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The purpose of this book is to provide a better understanding of the
fundamental principles of working with metals in many forms, but
with emphasis on machining—utilizing both manually operated
and automated machines. The beginner and the more advanced
machinist alike may benefit from studying the procedures and
materials shown in these pages.

One of the chief objectives has been to make the book clear and
understandable to both students and workers. The illustrations
have been selected to present the how-to-do-it phase of many of the
machine shop operations. The material presented here should be
helpful to the machine shop instructor, as well as to the individual
student or worker who desires to improve himself or herself in this
trade.

The proper use of machines and the safety rules for using them
have been stressed throughout the book. Basic principles of setting
the cutting tools and cutters are dealt with thoroughly, and recom-
mended methods of mounting the work in the machines are pro-
fusely illustrated. The role of numerically controlled machines is
covered in detail with emphasis on the various types of machine
shop operations that can be performed by them.

This book has been developed to aid you in taking advantage of
the trend toward vocational training of young adults. An individual
who is ambitious enough to want to perfect himself or herself in the
trade will find time to do so. Or, an apprentice working under close
supervision on the job can also benefit from using this material.



Benchwork

The term benchwork relates to work performed by the mechanic at
the machinist’s bench with hand tools rather than machine tools. It
should be understood that the terms benchwork and visework
mean the same thing; the latter, strictly speaking, is the correct
term, as in most cases the work is held by the vise, while the bench
simply provides an anchorage for the vise and a place for the tools.
However, these terms are used almost equally. Today, work at the
bench is not performed as much as formerly; the tendency, with the
exception of scraping, is to do more and more benchwork with
machines.

Operations that can be performed at the bench may be classed as
follows:

e Chipping
* Sawing
» Filing

® Scraping

The Bench and Bench Tools

The prime requirements for a machinist’s bench are that it should
be strong, rigid, and of the proper width and height that the work
can be performed conveniently. Correct height is important, and
this will depend on the vise type used, that is, how far its jaws pro-
ject above the bench. The location of the bench is important. It
should be placed where there is plenty of light.

A great variety of tools is not necessary for benchwork. They

may be divided into a few general classes:

* Vises

e Hammers
e Chisels

e Hacksaws
» Files

* Scrapers
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Vises

By definition, a vise is a clamping device, usually consisting of two
jaws that close with a screw or a lever, that is commonly attachable
to a workbench; it is used for holding a piece of work firmly. There
is a great variety of vises on the market, and they may be classed as

follows:

e Blacksmith

¢ Machinist (plain, self-adjusting, quick-acting, or swivel)

¢ Combination

¢ Pipe

The machinist’s vise shown in Figure 1-1 is usually provided on
machine shop workbenches. Several types are provided; some of
their features are parallelism, swivel action, and quick-acting jaws.

These vises will withstand terrific abuse and are well adapted for a
heavy and rough class of work.

Figure I-1  Machinist’s vise. (Courtesy Ridge Tool Company.)

The combination vise shown in Figure 1-2 is well adapted for
round stock and pipe. A regular pipe fitter’s vise is shown in Figure
1-3. Vise jaws have faces covered with cross cuts in order to grip
the work more firmly. It is evident that a piece of finished work
held in such a manner would be seriously marred. This trouble may
be avoided by using false jaws of brass or Babbitt metal, or by fas-
tening leather or paper directly to the steel jaws.
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Figure 1-2 Combination vise.The inner teeth are for holding either
pipe or round stock. (Courtesy Witton Tool Mfg. Co.)

TP

Figu re |-3 Pipe vise. (Courtesy Ridge Tool Company.,)

Hammers

Hammers find frequent use in benchwork. Machinist’s hammers
may be classed with respect to the peen as follows:

e Ball peen
o Straight peen

¢ Cross peen
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By definition, peening is the operation of hammering metal to
indent or compress it in order to expand or stretch that portion of
the metal adjacent to the indentation. These hammers are shown
in Figure 1-4. The ball-peen hammer (Figure 1-4A), with its spher-
ical end, is generally used for peening or riveting operations. For
certain classes of work, the straight indentations of either the
straight- or cross-peen hammers (Figure 1-4B and 1-4C) are
preferable. A shaft or bar may be straightened by peening on the
concave side.

BALL PEEN

HANDLE

HANDLE

(B) Straight peen.

(C) Cross peen.

Figure 1-4 Machinist’s hammers.



Benchwork 5

Chisels

The cold chisel is the simplest form of metal cutting tool. By defini-
tion, a chipping chisel is a hand tool made of heat-treated steel,
with the cutting end shaped variously, for chipping metal when it is
struck by a hammer.

The various types of chipping chisels are as follows:

e Flat

¢ Cape

¢ Diamond-point
¢ Round-nose

One of the first operations that a student or apprentice must
learn in becoming a machinist is how to chip metal. This involves
learning how to hold the chisel and how to use the hammer.

Flat Chisel

The work is placed firmly in the vise with the chisel held in the left
hand. The chisel must be held firmly at the proper angle (Figure 1-5)
to the work. The lower face of the chisel cutting edge acts as a guide,
while the wedging action of the metal being chipped tends to guide
the chisel in a straight line. The cutting face is the guide to hold the
chisel at the correct angle, as shown in Figure 1-6. The cutting edge of
the chisel is ground at an included angle of 60° to 70° (Figure 1-6A).

CUTTING FACE
ANGLE 35°

HOLDING ANGLE 35°

~ CUTTING FACE FORMS ANGLE GUIDE

Figure 1-5 Detail of cutting end of cold chisel. Note the angle of
application and the angle guide.
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-

I~LENGTH OF CUTTING EDGEJ

Figure 1-6 Cutting end of cold chisel showing bevel angle (A) and
length of cutting edge (B).

Figure 1-7 Cold chisel used in chipping operations. (Courtesy Millers Falls Company,)

The flat chisel is used for surfaces having less width than the
castings and for all general chipping operations (Figure 1-7). The
cutting edge is generally about one-eighth of an inch wider than the
stock from which it is forged.

The beginning machinist learns to vary the chipping angle more
or less as demanded by the nature of the work. The first exercise in
chipping is usually a broad surface on which both the cold chisel
and the cape chisel are used. First, grooves are cut in the piece to be
chipped with the cape shield (Figure 1-8), and the raised portions
are removed with a flat chisel (Figure 1-9).

In chipping, the worker should always chip toward the station-
ary jaw of the vise because its resistance to the blows of the hammer
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CAPE CHISEL
1
RAISED PORTIONS ///
OR LANDS g~
—
GROOVES
= = T WORK

Figure 1-8 Cape chisel used to cut grooves.

COLD CHISEL

RAISED PORTIONS OR LANDS N

GROOVE

Figure 1-9 Using the cold chisel to remove lands in chipping a broad
flat surface.

1s greater. Start with a light chip, and watch only the cutting edge of
the chisel. Chamfer the front and back edges of the work to avoid
risk of breaking off the stock below the chipping line and to facili-
tate starting the chisel.

Use a 1-to 1%4-1b hammer for ordinary chipping work. Grasp the
hammer near the end of the handle, with the fingers around the
handle and the thumb projecting on top toward the striking end.
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The chisel should be held firmly with the second and third fin-
gers, and the little finger should be used to guide the chisel as
required. The first finger and the thumb should be left slack; they
are then in a state of rest, with the muscles relaxed. The fingers are
less liable to become injured if struck with the hammer when
relaxed than if struck when they were closed rigidly around the
chisel. Reset the chisel to its proper position after each blow.

Cape Chisel

A cape chisel (Figure 1-10) is used to facilitate work in removing
considerable metal from a flat surface, or to break up surfaces too
wide to chip with a cold chisel alone. It is also used, along with
other chisels, to cut keyways and channels.

“’::‘; | ‘b S v __ .. 3 . _ ; .......

e

Figure 1-10 Cape chisel. (Courtesy Millers Falls Company.)

The cutting edge of the cape chisel is usually an eighth of an inch
narrower than the shank. It is thin enough just behind the cutting
edge to avoid binding in the slot. It is somewhat thicker in the plane
at a right angle to the cutting edge.

Diamond-Point Chisel

Although the word “point™ is universally used in place of “end,”
the term is a misnomer. The diamond end is obtained by drawing
out the end of the stock and grinding the end at an angle less than
90° with the axis of the chisel, leaving a diamond-shaped point
(Figure 1-11).

The diamond-point chisel (Figure 1-12) is used by diemakers for
corner chipping, for correcting errors made while drilling holes,
and for cutting holes in steel plates. By cutting a groove with this
tool, following the shapes to be cut in the piece is much easier. The
edges of holes made this way will be beveled, but they can be
chipped square after the piece is removed.
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o
ACUTE ANGLE
AN
/
& ,
v / / \
| I / / /
I | I / /
| | - [ /
I | 4
/
SQUARE DIAMOND
Figure I-11 Detail of the cutting end of square and diamond-point chisels.

Figure 1-12 Diamond-point chisel. (Courtesy Millers Falls Company.)

Round-Nose Chisel

The round-nose chisel is sometimes called a round-nose cape chisel
(Figure 1-13). The nose itself is cylindrical in section at the cutting
end with tangential sides intersecting at the extremity. The tool is
ground at an angle of 60° with its axis.

These chisels are called center chisels when they are used to
“draw” the starting of drilling holes in order to bring them into
concentricity with the drilling circles. They are also used on large
round-bottomed channels and for cutting channels such as oil
grooves.

The stock generally used for all the atormentioned forms of chis-
els is octagonal and of a good grade of tool steel, carefully forged,
hardened, and tempered.
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Figure 1-13 Round-nose cape chisel or round-nose chisel. (Courtesy Milers

Falls Company.)

Hacksaws

The sawing of metal is one of the most common benchwork opera-
tions. Hand hacksaws are available with either a fixed frame or an
adjustable frame. The adjustable frame hacksaw (Figure 1-14) can
be changed to hold 8-inch, 10-inch, and 12-inch blades. Most
blades are Y2-inch wide and V4-inch thick.

Figure 1-14 Adjustable frame hacksaw. (Courtesy L. S. Starrett Company.)

The workpiece must be held securely in a vise. The workpiece
should be sawed near the vise jaws to prevent chattering. To hold
nonrectangular-shaped pieces (Figure 1-15), clamp the work to
allow as many teeth as possible to be in contact with the surface of
the workpiece. Polished work surfaces should be protected from the
steel vise jaws by covering them with soft metal jaw caps.

The type of metal to be sawed should determine the blade pitch
(number of teeth per inch). Standard pitches are 14, 18, 24, and 32
teeth per linear inch. The number of teeth per inch on a blade is
important because at least two teeth should be in contact with the
work at all times (Figure 1-16).

To start a hacksaw cut, it is a good practice to guide the blade
until the cut is well established. To start an accurate cut, use the
thumb (Figure 1-17) as a guide and saw slowly with short strokes.
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Figure 1-15 Holding work to be cut. (Courtesy Disston, Inc.)

As the cut deepens, grip the front end of the frame firmly and take
a full-length stroke.

When sawing, stand facing the work with one foot in front of
the other and approximately 12 inches apart, as shown in Figure
1-18. Pressure should be applied on the forward stroke and
released on the return stroke because the blade cuts only on the for-
ward stroke. Do not permit the teeth to slip over the metal as this
dulls the teeth and may cause blade breakage. Once the kerf (the
slot made by the blade) is established, the hacksaw should be

moved at about 40 strokes per minute.

Files

Filing is a difficult operation for the beginner because it depends on
the motion of the hands, without a means of guiding the tool, to
move over the work in the correct direction. Proficiency is obtained
by practice only when the proper methods are followed.

How to File
The correct position and method of holding the file are important.
The work should be at the proper height—about level with the
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Figure 1-18 Proper stance for
cutting. (Courtesy Disston, Inc.)

elbows on light work, and a little lower on heavy work (Figure 1-19).
The feet should be about eight inches apart and at right angles to
each other, the left foot being parallel with the file. Hold the file
handle with the right hand-thumb on top and fingers below the

handle.
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\

Figure 1-19 Correct position of hands and arms in filing. (Courtesy Disston, Inc)

When filing, pressure should be exerted on the forward stroke
only, because the teeth or cutting edges are pointed toward the end
of the file. Pressure on the return stroke produces no cutting action,
but tends only to dull the teeth. Figure 1-20 shows an incorrect
position of the body when filing.

st £

U
et

Figure 1-20 Incorrect position of body when filing.
(Courtesy Nicholson File Company.)
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Drawfiling

When the file is grasped by the ends and moved sidewise across the
work, the action is known as drawfiling (Figure 1-21). This pro-
duces a smooth finish on narrow surfaces and edges and is used on
turned work to remove any tool marks. Drawfiling is light filing—
used to produce a smooth surface (Figure 1-22). A second-cut or
smooth file should be used; a single-cut file is better than a double-
cut file because the single-cut is less likely to scratch the surface of
the work.

Figure 1-21 Drawfiling for producing a smooth surface. (Courtesy Disston, Inc)

For most filing operations, begin with a coarse file and continue
using successively finer grades of file, finishing with a smooth or dead-
smooth file, according to the degree of tinish desired (Figure 1-23).

Particles of metal, or pins, often remain in the teeth of the file,
and they either reduce its cutting qualities or scratch the work.
These particles can be removed by using either a stiff brush (Figure
1-24A) or a file card (Figure 1-24B) frequently for cleaning them
from the file.
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Figure 1-22 Using one hand to do |ight ﬁling. (Courtesy Nicholson File Company.)

2 B B

Figure 1-23 Standard file tooth cuts. (Courtesy Simonds Saw & Steel Company,)

X v L
A g o

Figure 1-24 File cleaners: (A) file brush, (B) file card. (Courtesy Nicholson File Company,)
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Cast iron should not be allowed to become greasy, as the file
tends to slide without cutting into the metal. However, frequent
pinning (clogging of the teeth with small slivers of metal) can be
prevented by the use of o1l when filing steel.

File Characteristics
A file differs from a chisel in that it has a large number of cutting
points instead of a single cutting edge, and the file is driven by
hand, rather than by a hammer. When a file is applied to a metal
surface with a reciprocating motion, the teeth act as small chisels,
each removing small chips.

Files have three distinguishing characteristics (Figure 1-25):

e [ength—Always measured from the heel to the point, the
tang not being included

e Kind—The shape or style

* Cut—Both the character and the relative degrees of coarse-
ness of the teeth

Length
File lengths vary from 3 inches to 20 inches. Most machinist’s files
are from 4 to 6 inches in length (Figure 1-25A).

Kind

Many kinds of files are manufactured for many different purposes.
Shapes of files in common use are mill, flat, hand, square, three-
square, half-round, and round files (Figure 1-25B).

Cut

The teeth on a file are shaped to form a cutting edge similar to that
of a tool bit, and they have both rake and a clearance angle. Four
types of cuts are shown in Figure 1-25C. Single-cut files are made
with a single set of teeth cut at an angle of 65° to 85°. They are usu-
ally used with light pressure to produce a smooth finish on a sur-
face or to produce a keen edge on a knife or other cutting
implement. Double-cut files are made with two sets of teeth that
cross each other. One set is cut at approximately 45° and the other
set at 70° to 80°. On a rasp-cut file, each tooth is short and is raised
out of the surface by means of a punch. A vixen-cut file (or curved-
tooth file) has a series of parallel, curved teeth, each extending
across the file face. Most files for hand filing are from 10 to 14
inches long and have a pointed tang on one end on which wood or
metal handles can be fitted for easy grasping.
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(A) Length.

A ) —mm P e A

(B) Kind of shape.

SINGLE DOUBLE RASP CURVED
CuT cut CuT TOOTH

(C) Cut.

Figure 1-25 File characteristics. (Courtesy Nicholson File Company.)

Machinist’s files (Figure 1-26) are used throughout the industry
wherever metal must be removed rapidly and finish is of sec-
ondary importance. They include flat, hand, round, half-round,
square, pillar, three-square, warding, knife, and several less com-

monly known kinds of files. Most machinist’s files are double-cut
(Figure 1-27).
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(B) Double cut.

Figure 1-27 Single-cut and double-cut files. Each type has its own
application. (Courtesy Simonds Saw & Steel Company.)

The cut (coarseness) of small files is usually designated by num-
bers as 00, 0, 1, 2, 3, 4, 5, 6, 7, and 8. The coarsest cut is 00, and 8
is the finest cut (Figure 1-28). The cut or coarseness in larger files 1s
designated as rough, coarse, bastard, second-cut, smooth, and
dead-smooth. These designations are relative and depend on the

length of a file. A 14-inch bastard file is much coarser than a 6-inch
bastard file (Figure 1-29.)

Scrapers

Scraping is the operation of correcting the irregularities of
machined surfaces by means of scrapers (Figure 1-30) so that the
finished surface is a plane surface. Although it is impossible to pro-
duce a true plane surface, scrapers are used to approach a plane
surface, or for truing up a plane surface. Scrapers are also used for
truing up circular surfaces such as bearings.

—
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Figure 1-28 Small files are designated by numbers from 00 to 8.
(Courtesy Nicholson File Company).

Figure 1-29 The coarseness varies for flat bastard files used by machinists.
Length of the file determines coarseness. (Courtesy Nicholson File Company,

How to Use a Scraper

In scraping operations (Figure 1-31), a surface plate is used to indi-
cate irregularities or high spots. Any dust or grit should be wiped
off the surface, and any burrs on the metal should be removed with
a very fine file.

After thoroughly cleaning the surface plate, coat it with a mark-
ing material and rub the work over the surface plate a few times.
High spots on the work will be indicated by the marking material
that has been rubbed off. These high spots are removed by scrap-
ing. Continuing the process will bring up more high spots. After
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Figure 1-30 Typical scrapers: (A) flat or straight, (B) hook, (C) straight
half-round, (D) curved half-round, (E) three-cornered or triangular,
(F) double-handle.

Figure I-31 Correct method of holding a scraper.
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repeated scraping and testing with the surface plate, the entire work
surface will be covered with marking material, which indicates that
the work is finished.

The correct use of the scraper is important. When a flat scraper
1s used, cutting 1s done on the forward stroke. Cutting is done on
the return stroke when a hook scraper is used. Scraping requires a
delicate touch. Less metal is removed by a scraper than by a file.
The cutting operation, as done with scrapers, should be perfectly
smooth and free from scratches.

The cutting edge of a scraper should be %32 of an inch thick and
12 inches wide. The scraper should be ground on a grinding wheel
and carefully honed on an oilstone. Scrapers are sometimes made
from discarded files.

Scraper Classifications

Various forms of scrapers are used. The nature of the scraping oper-
ation determines the selection of the scraper. Scrapers may be clas-
sified as follows:

e Flat

¢ Hook (right-hand or left-hand)
e Half-round

¢ Triangular or three-cornered

¢ Two-handled

¢ Bearing

Scraping is also performed on round or curved surfaces, such
as bearings. When an engine’s main bearing has been trued up by
scraping, the shaft will contact the bearing over its entire surface
instead of making contact only at the high spots. Consequently,
the bearing surface is presented, and the pressure 1s distributed
over the entire bearing instead of being concentrated on the high

Spots.

summary

Benchwork relates to work performed by the mechanic at the
machinist’s bench with hand tools rather than machine tools. The
terms benchwork and visework mean the same thing. Visework,
strictly speaking, is the correct term, as in most cases the work is
held in a vise. Benchwork operations include chipping, sawing, fil-
ing, and scraping. Bench tools are the hammer, chisel, hacksaw, file,
scraper, and vise.



24 Chapter |

The vise is a clamping device that has a couple of jaws that are
used to hold a piece being worked on tightly in its grip. Vises are
classified as blacksmith, machinist, combination, or pipe. The
machinist vise is also classified as self-adjusting, quick-acting, plain,
or swivel type. The jaws of the vise may be lined with brass or
Babbitt metal or leather or paper to protect the piece being held
rigid while the work is being done.

The machinist’s hammer (ball-peen, straight-peen, or cross-peen)
is suited only for the work it was de&gned to do. Ball-peen ham-
mers are used for peening or riveting operations. But, for some
types of straight work the straight peen is used.

Chisels are another of the hand tools that come in handy in met-
alwork and in the machine shop. Various types of chipping chisels
are the flat, cape, diamond-point, and round-nose chisels. Chisels
are used to chip metal. Holding the chisel correctly is very impor-
tant in getting the job done.

The sawing of metal is one of the most important benchwork
operations. Hand hacksaws are available with either a fixed frame
or an adjustable frame. The work piece is held firmly in a vise while
the work is being performed. It is very important that you use a
hacksaw blade with a saw tooth fitted for the job. The hacksaw
blade is made with 14, 18, 24, or 32 teeth per linear inch. The num-
ber of teeth i1s important because at least two teeth should be in
contact with the work at all times.

Filing is a difficult operation for the beginner because it depends
on the motion of the hands, without a means of guiding the tool, to
move over the work in the correct direction. A lot of practice makes
for a better filer. Small files are designated by numbers from 00 to
8. Drawtfiling is the process of grasping the file by the ends and
moving it sideways across the work. This produces a smooth finish
on narrow surfaces and edges and is used on turned work to
remove any tool marks.

Scraping is the operation of correcting the irregularities of
machined surfaces by means of scrapers. It is very important to use
the scraper correctly. Various forms of scrapers can be used by
someone with a delicate touch to make a surface perfectly smooth.
Scrapers are classified as flat, hook (right-hand, left-hand), half-
round, triangular, two-handled, and bearing.

Review Questions

. Name any five of the ten most popular machinist’s files.
2. How many various forms of scrapers are used? Name them.



~N O A

Benchwork 25

. Name the three types of peen hammers and the four types of

chisels.

. Name the four types of bench vises.

. Name five important bench tools.

. Name the tour hacksaw blade pitches.

. How many hacksaw blade teeth should be in contact with the

work piece?

. What is the meaning of benchwork?

. What are four operations that can be performed at the bench?
10.
1.
12.
13.
14.
15.

Name four types of chipping chisels.

What is drawfiling?

How does a file differ from a chisel?

What are the three distinguishing characteristics of files?
Why is scraping used on bearings?

Why does scraping take a delicate touch?






Precision Measurement

The worker in the machine shop uses many tools, instruments, and
gages to produce accurate measurements. Precision measurements
are generally written in decimals and are read in thousandths

(0.001) and ten-thousandths (0.0001) of an inch.

Micrometer Calipers

The word micrometer indicates a precision instrument for small mea-
surements, which are usually made by rotating a screw with a fine
pitch. Micrometer calipers have a U-shaped frame with a hardened
anvil at one end and an indicating thimble at the other end. The
micrometer is the precision tool widely used for measurements in
thousandths or even ten-thousandths of an inch (Figure 2-1).
Micrometers are made in many styles and sizes for outside, inside,
and depth measurements. The pitch of the screw thread on the spin-
dle is Y40 inch (40 threads per inch). Therefore, one complete revolu-
tion of the thimble moves the spindle Yo inch, or 0.025 inch, either
toward or away from the anvil space. The longitudinal line on the
sleeve is divided into 40 equal parts by vertical lines corresponding to
the number of the threads on the spindle. Therefore, each vertical line
designates Y40 inch, or 0.025 inch; every fourth line indicates hun-
dreds of thousandths of an inch. The line marked “1” indicates
0.100 inch; the line marked “2” indicates 0.200 inch, and so on.

The beveled edge of the thimble is divided into 25 equal parts,
each line representing 0.001 inch. To read the micrometer in thou-
sandths of an inch, multiply the number of vertical divisions visible
on the sleeve by 0.025 inch, and add the number of thousandths of
an inch indicated by the line on the thimble, which coincides with
the longitudinal line on the sleeve.

For example, the “1” line on the sleeve is visible, representing
0.100 inch. Three additional lines are visible, each representing
0.025 inch: 3 X 0.025 inch = 0.075 inch. Line “3” on the thimble
coincides with the longitudinal line on the sleeve, each representing
0.001 inch: 3 X 0.001 inch = 0.003 inch. The micrometer reading
is the total (0.100 + 0.075 + 0.003 = 0.178 inch, or 178 thou-

sandths of an inch).
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(B) Micrometer graduations in thousandths of an inch.

Figure 2-1 Micrometer calipers graduated in thousandths of an inch.

(Courtesy LS. Starrett Company.)

Micrometer calipers can be adjusted to compensate for wear.
This is done by adjustment of the friction sleeve as follows (see
Figure 2-2). Take up the wear of the screw and nut. Insert the span-
ner wrench in the slot of the adjusting nut and tighten just enough
to eliminate play. Then, carefully bring the anvil and spindle
together and insert the spanner wrench in the small slot of the
sleeve. Turn the sleeve until the line on the sleeve coincides with the
zero line on the thimble.
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(A) Back off thimble, and tighten the adjusting (B) With anvil and spindle in contact, adjust
nut to eliminate play in spindle nut. sleeve, so that line on sleeve coincides
with zero line on thimble.

Figure 2-2 Adjusting micrometer calipers. (Courtesy LS. Starrett Company.)

When using a 1-inch micrometer for small work, hold the tool in
one hand, turning the thimble with the thumb and forefinger (Figure
2-3A). This permits freedom for holding the work with the other
hand. On some types of work (such as measuring over two flat sur-
faces), the micrometer is held in the left hand and the thumb and
forefinger are used to turn the sleeve to adjust to the dimension.
Round stock may be held in the left hand and the micrometer in the
right hand. The thumb and forefinger are used to turn the sleeve
until the correct setting is indicated by “feel” (Figure 2-3B). In larger
work, or in stationary work, the frame should be held securely in
one hand while the other hand turns the thimble (Figure 2-4).

Some mechanics change a micrometer setting quickly by holding
the sleeve and swinging the frame around several times. This prac-
tice should be avoided because the centrifugal force generated by
the whirling frame unduly wears the threads on the spindle, render-
ing the instrument inaccurate.

The inside micrometer is used for obtaining precision measure-
ments of internal diameters of cylinders, holes, and so on, as shown
in Figure 2-5.

Vernier Micrometer Calipers

Micrometers graduated in ten-thousandths of an inch are used
in the same manner as the micrometers graduated in thousandths
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(B) Measuring tubular work.

Figure 2-3 Using micrometer calipers. (Courtesy LS. Starrett Company.)

of an inch (Figure 2-6), except that an additional reading in ten-
thousandths of an inch is obtained from a vernier and is added to
the thousandth reading.

The vernier has ten divisions on the sleeve (Figure 2-6B), which
occupy the same amount of space as nine divisions on the thimble.
Therefore, the difference between the width of one of the ten spaces
on the vernier and one of the nine spaces on the thimble is one-
tenth of a division on the thimble, or one-tenth of one-thousandth,
which is one ten-thousandth of an inch.

To read the ten-thousandths-of-an-inch micrometer, obtain the
thousandths reading and note which of the lines on the vernier
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Figure 2-4 Measuring work with a large micrometer. Hold the frame
securely in one hand at a convenient point. Turn the thimble with the
other hand. (Courtesy L.S. Starrett Company.)

coincides with a line on the thimble. If line “1” on the vernier
coincides, add one ten-thousandth; if line “2” coincides, add two
ten-thousandths, and so on.

Vernier Calipers

By definition, wvernier calipers have a graduated blade and an
adjustable tongue (Figure 2-7). The blade has graduations and car-
ries two crossheads, one of which is slightly adjustable by a nut, the
other being movable along the blade. The crossheads are adapted
to the measurement of interior diameters or sizes, and the other side
is adapted to external measurements.

The bar of the calipers is graduated in fortieths, or 0.025, of an
inch. Every fourth graduation is numbered to represent a tenth of
an inch (Figure 2-8). The vernier scale is divided into 25 divisions,
numbered 0, 5, 10, 20, and 25. The 25 divisions on the vernier
scale occupy the same space as 24 divisions on the bar.
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Figure 2-5 Measuring an inside diameter with an inside micrometer
calipers. (Courtesy L.S. Starrett Company.)

Since one division on the bar is equal to 0.025 inch, 24 divisions
equal 24 X 0.025 inch, or 0.600 inch, and 25 divisions on the
vernier scale also equal 0.600 inch. Therefore, each division on the
vernier is equal to 25 X 0.600 inch, or 0.024 inch. The difference
between one bar division (0.025 inch) and one vernier division
(0.024 inch) equals 0.025 inch less 0.024 inch, or 0.001 inch. If the
zero line on the vernier coincides with the zero line on the bar, the
line to the right of the zero on the vernier will differ from the line to
the right of the zero on the bar by 0.001 inch, the second line by
0.002 inch, and so on. The difference increases by 0.001 inch for
each division until the “25” on the vernier coincides with the “24”
on the bar. In reading the calipers, note the number of inches, tenths
(or 0.100 inch), and fortieths (or 0.025 inch) the zero line on the
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Figure 2-6 A micrometer graduated in ten-thousandths of an inch.
(Courtesy LS. Starrett Company.)

Figure 2-7 Vernier calipers. Fine adjustment of the points is made by
clamping the thumbscrews at the right and turning the knurled nut on
the horizontal screw. (Courtesy LS. Starrett Company,)

vernier is from the zero mark on the bar. Add the number of thou-
sandths indicated by the line on the vernier that coincides with the
line on the bar.

For example, in the Figure 2-8, the vernier has been moved to the
right 1.000 plus 0.400 plus 0.025, which 1s equal to 1.425 inches, as
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Figure 2-8 Detail of calipers with a vernier. This vernier permits
readings to 0.001 inch. (Courtesy L.S. Starrett Company.)

shown on the bar. The eleventh line on the vernier coincides with a
line on the bar, as indicated by the stars. Therefore, 0.011 inch is
added to the reading on the bar, giving a total reading of 1.436
inches.

Bevel Protractors

A bevel protractor is the same as a bevel, but with a protractor
added to it, which adapts it to all kinds of work in which angles are
to be laid out. In general, there are two kinds of bevel protractors:

¢ Those without a vernier
* Those with a vernier

The bevel protractor without a vernier is suitable for angles that
do not require a high degree of accuracy (Figure 2-9). The dial of the
bevel protractor is accurately graduated from 0° to 90° to each
extremity of an arc of 180°. It turns on a large central stud, which is
hardened and ground, and can be clamped rigidly in any position
after setting.
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Figure 2-9 Bevel protractor. It turns on a large central stud, which is
hardened and ground, and can be rigidly clamped in any position
desired. The dial is accurately graduated in degrees over an arc of 180°,
reading 0° to 90° from each extremity of the arc. (Courtesy LS Starrett Company,)

The universal bevel protractor with a vernier is graduated in
degrees throughout the entire circle (Figure 2-10). The swivel turns
on a large central stud, which is hardened and ground, and can be
rigidly clamped by a thumbnut. The vernier increases materially the
adaptability of the protractor for obtaining finer measurements.
Readings to five minutes (57), or ¥12 of a degree, can be obtained.

|

Figure 2-10 Universal bevel protractor with vernier.The vernier
permits its use in obtaining fine measurements. (Courtesy LS. Starrett Company,)
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The dial of the protractor is graduated both to the right- and left-
hand sides of 0° to 90°. The vernier scale is also graduated to the
right and left of zero to 60 minutes (60°); each of the 12 vernier scales
has graduations representing 5 minutes (5°). Any size angle can be
measured because both the protractor dial and the vernier scale have
graduations in opposite directions from zero (Figure 2-11).

Figure 2-11 Detail of a protractor vernier.The figures are close to
the graduations to facilitate reading the vernier. (Courtesy LS. Starrett Company,)

Since 12 graduations on the vernier scale occupy the same space
as 23 degrees on the protractor dial, each vernier graduation is Y12
degree (or 5§ minutes) shorter than 2 graduations on the protractor
dial. Therefore, if the zero graduation on the vernier scale coincides
with a graduation on the protractor dial, the reading is in exact
degrees. However, if any other graduation on the vernier scale coin-
cides with a protractor graduation, the number of vernier gradua-
tions must be multiplied by 5 minutes, and added to the number of
degrees read between the zeros on the protractor dial and the
vernier scale.

For example, in Figure 2-11, zero on the vernier scale is between
“50” and “51” degrees on the protractor dial to the left of zero.
Also, reading to the left, the fourth line on the vernier scale coin-
cides with the “58” graduation on the protractor dial, as indicated
by the stars. Therefore, 4 X 5 minutes (or 20 minutes) must be
added to the number of degrees, giving a reading of 50 degrees and
20 minutes (50°207).

Universal bevel protractors have several uses (Figure 2-12 and
Figure 2-13). The blade with beveled ends enables measurement of
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Figure 2-12 Uses of the universal bevel protractor. The blade with
beveled ends permits measurements of angles from the vertex.

(Courtesy L.S. Starrett Company.)

Figure 2-13  Universal bevel protractors may be used with parallels or
knees for laying out work for inspection. The acute-angle attachment

permits small angles. (Courtesy L.S. Starrett Company,)
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an angle from the vertex. They may be used with parallels or knees
for laying out work for inspection. An acute-angle attachment for
quickly laying out small angles is available. One side of the tool is
flat, which permits laying it flat on the work or paper.

Dial Indicators

A dial indicator (incorrectly called a dial gage) is an instrument for
indicating size differences, rather than making measurements, as
the dial indicator ordinarily is not used to indicate distance. A dial
indicator can be used in combination with a micrometer to measure
exact distances.

Variations in measurements are shown by the movement of a
hand on the dial of the dial indicator. The dial is graduated in thou-
sandths of an inch (that is, each division on the dial represents con-
tact point movement of 0.001 inch).

The dial indicator (Figure 2-14) is useful in testing shafts for
alignment, for checking cylinder bores for roundness and taper, and
for testing bearing bores. The dial indicates the alignment (or
roundness) of the piece tested to within 0.001 inch. A skilled work-
man can check alignment to within 0.00025 inch.

Figure 2-14 A dial test
indicator with attachments.

|
|
f (Courtesy LS. Starrett Company.)
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The dial indicator is extensively used in manufacturing and in
service-and-repair work. Other uses are for straightening crankshafts,
locating wrist-pin holes, determining the amount of shim to insert or
remove, determining taper, checking play in bearings, reboring work,
lining up magneto coil assembly, and so on (Figure 2-15).

Figure 2-15 A lathe operator using a dial indicator to center work.
(Courtesy LS. Starrett Company.)

Another type of dial indicator is shown in Figure 2-16. This is a
precision gage utilized on the precision dial comparator. It can also
be used on a number of measuring gages.

Gages
A gage is often erroneously considered to be any measuring instru-
ment. A gage is a fixed device that establishes a particular dimen-
sion, but it i1s not a measuring instrument.

However, some gages (a surface gage, for example) are adjustable
and can be set to any desired dimension within their ranges. After it
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Figure 2-16 A precision dial comparator. This instrument is direct
reading to 0.00005 inch. (Courtesy Hamiiton Watch Company,)

is set to a particular dimension, a gage becomes a fixed device and is
properly called a gage.

Surface Gage

A surface gage (Figure 2-17) is a machinist’s instrument for test-
ing planed surfaces. It has a heavy base, grooved through the
bottom and end, adapting it for use on circular work as well as
flat surfaces. The spindle may be set upright or at an angle, or
turned to work under the base. It can be sensitively adjusted to
any position.

Layout work often includes lines scribed at a given height from
a face of the work, or a continuation of lines around several
surfaces. It can be used to scribe lines at a given height on any
number of pieces when duplicate parts are being made. Thus, the
height of a standard bearing may be transferred to the faces of any

number of castings from which duplicate bearings are to be made
(Figure 2-18).
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{Q Figure 2-17 Universal surface gage.
i (Courtesy LS. Starrett Company.)

Figure 2-18 Machinist using a surface gage to level up a cast-iron
block to determine the amount of work to be machined off.
(Courttesy L.S. Starrett Company.)
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A clean surface plate and a combination square for obtaining the
dimension are needed to set the surface gage properly (Figure 2-19).
All instruments should be absolutely clean. The following three

steps are necessary in setting a surface gage:

I. Adjust the standard to a convenient position.
2. Adjust the scriber to the approximate dimension.

3. Further adjust the scriber by turning the knurled adjusting
screw on top of the base to the desired index line on the blade

of the combination square.
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Figure 2-19 A method of setting a surface gage with the aid of a
combination square. Make certain that the instruments and surface

plates are absolutely clean. (Courtesy LS. Starrett Company.)

Height Gage
The height gage is designed to measure or mark off vertical dis-
tances from a plane surface. The vernier height gage (Figure 2-20) is
indispensable for layout, jig, and fixture making because of its fine
adjustment, which permits extremely accurate measurements. The
location of center distances of jigs, dies, and so on, can be accu-
rately obtained by the use of toolmakers’ buttons. A combination
marker and extension may be used with the movable jaw for mea-
suring and scribing lines on the work.
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Figure 2-20 Vernier height gage.

(Courtesy LS. Starrett Company,)

The end of the extension is beveled to a sharp edge for scribing
lines (Figure 2-21).

The vernier height gage is graduated to read in thousandths of
an inch, by means of a vernier scale on the sliding jaw. Graduations
on one side are for outside measurements, and graduations on the
other side are for inside measurements.

Depth Gage
The vernier depth gage is a similar precision instrument for measur-
ing depths of slots, holes, and so on (Figure 2-22).

The micrometer depth gage is another accurate instrument used
for vertical measurements. It is also essential for jig and fixture
making (Figure 2-23). Depths of holes, slots, and so on, can be
measured with micrometer accuracy.

Snap Gage

Snap limit gages are used for both internal and external dimensions
(Figure 2-24). The distance between measuring surfaces is fixed and
represents the size stamped on the gage. The gages are available in
different sizes and can be used for measuring duplicate parts in
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Figure 2-21 Vernier height gage. (Courtesy LS. Starrett Company)
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Figure 2-22 Vernier depth gage. (Courtesy LS. Starrett Company,
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machine shop work. When these gages become worn, they can be
closed in and reground, or lapped, to true size.

Plug Gage

Plug gages are also called go and not go gages (Figure 2-25). They
have double ends, and have both a “go” end and a “not go” end
(that 1s, when the work is at the correct size, one end of the gage will
slip into it, but the other end will not). In some types of work, a
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given part may be required to be within certain
size limits to be correct for a particular class of
fit. A limit gage may be used for both the mini-
mum and maximum sizes.

Ring Gage

Ring gages are standard cylindrical gages (male
and female). The ring, or external, gage is a
bored ring (Figure 2-26). It is also called a col-
lar gage. These gages can be made to both “go”
and “not go” dimensions.

Taper Gage
Taper gages are made of metal and have a grad-
uated taper. There are two types of taper gages.
One has a tapered thickness, and the other type
has a tapered width.

The taper gage with tapered thickness
(Figure 2-27) is used for bearing work and for
gaging slots. The taper gage with the tapered

width (Figure 2-28) is used as a gage for tubing.

Figure 2-23 Micrometer depth
gage. (Courtesy Lufkin Rule Company.)

Figure 2-24
Adjustable snap
limit gage.The size
is stamped on the
gage. (Courtesy Greenfield
Tap & Die Company,)

Figure 2-25 A plug gage. (Courtesy Greenfield Tap & Die Company,)
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Figure 2-26 A ring gage. (Courtesy Greenfield Tap & Die Company,)
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Figure 2-27 Taper gage with tapered thickness. Used for bearing
work and for gaging slots. (Courtesy LS. Starrett Company,)

Figure 2-28 Taper gage with tapered width. Used as a tubing gage.
(Courtesy LS. Starrett Company.)
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Center Gage

The center gage is a small tool that features the standard angle (60°)
for lathe centers and for threading tools for the American National
Standard screw threads. The center gage has a 60° point at one end
and a 60° tool (Figure 2-29). It is used for testing angles of lathe
centers and thread-cutting tools, and for setting tools at the correct
angle relative to the work.

Uul > Figure 2-29 Center gage.The
oz LR table on the gage is used for

' determining the size of tap drills

for American National or U.S.

Standard threads and gives the

double depth of thread of tap

and screw pitches.

(Courtesy Lufkin Rule Company.)

The large notch at the end of the center gage is used for testing
lathe centers and threading-tool points. The small notches at the
side of the gage are also used for testing tool points and for setting
a threading tool at the correct angle to the work, by placing the
opposite edge of the gage against the surface to be threaded. The
tool is adjusted until the point fits into the notch in the gage.

The center gage may also be used for setting internal threading
tools. The end of the gage is placed against the face of the work.
The side notches are at right angles to the hole to be threaded, pro-
vided the work has been faced true.

Screw-Pitch Gage

The number of threads per inch, or pitch, of a screw or nut can be
determined by the use of the screw-pitch gage (Figure 2-30). This
device consists of a holder with a number of thin blades that have
notches cut on them representing different numbers of threads per
inch, the number being stamped on the blade. Some gages also have
the double depth of thread (in decimals) stamped on the blade. This
decimal number is equal to the depth of threads on the two sides of a
tap. Thus, the workman can determine the size of tap drill to use in
order to leave a full vee thread for a tap having the same pitch. To
determine the size of drill needed, measure over the threads of the tap
with a micrometer. From its size in thousandths of an inch, deduct
the decimal number stamped on the pitch-gage leaf that agrees with
the pitch of the tap to be used. The result is the correct size, in thou-
sandths of an inch, of the drill needed for a full vee thread.
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Tapped threads need not be 100 percent full thread for commer-
cial purposes. A tap drill that will give approximately a 75-percent
thread is generally used. Sufficient stock in which to cut the threads
must be left by the tap drill. A formula for finding approximate tap
drill size is as follows:

Tap drill size = Major diameter of thread
o (0.75 X 1.299)
No. threads per inch

A more practical and simpler formula is
1
No. threads per inch

Tap drill size = Major diameter —

Tap drill sizes for full vee threads and for American National
Standards threads can be calculated by the following:

¢ Full vee threads

S 1733
N

* American National Standard Screw Threads

1.2999
N

d=D —
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In these formulas, D = major diameter of tap; d = minor diame-
ter of tap; and N = number of threads per inch.

Tap and Drill Gage

The mechanic can use the tap and drill gage to select quickly the tap
drill size for the tap to be used (Figure 2-31). The correct tap drill
leaves enough stock to cut a full thread without breaking the tap;
thus, uncertainty of result and much time can be saved.

Thickness or Feeler Gage
There are many varieties of thickness, or feeler, gages on the market.
A thickness gage (Figure 2-32) consists of a number of thin steel
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Figure 2-31 Tap and drill gage. (Courtesy L. S. Starrett Company,)
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Figure 2-32 Thickness gage. The leaves of these gages include the
most used sizes in automotive work. (Courtesy Lufkin Rule Company,)
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leaves, which vary by thousandths of an inch. The leaves may be
used singly or in groups. They enable the mechanic to form any
desired thickness, within the limits of the tool. Standard thicknesses
range from 0.0015 to 0.0135, by thousandths of an inch.

Thickness (or feeler) gages are used extensively for setting igni-
tion points, spark gaps, and valve tappets, and for checking ring
clearances, piston clearances, etc. They are extremely valuable to
the machinist and toolmaker for a variety of purposes.

Another form of thickness gage, the feeler stock (Figure 2-33), is
also available. Feeler stock is accurate, high-grade, uniformly
tempered, thickness gage stock. The size or thickness is marked on
each piece in large, easily read figures. Feeler stock can be used in
the same manner as the common thickness gage.

Figure 2-33  Feeler stock or thickness gages. (Courtesy Lufkin Rule Company,)

Wire Gage

The American Standard Wire Gage for nonferrous metals is shown
in Figure 2-34. This gage is especially useful for electricians and
others to gage sheets, plates, and wire made from the nonferrous
metals (such as aluminum, brass, and copper). The decimal equiva-
lents are stamped on the back of the gage.

Table 2-1 illustrates the various standards for wire gages. Stub’s
[ron Wire Gage is commonly known as the Birmingham gage and
designates the Stub’s soft-wire sizes. Stub’s Steel Wire Gage is used
to measure drawn steel wire or drill rod.
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Figure 2-34 American Standard Wire Gage. It is generally standard

for nonferrous metals such as copper, brass, and aluminum.These gages

are useful for gaging sheets, plates, and wire. (Courtesy LS. Starrett Company,)

U.S. Standard Gage for Sheet and Plate Iron and Steel
The U.S. Standard Gage for sheet and plate iron and steel is the rec-
ognized commercial standard in the United States for uncoated sheet,
plate iron, and steel (Figure 2-35). It is based on weight in ounces per
square foot. The decimal equivalents are on the back of the gage.

Effects of Temperature and Weight

on Precision Tools

The larger micrometers are more sensitive to temperature changes
than are the smaller sizes of micrometers. Where accurate measure-
ments are to be taken with a large micrometer, the instrument
should be tested with a pin gage for correct adjustment. In very
large micrometers (24 inches to 36 inches), the micrometer, while
being tested, should be held in the same position in which it is to be
held when taking the measurement.

The weight of the frame of a micrometer may cause a variation in
readings of the instrument. When using the larger micrometers in cold
weather, it is also necessary to use a piece of waste or cloth between the
hand and the frame. The heat transmitted from the hand may cause
the frame to spring out of shape and cause a variation in readings.
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& U.S.STANDARD GAUGE
FOR SHEET AND PLATE
IRON AND STEEL.

No. 283. o
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Figure 2-35 United States Standard Gage. This recognized
commercial standard in the U.S. is used for uncoated sheet, plate iron,
and steel. It is based on weights in ounces per square foot. Decimal
equivalents of each gage number are stamped on the reverse side.
(Courtesy LS. Starrett Company.)

Care should be taken not to press the two ends of the frame of
large micrometers together. If this does occur and the effect is tested
with a dial indicator of large-scale amplification, the importance of
handling precision tools lightly may be demonstrated to a mechanic.

Electronic Caliper Depth Gages

Electronics make it easier to read the calipers inasmuch as interpre-
tation is unnecessary with a digital readout. The electronic caliper
depth gage is shown in Figure 2-36. It uses a liquid crystal display
(LCD) to present the measurement in graduations of 0.0005 inch or
0.01 millimeter. It also has the option to convert from inches to mil-
limeters. The zero-set button for zero can be set at any position in
the range. The outside jaws measure up to 1.6 inch while the inside
jaws are limited to 0.700 inch. Power is furnished by one silver
oxide battery, which lasts for one year.

The electronic depth gage shown in Figure 2-37 can be used to
measure diameters, depths, clearances, keyways, recesses, cross
bores and groove widths. The digital readout is easy to read. All the
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sliding and measuring surfaces have been lapped to within 0.001 mm
to give smooth movement without play, with constant contact pres-
sure for accurate measurements. Repeatability is 0.01 millimeter or
0.000S5 inch.

Another advantage of this model is its RS 232 serial output for
hookup to an interface for a computer and printer. The inch/mm
button instantly changes from inch to millimeter readings. You can
set the gage to zero in any position and read in either direction with
the correct sign displayed. There is no need to add or subtract val-
ues. Input the information with the appropriate sign and read off
the final result. The instrument has four different heads: groove-
measuring head, depth-measuring head, cross-bore-measuring
head, and universal measuring head. One of the main advantages of
this type gage is its design with industrial environments in mind. It
is not subject to wear and requires no maintenance. Figure 2-38
shows the groove head, depth head, cross-bore head and universal
head in use. Two models are available with 0- to 8-inch (200 mil-
limeters) and 0- to 16-inch (400 millimeters) capabilities.
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Groove Head: Both contacts on the Depth Head: Measure standard
same plane for measuring grooves, depth, depth in small areas and
shoulders. offsets.
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Crooss-Bore Head: Measure cross-  Universal Head: Use with any

bores. Use the preset to compensate standard or custom probe with

for the diameter of the ruby ball. M 2.5 threads.

Figure 2-38 Using the electronic depth gage with its groove head,
depth head, cross-bore head,and a universal head. (Courtesy The Dyer Compary)
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Electronic Digital Micrometer

Some people have trouble reading a micrometer and handling the
necessary math associated with the accuracy the device provides.
The electronics field has expanded its reach to this area and provides
the beginner or the person with difficulties reading a conventional
micrometer an answer to the problem. The LCD screen is easily
readable and the accuracy is the same as for the mechanical device.

The digital micrometer shown in Figure 2-39 is similar to the
standard mechanical one, except that it reads out in decimals.
There are a number of extra features with the LCD model. It has
both inch and millimeter readings with the snap of a switch. It has
a long-lasting, 3-volt (up to one year) battery and gives you the
same accuracy as a standard mechanical micrometer with an auto-
matic off after 30 minutes of non-use. The electronics unit can
switch instantly from inches to millimeters, saving a lot of time and
etfort when making conversions. It also has a HOLD button for
making sure the reading is available until properly eliminated by
the operator. It has the ability to set minimum and maximum limits
and the output data can be fed into a PC.

Figure 2-39  Electronic digital micrometer. (Courtesy LS. Starrett Company,)

Summary

Many accurate measuring tools are used in the machine shop.
Machinist measurements must be done with a much greater degree
of precision than is required for many other lines of work. The
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measuring tools most commonly used are micrometers, verniers,
calipers, protractors, indicators, and gages.

The word “micrometer” indicates a precision instrument for
small measurements since “micro” means “extremely small” and
“meter” is the unit of measurement in the metric system. The
micrometer is a device that relies on the screw threads of its design
to make extremely accurate measurements.

Micrometer calipers can be adjusted to compensate for wear.
Some mechanics change a micrometer setting quickly by holding
the sleeve and swinging the frame around several times. The vernier
has ten divisions on the sleeve that occupy the same amount of
space as nine divisions on the thimble. The difference between the
width of one of the ten spaces on the vernier and one of the nine
spaces on the thimble is one-tenth of a division on the thimble, or
one-tenth of a thousandth of an inch, which is one ten-thousandth
of an inch.

Vernier calipers have a graduated blade and an adjustable
tongue. The bar of the calipers is graduated in fortieths (0.025
inch), with every fourth graduation being numbered to represent a
tenth of an inch. The vernier scale is divided into 25 divisions, num-
bered 0, 5, 10, 20, and 25. The 25 divisions on the vernier scale
occupy the same space as 24 divisions on the bar.

A bevel protractor is an instrument equivalent to a bevel, but
with an added protractor. It adapts to all kinds of work in which
angles are to be laid out. They are available with or without a
vernier. The universal bevel protractor with a vernier is graduated
in degrees throughout the entire circle. The dial of the protractor is
graduated both to the right- and left-hand sides of 0° to 90°. Twelve
graduations on the vernier scale occupy the same space as 23
degrees on the protractor dial. Each vernier graduation is Y12° (or §
minutes) shorter than 2 graduations on the protractor dial.

A dial indicator is an instrument for indicating size differences,
rather than making measurements, as the dial indicator ordinarily
is not used to indicate distance. It is useful in combination with a
micrometer to measure exact distances.

A gage is often erroneously considered to be any measuring
instrument. A gage is a fixed device that establishes a particular
dimension, but is not a measuring device. It can be a surface gage
used for testing planed surfaces or a height gage used to measure or
mark off vertical distances from a plane surface. The depth gage is
another accurate instrument used for vertical measurements. It is
very important in making jigs and fixtures. The snap gage is used
for both internal and external dimensions.



60 Chapter 2

The plug gage is called a go and not go gage. It has double ends,
and has a go end and a nof go end (that is, when the work is at the
correct size, one end of the gage will slip into it, but the other end
will not). A ring gage is a standard cylindrical gage (male and
female). The ring, or external gage, is a bored ring. It is also called
a collar gage. These gages can be made to both go and not go
dimensions.

Taper gages are made of metal and have a graduated taper. There
are two types of taper gages. One has a tapered thickness, and the
other type has a tapered width. The center gage is a small tool fea-
turing the standard angle (60°) for both lathe centers and for thread-
ing tools for the American National Standard screw threads. The
screw-pitch gage is used to determine the number of threads per
inch, or pitch, of a screw or nut. It consists of a holder with a num-
ber of thin blades that have notches cut on them representing differ-
ent numbers of threads per inch. The tap and drill gage is used to
select a tap drill size quickly for the tap to be used. The correct tap
drill leaves enough stock to cut a thread without breaking the tap.

The thickness or feeler gage comes in a variety of types. A thick-
ness gage consists of a number of thin steel leaves, which vary by
thousandths of an inch. The leaves may be used singly or in
groups. They enable the machinists to form any desired thickness
within the limits of the tool. The wire gage is called the American
Standard Wire Gage for nonferrous metals. This gage is especially
useful for electricians and others to gage sheets, plates, and wire
made from the nonferrous metals (such as aluminum, brass, and
copper). The decimal equivalents are stamped on the back of the
gage. Stub’s Steel Wire Gage is used to measure drawn steel wire or
drill rod.

The larger micrometers are more sensitive to temperature
changes than are the smaller sizes of micrometers. Where accurate
measurements are to be taken with large micrometers, the instru-
ment should be tested with a pin gage for correct adjustment.

Review Questions

I. Explain how to read a micrometer.
2. How is a vernier caliper used?

3. Describe the difference between bevel protractor and the uni-
versal bevel protractor.

4. How 1s the dial indicator used?

5. Name a few gages that are used by the machinist.



18.

19.
20.
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. Precision measurements are generally written in decimals and

read in thousandths and of an inch.

. What type of frame does a micrometer caliper have?
. What does a bevel protractor do?

. What is the purpose of a dial indicator?

10.
1.
12.
13.
14.
I5.
16.
17.

Define what a gage does.

What is a snap gage?

For what is a plug gage used?

How are ring gages used?

What does the screw-pitch gage measure?

How is the wire gage used?

What is the other name for Stub’s Iron Wire Gage?

How does the size of a No. 3 wire compare in an American or
Brown & Sharpe gage and the U.S. Standard Gage for Sheet
Metal & Plate Iron & Steel?

What effect does temperature and weight have on precision
tools?

What does the term micrometer indicate?
What is a vernier?






Materlals

To facilitate efficient shop operations, every machinist and metal
worker should have a general knowledge of the nature and proper-
ties of the materials with which he or she works.

Materials are generally classified as metallic or nonmetallic.
Metallic materials are subdivided into a nonferrous category (such
as copper, aluminum, or titanium) and a ferrous category (such as
iron, steel, or various alloys). Nonmetallic materials include inor-
ganic materials (such as ceramics, glass, and graphite) and organic
materials (such as wood, rubber, and plastics).

Properties

A material is said to possess certain properties that define its char-
acter or behavior under various conditions.

Desirable Properties

Both static strength and dynamzc strength are desirable properties
in any material. Low cost is always desirable. Especially in the cast-
ing process, low cost may determine the material to be used, even
though it may have some poor characteristics. For example, in cast
metals, the following characteristics are desirable:

* Low melting temperature
Good fluidity when melted

]

¢ A minimum of porosity

8

Low reduction in volume during solidification (shrinkage)

Definition of Properties
Following are frequently used terms for expressing the properties of
metals:

e Brittle—Breaks easily and suddenly with a comparatively
smooth fracture; not tough or tenacious. This property usu-
ally increases with hardness. The hardest steel is the most brit-
tle, and white cast iron is more brittle than gray iron. The
brittleness of castings and malleable work is reduced by
annealing and/or tempering.

63
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¢ Cold short—The name given to a metal that cannot be
worked under the hammer, or by rolling, or that cannot be
bent when cold without cracking at the edges. Such a metal
may be worked or bent at a high heat, but not at a tempera-
ture that is lower than dull red.

o Cold shut—In foundry work when, through cooling, the
metal passing around the two sides of a mold does not prop-
erly unite at the point of meeting.

e Ductile—FEasily drawn out, flexible, pliable. Material (such as
iron) is “ductile” when it can be extended by pulling.

e FElastic limit—The greatest strain that a substance can endure
and still completely spring back to the original shape when
the strain is released.

e Fusible—Capable of being melted or liquified by the action of
heat.

e Hardness—The ability to resist penetration or scratching.

* Homogeneous—Of the same kind or nature; as applied to
boilerplates, homogenous means even-grained. In steel plates,
there are no layers of fibers, and the metal is as strong one
way as another.

e Hot short—More or less brittle when heated (such as hot-
short iron).

e Melting point of a solid—The temperature at which solids
become liquid or gaseous. All metals are liquid at tempera-
tures more or less elevated, and they turn into gas (or vapor)
at very high temperatures. Their melting points range from
39° below zero Fahrenheit (F) (the melting, or rather the
freezing, point of mercury), up to more than 3000°.

* Resilience—The act or quality of elasticity; the property of
springing back, or recoiling, upon removal of a pressure (as
with a spring). Without special qualifications, the term is
understood to mean the work given out by a spring or piece
(stressed similarly to a spring) after being stressed to the
extreme limit within which it may be stressed repeatedly with-
out rupture or receiving permanent set.

* Specific gravity—The weight of a given substance relative to
an equal bulk of some other substance, which is taken as a
standard of comparison. Water is the standard for liquids and
solids; air or hydrogen for gases. If a certain mass is weighed
first in air and then in water, and the weight in air is divided
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by the loss of weight in water, the result is the specific gravity.
For example, the weight of a 10-pound piece of cast iron sus-
pended from a scale pan in a bucket of water is 8.6 pounds.

Dividing 10 by the difference (10 minus 8.6, or 1.4), the spe-
cific gravity of cast iron is 7.14.

e Strength—Power to resist force; solidity or toughness; the
quality of bodies by which they may endure the application of
force without breaking or yielding.

e Tensile strength—The greatest longitudinal stress a substance
can bear without tearing apart.

e Toughness—Having the ability to absorb energy without fail-
ure; capable of resisting great strain; able to sustain hard
usage. Material (such as iron) is said to be “tough” when it
can be bent first in one direction, and then in the other, with-
out fracturing. The greater the angle it bends (coupled with
the number of times it bends), the tougher it is.

Metals

A metal is any chemical element (such as iron, gold, or aluminum)
that, when in a pure state and dissolved in an acid solution, carries
a positive charge and seeks the negative pole in an electric cell.
Metals are generally good conductors of heat and electricity, and
are generally hard, heavy, and tenacious.

Ferrous Metals
The ferrous metals are those materials that contain iron. The machin-
ist has long been concerned with the useful properties of iron.

Iron
Pure iron (ferrite) is a relatively soft element of crystalline structure.
Pure iron solidifies at 2782°F, the temperature remaining at that
point for a very short period of time, depending on the rate of cool-
ing and the mass of the metal. Then, the temperature drops to
1648°F, where another pause occurs. On further cooling to 1416°F,
the temperature again remains constant for a short time. No further
pauses occur as it is cooled from 1416°F to atmospheric temperature.
Certain changes take place in pure iron as it cools. Pure iron can
exist in four solid phases that have different physical characteris-
tics. Following are forms of pure iron:

* Alpha iron—This iron is soft, magnetic, and incapable of dis-
solving carbon. Alpha iron occurs between atmospheric tem-
perature and 1416°FE.
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e Beta iron—This phase of iron is feebly magnetic at the higher
temperatures and nonmagnetic at the lower end of the range.
It is intensely hard and brittle, and has almost no action on
carbon. Beta iron occurs when it is heated from 1416°F to
1648°F.

¢ Gamma iron—In this phase, the iron readily takes up carbon,
especially as temperature increases. If gamma iron is cooled
quickly past the critical point, the passage of the hard gamma
iron to the soft alpha iron is retarded. The iron is then in an
unstable hardened condition, ready to pass into the soft alpha
form of iron.

The presence of many foreign substances (such as carbon,
nickel, and manganese) seems to help gamma iron resist pass-
ing into alpha iron. Thus, hard gamma iron is more stable and
permanent at lower temperatures.

On the other hand, the presence of chromium, tungsten, alu-
minum, silicon, phosphorus, arsenic, and sulfur facilitates the
passage of hard beta iron to the soft alpha form. As to hard-
ness, gamma iron lies between that of alpha iron and beta
iron. Gamma iron occurs between the temperatures of

1648°F and 2554°F.

* Delta iron—This form of iron has very little use. The liberation
of heat at 2554°F indicates that, in changing from the delta to
the gamma phase of iron, the internal structure of the metal
has changed. The appearance of a critical point at 2554°F indi-
cates that iron is in different states both above and below that
point. Delta iron occurs between 2554°F and 2782°F.

Pig iron is a compound of iron with carbon, silicon, sulfur, phos-
phorus, and manganese. The carbon content of pig iron is from 2 to
4.5 percent. This occurs in two forms, partly in solution or com-
bined and partly distributed throughout the mass in the form of
graphite or uncombined carbon.

Cast iron generally cannot be formed and shaped by pressure, or
rolled or drawn into shapes that are useful. It is remelted pig iron.
The carbon content is over 2 percent, which indicates that it is not
malleable at any temperature. Cast iron is widely used in industry
for castings. Following are four types of cast iron:

* Gray cast iron—This is the kind most used in ordinary cast-
ings. This soft cast iron contains a high percentage of graphite,
which renders it tough with low tensile strength. It breaks with
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a coarse-grained dark or grayish fracture. The color is caused
by the presence of flattened flakes of graphite scattered
throughout the material. If the flakes of graphite are large and
numerous, the tensile strength is low. The size and amount of
graphite flakes are determined by their formation during solid-
ification. If solidification occurs rapidly, less carbon will sepa-
rate as graphite. Therefore, there will be increased hardness
because of increased amounts of combined carbon. Gray cast
iron contains 2.5 to 3.5 percent carbon.

o White cast iron—Iron of somewhat lower carbon content
(2.0 to 2.5 percent) is called white iron. This iron completely
retains its combined carbon throughout the casting. Therefore,
graphite is not formed, resulting in a casting of extreme hard-
ness and brittleness. Where hardness is desired and brittleness
can be tolerated, white cast iron can be used for machine
parts.

If some graphite formation has occurred, darker patches
appear in the white iron. This indicates reduced hardness in
those areas. Such an iron is called mottled iron.

o Malleable cast iron—Where it is desirable that complicated
parts of a machine be ductile, malleable cast iron may be used
rather than forged parts. Malleable cast iron castings may be
bent or distorted (within the limits of the material) without
breaking.

Castings are made of hard, brittle, white cast iron and
annealed (that is, converted into malleable iron). In the
annealing process, the excess carbon is eliminated by heating
in an extended heat treatment of about 1650°F for several
hours. The carbon in the form of graphite i1s absorbed, con-
verting the cast iron into a form of steel.

o Wrought iron—By definition, wrought iron 1s a low-carbon
steel containing a considerable amount of slag. It differs from
steel in the method of manufacture in that it is not entirely
molten. It contains 1 to 2 percent of slag. White iron is used
to produce wrought iron. The impurities are removed by the
puddling process.

The presence of sulfur causes wrought iron to be brittle or “red
short” when hot. The presence of phosphorus causes the iron to be
“cold short” at ordinary temperatures. Wrought iron softens and
welds at 1600°F. It can be forged at still lower temperatures.
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Steel

This is a general term that describes a series of alloys in which
iron is the base metal and carbon is the most important added
element. The simple steels are alloys of iron and carbon, contain-
ing no other elements, and ranging from 0 to 2.0 percent carbon.
The “pure” steels (iron and carbon alloy) have never been made
In quantity.

The commercial plain carbon steels contain manganese as a third
alloying element, and small quantities of silicon, phosphorus, sul-
fur, and traces of other elements. The term plain carbon steel is used
for steels containing from a few hundredths of a percent carbon to
1.4 percent carbon. The properties depend on both the carbon con-
tent and the heat treatment.

Low-carbon steels are ordinarily used either in the “rolled” con-
dition or in the annealed condition, while high-carbon steels are
used where extreme hardness is desired. Increasing the content of
steel up to a certain percentage increases its strength. Beyond that
point the strength decreases. For example, mild steel containing 0.1
percent carbon has a tensile strength of about 50,000 pounds per
square inch. A carbon content of 1.2 percent increases the tenacity
to nearly 140,000 pounds per square inch, which is probably the
limit for carbon steel. A 2.0 percent carbon content gives it a tensile
strength of about 90,000 pounds per square inch. A further gradual
increase in carbon content causes the material to rapidly acquire
the characteristics of cast iron.

Plain carbon steels seldom contain more than 1.4 percent carbon.
A carbon content of 2.0 percent is the theoretical upper limit.
Various elements other than carbon are added to give steel its desired
properties. The effects of adding these elements are as follows:

* Phosphorus enhances the hardness of steel and makes it better
able to resist abrasion. Steel high in phosphorus is weak
against shocks and vibratory stresses. Thus, phosphorus is
considered a harmful impurity in steel boilerplates.

* Sulfur interferes with the shaping and forging of steel because
it increases the brittleness of steel while hot, making it “red
short.” Sulfur content of steel should not exceed 0.02 to 0.05
percent.

* Manganese increases the strength, hardness, and soundness of
steel. If a considerable proportion of manganese is present,
steel acquires a peculiar brittleness and hardness that makes it
difficult to cut. It has a neutralizing effect on sulfur.
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» Nickel increases both the strength and toughness of steel.
e Aluminum improves the soundness of ingots and castings.

e Vanadium renders steel nonfatigable. It gives great ductility,
high tensile strength, and high elastic limit, making the steel
highly resistant to shocks.

Vanadium steels contain 0.16 to 0.25 percent vanadium.
These steels are specially adapted for springs, car axles, gears
subjected to severe service, and for all parts that must with-
stand constant vibration and varying stresses.

Vanadium steels containing chromium are used for many
automobile parts (such as springs, car axles, drive shafts, and
gears). Most chrome-vanadium steels contain 0.20 to 0.60
percent carbon. Many heat-treated forgings are made from
these steels.

* Molybdenum is sometimes specified for high-speed steel.
Molybdenum steel is suitable for large crankshafts and pro-
peller shafts, large guns, rifle barrels, and boilerplates.

High-speed steel is so named because it can remove metal faster
when used for cutting tools, as in the lathe. The high-speed steel
retains its hardness at higher temperatures. Such tools may operate
satisfactorily at speeds that cause the edges to reach a red heat.

These steels contain 12 to 20 percent tungsten, 2 to 3 percent
chromium, usually 1 to 2 percent vanadium, and sometimes
cobalt. The carbon content is within rather narrow limits (usu-
ally 0.65 to 0.75 percent). The most used steel is referred to as
18-4-1 steel, which means that its content is 18 percent tungsten,
4 percent chromium, and 1 percent vanadium. Another favorite
is 14-4-2 steel. Steels containing 18 percent tungsten are best for
most purposes, but steels lower in tungsten content are somewhat
cheaper.

Stainless steel resists oxidation and corrosion when correctly
heat treated and finished. It is not absolutely corrosion-resistant.
Stainless cutlery and surgical and dental instruments contain 12 to
14 percent chromium.

Cast steel used in steel castings 1s stronger than cast iron. Steel
castings made of stainless steel resist oxidation at temperatures up
to 1800°F or higher, depending on the chromium content.

Cast steel does not pour as sharply as iron. The shrinkage for
steel castings is greater than that for iron castings because of the
high temperature of pouring the steel.
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Nonferrous Metals

Nonferrous metals are metals other than iron. In addition to the
metals already mentioned, the important nonferrous metals are
copper, zing, tin, antimony, lead, and aluminum.

Copper

C(I))gper is one of the most useful metals in its pure form and in its
various alloys (such as brass or bronze). Copper has a brownish-red
color and is both ductile and malleable. It is very tenacious and one
of the best conductors of heat and electricity.

Pure copper melts at 1980°F; commercial copper melts at
1940°F. The strength of copper decreases rapidly with a rise of tem-
perature above 400°F; its strength is reduced to about half between
800° and 900°F. The heat conductivity of copper is greater than
that of all other metals, except silver. It i1s also similar to silver in
electrical conductivity.

Zinc

In the form of ingots, zinc is called spelter. Zinc is brittle at ordinary
temperatures; it 1s ductile and malleable between 212° and 300°F,
and it again becomes brittle at 410°F,

Zinc is used for lining cisterns and for coating iron water pipes or
sheet iron for making cisterns. When the water with which it comes
in contact is soft and contains a slight acid, the metal is gradually
corroded or eaten away. Zinc tarnishes when exposed to moist air
and is corroded when in contact with soot and moisture. Zinc is
used for eaves, gutters, and so on. When rolled into thin sheets, zinc
is useful on roofs because of its lightness and ease of handling.

Tin

The melting point of tin is 450°F. It is ductile and easily drawn into
wire at 212°F (the boiling point of water). Tin has a low tenacity,
but it is very malleable and can be rolled into very thin sheets. Tin
is used as a protective coating for iron and copper. It is also used for
lining lead pipes designed for conveying drinking water because of
its high resistance to tarnishing when exposed to air and moisture.

Antimony
Antimony is a hard brittle metal that resembles tin. It combines

readily with other metals, forming alloys that are extensively used
commercially.

Lead

Other metals have largely replaced lead in the plumbing industry.
Lead is the heaviest of the common metals; it melts at 621°F. Lead
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is soft enough to be cut with a knife. It is malleable and ductile, but
compared with other metals, it is not a good conductor of heat or
electricity. Lead has a low tensile strength. It is extensively used to
alloy with other metals for bearings and solders.

Bismuth

This is a remarkable metal because of two properties: Its specific grav-
ity decreases under pressure, and it expands on cooling. The melting
point is about 520°F. Bismuth is frequently used with antimony in
type metals because it fills the molds completely on solidification.

Aluminum
This metal is the lightest of the common metals. Aluminum occurs
in nature in the form of hydrates and silicates, but it is commer-
cially prepared by the aid of electricity from cryolite and bauxite.
The metal 1s not corroded by atmospheric influences or fresh
water, and also resists nitric acid. However, it is decomposed by
alkalies in seawater and by dilute sulfuric acid. Aluminum is mal-
leable, ductile, and a good conductor of heat and electricity.
Thermal expansion of aluminum is slightly more than twice that of
steel and cast iron.

Refractory Metals

Tantalum, tungsten, and molybdenum are commonly called refrac-
tory metals because their melting points are above 3632°F
(2000°C). Because of their high melting points and their reactivity
at extremely high temperatures, these metals are produced by pow-
der metallurgy rather than by smelting. Hydraulic presses compact
the metal powders to form bars of suitable size and shape for fur-
ther processing. The bars are fragile and resemble chalk when they
are removed from the press. However, they are made into strong
metal by the sintering process, which consists of heating the bars in
furnaces from which the air i1s excluded. This causes the particles of
powder to fuse together without actually melting, and starts a regu-
lar metallic crystal growth.

Improvement and development of forming, fabricating, and
welding techniques have increased the use of these metals. Examples
of these achievements are drawn seamless tubing and the adaptation
of the inert gas arc welding process to make welding of tantalum
and molybdenum relatively easy.

Tungsten and Molybdenum
The most extensively used metals of the ten refractory metals are
tungsten and molybdenum. Tungsten has the highest melting point
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of all the metals. Most of the uses of these two metals are due to
their high melting points and their ability to retain strength and
stiffness at high temperatures.

Electronic tubes use tungsten for filaments, heaters, anodes, and
seals through glass; molybdenum is used for grids, anodes, and sup-
port members. Tungsten and molybdenum are used for electrical
contacts in automotive ignition, vibrators, telegraph relays, and
other devices in which the contact parts are in practically continu-
ous service. The pure metals may be used in contacts, but they may
be used in combination with silver or copper to form metals having
high arc-resisting qualities.

Tungsten is the principal ingredient of Fansteel 77 Metal, a
heavy material that approaches tungsten in density but is easily
machinable. Fansteel 77 Metal is used for rotors, flywheels, balance
weights, and other rotational control parts where maximum weight
or inertia, accompanied by high strength, is required for installa-
tions with limited space.

Both tungsten and molybdenum are used as heating elements in
electric furnaces where working temperatures of 1600° to 2000°C
are required. This i1s above the range of nickel-chrome alloys.
Siliconized coating has been developed to permit the use of molyb-
denum heating elements up to 3000°F (1650°C) .

Tungsten electrodes are used to maintain the arc in inert gas of
atomic hydrogen welding. Consumption of tungsten electrodes is
very low because of the high melting point and low vapor pressure
of the metal when used in helium, argon, or hydrogen atmospheres.

Tungsten and molybdenum heating elements are used in vacuum
equipment for deposition of thin metallic or nonmetallic coatings
by vaporization. Products coated in this manner are mirrors, televi-
sion tubes, headlight reflectors, photographic lenses, and many sim-
ilar items.

Tungsten and molybdenum are available in square and rectangu-
lar bars, sheet and plate, rods, wire, and metal powder.
Molybdenum seamless tubing is available in a wide range of diam-
eters and wall thicknesses. Tungsten carbide powder is also avail-

able.

Tantalum
Tantalum is an element best known for its almost complete resis-
tance to corrosion and chemical attack. Very few acids have even
the slightest effect on tantalum.

Tantalum has the ability to immobilize residual gases in elec-
tronic tubes at high temperatures. Other desirable properties for
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this purpose are its high melting point, low vapor pressure, thermal
expansion, and ease of fabrication.

A third important property of tantalum is its ability to form
highly stable anodic films. This action, combined with immunity to
the corrosive action of electrolytes, is the basis of tantalum recti-
fiers, arresters, and electrolytic capacitors.

Columbium is a sister metal and occurs in the same ores with
tantalum. It has properties generally similar to tantalum, although
in a lesser degree.

Most of the metals with high melting points tend to be brittle and
difficult to form or fabricate. Tantalum and columbium are excep-
tions. They are as malleable and ductile as mild steel, and all drawing,
rolling, and forming operations are performed with the cold metal.

Because of its easy workability and its immunity to corrosion,
tantalum has been widely used for surgical implants in the human
body. Sutures are made of braided or monofilament wire. Severed
nerves are repaired with fine wire and foil. Tantalum plate is used
to repair skull injuries, and woven tantalum gauze is used in hernia
operations.

Tantalum capacitors have long been used in telephone service,
and the recent trend toward miniature components, along with the
advent of television and other electronic applications, has greatly
increased the use for tantalum capacitors. These capacitors are
made from either sheet or foil.

Tantalum and columbium are available as square or round bars,
rods, sheet and plate, foil, wire, powder, and as carbides. Tantalum
tubing is available in a wide range of diameters as seamless, butt-
welded, or seam-welded.

Tantalum equipment is recommended for operations involving
chlorine or its compounds, including hydrochloric acid. It will not
react with bromine, iodine, or other compounds. It has extensive
use with sulfuric or nitric acids, hydrogen peroxide, and a large
number of other acids, organic or inorganic compounds, and salts
under conditions in which any other metal would be corroded
quickly or would contaminate the purity of the processed material.

Nonferrous Alloys

A nonferrous alloy is a mixture of two or more metals containing
no iron. The result of such a mixture is generally a mechanical mix-
ture, but it may be combined chemically. With respect to properties,
the mixture may be regarded as forming a new metal. The number
of possible alloys is unlimited. Some of the more important alloys
are considered here.
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Brass

There are many varieties of brass. It is a yellow alloy composed of
copper and zinc in various proportions. Small percentages of tin,
lead, and other metals are included in some varieties of brass. In
general, the composition of brass is determined by its desired color.
The percentage of zinc in the various varieties of brass is as follows:
red (5 percent), bronze color (10 percent), light orange (15 per-
cent), greenish yellow (20 percent), yellow (30 percent), and yel-
lowish white (60 percent).

Brass may be classified as (1) high brass or (2) low brass, mean-
ing that the alloy has a high or low percentage of copper. The so-
called brasses contain 30 to 40 percent zinc, being suitable for cold
rolling. The low brasses contain 37 to 45 percent zinc and are suit-
able for hot rolling.

The commercial brasses are given various degrees of hardness by
cold rolling, being designated as quarter-hard, half-hard, and full-
hard. Tensile strength is variable, according to composition and
treatment.

Bronze

Bronze is a nonferrous alloy of copper and tin. Many special bronzes
have other ingredients. The greater the proportion of tin above 5 per-
cent, the more brittle the alloy becomes.

Bronze is used instead of brass in some instances because of its
better appearance and greater strength. A 1 to 6 percentage of tin is
specified for bronze that is to be rolled cold and drawn into wire. If
it is to be worked at red heat, 6 to 15 percent tin is specified. The
percentages of tin specified for the following uses are machine
parts, 9 to 20; bell bronze, 20 to 30; and art bronze, 3 to 10. There
are a number of special bronzes i s phosphor manganese,
gun, and tobin bronze, the properties of which differ, adapting
them to special uses.

Aluminum

Although there is no limit to the number of alloys of aluminum that
could be produced, commercial manufacturing considerations require
that the number of alloys be as small as possible to provide the neces-
sary combinations of properties to meet the needs of industry.

The elements commonly used in the production of casting alloys
of aluminum are copper, silicon, magnesium, nickel, iron, zinc, and
manganese. The strength of aluminum may be increased by addition
of proper amounts of some of these elements. For example, alloys
containing magnesium in suitable proportions, as the hardener, are
even more resistant to corrosion than the aluminum-silicon alloys
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Aluminum alloy castings are poured both in sand molds and in
permanent metal molds. In addition, certain alloys are cast in pres-
sure die-casting machines, which also use metal molds or dies.
Permanent molds, or dies, are practical only where a large number
of identical castings are required. The minimum number that will
justify the production of a metal mold, or die, varies greatly with
the nature of the casting.

Babbitt Metal

Discovered in 1839 by a goldsmith from Boston named Issac
Babbitt, Babitt metal is an alloy of tin, antimony, and copper. The
United States granted Babbitt $20,000 for the right to use his
formula in government work, and Massachusetts Charitable
Mechanics Association awarded him a gold medal in 1841. Babbitt’s
formula 1s a good one. Unfortunately, competition and high-priced
materials have encouraged adulteration, and the genuine formula is
not always followed unless the alloy is subject to chemical analysis.

Other Nonferrous Alloys
Some of these alloys are used for special purposes in industry.

Monel metal is an alloy of copper and nickel and a small per-
centage of iron. Its melting point is 2480°F, and it may be forged at
165° to 1100°FE. An important use for monel metal is in ship pro-
pellers.

Muntz metal is an alloy containing 60 percent copper and 40
percent tin. It can be used for purposes in which a hard sheet brass
is desirable.

Tobin bronze is an alloy containing 58 to 60 percent copper,
about 40 percent zinc, and a small percentage of iron, tin, and lead.
Its tensile strength is about 60,000 pounds per square inch.

Delta metal is similar in composition and properties to Tobin
bronze.

White metal is a term applied to various alloys containing
mainly zinc and tin, or zinc, tin, and lead. It is used for bearings.

Tantung is a trade name for a series of alloys that have great
hardness, strength, and toughness, and resistance to wear, heat,
impact, corrosion, and erosion, even at extremely high tempera-
tures. These alloys are composed chiefly of cobalt, chromium, and
tungsten, with either tantalum or columbium carbide and other
components added. A carbide of either tantalum or columbium
imparts a low coefficient of friction, a self-lubricating action which
minimizes wear.

One of these alloys, Tantung G, is widely used in tipped lathe
tools and milling cutters, as well as in solid bits. It is available in
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rods and bars that can be used as tool bits or converted into
punches, rollers, drills, and other special tools or wear-resisting
parts.

Nonmetals

A plastic is a nonmetallic material that can be readily molded into
intricate shapes. There are hundreds of plastic products on the mar-
ket, and new plastic products are being developed continually.

Bakelite was one of the early products, and is used for many pur-
poses. It is a phenol resinoid and has high mechanical resistance.

Formica is a laminated plastic product having many uses. It can
be purchased in almost any size and shape desired—tubing, bars,
rods, sheets, and so on.

Many other plastic products are on the market (such as acetate,
vinyl, nylon, polyethylene, Teflon, and many others). All of these
products have properties that adapt them to either a specific item or
a variety of items.

Tests of Materials

A material’s purpose determines the kinds of properties that the
material must possess. Steel used in construction of bridges,
buildings, and certain types of machines should possess strength,
toughness, and elasticity as desirable proper-
ties. In some kinds of tool manufacture, a high
degree of hardness, in addition to strength and
toughness, may be required. The mechanical
properties of metals may be changed by using
alloy elements and by heat treatment. Specific
O/AREAA tests have been devised to evaluate the proper-

ties of metals so that materials can be selected
wisely.

P ARG

Elasticity and Plasticity
These two properties are similar in that they
both indicate deformation of a material under

S load. Elasticity is the property that permits a
T l material to be deformed under a load, but
causes 1t to return to its original shape when the

W load is removed (Figure 3-1).
Figure 3-1 Plasticity is similar to elasticity in that the
Application of ~ material is deformed under load, but the material
stress to a retains some of the deformation after the load has

metal rod. been removed (Figure 3-2). This indicates that the
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elastic limit of the material has been w2
exceeded.

Stress and Strain
Stress 1s the load per unit area

. REDUCED CROSS-SECTIONAL
(pounds per square inch). If the AREA AS A RESULT OF
weight (W) has caused the metal rod PLASTIC DEFORMATION
to stretch a small amount, indicated
by dl, the rod will return to its origi-
nal length (L) when the weight is
removed if the metal has elasticity.
However, if the bar is longer than the "
original length after the weight has T
been removed, the metal has exhib-
ited plasticity (Figure 3-1). W

If W is increased fugther and Figure 3-2 A metal rod
causes a reduced cross-sectional area
in the rod, the rod may break at this
point. Thus, strain is the deformation
per unit of length (measured in inches
per inch) that results from a given stress (Figure 3-2).

This relationship between stress and deformation is known as
the elastic limit. There is an elastic limit for all materials—a point
beyond which complete recovery after stressing is not possible.
Thus, the material is permanently deformed.

stressed beyond the elastic
limit.

Tensile Strength

Testing machines for tensile strength have been designed so that
gradually increasing loads may be applied to the material, together
with apparatuses for measuring the corresponding deformation.
Some of these machines automatically plot the relationship between
stress and strain.

Ductility
The percent elongation is a measure of ductility. This property is
the ability of a metal to permit plastic elongation.

Toughness

Toughness is the ability of a metal to assume deformation without
rupture. Medium-carbon steel has a higher degree of toughness
than high-carbon steel. However, the maximum strength of high-
carbon steel is greater than that of medium-carbon steel.
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Hardness

Hardness is a property that predicts the behavior of the tested
material. There are three main types of hardness: penetration hard-
ness, wear hardness, and rebound hardness.

Commercial hardness testers are widely used for testing metals.
They are widely used for inspection and correlation with other
properties (such as plasticity, toughness, and tensile strength), and
in the specifications of materials for a definite purpose or use.

Portable Hardness Tester

The new Starrett portable hardness tester is an advanced, integrated
unit with a very compact size, high accuracy, a wide measuring
range, and simplicity of operation (Figure 3-3). It is ideal for testing
the hardness of all metals in many areas of industry. It combines a
universal impact device and a data processor in a single unit. With
the ability to “plug and play” optional impact devices, this unit can
effectively test any combination of material, size, or shape. It auto-
matically computes at Vickers, Brinell, Rockwell, and Shore hard-
ness values. Statistical mean value is automatically provided. It is
battery-powered with a built-in D impact probe with an internal
tungsten carbide test tip. Parts can be checked at any angle with
highly accurate results, and then the data are placed in archives. It
has an error modification function and automatic shut off.

Brinell Hardness Test
The Brinell hardness tester (Figure 3-4) has been widely used. A
10-mm hardened steel ball is pressed into the material under a
hydraulic load. Depending on the material being tested, a measured
load (3000-kilogra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>