 0 0¥ aTTZ
{aw flim expny 1 ol s 26 r”ll TEVYLE =2] iy

(brof fetor ot ni 20331421) | #16858 -1 73710, — (poltd
£asip 91 beol eids i & 1yovpie 2Ry et 31427 110 1 0 o ey b et paivtad
= ney gt escoqug Lesitaesg e 101 20y 2327 - 02870 1 {inurgre of B FR 0p S nipa =

ci
P
SUCCESSTVE ™!
15 122 18
tenaptiag UOTIENTS
TR e 711 7 N
Ueosma e st bas eluts I TONTITITES Trrisbrol s serd Ay 0l Lt

wpehen i} o L annse bl o' fr ~d T 102k o sty iy 3ot 1855 il 1, i 02 48 305088

.lx)"

(3T RV LTS TR
1 rds sl pss braf A0y (Do sy

[ RIS VI ISR IR 1Y
podtds i Tadt

odiatrlnli) &

IRACES PR EIECTI N ST TR

i
Ster No. 4. I-‘md lhe convergems by makmg up a block sysl:m as follaws:
SO orrgder . afirod e 8
2 1 R 10 7] 1 IB 7 2 QUOTIENTS
‘ F = 2 sod e M oralinfe b L
nre eriubanQ H CEg s o e bt A 20 [r 12275 300601 -4 34290 bt v ) ©
RN 3 T | et e o ”"cd-l:\"tnc :
v 2%} o Eu1) Gy 1 oiak s e And dntfon i1 1att’)
slduob st Yo iy UL u wr ds 0 oy gt
sl st s o ‘l\ote' Whmxhegurn ¥ proper frattionthe block Skt s stareed out
ol wriey (ol anty ‘foll nuum )'tm"hﬂ»I mm e - T et ﬁ'”
farr 45 follows !
e ralmdur et byt N Lobie srlniate nth e (0 Ly adier ot
Buted oty o e f o [Puabn -
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v ooleaerar
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are usually from 10° to 20° as shown in Fig. 9-10. Notice that these angles are
measured from the sides of the teeth to the vertical axis of the cutter.

" In setting up a milling machine for cutting a helix, a definite method of procedure
should be followed for obtaining the best results, as follows:

Fre. 9-10, Double angle cutter. Frc. 9-11. Spotting the cutter on the work.

Procedure.

1) After the dividing head and footstock are in place on the table, set the dividing
head for the correct number of divisions to be indexed and withdraw the locating pin
from the index plate.

2) Select the proper gears for producing the desired lead and mount them on the
machine in the correct locations. After they are mounted, try out the set-up to make
sure that the table and the dividing head operate freely.

3) Loosen the table clamping bolts in the saddle and swivel the table to the correct
helix angle. Do not tighten the table at this time.

4) Place the work between centers and adjust the table so that the footstock end
of the work is directly under the axis of the cutter arbor.

5) Move the table saddle in close to the machine column and place the cutter on
the arbor so that it comes approximately central over the end of the work. Tighten
the cutter securely on the arbor.

6) Swivel the table back to zero and spot the cutter on the highest point of the work.

7) Remove the work from between the centers and raisc the table an amount equal
to the depth of the cut.

8) Place a rule or thin parallel on the face angle side of the cutter and adjust the
table either in or out, so that the side of the rule against the face angle side of the
cutter splits the foot-stock center. (Caution—Do not elevate or lower the table in
making this adjustment.)
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Cutters. In milling a helix, cutters of various forms are used.
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ining 2 helix S
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are usually from 10° to 20° as shown in Fig. 9-10. Notice that these angles are
measured from the sides of the teeth to the vertical axis of the cutter.

" In setting up a milling machine for cutting a helix, a definite method of procedure
should be followed for obtaining the best results, as follows:

Fic. 9-10. Double angle cutter. Frc. 9-11, Spotting the cutter on the work.

Procedure.

1) After the dividing head and footstock are in place on the table, set the dividing
head for the correct number of divisions to be indexed and withdraw the locating pin
from the index plate.

2) Select the proper gears for producing the desired lead and mount them on the
machine in the correct locations. After they are mounted, try out the set-up to make
sure that the table and the dividing head operate freely.

3) Loosen the table clamping bolts in the saddle and swivel the table to the correct
helix angle. Do not tighten the table at this time.

4) Place the work between centers and adjust the table so that the footstock end
of the work is directly under the axis of the cutter arbor.

5) Move the table saddle in close to the machine column and place the cutter on
the arbor so that it comes approximately central over the end of the work. Tighten
the cutter securely on the arbor.

6) Swivel the table back to zero and spot the cutter on the highest point of the work.

7) Remove the work from between the centers and raise the table an amount equal
to the depth of the cut.

8) Place a rule or thin parallel on the face angle side of the cutter and adjust the
table either in or out, so that the side of the rule against the face angle side of the
cutter splits the foot-stock center. (Caution—Do not elevate or lower the table in
making this adjustment.)
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Example 1.
Suppose it is required to mill a helix with a 10-degree hook tooth on a blank 3.5* in diameter.

Solution.
The radius of the work blank is 3.5 divided by 2 or 1.75".
From trigonometric tables the sine of 10° is found to be ,17365.
Then multiply 1.75 by .17365, obtalning .3038" or approxi ly 5/16”.
Answer The cutter must be set 5/16" back of center.

Example 2.
How much must the milling cutter be set ahead of center to mill a tooth having 7-degree rake on

a blank 1,750" in diameter?
Solution.

The radius of the work blank is 1.750 + 2 — 875,

From the trigonometric tables the sine of 7° is .12187,

Multiplying this value, .12187, by .B75 =~ .1066 or 7/64”.

Answer The cutter must be set 7/64” ahead of center.

PROBLEMS

In each of the following problems calculate the distance which the cutter must be set ahead of
or back of center if A equals the angle of the hook or rake, and D equals the diameter of the work
blank,

LLA=24 D = 2625
2.4~8 D = 3.093
3.4~=10 D = 39375
4.4=5 D = 8125
5.4 =14 D ~ 26875

9 -

Spiral milling., The milling of “cams” is probably the most common kind of spiral
milling. These cams may be of the face, edge, or barrel variety, and from a simple
heart shaped cam to a cam containing many “lobes.” Most cams are machined on
milling machines of special design that operate from the profile of a small master cam.
However, when a cam of special shape is needed for which there is no master, it can
be machined on a horizontal or vertical mill.

The “lobe” of a cam is that part which contains rise or drop, and is bounded by a
change of radii.

The “lead” of a spiral in a flat planc is the amount of rise or fall in a complete circle
or 360°,

The “amount of rise or fall” is found by subtracting the short radius of a lobe
from the long radius of that lobe.

To determine the lead of a spiral, multiply the amount of rise or fall by a fraction,
the numerator of which is 360° and the denominator of which is the angle of the rise
or fall,

The method of procedure in spiral milling calculations is the same as for helical
milling, . with the exception that instead of finding the helix angle, the require <=~
must be found. The rest of the procedure is identical. ’
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ample.
e the hort radius is - 74025, the long radius is 1,0805 and the angle of 1

cam the §
ln{ﬁ;\c ‘0;); C;f()’ é 1culate cthe rcquired Jead and change £6318 necessary 0 mill this Jobe.
riee or falt1s .
Selutir . tall equals 1.0805 — 74025 = 34025.
No. 1. The amount of Tis or fall eq s
surr 2 The rcquxredl ad equals (360° + oy ¥ .34025 = 5444,
0 3444 544%
STrp NO- 2. Thegear ratio is equal to the Regquired jead = 1 10 __——-——1

syrp No. 3. Find the Successive quoticnts:

5444 10000 1
4536 5444 1
o — —
888 4556 5 ,
_,E}.z—— ﬁ‘i—?— ! The remainder, 4, is the GCD
76 116 1 e f t; 5444
40 \ <6 1 of the fraction ———-—1
e —
36 40 1
36 36 0
S
K

strr No. 4. Find the convergents:

1
TTo |1 4= A
\EZ_L 2500 | X 4 = 10000
¢\ LG

girp No. 5. Gelect the new gear ratio from the block sv «tem keeping in mind that the farthe

10 the left of the original it is celected, the greater the eryor.

. 49 490 1 7
Gear ratio = 7o 2 - —
90 o0 9 10

R'\N: X m to standard gears thus:

7 1 4 56 _ 28
K= X —_= = == X 75
( ) X 10 4) 72 X 40
sre No. 6. Calculate the nmoum of error:
9 1 40
)OX —1—- = -6 = 54414 = lead the new gear will cut. 54444 — 3.4

4. 0004 error in the lead
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Step No. 7. The complee answer is:
The required lead = 5444, Gear ratio = ;—:

Gear on worm = $6 Second gear on stud = 28
First gear on stud = 72 Gear on table screw = 40
Error = +4.0004 jnches per lead.

PROBLEMS

1. Calculate the change gears necessary to mill the lobe of 2 face cam if the short tadius is 5.625",
the long radius 6412, and the angle of the rise or fall is 75° .

2. Calculate the change gears necessary to mill 2 lobe on a face cam if the short radiué Is 3.257%, the
long radius 4.457", and the angle of the rise or fall is 144",

3. What will be the Jead of a lobe having a short radius of 4.875", 2 long radius of 5.080” and 2n angle
of rise or fall of 45°7

4. ‘The short radius of 2 cam lobe is 6.7”, the long radius is 8.136", and the angle of the rise or fall is
72° What js the lead of this lobe?

5. What amount of rise or fall would be
fall of the Jobe is 30°?

When using the dividing head for differential indexing or for helical or spiral milling.
be sure to have the index plate locking pin disengaged and locked back in place.

Determine whether or not the index
crank should be turmed clockwise or
counterclockwise and always turn in that
same direction after the job has once been
started.

Always try out the set-up to make sure
that everything is working freely, and spot
the cutter on the work to -check the in-
dexing for correct value.

In helical milling, after the cut is com-
pleted, always lower the table before
backing up to start a new cut and move
the table back far enough so that all “back
lagh” will be removed before the new cut
is started.

After the dividing head has been used
for rapid indexing, make sure that the
worm s fully engaged with the worm wheel
before using it for any other kind of in-
dexing or for helical or spiral milling.

When using gears on the dividing head make certain that they are placed on
BWPCI‘ shafts, and to suit the type of work for which the dividing head is goi ~

21X 28

tog=> Séxithemg[uohheri«cm

D d by the gear

OVIDINS NIAD

GRADURTING

160 SCREW

Fic 9-15. Dividing head gearing triangle.
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cuitable for doing a wide varizt);) o{ end or face milling operations, including die
cinking, “ ” milling, and DOIINE.
"mk{;’ri’rkt?:g:ttieons. Theg ’vertical milling machine is especially syifed to the'borixfg
of holes, or to circular milling operations In
connection with the circular milling table shown
in Fig. 10-2. These rotary table attachments are
of two types: one provided with a hand feed, the
other for power feed when connected to the lead
screw on the table. Some are ‘furnished with a
hand wheel and graduated dial which make pos-
sible the milling of flat, circular, or angular
work. The hand wheel is provided with an ad-
justable graduated dial or collar which makes it
possible to mill within 2 minutes of arc. As an
accessory to these tables, an indexing unit is
available with three separate index plates, which
permits the operator to do accurate indexing
similar to that done on a dividing head.
The rotary table is provided with T-slots
. that are generally of the same size as those in the
Fic. 10-2. Circular milling attachment with mill table. These T-slots intersect in the center
index plate. of the top plate at a hole which accommodates
arbors or standard test plugs to facilitate locating and clamping the work.
. When equipped for power drive, these tables have two adjustable trip dogs located
in T-slots on the periphery of the table, which can be located in any position around
the table, or removed for continuous milling operations. The power feed can be en-
gaged or disengaged at the discretion of the operator, which makes it possible to
operate the rotary table or milling machine table independently or in connection with
cach other. :
tha;rsl;?c:tlz; (;fnfgig s‘tn;;':ldr;;lclﬁiﬁer}phsrg 01f the rotary table operates is' the same as
used, the rate at the perip%\er e t; ete o ia for the table. When th.e rapid traverse is
universal, or vertical millin fn hi o bc s the same a-s that provided for the plain,
The ;’)ower driven rot g mactine tables.
ranging from that of & :::'r_zi r;z;l;lenzzélr: bi used for a wide variety of circular work
In locating work on 1}; § re ' o complex face cams and scrolls.
& e rotary table, it can be placed on a plug fitted to the hole

in the table. The center of the rot
machine o enter of rotary table can be located on the axis of the milling

Pla i
. d’:fﬁ :}Sl:kg f::xﬁ? in Ehe cex}ter' of the table and by means of an indicator located
in the spindle, indicate the plug, making any traverse or longitudinal

adjustments of the millin i
jus! 8 g machine t X i
coincide with that of the spindle. Pl mesessany o make the axis of the otary table

The work i
e work is then placed on the plug gage, and clanped to the table.
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To set the machine to mill the desired radius, if the work is to be machined on
the periphery, move the mill table Jongitudinally a distance equal to the required
radius plus the radius of the cutter.

If the radius is in the nature of a circular slot, move the table longitudinally, a

| distance equal to the required radius and use a cutter, enough undersize, to allow for

finishing. By this Jast method the cutter will be Jocated in the center of the slot.

For milling face cams, the cam blank is located in the center of the rotary table
and clamped in place; the “short lead” milling attachment is then attached to the end
of the mill table, and gears are selected and mounted to produce the correct amount
of rise or fall in the first lobe to be milled. If the cam has been “laid out,” place a
mill wiggler in the drill chuck in the spindle, and adjust the mill table so that the
“layout” lines of the lobe for which the table is geared coincide with the point of the
wiggler, . .

If more than one Iobe is to be milled, separate sets of gears wiil have to be calculated
for the individual lead of each lobe. The cutter
used for finishing the cam should be the same size
or a trifle larger than the cam roller.

Boring. The boring of holes is accomplished
on the vertical milling machine by using a special
chuck for holding the boring tool that permits the
tool to be moved eccentrically for obtaining the
correct size of hole. Fig. 10-3 shows a type of bor-
ing chuck commonly used. The boring tool is held
in the sliding jaw by means of a set screw. The
sliding jaw is moved back and forth by means of & screw surmounted by a dial which
is graduated to give movements in thousandths of an inch relative to the radius of the
hole being bored.

The work to be bored may be held by any of the conventional methods employed
in milling. A common method is to clamp the work to the mill table, supporting it on
parallels to provide clearance for the drill and boring tool.

The location of the hole is usually specified in relation to a finished side or surface
of the work, which, in jig or fixture work, or piercing dies, is given with very exacting
limits, Work of this nature is prepared for boring cither by laying out the location of
the hole and “test boring™ or by using “toolmakers’ buttons.”

"Test boring” is the process of boring a hole undersize, to fit a standard plug s,
for the purpose of testing its location.

Te, 10-3. Adjustable boring tool holder.

1) The approximate location of the hole is first laid out using a surface or *.

' gage.
2) The work is then clamped, layout side up, to the table Place & 5+ b
the milling machine spindle, insert a mill wigeler, Fig 104, 2=

3
i

run true. This ean be accomplished by using a rule or other —~ :Lrlli{
force it into line,



move.
Clamp the work

+ button will coinci

off and filing it flat.
i eady for drilling and boring.

Holes wh i , grilled can be located for boring by
as for locating the too\makers’ button.

indicator in the s@
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When several holes have to be bored in relation to each other, Fig. 10-5, their
Jocations can be checked by determining the center distance for any two; to this, add
the radius of each of the holes being checked. The result will give the micrometer reading
over the plug gages. ’

L— 4687 BORE

omsze—

b e — 250 e}
L as b33
L
A
§\
. ]

34 BORE \/ooaﬂa;rg
T \J T
IR
T ot T i
= e | 1t
{ IR RN H L !4
DET =2~ PLA

1-cotn pamw Mmﬂc STLEL
Sradev2s wr-27

F1c. 30-5. Sketch of typical boring job.

MILLING SUGGESTIONS

Perhaps one of the most important suggestions to the operator of a machine is that
he keep it well lubricated. This does not mean that the moving members should be
flooded with oil, but rather that the oil reservoirs be checked frequently so as to insure
an adequate supply. Modern machines, especially, ate so easy to lubricate that there
can be no excuse for overlooking this important detail,

A dirty machine or poorly kept tools and attachments are a certain indication of a
careless workman. It is much easier to keep the machine clean if it is cleaned as soon
as possible after the work is completed. A machine in which dirt and cltips are per-
mitted to collect cannot be relied upon to do accurate work. Sooner or Iater the machine
beatings will be severely damaged because of clogged oil lines. Remember that the
manufacturer of the machine and accessories is not responsible for the inaccuracies
caused by careless maintenance. Good machine tools deserve the best attention that
can be paid to them, and a fewr minutes spent now and then to clean them up or make
minor adjustments will pay big dividends in added years of efficient service.

The carelessness of an operator who lays wrenches, bammers, or other tools on

Y
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SAFETY
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with the result that fingers, a hand, or even an arm might be lost. These parts of the
anatomy are too valuable to risk their loss at any time; for this reason, safety in
the operation of a milling machine cannot be urged too strongly upon cither the green
apprentice or the seasoned journeyman.

The following suggestions are meant to be gentle reminders to prevent very serious
accidents and a great amount of spoiled work. They are meant particularly for the
milling machine but can be applied to all machines.

DO'S and DON'TS

DO get thoroughly familiar with the stor lever.

DO make sure that the work is held securely before engaging the cutter with it.

DO make sure that all tools and machine parts are clear of the cutter before starting
the machine.

DO keep your hands away from the revolving cutter.

DO handle all cutters carefully to guard against injury to yourself and others.

DO keep the shirt sleeves rolled up above the clbows and wear close fitting <hop
aprons or coats,

DON'T under any circumstances attempt to operate any machine unless you are
thoroughly familiar with it.

DON'T move any lever unless you know exactly what is going to happen when it is
moved.

DON'T play around with the lever of any machine.

DON'T attempt to remove chips from the machine with your bare hands or fingers.
Use a brush or other suitable implement.

DON'T go away, even for 2 moment, and leave the machine running.

DON'T try to operate the machine and engage fellow workers in conversation at the
same time. Keep your mind on your work and let the other fellow do the same.

DON'T wear rings or long neckties while on the job.

DON'T attempt to oil the machine while it is in operation.

REVIEW QUESTIONS

1. Why are some milling machines called vertical milling machines?

2, What advantage does the vertical milling machine have over other types of mills?

3. For what types of work is the vertical mill especially suited?

4. Can circular sections be generated on the vertical mill? How?

6. Describe the rotary milling attachment and tell how it is operated.

6. Docs the fact that the hand whee! has an adjustable, graduated dial increase the weefrlness

of the rotary milling attachment? How?

7. How js the work attached to the rotary milling attachment?

8. Fxplain how the power feed of the rotary milling attachment operates.

9. How is the center of the totary table located on the axis of the machine spunclte?
10, FTow is the vertieal mill table adiusted for milling a circular section?
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“CYLINDRICAL GRINDERS

+ DEFINITIONS
CLASSIFICATION
Exti 1. .. Int 1...Surface ... Cutter... Tool Grinder...Of-hand Grinder
"M Cy"’l‘ld'lrl,:l Grlndue'nu“. » T of Work ... Unicersal Cylinder Grinder. ..
lloldln, the Work .. . Dricing the Work . . . Adjusting the Machine ... WheelFeed . . .
Speed of Work
WORK OPERATIONS
Plain Cylind, <. Tapers . . General Commenta ... Mottled, Checked, or Cracked
Work o Ung:rtuh.?.l’l cut.o o Dressing the Wheel... Truin ..'Guuln,. ..
Loeding o s Gupfnp Cylindricn! Work . Ccmrnon Amp(
SAFETY BUGGF.‘S'HOVS
Centerless Grinder

DEFINITION

The word Grinders is commonly accepted as a general term applied to all forms
of grinding machines, Specifically, it is a machine employing an abrasive wheel for the
purpose of removing excess stock, at the same time leaving a good finish on the work.

CLASSIFICATION

Grinding machines are classified as follows: external, internal, surface, cutter,
tool grinders, and off-hand grinders. Under each of these headings are to be found
many different kinds of grinders made by dificrent manufacturers. It is not the pur-
pose of this chapter to deal with all makes of grinders; instead, it aims to treat only
of those things which have been found through experience and practice to be beneficial
to students of the machine trades. Anyone interested in learning how to operate a
certain given type of grinder, made by some particular manufacturer, should secure
descriptive material from the builder relative to that machine and study it thoroughly.

Plain cylindrical grinders. Plain cylindrical grinders, Fig. 11-1, are machines
designed to do the most simple types of external grinding. The wheel head is made to
operate to and from the work table but cannot be swiveled. The work table holds the
work head and footstock, and can be swiveled for slight tapers only. The work head
is rigidly attached to the work table and cannot be swiveled. It is located to the left of
the operator and is usually made with a self-contained drive to transmit variable speed
and motion to the work. The footstock is located on the work table to the right of the
operator. The base of the footstock is so made as to facilitate sliding it along the work
table to compensate for the length of work.

The work table slide can be traversed on the ways of the bed either by hand or
automatic fecd. A mechanism for changing the rate of automatic feed is contained in
the base,

185
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In this machine the wheel head can be swiveled on its base and can be fed to and
from the table. The upper work table can be swiveled, and is equipped with scales and
adjusting screws for setting the table to produce slight tapers. Steep tapers may be

Fic. 11-3. Samples of eylindrical grinding #orl

ground by swiveling the work head on its base. The work head is equipped with a
self contained driving mechanism with provisions for variable work speeds. The head
stock center may be made cither live or dead by engaging the work drive plate with
the spindie. The lower work table can be traversed on its ways either by hand or power
feed and has provisions for controlling the rate of traverse.
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the new cut before the table motion starts again. This action of the machine must be
accomplished smoothly or the work will show low and high spots. Therefore, adjust
the table dwell properly. The speed of the table traverse depends on the width of the
wheel and the kind of finish that is required on the work. It is generally set so that
the table will move from two-thirds to threc-fourths of the wheel face width for each
revolution of the work.

Fie. 11-6. Back rest with wooden shoes. Fic. 11-7. Spring type back rest.

Wheel feed. Most cylindrical grinders permit feeds from .00025” to .004”. These
feeds may be accomplished either by hand or power. Whenever possible, power feeds
should be used rather than hand feeds. This automatic feed permits cuts of from .00025”
to 005" for each traverse of the table with regularity, thus preserving the life of the
machine by keeping the pressure constant between the wheel and work.

Roughing cuts may be from .002” to .005” or more for each reversal of the table
depending on the amount of stock to be removed, the rigidity of the machine, and the
work set up. Generally speaking, for roughing the job, a fast traverse, heavy feed, and
slow work speed is used. For finish grinding, a slow traverse, light feed, and high work
speed should be used,

Grinding wheels used on cylindrical grinders are generally made of silicate or
resinoid bond and employ aluminous oxide abrasive wheels as follows: 46-J, 46-K,
60-K, 60-L, 80-O and 120-P.

Speed of work. Due to the many variable factors in grinding, no set rule can be
given since the speed of the work conditions, such as work diameter, kind of metat, and
heat treatment, arc all important factors and should be taken into consideration. The
grinding wheel will wear away very fast if too high a work speed is used, while too
slow a work speed causes hard grinding action and glazing of the wheel. Common work
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threads, keyways, etc., protect them by putting thin pieces of brass, coppel, or 0

coft material between the work and the
e —
-

6) Lubricate the machine centers
and check the table stop fced trips,
and levers 1o make certain that they
are not cngaged. Be sure that the wheel
is moved back far cnough not 1o inter-
fere with casy mounting of the work.

7) Place the work In the maching,
making sure that the work centers are
properly engaged and that the drive pin is properly engaged both in the arindt
and drive plate. 1i the work i« long and slender, mount the steady rests and Pt

Tic. 11-9. Three-quarter full center-

adjust the shoes.
§) Adjust the table traverse for the length of work, making allowances
gver-run of the wheel and for the sniace occupied by the dog.
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9) Start the machine and Iet it run for onc full minute to give it a chance to warm up.
During this time permit the coolant to run on the wheel to balance it, especially if the
machine has been idle for several hours.

10) For roughing out the job, dress the wheel by passing the diamond across the
face of the wheel quite fast.

11) Set the work speed at the correct SFPM, and cautiously feed the grinding wheel
to the work by hand until sparks indicate that contact has been made. Take a light
trial cut, noting the action of the wheel on the work.

12) Without removing the work from the machine, check it for size and taper.
Make any adjustments necessary to insure that the work will be straight.

13) Grind the job to rough size. If several pieces are to be done, sct the stop and
feed ratchet on the wheel head slide hand wheel. Proceed to rough out the remaining
pieces keeping the wheel sharp and clean.

14) To rough out the end that the dog was on, place the dog on the other end of
the work and proceed as in the above outline.

15) For finish grinding, dress the wheel by passing the diamond slowly across the
wheel face, then set the machine for fast work speed and slow traverse.

16) Mount the piece to be finished and take a trial cut, checking the work frequently
for size and taper.

17) Finish the first piece and set the stop on the feed ratchet so that the infeed
will produce the required size on
the remaining pieces. Have the first
piece inspected for size, shape, and
surface quality.

If the work has shoulders, key-
ways and the like in it, some devia-
tion from the above procedure must __ ———""—]
be made. If work rests are used, the
kC}’\V:lys or slots should be filleu F1c. 11-10. Work with bent driving bracket sweated
with lead or other suitable material in place.
to prevent the shoes from catching in the work,

Sometimes it is desired to finish a job in onec operation. A job of this nature may be
done by sweating a bent bracket on the end of the piece, as shown in Fig. 11-10, to
act as a driver. The bracket should have an offset sufficient to allow ample clearance

for the over-run of the wheel. This method would have little advantage where a
number of picces of the same kind had to be worked.

Tapers. Taper work, Fig. 11-11, can be done on the cylindrical grinder by one oi
several methods: the work head, work table, or wheel head may be swiveled or the
grinding wheel dressed at an angle. The table is set by using the swivel adjustment
located on the right-hand side of the table. Three sets of graduations are generally
provided. The scale marked in degrees represents one-half of the taper angle, whereas
the scale marked “taper per foot,” or “per cent,” indicates the whole taper angle.
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head is graduated in degrees and provided with a vernier to make accurate settings
possible. If the wheel is to be dressed at an angle, care must be exercised to see that
the diamond is set on the exact center- .

line of the wheel. If this caution is not
observed the wheel will not be dressed
to the correct angle.

To grind the 60-degree conical
point on a machine center, Fig. 11-13,
the work head should be swiveled to
30°. After cleaning the taper socket of
the work head spindle and the taper
shank of the center, place the center in
the spindle. Next dress the grinding
wheel and take a trial cut, observing
how the wheel contacts the work. If the
trial cut does not follow the original
point, check the point with the flat
center gage, Fig. 11-14, or the cone center gage, Fig. 11-15, and make the adjustments
necessary to insure accurate results.

The flat center gage is used by locating the conical point in the Vee of the gage
and observing where the sides of the “V” do not tontact the work.

Fig. 11-13. Grinding 3 ¢ mackine center,

Fic 11-14.  Flat center gagr. Fic. 11-15. Cone center page.

The cone center gage is used in much the same way as the female taper page. The
conicat point of the machine center is given three stripes of Prussian blue terminating
at the apex of the cone, then the cone gage is carefully placed on it with a slight twist-
ing motion. When the gage is removed the bearing spots will indicate whether or not
the center corresponds with the gage.

After the necessary adjustments have been made, proceed with the grindinz opera-
tion with care. The change in work speed, due to the steep taper, will cause buming of
the center point. This may be overcome by taking light cuts, using 2 slow work speed,
2 flood of coolant, and working the cut from the point back to the large diameter of
the center,

Contour grinding. such as concave or convex radii, Fiz. 11~16, or a radius and an
angle. may be ground by dressing the wheel to the desired shape. Generally the ma:" N

Va3
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M
. . i tra equipment. Fig. 11-17
chine supplies such a mechanism as ex
facturer of the mach dressing radii on the wheel.

v attachment used for . ‘
sho;zrar:hc«ing a radius on the wheel, the fisture is set so that the point of the

diamond falls behind or abead of the fixture center a distance equal to the required

! 75‘ .|
’:2—-—' i—-— 3 — /\~{
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Fic. 11-16. Job with convex and concave radii.

radius. If the grinding wheel must be dressed concave, the diamond is set ahead of
center; if the grinding wheel must be dressed convex, the diamond is set behind center.
When dressing the grinding wheel at an angle or radius it is absolutely necessary
that the diamond point and its path of travel be kept on the exact centerline of the
wheel, otherwise the wheel will be dressed in-
.. .. correctly.

: General comments. “Out-of-roundness”
+ . of the work is a condition in which one side of
the work, though radial, will be lower than other
sections. This condition may not show up when
the work is checked with an ordinary micrometer
caliper, but if it is placed in a set of bench test
Rt ) -centers, and a dial indicator used, the low side
roee ¥R - % %L of the work will readily show up. This out-of-
e T ey roundness may be caused by one of several fac-
tors, but two of the most common reasons are
nicked or dirty work centers or loose machine

centers.
“Mottled,” “checked,” or “cracked” work
surfaces may be due to improper work speeds,
L . .ou.t il wheel too hard, or a loaded or glazed wheel. To
Fic. 1117, };\;xii;zglhlr\;ing device, overcome these conditions try setting the work

specd a little faster, keep the grinding wheel
an and sharp, and keep a good supply of coolant running on the point of contact

:ween the wheel and work. If the wheel is too hard it will still cause the work to
rm and crack even though the work speed s correct and a good supply of coolant is
1‘1‘ :I‘hc remmfy then would be to try a wheel with a slightly softer bond.
‘L{x\d}\rcxlts "in the work are caused by irregular movement of the work table past
- grinding }\'lxecl. Any interrupted travel of the table permits the grinding wheel to
'd longer in one place than another, resulting in a smaller diameter ground at that
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point. To correct this condition keep the machine well oiled and all operating members
working freely.

“Plunge-cut” grinding is the term applied to the grinding of a surface without
traversing the work table. It is used when grinding a flange or shoulder which is nar-
rower than the width of the wheel face. It is also used to good advantage when grinding
a cylindrical surface with multiple diameters. In this instance it keeps the corner of the
wheel sharp, thus making a square corner between the shoulder and cylindrical surface,
and speeds up the operation of grinding the remainder of the cylinder.

To use plunge-cut grinding for shoulder work, locate the grinding wheel closc
against the shoulder and feed it in to the required depth; then traverse the table by
hand so that the shoulder moves away from the grinding wheel. The wheel should then
be dressed, and the table traversed by hand almost up to the shoulder to finish grinding
that section.

“Dressing” the wheel is the process of removing material from the surface of the
wheel for the purpose of restoring its cutting properties. The best results are obtained
by setting the diamond and
shank as shown in Fig. 11-18.
To dress the grinding wheel
for fast cutting or roughing
out a job, pass the diamond
quickly across the face of the
wheel taking cuts of about ¢
001", To dress the grinding
wheel for a finishing cut pass
the dizmond slowly across the Wheel — Never Above.
face of the wheel, using feeds 3 If in Doubt, Lower
from .0001” to .0002" for soft 1 Point§"tod’ for Safety.
wheels and from .0003” to
0005” for hard wheels.

“Truing” is the act of fracturing the surface of a grinding wheel for the purpose of
making the periphery run concentric with the wheel spindle axis, to make the sides par-
allel, or to change the shape of the wheel.

“Glazing” of the wheel is a condition in which the abrasive particles in the wheel
have become dull and are not released by the bond, causing the cutting surface of the
wheel to take on a shiny or glass-like surface. Generally this condition is caused by the
wheel being too hard for the material being ground, or the work speed is too slow. If,
alter the wheel has been dressed and the work speed increased, the condition is not cor-

rected, then it is an indication that the whee! is too hard and it should be changed for a
softer one,

“Loading” is the term used to express the condition in which the material being
ground becomes imbedded in the pores of the grinding wheel. It is caused by the work
being too slow, the bond of the wheel too hard, or crowding the wheel into the work, If

Diamond
Tool Holdar

Note:
Diamond Point Must
Be on Center Line of

Fic. 11-18. Correct position of diamond tool.



s
BN

e B S R O ]

196 MACHINE sHOPp THEORY AND PRACTICE
7eving the wheel does nog correct this condition, try taking a lighter cut or increasing

”w(i“z;:;;;];rr);;g;'rrdrical work. The micrometer caliper js com.mon.ly usec.i f?r 8aging
work which come within jis scope, Frequently, howcver, cylindrica] grinding must
be done thy frquires the yse of £ages calibrated g a finer chree of accuracy thap
ordimary g fometer calipers gre capable of producing. For thjs Purpose 8ages known
Y zfr;xpdrult)rs" or “Amplificrs” are used.

I'he common amplifier, Fig. 11-19, is 4 mechanica] instrument employing 4 lever
arrangement in whjep, one thousandth of an inch is amplifieq ten times, For quick and

L e F

Fig. 11-19, Common 10to 1 Fig, 11-20,
amphfier,

Amplific, calibrated
to read 000025 inches,

easy reading, 5 dial indicatop Braduated tq read in tenths of thous
that an epg of one of the lever arms acts upon it. The dial a¢
deviation of the needle frop, any required Selting,

Another type, Fig. 11-20, whicp, contains a fay shaped dja] illumj

nated eIectn'caHy,
is Eraduateq ¢, read ip steps of twenty-fiye millionths of an inch, The tota] feading of
the djy) is - 0.0005"

andths jg arranged so
Curately records any

@ Set either of these inslrumonts, RAge blocks ey be Combineq ¢q the size of the
required dimengoy (See page 259.) After clesing (he rest block of the amplifier, the
-,;.'u:(j l)lf»cks are place Upon it ang the tontact poing and indicator dia] adjusteqd SO that
the ndicator needle will poq have 14 Move more than tep 8raduationg to equal th, Size
of the Rage blocks, Fig, T1-21 1 le gage blocks are then removed ang the part to be
Biged ig Placed o the resy blocl; ind slowly rolled Under the contact point, While the
i icator needle should b obseryeq for any defi

aximum deflectio after jg ECLS past zorg Fig. 11-22, the
Y an amoyng tqual ty the value

(_}n- l?t‘t‘(“(' Passey Zero. If the jndicator needle doeg not
M an th, fimoyny

3

the indic:xlur needle shows m

ugislcred.
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SAFETY SUGGESTIONS .

1) Before szatifng the mactine check all mackine steps and lowers to sev that they
50 that when the I started it will not be damaced by one
. Whan starting the mackire, especially after it hae
stood idle over nizht, step to one side as the starter button or switch is pushal. This

precaution skould be taken to insure Ieing clear of the wheel in case it should burst
because of the carelessness of a former wser,

Fic. 11-21.  Setting amplificr with gage Fro. 11-22. Checking the work on an amphfice,
blocks.

2) Before engaging the wheel with the work make sure that the work is properly
located between the machine centers, and that the drive pin, connecting the drive plate
and dog, is correctly adjusted and locked in place.

3) Keep the machine well oiled and keep a good supply of coolant running at the
point of contact between the wheel and work.

4) When machining work, especially that which contains keyways, splines, or other
surface jrregulanties, do not put your hand on it while it is in motion.

Do not wear rings while working. Many serious injuries result from this practice

5) When checking work on a cylindrical grinder without removing it from the
machine, it is not necessary to stop the grinding wheel, but be sure that the wheel has
been moved far cnough away from the work so the checking may Le done without injury
to yourself. —

/=
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Centerless grinding, The centerless grinder, Fig. 11-23, vt'as delsignegl for t1}1{e
rapid productjon of plain external cylinder, ex:tema] taper, or externg profile wor .
Fig. 11 24. 1t migh be a~sumed from the foregoing that the ce
2 production machyne. - this is not the cas

] M
Frg, 11-23, Externa) Centerless grinder,
A Handw e for operating repulating wheel truing areach. I. Handle for chmping the wor rest slide in Position,
meny J. Slide for transverge adjustmen, of work rest,
© Trumg 2achment for fesulating wheel. K. Worl. rest,
C, {rzv.-lmn: wheel, 1 Gn'ndm;; wheel,
n. Crank (o, Mittameter ndju:[mcnl of fesulating wheel, M, Lever for hydr:xuh'c control of &rinding wheel truing attach.
E. Lever ¢, Prewyre adjustmeny 09 regulating whee], ment,
Y Spar {or Adfurting rezulating wheel and work rest slide, Truing attachmeny f,, Brinding wheey
G, Levery for varying the peed of the rerulating wheel.
H.

whee], the rogulaling whee],
Pressure op the w, tk, forei

N. i .
0. Lever for Operating Drofile 2ttachmeny
1slide to the lower P,

Handte g, lampizg, the regulating whee Coolant supnly 1o diamong and
i slide .

“rom ap Operator'g point of view, the importany op

ne as _ - 1125, Causing the work to ¢
chwise dxrectxon and feedg the work thrg i
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grinding wheel operates continuously at about 6000 SFPM whereas the Tegulating
wheel can be operated at from 12 to 300 RPM.

aofe By

frmes m e e e

Fic. 11-24. Samples of centerless work.

With this method of grinding, the work does not need to be perfectly cylindrical to
start with because the location of the axis of the work, with respect to the centerline of
the two wheels, governs the length of time re-
quired to grind the work into a cylindrical
shape. The higher above the center of the two
wheels that the work is placed, the quicker the
rounding-up action will be. However, it is pos-
sible to have the work Jocated too high, which
causes it to be lifted off the work rest.

To get the best rounding action, the work
vest should be adjusted so that the center of
the work is located one-half the work diameter

above the centerline of the two wheels, as shown
in Fig. 11-25 Fic. 11-2%  Rotation of grinding wheel, work
: and pegulating wheel

For grinding plain cylindrical work, where
it can be fed completely through the machine, the method of feeding the work is
\nown as “Through-Feed Grinding.” 1f the work must be ground to a shoulder or
taper, the method of feeding is known as “In-Feed Grinding.”

For cither method of feeding. the rate of feed is governed by the positio
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regulating wheel axis with respect to the axis of the grinding wheel and the speed of t!
regulating wheel. Ordinarily for work that is straight, the regulating wheel should 1
set from 3° to 4°. If the work is badly warped or bent the angle can be increased
as much as 6°.

REVIEW QUESTIONS

1. Name six classifications of grinders.
2. What types of work can be performed on the plain cylinder grinder?
3. Discuss live and dead centers.
4. Describe several methods of holding the work for cylindrical grmdmg
5. How does a grinder dog differ from a lathe dog?
6. How much of the wheel face should be allowed to run past the end of the work? Discus:
7. What is meant by the term table dwell?
. What is the range of wheel feed?
., What is the common range of work speeds in number of surface feet per minute?
. Discuss the procedure for grinding a plain cylinder.
. Name several methods of grinding tapers.
. Discuss the operations of grinding a 60-degree machine center.
. How is a radius dressed on a wheel?
. How is out-of-roundness detected on a piece of work?
» What is meant by plunge-cut grinding?
. Discuss the process of dressing the wheel for roughing and also for finishing,
» Define the terms truing, glazing, and loading.
. What is a common amplifier?
. How are gage blocks used in setting an amplifier?
. Discuss common safety precautions in connection with cylindrical grmdmg
. What are some of the advantages of a centerless grinder?
- Name the important members of a centerless grinder from the operator’s point of view,
. What is meant by through-feed and in-feed grinding?
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INTERNAL GRINDERS

DEFINITION
CLASSIFICATION
Work Type ... Pl v Type ... Ce less Type
METHODS OF HOLDING WORK
Chucking the Work...lInternal Cylindrical Grinding— Thirteen step analysis ...
Internal taper grinding ... Flat Work...Chuck and Steady Eest...Center and
Steady Rext ... Face Plate and Angle Plate . . . Face Plate and V-Block ., .
Special Fixtures

BAFETY SUGGESTIONS
Internal Centerlese . . . Cylinder Grinder

DEFINITION

An internal grinder is a machine especially designed to facilitate the finishing of
holes. This finishing is generally for the purpose of bringing the bole to the correct size
and shape and to give it good surface quality.

Fic. 12-1. Univeral internal grinder.

A i pewe and chuck guard  Lifts ep K Ford treadie Lits dogs and permite table and s bl bead te
B, Diamwed ks trung ernding wheel £ to rest
C. Gondting wheel guarl. Morks scuerstally L Bl kever  Reverws the tible in the darection that ¢ b
U Geimting wheel sgamiie bead
E Moty e drrvang wheed hesd M Hand wheel £ contrling movemens of table
F. Vine atpnntment for frefing winel to sk N Coliet kver  Hlddsor redoass mork .
G Crome slsle hamtebred for bordinz wbeel 10 work O Nawlekek boots Lacks serefie when rrmovang -
H Do ke contrdling bength of stroke of tabde and gnading friwry -
wheel hradt P Wk brad taw Cndn:oilvrnn&:‘umll
Kb bt adpnting ensaeement of qund frtem of wheel @ ho tor seivelag aod Liing wp work
bead K Lever bor starteng aned seoptang the work bead

J Table sored control Sever A2yt trom o to ad FFM
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IS
¢ LASSIFICATION

Internal grinders are classified according to three types: work rotating, planetar)
and centerless. .

The machines commonly used in tool and die rooms are of the work rotating type
[n this machine one of two principles is employed with respect to work and wheel move
ment . that is, the wheel head may be stationary with a reciprocating work table, or th
wheel head may reciprocate and the work table remain stationary. Both machines have
the wheel head mounted on a slide with provisions for feeding the wheel to the work.

g02

>

Guard. Covers spindle nose and swings
upward permitting access to chuck, face-
plate, or collet

Wheel head or graduated swivel base

Wheel head slide.  Moves in and out
Fixture {or tripping diamond truing device
Fine adjustment for upper table swivel
Table traverse locking lever

Serew for adjusting upper table swivel
Knob for engaging wheel-head slide power
cross feed

Hand wheel for operating wheel head slide.
It is graduated in o.co0s

Pilot wheel for traversing table by hand
Crank for setting length of table stroke

Change gear handle for changing speed of
table traverse

Belt tension adjusting lever

Screw for positioning table stroke

Work head base. Graduated in degrees for
cutting steep tapers

P. lever for starting and stopping the work
head

momMHY o

™~

ARy

eZz=

F16. 12-2. Universal internal grinder.

.In the planetary type of internal grinder, the wheel spindle is so arranged that
be§xdcs rotating on its axis it can be made to run eccentrically, thus making it possible to
grind holes of varying diameters depending on how much the wheel spindle is made to
mn.ecccmfic. The work is mounted on a table which has vertical, horizontal, and longi-
tudinal adjustments similar to those of the plain milling machinc’. ,

The cent 1 . . . . . .
hold the wor kerlcss grinder works on a roller chucking principle in which the rollers

eating mot and impart the rotary motion to the work. The wheel head has a recipro-
rl?Pt‘(itivc :101: and may be fed in and out by hand. This machine is used for work of a
Ature, and possesses advantages similar to those of the external centerless.

METHODS OF HOLDING WORK

In the work rotating t i i i i
staight amd s hil ¥pe grinder, Fig. 12-2, straight cylindrical holes, combination

¢s, taper holes, blind holes, and holes having irregular shapes
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may be ground. Work is held on this grinder by one of the following methods:

1) Ina 3-or 4-jaw chuck screwed to the work head spindle nose.

2) Clamped to a face plate attached to the spindle.

3) Inaspring collet held in the spindle opening by a draw bar.

4) One end of the work held by the 3- or 4-jaw chuck while the other end is sup-
ported by a center rest.

5) Onc end of the work resting on the work head center and tied in place by passing
a buckskin thong around the grinder dog and drive plate, the free end being
supported by a center rest.

6) The work may be clamped to a 90° angle plate and the assembly clamped to a
face plate.

7) Thework may be held in a V-block clamped to the face plate,

8) When the work is of an odd shape and there are a great number of picces, fixtures
may be devised and used to cut down on the set-up time.

Chucking the work. All of the foregoing methods are used in general machine tool
grinding, but the 4-jaw chuck method is used to a greater extent than the others, Thisis
because the jaws can be moved to accommodate a wide range of work diameters and
because the independent action of the jaws permits greater
accuracy in lining up the work.

Fig. 12-3 illustrates the method of truing a job in a
4-jaw chuck.

Procedure.

1) The jaws are opened as concentrically as possible
and the work put in place, allowing sufficient room
for the inside over travel of the wheel.

2) The jaws are then tightened equally on the work
with sufficient pressure to hold it but not cnough Tic 12-3. Truu-g the work in a
to spring it out of shape. ° d-yaw chuck.

3) The chuck is then turned over by hand to determine which jaws permit the work

to run out. When this is determined loosen the jaw that is moved in too far and

tighten the opposite one. When the amount of runout comes within the scope of

a dial indicator place the point of the indicator on the work, up as close to the

jaws as possible. and continue the operation of loosening one jaw and tightening

the opposite one. until the job runs within the required accuracy.

AMove the indicator to the outer end of the work and while turning the chuck by

hand observe the amount of “runout.”

5) With the indicator showing the low epot, use a soft mallet and bump the work
over an amount equal to half the runout at that point. It is good practice to pull
back on the indicator plunger while the bumping is being done, oth *he [
indicator may be damaged. ( v

4

~
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RO
&) Repeat this operation of indicating and bumping the oute}'-end of the work unt
the required accuracy is obtained. As an added precaution .be sure to run tkh
indicator back and forth over the length of work to see if it is running paralle
Internal cylindrical grinding. The following is an analysis of the procedure re
quired to set up the machine to grind a straight cylindrical hole.

Procedure.

1) Check the inside diameter of the hole with a telescoping gage for sufficient grin
stock and to determine whether or not the hole is tapered. .

2) Mount a 4-jaw chuck firmly on the work head spindle and chuck up the work ¢
outlined. Make sure that the work head is set at zero on its base graduations.

3) Select the proper wheel. The selection of the wheel is based on the diameter ¢
the hole and the kind of material to be ground. Generally speaking the diameter of th
wheel should not exceed two-thirds of the diameter of the hole. These wheels are usuall
of the vitrified bond with a grain size and hardness of 46-H; 46-1; 46-J; 60-H; 60-1
60-7; 60-L; and 120-P. The diameters of the wheels are from 1/4” to 2-1/2” and tk
length 378" to 2”.

4) Select the largest quill possible, being consistent with the diameter and length ¢
the hole, and mount the grinding wheel. Be sure to protect the ends of the wheel wit
soft metal washers.

R
11T

1
ﬂ(ﬂ'n Jom]

| I AR ST

Fie. 12-4. Sctting length of stroke to avoid bell-mouthing.

3} Set the machine for the length of the work making allowances for the overtrave
of the wheel. The length of stroke should be such that not more than one-half of th
wheel face width is uncovered at the extremities of the stroke to avoid “bell-mouthing’
of fhe %mlv as shown in Fig. 12-4. “Bell-mouthing” is the term used to express a con
dx\u;n‘ uz\\;hich the ends of the hole flare out to a bell shape. ‘

1 Adiue 1. X .. .
e ﬁg};“‘::ﬁ:’ ‘:fdh:‘:];@t:,,cut straight. This is done by setting the table graduations o:

«3 See that all feed and trip levers are diseng

to one side a< the st aged and start the machine, steppin

arter button is pressed. True and dress the grinding wheel for roug]
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grinding. Diamond truing and dressing devices are usually a part of the standard equip-
ment which is supplied.

8) Take a trial cut, removing as little stock as possible. See that the wheel guard is
adjusted properly to cover the wheel, -

9) Check the hole for straight cutting and out of round. Make any necessary table
adjustments at this time.

10) With the machine set for cutting straight, rough out the hole to within .001”
10.003" of size depending on its length and diameter.

11) Dress the wheel for taking a finishing cut by passing the diamond over the wheel
slowly.

12) Finish grinding the hole, checking it frequently for size with a telescoping gage
asshown in Fig. 12-5. As the hole approaches its true size, check it with a plug gage, but
be careful that the plug does not “freeze” in the hole.~ , ..
“To freeze the plug” is the term applied to a condi- t~
tion in which the work contracts on the cold plug gage
thus causing the gage to stick in the hole. This condi-
tion may be overcome either by holding the plug gage
in the hand until it heats up slightly, or permitting the
work to cool off. Where several pieces of the same kind
are to be ground it is good practice to leave the plug
gage in the last piece which was ground, thus keeping
it ready for gaging the next hole.

13) After the first picce has been ground to size
have it inspected.

Internal taper grinding. Tapered holes can be
machined on an internal grinder either by swiveling
the work table or the work head. When slight tapers
are desired the work table is moved so that the gradua-
tions at the right hand end of the table indicate the Fic 125 Checking the hole

. with a telescoping gage.
correct taper per foot. Steep tapers may be machined i
by swiveling the work head to one-half of the taper angle. The work head base is
graduated in degrees and is equipped with a vernier for greater accuracy.

It is obvious that these graduations can not be relied upon for extreme accuracy. For
this reason a plug gage having the correct taper per foot must be used to check the work
immediately after a trial cut has been taken. The plug gage should be given a very light
coat of Prussian blue and be inserted in the hole with a slight twisting motion. Be sure
that the hole is free of all dust and grit before inserting the gage When the gage is ox
tracted, if the two tapers do not correspond, the blue will he rubbed off indicating the
point of contact. If the blue is rubbed off at or ncar the small end of the wage it indicites
that the taper of the work is too steep. If the blue is rubbed off at or near the T vnd
of the gage it indicates that the taper of the work is not steep enough Tn cither case
correction should be made by adjusting the compensating ~crews at the foot }H"ﬂ.l‘“d
of the table. 3

——— e



work from each
Put the clamps §

other, ang keep
sin Position, Iocatmg them gq that they will not Interfere with the
grinding Operatjon, Put 3 Washer gver cach styg and put the nuts on
5) Adjust the Dosition of the Step blocks ¢ that the Stud is closer to the work than
0 the step blocks This puts the ¢ aAmping Pressure on th, work.
6) Before m;htcning the nyts D¢ sure that the wory; rest bloclkg and clamps g, not
erfere wipy, the grinding Operation gpg that the clamps are p
Where 4 Seteup f this kind oce ’
1 face p)

arallel witp, the face plate.
V. fixtures are provideq for holding
C ground i being indicateq. This saves Considerable
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time and makes it much easier than trying to line up the work after the face plate has
been attached to the work head spindle.

If the location of the hole in the work is such that the work is eccentric on the face
plate, a counter weight, Fig. 12-11, should be bolted to the face plate to compensate for
the centrifugal force of the work and also 10 prevent unwarranted strain on the spindle.

Fic. 12-7. Three jaw chuck and steady rest set up.

Chuck and steady rest. The 3-jaw chuck and steady rest are used to hold a
spindle-like piece of work which requires a hole to be ground in one end concentric with
the outside diameter. In this set up, Fig. 12-7, the work is “chucked-up” within the
required degree of accuracy and the steady rest located near the outer end of the work.
After the steady rest has been tightened in place, set a test indicator against the outer
end of the work, and adjust the steady rest “shoes” so that the work runs true within
the required degree of accuracy.

Center and steady rest. Sometimes it is necessary to grind a blind hole in the end
of a spindle-like piece of work having a center hole in the opposite end. To do this type
of job a machine center is placed in the work head spindle and a drive plate attached to
the spindle nose in place of the chuck. A grinder dog is attached to the centered end of
the work and a steady rest put in place on the work table.

The drive plate is backed off about two turns and the work located on the work head
center and steady rest. Use a piece of buckskin Jace, passing it around the grinder dog
and drive plate, to tie the work securely in place, then tighten the drive plate. Fig. 12-8
shows a picture of this set up.

Face plate and angle plate. The use of an angle plate for holding work on the face

* plate is shown in Fig. 12~9. The angle plate used in this instance must have all its oppo-
site faces parallel and adjacent sides perpendicular to each other. To set the work up,
turn the angle plate on its side and clamp the work against the face of the angle plate
with a small C-clamp. Using a height gage and indicator, indicate the side of the hole

I3
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and adjust it paralje} with the sides o

f the angle plate. Turn the angle plate right side y
and put another C-clamp on the wor.

P
k opposite the first one. See that the work Is raiseq

This Operation
Veniently by hol

. ‘ e -
. y ding the Work in
\ b "-block and c]amping the assemb]y
- 10 a face play in Fig,
\\\\ 11.

€ as showp i, Fig
12—
To locate the work Properly ip
\ the V~b10ck, use a 10~ height 8age
Fie, 12-9, Face Plate ang angle plage set up, and Cither an “Ideal” or “LaSt
Word» indicator ¢, check the work
for heip Mral in the blocl;., Use the heig 8age ang indicatqy to locate the hole
PUmendicy)y,. to the hage and tightep the work Sccurely, i Sure to checj the Position
of the hole 48ain tg con that it djq ot move vy I the piece was tighteneq ext mount
the Vablog, assembly o the face plate using ¢ Mps anqd ¢ '
ice plate Work, Use o counter Weight to 1y 1 cc
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Special fixtures. These are used for holding work of a repetitive nature. Fixtures
of this type make it possible for the operator of a grinder to locate the work easily,
quickly and accurately, and support it properly.

o l 5 .
(o I— = 416 %
— (v
é }%/

j3%%eems

Fic. 12-10. Hole to be ground 90° with cylindrical shank.

Blind holes may be ground on an internal grinder, provided that the bottom of the
hole is sufficiently undercut and recessed to allow room for the overrun of the grinding
wheel.

Internal form grinding may be done by dressing the wheel to the desired shape.

Fic. 12-11. Face plate and V-block set up.

SAFETY SUGGESTIONS

1) When mounting internal grinding wheels, use paper or brass washers between the
wheel and spindle and the retaining screw and wheel to equalize the pressure on the
wheel.

2) Itisdangerous to use wheels larger than 2-1/2” in diameter for internal grinders.
If wheels larger than this must be used consult the foreman.

3) When setting-up a job, or machine attachments, or when making any changes
in the set-up, stops, or guards, be sure to shut the machine down. -

4) Work set up on a face plate should be clamped properly and secure

)
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Special fixtures. These are used for holding work of a repetitive nature. Fixtures
of this type make it possible for the operator of 2 gnnder to locate the work easily.
quickly and accurately, and support it properly.
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F16. 12-10. Hole to be ground 90° with cylindrical shank,

Blind holes may be ground on an internal grinder, provided that the bottom of the
hole is sufficiently undercut and recessed to allow room for the overrun of the grinding
wheel,

Internal form grinding may be done by dressing the wheel to the desired shape.

Fic. 12-11, Face plate and V-block set up.

SAFETY SUGGESTIONS

1) When mounting internal grinding wheels, use paper or brass washers between the
wheel and spindle and the retaining screw and wheel to equalize the pressure on the
wheel.

2) Itis dangerous to use wheels larger than 2-1/2” in diameter for internal grinders.
If wheels larger than this must be used consult the foreman.

3) When setting-up a job, or machine attachments, or when making any changes
in the set-up, stops, or guards, be sure to shut the machine down.

4) Work set up on a face plate should be clamped properly and securely.
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3, If the work must be set up eccentrically on the face plate use counter weights.

6) Many painful hand and finger injuries result from trying to clean out a hole, for
the purpose of checking it, while the work head is in operation.

7) Internal grinding machines are equipped with a guard to enclose the wheel while
the work is being checked, Fig. 12-12. See that this guard is working properly at all
tmes

8, When checking work that is too long to permit the proper operation of the wheel

guard. shut the machine down.
9} Wear goggles when doing facing operations on the internal grinder and keep the
wheel sharp. Wear goggles when the internal grinding operation necessitates the use of

axtra hard wheels or thin rubber wheels.

o~
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'~12.  Action o{ v;hccl guard on internal Fic, 12-13. Internal centerless grinder.,
grinder.

ternal centerless grinder. This machine, Fig. 12-13, is capable of producing
1t cylindrical or taper holes, interrupted holes, holes having a shoulder, or blind
The work is so held and revolved that the hole will be concentric with the outside
er.

is machine is adaptable to large runs of repetitive types of bushing work and
¢s many of the advantages of the external centerless grinder. The work is sup-
nd revolved by three rollers. One roller, known as the “regulating” roll d;iveq
wlates the speed of the work. See Fig. 12--14. It acts on the work in m{xch th;‘

anner as the regulating wheel of the external centerless grinder supporting th
the outside at the point where the wheel contacts the work zmci preveming the
“wheel from driving the work too fast. A second roll, known as the pressuregrolle
ed on a swinging bracket and holds the work against the “supporting” roll and,
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regulating roll. The supporting roll is located below the
work and is adjustable. These rolls move in and out
automatically to provide for loading and unloading the
WOIK.

In this machine the wheel head moves in and out’
while the work head remains stationary.

Cylinder grinder. This machine, Fig. 12-15, com-
monly known as 2 “Planetary” grinder, was designed
for grinding holes in work too cumbersome or bulky to
be held in the work rotating type of grinder.

The work is held on a work table either by bolting
it directly to the table or to a 90° angle plate. The work
table is similar to that of the milling machine, being
supported by a2 knee which can be raised or lowered on
the machine column. The table reciprocates to and from
the column and has provisions for setting the length

Fre. 12-14. Work held in the in-
ternal centerless grinder.

and position of the stroke. It can also be moved crosswise with respect to the

knee.

The grinding wheel on this machine is so mounted that besides rotating on its own
axis, it rotates around the axis of the hole to be ground. The amount of eccentric

Fic. 12-15. Cylinder grinder.
A. Starting H. Trip dogs for settlng Jength anid poaition of stroke

fever
B. Hand wheel for revolving spind!

1. Speed controt Jever for table niprocation

ie
. Adjustment for denth of cut in increments of 0008 i‘ ‘Shaft for vertical adjustment «f Laee

D. Hole sizing mechanism

E. Grinding wheel quill oc arhor a
P, Grinding wheel grinding wheel
G. Screw for Jongitudinal adjustment of table

motion of the wheel spindle is regulated by hand through the medium of A lever

L Lever for engaging table leeil e
L. Hand controt for miovine work ta aml from ¢

con-

veniently located on the wheel head, as shown in Fig. 12-16.

!
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This type of grinding machine is suited to railroad shops and the aircraft engint
industry cince much of the work is too cumbersome to be rotated.
, €

Fi6. 12-16. Wheel head of cylinder grinder.

REVIEW QUESTIONS

1. Name three types of internal grinders. Discuss. .

2. Discuss various methods of holding work in an internal grinder,

8. What method is most frequently used?

4. Outline the procedure of truing the work in a 4-jaw chuck.

5. Describe the procedure of setting up the machine for grinding a straight hole.
6. Discuss the use of a tapered plug gage.

7. When is a face plate used?

8. Discuss the procedure of mounting work on a face plate.

9. How and when are counterweights used?
10. When is an angle plate used?
11, How is internal form grinding accomplished?
12, Discuss general safety suggestions for internal grinder operations.

13. What kind of work can be produced on an internal centerless grinder?

14. How is work held on the planetary grinder?

15. Describe the motion of the wheel and spindle of the planetary type grinder.
16. For what types of work is this machine best suited?




Chapter 13

* SURFACE GRINDERS

DEFINITION
Rotary Type...Planer Type... Vertical Spindle”Rotary— Work Operations ...
Torirontal Plaper Type o Hoiding the Wark...Operations Witnees Marks ...
Grinding Work Paraliel...Grinding Work Squate...Anguler Work...V-Block
Fork — Work .. Slot ing — Work fons «. . Radlus Grinding
2« Surface Grinder Wheels

GENERAL INFORMATION
Safety . .. Wheel Selection
SAFETY SUGGESTIONS

DEFINITION

A surface grinder is a machine designed for doing operations similar to those done
on a shaper, planer, or milling machine, but is capable of producing these surfaces
more accurately both as to size and surface quality,

These machines fall in two general classifications, rotary type and planer type,
depending on the action of the table in operation. These types are divided into groups
depending on the position of the spindle and how the grinding wheel acts on the work.

The rotary type is divided as follows:

1. Horizontal spindle using the periphery of the wheel.

2. Vertical spindle using the rim of the wheel.

The planer type is divided into:

1. Horizontal spindle using the rim of the wheel.

2. Vertical spindle using the rim of the wheel,

3. Horizontal spindle using the periphery of the wheel.

All of these machines are adaptable to machine tool work and each machine has
its particular advantages, but for the purpose of general tool work this téxt will limit
its scope to the horizontal rotary type of surface grinder shown in Fig. 131, the
vertical rotary type shown in Fig. 13-3, and the horizontal spindle planer type shown
in Fig. 13-5.

The machine shown in Fig. 13-1 uses the periphery of a grinding wheel mounted
on a horizontal spindle. The wheel head is similar in construction to the ram of a
shaper and operates with a reciprocating motion, having adjustments for setting the
position and length of stroke.

The work table is circular in shape and employs a magnetic chuck for holding the
work. It is so constructed that it may be tilted for producing either flat, concave, or
convex surfaces and has both hand and automatic feed. Flat surfaces are produced
only when the work table is set at zero. The work is then placed on the magnetic

213
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—————

chuck with the surface to be ground exposed to the grinding whfeel and Fhe.magnetic
chuck switch turned on. The work table is then lowered to permit the grinding Whe?l
to be spotted on the work and the wheel head traversed by hand. After the wheel is

. Control switch for magnetic chuck

. Magnetic chuck .

. Grinding wheel

. Wheel slide safety stops

Adjustment for speed of wheel slide

Stops for adjusting length of stroke

Trip dog for engaging quick return

(adjustable)

. Hand lever for reversing wheel slids

Control for adjusting speed of wheel slide

and wheel

Micrometer adjustment for feeding the

work to the wheel

Adjustment for setting work chuck for can-

cave or convex surfaces

Hand wheel for vertical adjustment of

magnetic chuck

« Electrical controls for starting and stopping
the machine

N. Wheel truing and dressing mechanism

RS orE ommpows

2.

F1c. 13-1. Horizontal rotary surface grinder,

work placed inside, as shown in Fig. 13-2.

Many suitable grinding wheel dressers are available for trui

cel on this machine, One type consists of a small silicon carbjde abrasive whee]

unted on an axle in 4 suitable cast jron fixture. This dresser i
- magnetic chuck so that the axj

5 .°f the grinding wheel, The magnetic force in the chuck i
tng grinding wheel brought into contact with the dresser,
N traversed over the dresser to produce th

d in suitabe holders, are used in a manner

Vertical spindle rotary, This machine,
urate, fiay surfaces

the COmmonly 5
ler of the solid ¢

Fig. 13-3, is us
and when properly handled wijj
ed tool room machines, It uses

I segmented type, the rim of whi

ed for the production of
remove stock faster than any
a cylindrically shaped wheel,
ch engages the work for stock
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Fic. 13-3. Vertical rotary surface grinder.
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g16
removal purposes. The wheel is held in a special wheel chus:k attached to a vertlc:%l
spindle supported by 2 vertical column. The wheel head is constructed to permit
raising or lowering either by hand or automatic feec-I. .
The work is held in this machine by means of a circular magnetic chuck sup;.aorfed
on wavs or slides providing a means for moving the work to and from the grinding
wheel. . ]

To illustrate the operation of the machine, suppose that it is necessary to grind a
number of steel blocks to the same size.

Procedure.

1) The work is placed on the magnetic chuck by beginning at the outer edge of
the chuck and assembling it toward the center. After the work is in place turn on the
magnetic switch and test each piece to see that it is held securely.

2) Dress the wheel for fast cutting, then move the work table in so that the rim
of the wheel will cover the work. The wheel head is then fed down until sparks indicate
contact between the wheel and work, after which the coolant valve is opened.

3) The automatic feed is engaged and permitted to operate until the exposed sur-
face of each block is cleaned up.

4) The wheel head is then raised, and
the work table moved out; the work is re-
v moved from the chuck .and the chuck
! cleaned, after which the work is again
placed on the chuck with the ground sur-
face down.

5) If the work is to be ground to a deci-

mal dimension, one of the pieces should be
ground to the correct size on one corner and
be covered with copper sulphate (blue
vitriol), or other suitable material. This
piece is then placed on the magnetic chuck
with the other pieces, and used as a “sizing”
block.
Tio. 13-4, Locating work on a DBlanchard chuck, 6) The wheel is again engaged with the
. o work as outlined and the wheel should be
fed down until it just scratches the spot on the sizing block, then the feed is disengaged
and ‘.'h? wheel head raized from the work.

. '1}1:5 ma.chinc. like other grinders, is most efficient when the operator observes
i*f‘;’:m pertinent facts relative to its operation. Some of these are: (1) the proper
o 1 ok e k3 o 13-4, 3 s o e o
proper work smeed fcc::j? ceping it propcrl,\.r drcsse(‘i;. (3) the sclection of the

{ 5 to preserve the cutting qualities of the grinding wheel;
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and (4) the keeping of the surface of the magnetic chuck clean and true. To prevent
glazing of the wheel the speed of the wark chuck should be adjusted properly and the
feed of the wheel kept great enough so that the wheel wear will keep new cutting
particles in contact with the work.

Horizontal planer type. This
machine, Fig. 13-5, characterized
by a horizontal spindle, utilizes the
periphery of a disk wheel for re-
moval of stock in much the same
manner as 2 milling cutter removes
stock from work on a milling ma-
chine. It is capable of doing many
of the milling machine operations
but does them much more accu-
rately.

The wheel head is supported by
ways on the column of the machine
and is provided with a lead screw
and hand wheel for raising and
lowering it.

The work table is constructed
on much the same principle as a mill
table; that is, it is fitted to a saddle
so that it can be moved back and
forth under the wheel, and the Fic. 13-5. Horizonta! planer type surface grinder.
saddle can be moved to or from the A. Iand wheel for longitudinal movement of table

. B. Un and off suwitch for power to magnetic chuck
column either by hand or power c. Grinding wheel

feed D. Hand wheul for vertical adfustment of grinding whed head
eed. E. Magnctic chuck

Holding the work. The tableis & W WS e cransvense adjustment of table
provided with“T-slots making it pos-
sible to bolt the work directly to the
table, or to bolt a vise or other suitable fixtures for holding the work.

Frequently the table is equipped with a magnetic chuck, Fig. 13-6. This chuck is
equipped with a back rail ground in place to act as a guide or rest against which the
work is placed.

Besides holding the work directly on the magnetic chuck, fixtures and tools such
as 90° angle plates, adjustable angle plates, sine bars, V-blocks, or a vise can be used
for attaching the work. The entire assembly is held by
the magnetic chuck. It must be remembered that the
magnetic chuck will only hold pieces of stecl or iron.
If non-magnetic materials such as brass ot copper, are
to be ground, they must be held in place by pieces of iron ar steel.

Fic. 13-6.  Flectro-magnetic chuck.
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ns witness marks. Frequently the operator of a surfac.e gtrinder is
. alled upon to grind a piece of work to “cl?an-up.” ’?hxs means that the gnfmdmg wh’eel
s 1o be spotted on the work and only sufficient .materxal removed so that a §lxg}:‘t portion
of the original surface can still be seen. This is commonly known as leaving “witness
marke.” These marks testify that only a small amount of material has been remo.ved
from the job. Sometimes these witness marks are tool marks from former machining.
at other tmes they are nicks inflicted on the piece through careless handling. If the
«urface of the work has a fairly good finish or is quite regular, it may be given a coat
of copper sulfate (blue vitriol) and then ground to clean up. The copper sulfate will
fill in the depressions in the work, acting as witness marks after the work is ground.

Grinding work parallel. Few jobs are ever done on the surface grinder which are
not required to be ground parallel within rather close limits.

To grind thick work parallel, first sce that the work surface of the magnetic chuck
i~ clean and free from nicks and that the back rail is parallel to the table travel. If these
conditions are satisfactory, the job can be done by turning the work end for end, putting
it as nearly as possible in the same place on the chuck, then without disturbing the
wheel setting take a cut across the work,

Thin pieces of work may be ground parallel by taking very light cuts alternately
from each side. If this does not correct the taper-
ing, support the work on two small parallels, and
use a free cutting wheel. In this case the work must
be properly blocked on the chuck to keep it from
being thrown off when the grinding wheel comes
in contact.

“Blocking” the work on the chuck consists of
placing pieces of steel, of a height slightly less than
the work, alongside and at the ends of the work
for the purpose of holding it in place.

Grinding work square, This operation re-
quires the use of a 90° angle plate. Fig. 13-7, for
holding the work in conjunction with the magnetic
chuck.

Ninety-degree angle plates used on the sur-
face grinder should be maintained in perfect con-
At 00" : _ dition. This consists of keeping all adjacent faces

20" to cach other und all opposite faces parallel. If the plates.are not so kept they

r:'\.n not b(: depended upon for accurate results. For this reason they should be checked
with a xolid square or try square frequently. .
To set the work up for grinding it square.

“rocedure,

Operatio

¥, 13-7. 90° angle plate.

n 0 sidos heu
nnt'xct,::i‘:;r :}:‘\0 sides }.m\e been ground parallel. place the surface to be ground in
o I‘I'm‘\ ﬂt‘ x:;sgncnc chuck, then alongside the work, place a thin parallel or rule.
) ) w 9-degree angle plate with top edge down on the parallel or rule, and
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up against the finished surface of the work, so that one side of the angle plate is clear
of the work, then turn on the magnetic chuck,

3) Use a C-clamp of the proper size to clamp the work and angle plate together,
but be sure to place the screw end on the inside of the angle plate so as to reduce the
overhang and not interfere with the grinding operation, as shown in Fig. 13-8.

C 1
—_——3 ‘I/_M
Fic, 13-8. Clamping wotk to angle plate Fi16. 13-9. Angle plate with work in posi-
for squaring. tion to be ground.

4) Turn off the magnetic chuck and turn the angle plate right side up. If the work
has been attached to the angle plate, as outlined, it will be possible to grind in one
setting, two sides square with a third side.

To grind the work square.

Procedure.

1) Dress the grinding wheel (sce Fig. 13-11) for finish grinding, then raise the
wheel head high enough to permit locating the work on the chuck.

2) Place the work on the chuck with the back, lower edge of the angle plate up
against the back rail, as shown in Fig. 13-9, then turn on the magnetic chuck.

3) Adjust the work table so that the outer edge of the wheel will contact the work
on the inside edge by about 1/8” and feed the whee! to the work.

4) When sparks indicate contact between the wheel and work, feed the table
longitudinally, and at the same time feed the table in, noting the action of the wheel
on the work. If the work is considerably out of square, the depth of cut may have to be
either decreased or increased depending upon
whether the wheel is spotted on the low or high
side of the work.

5) In any event grind this surface to clean
up, then check it with a solid square to insure [' = l
that the proper degree of accuracy is being at-
tained; if it is, take another cut so as to remove
all witness marks. Fio. 13-10.  Angle plate set up for squaring end

6) To grind the sccond side square with the of work.
other two sides, turn the angle plate over so that the side which clears the work comes
in contact with the magnetic chuck. as shown in Fig. 13-10, and proceed as outlined
above.

Angular work. There are two methods of producing angular work on thf(‘“(:lce

grinder. In one method the grinding wheel is dressed to the required angle
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Operations witness marks. Frequently tl:,e o;?crator of a surfac? g.rind?}z; ;
.alled upon to grind a piece of work to “f!fzan-up. '}‘hxs means that the gnfxdmg whe
1< 16 be spotted on the work and only sufficient material removed so that a §th::: p.ortlo
of the original surface can still be seen. This is commonly known as leaving “witnes
marks.” These marks testify that only a small amount of material has been remove
from the job. Sometimes these witness marks are tool marks from former machining
at other times they are nicks inflicted on the piece through careless handling. If th
curface of the work has a fairly good finish or is quite regular. it may be given a coa
of copper sulfate (blue vitriol) and then ground to clean up. The copper sulfate wi.
fill in the depressions in the work, acting as witness marks after the work is grounc

Grinding work parallel. Few jobs are ever done on the surface grinder which ar
not required to be ground parallel within rather close limits.

To grind thick work parallel, first see that the work surface of the magnetic chuc
is clean and free from nicks and that the back rail is parallel to the table travel. If thes
conditions are satisfactory, the job can be done by turning the work end for end, puttin
it as nearly as possible in the same place on the chuck, then without disturbing th
wheel setting take a cut across the work.

Thin pieces of work may be ground parallel by taking very light cuts alternatel
from each side. If this does not correct the taper
ing, support the work on two small parallels, ani
use a free cutting wheel. In this case the work mus
be properly blocked on the chuck to keep it fron
being thrown off when the grinding wheel come
in contact.

“Blocking” the work on the chuck consists o
placing pieces of steel, of a height slightly less thai
the work, alongside and at the ends of the worl
for the purpose of holding it in place.

Grinding work square. This operation re
quires the use of a 90° angle plate, Fig. 13-7, fo
holding the work in conjunction with the magneti
chuck.

Ninety-degree angle plates used on ‘the sur
face grinder should be maintained in perfect con

o oo et ) dition. This consists of keeping all adjacent face
N ; tr and all opposite faces parallel. If the plates. are not so kept the
an not be depended upon for accurate results. For this reason they should be checkec
with a solid square or try square frequently. )

To set the work up for grinding it square.

€18

Fie. 13-7. 90° angle plate.
at 907

Procedure,

1Y After two sides have been

funtact with the magnetie chuck, t
} >

2y Phice the %0-degree angle

ground pn.mllol. place the surface to be ground it
hen alongside the work, place a thin parallel or rule
plate with tog edge down on the parallel or rule, anc
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up against the finished surface of the work, so that one side of the angle plate is clear
of the work, then turn on the magnetic chuck.

3) Use a Cclamp of the proper size to clamp the work and angle plate together,
but be sure to place the screw end on the inside of the angle plate so as to reduce the
overhang and not interfere with the grinding operation, as shown in Fig. 13-8.

—_— | —

Fic. 13-8. Clamping work to angle plate F1c. 13-9,  Angle plate with work in posi-
for squaring. . tion to be ground,

4) Turn off the magnetic chuck and turn the angle plate right side up. If the work :
has been attached to the angle plate, as outlined, it will be possible to grind in one
setting, two sides square with a third side.

To grind the work square.

Procedure.

1) Dress the grinding wheel (see Fig. 13-11) for finish grinding, then raisc the
wheel head high enough to permit locating the work on the chuck.

2) Place the work on the chuck with the back, lower edge of the angle plate up
against the back rail, as shown in Fig. 13-9, then turn on the magnetic chuck.

3) Adjust the work table so that the outer edge of the wheel will contact the work
on the inside edge by about 1/8" and feed the wheel to the work.

4) When sparks indicate contact between the wheel and work, feed the table
longitudinally, and at the same time feed the table in, noting the action of the wheel
on the work. If the work is considerably out of square, the depth of cut may have to be
either decreased or increased depending upon o

whether the wheel is spotted on the low or high
side of the work.

5) In any event grind this surface to clean by =
up, then check it with a solid square to insure I‘ === 1 1= ]
that the proper degree of accuracy is being at-
tained; if it is, take another cut so as to remove
all witness marks. Frc. 13-10.  Angle plate st up for squaring end

6) To grind the sccond side square with the of work.
other two sides, turn the angle plate over so that the side which clears the work comes
in contact with the magnetic chuck, as shown in Fig. 13-10, and proceed as outlined
above,

Angular work. There are two methods of producing angular work on the surface
grinder. In one method the grinding wheel is dressed to the required anglc[(u\hc
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work is held on the magnetic chuck. In the other method the work is set to the required

angle.
mg'I’he grinding wheel should never be dressed at an angle except as a last resort; not

because it is unsafe or impractical but
ISR ﬂwfﬂ(dw " because it destroys much of the grind-
£ ing wheel life.

The grinding wheel may be dressed
at an angle by one of several methods.
Generally a sine bar, Figs. 13-12,
13-13, is set to the required angle as
shown in Fig. 13~14, and a flanged
slide for holding a mounted diamond
moved up and down the sine bar to
shape the wheel. If the grinding wheel
is not already dressed to an angle, it
will save wear on the diamond if the
=l .=~ .. angle is roughed on the wheel with a

Fic, 13-11. Dressing and truing the wheel. piece .Of Sﬂicor} Carbide’ then ﬁnishec?

by using the diamond. It is important,

however, no matter what method is used, to have the diamond set on the exact vertical
center line of the wheel, Fig, 13-15, otherwise the grinding wheel will not be dressed at

I« B &R B Te

F1c. 13-12. Johansson 5 sine bar.

the proper angle. Also make sure that the angle dressed on the wheel is the correct one.
not the c.ompl.cmcnl of it. Fig. 13-16 shows a universal wheel dresser which can be used
for shaping either angles or radii on the grinding wheel. Standard master angle blocks
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Fic. 13-14. Sinc bar set up at a mven angle.
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are available that can be put together much the same as gage blocks to give a wide range
of angles. These can be used conveniently for dressing the wheel to the desired angle.

The work may be set at an angle by one
of several methods, as follows: setting the
magnetic chuck to the desired angle; using a
sine bar to locate the work against a standard
90-degree angle plate; setting an adjustable
angle plate to the desired angle and Jocating
the work on it; or setting the work in an
angular vise,

Fig. 13-17 shows the work set on an ad-
justable angle plate, Fig. 13-18 shows the use
of the sine bar for setting the work at an angle
against a 90-degree angle plate.

To set some sine bars to the required angle
all that is necessary is to set a planer gage,
or to stack gage blocks to five, or ten times the
sine of the angle depending on the length of the sine bar, then set one end of the sine
bar to this height. Others require that the addition of the radius of a plug or thickness

Fié. 13-15. Diamond set on centerline of wheel.

Fic. 13-16.  Universal wheel dresser (Vineo).

of the base of the sine bar be added to 5 or 10 times the sine of the angle, depending

upon whether a 5 or 10" sinc bar is used. ((\
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Fie. 13-17. Work set on adjustable Frc, 13-18. Application of sine bar and
chuck plate,

angle plate,

EXERCISES
Example 1.

How much must one end of 5 5" sine bar e raised to produce an angle of 25°5

Solution,
sin 25¢ .. 42262
5 % 42262 o 2.11310
Answer 2.1131”
. Example 2,

At what height mysy a planer g
produce an angle of 18°307>

Salulion.

age be set, when placed under one end of 4 pg~ sine bar, to

sin 18°30° ... 31730
10 % 31730 - 3.1730

Answer 31 730"

PROBLEMg
To what height myse one end of 3 57 g, bar be clevated (o produce the angles given ag follows;
I a5°15 6. 36°
2. 30° 7. 8%40°
3. 10030' 8. 450
1. 167 9. 45°50"
5. 24°30 10. 15°45
V-block Work, The v

-blocks COmmonly yseq on the surface grinder are :iccuratcly
ground, lmrd(-ncd, Steel blocks with a 99.¢

d ) cgree Vee locateq exactly in the center, The
adfacent faees are 90° to cach Other ang gy OPPosite faces are paralle]. As generally
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made, these blocks are intended for holding cylindrical work. Some of them, however,
can be used for holding square or rectangular work while a grinding operation is done.

The following outline gives the successive steps in grinding two opposite flats
central and to size, on the cylindrical shaft shown in Fig. 13-19.

£ nc2

4-OET. =)= SHART
3.2 ‘aian STesr
WEAT TREAT. GRIND
AT TREATMEINT I~

MACHINE . WERY TO 15607

QUENCH, IN BIINE . ooL 1% ane
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FINISKH TR e RO NDELL

Fic. 13-19. Job with two opposite flats to be ground on onc end.

Procedure

1) Dress the grinding wheel square, and also for finish grinding.
2) Check the flats for sufficient grinding stock and parallelism.
3) Place the work in the V-block so that the end containing the flats is clear of the

Vee and in position to be ground.

4) Usinga 10” height gage and an in-
dicator, check the shaft for being central
in the Vee, This is done by indicating the
side of the shaft, than turning the V-block
over 180° and indicating the other side
o see {hat the readings are the same.

§) Check the flats for being central,
noting which side is high and whether the
flat is in a horizontal plane.

6) Locate the V-block on the mag-
netic chuck with the low side of the flat
up and take a light clean-up cut, as in
Fig. 13-20.

7) Turn the V-block upside down to
bring the unground flat into grinding po-
sition, and without disturbing the wheel

head setting take the same cut from this side.

Frc. 13-20.  Job set up for grinding the flats.

8) Check the flats for being parallel and determine by what amount the thickness

is oversize.

ya
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9, Put the work back in position on the magnetic chuck and take a seneih Oik light
ﬁnish)inz cuts alternately from each side to bring the work to' the correct thi Eess
and to keep it central. To do this, if the grinding wheel head is fed down 1’):0' ta et:h a
;\'xlf-thuusandth cut from one side, turn the V-block upside down t.o ring the
u;dt.rnl-ai}w side of the flat up, and without disturbing the whet?l heafi s.ettmg, take 'the
.ame cut. This is repeated until the flat is central and to size within the required
degree of accuracy.

A é
GRGE WHEEL STRAIGHT WHEEL WITH SIDES
UNDERCUT

T16. 13-21. Shapes of wheels for slot grinding.

Slot grinding. Slots may be ground on the surface grinder by one of several
methods depending on the nature of the work. Generally, if the work is of rectangular
shape, the grinding operation is done by setting the work directly on the magnetic
chuck. If the work is cylindrical in shape it may be held in a V-block or between the
centers of a special fixture,

For cither set-up, a grinding wheel, shaped as in Fig. 13~21 A and called a “Gage”
wheel, or a plane grinding wheel with the sides undercut, Fig. 13-21 B, is used. The
wheels are generally of the vitrified bond with a grain size of 60 and a bond hardness
of M .

To grind a slot central in a shaft by holding it in a V-block.
Procedure

1) Place the shaft in the block w
the amount of grind stock,

2) Tumn the V-block on its side and indicate
lined in step 4 of “V.hlock work”

ith the slot up, clamp it loosely and determine

the shaft for being central as out-
At the same time indicate the slot for being central
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and for tapering, then tighten the clamps on the work. After the shaft has been tightly
clamped, check the slot again to make sure that it did not move.

3) Dress the periphery of the grinding wheel square and for finish grinding. Use a
piece of silicon carbide and undercut the back face of the wheel so that a rim of about
1/16” to 3/32” will bear on the side of the slot.

4) Place the V-block on the magnetic chuck against the back rail with the slot to
be ground exposed to the grinding
wheel, Fig. 13-22. Centralize the
grinding wheel in the slot and feed the
wheel head down until sparks indicate
contact with the bottom of the slot.

5) Grind the bottom of the slot to
give the required depth, then feed the
work out until the back face of the
grinding wheel contacts the side of the
slot. It is good practice at this stage 1o
hold a blunt pointed stick against the
center of the wheel spindle to keep the
end play in one direction during the
grinding of the sides of the slot to avoid
bell mouthing.

6) Take a clean-up cut on the side
of the slot, leaving witness marks. Turn
the V-block 180° in a horizontal plane, placing it against the back rail and without dis--
turbing the “in” and “out” setting of the table take the same cut on the unground side
of the slot. When taking this same cut, traverse the table cautiously. and as the wheel
approaches the slot, feed the work slowly so as not to chip the sides of the wheel or
knock it off balance.

7) After the sume cut has been taken from both sides check the slot for size and for
being central.

8) Set the V-block in place on the magnetic chuck against the back rail and, by
use of the micrometer table feed knob, fced the table out to within 1-1/2 to 2 thou-
sandths inches of the amount of grind stock left on that side. While the table is being
fed out, the work should be traversing under the wheel,

9) Turn the V-block 180° in a horizontal plane and take the same cut on the work,

10) Check the work for size and by repeating the process of turning the V-block
from side to side gradually finish the slot to size. Be sure to keep the side of the wheel
undercut properly and the cutting surface sharp.

Bell mouthing of the slot can be prevented by keeping the spindle ¢nd play in one
direction during the grinding operation, and by not permitting the leading edge of the
grinding wheel to linger at the ends of the slat,

Sharp corners can be maintained in the bottom of the slot by using a grinding wheel
with a grit size of 120 and a P bond.

Tic. 13-22, V-block and job set up for slot grinding,
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T'o grind a slot in a job, Fig. 13-23, which is held directly
n an angle plate, where the slot js

not held central, shape the whee] as Previously oyt.
lined but undercyt both sides. Then,
1) Check the slot for location,
determine the amount of gringd stock
and place the work assembly on the
magnetic chuck Up against the back
rail,
.2) -Centralize the grinding whee]
in the slot ang grind the sjot to the
correct depth,
3) Feed the table out and grind
the one side of the slot to leave the
correct thickness of wall. Be syre to
hold the spindle end play in.
4) Move the table in

bending upon whe
radius js required,
RaRe or page

ther 3 concave or convex

Then, place the planer
blocks on the groung boss angd
etting page ¢4 this
Lin place, remove the planer

» and inser¢ the dia-

e

Fic. 13-24. Radiys cradle,

as th

on the magnetic chuck or

-l

]
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Procedure.

1) After the radius has been roughed out, set a vernier bevel protractor to 90°
minus the clearance angle. :

2) With the base set on the magnetic chuck as shown in Fig. 1327, draw a pencil
line on the face of the wheel from the center of the spindle to the periphery of the
wheel.

3) With the radius dresser set at the required radius, place it on the magnetic chuck
and adjust the table so that the point
of the diamond will contact the
periphery of the wheel where the
radial line ends, but in the center of
the wheel (relative to the thickness).

4) Raise the wheel head, start
the machine, then feed the wheel
down, swinging the radius dresser
back and forth until the wheel is
completely shaped,

5) Do not change the table
setting, after it has been set as out- R = | —
lined, until the dressing operation
has been completed.

6) Set up the work, to the clear-
ance angle, against a 90° angle plate and grind the radius required.

Surface grinder wheels. The surface grinder uses wheels of various shapes, but
the ones most commonly used are the straight (disk), double recessed (gage), and thin

Fic. 13-25. Diamond set on vertical centerline of wheel.

Fic. 13-26. Sketch of radius forming tool. Fic. 13-27. Bevel protractor set up for serib
ing hine

rubber slotting wheels. The sizes of these wheels may vary from very small ones of the
internal elass to wheels 10” in diameter and 1” face. They are of a grain size and hard-

S
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e

..1w- of bond as follows:

46-G; 46-H; 46-1; 46-J; or 46-K
60-H; 60-1; 60-J; 60-K; or 60-L.
80-0; 120-P; rubber slotting wheels
1,/32” to 3/32” thick.

Wt 1th the exception of the slotting wheels, they are all of vitrified bond.

GENERAL INFORMATION

Before installing a wheel on the surface grinder, if should be inspected for cracks
hy sounding it out. It should contain blotting paper gaskets on each side and should fit
on the spindle with from .003” to .005” play. The flanges or washers used to hold the
wheel should be not less than one-third of the diameter of the wheel and should be of
the recessed or safety type. The nut should be tightened sufficiently to hold the wheel
but should not be set up too tightly.

Many surface grinder difficulties may be avoided by selecting “free cutting”
wheels. Generally speaking, use a hard wheel on soft materials and a soft wheel on hard
materials. Do not try to use a small diameter wheel without the use of a high speed
attachent, because as the wheel diameter decreases, there is a great loss of peripheral
speed causing the wheel to wear away quite rapidly. )

Keep the wheel clean and sharp.

Keep the machine well oiled and clean.

Keep the magnetic chuck free from nicks and burrs, and do not leave the machine
for any length of time with the magnetic chuck turned on. '

Be alert and observing. Many pieces of work are nearly scrapped because of the
operators’ lack of these qualities.

SAFETY SUGGESTIONS

1) When the machine is started after it has stood idle for quite some time, stef
away from the machine as the switch is closed.

‘2) Du not engage the grinding wheel with the work without being sure that the mag:
netic chuck is turned ox and the work securely held.

3) Work with a small surface exposed to the face of the magnetic chuck should be
properly blocked to keep it in place.

114) When rcm.oving.work from the chuck, move the table out and to the right, ther
pull the work ofi in a direction perpendicular to the work table.
v'hi z Do not attempt to check the work without first moving it clear of the grinding

6) Goggles are prov

i ided to protect vour eye i /
ume when there is 4 p 1 i Dse them on any machine or at an}

anger to your eyves from flying particles.
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7) Dry grinders are provided with exhaust hoods to carry away dust particles as a
safeguard to the health of machine operators. See that they are correctly adjusted at all
times and do not misuse them.

REVIEW QUESTIONS

1. Name two classifications of surface grinders.

2. How is the work held on the ring grinder?

3. Discuss the procedure of grinding work on the vertical spindle rotary type grinder,
4. Discuss the chief characteristics of the horizontal planer type grinder,

5. How is the work held in this grinder?

6. What is meant by grinding to clean-up?

7. What are witness marks?

8. How are thin pieces of work ground to prevent warping?

9, What is meant by blocking the work?
10. Discuss the set-up for grinding work square.

11. What are the two methods of producing angular work on the surface grinder?
12. Discuss several methods of holding the work at an angle,

13. Outline the necessary steps required to grind two opposite flats central and to size,
14. Discuss the procedure of slot grinding vsing a V-block.

15. What grit size and bond are used to maintain sharp corners in slot grinding?

16. Discuss the use of the radius cradle.

17, What three shapes of wheels are commonly used on the surface grinder?

18. How are grain size and bond hardness indicated on surface grinder wheels?

19. What is meant by a safety type flange?

20. Discuss the safety suggestions for the surface grinder.

[avd
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CUTTER GRINDING

DEFINITION — Machines
CUTTER GRINDING WHEELS
Straight . . . Flartng Cup... Dist: , |, Dish , .

h... Abragipe, Grain Size, .and Bond,
Direction of Rotation +«. Tooth Resty . | « Cutter Grl'nding )

CUTTER SHA RPENING

Plain Milling Cutterg — Worl: Operations oo o Si

¢ Milling Cutterg — Worl: Operations
<o End M, .« Face Mills , , | elical Tooth Cutters , . Stagyered Tooth Cutters cee
Angular ¢ utters , . Formeq Cutters , ««Tapg, . Reamers—»ﬁ[achine Reamers,
Hang Reamerg «+« Do’s ang Don’ts for Cutter Grindiny
DEFL\’ITION

Cutter grinding js
drills, reamers) g
kreat extent on jyo kee
of the Cutting edges,

‘eeping with the efficien
factory finish,

Machines,
rotating siv
The Machineg vary in degj
carbide tipped top) bits to

ed to sharpep Cemented
_ complex Universg] Machineg Capable of doing any type of
cutter gringiny, Fig 141 ¢ OWS a univergy) type of ¢y i
With the yse of spe

cial attachmenls and s
ters of any i

.Shape. The wheey shapes Common]y used on tp
Maringy €up, and dig. ..
grinding, select Wheels ¢ a
the temper oy ,

Tapidly ang malk
to b ¢ceentrie.
-4 brasivc,
“tween 30 and 6o, while Straj

Wsed for o i

> a grain sjze of from 36 to 80,
ade o 0US oxide alypacs
Mgy o abrasjye

ure of 5.
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In using any of these wheels the cutting faces should be kept clean and sharp by
frequent dressing and should not be crowded in their cutting action. Most cutters are
made of high speed steel which causes a wheel to become dirty very quickly. They

Hand wheel for adjusting grinding wheel to
work

. Start and stop push buttons

Lower work table

. Adjustable stops for ponitfoning longitudi-

nal movement of table

. Upper work table
. Work head center {adjustable)
. Graduations for sccurate swivel adjustment

of upper table
Paln or disk grinding wheel

. Wheel head swive! graduations
J. Flaring cup grinding wheel

Spring loaded foot stock center (adjustable)
Micrometer adjusting screw for mwiveling
table

. Hand wheel for clevating wheel head from

side of machine

. Hand wheel for longltudinal movement of
table

). Hand wheel for elevating wheel head from

Iront of machine

Fic. 14-1. Universal cutter and tool grinder.

give off a dull orange spark when touched to a grinding wheel; for this reason do not
expect a brilliant shower of sparks and start crowding the wheel into the cutter.

Direction of rotation. Cutter grinder wheels
may be rotated in a direction away from the cutting
face of the cutter or onto the cutting edge, as shown
in Figs. 14-3 and 14—4.

The set-up shown in Fig. 14-3 is safer because it
holds the tooth down against the tooth rest and is
very commonly used. It has the defect, however, of
concentrating the heat at the cutting edge of the
tooth thus drawing the temper, and of throwing up a
burr which must be oilstoned off if the cutter is to
give maximum service per grind.

The method shown in Fig. 14-4, while not so safe,
gives a sharper cutting edge, free from bures, and
does not have quite the tendency to draw the temper

I ¢
Fic. 14-2. Shapes of cutter grinding
wheels
A. Straight. B, Flaring cup  C, Saucer
or dish
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of the cutting edge. If the operato
tooth rest much time will be save

accomplished. .
ToI:)th rests. As an aid to locating quickly and accurately the cutting edge of the

1ooth to be ground, tooth rests of three different types are used, as shown in Fig

r will hold the tooth being ground down against the
d and a more satisfactory job of grinding will b

Fic. 14-3. Wheel rotating away from cutting face. Fic. 14-4. Wheel rotating onto the
cutting face.

14-5 4, B, and C. They consist of a piece of spring steel about .030” thick, 1/2”7 t
{-1/2" wide and from 1” to 3” long, brazed or riveted into a shank made either fron
a picce of round 3/8 inch cold rolled steel or machine steel.

[ 1

) O
N L
A & c
Fic. 14-5. Types of tooth rests, F16. 14-6. Tooth rest bracket.

A, Plain. B, Hook. C, Double angle,

Tooth rests are held by means of a bracket, Fig. 14-6, which can be attached t
the grinding wheel head or by a special bracket which can be clamped to the cutte
grinder table.

Fig. 14-5 4 is the type of tooth rest used to support the tooth when grinding plair
npgulnr, side, or formed milling cutters having straight teeth. It may be mounte
cither on the wheel head or on the work table. Fig. 14-5 B shows a hook tooth rest use
w{xcp the tooth must be supported from the back or top of plain, angular, or s;d
milling cutters. It is generally mounted on the work head or work t’able Fig’ 1454
shaws a double angle tooth rest used for supporting the tooth of an '.helic‘a'l toot
cutter. Tt is a!wnys mounted on the grinding wheel head ’

. Sutfe(;- grm(.img c]nssxﬁcz?hons. Cutter grinding is divided into two general class
ications cpcndu}g on the design of the tooth and the method used to sharpen then

The first classification includes cutters having teeth which must be sharp;?ed on th
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petiphery or sides, such as keyway cutters, or slab milling cutters having straight or
helical teeth, side mills, face mills, end mills, machine reamers, and mill saws.

The second classification includes formed cutters; that is, those which must be
sharpened hy grinding the teeth radially so as not to change the contour of the tooth.
Examples are concave cutters, convex cutters, gear cutters, hobs, or specially shaped
cutters.

CUTTER SHARPENING
Plain milling cutters.

Procedure -
1) Mount the cutter on a mandrel and place it between the work table centers.
2) Mount the tooth rest on the wheel head. If a cup wheel js being used, set the
top of the tooth rest, with the tooth to be ground bearing on it, even with the horizontal
centerline of the grinding wheel spindle and adjust the grinding wheel head to produce
the correct clearance, The distance* to lower the wheel head is equal to the diameter

Fic. 14-7, Relation of cutter and cup wheel. Fic. 14-8. Relationofcutterand plain wheel,

of the cutter in inches, multiplied by the clearance angle, then by .0087. See Fig. 14-7,

, 1 a straight wheel is used, the distance to raise or lower the wheel head or lower the
table is equal to the diameter of the grinding wheel multiplied by the clearance angle
of the cutter in inches by .0087. See Fig. 14-8.

3) Start the wheel and feed the cutter to the wheel until sparks indicate contact
between the wheel and the work. Take a trial clean-up cut, holding the tooth down on
the tooth rest with a slight hand pressure.

4) Move the table longitudinally, revolve the cutter one-half a revolution and,
without changing the depth of cut, grind that tooth, Observe any out-of-roundness
of the cutter and make any necessary adjustments.

5) Bring the next tooth to be ground to bear on the tooth rest and take the same
cut as was taken on the previous tooth.

. 6) Repeat this process until all teeth have been sharpened and ground concentric
with the cutter body. The grinding wheel must be kept sharp and clean otherwise the
temper will be drawn from the cutting edge.

See that all teeth are ground concentric, by keeping the wheel wear equalized dur-

*This procedure of calculating the machine settiny

g should be carried out especially wh i
on cutters bring ground for the fint time ¥ when rinding the learance asgle
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ch tooth

i inding ea
indi ~ration. The wheel wear can be equalized by grin .
o e grinding operdiion. © en revolving the cutter one-half a revolution and

epcecssively around the cutter th : or o :
;:}—-Crcfin; a gnv- Jight cut on this opposite tooth. This practice keeps the teeth concentric
with the cutter b ;ithi i t of accuracy.

. cutter body within the required amoun :

it e ¢l is used, the wheel head must be swiveled about 5° from “0” to

site ri ; ling on the cutter.
Leep the opposite rim of the wheel from fouling . ter
“gidc n:il]ing cutters. The peripheral teeth of a side milling cutter are sharpened

the same as those of a plain milling cutter.

If a cup whe

Procedure

1) To sharpen the side teeth of a side milling cutter, the cutter is rfmunted on a
stub expansion arbor and placed either in a combination holder or a universal swivel
fixture, as shown in Fig. 14-9.

2) Mount the tooth rest on the table.

3) Adjust the fixture so the face of the cutter is toward the grinding wheel. Swivel
the upper section of the fixture to produce the desired clearance angle. Large diameter

- cutters have from 4° to 5° clearance.
Small cutters up to 3’ have 6° to 7°
clearance. Cutters used for cutting
brass, copper, aluminum, and similar
materials, should have a clearance of
from 9° to 12°.

4) To reduce back drag of the
side teeth on the work, set the bottom
section of the swivel fixture so that
the teeth will taper back about 1° on
a side; that is, the teeth should be
about 1° out of parallel with the side
of the cutter body.

5) Raise the table or lower the
wheel head so that the face of the
cup wheel at the top rim will act on
the tooth. Set the tooth rest to bring
the cutting edge of the tooth into a
horizontal plane.

6) Spot the grinding wheel on
e, 140, Sharpening the side teeth of a side mill. the tooth to be ground and continue

as outlined for plain milling cutters.
are sharpened the same as the peripheral
are sharpened the same as the side teeth

End mills. The side teeth of end mills
teeth of plain milling cutters. The end teeth
of side milling cutters,

The end mill is held by placing the t

fixture aper shank in the socket of the universal swivel
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Face mills. Face milling cutters are sharpened in the same way as side milling
cutters, but generally the comers of the teeth are givena 1/16 to 1 § X 4: chamfer
to increase the cutter life per grind, as shown in Fig. 14-10.

To chamfer the corners of the teeth, turn the universal swivel fixture 0 that the
axis of rotation of the cutter forms a 45-degree angle with the axis of rotation of the
grinding wheel. Adjust the fixture so that the chamfered land will have its edges paralel.

Helical tooth cutters. Slabbing cutters having he-
lical teeth are sharpened nearly the same as plain cutters.
with the exception that the tooth rest must be mounted
on the wheel head and the cutter must be held in place.
The reason for this is obvious because, as the work table
traverses, the cutter must be given a twisting motion to
keep the Jand of the teeth correctly located at the grind-
ing wheel. If the tooth is not held down on the tooth rest,
the grinding whee! will cut an irregular land and possibly
spoil the tooth.

The tooth rest used for supporting the teeth of a
helical tooth cutter should have the top angled ofi to
approximately the helix angle of the cutter. This pre-
vents the leading edge of the tooth from snagging on the

Fic. 14-10. Set up for chamfering
teeth of a face mill

tooth rest just as the cutter gets to the grinding wheel and gives 2 more uniform land

at the cutting edge.

3

Fic. 14-11. Tooth rest set up for
staggered tooth cutter.

Staggered tooth cutters. Side milling cutters having
alternate right- and left-hand helical teeth, set over similar
to the set of the teeth on a wood saw, are sharpened on the
side teeth in the same manner as a regular side milling
cutter,

Procedure for sharpening the peripheral teeth:

1) Mount the cutter on a mandrel and place it between
the work table centers.

2) Install a straight grinding wheel on the wheel head
spindle and, after dressing and truing its face,puta 1l 8 X
45° chamfer on the edges.

3) Sclect a tooth rest with the top angled off the center
both witys to equal the helix angle of the cutter teeth and
mount it on the wheel head. as shown in Fig. 14-11.

4) The high point of the tooth rest must be located on
the center of the wheel face and the wheel head adjusted to
give the correct clearance.

5) The tooth to be ground is brought to bear on that
side of the tooth rest which corresponds to the helix angle
of the tooth. The grinding wheel is started and the tooth
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i ound and the table traversed
; i < indicate contact. The tooth is then gr | and
fc{i(}:ntti;:]n?ittso:; clan be brought to bear on its corresponding side of the tooth rest,
&0 a H X .
-z chown in Fig. 14-12. . i .
“ ~:)OI"II‘} 1::: ;P)‘;icms of bringing each successive tooth to bear on its corresponding side
of the zoot‘h rest is continued until all teeth have been sharpened and ground con-
tric within the required degree gf accuracy. _ .

“ Angular cutters. Single angle cutters have one set of teeth v.vhlch are neither
parallel nor perpendicular to the axis of rotation of the cutter. Sometimes these cutte§
have teeth on the sides like a side milling cutter. These side teeth are sharpened in
the same way as the side teeth of a side milling cutter.

1§ e § T = B .';’ " . ol T

r('tk‘ . R O LT t,_ o "~ _—

. . . . od . v s el
L By Do o i

Fic. H—lﬁ. Grinding staggered tooth Fi1c. 14-13. Sharpening an angular cutter.
cutler.

Procedure to sharpen the angular teeth:

1) Place the cutter on a stub expansion arbor in the universal swivel fixture.

Mount a straight grinding wheel on the wheel spindle and true it up; mount a
straight tooth rest on the table, and, after adjusting the swivel fixture to the angle of
the cutter, adjust the tooth rest so the face of the first tooth to be ground will be in
a horizontal plane as shown in Fig, 14-13.

2) Raise the wheel head, or lower the table, to give the required clearance angle.
Hold the cutter against the tooth rest by hand and feed the cutter to the grinding wheel
until sparks indicate contact between the wheel and work.

3) Traverse the table, moving the cutter clear of the wheel; index the cutter 180°
bringing the tooth to bear on the tooth rest; and, without changing the depth of cut,
grind this tooth. Observe any irregularity relative to the depth of cut, check the tooth
for correct angle, and make any necessary adjustments.

4) Bring the next tooth into position on the tooth rest and grind it. Repeat this
process until all teeth have been ground as required.
53 Do not locate the top of the tooth rest in any position other than on the

horizantal centerline of the cutter. Raising or lowering the tooth rest will change the
:mglc: from the one at which the swivel fixture is set,
Formed cutters. Formed cutte

ormeq rs are those which must be ground radially on
the cutting face 1o preserve the <h

ape of the tooth as shown in Fig. 14-14. Two
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methods are commonly used to insure correct spacing of the teeth. In one, a master
form having the same number of teeth as the cutter is used as a guide in connection
with the tooth rest, as shown in Fig. 14-15. In another, these formed cutters are
ground on a specially designed form cutter grinder or hob grinder. When neither of
these methods is available, use the fol-
lowing procedure:

1) The machine is set up by bring-
ing the work centers in line with the
face of the grinding wheel.

2) The cutter is then mounted on
a mandrel and placed between the cen-
ters and the face of the tooth located
against the grinding wheel.

3) Mount the tooth rest on the
table and adjust it to the back of the
tooth being ground. Fic. 14-14. Correct and incorreet method of setting cutter

4) Move the work table longitu- to nheel.
dinally to clear the grinding wheel, start the machine and take a trial cut. Check the
tooth for correct grinding and make any necessary adjustments.

5) Adjustments should be made by rotating the cutter on its axis, and changing the
tooth rest setting. Do not change the position of the grinding wheel with respect to the
- S, work centers,
r\{}::ﬂam:'gl’« If the cutter is quite dull and a heavy cut is
£ AR _X ! + taken the grinding wheel will wear rapidly. This
il wear can be compensated for by adjusting the
wheel radially just before the finiching cut is taken.

Taps. For the most part a tap depends on the
chamfered end for its cutting action The exception
to this is the bottoming tap and pipe tap. Fre-
quently a tap becomes dull because the leading edge
of the chamfer has broken down, consequently, un-
less some of the first full teeth have become chippedd
or broken, this chamfer is all that needs to be
sharpened.

The chamfer is usually ground by holding the tap securely in the hand aml
pressing it Jightly against the grinding wheel. As the tap is pressed against the whe ol
it should be turned slightly from the back of the tooth to the front wath the pre ue
diminishing as the front is approached. This action i nocossary to wne the chode
the required clearance.

If the edges of the full teeth become dull or niched the £ is sharpuned by placins
it between centers, as shown in Fig. 14-16 and regrinding the futes with 4 <tratil
wheel having the periphery rounded to fit the flute {he gnnding whee! hethd
cutting and the pressure very light to prevent drawime the tempe s of the troth

Fic. 14-15. Sharpening a formed cutter
using a master form.

e free
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i d and the table traversed
i i1 enarks indicate contact. The tooth is then ground and

fcfit}::lli;télnsci’:f:jo:; can be brought to bear on its corresponding side of the tooth rest,
< tha )

as chown i Fig. 14-12. . ) .
* ”}61;“;11? ;;gccss of bringing each successive tooth to bear on its corresponding side
of the tooih rest is continued until all teeth have been sharpened and ground con-

tric within the required degree qf accuracy. . '

ccn;;‘ngular cutters. Single angle cutters have one set of teeth T.Vhlch are neither
parallel nor perpendicular to the axis of rotation of the cutter. Sometimes these cutte.rs
have teeth on the sides like a side milling cutter. These side teeth are sharpened in
the same way as the side teeth of a side milling cutter.

- . o RGNS =
Fic. 14-12. Grinding staggered tooth
cutter.

Procedure to sharpen the angular teeth:

1) Place the cutter on a stub expansion arbor in the universal swivel fixture.

Mount a straight grinding wheel on the wheel spindle and true it up; mount a
straight tooth rest on the table, and, after adjusting the swivel fixture to the angle of
the cutter, adjust the tooth rest so the face of the first tooth to be ground will be in
a horizontal plane as shown in Fig. 14-13.

2) Raise the wheel head, or lower the table, to give the required clearance angle.
Hold the cutter against the tooth rest by hand and feed the cutter to the
until sparks indicate contact between the wheel and work.

.3) Traverse the table, moving the cutter clear of the wheel; index the cutter 180°
bringing the tooth to bear on the tooth rest; and, without changing the depth of cut,
grind this tooth. Observe any irregularity relative to the depth of cut, check the tooth
for correct angle, and make any necessary adjustments.

23 Bring the next tooth into position on the tooth rest and grind it. Repeat this
process until all teeth have been ground as required.

grinding wheel

, .5) Do mot locate the top of the tooth rest in any position other than on the
:tm‘zr.mml centerline of the cutter. Raising or lowering the tooth rest will change the
‘.mz;: from the one at which the swivel fixture is set.
. c::‘?t‘dfutters. Formed cutters are those which must be ground radially on

1 NE Iiee to preserve the shape of the tooth as shown in Tig. 14-14. Two
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methods are commonly used to insure correct spacing of the tecth. In one, a master
form having the same number of teeth as the cutter is used as a guide in connection
with the tooth rest, as shown in Fig. 14-15. In another, these formed cutters are
ground on a specially designed form cutter grinder or hob grinder. When neither of
these methods is available, use the fol-
Jowing procedure:

1) The machine is set up by bring-
ing the work centers in line with the
face of the grinding wheel.

2) The cutter is then mounted on
amandrel and placed between the cen-
ters and the face of the tooth located
against the grinding wheel,

3) Mount the tooth rest on the
table and adjust it to the back of the
tooth being ground. Fic. 14-14. Correct and incorrect method of setting cutter

4) Move the work table longitu- to wheel.
dinally to clear the grinding wheel, start the machine and take a trial cut. Check the
tooth for correct grinding and make any necessary adjustments.

5) Adjustments should be made by rotating the cutter on its axis, and changing the
tooth rest setting. Do not change the position of the grinding wheel with respect to the

work centers.

If the cutter is quite dull and a heavy cut is
taken the grinding wheel will wear rapidly. This
wear can be compensated for by adjusting the
wheel radially just before the finishing cut is taken.

Taps. For the most part a tap depends on the

. chamfered end for its cutting action. The exception
to this is the bottoming tap and pipe tap. Fre-
quently a tap becomes dull because the leading edge
of the chamfer has broken down; conscquently, un-
less some of the first full teeth have become chipped
or broken, this chamfer is all that needs to be
sharpened.

The chamfer §s usually ground by holding the tap sccurely in the hand, and
pressing it lightly against the grinding wheel. As the tap is pressed against the wheel
it should be turned slightly from the back of the tooth to the front with the pressure
diminishing as the front is approached. This action is necessary to give the chamfer
the required clearance.

If the edges of the full teeth become dull or nicked the tap is sharpened by placing
it between centers, as shown in Fig. 14-16, and regrinding the flutes with a straight
wheel having the periphery rounded to fit the flute. The grinding wheel should be free
cutting and the pressure very light to prevent drawing the temper of the teeth,

Fic. 14-15. Sharpening a formed cutter
using a master form.
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reamers are so designed that the cutting action takes place
his reason they are sharpened by grinding the
¢ same manner as grinding the corners of the teeth of a face milling
able of the machine is set at 45° and the tooth rest adjusted to
produce the correct clearance angle using a flaring
cup wheel.

Hand reamers of the solid or non-expanding
type are designed so that the cutting action takes
place some distance back of the front end. Since
the diameters of these reamers must be held to a
definite size to produce a standard size hole, it is
obvious that they cannot be sharpened by grind-
ing the clearance on them as can be done on mill-

g ing cutters, because this would cause the reamer
. Grinding the facc of teethon  to be undersize. About the only way to sharpen

A tap. them is as follows: anneal the reamer and, by
means of a blunt, chisel-shaped tool driven against each tooth face, raise the cutting
edge to increase the outside diameter .035” to .040”. The reamer is then rehardened and
ground on a cylindrical grinder to the correct size. The reamer is then placed between
centers on the cutter grinder and the proper clearance ground on the teeth.

To grind hand reamers of the expansion type: first, adjust the expansion screw in-
creasing the outside diameter to give the necessary grind stock; second, place the
reamer in the cylindrical grinder and grind the outside diameter to the correct size;
third, place the reamer between centers on the work table of the cutter grinder and

grind the tecth for the proper relief, leaving a land no more than a few thousandths
of an inch wide.

Reamers. Machine
at the front end of the tecth. For t
chamfer in about th
cutter. The swivel t

Fic. 14-16

DO’S and DON’TS for Cutter Grinding

DO select a free, cool. cutting wheel of the correct shape.
DO mount the tooth rest correctly.
DO keep the tooth of the cutter against the tooth rest.
DO make sure that the grinding wheel follows the original relief.
DO keep the grinding wheel clean and sharp.
D(_).\"’I‘ remove any more material from the tooth than is necessary to make it sharp.
l)()N“’I‘ burn the cutting edge of the tooth.
11:(()):‘; operate any cutter grindcr. unless the grinding wheel is properly guarded.
NT operate any dry cutter grinder without goggles.
;;((li'"lr :‘(;“:::tl lhe’grinding wheel without. safety washers and blotting paper gaskets.
1)(5.\:‘1‘ A0JUSL any part of the set-up while the machine is running.
O attempt to hand dress the wheel without allowing plenty of clearance between
ll‘w wheel and other parts of the work or machine.
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DON'T use heavy pressure when hand dressing a wheel having a thin cross-section.

DON’T be the victim of hand or finger lacerations through careless handling of the
sharpened tools.

DON'T start the machine until it has been checked as to disengagement of feed and
trip levers.

DON’T start the grinding operation until the exhaust hood has been properly ad-
justed.

REVIEW QUESTIONS

1. Define cutter grinding.
2. Name three shapes of wheels used in cutter grinding work,
3. Discuss the effects of direction of rotation of cutter grinder wheels away from the cutting
fate, as well as onto the cutting face of the cutter,
4. What are tooth rests used for?
5. Name three types of tooth rests and tell what kind of work each is used for.
6. Into what two classifications does cutter grinding work falf?
7. Qutline the procedure of sharpening a plain milling cutter. A
B. Discuss the steps involved in sharpening the side teeth of a side mill.
9. Discuss the grinding of staggered tooth cutters.
10. Discuss the procedure of grinding angular cutters.
11. What are the imp points involved in grinding formed cutters?
12, How are taps sharpened?
13. How does grinding & machine reamer differ from grinding & hand reamer?
14, List the important DON'TS of cutter grinding.
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GRINDING WHEELS

DEFINITION

Y = f ...Klndofbond...Amountofbond...Abm-
Kind of abresice « .« S[.c:;gcc;b.r:zfxg;mda Rind o o inces

GENERAL SUGGESTIONS

DEFINITION

A grinding wheel is a cutting tool containing a vast number of cutting edges st
arranged that, as they became dull, they are released and new cutting edges take thei
lace.
P Four fundamental elements are necessary in the manufacture of grmdmg wheels
they are: the kind of abraswe, the size of abrasive, the kind of bond, and th
amount of bond.
Abrasives. Silicon carbide and aluminum oxide are the kinds of abrasive used i
most grinding wheels.
Silicon carbide is the cutting element in wheels used for grmdmg hard, brittl
materials such as cemented carbides, ceramics, and chilled cast iron. It is also uset
for grinding bronze, brass, copper, and aluminum.
Aluminous oxide is the cutting element in wheels used for gnndmg steel and othe

. materials possessing a high tensile strength.

The size of these abrasive particles is designated by a number which correspond
to the number of meshes per lineal inch in the sieve or screen through which they wil
pass. For example, a No. 46 abrasive is one which will pass through a screen, havin
40 openings per lineal inch, but is retained on the next smaller screen which has 6
openings per lineal inch.

COARSE MEDIUXM FINE
12 30 70
14 80
16 46 90
20 100
24 60 120
Fic. 15-1.  Chart showing grain sizes.

T

he chart, Fig. 15-1, shows the grain sizes commonly used and their classnﬁcatm
Y10 eoarse, medium, or fine,
Bonds. The bond ; 1s the material which ce

ments or holds the abrasive grain
rether o form a grinding whee 4 fmmart

1. Depending on the kind and amount used, it impart
240
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very distinct characteristics to the grinding action of the wheel. It is the bond which
imparts the qualities of hardness or softness to the wheel.

The bonds commonly used are the vitrified, sillcate, resinoid, rubber and shellac.
Of these the vitrified and silicate are used most frequently,

The vitrified bond is used in about 759 of all grinding wheels. The reason for
this is the fact that it forms a very uniform wheel which is not affected by oils, acids,
water, heat, or cold. Wheels of this bond can be made dense or porous, and in consider-
ably less time than other kinds.

The silicate bond, because of its mild cutting action, is best suited to the grinding
of edged tools. It can also be used for making wheels of large diameters.

Resinold bonded wheels are especially suited for heavy duty grinding such as
snagging castings, steel billets, and so forth, and for “culting off” stock. When used
for snagging purposes they may be operated as fast as 9500 surface feet per minute.
When installed in proper equipment they may be run as fast as 16,000 surface feet
per minute for cutting-off purposes.

Rubber bonded wheels are used for grinding mill rolls and bearings where a high
Tuster finish is required. They are capable of fast stock removal when operated at high
speeds, Because of the nature of this bond, grinding wheels can be made quite thin -
with a high safety factor, which makes them ideal for cutting-off purposes when a
coolant is used. .

Shellac bonded wheels are used for grinding jobs which require a buffed or burnished
surface, such as mill rolls, eamshafts, and cutlery.

Wheel hardness. The hardness of a grinding wheel depends on the amount of
bond used in its manufacture. To express the degrees of hardness of 2 wheel the letters
of the alphabet are used. The Carborundum Company uses a system in which the
letters at the beginning of the alphabet represent the maximum hardness, those near
the middle, medium; while those near the end represent the softest bonds. The Norton
Company uses a system which is the reverse of this as shown in the chart, Fig. 15-2.
As can be seen from this chart, the alphabet is divided into five parts which classify
the degree of hardness as Very Soft, Soft, Medium Hard and Very Hard. For tool
and cutter grinding, the degrees of hardness represented in the Very Soft and Very
Hard columns are seldom used.

CRADES OF BOND

VERY VIRY
SOrT SOrT MEDIUM JARD HARD
E " L r T
F 1 M Q v
G J N R w

K o s z

F1c. 15-2. Chart of bond handness.

In an effort to tcll as nearly as possible the characteristics of a grinding wheel, the
Norton Company has devised a system which tells five important things about the
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i i enerally represented by the first group of two
“:h?d; the{ xarczn:l};o:r%d?lfcosfiza: r;lfs 1:}(1::: gabrasivi pzz'ticles, represented by the second
dns 0? “vL r(]i‘: its; ’thc hardness of the bond, represented by the ﬁrs.t letter in the
fr:;);{)in; t:;]‘:: wilec; structure, represented by the digit following the hardness of
bond; ar;d a letter or group of letters representing the kind of bond.

analysis. of. a typical |
NORTON GRINDING WHEEL MARKING

32A46-H8VBE

g
i

S Adwaduns
19 Adendun
31 Meabem
13 Meniom
18 Pdendem
$7 Adwnbden
37 Crwelea
39 Coptoben

154
174
A
A
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GENERAL SUGGESTIONS

Many suggestions have been made and a great deal of valuable information is avail-
able on the care necessary in selecting, handling, and using grinding wheels. Some of
the more important suggestions follow, which, if generally practiced, will make the
operator a more efficient workman. :

1) All grinding wheels, except the very small ones, should be sounded for cracks.
This is done by holding the wheel at the hole and tapping it with a light mallet or
other non-metallic object. If the wheel is cracked, it gives off a dull, thudding sound;
if it is not cracked it gives off a ringing sound.

2) Handle all wheels carefully.

3) Never put a grinding wheel on the spindle without blotting paper or other soft
absorbent gaskets on each side for the flanges to bear against.

4) Do not force a wheel on the spindle. It should go on easily so that it can fit
squarely against the inner safety flange.

5) Safety flanges are washers which are undercut so that they bear on the wheel
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only at their outer edges. Sce Fig. 15-4. Do not use any other kind except on small
internal grinding wheels, '

6) Usc safety flanges not smaller than one-third the wheel diameter.

7) Tighten the wheel nut sufficiently to hold the wheel, hut not too tightly.

8) Dress the wheel frequently to keep it clean and sharp but do not remove more
material than is necessary to accomplish this end.

eoanter eoreger

Fic. 15-4. Correct and incorrect methods of mounting wheel.

9) Do not use grinding wheels at higher rates of speed than recommended by the
manufacturer,

Manufacturers of grinding wheels and grinding equipment publish considerable
information in pamphlet form on grinding wheels and machines. To the person desiring
to become proficient or acquainted with this branch of machine tool work these
bulletins and pamphlets may be obtained for the asking,

REVIEW QUESTIONS

1, Define the term grinding wheel,

2, What arc the four fundamental considerations in the manufacture of grinding wheels?

3. What kinds of abrasives are commonly used in grinding wheels?

4. Dezfine the sord bond as applied to grinding wheels,

5. What determines whee! hardness?

6. Name five grades of bond.

7. What letters are used for each bond?

8. In what nay doces the letter system employed by the Catborundum Company differ from that
emoloyed by the Norton Company in desiznating wheel hardness>

9. Iliccuss a few peneral suggestions in regard to the handling and u<es of grinding wheels
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BENCH HAND TOOLS AND THEIR OPERATION

Harnmers » .« » Pliers . . . Wrenches . . . Serets Dricers . . » Miscellancous . . . Chisels .. .
Files . . . Hacksairs

Hammers. The hammers used by the machinist or tool and die maker are either
of the ball-peen type or soft hammers made of brass, babbitt, rawhide, and the like.

The ball-peen hammer, Fig. 16~1, is made in sizes varying from six to twenty-eight
ounces in weight; the lighter sizes being used for light bench work such as layout work,
while the heavier ones are used for heavy chipping or “peening” purposes. “Peening”
is the act of stretching metal by means of hammer blows.

One end of this hammer has a ball-shaped head for peening purposes, from which it
gets its name, while the other end has a cylindrical-shaped head, the face of which is
slightly convex, and which is used for general purposes. The opening into which the
handle is fitted is slightly oval in shape and is bell-mouthed at each end. This hole is

H

Fic. 16-1. Ball peen hammer,

k‘nown as the “eye” of the hammer and the handle should be fitted to it so that it will
give the best possible balance in use. -

In using a hammer, grip it close to the end of the handle, raise it to a height cal-
Fuln.tcd to give the desired force to the blow, then bring it down in a plane slightly
1tnchncd to the vertical. This method requires less physical effort and makes it possible

o use the hamr'ner for a longer period of time without tiring the user, and more work
can be accomplished with each blow.

Form the habit of keeping the hammer blows even; learn to estimate the amount of

force necessary to attai i

ssary ain the desired end and keep your eye on th j i

. : e object or spot which

15 to receive the hammer blow, o J ’ ‘
W hc'n the ball-pcen hammer is used for riveting,

n{ the rivet to be peened, Heavy ’

Light blows upset the end of thg r
In using

topeenito

of me

use a force in keeping with the size
'blows on light rivets tend to bulge or bend the rivet.
2 ball-pees 1 ivet c_ausing it to stretch over the hole. '
1 the commn ¢ Fgmer to straighten a piece of work that is warped, remember
{21 on one 14 ¢ side, rather than the convex side. W arping is due to the grains
1de of the work contracting faster than they do on the other side; that
244
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is, the grain structure on the concave side is more compact than it is on the convex side.
Therefore, to straighten the piece of metal it is neceseary to stretch the metal on the
concave side by peening or by a similar process.

Soft hammers, that is, those with heads made of brass, babbitt, or rawhide, shown
in Fig. 16-2, arc used for driving machine parts, or for scating work in a machine vise,
since a steel hammer might injure the work.

TNt \

e araeee ®

Fic. 16-2. Soft hammer, Fic. 16-3, Gas pliers.

Pliers. Common gas pliers, Fig. 16-3, arc used for cutting or twisting wire, or for
pulling or spreading cotter pins. They should not be used for tightening bolts or nuts;
the reason for this is obvious. Sufficient pressure eannot be exerted on the handles to
make the jaws grip the bolt head or nut tightly enough to hold it; the result is that the

/m
< &2__,_
Fic, 16-4, Diagonal nire cutters. Fio. 16-5. Single openend wrench.

teeth of the jaws round off the corners of the bolt head or nut making it un<afe to use a
wrench on it thereafter. Fig. 16—4 shows a sct of diagonal wire cutters with -‘P“C."“")'
hardened jaws that are suitable for cutting music or spring wire when winding springs.
4 Wrenches. A wrench is a tool having suitable opcnings that grip the heads r?i bolts

or nuts while they are being tightened or loosened. Wrenches are classified as being ad-
justable or non-adjustable, and of either the open-
end or socket variety. They are named because of - j"""‘
their shape, because of the object upon which they *
are used, and because of their construction. ~

The single or double open-end wrench, of the Fic 16-6. Double cpen-cnd weenih,
non-adjustable type, is used on work requiring
only one or two sizes; that is, if it is a single open-end wrench. the opening & made 20
a definite standard size; if it is a double open-end wrench, it comtains Twe -
standard openings, one on each end of the handle. Fig. 16~5 shows the sing’
wrench: Fig. 16-6 shows the double open-end wrench. e

The adjustable open-end wrench, shown in Fig. 16-7, has one fixed j*
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BENCH HAND TOOLS AND THEIR OPERATION

Hammers « .« Pliers . . . Wrenches . . . Screw Drivers .. . Miscellaneous . . . Chisels ...
Files . « « Hacksaws

Hammers. The hammers used by the machinist or tool and die maker are either
of the ball-peen type or soft hammers made of brass, babbitt, rawhide, and the like.

The ball-peen hammer, Fig. 16-1, is made in sizes varying from six to twenty-eight
ounces in weight; the lighter sizes being used for light bench work such as layout work,
while the heavier ones are used for heavy chipping or “peening” purposes. “Peening”
is the act of stretching metal by means of hammer blows.

One end of this hammer has a ball-shaped head for peening purposes, from which it
gets its name, while the other end has a cylindrical-shaped head, the face of which is
slightly convex, and which is used for general purposes. The opening into which the
handle is fitted is slightly oval in shape and is bell-mouthed at each end. This hole is

!
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Fic. 16-1. Ball peen hammer,

k'nown as the “eye” of the hammer and the handle should be fitted to it so that it will
five the best possible balance in use. |
,'In using a hammcr,.grip it close to the end of the handle, raise it to a height cal-
icu i"mdx to give thc‘ desired force to the blow, then bring it down in a plane slightly
lr:)c :c( hto the vertical. This method requires less physical effort and makes it possible
se the }mmr}wr for a longer period of time without tiring the user, and more work
can be accomplished with each blow,
Form the habit of keeping the hammer blows cven; learn to estimate the amount of

force necessary to attai i
. ain the desired end and keep vour e j ‘hi
15 to receive the hammer blow, Py ¥ on the ebiect or spot which

\\'hv'n the ball-peen hammer is used for riveti
nf. the rivet to be peened. Heavy
Livht blows upset the end of the r

lveting, use a force in keeping with the size

})loxvs on light rivets tend to bulge or bend the rivet,

) ivet causing it to stretch over th -

Tn using a ball. Ausing etch over the hole.

o peen it c{:n th:‘lﬂl::‘en’ha?\mer to straighten a piece of work that is warped, remember

f metal on one '%idcca{\ tch Sidf‘, rather than the convex side. Warping is due to the grains
side ol the work contracting faster than they do on the other side; that

944
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is, the grain structure on the concave side is more compact than it is on the convex side.
Therefore, to straighten the pirce of metal it is necessary to stretch the metal on the
concave side by peening or by a similar process.

Soft hammers, that is, those with heads made of brass, babbitt, or rawhide, shown
in Fig. 16-2, are used for driving machine pants, or for seating work in a machine vise,
since a steel hammer might injure the work.

Sof \.k_f,..‘n"

Fic. 16-2, Soft hammer, Fic. 16-3. Gas pliers,

Pliers. Common gas pliers, Fig. 16-3, are used for cutting or twisting wire, or for
pulling or spreading cotter pins. They should not be used for tightening bolts or nuts;
the reason for this is obvious. Sufficient pressure cannot be exerted on the handles to
make the jaws grip the bolt head or nut tightly enough to hold it; the result is that the

Fic. 16-4, Diagonal wire cutters. Fic. 16-S. Single opcn-end wrench,

tecth of the jaws round off the comners of the bolt head or nut making it unsafe to use a

* wrench on it thereafter. Fig. 16-4 shows a set of diagonal wire cutters with specially

hardened jaws that are suitable for cutting music or spring wire when winding springs.

¥ Wrenches, A wrench is a tool having suitable openings that grip the heads of bolts

or nuts while they are being tightened or loo<ened. Wrenches are classified as being ad-
justable or non-adjustable, and of either the open-

end or socket variety. They are named becausc of —— o
their shape, because of the object upon which they W""s P
are used, and because of their construction. L i
The single or double open-end wrench, of the Fic 16-6. Docble open-ena wrench.
non-adjustable type, is used on work requiring
only one or two sizes; that is, if it is a single open-end wrench, the opening is made to
a definite standard size; if it is a double open-end wrench, it contains two separate
standard openings, one on each end of the handle. Fig. 16-5 shows the single open-end
wrench: Fig. 16-6 shows the double open-end wrench.
The adjustable open-end wrench, shown in Fig. 16-7, has one fixed jaw which is an

N
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- 19\ 4 i y m .
I part of the wrench hody. while the other jaw may be adjusted by r}leansf (:; i
ntesrad P ¥y - .
- to accommodate any size within the capacity of the wrench. The size o . 1
ey (L3 3 . A N .
o ol i~ determined by the length of the wrench rather than by the size of the openin
wren ~ aeie c b .

4 1~ the case 1 open-end wrenches.

o “44'\{—"" - rwarwf
W £ n renisen suj_ﬁ Lc;._,....::':_.,._, ;
(“',l Y;/‘;/"f
<K —
Fio. 16-7.  Adjustable open-end wrench, Fie. 16-8. L-handled socket wrench.

The monkey wrench has its jaws at right angles to the handle, the lower jaw bein
wliustable. This wrench is used for heavy duty work and when in use should have th
j.'u‘vs‘ pointing in the dircction of the force applied. A Stillson or piperwrench is \‘Jsed fo
holding or turning pipe, pipe fittings, or cylindrical pieces of work. When the adjustabl

Fio 1690 T handled Fra. 16-10. Ratchet socket wrench.,  Fre. 16-11. Adjustable pin face
sochet wrendh. spanner wrench,

taw of this wrench is closed on the work and pressure is applied to the handle, the jar
opening tends to decrease in size so that the teeth of the jaw grip the work more firmly
For this reason the wrench should be used with care on thin walled pipe or tubing, an
the surface of finished pipe or fittings should be pre
tected from the teeth of the jaws,

Sucket wrenches, Figs. 16-8, 16-9, and 16-10 hay
G openings which contact the bolt head or nut on all side
B 30 12 Al bt <t The handles of these wrenches may be T-shaped, 1

wronshy shaped, or of the ratchet type, depending on the r
quirements of the work.

Spanner wrenches Figs 16-11 and 16-12, are those used for ring nuts having squa
fhﬂh cut on the penpliviy or drilled holes on the outer face. Fig. 16~11 shows the a
.Hf*\“m_" pin-face spanner wrench used for nuts which are countersunk in the work. Tl
pins -*“}'3'-3“:: out sideways at the end fit into the holes.in the face of the nut, making
cx,m\'vmvm o tizhten or loosen nuts which could not be reached by other t\'pcsl n
wienthes. Fig, 1612 shows the adjustable hook spanner wrench used to ti;:.hwn 1
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loo<en nuts in which square notches are cut in the periphery. This wrench, like the ad-
justable pin face spanner wrench, will fit 2 wide range of sizes of ring nuts,

Screw drivers. A screw driver is a tool or instrument having a blunt, wedge-
shaped blade used for driving serews.
This 100l Fig. 16-13, is usually pro- g:—’ﬁzzg
vided with a wooden handle keyed or - R
pinned to a tool steel shaft, the end
of which is formed to fit the slot of a wood or machine screw. Large heavy duty
screw drivers, Fig. 16-14, usually have a square shank to which a wrench can be fit-

ted to aid in turning .
it. Fig. 16-15 shows —<=——=——"—77 " -
how the working end = "bi'
\\_N »..;L/

of a screw driver T
should be shaped for
most efficient operation. Note that the sides of the point are ground al-
most parallel to each other. If the sides are ground to a chisel point or
cdge, the blade has a tendeney to slip out of the slot, damaging the head
of the screw. When grinding the point or blade of a screw driver be care-
ful not to draw the temper. ‘

- Miscellaneous hand tools. Clamps are frequently used in connec-
tion with bench work for holding parts while they are being assembled,
or for holding work in the drill press, The elamps used for this purpose
vary from the small light duty type to heavy duty forged types designed

Fie 16-13. Light duty screw driver.

Fic 16~14  Heavy duty screw driver,

i

Tie. 1615, to clamp large picees of work.
Proprly shapadd Fig. 16-16 shows a parallel clamp commonly called a Toolmaker's

serew driver blade, i N
clamp. These clamps have two jaws which are opened and closed by

means of the two screws. The one jaw is held tightly by 2 spring attachment which
prevents it from moving out of line when the adjusting screws are turned. This type of
clamp is very useful for holding small work, but the jaws must be kept nearly parallel to
cach other to hold the work properly.

C-clamps, Fig. 16-17, arc made in three grades: the gk
heavy duty, general service, and light daty. These clamps l_—i/

are named because of their shape and find an extensive use

SN
g e

in any shop. The size of these clamps is based on their max- P 5 .
imum eapacity, that is, a 4 clamp will open to accom- © 4 -3
modate work 4” wide or thick. H |

1 Punches which are frequently used on the bench are i ;

of four types: the “pin™ punch, “drift” punch. “priek” (<.

A odvadai el S

punch, and “center™ punch. The pin punch. Fig. 16-18, P

is e to dislodge tiaper pins, straight pins, and the like, n’

from the work. It has a blunt point on a cylindrical stem g 4016 paeand o toole
attachad to an octagonally-shaped body. The drift punch, maker's damp

/\
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Fie 16-19. sometimes called a drift “pin” has a blunt point on the e.nd which ta;?erg
: : , 1y to the full diameter of the octagonally-shaped body. It is used fpr align-
back gradually ing holes for bolts, pins, rivets, etc.

The prick punch, Fig. 16-20, is sometimes con- -
fused with the center punch, Fig. 16-21. The prick
punch has a conical point of from 30° to 45° and
is used for marking small indentations on layout
lines on the work in order to make the lines more
apparent. The center punch has a conical point
of 90° and is used to mark the location of and assist in properly starting a drill. The
points of these punches are hardened while the heads are soft; the bodies are made of
tool steel and are octagonal in shape to keep them from rolling when laid on the bench.

Fie. 16-17.

Fic. 16-18. Pin punch. Fic. 16-19. Drift punch.

Chisels and their uses. The chisels used in the machine shop by the machinist or
toolmaker difier from other kinds of chisels in that they do not have wooden handles
and are especially made for cutting metal. The metal working chisel may be defined

F1c. 16-20, Prick punch. F16. 16-21. Center punch,

. Fic. 16-22, TFlat chisel.

as a forged steel instrument with a specially shaped and hardened cutting edge at one
end to facilitate the dressing. shaping. or cutting of metal. These tools are generally
made from 1 2” or 3/4” octagonally-shaped tool steel, commonly referred to as “chisel”
steel. Their length may vary from 3”, for fine work, to 8” for heavy, coarse work.

The chisel most commonly used in the machine shop is the flat or “cold” chisel,
Fig. 16~22. This chisel is “wedge” shaped about one-third of its length to the cutting
edge. at which point it is about 3/32” thick on the heavier chisels. For general purposes
the bevel of the cutting edge should be about 70°. For cast iron and brass the angle of
the cutting edge can be reduced to 45° but it should be ground'so that the centerline of
the chisel bisects the angle and so that the cutting edge is parallel with the flat of the
wedge. The chisel is hardened from the cutting edge back about one inch, For this reason
be careful not to draw the temper when sharpening it.

] In using the chisel, grip it with the third and fourth fingers, with the thumb and first
finger relaxed below the chisel head. It s important to keep the thumb and first finger
rv}nwd because if the hammer should glance off the chisel and strike the hand, the blow
will fall on relaxed muscles causing less injury than if it fell on contracted muscles. The
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hammer used to drive the chisel should be in proportion to the size of the chisel and the
amount of material to be removed. The handle of the hammer should be gripped near
the end and swung with a free casy motion. The cutting edge of the chisel should be held
at the point where the chipping is to be done, at an anele that will produce the desired
depth of cut, and so that it will cut in the direction desired. The depth of the cut will
depend on the angle between the centerline of the chisel and the work: the greater the
angle the deeper the cut. As the chisel approaches the edge of the work, if the cut is very
heavy, it should be directed at a right angle to the former direction of cutting action,

The “cape™ chisel, Fig. 16-23, derives its name from the fact that it is forged to
produce a cape or flare for the widest flat, causing the cutting edge to be parrow in
comparison to the thickness of the body. The cape is formed so that it is thicker at the
cutting edge than it is at the point where the cape meets the chisel body. This chisel is
used for cutting narrow slots, rectangular grooves, and keyways.

R

Fic.. 16-2%, Round nose cape chisd, Fio. 16-24, Diamond point chiset.

— =

Fra. 16-25. Cape chisel.

A diamond-point chiscl, Fig. 16-24, is used for chipping V-shaped oil grooves or for
making sharp corners in holes that are square or rectangular. It gets its name from the
fact that when the square-shaped working end is ground at an angle other than 90° to
the centerline of the body, a diamond shape is produced. Besides using this chi<el for
cutting V-shaped oil grooves, it is frequently used for chipping a groove in the conical.
shaped depression formed by a drill, or for drawing the drill back on center.

The round-nosed chisel, Fig. 16-25, is used for producing a concave surface. The
cutting edge of this chisel is formed by grinding the tapered working end at an angle
other than 90° to the centerline of the chisel body; therefore, the actual shape of the
cutting face is an ellipse. The effect produced, however, is that of a concave surface.

To produce an even or flat surface with a chisel it is necessary to hold it at a constant
angle of inclination to the work and keep the cutting edge up against the shoulder
formed by previous blows of the hammer.

As a matter of safety, always place a chip guard ahead of and around the work to
protect fellow workers. This guard, Fig. 16-26, consists of a piece of heavy canvas at-
tached to two upright posts supported in two cast iron or aluminum bases.

To protect yourself, wear close and easy fitting safety goggles, and do not use a chisel
with a “mushroom” head. “Mushroom” is the term applied to a condition in which
the head of the chisel flares out duc to the intermittent pressure of the hammer blows,
When such a condition prevails, have the instructor demonstrate how to grind it off and

recondition the head. ,(\
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1o, 16-19, sometimes called a drift “pin” has a blunt point on the e'nd which ta;?erg
ba&; gradually to the full diameter of the octagonally—shaped bf)dy. It is used for align-
ing holes for balts, pins, rivets, etc.

The prick punch, Fig. 16-20, is sometimes con- -
fused with the center punch, Fig. 16-21. The prick
punch has a conical point of from 30° to 45° and
is used for marking small indentations on layout
lines on the work in order to make the lines more
apparent. The center punch has a conical point
of 90° and is used to mark the location of and assist in properly starting a drill. The
points of these punches are hardened while the heads are soft; the bodies are made of
tool steel and are octagonal in shape to keep them from rolling when laid on the bench.

Fic. 16-17.

Fic. 16-18. Pin punch. Fic. 16-19. Drift punch.

Chisels and their uses. The chisels used in the machine shop by the machinist or
toolmaker differ from other kinds of chisels in that they do not have wooden handles
and are especially made for cutting metal. The metal working chisel may be defined

Fr6. 16-20. Prick punch. Fic. 16-21. Center punch,

. F1c. 16-22. Flat chisel.

as a forged steel instrument with a specially shaped and hardened cutting edge at one
end to facilitate the dressing, shaping, or cutting of metal. These tools are generally
made from 12" or 374" actagonally-shaped tool steel, commonly referred to as “chisel”
steel. Their length may vary from 3”, for fine work, to 8” for heavy, coarse work. |
The chisel most commonly used in the machine shop is the flat or “cold” chisel,
Fig. 16-22. This chisel is “wedge” shaped about one-third of its length to the cutiing
edge, at which point it is about 3/32” thick on the heavier chisels. For general purposes
the bevel of the cutting edge should be about 70°. For cast iron and brass the angle of
the cutting edge can be reduced to 45° but it should be groundso that the centerline of
the chisel bisects the angle and so that the cutting edge is parallel with the flat of the
wedge, The chisel is hardened from the cutting edge back about one inch. For this reason
be careful not to draw the temper when sharpening it.
_ Tnusing the chisel. grip it with the third and fourth fingers, with the thumb and first
finger relaxed helow the chisel head. Tt is important to keep the thumb and first finger
n-‘!:xxcd because if the hammer should glance off the chisel and strike the hand, the blow
will fall on relaxed muscles causing less injury than if it fell on contracted muscles. The
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hammer used to drive the chisel should be in proportion to the size of the chiscl and the
amount of material to be removed. The handle of the hammer should be gripped near
the end and swung with a free casy motion. The cutting edge of the chisel should be held
at the point where the chipping is to be done, at an angle that will produce the desired
depth of cut, and 50 that it will cut in the direction desired. The depth of the eut wili
depend on the angle between the centerline of the chizel and the work; the greater the
angle the deeper the cut. As the chizel approaches the edge of the work, if the cut is very
heavy, it should be directed at a right angle to the former direction of cutting action,

The “cape™ chisel, Fig. 16-23, derives its name from the fact that it is farged ta
produce a eape or flare for the widest flat, caucing the cutting edge to be narrow in
comparison to the thickness of the body. The cape is formed so that it is thicker at the
cutting edge than it is at the point where the cape meets the chisel body. This chisel is
used for cutting narrow slots, rectangular grooves, and keyways.

e s )

Fic 16-2%, Round nosc eape chised, Fic. 16-24. Diamond point chivel.

Q,mng

Fic. 16-25.  Cape chisel

A diamond-point chisel, Fig. 16-24, is used for chipping V-shaped oil grooves or for
making sharp corners in holes that are square or rectangular. It gets its name from the
fact that when the square-shaped working end is ground at an angle other than 90° to
the centerline of the body, a diamond shape is produced. Besides using this chisel for
cutting V-shaped oil grooves, it is frequently used for chipping a groove in the conical-
shaped depression formed by a drill, or for drawing the drill back on center.

The round-nosed chise), Fig. 16-25, is used for producing a concave surface. The
cutting edge of this chisel is formed by grinding the tapered working end at an angle
other than 90° to the centerline of the chisel body; therefore, the actual shape of the
cutting face is an ellipse. The effect produced, however, is that of a concave surface.

To produce an even or flat surface with a chisel it is necessary to hold it at a constant
angle of inclination to the work and keep the cutting edge up against the shoulder
formed by previous blows of the hammer.

As a matter of safety, always place a chip guard ahead of and around the work to
proteet fellow workers. This guard, Fig. 16~26, consists of a picce of heavy canvas at-
tached to two upright posts supported in two cast iron or aluminum bases,

‘To protect yourself, wear close and easy fitting safety goggles, and do not use a chisel
with a “mushroom” head. “Mushroom” is the term applied to a condition in which
the head of the chisel flares out due to the intermittent pressure of the hammer blows,
When such a condition prevails, have the instructor demonstrate how to grind it off and
recondition the head.
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When using the vise to hold the work while it is being chipped, place a “packing”
Jock between the work and the vise slide. This block can be any material of a size con-

:<tent with the work and will keep the work from sliding down in the vise. _
Files and their uses. A file may be de-

m 7 !;m fined as a piece of steel, usually tool steel,
Y . .

; ‘Z' ’4\: \ \ ﬁ; having serrations or teeth cut on the surface
-:"gf ze; )\J \ ¥

( % 6: \( '

1eR Y for the purpose of removing irregularities
from the surface of work. There are many

i,

d-‘-

y '{7}"" ' X .‘;‘ varieties of files including circular files or

/» G 4.{’/% ::\'1 : burring wheels.
% & R The principal parts of a file are: the
é ST NRE B s (I “tang” which is the pointed end over which
Z%ﬁ % the handle fits; the “body” which is that
portion of the file containing the teeth or
Fia. 16-26. - Chip guard. chisel cuts; the “heel” which is that portion

hich joins the tang and the body; and the “point” which is the extreme end of the file
yposite the tang, as shown in Fig. 16-27.

Files may be classified into three groups according to their shape or fineness of the
cth: single cut, double cut, and rasps.

Single cut files have one series of teeth or chisel cuts on an angle with the edge of
1e file. These teeth may be rough, coarse, bastard, second cut, or smooth cut.

Bl a0 L
(R AR :

Fic, 16-27. Common mill file.

Double cut files have two-serics of teeth cut diagonally across each other and may
¢ obtained in coarse, bastard, second cut, and smooth cut styles.

Fic. 16-28, Rasp,

Rasps have e staggere
hown in Fig, 16- 28.

The terms “rough” “coarse,” “bastard,”
sitch of the file teeth: that js
shereas a fine eyt nle h

d, pointed teeth that are cut by a triangular pointed punch, as

and the hL(_, pertain to the fineness or
- a rough file usually has about 20 teeth to the lineal inch,

@< approximately 120 teeth to the lineal inch. However, to
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express the pitch of a file, the length must be included. For example, a 12” mill file has
_Iess chisel cuts per lineal inch than an 8” mili file.

When a mechanic calls for a file at the tool crib, he usually refers to it with respect to
the shape of the perpendicular cross section. For this reason prominent file manufac-
turers classify files in the same manner. Some of the more common shapes are flat, round,
half-round, square, and triangular, These shapes, along with those less frequently used,
are shown in Fig. 16-29.

The flat mill file derives its name from the fact that it was designed for and used ex-
tensively in sharpening wood mill saws. Today its use in machine shops and tool and die
rooms is such that it might be called the indispensable file, because it is adaptable to
nearly all kinds of bench and machine work.

Bastard files are those containing coarse teeth and
are used when considerable stock must be removed. They
do not produce a good finish, but will remove the stock
very rapidly.

Smooth-cut files should be used when a small amount
of material is to be removed and when a comparatively % o7
good finish is required on the work.

Safe-edge files are those which do not have chisel cuts
on one or both edges. They are used for filing slots, key-
ways, or against shoulders where the surface adjacent to A%
the one being filed is not to be filed. These files are
properly known as “pillar” files. Frc. 16-29.  Shapes of Lles.

The half-round file derives its name from the fact that one side is flat and the oppo-
site side is convex. This file is used for general filing purposes but, when the tecth are
of the mill file class, it is found to be very convenient f{or use on the lathe,

The round file is generally tapered and is used for enlarging holes or filing fillets or
concave radii. In the smaller sizes, where it is drawn to a sharp point, it is called a
“rat tail” file.

The three corner, or “three-square,” file has its sides at a 60-degree angle to each
other. It is generally drawn to a sharp point and the chisel cuts meet at the edges. It is
used most frequently for filing hand saw teeth. However, in the machine shop it is used
for filing internal angles, for cleaning out square corners, and cleaning up damaged
60-degree screw threads.

The shape of a file to be used on a job depends on the type of surface to be filed. For
example, if it is necessary to file a plane surface, it would be natural to use a flat file; if
the surface was of the concave type, it would be necessary to use a round or half-round
file; for filing slots or keyways or rectangular openings, & square, flat, knife, or pillar
file could be used. For removing considerable material where the kind of finish pro-
duced is not important, a heavy bastard file should be used.

Using the file. Before attempting to use any file, be sure that it is equipped with a
suitable handle; that is, a handle of the proper size that will fit tightly up against the
heel of the file.
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Cross-filing is a method of filing where the stroke is ch'ang_ed 90° to its f?rmer }ine
of travel and is used to remove stock quickly but at the same time show the high points
work and help to keep the surface flat. '
! t};fx cross-filing, eipe:fa]]y when a large file is used, the handle should be grasped so
that the end will fit into and up against the fleshy part of the palm of the hand, with the
thumb lying along the top of the handle and the ends of the fingers curled underneath
and pointing up on the inside of the handle. The point of the file should be grasped with
the thumb and first two fingers, the hand being held so that the thumb presses on the
top of the file in the direction of the stroke. As more pressure is required to make the
file cut, it can be applied with the thumb and fingers in this position.

The position of the feet and body should be such as to permit the file to be moved in
an almost circular path, so that pressure can be applied on the forward stroke and re-
lcased on the return stroke of the file. In filing surfaces of irregular form, the movement
of the body must be such as to permit the blending of the strakes to produce the surface
required. ‘

Draw-filing is a method of using the file to produce a good finished surface. To do
this kind of filing, it is necessary to grasp the file with both hands, the thumbs being 1/2”
to 3/4" from cach side of the work; the stock is then removed by drawing and pushing
the file over the work surface. When a single-cut file is used in this manner, the teeth
have a shearing action and will give a smooth finish to the work. \

A common error made by many beginners is that of bearing too heavily on the file,
or pushing and pulling the file over the work too fast. Learn to recognize when the file is
taking the proper “bite,” and use, as nearly as possible, the full length of the file on the

. stroke. Taking short, quick strokes wears the file out in one spot; applying too much

~ pressure on the file causes the chisel cuts to become loaded or “pinned” with particles
of the material being filed. '

Ix.' too much pressure is not being applied and the file has a tendency to “pin,” try
‘r‘ubbmg chalk over the file to fill the chisel cuts. Frequent use of the file brush, or the
jc?‘lier" in the handle, will keep the chisel cuts clean and help to overcome pinning of

e file.

As a matter of safety in filing, do not at any time use a file without a handle. File
tangs are usually quite sharp and may readily puncture the hand, resulting in serious
wqunds. Never rub the hand over the work that is being filed. Small iron filings may
prick into the skin causing infections; also oil or grease from the hand gets on the
surface being filed and causes the file to score the work rather than cut it.

Hacksaws and their uses. A hacksaw is a metal blade of tool steel high speed
steel, or tungsten alloy steel with teeth formed.on one edge lengthwise o’f the blade
'I‘he"blaqos are from 8” to 24” long, from 1/2” to 1-1/2” wide and from 025" tc;
.965 thick. The heavier hacksaw blades are used in power machines whe!reas th
lighter blades arc used in frames for hand sawing, ' )

Power hacksaws are used where considerable stock must be cut, but the‘y are

Saw It b c ‘Or}\
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Blades for hand sawing are held in frames similar to that shown in Fig. 16-30.
In this frame, compensation for the different blade lengths is made by means of a
wing-nut on the clip opposite handle, or by a threaded ferule in the handle.

The slotting frame holds blades of different thicknesses that are used for cutting
slots in screw heads. N

Hand hacksaw blades are made in two types known as “flexible back” and “sll
hard” blades. The flexible back blade is hardened only on the teeth, whereas the all
hard blade is hardened all over. The flexible back blade should be used for cutting
tubing, tin, channel iron, and copper. The all hard blade is used on steel, cast iron,
and brass. These blades are made
with different pitch sizes to accom-
modate different kinds of metal; the
standard pitches being 14, 18, 24, and
32 teeth per lineal inch. Naturally,
the greatest economy is obtained by Fic. 16-30. Hack saw.
selecting a blade of the correct number of teeth per inch for the work to be done. For
example, a coarse tooth blade such as a 14-pitch, will cut fast and free; therefore, it
should be used on such materials as machine stee], structural steel or other mild, free
cutting materials, but it leaves a rough, jagged finish.

For general purposes an 18-pitch blade is most satisfactory because it can he used
for high speed steel, tool steel, babbitt, cast iron or aluminum. Finer pitches than this
are used for cutting tubing, conduit, and thin sheet metal.

All hacksaw blades have the teeth set to provide clearance between the work and
the blade. In coarse tooth blades, one tooth is bent over to the right, the next tooth
to the left and so on until all have been staggered. This is known as “regular alternate”
and permits the teeth to cut a slot a little wider than the thickness of the blade body.
Fine tooth blades are set “double alternate”; that is, the teeth are set over in pairs,

+ first to the right and then the left.

After the correct hacksaw blade has been selected for the job, place it in the
frame so that the tecth point down and away from the handle. For cutting a long
piece of material having 2 width almost equal to the frame depth, the clips can be
turned to permit the blade to be used at right angles to the frame. In tightening the
blade in the frame, turn the handle encugh to hold the blade firmly but not too tightly.

Start the blade in the work by holding the thumb alongside the blade to guide it
at the sawing point. After taking a series of short quick strokes to scat the teeth, place
one hand conveniently on the outer end of the frame to help guide the blade through
the work.

When the sawing operation is fully started, be sure to lift the blade on the return
stroke and operate it at a speed of from 30 to 50 strokes per minute, depending on
the kind of material being cut. Sufficient pressure should be applied to make the blade
cut rather than to have it slide over the work. This pressure can best be gaged by
the flow of chips and the action of the blade on the work. The recommended pressure
Is from 20 to 30 pounds per inch of contact area of the teeth. Too much press « il
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de to buckle, heat up, and dull quickly. It is important to use, as qearly
’ { the blade in each stroke in order to get the maximum

cause the bla
as possible, the full length o

sefulness. -
’ Extremely thin sheet metal can be cut by means of a hacksaw by clamping the

metal between two pieces of board, then sawing through all three of them. To avoid
breaking or dulling hacksaw blades:

DON'T use a coarse blade on thin material.

DON'T draw the blade too tightly in the frame.

DON'T use too much pressure.

DON'T cut too fast.

DON'T saw the work at a point too far away from its support.

DON’T “cant” or twist the blade after it has completely entered the work.

REVIEW QUESTIONS

1. Name several types of hammers used by machinists and tool- and die-makers and describe
vach one.
2. What is meant by the word peening?
3. Discuss the important considerations involved in using a hammer. :
4. Upon which side of a warped piece of metal should the blows be delivered, the convex side
or concave side? Why?
5. Should pliers be used to tighten nuts or bolts? Why?
. How many kinds of wrenches can you name? Describe each.
. Should a screw driver be sharpened to a fine edge? Why?
. What are parallel clamps? '
- How many grades of C-clamps are commonly found?
- Name four types of punches and discuss the purpose of each.
11. Discuss several types of chigels,
12. How should a chisel be held in the hand?
mm)lﬂ. What safety factors should be observed in chipping relative to the operator and others around
14. What are the principal parts of a file?
15. Tiles are classified into what three groups?
16. Name several common shapes of files.
17. Why should a handle be used on a file?
18, What is meant by cross-filing ?
10, What is meant by draw-filing?
20. Discuss several points in the use of the hacksaw,

T
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Chapttr 17

BENCH
MATERIALS — ROUTING — INSPECTION

MATERIALS
Aluminum ... Copper ... Brass and Bronze...Cast Iron...Cold rolled ... SAE
Chromium . .. Chrome Yanadium . .. Tool Steel . . . High Speed Steel
JOB PROCESSING
Stoek order . . . Routing card
GAGES AND INSPECTION
Kinds ... Use

MATERIALS

Besides knowing how to use common hand tools, the bench worker is frequently
required to make such tools as special gages, milling cutters, small dies, punches, jigs,
fixtures and templates. The production of these tools, where parts are manyfactured
under the interchangeable system and any tools that have the effect of lowering the
cost of manufacture of those parts, forms the major part of the toolmaker’s work at
the bench.

Many times, in the execution of these duties it is the task of the toolmaker to
devise ways and means of making these tools and it becomes his responsibility to
select the material from which they are to be made. The efficiency of the tool and its
cost will depend to a great extent on how wisely this material is selected. The following
information is given to act as a guide, but remember that the characteristics of these
materials can be varied by the manufacturing methods employed, such as forging.
heat treatment, and so on.

Aluminum, This material should be used for parts that must be of light weight
but which have no moving members in direct contact with them. Such parts are
housings for small electric motors, pistons, hand wheels, machine pulleys, and the like.

Copper. Because of its softness and flexibility, the use of this material is confined
almost entirely to electrical conductors such as contact tips, slides and fittings for
electric welders.

Brass and bronze. Brass, because of its resistance to oxidation, is used for water
and steam fittings. Bronze is used for bushings, bearings, and special gears. It is alsa
used for ornamental purposes such as plaques and medals.

Cast iron. This material should be used for parts where compressive strength is
the main requirement. Tt is not to be used for parts which will be subjected to torque or
bending strains. Parts for which cast iron is commonly used are die bolsters, surface

255
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7chine bases or housings, jig and fixture bases, and various supporting

plates, m

members of machines. . . .
Cold rolled or machine steel. Because of its low carbon content this steel is not

generally satisfactory for parts that must have hig.h wearing qual.ities. \Yhen carbon
is injected into the surface by certain heat-treating processes, it acquires a ?mrd
surface which makes it usable for such parts as clamps, locating gages, stock guides,
small stripper plates and wear plates on punch presses. Lacking this heat treatment
it can be used for small screws, bolts, studs, nuts and washers and miscellaneous small
parts for machines.

SAE chromium or Ford “AAA” steel. SAE steels of the 5100 series or Ford
“AAA” steel is used for Acme or square thread screws, milling machine arbors, axles,
spindles, collets, spindle heads, punch retainers, armature shafts and boring bars. This
steel can be given heat treatments that will give it either a hard surface and a soft core,
or toughness and accuracy.

Chrome vanadium steel has high torque resisting qualities which make it an
ideal material to be used for wrenches and similar tools.

Tool steel—Ford “RR” or SAE 1095. Because of its carbon content this steel
is used when maximum hardness is desired on such parts as forming dies, punches,
locating pins, forming and knurling rolls, machine hammers, screw drivers, plug and
snap gages, parallels and V-blocks. ,

High speed sieel. This steel is used almost entirely for making cutting tools such
as milling cutters, broaches, reamers, forming tools, drills, counterbores, spot facers,
countersinks, thread chasers and tool bits.

" JOB PROCESSING

Under modern manufacturing methods, when new tools or parts are to be made,
or if changes are to be made in existing equipment, drawings or blue prints are sent
to the beneh with a written order requesting these tools or changes in equipment to
be made. The drawing or blue print contains such information as the dimensions for
the part or parts, the detail or pattern number of each part, the kind of stock from
which it is to be made and the heat treatment. Besides this information, the drawing
contains other data relative to the finish, whether it is to be ground or filed, the degrees
of hardness, and a stock list that gives the detail number, name of part and kind of
material. ~

With this information as a beginning the bench man must first study the blue print
to familiarize himself with the requirements; then a stock order is made out in
duplicate, stating the work order number, account number, department to which the
cost is to be charged; and the number of picces, the size of each piece, the kind of
material and the location to which the stock is to be sent. ’

The following illustration is a typical stock order form.

After the stock is received it should be checked for size and kind of material
against the duplicate stock order; then a sketch of the detail, or the detail clipped
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from an extra blue print, is attached to a machining order, and with the stock for that
detail, it is sent to the machine shop. Generally it is the bench man’s duty to determine
the sequence of the machining operations and to route the job accordingly. For example,
the detail may require turning, milling, boring, drilling, tapping, heat treating and

ORDER w0. [/-5569 [ACCOUNT MO /7.7 Joer'T cHe. £.2
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Frc. 17-1, Stock order list.

grinding, It is the bench man’s responsibility to determine in what order these manu-
facturing operations are to be done for the greatest efficiency.

Where the bench man has several orders all working at the same time, it is necessary
to keep a record of the location of each detail, and erders which are on a “time and
material” basis require that an accurate record be kept of the time involved. Some
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Fic. 17-2. Routing card,

factories have regular forms, routing cards, with spaces marked for detail number,
machine, date sent out, date returned and machining time. These forms should be
filled out for each separate work order number; then as a detail or pattern is sent to
the machine shop, the number of that detail and the date sent out is entered in the
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proper column. When the detail and machining order are returned to the bench, the
date returned and machining time are entered in the proper column. Since the same
detail is sent out for other manufacturing operations, entries are made in the correct
columns on the back of the routing card.

After each machining operation, when the work is returned to the bench, it should
be inspected to make sure that it is ready for the next operation. This prevents added
operations from being done in the event that the previous operation has not been carried
out properly. _

Gages and inspection. A gage may be defined as any standard of comparison or
measurement. The three fundamental units of measurement are mass, time and length.
Mass is gaged in terms of weight; time is gaged in terms of seconds, minutes, hours;
length is gaged in terms of inches or multiples of the inch, or in metric units.

Under the American system, linear measurements are taken in terms of the inch
or multiples of it. The inch may be defined as a standard unit of measurement of
length equal to 1/36th of the British Imperial yard or 2.54 centimeters. The unit of
measurement of length used in machine shops or tool and die rooms is the thousandth
part of an inch (.001”). Most measurements taken in tool room work are of the
precision type; that is, they are very exacting and have a high degree of accuracy. It
is because of the fact that piece after piece can be made to the same exacting dimensions
that the “interchangeable system” of manufacture is possible. The interchangeable
system is that property of parts which permits them to be interchanged without having
to change their shape or size. '

SRR ol
oy w8
TFic. 17-3. Plug gage. F1c. 17-4. Ring gage.

These exacting or highly accurate measurements are made possible because of
gages which permit the taking of measurements within designated limits, the limits
being an intentional or permissible variation from the specified size.

Gages may be classified as master, inspection, and working gages. Master gages
are kept as a standard of reference for other gages. Inspection gages are those which
arc uscd entirely for checking the finished part and working gages are those which the
machine opcrator uses directly on the part during the manufacturing process.

Working gages are of two types, fixed and adjustable. Fixed gages are those ‘the
measuring portion of which cannot be varied, except through wear or expansion and
contraction due to temperature change. Plug, ring, snap, and caliper gages and gage
blocks arc examples of the fixed working gage. Adjustable gages are those the measur-




MATERIALS — ROUTING — INSPECTION 259

ing portion of which can be varied 1o suit the conditions under which the part is being
manufactured. Micrometers, verniers, dial or fan type indicators, amplifiers, and
comparators are adjustable gages. Certain limit gages of the smap gage variety have
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anvils that can be adjusted to compensate for wear; however, these 2re not clasced
as adjustable gages because they cannot be varied to suit the job during the manu-
facturing process.

Gage blocks, Fig. 17-12, are small, rectangular blocks of special alloy tool steel
3/8” by 1-3/8” by the specified size. These blocks are hardened, ground, effectively
seasoned and finished to within a few millionths

of an inch of the specified size. : S
Carl Edward Johansson made the first gage , .
blocks while employed as a master mechanic inan 5
arsenal at Eskilstuna, Sweden. In the manufac- ’TA"
ture of these blocks he overcame four universally /f s
recognized metallurgical and mechanical prob- ot
lems. First, “nearly” flat surfaces in steel; that /;7{\
is, the surfaces are not absolutely flat from 2/ RN
scientific standpoint of view, but are flat enough ! W ’\.\_/
for all practical purposes, being plane withina |~ = .

very few millionths of an inch. Second, “nearly”
parallel surfaces in stecl. The measuring surfaces
of Johansson gage blocks are parallel within a very few millionths of an inch as fllus-
trated in Fig. 17-13. Any block in a given combination may be turned end for end
without affecting either the size of the combination or the parallelism of the faces of
the end blocks. Third, methods of heat treating and stabilization of the molecular
structure such that the established size of the block can be guaranteed within the limits
of accuracy of the set. Fourth, accuracy as to dimensions in steel; that is, the size of
each block will remain within the designated accuracy for the set at 68° Fahrenheit.

Gage blocks are classified according to the purposes for which they are intended,

as follows: ((\

Frc 17-8. Micraescter.
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required dimension; that is, the blocks of the first series may be combined with any
other series to obtain anv dimension. in tenths of thousandths within the capacity of the

'
Fic. 17-12.  Miscellaneous gage blocks. FicI17-13. Combination of 9 biocks

checked against 1 black.

set; the blocks from the second sefies can be combined with any other series to get
dimensions varying by thousandths, and so on. It is possible to make over 120,000

F1c. 17-14. Set No. 1 Johansson gage blocks.

different size gages, in steps of .0001”, from .200” to more than 12", with the standard
81-block set.

The size of the individual blocks required to make a given dimension within the
capacity of the standard sct can best be determined as follows:

1) Get thoroughly acquainted with the sizes of the blocks contained in the set.

2) Select a block the last digit of which will eliminate the last digit of the specified
size,

3) Continue to sclect blocks such that the last digit of each block will be the last
remaining digit of the specified size, until the required dimension is satisf

4) Use as few blocks as possible in building any combination,

R



~ .800
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The sum of these blocks L1463
Before the blocks are Stacked together j¢ is Necessary that the contactmg Surfaces
be thoroughly cleaneq. This cap be done by Wiping thep, on the fleg part of the bas

of the thym Or wrist, T, Stack the ocks, place 0ne contactip,

of the other and with 5 slight Inwarq Pressure <

edges are baralle].
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Fic. 17-18,

REVIEW QUESTIONS
1. What are some of the principal points pertaining to ials that a toolmaker is d to
know?
2. Discuss the more common metals used in tool and die work.
3. What is meant by job processing?
4. Why are routing cards needed?
6. Define an inch?
6. What is meant by the interchangeable system?
7. Discuss two types of working gages.
8. What are gage blocks?
9. Why do they adhere when “wrung” together?
10. What is the significance of the principle demonstrated in Fig. 13?
11, What is the accuracy of the “working set” of Jo-blocks?
12, How many different size gages is it possible to combine using an 81-piece set of Jo-blocks?
13. What method is used in selecting blocks to build a given size such as 133682
14. For what purposes can the accessories be used?
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LAYOUT — DRILLING — THREADING — SCRAPING
HEAT TREATING

Layout ... Drills . , . Reamers ., , Counterbores ., . . Countersinks s« Threads ., .
Scraping . . ., Heat treating—-Mangancse, Silicon, Chromium, Nickel, Vanadium,
Tungsten . .. Molybdenum

GENERAL SUGGESTIONS

Layout. Lines scribed on g piece of metal to indicate in fui] scale size the top,
side, end or other view of the article to be manufactured, or machining operations to
be performed, is calleq the “layout.” . '

Operations to be performed on the drij press, shaper, planer, slotter, or mill are
frequently laid oyt as a guide to the operator. The position of the layout lines should
be sharp, distinct, and conform to the dimensions for that work operation as specified..
on the blue print or sketch. : o

As an aid to making the lines distinct, finished or machined surfaces shoyld be
covered with a suitaple paint, ink, or simijlar substance so that the scribed line forms
a marked contrast jp the background. A suitable ink that does not rub off but which
can be readily removed, can be made by adding Gentian violet dye to orange shellac
then adding sufficient wood alcohol to majk

to be laid out by means of 3 small flat paint brysh or dauber. Another substance
::ommon.ly used as Jayout il Is copper sulfate solution (CuSO,

ue vitriol.” A quantity of this solution can be made by adding
sulfate crystals to one pint of water, then adding 5

” 11:;3,2;’\01![:1'1 :\-ork such as castings op forgings, water is added to calcimine to make
© HICK pain consistency; then it can be applied wj :

to be laid out. s pplied with 5 paint brush to the surface

" c.;“srcth? surface has. been properly prepared, the job 1o be laid out should be set

hi-'u'il\: ll"; i!cc Plate, Fig, 18~1, or “layout plate.” This Plate is made of cast iron,
B Tihbed undernegtp to give jt strength and (o prevent distortion. The top;

sides, ang ends of the p)
X § Plate are accurately machined and scr: iv
possible a figq Surface, When thjs ; e % refarneg L 28

2 “benely Plate: 1s plate is located level on a bench it is referred to ag

vhen it is of large size that is, 6’ b 10’ i roit i
UP on the finor qpqg referred to ag 5 “ﬂoc;r” plat’c Y 10" approximately, it ig leveled

In Jayip el .
> & out work, the followmg tools are commonly used, descriptions of which

¥ referring to the index at the back or the text: Angle plates, fixed and
264
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adjustable; damps, C- and toolmaker’s; hardened and ground paraliels; the surface
gage and its attachments; height gage; combination square, center head and bevel
protractor; rules, 12” to 60 long; dividers, hermaphrodite caliper, and trammel;
scriber, prick and center punches, and a ball-peen hammer.

yo— .

:
;
;
{
.

Fic. 18-1.

The job to be laid out should be placed on the surface plate so that all the parallel
lines necessary can be scribed in relation to the same surface. If the lines fall in-
conveniently low on the surface, the job can be raised up by placing it on parallels on
the surface plate. Where several parallel lines must be scribed, a temporary line can
be placed near the bottom of the job to act as a base line, from which other lines may
be located if it becomes necessary to move the job before the layout is completed. 1f
these lines are to be located quite accurately, gage blocks and a height gage of con-
venient size should be used to set up the required dimensions. However, if the dimen-
sions for the Jines do not have to be very accurate, quick results can be obtained by
setting the scriber point of a surface gage to the graduations on the blade of a combina-
tion square.

If other lines are required to intersect the lines already scribed, they can be
Taid out by working from the surface of a box angle plate or cube that has been located
with respect to a definite point on the working surface of the job.

If these intersecting lines locate the center of a radius or hole, the prick punch and
ball-peen hammer should be used to make a small indentation where the two lines cross.
The divider can then be set to the required size by means of the graduations on a rule
and with one leg point nested in the indentation, the required radius or circle can be
scribed with the other point. After the circle has been scribed, enlarge the prick punch
hole by driving the point of a center punch into it.

Sometimes it is necessary to locate the center of a cored hole or a hole previously
formed. When such an occasion arises all that is necessary is to take a piece of penai
solder (round solder about the size of a lead peneily, flatten it ~wmewhat with o

hammer, cut it a trifle larger than the diameter of the hole and then drve it into the hole 3

- toact as a bridge to carry the lines.
Where it is necessary to lay out several holes. all on the waume arcle, i
four holes equally spaced. all that is necessary 1= th 0 e twe dne ot night et

i
for evemple

'
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The “shank” of the drill is that part which fits into the spindle or chuck of the
mechanism used for revolving the drill. If the shank is badly nicked or burred, it is
difficult to get the drill running true; it will cause heating of the drill and put the drilling

Fic. 18-3. Angle of relief back of edge. ” Fic. 184, Lip clearance angle.

machine under unwarranted strain. Fig, 18-6 shows the types of shanks commonly used
by metal workers. A is the straight shank for drills that are to be used in drill chucks;
Bis the taper shank drill which employs the Morse taper system to adapt it to the sockets
of drill presses and ather drilling machines. Drills varying by 1/64” in diameter from
1/8” to 9/16” have a No. 1 Morse Standard taper; from 37/64” to 29/32” a No. 2
Morse taper; from 59/64” to 1-1/4” a No. 3 Morse taper; from 1-17/64" to 2” a No.
4 Morse taper; and from 2-1/32” to 3” they have a No. 5
Morse taper. Drill sizes are specified in four different ways
as follows:

By numbers from 80 to 1, the decimal sizes of which run
from .0135” to .228".

By letters from “A” to “Z,” the decimal sizes of which
run from .234” to 413",

By fractions from 1/64” to 4" and over by 64ths of an
inch,

By millimeters from .5 to 10 mm. by .1 mm.; those drills
larger than 10 mm. vary in steps of .5 mm. Fic 18-5 Corectly ground lips.

The distance, measured in fractions of an inch, that a drill penetrates the work
for cach revolution is called the “feed.” To make the drill feed into the work, force or
Pressure must be applied to its end either by hand or power. The amount of power
required to keep the drill working at its greatest efficicncy is governed by many
factors, such as the type of material being drilled, how the material is supported, the
Ell(iin%]abilily of the drill and the condition of the mechanism used to drive or hold

e drill,
By the “speed” of the drill is meant the distance the drill would travel if it were
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drill and cut a small groove, starting at the top of the conical hole and chipping clear
to the center, on the side toward which the drill is to be drawn, as shown in Fig, 18-7
This procedure may have to be repeated several times in order to get the edge of lhc.
conical hole concentric with the layout.

After the drill has been properly started, throw in the power feed and i
drill to originate the hole. The feed should be proponionfloc to the diamc‘:::n:; z:
drill, which, generally speaking, is as follows:

1
DRILL S1ZE lr~-{ PEED PER REV,

Upto 1/8 001 ~ 002
1/8 to 1/4 002 ~ 004
1/4 10 1/2 004 - 007
1/2 to 1 007 ~ 015

1
!
[}
'
1
[}
1 or larger ! 015 - 025
-
1
}

i
i
{L_-

Fic. 18-8. Drill drift and its use,

To keep a drill cutting at its highest efficiency, it is necessary to use a good cutting
lubricant. The following recommendations prove very satisfactory in the majority of
cases:

For mild, free cutting steels, use soda water or lard oil.
For carbon or alloy steels, use soda water, or kerosenc oil,
For brass or bronze, drill dry or usc lard oil.

For aluminum or soft alloys, use soda water or kerosene.
For cast iron, drill dry.

After the drilling operation has been completed, carefully remove the drill chuck
or drill from the drill press spindle. Do not use anything to remove them except a
drill drift, Fig. 18-8, otherwise the tang or drill spindie socket may be badly damaged
As the chuck or drill is drifted out, be careful that they do not drop on the table and
damage themselves or the table. Do not insert dirty, oily or nicked shanks in the *~"
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variety of shapes and types but the kinds commonly used are the “chucking”™ reamer

and “rose” reamer. Both are available in either straight or Morse taper shank,
The fluted chucking reamer, Fig. 18-11, differs from the rose reamer, Fig.

18-12, in that the body diameter has no back taper and the teeth are backed off with

Fic. 18-11. TFluted chucking reamer (tapershant),

radial relief. In the case of the straight tooth chucking reamer there is a tendency for
the teeth to cut on the sides, toward the back end, which causes it to cut oversize, This
condition is relieved somewhat if the teeth are of left-hand helix with an angle of §°
to 10°,

et
e —— x3

Fic. 18-12. Rose chucking reamer (taper shazk),

The rose reamer gets its name from the fact that the leading edge of the teeth are
given a back-off chamfer of 45° causing the end view of the reamer to appear like a
rose, The lands of the teeth are ground radially without relief, but tapering back toward
the shank so that the cutting action takes place at the
front end of the teeth; for this reason the size of this
reamer should be measured at the front end.

The shell reamer, Fig. 18-13, is a reamer head with
a hole baving 1/8” taper per foot to fit a special arbor
as shown in Fig. 18-14. The back end of this reamer head
has a square slot cut in it to fit over the drivers of the
arbor, The advantage of having reamers of this sort lies in the fact that there is a
great saving in the cost of material, since one arbor suffices for several different sizes of

heads. However, the saving in mate-
(: ——— ‘lgij __j rialkis parti‘;ﬂ}v ogscl b}}'} lb; §osl o(:

—— e making and finishing the hole an
— slot. These reamers are used pri-
marily for sizing and finishing opera-
= "‘*M tions and may be obtained with
cither straight or helical tecth.

Fic. 18-14. Two types of shell reamer arbors. For making taper Sockets for
milling machine, lathe, grinder or drill press spindles, or holes for taper pins, a taper
feamer, Figs. 18-15 and 18-16, must be used. This reamer is a side cutting too! and
is made for roughing and finishing purpo<es. The roughing taper reamer differs from
the finishing reamer in that the teeth at the cutting edges are notched to relieve the
broad cutting surface that would ordinarily be bearing on the work. These reamers
are obtainable for hand reaming or for machine reaming.

Fic. 18-13, Shell reamer,
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variety of shapes and types but the kinds commonly used are the “chucking” reamer

and “rose” rcamer. Both are available in either straight or Morse taper shank.
The fluted chucking reamer, Fig. 18-11, difiers from the rose reamer, Fig.

18-12, in that the body diameter has no back taper and the tecth are backed off with

B _——

Fi6. 18-11. Fluted chucking reamer (tapershank),

radial relief. In the case of the straight tooth chucking reamer there is a tendency for
the teeth to cut on the sides, toward the back end, which causes it to cut oversire, This
condition is relieved somewhat if the teeth are of left-hand helix with an angle of 8°
to 10°. )

Fic. 18-12. Rose chucking reamer (taper shank).

The rose reamer gets its name from the fact that the leading edge of the teeth are
given a back-off chamfer of 45° causing the end view of the reamer to appear like a
rose. The lands of the teeth are ground radially without relief, but tapering back toward
the shank so that the cutting action takes place at the
front end of the tecth; for this reason the size of this
reamer should be measured at the front end.

The shell reamer, Fig. 18-13, is a reamer head with
a hole having 1/8” taper per foot to fit a special arbor
as shown in Fig. 18-14. The back end of this reamer head
has a square slot cut in it to fit over the drivers of the
arbor. The advantage of having reamers of this sort lies in the fact that there is a
great saving in the cost of material, since one arbor suffices for several different sizes of

heads. However, the saving in mate-

h ———— ‘{Eij o rial 1: partially S)ﬁs.cl by the cost of

= == I making and finishing the hole an.d

. slot. These reamers are used pri-

== e marily for sizing and finishing opera-

l&—ﬁ'{gﬂ@—@ tions and may be obtained with
either straight or helical teeth.

For making taper dockets for
milling machine, lathe, grinder or drill press spindles, or holes for taper pins, a taper
reamer, Figs, 18-15 and 18-16, must be used. This reamer is a side cutting tool and
is made for roughing and finishing purposes. The roughing taper reamer differs from
the finishing reamer in that the tecth at the cutting edges are notched to relieve the
broad cutting surface that would ordinarily be bearing on the work. These reamers
are obtainable for hand reaming or for machine reaming.

Fic. 18-13. Sbell reamer.

Fic. 18-14. Two types of shell reamer arbors,
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Taper pin reamers, Fig. 18-17, are made witha sta.ndar'd taper Ofthl/ " to the f°°t'
Since taper pins are used to hold two machine sectxor3s n ahgn‘merz? ! ese rean}xer:dax:e
r;mdc for hand usc only. However, they ca‘n be.used in a. machine 1. they atrﬁ placed in
a drill chuck. These reamers are made with either straight or helical teeth.

Fic. 18-15. Taper reamer (Roughing). Tic. 18-16. ‘Taper reamer (Finishing).

Counterbores and countersinks. A counterbore or “spotfacer” is-a tool similar
to a shell end mill, but is used to bore a Jarger hole on the same axis as a previously
originated hole for the purpose of bringing a section of a mating part, bolt, or set
screw bead flush with a given surface.

T

e — S it
¥1c. 18-17. Taper pin reamer. Fic. 18-18. Countersink.

A countersink, Fig. 18-18, is a multiple toothed cutter with the teeth formed on
an angular surface and is used for beveling the mouth of a hole, either as a chamfer
or as a scat for a flat or oval head machine screw.

Counterbores are of three types: solid, interchangeable, or inverted.

The solid counterbore, Fig. 18-19, has the pilot, cutter head and shank as one
piece, and is a part of standard tap sets. The cutter diameter is usually .010” larger

F1c. 18-19.  Solid counterbore. F1c. 18-20. Interchangeable counterbore.

than the diameter of the screw head and the pilot is equal to the body diameter of
the screw body or the tap drill size for the screw. These counterbores are made with
vither straight or Morse standard taper shanks. ’
Interchangeable counterbores, Fig. 18-20, consist chiefly of a special taper
shank holder of several standard sizes with provisions for holding different sizes of
cutter heads and pilots.
k ;}n‘ “m’\'ertcd" or “upside-down” counterbore, Fig. 18-21, commonly called a
‘( ;l:(;t 2;‘1:; 1;1 (n::; t}lx;t .ﬁts an arbor having a.pin through it to fit the slot in the back of
o et b z“m" .u.s tool is used to ma.chmc seats for washers on the flanged bases
iy o at cannot lic donp conveniently by the other types of counterbores.
cads and threading, Besides forming threads by means of a singl i
ool on the lathe, they can also be formed by : te, or spocial rolling on e
¥ a tap, die, or special rolling process.
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A tap is a hardened cylindrical bar of steel with threads
formed on its surfaces and grooves or flutes running lengthwise,
intersecting with the threads to form cutting edges. Tt is used to
form threads on an internal cylindrical or tapered surface.

A die is usually a flat picce of hardened steel with a fluted,
cylindrical hole, such that the flutes intersect with threads cut
on the surface of the cylindrical hole to form cutting edges.

The parts of a thread which are important to the average
mechanic are as follows:

Major Diameter. The larest diameter of the thread of
the screw or nut.

Pitch Diameter. On a straight thrca&, the diameter of an

A
iy N

s I

Fie. 18-21. Inverted
counterbore.

imaginary cylinder the surface of which would pass through
the thread at such points as to make equal the width of the

spaces cut by the surface of the cylinder.

Minor Diameter. The smallest diameter of the screw or nut.

Pitch, The distance from 2 point on a screw thread to a corresponding
point on the next consecutive thread measured parallel to the

axis of the screw body.

Angle of Thread. The angle included between the sides of the thread measured

in an axial plane.

Lead. The distance a screw thread advances in one complete revolu-
tion measured paratlel to the axis of rotation of the screw body
In a single thread, the lead is equal to'the pitch Tn a double
thread the lead equals twice the pitch. In a triple thread
the lead equals three times the pitch, and <o on.

Depth, The distance from the top of the thread to the minor diameter

measured perpendicular to the axis

The American National Coarse thread scries is the title given to the old United
States Standard (USS) thread. The title for the old SAE (Society of \ulnmnl-l\l'
Engineers) thread has been changed to the American National Fine thread scries
Fig. 18-22 shows a screw and a cross section of its mating part with the important parts

labeled,
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Fic. 18-22. Screw thread and cross section ol nut.

The following formulas and symbols are used for calculating the various parts ¢
threads: 4

Clearance = 2 H = 6
Major diameter
Pitch diameter = D — H
Flat, crest, root = P + §
Diameter of best wire = .57735 = N
= Single depth = .6495 + N
= Double depth = 1.299 = N
= Minor diameter ~ D — 2 H
== Lead of thread = 1 = N’
M = Measurement over 3 wires = D 4+ 3 G — (1. 5135 <+ N)
N’ =~ Number of turns of thread in one inch
N = Numbes of threads per inch
P = Pitch =1 = N.
s = Helix angle
Tangent s = L = (3.1416 E)
T = Tap drill for 75¢¢ thread = D — (97 + N)

h?lz»f‘-.ﬁ‘limbﬁ
i

Internal threads are produced at the bench by mea:
of a tap driven by hand, by using one of several kinds
tap wrenches, two of which are shown in Figs. 18—

Fic. 18-24, St:mdard tap w rcnch.

and 18-25. The kinds of taps commonly used. shown
Fig. 18-23, are known as Taper, Plug, and Bottomi

16 1623 Taper Plug and 3PS+ 1N order to understand better the process of ta
Botteming tans. ping, consider the following: "
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Fic. 18-25. T-Handle tap wrench,

xample.

R

\

Fic. 18-26. Checking a tsp for squareness
with the work.

Required a 7/16~14 NC tapped hole,

Solution.

Stzr No.

Stzr No.

Step No.

Srer No.

Stz No.

Ster No.

Stz No.

Stee No.

7

Layout the location for the hole and center punch it.

Calculate the tap drill size as follows:

T=D~— (97 +N)=431S— (37 + 18) = 4375 — 0693 =- 3682,
3682 carresponds to a letter “U” drill,

1f a table of “Basic Thread Dimensions and Tap Drill Sizes™ is available,
the correct tap drill may be found in It, eliminating the calculation.

Get a letter “U" size drill, 8 7/16—14 taper tap (if the hole is blind and
must be tapped to the bottom, get a 7/16—14 bottoming tap 2lso), and
a center drill from the crib.

Set up the work propetly on the dill press table, insert the center drill in
the drill chuck, then center drill the work at the center punch mark.
Replace the center drill with the tap drill and bring it into contact with the
work, making sure that the conical hole made by the drill polnt, is con-
centric with the layout. Drill the hole through or to the proper depth as
required,

Remove the work and drills from the machine and clean the machine before
leaving it.

At the bench, place the work 5o that the hole can be conveniently tapped
without its moving; then, with the taper tap placed in the tap wrench, start
it in the hole using a good grade of tapping compound.

To start the tap square with the work, remove the wrench {rom the p
and place a solid square against the body of the t1p, ia two positions 90
apart, eack time noting any variation between the tap and squire, as
shown in Fig. 18-26. f.
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Fic. 1822, Screw thread and cross section of nut.

The following formulas and symbols are used for calculating the various parts ot
threads:

Clearance = 2 H + 6
Major diameter
Pitch diameter = D — H
Flat, crest, root = P + 8
Diameter of best wire = 57735 =+ N
Single depth = 6495 -+ &
Double depth = 1.299 =+ N
=~ Minor diameter = D — 2 4
= Lead of thread = 1 =+ N’
M = Measurement over 3 wires = D + 3 G — (1.5155 + N)
N’ = Number of turns of thread in one inch '
N = Number of threads per inch
P = Pitch =1+ N
s = Helix angle
Tangent s = L -+ (3.1416 E)
T »~ Tap drill for 75% thread = D — (.97 + N

O - B R |
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Internal threads are produced at the bench by meant
of a tap driven by hand, by using one of several kinds o:
tap wrenches, two of which are shown in Figs. 18~2¢

AACr

VLLPNAIANALY.

Frc. 18-24. Standard tap wrench.

and 18-25. The kinds of taps commonly used. shown i1
Fig. 18-23, are known as Taper, Plug, and Bottomin,

FIC 1523 Taper, Plug, and t:}ps. In ox:der to understand better the process of tap
Botterming taps. ping, consider the following:”

w:‘."d OAALCCAAAAAS

FASALALAAAAA
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Frc, 1825, T-Handle tap wrench, Fio. 18-26. Checking & tsp for squarcness
with the work.
Example,
Required 2 7/16~14 NC tapped hole.
Sodution,

Stzr No. 1. Layout the location for the hole and center punch it

Ster No. 2. Calculate the tap drfll sire a3 follows:
T o= I3 (97 + N) = 4375 - (97 + 14) = 4375 — 0693 ~ 3682,
3682 corresponds to 8 letter “U” drill,
If a table of “Basic Thread Dimensions and Tap Drill Sizes” is available,
the correct tap drill may be found in it, eliminating the calculation.

Ster No, 3. Get a Jetter “U” size drill, n 7/16—14 taper tap (if the hole fs blind and
must be tapped to the bottom, get & 7/16~—14 bottoming tap akso), and
a center drill from the crib.

Stzr No. 4. Set up the work properly on the drill press table, insert the center dril} in
the gril) thuek, then center drill the work at the center punch mark,

Stzr No. §. Replace the center drill with the tap drill and bring it 1ato contact with the
work, making sure that the conical hale made by the drill pala, is con-
centric with the Jayout. Drill the hole through or to the proper depth as
required.

Srre No. 6. Remove the wark and drills from the machine and clean the machine belore
leaving it.

Strr Nb. 7. At the bench, place the work so that the hole can be conveniently tapped
without its moving; then, with the taper tap placed in the tap wrench, start
it in the hole using & good grade of tappling compaund.

Stzr No. 8. To start the 1ap square with the work, remove the wrench from the tap
and place a solid square against the body of the tap, in two positions 90°
apart, each time noting any variation between the tap and square, as
shown In Fig. 18-26.
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Surfaces produced by grinding, while very smooth, are not exactly flat as may be
proved by checking a ground surface against a master surface plate. Ground surfaces
also contain imbedded particles of abrasive grit and dust which hasten their wear
against contacting surfaces.

Lapping produces & much smoother and flatter surface than either grinding or scrap-
ing; however, it gives a surface possessing high cohesive qualities and is more expensive.
This cohesive quality is undesirable in surface plates and cubes ns it cauces the
inspectors’ squares, height gages, and the like to stick, thereby preventing the smooth
sliding action necessary for taking delicate tests and measurements, These difficultics
ate avoided in a scraped surface,

Industrial history is not very definite as to the person who was responsible for the
first accurately scraped surfaces. It fs well known, however, that Henry Maud<lay
(1771-1831) produced flat surfaces by the three plate method. This method consists
of scraping two plates to fit each other. Then plate No. 2 is laid aside and a third
plate scraped to No. 1. After plates 1 and 3 are scraped to each other, plate 1 is aid
aside and plates 3 and 2 are scraped to fit. This process of alternately scraping one
plate to another is continued until any two plates placed together in any direction
will show a perfect bearing. A perfect bearing is defined as a surface having 25 to 30
bearing spots per square inch, the spots being about 1/16” in diameter. A surface
scraped to these specifications makes the best bearing because the lower sections
between the bearing spots act as pockets to retain a supply of lubricant,

The surface to be scraped is best prepared by planing or milling. It should not be
ground. The ground surface contains particles of abrasive grit which nick and dull
the edges of the scraper, thus causing the work to have heavy scratches in it.

After the surface has been planed or milled, it is first roughly cross-scraped to
remove the burrs and tool marks left by machining. Then it is given a light coat of red
lead and the surface plate is given a light coat of Prussian blue or lamp-black. In the
cise of small jobs the work is placéd face down on the surface plate. In larger jobs the
surface plate is placed face down on the job and rubbed back and forth. When the work
and the surface plate are separated, the surface to which the plate was applied discloses
black and blue spots. These spots are the high points of the surface and are removed
with the scraping tool.

The operation of spotting and scraping is continued until the desired quality of
surface is obtained. Each time a cut is taken the operator should change the direction
of the cut to eliminate chattering of the tool, and, as the surface becomes flatter, the
amount of Prussian blue or Jamp-black applied to the surface plate should be cut
down to a very light film =0 as to show only the highest points. At this juncture shorter
cutting strokes should be taken. This shortening of the stroke causes the bearing

spots to come closer together, giving a better bearing and a neater appearance.
The actual scraping operation is dependent on three important factors: (1) the
kind of material to be scraped; (2) the condition in which the operator kceps lhc
scraper; and (3) the manner in which the operator uses the seraper. —~
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fast rule that the scraper must be held at 30°, but mechanics who do much scraping
are agreed that this angle is about right to avoid excessive gouging and yet permit
fast cutting.

Many machine parts as well as the bases of jigs and fixtures are made of cast iron
because it is cheaper than steel and holds its shape well. Frequently, however, machine
parts made of brass, copper, babbitt, or steel are used. On all these materials, with the
exception of steel, the same scraper as was employed for cast iron is used. On steel, &
scraper having a single cutting edge is used so that it will lead into the work.

Fra. 15-30 Usizg & scraper.

Scraped surfaces are generally provided where one part of a machine must slide
accurately on another part. However, before any scraping operations are done on a
machine bed or frame, it must be Jeveled. This is usually accomplished by driving
tapered wedges under the base so that the machine will test level in two perpendicular

Fic. 18-31. Smlg‘l cd:e uxx!e plate, and cube on & surface plate,

directions. Bench surface plates are equipped with three adjustable legs so that they
may be easily leveled on the bench.
Besides sliding machine parts, there are pieces of equipment which, though not

scraped for accuracy with respect to sliding action, are scraped to fadlitate th==ccurate
laying-out, setting-up, and checking of machine parts and tools. Amoy/ ™ »

.
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common of such picces are angle plates, cubes, and various sizes and shapes pf surface
plates as shown in Fig. 18-31. . ’

Scraping is not always done for the purpose of providing nearly ﬁit surf;:f:es.
Finiched parts of machines which are conspicuous are usual.ly scraped or flaked” to
give them a pleasing appearance. This decorative effect consists of a series ?f crescent-
shaped spots covering the entire exposed surface and, besides requiring skill, calls for
come artistic ability on the part of the operator. Since no two mechanics do this work
exactly alike, fiaked surfaces and designs become peculiar to a particular operator much
the same as hand writing does.

In this kind of scraping, the operator holds the scraper at an angle with the work
with both hands below the handle which rests against his body. The scraping tool is
then given a rocking motion and at the same time is pulled across the work. Some
mechanics rock the scraper from the center to either side, resulting in a series of
chain-like designs. Others push the scraper in the conventional scraping manner with
a series of short strokes to form rows of crescents about 1/2” apart and inclined at
45° to cach other. Any of these methods will produce a pleasing effect but require a
great deal of patience and practice for proper execution.

Scraping hints.

1) In handling a surface plate or straight edge, be very careful not to bump or
drop it. It takes very little to destroy its truth and accuracy, but a great deal
to restore them.

2) Surface plates, or straight edges, should not be stored beside steam pipes or

in any place where they might be subjected to extreme temperature changes.

Wide variations of temperature cause these tools to warp, thus destroying

their accuracy. '

All plates, regardless of their size, rest on three adjustable legs. These legs

are provided for leveling purposes and to equalize the strain on the plate.

Ixccp these legs adjusted properly, and the accuracy of the plate will be

retained over a long period.

4) When leveling the work, use wedges or the three point suspension plan. This
mfzt!]od keeps the work from twisting and rocking and makes for greater
cfficiency in completing the job.

5) Before placing the work and the surf

ace plate t ak
parts are free from dirt and chi P e m:ﬂ\‘e off o
e and chips. Do not use a towel for wiping off the plate;
uze the palm .of the hand. It can detect small particles of dust or dirt which

o would otherwise not be cleaned off by a towel

) N S\ It . . s ' . . ’ ., .

. itti;t»: \c'}:unp work In a vise to check it with a plate. If it is necessary to hold
. 10 2 Vise to scrape it, do so, but be sure to take it out for checking, otherwise
1t will be sprung out of shape. ’

T3 Never press y i ;

"g\'f: '\.]h;:v ona [31:1{{ or straight edge while spotting the work. This practice
T, iEeimpression on the work and is apt to bend y i i

$) Aays v 10 wse 5 sut Ndis apt to bend or warp the straight edge.

¥s i se ace plate of a size as close as possible to that of the

(73]
et
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work. Small plates on large work produce low and high areas on the surface
of the work. Small jobs on large plates produce low areas on the surface plate.

9) Instarting the work, always check it to make sure that there is sufficient stock
to get the job square and flat, but not excessive stock to require extra time and
expense, and which could be removed more readily by machining, This is
particularly true when working to close limits,

10) Lamp-black is better to use as a spotting medium than Prussian blue, Prussian
blue is a concentrated oil paint and becomes gummy, thus adhering to the
plate and causing inaccuracies in the spotting operation, Lamp-black is a
mincral oil containing soot which does not dry readily. It can be left on the
plate permanently to prevent tarnishing and rusting of the plate.

11) In finishing a job, do not try to remove all of the black spots. Remove only
those that shine from the friction of the surface plate.

12) The finished work should not be too smooth; otherwise it takes on the same
effect as a lapped surface.

13) When a picce of work is finished, the bearing should be slightly heavier at the
edges than at the center. This keeps dirt and dust from getting under it and
scoring the surface,

14) Surface plates, straight edges, cubes, and scraping parallels are the most im-
portant gaging tools used in scraping. Use them carefully and they will pay big
dividends by way of satisfaction in producing an accurate piece of work with
a minimum of effort.

Heat treating. Heat treating is a method of changing the physical properties of a
metal by the proper application of heat. Different metals, especially steel, can be given
desirable qualities in this process.

Steel is an alloy of iron and one or more elements. When {ron is alloyed with carbon
without substantial amounts of other alloying elements, it is called “carbon™ steel.
When the carbon content s less than .20% (read twenty-hundredths of one per cent)
the steel is known as Jow carbon steel; steel having .20 to .60% carbon is known as
medium carbon steel; when the carbon content is over .60¢7 it is known as high carbon
steel, The medium and high straight carbon steels are commonly ealled “tool™ steel.
“Alloy™ steels are those to which some element other than carbon has been ndded to
give the steel certain desirable qualities.

Some of the more common clements added with carbon to make alloy steels are:

, silicon, chromium, nickel, vanadi tungsten and molybdenum.

Carbon {s the principal hardening element in most alloy steels and has about the
same effect on the mass as it would have in steels which contain no other alloying
elements. Alloy steels containing not more than .20°¢ carbon are used for carburizing
or case hardening. (Carburizing means forcing carbon into the surface of iron bate
alloys by heating them in contact with carbonaceous material at a temperature below

their melting point.) Steels containing carbon in excess of .207¢ are used > the
steel is to be heat treated by quenching and drawing.




nstituent of all stecls and where it does mot exceed 80% 1s
the effects of jmpurities in the metal. When
150 10 15% it is used to0 produce hardness and

ar.
Gilicon (})ns about the same effect on steel 3s manganese,' in that i.t a_c@s as a puriﬁ.er
and cleanser- \When silicon js added 10 steel in 1arge quantities it imparts d.eﬁmte
clectrical propcrtics. In tool steel it jmparts hardening and toughening qgaliues.
When chromium is alloyed with steel, it acts as 2 hardening agent and increases
the ctrength of the mass For this reason, steel alloys of this type are used for axle
chafts :m(i armor plate. When the chromium percentage is from 129 to 30% the steel
tends to resist oxidation. Consequently rustless steel is high 11 chromium content.
Nickelis used as an alloying clement in steel to increase the strength and toughness

150 10 4G6. When added to steel in quantities of from 24% 1o 36% it causes the steel
to become practica“y non-magnetic and reduces the coefficient of expansion.

Vanadium 15 alloyed with steel to act as 2 deoxidizer and cleanser and produces &
fine graincd stecl. When used with tool steel it resists jar and shock better than straight

Tungsten added to straight carbon steel produces a fine, dense, grain gtructure
and when used in small quzmtitics helps cutting tools to retain a sharp cutting edge-
When tungsten is added in amounts {rom 17% to 20%, with certain other elements,
it produces @ steel that is capable of retaining its hardness at speeds far in excess of
those for which tool cteel cutters can be used.

Molyhdenum increases the endurance limit and yield point of steel and is added
in quantities of from 10% to 40%.

For recognizing the different kinds of steel, four methods can be used. In the steel
stock vard where bars of steel are ctored, the ends are painted various single colors
or combinations of colors. ¥or example, tool steel may have the ends pa'mted brown;
high speed steel, red; gAE 4620 aluminum and red. When these bars are cut so that
they do not chow the painted cnds, the pieces arc stamped cithef with the SAE
11un\\)f:r or letters of the Ford system designating the particu\at kind of steel.

W hct} none of these identifying characters appear on the stock, the type of stec
may be identificd by holding it against & rotating abrasive wheel and observing th
epark characteristics. Tor example, low carbon stecl of the straight carbon series show
long Aub-shaped sparks, emooth light lines, light yellow in color W

{ormations. Hi ith no starr
rmations. High carbon steel of the straight carbon series ghows mumerous yello

roachiane el X
S;‘:\. ‘:.'\.‘\fu  sparks on the end of small clubs. High speed steel shows ceveral interrupt!
rowmshered spark lines with ball-chaped sparks of a dark red color. The spa

characteristics .

o “c“\in?\hm of some of the more common steels are chown in Fig. 18-32. Tt v
nembe .

diﬁomn\m:\;;rid that t\;c sgmrk characteristics simply act as @ puide in identify!
) cteelzy considerd le practice and i i K
fere ; a : and experience are b

peeome proficient at it. P chu‘md elore one”
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At room temperatute, steel can exist in four different states, First, it can exist in
the condition in which it comes from the rolling mill, 2 normal or natural condition;

Fro. 18-32, Spark characteristics of commonly used steely

second, it can exist in the annealed condition; third, the fully hardened condition;
and fourth, the tempered or semi-hard condition.
The basic principles of hardening steel consist briefly of the following:

1) The steel must be heated to a point on the temperature scale at which it
undergoes a definite physical change. The point on the temperature scale at
which this change starts to take place is called the “lower critical point.”

2) The steel must be heated above the lower critical point to give the physical
propertics desired. How high the temperature must be raised above this point
depends on the analysis of the steel.

3) Inorder tomake these changes permanent the steel must be cooled by quenching
or some other process more rapidly than the changes can reverse themselves.

4) Immediately after quenching or cooling, the steel will be in its hardest or most
brittle state. Therefore, in order to increase the toughness it is necessary to
let down on the hardness by tempering or drawing.

It should be remembered that in order to harden a piece of steel successfully, it
must be in the normal state or condition.

Normalizing is the heating of a piece of metal to about 100* above the critical
temperature on the Fahrenheit scale and cooling it in still air at ordinary room
temperature for the purpose of restoring the steel to a natural or normal physical
condition.

Annealing consists of heating and cooling solid material to remove hardness, and
to make it softer, to refine the structure, change its ductility or make It mp/™ “able.

Tempering (drawing) is the process of reheating a piece of metal { ™ .
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ature below the critical point and then cooling, for the
the hardness or removing brittleness. A
ce of metal rapidly by immersing it in oil, water, or a

been hardened, to a temper
purpose of letting down on .
Quenching is cooling a pie

blast of cold air. o . | '
Carburizing is the process of injecting carbon into the surface of a piece of steel

by heating it, at a temperature below its melting point, in an atmosphe.re of car-
Lonaceous materials such as leather scraps, bone dust, charcoal, and the like.
Cyaniding is a process similar to carburizing, where the metal is heated to a
suitable temperature in contact with molten cyanide salt and then quenched. This is
a common case hardening operation where the thickness of the case seldom exceeds

.008”.
Typical heat treatments for some of the more commonly used steels are as follows:

Machinery or Cold Rolled Steel. Heat the piece in cyanide to 1500 or 1550°F,
soaking it for about 10 minutes; then quench it in brine if the part is large, or
in oil if it is small. .

Tool Steel. Heat the picce in a closed furnace to 1400 or 1450°F, then quench
in brine after which it can be tempered in oil at 350 to 375°F.

High Speed Steel. Heat the part to 1400 to 1450°F; then superheat it to a
minimum of 2350°F, after which, quench in oil. Temper in furnace at 1050
to 1100°F so that it will test 62-64 on the Rockwell “C” scale.

The hardness of metals can be checked by one of several methods. One of the oldest
methods that is still in use is that of trying to cut into the piece with the corner of a
file and judging the hardness by the depth of the mark left by the file. This method is
not as reliable as come of the hardness testing machines, but by it one can determine
whether a piece is hard or soft.

One of the more common hardness testing machines is the Rockwell instrument,
Fig. 18-33. It consists of a 120° diamond cone for hard metals or a 1/16” steel ball for
sof ter materials, which is impressed into the surface to be tested by means of a weight
acting through a series of levers. The softer the piece, the deeper will be the impression.
Hardness is indicated on a direct reading scale graduated in terms of the Rockwell
“B" or Rockwell “C” rating,.

) The Brinell testing machine, Fig. 18-34, measures the hardness by the resistance
(’;m-mx to the penetration of a steel ball under pressure. The degrees of hardness are
i;‘:i:::‘ttlw!;?'t;:l('ii;nlxz:[;’hgxt;o(iismnsc lthc .ball is fOI‘C(:d into the piece. The greater this

The Sclex;occo o hzm the higher the' Brinell number.
which 2 diamond prt))intzczfi ;:r:mh;ri?ﬁﬁi ‘gf N glc?}? B o hecking the dist_ar.lce

tube. The distance the hammer rcboungs % ches ’cn dropped thfou.gh @ glass guiding
is checked on a scale inside the glass tube.

The accuracy of this machine ;
e ccay inc is based on the fact that the harder the metal, the higher
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Frc. 18-33. Fic. 18-34.

General suggestions

1) Use pieces of wire and fire clay to prevent cracking of thin sections ot sharp
edges.

2) Long slender pieces of work should be quenched by holding them vertically
over the quenching tank and pluiging them straight down. This prevents warping of
the job.

3) Generally speaking, a piece of steel should be heated in the furnace one hour
for each square inch of cross-sectional area to insure even heating.

4) Be careful not to put damp or wet articles in lead or cyanide pots because
violent explosions might occur.

5) Goggles should be worn when working on lead, nitrate, and cyanide furnaces.

6) Hot tongs should be cooled by quenching before hanging them up or laying
them down.

7) Pieces which are hat should not be permitted to lay around where some one is
apt to be burned by them. Mark with chalk the word 1ot on the piece or close to it.

REVIEW QUESTIONS

1. What is a layout?
2. How is a piece of work prepared to have a layout made upon it?
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been hardened, to a temperature below the critical point and then cooling, for the
st : -n on the hardness or removing brittleness. - :

az¢ of letting dow ¢ ] AR
pun}}}ugnching is cooling 2 piece of metal rapidly by immersing it in oil, water, or a

blast of cold air. . ) .
Carburizing is the process of injecting carbon into the surface of a piece of steel

by heating it, at a temperature below its melting point, in an atmosphere of car-
Lonaceous materials such as leather scraps, bone dust, charcoal, and the like.
Cyaniding is a process similar to carburizing, where the metal is heated to a
suitable temperature in contact with molten cyanide salt and then quenched. This is
a common case hardening operation where the thickness of the case seldom exceeds

008",
Typical heat treatments for some of the more commonly used steels are as follows:

Machinery or Cold Rolled Steel. Heat the piece in cyanide to 1500 or 1550°F,
soaking it for about 10 minutes; then quench it in brine if the part is large, or
in oil if it is small. .

Tool Steel. Heat the piece in a closed furnace to 1400 or 1450°F, then quench
in brine after which it can be tempered in oil at 350 to 375°F.

High Speed Steel. Heat the part to 1400 to 1450°F; then superheat it to a
minimum of 2350°F, after which, quench in oil. Temper in furnace at 1050
to 1100°F so that it will test 62-64 on the Rockwell “C” scale.

The hardness of metals can be checked by one of several miethods. One of the oldest
methods that is still in use is that of trying to cut into the piece with the corner of a
file and judging the hardness by the depth of the mark left by the file. This method is
not as reliable as some of the hardness testing machines, but by it one can determine
whether a piece is hard or soft.

) One of the more common hardness testing machines is the Rockwell instrument,
Fig. 18-33. It consists of a 120° diamond cone for hard metals or a 1/16" steel ball for
:s'nitvr materials, which is impressed into the surface to be tested by means of a weight
acting thraugh a series of levers. The softer the piece, the deeper will be the impression.
Hardness is indicated on a direct reading scale graduated in terms of the Rockwell

ﬂ}" 2]

3" or Rockwell “C” rating.

nﬁ}}‘»{‘ Brinell testing machine. Fig. 18-34, measures the hardness by the resistance

{m‘;“l‘ lt(-) the pen.otmtxon of a steel ball under pressure. The degrees of hardness are

dic:r-“ O measuring the distance the ball is forced into the picce. The greater this

‘ :’;’l"‘"éhc softer the work and the higher the Brinell number.

\'fhich‘:. :}c l?roswp? tests the hardness of a piece of metal by checking the distance

b '}‘t ‘“;:‘0“(‘ pointed hammer will rebound when dropped through a glass guiding
- the distance the hammer rebounds is checked on a scale inside the glass tube,

}\ Jcauy acy ()i thl m 1Ch S ?
I [a 3 ¢ ine 18 h
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General suggestions |
1) Use pieces of wire and fire clay to prevent cracking of thin scctions or sharp ;
edges.
2) Long slender pieces of work should be quenched by holding them vertically
over the quenching tank and plunging them straight down. This prevents warping of
the job.
3) Generally speaking, a piece of steel should be heated in the furnace one hour
for each square inch of cross-sectional area to insure even heating. -
4) Be careful not to put damp or wet articles in lead or cyanide pots because
violent explosions might occur,
5) Goggles should be worn when working on lead, nitrate, and cyanide furzz=s
6) Hot tongs should be cooled by quenching before hanging them up or I
them down.
7) Pieces which are hot should not be permitted to 11y around where =
apt to be burned by them. Mark with chalk the word 10T on the piece i

REVIEW QUESTIONR - .

1. What is a layout? - o
2. How is a piece of work prepared to have 3 laeet made vpoe 22
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bern hardened, to a temperature below the critical point and then coolmg, for t.he
pu.rpot;‘ of k:tt’im: down on the hardness or removing brittleness. - :

Quenching is cooling a piece of metal rapidly by immersing it in oil, water, or a
blast of cold air. :

Carburizing is the process of injecting carbon into. the .surface of a piece of steel
by heating it, at a temperature below its melting point, 1n an atmosphe're of car-
bonaceous materials such as leather scraps, bone dust, charcoa], and the like.

Cyaniding is a process similar to carburizing, where the metal is heated to a
suitable temperature in contact with molten cyanide salt and then quenched. This is
a4 common case hardening operation where the thickness of the case seldom exceeds

008",
Typical heat treatments for some of the more commonly used steels are as follows:

Machinery or Cold Rolled Steel. Heat the piece in cyanide to 1500 or 1550°F,
soaking it for about 10 minutes; then quench it in brine if the part is large, or
in oil if it is small. .

Tool Steel. Heat the picce in a closed furnace to 1400 or 1450°F, then quench
in brine after which it can be tempered in oil at 350 to 375°F.

High Speed Steel. Heat the part to 1400 to 1450°F; then superheat it to a
minimum of 2350°F, after which, quench in oil. Temper in furnace at 1050
to 1100°F so that it will test 62-64 on the Rockwell “C” scale.

The hardness of metals can be checked by one of several methods. One of. the oldest
methods that is still in use is that of trying to cut into the piece with the corner of a
file and judging the hardness by the depth of the mark left by the file. This method is
not as reliable as some of the hardness testing machines, but by it one can determine
whether a picce is hard or soft.

One of the more common hardness testing machines is the Rockywell instrument,
l-‘ig. 18-33. It consists of a 120° diamond cone for hard metals or a 1/16” steel ball for
softer materials, which is impressed into the surface to be tested by means of a weight
acting through a series of levers. The softer the piece, the deeper will be the impression.
‘I‘Iﬂ‘r'dn('ss is indicated on a direct reading scale graduated in terms of the Rockwell

B or Rockwell «C» rating,
nix_(:::;‘ :Tl;:’t‘lz(‘tei{lﬁg machine, Fig. 18-34, measures the hardness by the resistance
o 1 n“‘.ni“ ::S, fdtt}:(:n 1(‘):1-‘1 stccll ball un'dcr pressure. The degrees of hardness are
distance. thy . }t’hc y O(rx‘; ::gcﬂ:\u; 'b;ll 1shforco;d into the piece. The greater this
The Scleroscope tout, [h‘ \ dL higher t c.Brmcll number.

which a diamond poinlezi han\cnl‘ctrw‘i]lclsiegf ) gm(':lcl: Y hecking the diSt.aI.’CC
twbe. The distance the hamm, N ound w 'cn dropped th.rm{gh a glass guiding

er rebounds is checked on a scale inside the glass tube.

$) u.‘;‘L“f"C ’ Of !lli m"{Ch
X } [ el o] s m o b
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General suggestions

1) Use pieces of wire and fire clay to prevent cracking of thin sections or sharp
edges.

2) Long slender pieces of work should be quenched by holding them vertically
over the quenching tank and plunging them straight down. This prevents warping of
the job.

3) Generally speaking, a piece of steel should be heated in the furnace one hour
for each square inch of cross-sectional area to insure even heating.

4) Be careful not to put damp or wet articles in lead or cyanide pots because
violent explosions might occur.

5) Goggles should be worn when working on lead, nitrate, and cyanide furnaces.

6) Hot tongs should be cooled by quenching before hanging them up or laying
them down.

7) Pieces which arc hot should not be permitted to lay around where some one is
apt to be burned by them. Mark with chalk the word 1ot on the piece or close to it.

REVIEW QUESTIONS

1. What is a Jayout?
2. How is a piece of work prepared to have 3 layout made upon it? /(
~
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3. What is a layout plate? )
4. Name the tools commonly used in layout work.

5. When is a dividing head employed in layout operations?

6. Define a drill.

# Name the important parts of a drll.

8. What is meant by the angle of relief?

9. What are the important angles to be observed in grinding a drill?
10. What range of drill sizes is specified by number? By letter? By fractions?
11. Define the term feed as applied to drilling. -

12. List the approximate speeds recommended for the commonly used metals.
13. Discuss the necessary steps in layout and drilling a hole.

14. What is meant by “drawing a drill back on center”? Discuss.
15, What is a drill drift? How should it be used? When?

16. How much stock should be left for reaming?

17. Discuss several types of reamers.

18. What is a taper reamer? Discuss two types.

19, Taper pin reamers have what TPF?

20. What is a counterbore? Name three types.

21. What is a countersink?

22. When is an inverted counterbore used?

23. What is a tap? Name three kinds.

24, What is a die?

25, Name the important parts of a thread.

26, Discuss the process of tapping a hole.

27. What is a tap extractor? How is it used?

28. How is an “Ezy-Out” used?

29. For what purpose is scraping employed?

30. Name three methods of producing nearly flat surfaces.

31. How is a surface prepared for scraping? Why?

J32. Describe a scraper.

33. How should a scraper be held?

34, What is meant by the word flaking?

35. Define the term heat treat. '

36. What is carbon steel? Tool steel? Alloy steel?

37. Name several common elements used with carbon to make alloy steel.
38. Discuss four methods of distinguishing the common steels.

39. Discuss the spark characteristics of the commonly used steels.

40. In what four different “states” does steel exist at room temperature?
41. What is meant-by the term lower critical point?

42, Define the following terms:

Normalizing

! Quenching
Anncaling Carburizing
Tempering Cyaniding

43. Ditcues several methods of testing the hardness of metals,

.‘ ‘( ¥ 1 &
14, Disturs peneral safety rules to be observed in heat treating.
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FORMULAS AND TABLES

Clrrle:...Arm...Solld‘...Dec imal nches to milll oo Di-

ameters of numbered drills . . . Diameters of lettend drllh + « . Allowance for machine

fits ... Table oI cuuln, speeds . . Taper pins and reamers . . . SAE atandard taper
£ tional

Shread dimensions and fap Jeftl im Woodruff key seat eutter afz piged
rneru ap drill sizes ... seat cul oo Tab
coordinates for the Jig borer T Ctfer atses oo« Tuble of

TABLE I
Prorexries or CrreLES.
Ci £ of cirele = di: X 3.1416
Diameter of circle = circumference X .3183
Side of square inscribed in circle = diameter of circle X 70711
Diameter of circle circumscribed about 2 squate = side of square X 1.4142
Diameter of a circle circumscribed about a hexagon = distance across flat X 1.1547
Length of arc =~ number of degrees X diameter X .008727
Circumference of circle of unity = 3.14159265,

AREA OR SURPACE.
Tnangl: = base X one-half the altitude.
Ilel == base X perpendicular height.

Trapezoid = half the sum'nf the parallel sides X perpendicular height.

Circle = diameter squared X .7854 or radius squared X 3.1416.

Sector of a circle = length of arc X half the radius.

Segment of a circle less than a semicircle = area of sector minus area of triangle.

Segment of circle greater than a semi-circle = area of sector + area of triangle.

Side of square having same area as circle = diameter of circle X .8862.

Diameter of circle baving same area as square = side of square X 1.1284,

Parabola = base X 2/3 perpendicular beight.

Ellipse = long diameter X short diameter X .7854.

Regular polygon = sum of sides X half perpendicular distance from center to sides.

Cylinder ~ (circumference X height) + area of both ends.

Sphere = diameter squared X 3.1416.

Segment of sphere = (height of segment X circumference of sphere of whxcb it is a part)
+ area of base,

Right pyramid or cone = periphery or circumference of base X 1/2 slant height, + area of
base,

Frustum of a regular right pyramid or cone = (sum of peripheries or circumferences of the
two ends X half slant height) + area of both ends.

Soun CoNTENTS OR VOLUME.
Cube, or rectangular solid = length X width X height.
Prism, right or oblique, = area of base X perpendicular height.
Cylinder, right or oblique, = area of section at right angles to sides X length of side,
Sphere — diameter cubed X .5236.

87
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TABLE 11 TABLE 1V
DIAMETERS OF NUMBERED DRILLS DIAMETERS OF
LETTERED DRILLS
Drill Diameter Drill Diameter Drill Diameter
No. Inches No. Inches No. Inches Drill Dizmeter
80 0135 53 0595 26 1470 Letter | Inches
79 0145 52 L0635 25 .1495 A 12340
78 L0160 51 10670 2 1520 B 2380
7 o180 50 L0700 2 1540 c 2420
76 10200 49 0730 2 1570 D |2460
75 0210 43 0760 2 11590 E 12500
7 0225 47 0785 2 1610 F .2570
73 0240 46 0810 19 1660 G 12610
7 0250 45 0820 18 1695 H -2650
n 0260 o 0860 17 1730 1 2120
70 10280 43 0890 16 770 7 2770
) 0292 a2 0935 15 1800 K 2810
68 .0310 2 0960 1 11820 L -2500
67 0320 4 ~0980 13 1850 M 2050
66 0830 3 10995 12 11890 N ~3020
65 10350 38 1015 1 1910 0 3160
64 0360 37 11040 10 1935 P 320
6 0370 36 1065 9 1960 Q 3320
62 10380 35 1100 8 1990 R 13300
61 10390 3 1110 7 2010 s 380
60 0100 33 1130 6 2010 T -3580
59 0410 32 1160 5 2085 I 3680
58 0420 3t 1200 4 2090 v 3170
57 0430 30 1285 3 2130 w 3860
X 3970
56 0165 2 1360 2 2210
55 0520 2 1405 1 2280 % 4010
5 0550 7 1440 z 4130

o
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TABLE VI

TABLE OF CUTTING SPEEDS

{Fraction Size Drills)
Feet
per | 30| 40 | 50| 60 [ 70| 8 | 9 [100] 110 | 120 | 130 | 140 | 150
Min. .
Diam-
eter REVOLUTIONS PER MINUTE
Inches
1/16 | 1833 | 2445 | 3056 | 3667 | 4278 | 4889 | 5500 § 6111 | 6722 | 7334 | 7945 | 8556 | 9167
1/8 | o17 | 1222 | 1528 | 1833 | 2139 | 2445 | 2750 | 3056 | 3361 | 3667 | 3973 | 4278 | 4584
3ft6 | 611 815 | 1019 [ 1222 | 1426 | 1630 | 1833 [ 2037 | 2241 | 2445 [ 2648 [ 2852 | 3056
14 | 4s8| 611} 764 | 917 | 1070 | 1222 | 1375 | 1528 | 1681 | 1833 | 1986 | 2139 | 2292
5/161 367 | 489 | 611 733 | 856 | 978 | 1100 | 1222 | 1345 | 1467 | 1589 | 1711 (1833
3/8 | 306} 407 509 | 611§ 713§ 815 9017 [ 1019 | 1120 | 1222 | 1324 | 1426 [1528
7/86 | 262 | 349{ 437 524 611 698 786 873 | 960 | 1048 | 1135 | 1222 (1310
12 { 229| 306 | 382 458 | 535 | 611] 688 | 764 | 840| 917 | 993 | 1070 | 1146
5/8 | 183 244 | 306| 367 | 428 489 | 550 611 | 672 | 733 | 794 | 856 | o17
3/4 | 153 208 | 255| 306 | 357 | 407 458 | 509 | 560| 611 62| 713 ) 764
78 | 131 175) 218 ) 262 306| 349 393} 436 ) 480| 524| s8] 611 655
1 1151 153 | 191 229 267| 306 | 344 | 382 | 420 4s8 497 | s35| 573
118 | 102| 136 | 170 204 238 272 | 306 | 340 373} 407| 441} 475| s09
144 02| 122 153 | 183 | 214 | 244 | 275 306 | 336 | 367 | 397 | 428 | 458
138 83| 111 1301 167 194 | 222| 250 | 278 | 306 | 333 | 361 389} 417
12 761 102 127 153{ 178 204 220 255 280 306 | 33t ( 357 382
15/8 90| o4 117 141 165 188 | 212| 235 259 | 282| 306| 329 353
13/4 | 65| s87] 100] 131} 153 | 175| 196 218 | 240 | 262 284 306 | 327
178 | 61| s1| 102} 122 143 163 | 183 [ 208 ] 224| 244 | 265| 285 | 306
2 s7i 761 3] 115} 134} 153 ) 172) 191) 210} 229 248 267 287
2/s | s1| e8| s8s| 12| 19| 136| 153| 170 1871 204| 221| 238 255
21/2 | 46| 61| 76| 921 107 122 137 | 153 | 168 | 183 | 199 214 | 229
2314 | 42] s6f 69| 83| ov| 11| 125 139 153 | 167 181 | 194 208
3 38| 51| 64| 76| 89l 102 115§ 127| 140} 153| 166 178 101




TABLE Vi

TAPER pINS AND REAMERS

e N Dia. of gmall | Dia- of Large gize Drill Maximum Dia. of Large
Size No.  |End of Reamer End of Reamer for Reamer Length of Pin End of Pin
e — - — s
0 135 162 28 1 156,
1 .146 A9 25 1-1/4 A2
2 162 .200 19 1-1/2 .193
3 183 .226 12 1-3 /4 219
4 .208 257 3 2 250
S .240 .300 1/4 2-1/4 .289
6 219 354 9/32 3-1/4 34
7 331 A23 11/32 3-3/4 .409
8 .398 .507 1332 412 .492
9 .482 .609 3164 5-1/4 .591
21 1932 6 106 l

0 .581

—
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- KEYWKY PARALLEL TO TAPER

~

~——D
TAPER PER FOOT = 1,300 0.005 (N.

F16. 19-1. (SAE standard taper dimensions.)

TABLE VIl

SAE STANDARD TAPER DIMENSIONS

Diam. in Diam. of Diam, of
Tnches Shaft A Hole B Lengthof | Lengthof
: Shaft C Hole D
(nominal) " yg,y Min. Max, Min. o
1/4 0.250 0.249 0.248 0.247 516 38
38 0.375 0.374 0.373 0.3712 /16 1/2
172 0.500 0.499 0.498 0.497 11/16 314
58 0.625 0.624 0.623 0.622 11/16 3
34 0.750 0.749 0.748 0.747 15/16 1
7/8 0.875 0.874 0.873 0.872 1-1/8 11/4
1 1.001 0.999 0.997 0.995 138 11/2
118 1.126 1.124 1.122 1.120 1-3/8 112
1-1/4 1.251 1.249 1.247 1.245 13/8 11f2
13/8 1.376 1.3714 1.372 1.370 17/8 2
112 1.501 1.4%9 1.497 1.495 1-7/8 2
1-5/8 1.626 1.624 1.622 1.620 2-1/8 2-1/4
13/4 1.751 1.849 1.747 1.7145 218 2174
1.7/8 1.876 1.874 1.872 1.870 2-3/8 212
2 2.001 1.99 1.997 1.995 2-7/8 3
214 2.252 2.248 2.245 2.242 2.7/8 3
2.1/2 2.502 2.498 2.495 2.492 3-3/8 3172
2.3/4 2.152 2.748 2.745 2.742 338 312
3 3.002 2.998 2.995 2.992 3778 4
31/4 3.252 3.248 3.245 3242 41/8 414
3172 3.502 3.498 3.492 3.4m 438 [5Y;)
4 4.002 3.998 3.995 3992 5-3/8 51/2
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TABLE X
AMERICAN NATIONAL COARSE AND YINE TIREAD DIMENSIONS AND TAP DIILL SI1ZES
P = piteh No, thrd. per in.
d = depth = p X 649519
fm=flat = R
)
‘Threads Outside Pitch § Tap Drilll Diam, Mic.
Size per Inch Diameter | Diameter Single | Approx. of Reading
Inches Inches Depth [75% Full Best Over3
NC | NF | NS ‘Thread Wire Wires
0 80 . 0600 .0519 .00812 3/6¢ ) .00721 { 06269
1 . 56 .0730 L0614 .0116 | 54 .01030 | 07634
1 64 | .. .0730 .0629 .0101 | S3 00902 | .07639
1 R /] .0730 .0640 .00%0. | 53 00801 | 07599
2 56 .. L0860 0744 0116 | S0 .01030 08084
2 U .0860 .0759 L0101 | 49 00002 | .08939
3 48 | .. .0990 .0855 L0135 | 47 01202 | 10349
3 56 | .. .099%0 .0874 .0116 | 45 01030 | .10284
4 32 1120 0917 .0203 | 45 .01804 | 11877
4 .. 36 .1120 .0940 L0180 | 44 01603 | 11800
4 0] .. L1120 .0958 0162 | 43 01443 | 1741
4 48 | .. .1120 0985 0135 | 42 .01203 | 11649
s .. 36 L1250 .1070 L0180 | 40 01603 | .13100
H 40 | .. .1250 .1088 0162 | 38 01443 | 13011
5 L4 .1250 .1102 o147 | 37 01312 | 12992
6 32 . .1380 177 .0203 | 35 01808 | 14477
6 L] 36 .1380 L1200 L0180 [ 34 01603 | 14400
6 0 | .. .1380 1218 o162 |33 0143 1143
8 .. 30 L1640 1423 o6 |3 .01924 | 17121
8 32§ .. L1640 1437 0203 | 20 01808 | 17077
8 .36 | .. .1640 L1460 0180 | 20 01603 | 17001
8 . 10 1640 1478 o162 | 28 01443 16941
10 24 .. .1900 1629 030 |28 02408 19901
10 28 1900 1608 o |1 02061 19711
10 .| 3 L1500 .1684 oy |2 01024 w2
10 L] 3 1900 1697 00y |1 018014 19677
12 24 . 2160 1889 oo {16 02108 22501
12 28 2160 1928 o | u 02061 20371
12 .. 32 2160 1987 oxs |y ooy | Lanr
1/4 | 20 .. 2500 275 aus H 0IR86 20083
va | .. | 28 2500 2268 our | 3 02061 25771
s/e| 18 | .. 3128 2104 0301 F 03207 482
s/6| .. | 24 L3128 2881 0270 1 02403 12151
3/8 | 16 | .. 3750 KA 0106 57116 | 03008 34853
3 .| 3150 M 0270 Q o008 |
7/16] 14 . 4378 aon o104 u 04123 | 4
716 20 4478 4050 0425 25 64 02886 4,




TABLE ‘X — Cont’mued

Mic.
Reading
Over 3
Wwires

.51660
.51081
,58054
.63702
64465
.58146
77164
76853
.899017
.89044
.88702
1.02705
1.01545
1.15591

1.28091
1.26804
1.41108
1.39304
1.53608
1.51804
1.79331
n.04813
2.29813
7.55412
2.80412
3.05412

1.14304
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TABLE X1
CONVERSION TABLE FoR ‘WOODRUFF KEY-SEAT CUTTER s1zrs

SAE ASA

OO G e

i izes. The last
ASA is the American Standards Association sys.lem for nolal;r}g‘lk:y::i;:;x:;: l:n::s!wo e
%o digits give the nominal diameter in eighths of an inch, and the digits p
ickness in thirty-seconds of an inch. .
SAE is the Society of Automotive Engineers,




En

1|

Example: To find #C" for 9 holes

ult, 1.3755.

f the given circle.
Res

er o

y the diamet
26200 by 5.25.

required by

wolpty the value
23 dia. circle, multiply

ey rmaced on d 5.
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The values given in the following Table XIII under & and t are for ONE-diametral
pitch gears. The values for any other diametral pitch will be in the ratio of one to the
new pitch size. That is, if 2 24-tooth gear is 5-diametral pitch, the corrert=d addendum
will be one-fifth as large as a 24-tooth gear of one-diametral pitch. In like manner

the chordal thickness will be one-fifth as large.
The following example is given as an illustration:

Example.

Calculate the corrected addendum 2cd cherdal thicknees of 2z gear Bavicg 31 teeth and of
9-diametral pitch.
Solution.

In the column beaded x select the nearest number to 31. In this cace 35.

Opposite 35, in the column headed g find the value 1.0176 which is the corrected 2ddenden

of 2 35-tooth gear, one-diametral pitch,

‘Thken 1.0176 + 9 = 1130 + or the corrected 2ddendum of 2 31-tocth gear of 9-diametna]

pitch,

Opposite 35, ueder T find 1.5702. This is the chordal thickress of a 35-tooth gear of

one-diametral pitch,

Then 1.5702 + 9 = 1744 + or the chordal thickness of 2 31-tooth 9-diametral pitch gear,

TABLE XIIT
CHORDAL THICKNESS AND CORRECTED ADDENDTM CHART

(For Dizetral Pitch = 1)

N R T N ‘ R T
8 1060 | 150 i 108 46
; - }
9 1068 ;1368 n_ 104 i
o toste 13643 ' 2 1 0237 «rs
1 10559 | 165t 35 10156 702
12 10514 15683 55 1012 s706
1 1040 1 5675 B | 10045 5703




ag” for 9 ho

r of the given circle. Example: TO find
26200 by 5.25. Result, 1.3755

eltiply the value required bY the diamete
ety spaced on d g 25 dia. citcle, multply .
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The values given in the following Table XIIT under ® and T are for ONE-diametral
pitch gears, The values for any other diametral pitch will be in the ratio of one to the
new pitch size. That is, if a 24-tooth gear is 5-diametral pitch, the correctzd addendum
will be one-fifth as large as a 24-tooth gear of one-diametral pitch. In like manner
the chordal thickness will be one-fifth as large.

The following example is given as an illustration:

Example.
Caleulate the corrected addendum and chordal thickness of a gear having 31 teeth and of
9-diametral pitch,
Solution, .
In the column headed N select the nearest number to 31. In this case 35.
Opposite 35, in the column headed » find the value 1.0176 which is the corrected addendum
of 2 35-tooth gear, one-diametral pitch.
Then 1.0176 = 9 = .1130 + or the corrected addendum of a 31-tooth gear of 9-diametral
pitch,
Opposite 35, under T find 1.5702. This is the chordal thickness of a 35-tooth gear of
one-diametral pitch, :
‘Then 1.5702 = 9 = 1744 + or the chordal thick of 2 31-tooth 9-di: pitch gear,

a—gn

yd N

TABLE Xl
CHORDAL THICKNESS AND CORRECTED ADDENDUM CHART
(For Diametral Pitch = 1)

N R T \ N R T

8 1.0769 1.5607 17 1 0362 1 5636
9 1,068 1.5628 21 1 0294 1 569
10 1.0616 1.5643 || 2 1.0237 1.5698
1] 1.0559 15658 | 35 10176 1 sio2
12 1.0514 1.563 | 55 1 o112 1 5706
1t 1.0440 15615 135 1 0016 1 5708







INDEX

ABRASIVE, 240
Addendum, corrected, 29, 299
Adjustable parallels, 16, 17
Alloy, 281
clements of, 282
Amplifier, 196, 260
Angle, compound, 46
helix, 166
helix formula, 167
plane, shaping of, 45
plate, 143,207,218
Angular, cutters, 132
cutters, sharpening, 236
work, 45, 210
Annealing, 283
Arbors, 134
Areas, 287
Attachments, mill, 126

BALL-POINTS, micrometer, 24
Bell mouthing, 204
Bench, drilling, 266
hand tools, 244
heat treat, 281
lathe, 72
layout, 264
. materials, 255
scraping, 288
threading, 273
Bevel protractor, combination square, 7; vernier,

Bonds, of grinding wheels, 240
Boring, chuck, 179

lathe work, 96

mill work, 179

test, 179
Brinell tester, 284
Brown & Sharpe tapers, 294
Buttons, toolmakers’, 180

Cauirens, checking with micrometer, 11
description and use, 10
gear tooth, 28
hermaphrodite, 11
inside, 10
vernier, 25

Cam milling. 173

Centering, bench, 268
lathe, 85

Centers, grinder, 186, 190
grinding of, 193

k)

Centerless, grinding, 198, 210
Center gage, 14, 193
Center head, 7
Center, lathe, alignment, 74
Centralizing cutter, end mill, 153
side mill, 153
Centralizing cutter, straddle mill, 151
Chasing threads, lathe, 112
Chatter, lathe, 75
Checking tapers, 110
Checking threads, lathe, 114
Chisels, 249, 268
Chordal thickness, 29
Chuck, lathe, 91
milling machine, 141
Circular milling, 178 .
Clamping hints, 64
Clamps, C-clamps, 248
parallel, 247
strap, 63, 139
Clearance, lathe tools, 74
shaper tools, 55
Climb feed, down milling, 148
Concave cutters, 132
Convex cutters, 132
Coolant, mill, 148
Corner rounding cutters, 132
Counterbore, 272
Counterboring, 99
Countersink, 272
Crank shaper, 37
Cutters, for milling a helix, 170
milling, 131
sharpening, milling, 234
tap and reamer, 134
Cutting-off tools, lathe, 78
Cutting Speeds, Cylindrical grinders, 189
drills, 268, 291
lathe, 81
mill, 145
shaper, 50
Cutting tools, lathe, 74
shaper, 55
Cyaniding, 284

DeaMaL equivalents, 288
Depth micrometer, 22
Depth, vernier gage, 27

Dral indicating gages, 33, 260
Die, thread, 273

Dividers, use of, 8
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Dividing head, 128, 141, 155
Dars, tos, 65
Doveiails, 46
yown feed, 148
;'rrf?mg grinding wheels, 194, 220,226
Dyrify, drill, 269
Deifl sizes, 269
Dirille, tap sizes for, 295
rilling, bench, 266
lathe, 86, 94

Fap xLs, shell, 135
ralid, 135
tweo-lipped, 135
Engine lathe, 68
Exercires, angular indexing, 163
bevel protractor, 32
calipar and depth gage, 29
cam milling, 174
differential indexing, 160
pear tnath, 299
graduating, 164
helical milling, 168
hook and rake tooth cutters, 173
Johansson gages, 262
lathe speeds, 82
lathe, threads, 116
micrometers, 24
plain indexing, 159
rapid indexing, 157
rules and scales, 4
sine bar, 222
spreds, mill, 146
<traddle milling, 152
Expansion, reamer, 270
Extractor, tap, 276
Ezy-out, 270

Facr milling cutter, 138, 235
Face plate, grinder, 206
Facing, lathe, 02
Veed, evlinder prinding, 189 .
drille, 269
iathe, B3
mil}, 143
thaper, 30
Freler gane, 14
Vilee, 250
Viline, anluhe, 89
Fillet papee, 14
Fus, abteof, 190
Fixteres, mill, 144
Flange, safety, 328

My

Fly cutter, 136
Formulas and tables, 287

Gaces, amplifiers, 196
blocks, 259 ‘
center, and thread, 14, 112,193
fillet, 14
indicating, 33
inspection, 258
planer and shaper, 17
plug, 258
ring, 258
screw pitch, 13, 115
snap, 259
surface, 16
taper, 110
telescoping, 12
thickness, 14
vernier, 25

Gang milling, 150

Gear tooth parts, table of, 299

Graduating, mill work, 164

Grinder, classification, 185
back rests, 189
centerless, 198
cutter, 230
contour work, 193
difficulties, 194
dog, 188
gaging work on, 195
general, 240
Internal, 201
O.D. grinding, 190
Planctary, 211
Plain cylindrical, 185
slot work, 224
Surface, 213
tapet work, 191
Universal 0.D., 186
wheels, truing and dressing, 198

Grinding, lathe tool bits, 79

Hack saw, 252
Hammers, 244
Hardening, 283
Hardness, of grinding wheels, 241
testing machines, 284
Head, combination square, 7
Heat treatment of metals, 281
Height page, 26
Helix, angle, 166
cutters for milling, 170
feneration of, 167
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Helix, belical, 166
‘Hermaphrodite calipers, 11
High speed steel, 282
History, lathe, 67

mill, 122

shaper, 36

INDEXING, differential, 160
graduating, 164
plain, 158
rapid, 157
Indicating gages, 33
Inside calipers, 9
Inside micrometer, 21
Inspection, 258
Interlocking cutters, mill, 132
Internal grinders, 202
Internal grinders, centerless, 210
classification, 202
straight work, 204
taper work, 205

JarnNo taper, table of, 294
Johansson, blocks, 259
Carl Edward, 259

Kev.seat cutter, Woodruff, 137
Key-way cutting, mill, 152
Krurling, lathe work, 103

LatHE, bench, 12

boring, 96

centering, 86

centers, alignment, 73

chucks and work, 91

classification, 69

counter boring, 99

cutting, tools, 74
holders, 74

definitions, 68

Do'sand Don'ts, 119

drilling, 86,94

engine, 68

facing, 92

knurling, 103

mandrel, 95

Questions, general, 71
questions, operation of, 84
questions, work, 120
speeds, 81

steady rests, 100

taper work, 104
threading, 110
thread chadeg, 112
checking, 114
left-kard, 118
multiple, 117
square, 119
tapping, 110
tool room, 72
turning, 87
turret, horirontal, 70
vertical, 71
undercutting, 100
Layout, shapirg to, 45
Bench work, 264
Lead, of belix defined, 165
of spiral defined, 165

MANDREL, lathe, 91
Materials, 255, 282
Micrometer, caliper, 19
depth, 22
inside, 21
reading of, 19
screw thread, 20, 115
tube, 23
Milling machine, arbors, 134
classification, 123
coolant, 143
cutters, 131
feeds, 147
history, 122
holding vmxk :mgle plate, 143
clamps, 1
dividing bead 141
fixtures, 144
"-blocks, 144
vises, 139
quﬁuom, attachments, 130
cutters, 137
general, 125
holding work, 145
set ups and operations, 154
speeds and feeds, 149
Speeds, 145
Universal, 126
Operations, cams, 173
dividing bead, 155
Do’s and Don'ts, 183
gang milling, 150
helical and spiral, 166
Indexing, 157, 160, 162, 164
keyway cutting, 152
slab milling, 150 .
v
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ilting machine, Operations, straddle milling, 150
Morte tapers, 294 .

Nox-rrecision, defined, 6
Normalizing, 283

OuTsing: calipers, 10
0.D. grinders, 186

PanaLLELS, adjustable, 16
non-adjustable, 16
Planer, 61
clamps, strap, 63
gage, 17, 64
holding work, 63
jack, 64
type grinder, 217
Planetary grinder, 204, 211
Plain, milling cutter, 131
sharpening, 233
Pliers, 245
Poppets, 65
Precision, defined, 6
Problems, angular indexing, 163
cam milling, 175
checking threads, 116
differential indexing, 162
graduating, 165
helical milling, 170
hook and rake tooth cutters, 173
lathe speeds, 83
lathe tapping, 111
micrometers, 24
mill speeds, 147
plain indexing, 160
rapid indexing, 158
rules and scales, 4
shaper speeds, 54
sine bar, 222
straddle milling, 152
Vemicer bevel protractor, 33
Vernier caliper and depth page, 30
Protractar, combination square, 8
Vernler bevel, 31
Punches, 248

Quexcing, 284

Questions, bench tools, 254
cutter grinding, 239
dividing head, 165
estemal rrinding, 200
gages and pace blocks, 262
general bench 288

grinding wheels, 243
helical and spiral milling, 176
holding mill work, 143
internal grinding, 212
lathe, general, 71
operation of, 84
wark, 120
materials and inspection, 262
mill, cutters, 137
attachments, 130
general, 125
set ups and operation, 15¢
vertical, 183
rules and scales, §

semi-precision and precision tools, 34

shaper, slotter, planer, 66
speeds and feeds, 149
surface grinder, 229

Raptus, cutters, 132
gage, 14
grinding, 226
Rake, lathe tools, 74
Reamers, expansion, 270
hand, 238
machine, 238, 271
pin, 272
taper, 272
Reaming, bench work, 270
lathe work, 94
tapers, bench, 272
lathe, 109
Recards, routing work, 257
stock list, 257
Rockwell, hardness tester, 284
Rotary, grinder, 214
table, 178

"Routing, of work, 255

Rule, definition of, 1
decimal, 3
depth, 2
flexible, 1
graduations on, 1
hook, narrow, 2

wide, 2

practice readings, 2

Scavg, definition of, 1
shrink, 3
types, 3
Scleroscope, 284
Seraper, 278
Scraping, 276
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Serew, drivers, 247
machine, 69
pitch gage, 13
thread micrometer, 20
Semi-precision, defined, 6
Shaper, angular work, 45
compound angles, 46
cutting tools, 55
Do’s and Don'ts, 56
dovetails, 46
gage, 17
history of, 36
holding work, 42
inside square, corner watk, 45
layout work, 45
parts, description of, 37, 39
rectangular work, 42
speeds and feeds, 50
vestical, §7
work, difficulties, 49
Shell end mill, 135
sharpening, 234
arbor, 135
Shoulder, Jathe work, 90
Side milling cutter, 132
sharpening, 234
Sine bar, 220, 222
Slabbing, cutter, 131
sharpening, 235
Stabbing, milling operation, 150
Slot grinding, 224
Slotter, see vertical shaper, 57
Solid square, 18
Speeds, cylindrical grinder, 189
drill, 268, 291
latbe, 81
mill, 145
shaper, 50
Spiral, defined, 166
milling, cams, 173
Spring collets, lathe, 92
mill, 7
Square, combination, 7
threads, 118
toolmaker's try-square, 18
Staggered tooth cutter, 132
sharpening, 235
Steady rests, grinder, 0.D., 189
internal, 207
lathe, 100
Steel, types of, 255
Straddle milling, 150
Surface, gage, 16

grinder, 213
plate, 263

T-sLot cuTTER, 136
Tables, Brown & Sharpe tapers, 204
dividing head index plates, 156
and formulas, 287
Jarno standard taper, 294
lathe speeds and feeds, 82
mill speeds and Teeds, 147
Morse standard tapers, 294
SAE standard tapers, 293
shaper feeds and speeds, 54
taper pins and reamers, 291
thread and tap sizes, 295
Tap fluting mill cutter, 134
Tap sharpening, 237
Tap, sizes of, 295
use of, 274
Taper, attachments, Jathe, 106
Browne & Sharpe, standard, 294
checking, 110, 192
compound, 108
external, 105, 192
internal, 109, 205
Jarno, 294
Marse, 294
pins, 292
SAE, 293
tail stock off-zet, lathe, 108
wide-nose tool, lathe, 109
Tapping, bench, 274
lathe work, 110
Telescoping gages, 12
Tempering, 283
‘Test readings, micrometer, 20
Thickness gage, 14
‘Thread gage, 14,112,115
Thread micrometer, 20
Threads, lathe work, 112,117
Toe dogs, 65
Toolmakers’, buttons, 180
try-square, 18
Tool, bit grinding, lathe, 79
holder, lathe, 77
steel, 281
Tools, 1athe, 74; shaper, 55
non-precision, 6
precision, 6
semi-precision, 6
Tooth rests, 232

Tube micrometer, 23



Usnmcﬁmsc,

Un'x'.-cml mill, 126
Upfccd, mill, 148

¥/-BLOCKS 17, 14
v.Block works 222,225

Vernicers, £3

catipers, 10 read, 25
depth £38% 27

~ear tooth,
- height €386 2

Vertical mil, 177
Vertical shapehs 57







