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Preface

The purpase of this bock is to assist the worker in
becoming familiar with the fundamentals of metal-
working; to provide reference material that may be
of the broadest use, both to beginner and apprentice
alike; as an expert in the machine or school shop; or
as a home mechanic.

Craftsmanship in metalworking is a combination
of knowledge of how to use tools and skill with the
hands. Unsortunately, there is no magic shortcut to
craftsmanship. No book could possibly give you all
the tricks of the trade or the skill of the old master
craftsman. These must be learned from practice at
the bench and at the machine, through the sense of
touch, familiarity with the tools themselves, and
through endless trials and errors that teach the better
ways of doing every single thing. On the other hand,
books can supply the all-important source of knowl-
edge for the mastery of basic principles--and later
for broadening skills, the techniques and procedures
upon which master craftsmanship is built.

The Metalworking Handbook . . . Principles and
Procedures . . . explains the specific purposes, correct
use, and proper care of metalworking hand- and
power-driven tools for cutting, shaping, and drilling
metals.

Several chapters deal with metals and plastics;

measuring tools; metalworking hand tools; sheet
metalworking machines, working with metal, solder-
ing; riveting; sheet metal fasteners; metal spinning;
metalworking power tools; lavout and benchwork,
machine tool controls; tools and die making; and
lubrication and coolants. Other chapters cover the
fundamental principles and operations of various
types of metalworking machines.

The numerous illustrations and diagrams through-
out this book should prove unusually helpful in com-
prehending the text. The many tables throughout the
book should be of value even after the text becomes
familiar.

The workers in metals and materials worthy of the
most exacting skill may well enjoy a constant and
enduring pride and satisfaction in their life’s work.
Their work is an occupation that has steadily and
rapidly increased in value tc industry, to the com-
munity, and to the nation today, and is sure to play
an even more important role in the future,

The Metalworking Handbook . . . Principles and
Procedures . . . has been produced with the con-
viction that it will be a welcome and valued aid to
the many thousands who have desired a book of this
type on the subject.

J. T. A.




Chapter 1

Metals and Plastics

To choose the metals and plastics best suited for
fabrication or repair, vou must have a knowledge of
the phvsical and mechanical properties of materials
and know the methods of identifying materials that
are not clearly marked. For instance, stainless steel
and copper-nickel are quite similar in appearance,
but completely different in their mechanical prop-
erties, und cannot be used interchangeably. A ther-
mosetting plastic may look like a thermoplastic, but
the former is heat resistant, whereas the latter is
highly flammable.

Properties of Maierials

The physical properties of a metal or a plastic de-
termine its behavior under stress, heat. and exposure
to chemicallv active substances. In practical appli-
cation, behavior of a material uncer these conditions
determines its mechanical properties, indentation,
and rusting. The mechanical properties of a material.
therefore, are important considerations in selecting
material for a specific job. The foliowing information
concerns metals. Plastics are discussed later in this
chapter.

Stress is the amount of internal force with which
a material resists a change in shape. Strain is the de-
formation or change in shape that is caused by an
applied load.

Strength is the property of a material which en-
ables it to resist strain when stress is applied. The
maximum stress applied to rupture the material is
called ultimate strength. Under tension stress (pull-
ing apart} it is called tensile strength; under com-
pression sirvess, it is called compressive strength.
Tensile strength (Fig. 1), which is the commonly
used strength term for metal, is measured in pounds
of tension force necessary to cause failure of a one-
square-inch cross section of the material. In engi-

neering construction, each part is designed so that
the working stress of the material is much less than
the breaking stress. The ratio of ultimate strength of
a part o its working stress is called the factor of
safety. A factor of safety less than 4 to 1 is uncom-
mon; in many cases it may be as great as 15 or 20
to 1.

Ara =k
o !“ - '\.| L=

Figure 1. Tensile strength,

Plasticity is the ability of a material to withstand
extensive permanent deformation without breaking
or rupturing. Note the use of the word permanent
here. The term plastic deformation is used to indi-
cate a permanent change of shape. Modeling clay is
an example of a highly plastic material, since it can
be deformed extensively and permarently without
rupturing.

Ductility (Fig. 2) is the ability of a material to
permanently deform without rupture under tensile
loads. Malleability {Fig. 3) is the ability of a mate-
rial to permanently deform without rupture under
compression loads.

Figure 2. Ductility.
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",

Figure 3. Malleability.

The properties known as ductility and malleability
are special caces of plasticity. Ductility is the prop-
erty that makes it possible for a material to be drawn
out into a thin wire; in other words, it is the prop-
ertv that enables the material to withstand extensive
permanent deformation from fension. Malleability is
the property that makes it possible for a material to
be stamped, hammered, or rolled into thin sheets. In
other words, a malleable material is one that can
withstand extensive permanent deformation from
compression,

Most metals that exhibit one of these properties
also exhibit the other. However, this is not always
true. For example, lead is very malleable (it can be
permanently deformed in compression without break-
ing ), but it is not ductile (it cannot be permanently
deformed in tension to any great extent).

Brittleness (Fig. 4) is the tendency of a material
to break suddenly with little or no prior deformation.
Hard materials often are brittle, although a metal
may be hard and still not be brittle. An example of
a brittle material is hard cast iron. On the other hand,
tungsten tool steel is hard but not brittle.

Figure 4. Brittleness.

Toughness is the quality that enables a2 material to
withstand shock, to endure stresses, and to be de-

formed without breaking. A tough material is not
easily separated or cut and can be bent first in one
direction and then in the opposite direction without
fracturing.

Hardness (Fig. 5) of metal is generally defined as
its ability to resist indentation, abrasion or wear,
and cutting. Hardness of metals is usually associated
with strength.

Figure 5. Hardness.

Fatigue is the action which takes place in a metal
after a repetition of stress. When a sample is broken
in a tensile machine, a definite load is required to
cause that fracture. However, the same material will
fail under a much smaller load if that load is applied
and removed many times. In this way, a shaft may
break after months of use even though the weight of
the load has not been changed. The pieces of such
a part will not show any sign of deformation. The
mating areas of the section that fractured last will
usually be quite coarse-grained, while the mating
areas of other sections of the break will show signs
of having rubbed together for quite some time.

Corrosion resistance is the ability of a material to
withstand surface attack by the atmosphere, fluids,
moisture, and acids. Some metals are highly resistant
to practically all types of corrosive agents, others to
some types of corrosive agents, and still others to
only very few types of corrosive substances. Some
metals, however, can be made less susceptible to
corrosive agents by ceating or by alloying with other
metals that are corrosicn resistant.

Heat resistance is the property of metal which re-
tains strength or hardness at high temperatures. This
is particularly true of some types of alloy steels. A
metal that retains its strength or hardness at elevated
temperatures is called heat resistant. Tungsten steel
( which, even when red-hot, can be used to cut other
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metals) and chromium molybdepum steel { which is
used for piping and valves in high temperature, high
pressure steam systems) are examples of heat-
resistant metals.

Althcugh weldability and machinability are not
strictly properties, in the sense of the other prop-
erties discussed, they are important practical con-
siderations in the fabrication or repair of any metal
part. Weldability refers to the relative ease with
which a metal may be welded. Machinability is the
term used to describe the ease with which a metal
ma> be turned, planed, milled, or otherwise shaped
in the shop. Some metals are not easilv machined
because they are too hard. Some soft metals are not
easily machined because they are too tough. Both
weldabilitv and machinability are reallv based upon
the combination of other properties of the material
vather than being properties in themselves.

There are no hard and fast rules that can be used
in determining the machining characteristics of a
metal. Many factors, such as the composition of the
metal, the manufacturing process, and heat treat-
ment, can have considerable effect on the machin-
abilitv of a metal. For example, an increase of one of
the elements in the composition can increase or de-
crease machining characteristics; differences in tem-
peratures and rates of cooling used in heat treatment
can change the metal from hard to soft, or vice versa.
Hot or cold working or casting in the manufacturing
process can change the machinability characteristics
by changing the internal structure of the metal.

Metals

Metals are divided into two general types—ferrous
and nonferrous. Ferrous metals are those whose ma-
jor element is iron. Iron is the basis for all steels.
Nonferrous metals are those whose maior element is
not iron, but they may contain a small amount of
iron as an impurity.

Ferrous Metals

Iron ore, the basis of all ferrous metals, is con-
verted to metal (pig iron) in a blast furnace. Alloy-
ing elements can later be added to the pig iron to
obtain a wide varietv of metals with different char-
acteristics. The characteristics of metal can be further
changed and improved by heat treatment and by hot
or cold working,.

IRCN ORE
LIMESTONE
GOKE

GASES

fa PREHEATED
L 2
UEHE AR BLAST

BTN [ gy 0
P16 IRON

Figure 6. Blast furnace.

Irons

The product of the blast furnace (Fig. 6) is called
pig iron. In early smelting practice, the arrangement
of the sand molds into which the molten crude iron
was drawn resembled groups of nursing pigs, hence
the name.

Pig iron, which is composed of approximately 93
per cent iron, 3 to 5 per cent carbon, and varying
amounts of impurities, is seldom used directly as an
industrial manufacturing material. It is used as the
basic ingredient in making cast iron, wrought iron,
and steel.

Cast IroN. Cast iron is produced by resmelting a
charge of pig iron and scrap iron in a furnace and
removing some of the impurities from the molten
metal by using various fluxing agents. There are
many grades of cast iron as to strength and hardness.
The quality depends upon the extent of refining, the
amount of scrap iron used, and the method of cast-
ing and cooling the molten metal when it is drawn
from the furnace. The higher the proportion of scrap
iron, the lower the grade of cast iron. Cast iron has
some degree of corrosion resistance and great com-
pressive strength, but at best the metal is brittle and
has a comparatively low tensile strength, and ac-
cordingly has verv limited use in marine service.

WroucHt Iron. Wrought iron is a highly refined
pure iron which has uniformly distributed particles
of slag in its composition. Wrought iron is consid-
erably softer than cast iron and has a fibrous internal
structure, created by the rolling and squeezing given
to it when it is being made. Like cast iron, wrought
iron is fairly resistant to corrosion and fatigue. Be-
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cause of these characteristics, wrought iron is used
extensively for low pressure pipe, rivets, and nails.

Plain Steels

Pig iron is converted into steel by a process which
separates and removes impurities trom the molten
iron by use of various catalytic agents and extremely
high temperatures. During the refining process, prac-
tically all of the carbon originally present in the pig
iron is burned out. In the final stages, where high
carbon alloys are desired, measured amounts of car-
bon are added to the relatively pure liquid iron to
produc> carbon steel of a desired grade. The amount
of carhon added controls the mechanical properties
of the finished steel to a large extent, as will be
pointed out in the following paragraphs. After the
steel has been drawn from the furnace and allowed
to solidify, it mav be sent either to the stockpile, or
to shaping mills for rolling and forming into plates,
billets, bars, or structural shapes.

Plain steels that have small additions of sulfur
i and sometimes phosphorus) are called free cutting
steels. These steels have good machining character-
istics and are used in applications similar to carbon
steels. Addition of sulfur are phosphorus results in
limiting its abilitv to be formed hot.

Low Carsox SterrL. Low carbon steel {0.05 to
0.030 per cent), usually referred to as mild steel, can
be easily cut and bent and does not have great ten-
sile strength, as compared with other steels.

Mgeprunt Careon SteeL. Medium carbon steel {0.30
to 0.60 per cent carbon) is considerably stronger
thar mild carbon steel. Heat treated machinery parts
are made of this steel.

Hicn Carpon Steer. High carbon steel (0.60 to
1.25 per cent) is used for many machine parts, hand
tools, and cutting tools, and is usually referred to as
ciarbon fool steel. Cutting tools of high carbon steel
should not be used where the cutting temperature
would exceed 400 degrees.

Alloy Steels

The steels previously discussed are true alloys of
iron and carbon. When other elements are added to
iron during the refining process, the resulting metal
is called alloy steel. There are many tvpes, classes,
and grades of alloy steel. A few of the more common
alloy steels and the effects of certain alloying ele-
ments upon the mechanical properties of stee! are
discussed briefly below.

Corrosion resistant steel (commonly called stain-
less steel) is an alloy which contains relatively large
amounts of chromium and nickel. Corrosion resistant
steel resi ts corrosion, attack by acid, and scaling. Tt
is classified by the Society of Automotive Engineers
as either a chromium J."O\ or a chromium nickel
alloy.

NickeL STeeL. Nickel steel, which usually contains
3 to 5 per cent nickel, has superior strength and
toughness and is often used for armor plate.

Vanapiom Steer. Vanadium steel (usually con-
taining from 0.15 to (.25 per cent vanadium) is used
for crankshafts, axles, gears, and other machine parts
where high strength and fatigue resistance is de-
sired.

Canson-MoLyepenuMm STEEL,  Molybdenum, in
combination with chromium and nickel, is added to
steel to produce a tough carbon-molvbdenum steel
(CMo} suitable for steam fittings, valve bodies, and
boiler plates. It is also used in place of the more ex-
pensive tungsten for the cheaper grades of high
speed steel cutting tools.

Hicu Speep SterL (HS). High speed steel has the
quality of red-hardness. Cutting tools made from the
various types of HS steel can be used up to, and
after, the time the point has become a dull red, or to
a temperature of approximately 1100 degrees. There
are several different tvpes of HS steels, some of
which are listed in this chapter.

Tuncsten Base Sreers. Tungsten base steels are
one of the most common types used. Though the
percentages may vary with different grades, one
common type is the T1. It is composed of 18 per
cent tungsten, 4 per cent chromium, and 1 per cent
vanadium.

MoryspENUM Base SteELs. Molvbdenum base
steels are similar to tungsten base steels, except that
some of the tungsten is replaced with molybdenum.
One of the common types is the M2; it is composed
of 5 per cent molybdenum, 6 per cent tungsten, 4
per cent chromium, and 2 per cent vanadium.

Nonterrous Metals

Copper, nickel, lead, zinc, tin, and aluminum are
included among the nonferrous metals. These metals,
and the many combinations in the form of alloys
such as brass, bronze, copper-nickel, and so on, are
used in large amounts in construction and mainte-
nance.

Correr. Copper is a metal which lends itself to a
variety of uses. It comes in the form of wire, rod,




bar, sheet plate, and pipe. Copper is used also in
copper alloys such as brass and bronze. As a con-
ductor of both heat and electricity, it ra'ks next to
silver. It also offers a high resistance to salt water
corrosion. The green tarnish which sometimes forms
on its surface has a detrimental effect upon the metal
and is easily cleaned off.

Copper becomes hard when worked, but can be
softened easily by heating to a cherry red and then
cooling, Its strength increases rapidlv with temper-
atures above 400°F

Pure copper is normally used in molded or shaped
forms where machining is not required. Copper for
normal use generally is alloved with an element
which provides good machmablht\ characteristics.

NickeL. Nickel is a hard, malleable, and ductile
metal. It is resistant to corrosion and therefore is
oftear used as a coating on other metals. Combined
with uther metals in an allov, it makes a tough strong
alloy.

Lrap. Lead weighs about 700 pounds per cubic
foot. 1t is available in pig and sheet form. Sheet lead
is used to line sinks or protect bench tops where a
great deal of acid is used. The surface of lead is
gravish in color, but when it is scratched or scraped,
it becomes verv white. Because of its softness, a lead
block is often used as a backing material when
punching holes with a hollow punch, or for bump-
" or hammering sheet metal forms. When lead is
=+ oved with tin in various proportions to form soft
solders, vou have one of the most commonly used
allovs of nonferrous metals.

Zixc. Zinc is 2 comparatively soft, vet somewhat
brittle metal. Its tensile str ength is shghtl\ greater
than that of aluminum. In the manufacture of brass,
zinc is used as an alloving metal. copper being the
base metal. Because of its resistance to corrosion,
zinc is used as a protective coating for less corrosion
resistant metals, principally iron and steel. There are
three methods of applving a 2-~.c coating: (1)} Elec-
tropiating in a zinc-ac.d solution; (2) hot dipping,
where the metal is dipped into a bath of molten
zing; (3) <herardizing, where zinc is reduced to a
gaseous state and deposited on the base metal.

Tix. Tin is seldom used except as an alloving in-
gredient. Alloyed with lead it makes a soft solder.
and alloyed with copper, it produces bronze. Tead
and tin both resizt corrosion verv well, but tin has
the added advantage of being nonpoisonous. Many
fond containers are fabricated from sheet material
which has been coated with tin.

AvrvmiNes. Aluminum is being used more and
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more in construction because of it “zht weight.
easy workability, good appearance, and other desir-
able properties. Pure aluminum is soft and not verv
strong. When alloving elements such as magnesium,
copper, nickel, and silicon are added, a much
stranger wnets! is produced. Aluminum allovs can he
strain hardeoed, solution heat treated, and age
hardened, ex .er artificiallv or naturally.

True Brass. True brass is an alloy of copper and
zinc. Complex brasses are those containing additional
agents, such as aluminum, lead, iron, manganese, or
phousphorus.

Brass is classified as leaded and unleaded, meaning
that small amounts of lead may or may not be used
in the copper-zinc mixture. The addition of lead im-
proves the machinability of brass.

Broxze. Bronze made of 84 per cent copper and
16 per cent tin was the best metal available before
steel making techniques were developed. Although
bronze was originally an alloy of copper and tin,
many complex bronze allovs containing three or
more elements have been developed. There is no dis-
tinct line between brass and bronze. In fact, com-
mercial bronze (used for hinges and other hard-
ware) is reallv a low brass containing 90 to 95 per
cent copper and 5 to 10 per cent zinc.

CorPER-NIckeL ArrLoy, Copper-nickel alloy has
come into its own in recent years, because of its high
resistance to the corrosive effect of salt water. It is
used in piping and tubing. in sheet form, you may
use it to construct small storage tanks and hot-water
reservoirs, Copper-nickel alloy may contain either
"™ per cent  per - d 30 per cent nickel or 90 per
cent copper and 10 per cent nickel. This alloy must
be worked cold, although it has the general working
characteristics of copper. Copper-nickel is best joined
by the silver soldering process.

Nicker-Coprer ALroys. Nickel-copper alloys are
stronger and harder than either nickel or copper.
They have a high resistance to corrosion and are
strong enough to be substituted for steel where cor-
rosion resistance is of primary importance. Probably
the best known nickel-copper alloy is “Monel” metal.
Monel contains 64 to 68 per cent nickel, about 30 per
cent copper, and small percentages of iron, man-
zanese, silicon, and cobalt. It is actually a natural
alloy, because the combination of nickel and copper
exists in the ore when mined and is retained in the
refining process.

K-MonEeL. “K-Monel” is essentially= the same as
“Monel,” except that it contains about 3 per cent
aluminum, and is harder and stronger than other
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grades of Monel. K-Monel stock is very difficult to
machine, but its machinabilitv can be improved con-
siderably by annealing the metal immediatelv before
machining.

Designations and Markings

Knowledge of the standard designations of metals
and the svstems of marking metals is necessary so
that vou can select the proper material for a specific
job. The standard designations discussed in this
chapter are index numbers that are used to indicate
the composition of the various metals. The two ma-
jfor svstems used for iron and steel are those of the
Societv of Automotive Engineers (SAE) and the
American tron and Steel Institute { AISI). The Alu-
minum Association method is used for aluminum.
Other nonferrous metals are desiginated by the per-
contage and tvpes of elements in their composition.

Franots Merar Desicxatioxs. You should be fa-
unliar with the svstem of steel classification used by
SAE and AISI These systems are in cominon use and
utilize a four- or five- d:glt number to indicate the
composition of the steel. The one major difference
between the two systems is that the AISE svstem uses
a letter before the number to show the process used
in the making of the steel. The letters used are as
follows: B—Acid Bessemer carbon steel; C—Basic
open-hearth or basic electric furnace carbon steel;
and E—Electric furnace allov steel.

Example
SAE 10 20
AlSI C 10 20
1 1 t
Basic Open- Plain Carbon  Carbon
Hearth Carhon Steel Content
Steel
The first digit indicates the tvpe of steel: 1 stands

for carhon steel: 2 is nickel steel: 3 is nickel-
chromium steel; 4 is molvhdenum steel; 3 is chro-
mihum steel; 6 is chromium-vanadium steel; 8 is “Na-
tional Emergency” steel; and 9 is silicon-manganese
steel. ( The group identified as “National Emergency”
steel, numhber 8 in the SAE/AIST svstems, includes
various  low alloy  nickel-chromium-molvbdenum
steels developed durmg World War Il Much of the
allov content of these steels can be derived from
scrap alloy, thus conserving the supply of allov ma-

terials. These steels are retained in most steel classi-
fications today.)

The second digit in the SAE/AISI number indi-
cates the series within the group indicated by the
first digit. The term series in this connection uuall\
refers to the percentage of the chief alloving ele-
ment. Sometimes the second digit gives the actual
percentage of the chief alloving element. In other
cases, however, the second digit mayv be used to
indicate the relative position of the series in the
group, without reference to the actual percentage.
The last two or three digits indicate the average car-
bon content of the steel. In order to make the various
steels fit into this classification it is sometimes nec-
essary to vary the system slightly. These variations
are easilv understood if you understand the system
(See the following examples. )

(1) SAE 1035. The first digit is 1. so this is a
carbon steel. The second digit, 0, indicates that there
is no other important alloving element, therefore,
this is a plain carbon steel. The next two digits, 35,
indicate that the average percentage of carbon in
steels of this series is 0.35 per cent. The actual car-
bon percentage in this series ranges from 0.32 to
0.38.

{(2) SAE 1146. This is a carbon steel (first digit)
with an average manganese content of 1.00 per cent
{second digit) and an average carbon content of
0.46 per cent. The 1100 series of steels are known
as free cutting steels.

(3) SAE 4017. The first digit, 4, indicates that this
is a molybdenum steel. The second digit, 0, indicates
that there is no other equally important alloying cle-
ment; therefore, this is a plain molybdenum steel.
The last two digits, 17, indicate that the average car-
bon content is 0.17 per cent.

Other series within the molybdenumn steel group
are indicated by the second digit. If the second digit
is 1, the steel is chromium-molybdenum steel. If the
second digit is 3, the steel is a nickel-chromium-
molybdenum steel. If the second digit is 6, the steel
is a nickel-molvbdenum steel. In such cases, the sec-
ond digit does not indicate the actual percentage of
the alloving elements other than molvhdenum

{(4) SAE 51100. This number indicates a chro-
mium steel {first digit) with approximately 1.0 per
cent chromium (secend digit) and an average car-
bon content of 1.00 per cent (last three digits). The
actual chromium content of SAE 51100 steels mav
vary from 0.5 to 1.10.

(5) SAE 52100. This number indicates a chromium
steel (first digit} of a higher allov series (second
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digit } than the SAE 51100 steel previousiy described.
Note that in this case the second di git, 2. merely
identifies the series but does not mdtcate the per-
centage of chromium. A 52100 steel would actually
have from 1.30 to 1.60 per cent chromivim with an
average carbon content of 1.00 per cent {last three
digits }.

There used to be a TO00 series SAE steel. but
under a new svstem it is no longer used. The current
commonly used tool steels have been classified bv
the American Iron and Steel Institute inio seven ma-
jor groups and each commonly accepted group or
subgroup has been assigned an alphabetical letter.
Methods of quenching. applications. special char-
acteristics. and steels for particular industries were
ered in the following tvpe classification of tool

Crroup Svmbol and tvpe

wWater hardening W
Shock resisting S

0—0il hardening
A—Medium alloy
D—High carbon—high

chromium

H—(H1to H 19 inck
chromivm base, H
20 to H 39 incl.
tungsten base, H40
to H59 incl. molyb-
denum hase )

Cold work

Hot wark

_ . T—Tungsten base
High speed { M—Molvbdenum base
L—Low allov

Special
pecial purpose F—Carbon tungsten

P e

Mold steels P

NoxrErrous Merar DEesienatioxs.  Nenferrous
metals are generallv grouped according to the alloy-
ing elements. Examples of these groups are brass,
bronze, copper-nickel, and nickel-coppe:. Specific
designations of an alloy are described by the amounts
and chemical symbols of the alloying elements. For
example, a copper-nickel alloy might be deseribed
as copper-nickel, 70 Cu-30 Ni. The :(} Cu represents
the percentage of copper and the 30 Ni represents
the percentage of nickel.

Common alloying elements and their chemical
symbols are as follows.

Aluminum — — — Al
Carbon — — - C
Chromium ~ — — Cr
Cobalt — — — Co
Copper — - — Cu
Tron — — — Fe

Lead —— —Fb
Manganese — — — Mn
Molybdenum — — — Mo
Nickel — —~ — Ni
Phosphorus — —- — P
Silicon — — — Si
Sulphur — — — 8§

Tin — — — Sn
Titanium — — — Ti
Tungsten — — — W
Vanadium - — — 'V
Zinc — — —Zn

In addition to the type of designations previously
described, a trade name (such as Monel or Inconel )
is sometimes used to designate certain alloys.

The Aluminum Association uses a four-digit des-
ignation system similar to the SAE/AISI system de-
scribed for steels. The numerals assigned with their
meaning for the first digits of this system are as
follows.

Aluminum (99.00 per cent minimum and

greater) Ixxx
Major Alloying Element

Copper Zxxx
Manganese 3xxx
Silicon dxxx
Magnesium 3xxx
Magnesium and Silicon Bxxx
Zine Txxx
Other element 8xxx

The first digit indicates the major aloying element,
and the second digit indicates alloy modifications or
impuritv limits. The last two digits identify the par-
ticular alloy or indicate the aluminum purity.

In the 1xxx group for 99.00 per cent minimum alu-
minum, the last two digits indicate the minimum
aluminum percentage to the right of the decimal
point. The second digit indicates modifications in
impurity limits. If the second digit in the designation
is zero, it indicates that there is no special control on
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individual impurities. If it is 1 through 9. it indicates
some special control of one or more individual im-
purities. As an example, 1030 indicates a 99.30 per
cent minimum aluminum without special control on
individual impurities, and 1130. 1230. 1330, and so
on indicate the same purity with special control of
one or more individual impurities.

Designations having the numbers 2 through § are
aluminum ailovs. In the 2xxx through 8xxx allov
groups. the second digit in the designation indicates
allov modification. The last two of the four digits in
the designation have no special significance but serve
onlyv to identifv the different allovs in the group.

In addition to the four digit allov designation, a
letter or letter/number is included as a temper des-
ivnation. The temper designation follows the four
digit allov: number and is separated from it by a
dush. For example, 2024-T6 is an aluminum-copper
allov, solution heat treated, then artificiallv aged. T6
is the temper designation. The aluminum allov tem-
per desigpations and their meanings are as follows.

F — As fabricated
O — Annealed and recrvstallized
{ wrought onlv }
H — Strain hardened { wrought only)
H1, plus one or more digits,
strain hardened only
H2, plus one or more digits,
strain hardened then partially
annealed
H3, plus one or more digits,
strain hardened then
stahilized
W — Solution heat treated—unstable
temper
T — Treated to produce stable tempers
otherthan F, O, or H
T2 Annealed (cast only)
T3 Solution heat treated, then
cold worked
T4 Solution heat treated and
naturally uged to a substantially
stable condition
T5  Artificiallv aged only
T& Solution heat treated, then
artificially aged
T7 Solution heat treated, then
stabilized
T8 Solution heat treated. cold
worked, then artificially

aged

T9 Solution heat treated, artificially
aged, then cold worked
T10 Artificially aged, then cold worked

Note that while some temper designations apply
onlv to wrought products and others only to cast
products, most apply to both. A second digit may
appear to the right of the mechanical treatment, in-
dicating the degree of hardening: 2 is 1/4 hard, 4
is 1/2 hard, 6 is 3/4 hard, and 8 is full hard. For
example, the allov 5456-H32 is an aluminum/
magnesium alloy, strain hardened. then stabilized,
and is 1/4 hard.

Stanparp MarkinG oF MeTars. The metal mark-
ings described in this section include the color svm-
bols used for nonferrous metals.

Continuous Identification Marking

The purpose of the continnous identification mark-
ing system is to provide a means for positive identi-
fication of metal products even after some porticns
have been uscd. In the continuous identification
marking system, the markings appear at intervals of
not more than three feet. Therefore, if vou cut off
a piece of bar stock, the remaining portion will still
carry the proper identification. Some metals such as
small tubing, coils of wire, and small bar stock can-
not be marked readily bv this method. On these
items, tags with the required marking information
are fastened to the metal.

The continuous identification marking is actually
printed on the metals with a heavy ink that is almost
like a paint.

The manufacturer is required to make these mark-
ings on materials before delivery, Figure 7 shows the
normal spacing and layout.

For metal products, the continuous identification
marking must include (1) the producer’s name or
registered trademark, and (2) the commercial des-
ignation of the material. The producer’s name or
trademark shown is that of the producer who per-
forms the final processing or finishing operation
before the material is marketed. The commercial
designation includes (1} a material designation such
as an SAE number, an AISI number, or an ASTM
(American Society of Testing Materials) specifica-
tion and (2) a physical condition and quality des-
igmation, that is, the designation of temper or other
physical condition approved by a nationally rec-
ognized technical societv or industrial association
such as the American Iron and Steel Institute. Some
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Figure 7. Continuous identification marking.

of the phvsical condition and <uality designations
for various metal products are as follows.

CR — cold relled

CD - cold drawn

HR — hot rolled

AQ - aircraft quality

COQ - commercial quality
1/4H — quarter hard
1/2H — half hard

H — hard

HTQ — high tensile quality
AR — as rolled

HT — heat treated

G — ground

Color Marking

For some vears, a system of color svmbols with a

related color code has been used for the identifi-
cation of nonferrous metals. Although the color
marking system is being replaced by continuous
identification marking, you should still be familiar
with the nonferrous color system. Some of the non-
ferrous stock that vou sbtain is likelv to be marked
with color symbols, since the material marked and
coded under the color system may not be entirelv
used up for several years.

Coror Sympors. The term color symbol reters to
the color marking actually painted on the nonferrous
metal. A symbol is a design composed of one, two,
or three colors aud painted on a conspicuous area
of the picce. When the symbol consists of more than
one color, the colored areas are adjacent to each
other.

There are two types of color svmbols. Spot sviu-
bols that are applied to each end of solid stock that
is at least 3/4 inch in diameter (for round stock) or
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at least 3/-4 inch in the smalles: dimension ¢ for other
shapeg) are also used to n.rk ingets or (‘:ther bulky
pieces. Peripheral svmbols are used primarihv for
tubular stock and for solid stock that is too .snn.i- for
the spot svmbols.
bands around each piece, .1pprn.\;ém;d:ci_\' & inches
from each end. Pieces that are too small for either
spot or peripheral marking mav be bundled and
tagged. In such cases, the spot svmbol should be
eleam marked on the tag.

Pt’lip er ‘1 53 "I‘E?)U}N are 1)&{?}{("({ in

The color svmbols, both spot and peripheral. are
Sl”(}v» n in

Fig. 8. Note that the colors are referred to
;’C’C'OFEL’FC’TE;E and stripe. The primary and
{when used’ form the malor part
-‘"WP When both prin‘ar\' and sec-
1, thev cover areas of the same

ooLors

s of the stripe color In any
area of
iy e secondary color. The terms pri-
u)mfdﬂ; do not refer to anv phvsiecal

S thev merely indicate the relative
el position of the Hrst l_t*ﬂ‘s of the names

ive noticeablv less than the

SRY O

TWO COLGRS

SEiswyY COLUR

F

e & AMetut colo r\\']wI Y

The purpose of applving the color symbol at each
end of the piece is to ensure the presence of one
svinbol even after part of the piece has heen cut off
and used. Do not forget this purpose. I for some rea-
son the identifving svmbol is cut off from both ends.
be surc to renew the color symbol while vou still
know what the material is. Otherwise someone will
be left with the problem of identifving an unmarked
piece of metal.

Coron Cope. The color cpde used for the identi-
fication of nonferrous metals is related to, but is not
the same as, the color symbols just described. The
color svmbols are actual colors p’unted on the metal.
The color code is a method describing these svmbols
in numbers. To have a numerical color code, each
color must be given a number. There are 13 colors
used in the color svmbols, so the numbers used in
the color code are 1 through 13. The colors are ar-
ranged alphabeticallv and then assigned a number.
The color numbers are as follows.

Color Number Code
Black . I
Blue 2
Brouze 3
Brown 4
Dark Blue 3
Green 6
Lead 7
Orange 8
Purple 9
Red 10
Tan ii
White 12
Yellow 13

The color with the lowest number in anv color
svinbo! {that Is, the color name that oceurs first in
this alphabetical arrangement) is alwavs reterred to
as the primary color. In a color code number, the first
digit identifies the primarv color, The other major
coler, therefore. becomes the seconaary color and is
expressed after the primary eolor. When a stripe is
used, its color number is alwavs expressed last.

Here are a few examples. A two-color svmbol com-
pesed of red und green would be called o green-red
symbol, and its color code would be 610, If a blue
stripe is added, the color code would be 6-10-2. Sup-
pose the color svmbol is vellow divided into two
equal areas by a green stripe—the vellow must be
considered as hemg hoth a primary color and a sec-
ondary color. and is therefore written twice, You
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would then call this a yellow-yellow-green svmbol
with a color code of 13-13-6.

Identification of Metals

The various base metals, such as iron, copper, lead.
zine, and aluminum have certain identifving char-
acteristics—surface appearance and weight—by which
persons who work with or handle these materials
readily distinguish them from one ancther. There are
a number of related allovs which resemble each
other and their base metal so closely that thev defv
accurate identification by simple means.

There are other means of identification of metals.
It should be noted that these methods bv no means
provide positive identification and should not be used

in critical situations where a specific metal is desired.
Some of the methods that will be discussed in this
section are magnet tests, chip tests, file tests, acid
reaction tests, and spark tests. In Table 1 you will
find information related to surface appearance mag-
netic reaction, lathe chip test, and file test. The acid
test and the spark test are discussed in more detail
later in this chapter. When performing these tests it
is advisable to have a known sample of the desired
material and make a comparison. When using these
tests you will need good lighting, a strong permanent
magnet, and access to a lathe. A word of caution
when performing these tests: Do not be satisfied
with the results of only one test. Use as many tests
as possible so that you can increase the chances of
making an accurate identification.

TabLE 1
EDENTIFICATION OF hr{ETALS
Metal Surface Appearance |Reaction to a Lathe Chip test Color of freshly
or markings Magnet filed surface
White cast iron Duil gray Strong short, crumbly chips | Silvery white
Gray cast iron Dull gray Strong Short, crumbly chips | Light silvery gray
. Light gray to white Easily cut. smooth .
Aluminum dull or brilliant None long chips White
Bras Yellow to green or Non. Smooth long chips Reddish yellow to
rass brown sone slightly brittle yellowish white
Short crumbly Reddish yellow to
v, J
Bronze Red to brown None chips yellowish white
Copper Smooth; red.brown None Srn_ooth long pliable Bright copper
to green (oxides) chips coler
. Smooth; gray to Smooth, continuous Bright silvery
Copper-nickel yeliow or yellowish None chips white
green
White to gray; Cut by knife, any .
I s h . White
Lead smooth, velvety None shape chip t
. Dark gray; smooth; : Cuts easily. smooth Bright silvery
\ [} El '
Nickel sometimes green Medium continuous chip white
{oxides)
Nickel-copper Dark gray, smooth |Very slight Continuous chip: Light gray
. gray. tough to cut
o Dark gray; may be Varies depending Bright silvery
Plain carbon steel rusty Strong upon carbon content gray
Stainless steel (15-8) Dark gray; dull to None {faint if Varies depending Bright silvery
{25-20) "'Note 1 below'' brilliant; usually severely cold upon heat treatment gray
clean worked)
I Whitish blue. may Easily cut; long .
Zinc he moitled None stringy chips White

Stainless steels that have less than 26 percent

alloying elements react to magnet.
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Spark Test

Spark testing is the identification of a metal by ob-
serving the color, size, and the shape of the sparL
stream given off when the metal is held against a
grinding wheel. This method of identification is ade-
quate for most shop purposes. Where the exact com-
position of a metal must be known, a chemical
analysis must be made. Identification of metals by
the spark test method requires considerable expe-
rience. To gain this experience, vou will need to
practice v comparing the spark stream of unknown
specimens with that of sample specimens of known
composition. It is the practice in many shops to
maintain specimens of known composition for com-
parison with unknown samples.

Froper lighting conditions are essential for good
spark testing practice. The test should be performed
in an area where there is enough light, but harsh or
gluring light should be avoided. In many shops you
may find that a spark test cabinet has been erected.
Generally, these cabinets consist of a box mounted
on the top of a workbench and have a dark painted
interior. Inside the cabinet a bench grinder is
mounted. Test specimens of known composition are
contained in shelves at the end of the cabinet. Where
possible, the testing area should be in such a location
that heavy drafts of air are eliminated. Air drafts
can change the tail of the spark stream and may re-
sult in improper identification of the sample.

Speed and pressure are factors that need to be
considered when making the spark test. The faster
the speed of the wheel, the larger and longer the
spark stream will be. Generally speaking, a suitable
grinding wheel for spark testing is an 8-inch wheel
turning 5600 revolutions per minte (r.p.m.). This
provides a surface speed at 7537 feet per minute.
The pressure of the piece against the wheel has sim-
ilar effects. The more pressure applied to the test
piece, the larger and longer the spark stream. The
test piece should be held lightly but firmly against the
wheel with just enough pressure applied to prevent
the piece from bouncing. Remember that the same
amount of pressure must be applied to the test speci-
men as is applied to the sample being tested.

The grain size of the grinding wheel should be
from 30 to 60 grain. It is very important to remember
that the wheel must be clean at all times. A wheel
loaded with particles of metal will give off a spark
stream of the tvpe of metal in the wheel, mixed with
the spark stream of the metal being tested. This will
result in serious confusion as to the true nature of

the metal. The wheel must be dressed before spark
testing and before each new test of a different metal.

The spark test is made by holding a sample of the
material against a Armdmg_, wheel. The sparks given
oft, or the lack of sparks, assist in ideniifying the
metal. The length of the spark stream, its color, and
the type of sparks are the features for which you
should lock. The definitions of the various terms
used in spark testing are shown in Fig. 9.

SHAFT
SPRIGS
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DASHES
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Figure 9. Meaning of the terms used in spark testing.

The greater the amount of carbon present in a
steel, the greater the intensity of bursting that will
take place in the spark stream. To understand the
cause of the bursts, remember that while the spark is
glowing and in contact with the oxygen of the air, the
carbon present in the particle is burned to carbon
dioxide (CO.). As the solid carbon combines with
oxygen to form CO. in the gaseous state, the increase
in volume builds up a pressure that is relieved by an
explosion of the particle. An examination of the small
steel particles under a microscope when they are cold
reveals a hollow sphere with one end completely
blown away.

Steels having the same carbon content but differ-
ing alloying elements are not always easily iden-
tified because alloying elements affect the carrier
lines, the bursts, or the forms of characteristic bursts
in the spark picture. The effect of the alloying ele-
ment may retard or accelerate the carbon spark, or
make the carrier line lighter or darker in color. Molyb-
denum, for example, appears as a detached, orange-
colored spearhead on the end of the carrier line.
Nickel seems to suppress the effect of the carbon
burst. But the nickel spark can be identified by tiny
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Spark Test

Spark testing is the identification of a metal by ob-
serving the color, size, and the shape of the sparL
stream given off when the metal is held against a
grinding wheel. This method of identification is ade-
quate for most shop purposes. Where the exact com-
position of a metal must be known, a chemical
analysis must be made. Identification of metals by
the spark test method requires considerable expe-
rience. To gain this experience, vou will need to
practice v comparing the spark stream of unknown
specimens with that of sample specimens of known
composition. It is the practice in many shops to
maintain specimens of known composition for com-
parison with unknown samples.

Froper lighting conditions are essential for good
spark testing practice. The test should be performed
in an area where there is enough light, but harsh or
gluring light should be avoided. In many shops you
may find that a spark test cabinet has been erected.
Generally, these cabinets consist of a box mounted
on the top of a workbench and have a dark painted
interior. Inside the cabinet a bench grinder is
mounted. Test specimens of known composition are
contained in shelves at the end of the cabinet. Where
possible, the testing area should be in such a location
that heavy drafts of air are eliminated. Air drafts
can change the tail of the spark stream and may re-
sult in improper identification of the sample.

Speed and pressure are factors that need to be
considered when making the spark test. The faster
the speed of the wheel, the larger and longer the
spark stream will be. Generally speaking, a suitable
grinding wheel for spark testing is an 8-inch wheel
turning 5600 revolutions per minte (r.p.m.). This
provides a surface speed at 7537 feet per minute.
The pressure of the piece against the wheel has sim-
ilar effects. The more pressure applied to the test
piece, the larger and longer the spark stream. The
test piece should be held lightly but firmly against the
wheel with just enough pressure applied to prevent
the piece from bouncing. Remember that the same
amount of pressure must be applied to the test speci-
men as is applied to the sample being tested.

The grain size of the grinding wheel should be
from 30 to 60 grain. It is very important to remember
that the wheel must be clean at all times. A wheel
loaded with particles of metal will give off a spark
stream of the tvpe of metal in the wheel, mixed with
the spark stream of the metal being tested. This will
result in serious confusion as to the true nature of

the metal. The wheel must be dressed before spark
testing and before each new test of a different metal.

The spark test is made by holding a sample of the
material against a Armdmg_, wheel. The sparks given
oft, or the lack of sparks, assist in ideniifying the
metal. The length of the spark stream, its color, and
the type of sparks are the features for which you
should lock. The definitions of the various terms
used in spark testing are shown in Fig. 9.

SHAFT
SPRIGS
FORK
DASHES

\
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Figure 9. Meaning of the terms used in spark testing.

The greater the amount of carbon present in a
steel, the greater the intensity of bursting that will
take place in the spark stream. To understand the
cause of the bursts, remember that while the spark is
glowing and in contact with the oxygen of the air, the
carbon present in the particle is burned to carbon
dioxide (CO.). As the solid carbon combines with
oxygen to form CO. in the gaseous state, the increase
in volume builds up a pressure that is relieved by an
explosion of the particle. An examination of the small
steel particles under a microscope when they are cold
reveals a hollow sphere with one end completely
blown away.

Steels having the same carbon content but differ-
ing alloying elements are not always easily iden-
tified because alloying elements affect the carrier
lines, the bursts, or the forms of characteristic bursts
in the spark picture. The effect of the alloying ele-
ment may retard or accelerate the carbon spark, or
make the carrier line lighter or darker in color. Molyb-
denum, for example, appears as a detached, orange-
colored spearhead on the end of the carrier line.
Nickel seems to suppress the effect of the carbon
burst. But the nickel spark can be identified by tiny
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blocks of brilliant white light. Silicon suppresses the
carbon burst even more than nickel. When silicon is
present, the carrier line usually ends abruptly in a
white flash of light.

To make the spark test, hold the piece of metal on
the wheel in such a manner as to throw the spark
stream about 12 inches at a right angle to your line
of vision. You will need to spend a little time to dis-
cover at just what pressure you must hold the sample
to get a stream of this length without reducing the
speed of the grinder. It is important that you do not
press too hard because the pressure will increase the
temperature of the spark stream and the burst. It
will alse give the appearance of a higher carbon con-
tent than that of the metal actually being tested.
After practicing to get the feel of correct pressure
on the wheel until vou are sure vou have it, select a
couple of samples of metal with w1delv varying char-
acteristics, for example, low-carbon steel and high-
carbont steel. Hold first one and then the other
acainst the wheel, always being careful te strike the
same portion of the wheel with each piece.-With the
eves focused at a point about one-third of the dis-
tance from the tail end of the stream of sparks,
watching only those sparks which cross the line of
vision, vou will find that after a little while you will
form a mental image of the individual spark. After
you can fix the spark image in mind, you are ready
to examine the whole spark picture.

Note that the spark stream is long (about 70
inches normally) and that the volume is moderately
large in low-carbon steel, while in high-carbon steel
the stream is shorter (about 55 inches) and large in
volume. The few sparklers which mav occur at any
place in low-carbon steel are forked, while in high-
carbon steel the sparklers are small and repeating
and seme of the shafts mayv be forked. Both will
preduce a white spark stream.

White cast iron (Fig. 10) produces a spark stream
approximately 20 inches in length. The volume of
sparks is small with many small and repeating
sparklers. The color of the spark stream close to the
wheel is red, while the outer end of the stream is
straw-colored.

AVERAGE STREAM
LENGTH WI{TH POWER

} COLOR -RED
GRINDER-20 IN.

VOLUME « VERY SMALL

SPRIGS -FINER THAN GRAY

COLOR -
STRAW IRON, SMALL AND
YeLLow REPEATING

Figure 10. White cast iron.
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Gray cast iron (Fig. 11) produces a stream of
sparks about 25 inches in length. It is small in vol-
ume, with fewer sparklers than white cast iron. The
sparklers are small and repeating. Part of the stream
near the grinding wheel is red, and the outer end of
the stream is straw-colored.

} COLOR -RED

COLOR -
STRAW YELLOW
;

4
’
’

AVERAGE

STREAM LENGTH
WiTH POWER

GR INDER- 25 IN.

VOLUME =SMALL

MANY SPRIGS,
AND REPEATING

SMALL

Figure 11, Gray cast iron.

The malleable iron spark test (Fig. 12) will pro-
duce a spark stream about 30 inches in length. It is
of moderate volume, with many small, repeating
sparklers toward the end of the stream. The entire
stream is straw-colored.

CoLoOR -
STRAW YELLOW

AVERAGE STREAM
LENGTH WIiTH
POWER GRINDER
30 IN.

VOLUME -MODERATE

LONGER SHAFTS

THAN GRAY I[RGN
ENDING IN NUMEROUS
SMALL, REPEATING
SPR1GS

Figure 12. Malleable iron.

The wrought iron spark test (Fig. 13) produces a
spark stream about 85 inches in length. The stream is
of a large volume with few sparklers. The sparklers
show up toward the end of the stream and are forked.
The stream next to the grinding wheel is straw-
colored, while the outer end of the stream is a
bright red.

Stainless steel (Fig. 14) produces a spark stream
approsimately 50 inches in length, of moderate vol-
ume, with few sparklers. The sparklers are forked.
The stream next to the wheel is straw-colored, while
at the end it is white.
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2@5 ] CoLor-

M { sTrAw YELLoOW
COLOR - ORANGE
AVERAGE
STREAM
LENGTH WITH
POWER
GRINDER-B65 IN, tgig;ﬁswﬁissAm
POWER +GR INDER -
VOLUME -LARGE 10 1w,
LONG SHAFTS SHORT SHAFTS
END ING 1IN WITH NO FORKS
} FORKS AND OR SPRIGS
ARROWL IKE
i APPENDAGES
A \“I Figure 15. Nickel.
[ L COLOR -WHITE _(See Fig. %6 for low-carbon steel sparks. See also
Fig. 17 for high-carbon steel sparks. )
You will find the spark tests easy and convenient
to make. They require no special equipment and are
\ 4 adaptable to most any situation.

Figure 13. Wrought iron.

CoLor.wHITE

1 COLOR -
[ STRAW YELLOW AVERAGE LENGTH
i OF STREAM wWiTH
POWER GR INDER.
STREAM LENGTH W 70 IN,
VARIES wWITH A
T TYPES AND ;
: AMOUNT OF VOLUME -
3 ALLOY CONTENT MODERATELY
) LARGE
SHAFTS MAY \
Lo END IN FORKS, SHAFTS SHORTER CoLOR -wHITE
ggggwga S THAN WROUGHT
. IRON AND IN FORKS
FREQUERNTLY AND APPENDAGES
t gé¥$Eg§EAK AVERAGE
STREAM
SHAFT AND LENGTH
J ARROW. FEW, FORKS BECOME WITH
iF ANY, SPRIGS 4 MORE NUMEROUS POWE R
AND SPRIGS APPEAR GRINDER -
J AS CARBON CONTENT 55 IN
Co&gg- INCREASES '
WH
3
Figure 14. Alloy steel. ( Spark shown is for stainless steel. ) THESE DATA APPLY
ALSO TO CAST STEEL. VOLUME -
Nickel (Fig. 15) produces a spark stream onlv ) . LARGE
about 10 inches in length. It is small in volume and Figure 16. Low-carbon steel.
orange in color. The sparks form wavy streaks with
no sparklers.
Monel metal (Fig. 15) forms a spark stream al- NUMEROUS
most identical to that of nickel, and must be iden- SMALL
tified bv other means. Copper, brass, bronze, and ;g EE AT ING
"vad form no sparks on the grinding wheel, but they SPRIGS

are easily identified by other means, such as color,
appearance, and chip tests. Figure 17. High-carbon steel.
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cid Text

The nitric acid test is the most common test for
metal, and it is used onlv in noncritical situations.
For rapid identification of metal. the nitric acid test
is one of the easiest tests to use and requires no spe-
cial training in chemistry to perform. It is most help-
ful in distinguishing among stainless steel, Monel,
copper-nickel, and carbon steels. The following
safety precautions must be observed when using or
handling acids of any type.

1. Never cpen more than one container of acid at
one time.

2. In mixing, always pour acid slowly into water.
Never pour water into acid because an explosion is
likelv to occur.

3. 1f any acid is spilled, dilute with plenty of water
to weaken it so that it can safely be swabbed up
and disposed of.

4 If an acid is spilled on the skin, wash imme-
diatelv with large quantities of water. Then wash
with a solution of borax and water.

5. Wear clear-lens safety goggles to ensure the de-
tection of the reaction of metal to an acid test which
may be evidenced by a color change, the formation
of a deposit, or the development of a spot.

6. Conduct tests in a well ventilated area.

To perform the nitric acid test, place one or two
drops of concentrated (full strength) nitric acid on
a metal surface that has been cleaned by grinding or
filing. Observe the resulting reaction (if any} for
about two minutes. Then add three or four drops of
water, one drop at a time, and continue observing
the reaction. If there is no reaction at all, the test
material may be one of the stainless steels. A re-
action that results in a brown-colored liquid indicates
a plain carbon steel. A reaction producing a brown to
black color indicates a gray cast iron or one of the
alloy steels containing as its principal element either
chromium, molybdenum, or vanadium. Nickel steel
reacts to the nitric acid test by the formation of a
brown to greenish-black liquid, while a steel con-
taining tungsten reacts slowly to form a brown-
colored liquid with a yellow sediment.

When nonferrous metals and alloys are subject to
the nitric acid test, instead of the brown-black colors
that usually appear when ferrous metals are tested,
various shades of green and blue appear as the ma-
terial dissolves. Except with nickel and Monel, the
reaction is vigorous. The reaction of nitric acid on
nickel proceeds slowly, developing a pale green
color. On Monel, the reaction takes place at about

the same rate as on ferrous metals, but the character-
istic color of the liquid is greenish-blue. Brass reacts
vigorously, with the test material changing to a green
color. Tin bronze, aluminum bronze, and copper all
react vigorously in the nitric acid test with the liquid
changing to a blue-green color. Aluminum and mag-
nesium alloys, lead, lead-silver, and lead-tin alloys
are soluble in nitric acid, but the blue or green color
is lacking.

Heat Treatment

Heat treatment is the operation, or combination of
operations, including heating and cooling of a metal
in its solid state to develop or enhance a particular
desirable mechanical property, such as hardness,
toughness, machinability, or uniformity of strength.
The theory of heat treatment is based upon the
effect that the rate of heating, degree of heat, and
the rate of cooling have on the molecular structure
of & metal.

There are several forms of heat treating. The forms
commonly used for ferrous metals are annealing, nor-
malizing, hardening, tempering, and case-hardening.

ANNEALING. The chief purposes of annealing are
{1} to relieve internal strains, and (2) to make a
metal soft enough for machining. The process is ac-
complished by heating the metal to a high temper-
ature, holding it at this temperature until the grain
structure has been refined, and then allowing it to
cool slowly. Both the temperature of the operation
and the rate of cooling depend upon the metal being
treated, and the purpose for which it is to be used.

Besides rendering metal more workable, annealing
can also be used to alter other physical properties,
such as magnetism and electrical conductivity.
Annealing is often used for softening nonferrous
alloys and pure metals after they have been hardened
by cold work. Some of these alloys require annealing
operations which are different from those for steel.

For ferrous metals, the annealing method most
commonly used, if a controlled atmosphere furnace
is not available, is to place the metal in a cast iron
box, and to cover it with sand or fire clay. Packing
this material around the metal prevents oxidation.
The box is then placed in the furnace, heated to the
proper temperature, held there for a sufficient periocd,
and then allowed to cool slowly in the sealed fur-
nace.

For annealing the more common metals, proceed
as follows.

Cast Iron. Heat slowly to between 1400° and
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1800°F, depending on composition. Hold at the spe-
cific temperature for 30 minutes, and then allow the
metal to cool slowly in the furnace or annealing bhox.

StaiNLess STEEL ( AusTENITIC). For full annealing,
heat to between 1850°F and 2050°F. Cool rapidly.
For partial annealing, heat te between 1600° and
1700°F.

Copper. Heat to 925°F. Quench in water. A tem-
perature as low as 500°F will relieve most of the
stresses and strains.

Zixc. Heat to 400°F. Cool in open, still air.

Arvnawuni. Heat to 750°F. Cool in open air. This
reduces hardness and strength but increases electri-
cal conductivity.

~. keL-CorPER ALLoYs {IxcLuping MoneL]). Heat
to between 1400° and 1450°F. Cool by quenching in
water or oil.

NicweL-Ma v iinon-Iron avp Nicken-MoLys-
pENUNM-CHROMIUM ArLovs (STELLITE). Heat to be-
tween 2100° and 2150°F. Hold at this temperature a
suitable time, depending on thickness. Follow by
rapid cooling in a quenching medium.

Brass. Annealing to relieve stress mav be accom-
plished at a temperature as low as 600°F. Fuller
anneals may be accomplished with increased temper-
atuves. Larger grain size and loss of strength will re-
sult from too high temperatures. Do not anneal at
temperatures exceeding 1300°F. Brass should be
slowly cooled to room temperature. Either wrap the
part with ashestos cloth, or bury in slaked lime or
other heat-retarding material.

Bronze. Heat to 1400°F. Cool in open furnace to
S00°F, or place in a pan to avoid uneven cooling
caused by draft.

NORMALIZING. Normalizing, a process similar to
annealing, is done for a different purpose. Normal-
izing relieves stresses and strains caused by welding,
forging work, and uneven cooling of castings. The
metal is heated from 50° to 100° above its critical
temperature. (See section on hardening.) Then allow
the metal to cool evenly in air.

Harpenine. Cutting tools, chisels, twist drills, and
many other pieces of equipment and tools must be
hardened to enable them to retain their cutting
edges. Surfaces of roller bearings, parallel blocks,
and armor plate must be hardened to prevent wear
or penetration. Metals and allovs can be hardened
in several ways. A brief general description of one
method of hardening follows.

Each steel has a critical temperature at which
there will occur a marked change in the grain struc-
ture and physical properties. This critical temper-

ature varies according to the carbon content of the

steel. To be hardened, steel must he heated to a

little more than this critical temperature—to ensure
that everv point in it will have reached eritical tem-
perature, and to allow for some slight Toss of heat
when the metal is transterred from the furnace to the
cooling medium. It is then cooled rapidly by being
quenched in oil, fresh water, or brinc. Qutnchmg
firmly fixes the structural changes which occurred
under heating, thus causing the metal to remain hard.

If allowed to cool too slowly, the metal will lose
its hardness. On the other hand, to prevent too rapid
quenching (which would result in warping and
cracking}, it is sometimes necessarv to use oil in-
stead of fresh water or salt water for Ligh carbon
and allov steels. Salt water, as opposed to fresh
water, produces greater hardness.

TesperiNG. The tempering process is emploved
as a method of relieving the strains that are brought
about in steel during the hardening process. Tem-
pering makes the metal tougher and less brittle.
Tempering is accomplished by heating the hardened
steel to a temperature below the critical range, hold-
ing this temperature for a sufficient time to penetrate
the whole piece, and then cooling the picce. In this
process, ductility and toughness are improved but
tensile strength and hardness are reduced.

Case HarpEnING. Case hardening is a process of
heat treating bv which a hard skin is formed on
metal, while the inner part remains relatively soft
and tough. A metal that is originallv low in carbon
is packed in a substance high in carbon content. and
heated above the critical range. The case hardening
furnace must give a uniform heat. The length of time
the piece is left in the oven at this high heat deter-
mines the depth to which carbon is absorbed. A com-
monly used method of case hardening is to (1) car-
burize the material (an addition of L;ll’b{)ll during
the treatment ), (2) allow it to cool slowly, (3) re-
heat, and (4) harden in water. Small pieces such as
bolts, nuts, and screws, however, can be dumped
into water as soon as they are taken out of the car-
burizing furnace.

Hardness Tests

A number of tests are used to measure the physical
properties of metals and to determine whether a
metal meets specification requirements. Some of the
more common tests are hardness tests, tensile strength
tests, shear strength tests, bend tests, fatigue tests,
and compression tests. Of primary importance to the
worker are the hardness tests.
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Vast metals possess some degree of hardness, that

the abilitv to resist penetration by another ma-
Mane tests for hardness are used. the simplest

i

seing the file hardness test. While fair estimates of

S5Can 'E)v made bv an experienced workman,
nare Cogisien qnamxt;stzu* measurements are ob-
tained with standard havdness testing equipment.
Such equipment eliminates the variables of size,
shape, and hardaess of the fle seie;ted,_ and of the
speed. pressure. and angles of the file used by a
efore dzscucsmc
£ -tmdm Liai’dnESb

nation to the

workman when condt

fest eguip
the vals

fariless lias bheen defined in va S wWavs: resis-

wion, resistance to abrasion, resistance

and resistance to bending

o
-

Dvowroucht products. Except for resis-

crnctration, these characteristics of hardness

readily measurable. Consequentiv, most
' are based on the principle that a hard
penetrate a softer one. In a scientific
5 is a mensure of the resistance of a
i 1 v oan indenter

The information chtuined from a

wardness test has
many uses. [t may be used tn compare alloys and the
offects of various heat treatments on them. Hardness
tests are also useful as & rapid. nondestructive
method for inspecting and controlling certain ma-
terials and processes. and to ensure that heat-treated
ribjects have developed the hardness desired or spe-
cified. The results of hardness tests are useful not
onlv for comparative purposes. but alse for estimat-
ing other properties. For example, the tensile strength
af carbon and low-allov steels can be estimated from
the hardness test number. There is also a refationship
setween hardness and endurance or fatigue char-

acteristics of certain steels.

Fardness mav be measured by manyv tvpes of in-

: The most common are the Rockwell and
Luzuneh testers, Other hurdness tests in-
cthe Vickers, Eberhach, Monotron, Tukon, and
Sclerascope. Since there are many tests, and since

the hardress mnsthers derd are ot eguivalent, it

By ossential that the hardness nomber be designated
sccording to the test and the scale emploved in the
test. Sinee vou are morve fkely to have aceess to w
Hocwell tester than any other. this method is dis-
cussed i detall, The essentfal differences between
the Rockwell and Brinell tests will also be discussed

in the sections which follow. In addition, the Sclero-
scope and Vickers hardness tests will be covered
brieflv.

Hockwers, Hamoxrss Test. Of all the hardness
tests, the Rockwell is the one most frequently men-
tioned. The basic principle of the Rockwell test (like
that of the Brinell. Vickers, Eberbach, Tukron, and
Monotron tests) is that a hard material will pene-
trate a soft one. This test operates on the principle
of measuring the indentation, in a test piece of metal
with specified pressure. In the Rockwell tester the
hardness number is obtained by measuring the de-
pression made by a hardened steel ball or a sphero-
conical diamond penetrator of a given size under a
given pressure,

With the normal Rockwell tester, the 1207 sphero-
conical penetrator is used in conjunction with a 150-
kilogram {kg.) weight to make impressions in hard
metals. The hardness number obtained is designated
Rockwell C {Re). For softer metals, the penetrator
is a 1/16-inch steel ball in conjunction with a 100-
kilogram weight. A hardness number obtained under
these conditions is designated Rockwell B (Rb).
Figure 18 illustrates the principle of indenter hard-
ness tests. Although the conical penetrator is shown,
the principle is the same for a ball penetrator. (The
geometry of the indentions would, of course, differ
slightly.)

With the Rockwell tester, a deadweight, acting
through a series of levers, is used to press the ball or
cone into the surface of the metal to be tested. Then

CONE-SHARPED
PEMETRAT I

Figure 18.




26 METALS #~D PLASTICS

the depth of penetration is measured. The softer the
metal being tested, the deeper the penetration will
be under a given load. The average depth of pene-
tration on samples of very soft steel is only about
0.008 inch. The hardness is indicated on a dial,
calibrated in the Rockwell B and the Rockwell C
hardness scales. The harder the metal, the higher
the Rockwell number will be. Ferrous metals are
usually tested with the spheroconical penetrator,
with hardness numbers being read from the Rock-
well C scale. The steel bal! is used for nonferrous
metals and the results are read on the B scale.

With most indenter-type hardness tests, the metal
being tested must be sufficiently thick to avoid bul-
ging or marking the opposite side. The specimen
thickness should be at least 10 times the depth of
penetration. It is also essential that the surface of the
specimen be flat and clean. When hardness tests are
necessary on thin material, a superficial Rockwell
tester should be employed.

The Rockwell superficial tester differs from the
normal Rockwell tester in the amount of load applied
to perform the test, and in the kind of scale used to
interpret the results. Where the major loads on the
normal tester are 100 and 150 kilograms, the major
loads on the superficial tester are 15, 30, and 45 kilo-
grams. One division on the dial gage of the normal
tester represents a vertical displacement of the in-
denter of 0.002 millimeter. One division of the dial
gage of the superficial tester represents a vertical
displacement of the indenter of 0.001 millimeter,
Hardness scales for the Rockwell superficial tester
are the N and T scales. The N scale is used for ma-
terials of surh hardness that, were they of sufficient
thickness, they would be tested with the normal
tester using the C scale. The T scale is comparable
to the B scale used with the normal tester. In other
respects the normal and superficial Rockwell testers
are much alike.

Assuming the sample is properly prepared and the
appropriate penetrator and weights are selected, the
following step-by-step procedure will indicate how a
Rockwell tester is used.

1. Place the piece to be tested on the testing table
oi anvil.

2. Turn the wheel elevating the testing table until
the piece to be tested comes in contact with the test-
ing cone or ball. Continue to turn the elevating
wheel until the small pointer on the indicating gage
is nearly vertical and slightly to the right of the dot.

3. Watching the long pcinter on the gage, con-
tinue raising the work with the elevating wheel until

the long pointer is nearly upright (within approx-
imately five divisions, plus or minus, on the scale).
This step of the procedure sets the minor load.

4. Turn the zero adjuster, located below the ele-
vating wheel, to set the dial zero behind the pointer.

5. Tap the depressor bar downward to release the
weights and apply the major load. Watch the pointer
until it comes to rest.

6. Turn the crank handle upward and forward,
thereby removing the major but not the minor load.
This will leave the penetrator in contact with the
specimen but not under pressure.

7. Observe where the pointer now comes to rest
and read the Rockwell hardness number on the dial.
If the test has been made with the 1/16 inch ball
and a 100 kilogram weight, the reading is taken from
the red, or B, scale. If the test has been made with
the spheroconical penetrator and a weight of 150
kilograms, the reading is taken from the black, or C.
scale. (In the first example the number is prefixed
by Rb, in the latter instance by Rc.)

8. Turn the handwheel to lower the anvil. Then
remove the test specimen.

BrineLL Haroness Tesr. The Brinell hardness test-
ing machine provides a convenient and reliable hard-
ness test. The machine is not snitable, however, for
small or thin pieces. This machine has a vertical hy-
draulic press design and is generally hand operated,
a lever being used to apply the load which forces a
10-millimeter diameter hardened steel or tungsten-
carbide ball into the test specimen. For ferrous
metals, a 3000-kilogram load is applied. For non-
ferrous metals, the load is 500 kilograms. In general,
pressure is applied to ferrous metals for 10 seconds,
while 30 seconds are required for nonferrous metals.
After the pressure has been applied for the appro-
priate time, the diameter of the depression produced
is measured with a microscope having an ocular
seale.

The Brinell hardness number (Bhn) is the ratio of
the load in kilograms to the impressed surface area
in square millimeters. This number is found by
measuring the distance the ball is forced, under a
specified pressure, into the test piece. The greater
the distance, the softer the metal, and the lower the
Brinell hardness number will be. The width of the
indentation is measured with a microscope and the
hardness number corresponding to this width is
found by consulting a chart or table.

The Brinell hardness machine is of greatest value
in testing soft and medium-hard metals, and in test-
ing large pieces. On hard steel the imprint of the
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ball is s» small that it is difficult to read.

ScreroscopE Haroxess TesT. Tf vou were to place
a mattress on the floor and drop two rubber balls
from the same height, one on the mattress and one
on the floor. the one dropped on the fioor will bounce
higher. The reason is that the fioor is the harder of
the two surfaces. This is the principle upon which
the Scleroscope works. When using the Scleroscope
hardness test, a diamond-pointed hammer is dropped
through a guiding glass tube onto the test piece and
the rebound {bounce) is checked on a scale. The
harder the metal being tested, the higher the hammer
will rebound and the higher will be the number on
the scale. The Scleroscope is portable and can be
used to test the hardness of pieces too large to be
placed on the anvil or tables of other machines. An-
other advantage of the Scleroscope is that it can be
used without damaging finished surfaces. The chief
disadvantage of this machine is its inaccuracy. The
accuracy of the Scleroscope is affected by the follow-
ing factors,

1. $mall pieces do not have the necessarv backing
and cannot be held rigidiv enough to give accurate
rezdings.

2. If large sections are not rigid, if they are oddly

shaped, if they have overhanging sections, or if they
are hollow, the readings may be in error.

3. If oil-hardened parts are tested, oil may creep
up the glass tube and interfere with the drop of the
diamond-pointed hammer in the instrumenrt, thus
causing an error.

Vickers Haroness Test. The Vickers test measures
hardness by a method similar to that used in the
Brinell test. The indenter, however, is not a ball, but
a square-based diamond pyramid, which makes it
accurate for testing thin sheets as well as the hardest
steels.

Up to an approximate hardness number of 300, the
results of the Vickers and the Brinell tests are about
the same. Above 300, Brinell accuracy becomes pro-
gressively lower. This divergence represents a weak-
ness in the Brinell method; a weakness that is the
result of the tendency of the Brinell indenter ball to
flatten under heavy loads. It is for this reason that
the Brinell numbers over 600 are considered to be
of doubtful reliability.

If a shop has one type of hardness tester and the
specifications indicated by the blueprint are for an-
other type, a conversion table, such as Table 2A, may
be used to convert the reading.

TaBLE 2A
Harongss CONVERSION

BRINNEL STANDARD
HARDNESS ROCKWELL
NUMBER _ B C
500 3000 1/16" Ball Brale
kg kg 100 kg 150 kg
--- --- --- 70. 0
--- --- 69.0
--- --- 68.0
--- - --- 67.5
- . 67.0
167+ --- 66.4
757+ --- 85.9
--- 745+ --- 65.3
733+ - 64.7
722+ - 64.0
T10% - 63.3
698% . 62.5
682+ -e- 61.7
670" - 61.0
353% - 60.
638* --- 59. 2
627+ --- 58.7

BRINNELL STANDARD
HARDNESS ROCKWELL
_NUMBER _ B C
500 3000 1/16" Ball Brale
kg kg 100 kg 150 kg
- 352 {110.0) 37.9
- 341 (109.9) 36.6
- 331 (108.5) 35.5
--- 321 (107.5) 34.3
-—- 311 (107.0) 33.1
--- 302 {106. () 32.1
--- 293 {105.5) 30.9
- 285 (104.5) 2%.9
--- 2m (104.0) 28.8
--- 269 {103.0) 27.6
--- 262 (102. 0) 26.6
- 255 (101.0) 25.3
———— 243 100. ¢ 24.2
201 241 99.0¢ 22.8
195 235 98.2 21.7
189 229 97.3 20.5
184 223 86.4 (18.8)
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{TABLE 2A CONTINUED)

BRINNEL STANDARD

HARDNESS ROCKWELL

NUMBER B C
- 601* - 57.3
- 578* -—- 56.0
- 555% -—- 54.7
- 534* -—- 53.5
--- 524% -——- 52.1
-—-- 485% -—- 51.0
——— 477 - 50.3
- 461 - 48.8
——— 444 - 47.2
R 429 --- 45.17
- 415 --- 44.5
—— 401 -—— 43.1
——— 388 -—— 41.8
—— 375 - 40.4
- 363 - 39.1

BRINNELL STANDARD
HARDNESS ROCKWELL
NUMBER B C
179 217 95.5 (17.5)
175 212 94.6 (16. 0)
171 207 93.8 (15.2)
167 201 92.8 (13.8)
164 197 91.9 (12.7)
161 192 90.7 (11.5)
158 187 90.0 (10. 0)
156 183 80.0 ( 2.0)
153 179 87.8 ( 8.0)
149 174 86.8 { 6.4)
148 170 86.0 ( 5.4)
143 167 85.0 ( 4.4)
140 163 82.9 ( 3.3)
135 156 80. 8 { 0.9)

130 149

* ‘Tungsten-carbide ball.
{} Values beyond normal range for scale.
500 kg-non ferrous 3000 kg—~ferrous

Plastics

Plastic materials are being used increasingly; in
some respects, they tend to surpass structural metals.
Plastic has proved to be shock resistant, not suscep-
tible to salt water corrosion, and in casting it lends
itself to mass production and uniformity of end prod-
uct.

CuaracterisTiCs. Plastics are formed from organic
materials generally with some form of carbon as
their basic element. Plastics are referred to as syn-
thetic material, but this does not necessarily mean
that they are inferior to natural material. On the con-
trary, thev have been designed to perform particular
functions that no natural material can perform. Plas-
tics can be obtained in a varietv of colors, shapes,
and forms. Some plastics are as tough, but not so
hard as steel; some are as pliable as rubber; some
are more transparent than glass; and some are
lighier than aluminum.

Plastic materials fall into two major divisions—
thermosettings and thermoplastics—and it is neces-
sary, if you are going to perform anv kind of work
on plastics. to know which of these two you are
using.

Thermosettings are tough, brittle, and heat hard-
ened. When placed in a flame, they will not burn
readily, if at all. Thermosettings are so hard they re-
sist the penetration of a knife blade, and any such

attempt will dull the blade. If the plastic is immersed
in hot water and allowed to remain, it wil! neither
absorb moisture nor soften.

Thermoplastics, on the other hand, when exposed
to heat, become soft and pliable, or even melt, When
cooled, they retain the shape that they took under
the application of heat. Some thermoplastics will
even absorb a small amount of moisture, if placed in
hot water. A knife blade will cut easily into thermo-
plastics.

When testing a plastic by inserting it into a fire,
you should exercise caution, because thermoplastics
will burst into sudden intense flame, and give off
obnoxious gases. If you use the fire test, be sure to
hold the plastic piece a considerable distance away
from you.

Major Groups oF Prasrics. While it is not nec-
essary for vou to know the exact chemical compo-
sition of the many plastics in 2xistence, it will be
helpful to have a general idea of the composition of
the plastics you are most likely to use. Table 2B pro-
vides information on various groups of plastics.

Laminated plastics are made by dipping, spraying,
or brushing flat sheets or continuous rolls of paper,
fabric, or wood veneer with resins, and then pressing
several layers together to get hard, rigid, structural
material. The number of layers pressed together into
one sheet of laminated plastic will depend upon the
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thickness desired. The choice of paper canvas, wood Machining Operations
veneer, or glass fabric will depend upon the end vse
of the product. Paper-base material is thin and gurce
brittle, breaking if bent sharply, but canvas-base
material will be difficult to break. As lavers are
added to paper-base material, it gains in strength,
but it is never as tough and strong in a laminated

part as layers of glass fabric or canvas.

Machining operations on plastics include cutting
parts from sheet ov rod stock, using various metal
cutting saws; removing stock from parts by rotating
tools such as in the drill press or the milling machine;
cutting moving parts by stationary tools, as on the
lathe; and finishing operations.

TABLE 2B
Major Grouprs OF PLASTICS

Plastic

Trade Names in{ ) Advantages and Examples of Uses

Disadvantages

THERMOPLASTICS

Softening point 0f 170°
to 220°F; low

scratch resistance.

Formability; good impact strength; good aging
and weathering resistance; high transpar-
ency, shaiter-resistance, rigidity. Used
for lenses, dials, etc.

&erylic
{Lucite, Plexiglass)

Cellulose nitrate Ease of fabrication; relatively high impact Extreme flammabil-

(Celluloid) i  strength and toughness; good dimensional ity; poor electrical
j stability and resilience; low moisture insulating prop-
absorption. Used for tool handles, mallet erties; harder with
heads, clock dials, etc. age; low heat dis-
tortion point.
Polyamide High resistance to distortion under load at Absorption of water;
{Nylon} temperatures up to 300°F; high tensile large coefficient of
strength, excellent immpact strength at expansion; relatively
normal temperatures; does not hecome high cost; weather-
brittle at temperatures as low as minus ing resistance poor.
T0°F; excellent resistance to gascline and |
oil; low coefficient of friction on metals. !
Used for synthetic textiles, special types
of bearings, etc.
Polyethylene Inert tc many solvents and corrosive chemi- Low tensile, com-
{Polythene) cals; flexible and tough over wide tempera- pressive, flexural

ture range, remains so at temperatures as
low as minus 100°F; unusually low moisture
absorption and permeability; high electrical
resistance; dimensicnally stable at' normal
temperatures; ease of molding; low cost.
Used for wire and cable insulation, and
acid resistant clothing.

strength; very high
elongation at nor-
mal temperatures;
subject to spontan-
eous cracking when
stored in contact
with zlcohols,
toluene, and sili-
cone grease, etc.;
softens at tem-
peratures above
200° F; poor
abrasion and cut
resistance; cannot
be bonded unless
given special
surface treatment.

Poiytetrafluorgethylene
{Teflon)

THERMOPLASTICS

Extreme chemical inertness; high heat re-
sistance; nonadhesive; tough; low coefficient
of friction. Used for preformed packing and
gaskets.

Not easily cemented;

cannot be molded by
usual methods; gen-
erates toxic fumes
at high tempera-
tures; high cost.
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{ TABLE 2B CONTINUED)

Plastic
Trade Names in ()

Advantages and Examples of Uses

Disadvantages

Phenoliormaldehyde
{Bakelite, Durez,
Resinox)

Urea-formaldehyde
(Beetle, Bakelite
Urea, Plaskon)

THERMOSETTING PLASTICS

Better permanence characteristics than
most plastics; may be used at temperatures
from 250° to 475°F; good aging resistance;
good electrical insulating properties; not
readily flammable, does not support com-
bustion; inserts can be firmly embedded;
strong, light; low water absorption; low
thermal conductivity; good chemical re-
sistance; economical in production of com-
plex shapes; iree irom cold flow; relatively
ingensitive to temperature; low coefficient
of thermal expansion; no change in dimen-
gions under a load for a long time; does not
soften at high temperatures or hecome
brittle down to minus 60°F,; inexpensive.
Used for handles, telephone equipment,
electrical insulators, etc.

High degree of translucency and light finish;
hard surface {inish; outstanding electrical
properties when used within temperature
range of minus 70° to plus 170°F; com-
plete resistance to organic solvents;
dimensionally stable under moderate load-
ings and exposure conditions. Used for
instrument dials, electric parts, etc.

Difficult to mold when
filied for greatest
impact strength, or
when in sections less
than 3/32-inch thick;
can be expanded or
contracted by un-
usually wet or dry
atmosphere-

Low impact strength;
slight warping with
age; poor water
resistance.

|
|

Sawing. Several types of saws (bandsaw, jigsaw,
circular saw ) may be used to cut blanks from plastic
stock. Speeds should be watched carebully; since al-
maost none of the best generated will be carried away
by the plastic, there is always danger that the tool
will be overheated to the point where it will bun
the work.

DriLLinG. In drilling plastics, back the drill out
frequently to remove the chips and cool the tool. A
liberal application of kerosene will help keep the drill
cool. To obtain a smooth, clean hole, use paraffin
wax on the drill; for the softer plastics, a special
coolant may be preferred.

Latrne OperaTions. Lathe operations are substan-
tiallv the same for plastics as for metals, except for
type of tool, and the manner in which contact is
made with the work. For plastics, set the tool slightly
below center. Use cutting tools with zero or slightly
negative back rake.

For both thermosettings and thermoplastics, rec-
ommended cutting speeds are 200 to 500 fpm with
high speed steel tools, and 500 to 1500 fpm with
carbide-tipped tools.

Finsiine Operations. Plastic must be given a
finishing process to remove tool marks and produce
a clean, smooth surtace. Usually sanding and buffing
are sufficient for this purpose.

Surface scratches and pits can be satisfactorily re-
moved by hand sandpapering with dvy sandpaper of
fine grit. Wet sanding can also be done by hand,
with water and abrasive paper of fine grade. If a
large amount of material must be removed, it will
be more advantageous to use sanding wheels or dises.

After pits and scratches have been removed, the
plastic should be buffed. This can be done on a
wheel made of loose muslin buits. Buffing com-
pounds in common use are tripoli and rouge. A layer
of the compound is deposited on the outside of the
buffing wheel. The compound must be renewed fre-
quently.

When large flat sheets are being bufted, be careful
not to use too inuch pressure, nor to hold the work
too long in one position. In bufling small plastic
parts, be careful that the wheel does not seize the
piece and pull it out of your grasp.,




Chapter

Measuring Tools and How to Use Them

In metalworking, the common measurements are
those of length, area, and volume. Many of these
must be made with such exactness that a number of
mmeasuring tools are available for the purpose. How-
cver, the aecenracy of the measurements will depend
on the measuring tools used and one’s ability to use
them correctly,

Measuring tools are also used for inspecting a
finished or partly finished product. Inspecting oper-
ations include testing or checking a piece of work
b_\' comparing dimensions given on a drawing or
sketch.

Rules and Tapes

There are many different tvpes of measuring tools.
Where exact measurements are required, a microm-
eter caliper (mike) is used. Such a caliper, when
properly used, gives measurements to within .001 of
an inch accuracy. On the other hand, where accuracy
is not extremely critical, the common rule or tape
will do for most measurements.

Figure 1 shows
tapes commonly used. Of all measuring tools, the
simplest and most common is the stee! rule. This
rule is usually 6 or 12 inches in length, although
other lengths are available. Steel rules may be flex-
ible or nonfiexible, but the thinner the rule, the
easier it is to measure accurately, because the divi-
sion marks are closer to the work.

L

some of the tvpes of rules and
y ,

g

STEEL ORFBERGLASS
RULE

STEEL OR FIEERGLASS
TEPE

STEEL RULE
WITH HOLDER

FOLBING
RULE

Figure I. Types of rules.

31

Cenerally a rule has four sets of graduations, one
on each edge of each side. The longest lines repre-
sent the inch marks. On one edge, each inch is
divided into eight equal spaces, so each space repre-
sents 1/8 inch. The other edge of this side is divided
into sixteenths, The 1/4 and 1/2-inch marks are
commonly made longer than the smaller division
marks to facilitate counting, but the graduations are
not, as a rule, numbered individually, as they are
sufficiently far apart to be counted without difficulty.
The opposite side is similarly divided into 32 and 64
spaces per inch, and it is common practice to number
every fourth division for easier reading.

There are many variations of the common rule.
Sometimes the graduations are on one side only,
sometimes a set of graduations is added across one
end for measuring in narrow spaces, and sometimes
only the first inch is divided into 64ibs, with the re-
maining inches divided into 32nds and 16ths.

A metcl or wood folding rule may be uvsed for
measuring purposes. These folding rules are usually
2 to 6 feet long. The folding rules cannot be relied
on for extremely accurate measurements because a
certain amount of play develops at the joints after
they have been used for a while.

Steel tapes are made from 6 to about 300 feet in
length. The shorter lengths are frequently made with
a curved cross section so that they are flexible
enough to roll up but remain rigid when extended.
Long, flat tapes require support over their full length
when measuring, or the natural sag will cause an
error in reading.

The flexible-rigid tapes are usually contained in
metal cases into which they wind themselves when a
button is pressed, or into which they can be easily
pushed. A hook is provided at one end to hook over
the object being measured so a worker can handle it
without assistance. On some models, the outside of
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the case can be used as one end of the tape when
measuring in-'de dimensions.

Measuring ¥ . ~=duras

To tale a mes rement wvith a commaon rule, hold
the rule with its edge on the surface of the object
being measured. This will eliminate parallax and

other errors which might result due to the thickness
of the rule. Read the measurement at the graduation
which coinecides with the distance to be measured,
nd state it as being so manv inches and fractions
of an inch { Fig. 23, Alwavs reduce fractions to their
Towest i’- TITS. fm' mamu?e 6/8 in. would be called
374 in. A hook or eve at the end of a tape or rule
th part of the first measured inch.

Figure 2. Measuring with - _d reading & ¢ nen rule

Borts or Screws. The letgth of b .« or sc sws s
hest measured by helding them s Lo ripid
rule or tape. Hold both the bolt or <1 w5 ¢ o e
sured and the rule up to vour eve el s that v our
line of sight will not be in error in reading ihe
reasurement. As shown in Fig. 3. the holts or scrows
with countersink-tvpe heads are measured from the
top of the head to the opposite end. while those with
other type heads are measured from the bottom of
the head.

Figure 3. Measuring fength of o balt or serev,

Ovtsipe Pree Diasterers. To measure the outside
diameter of « pipe. it is best to use some kind of
rigid rule. A folding wooden rule ov a steel rule is
satisfactory for this purpose. Line up the end of the
ride with one side of the pipe. as shown in Fig. 4,
using vour thumb as a stop. Then with the ene end
held in place with vour thumb, swing the rule
through an arc and take the maximum 1&1(1111;_, at the
other side of the pipe. For most practical purposes,
the measurement obtained by using this method is
satisfacrory. It is necessary that vou know how to
take this measurement, as the outside diameter of
the pipe is sometimes the only dimension given on
pipe spe-ifications.

Figure 4. Measuring outside diameter of a pipe.

Insme Pipr Drasteress. To measure the inside
diameter ot a pipe with a rule, as shown in Fig, 5, hold
the rule so that one corner of the rule just rests on
the inside of one side of the pire. Then, with one
end thus held in place, swing the rule through an
arc and read the diameter across the maximum in-
side distance. This method is satisf.ctory for an ap-
nroximate inside measurement.

3 4 j —%
il b bt sf bl

READ
MEASUREMERNT
HERE

Figure 5. Measuring inside dimncter of a pipe,
Pree Covcuatrenesces. To measure the circumfoer-
ence of a pipe, a flexible-type rale that will conform
to the evlindrical shape of the pipe must be used. A




tape rule or a steel tape is adaptable for this job.
When measuring pipe. make sure the tape has been
wrapped squar 91\1\ around the axis of the pipe (mea-
surement shionld be taken iv a plane perpendicular to
the axis) to ensure that the reading will not be more
than the actual circumference of the pipe. This is
stremely important when measuring large diameter
pipe.

Hold the rule or tape as shown in Fig. 6. Take the
reading, using the 2-inch graduation, for example, as
the reference point. In this case. the correct reading
is found by subtracting two inches from the actual
reading In this wav the first two inches of the tape,
serving as 2 handle. will enable vou to hold the tape
seenrely, "

ReaD 10%g"
ACTUAL CIRCUM.
toVg-2:=8%g"

Figure 6. Measuring circumference of a pipe with a tape.

Insipe Diniexsions. To take an inside measure-
ment. such as the inside of a box. a {ulding rule that
incorporates a 8- or T-in. shding extension is one of
the bhest measuring tools. To take the inside mea-
surement, fisst unfold the folding rule to the approx-
imate dimension. Then extend the end of the rule
and read the length that it extends, adding the length
of the extension to the length on the main body of
the rule (Fig. 7). The main bodv of the rule in Fig.
7 is 13 in. und the extension is pnlled out 3 3/16 in.

In this case the total inside dimension being mea-
sured is 16 3716 in.

Figure 7, Using folding rule to measure an inside dimension.
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In Fig. 8 note in the circled insert that the hook
at the end of the particular rule shown is attached
to the rule so that it is free to move slightly. When
~n outside dimension is taken by hooking the end of
the rule over an edge, the hook will Incate the end
of the rule even with the svrface from which the
measurement is being taken. By being free to move,
the hook will retract away from the end of the rule
when an inside dimension is taken. To measure an
inside dimension using a tape rule, extend the rule
between the surfaces as shown, take a reading at
the point on the scale where the rule enters the case,
and add two inches. The two inches are the width
of the case. The total is the inside dimension being
taken.

Figure 9. Measuring thickness of stock through a hole.

To measure the thickness of stock through a hole
with a hook rule, insert the rule through the hole.
hold the hook apainst one face of the stock, and
read the thickness at the other face (Fig. 8).

Ovtsie Divexsions. To measure an outside di-
mension using a tape rule, hook the rule over the
edge of the stock. Pull the tape out until it projects
far enough from the case to permit measuring the
required distance. The hook at the end of the rule
is designed so that it will locate the end of the rule
at the surface from which the measurement is being
taken (Fig. 10). When taking a measurement of
length, the tape is held parallel to the lengthwise
edge. For measuring widths, the tape should be at
right angles to the lengthwise edge. Read the di.




Figure 10. Measuring an outside dimension with a tape rule.

mension of the rule exactly at the edge of the piece
being measured.

Tt mav not always be possible to hook the end of
the tape over the edge of stock being measured. In
this case, it may be necessary to butt the end of the
tape against another surface or to hold the rule at a
starting point from which a measurement is to be
tuken.

Distance MeasureMenTs. Steel or fiberglass tapes
are generally used for making long measurements.
Secure the hook end of the tape. Hold the tape reel
in the hand and allow it to unwind while walking
in the direction in which the measurement is to be
taken. Stretch the tape with sufficient tension to
overcome sagging. At the same time make sure the
tape is parallel to an edge or the surface being
measured. Read the graduation on the tape by not-
ing which line on the tape coincides with the mea-
surement being taken.

Care of Rules and Tapes

Ruies and tapes should be handled carefully and
kept lightly oiled to prevent rust. Never allow the
edges of measuring devices to become nicked by
striking them with hard objects. They should pref-
erably be kept in a wooden box when not in use.

To avoid kinking tapes, pull them straight out
from their cases: do not bend them backward. With
the windup-type fapes, alwavs turn the crank clock-
wise (turning it backward will kink or break the
tape). With the spring-wind type tapes, guide the
tape by hand. If it is allowed to snap back, it may be
kinked, twisted, or otherwise damaged. Do not use
the hook as a stop. Slow down as yoﬁ reach the end.

Calipers

Simple calipers are used in conjunction with a
scale to measure diameters. The calipers most com-
monly used are shown in Fig. 11.

MEASURING TOOLS

Outside calipers for measuring outside diameters
are bow-legged; those used for inside diameters have
straight legs with the feet turned outward. Calipers
are adjusted by pulling or pushing the legs to open
or close them. Fine adjustment is made by tapping
one leg lightly on a hard surface to close them, or
by turning them upside down and tapping on the
joint end to open them.

Spring-joint calipers have the legs joined by a
strong spring hinge and linked together by a screw
and a'djusting nut. For measuring chamfered cavities
{grooves), or for use over flanges, transfer calipers
are available. They are equipped with a small aux-
iliary leaf attached to one of the legs by a screw
(Fig. 11}. The measurement is made as with or-
dinary calipers; then the leaf is locked to the leg.
The legs may then be opened or closed as needed to
clear the obstr uction, then brought back and locked
to the leaf again, therefore restoring them to the
original setting.

A different type of caliper is the hermaphrodite
{ sometimes called the odd-leg caliper). This caliper
has one straight leg ending in a sharp peoint, some-
times removable, and one bow leg. The hermaph-
rodite caliper is used chiefly for locating the center
of a shaft or for locating a shoulder.

Using Calipers

A caliper is usually used in one of two ways. Either
the caliper is set to the dimension of the work and
the dimension transferred to a scale, or the caliper is
set on a scale and the work machined until it checks
with the dimension set up on the caliper. To adjust
a caliper to a scale dimension, one leg of the caliper
should be held firmly against one end of the scale
and the other leg ad]usted to the desired dimension.
To adjust a caliper to the work, open the legs wider
than the work and then bring them down to the
work.

Caution: Never place a caliper on work that is
revolving in a machine,

Measurine THE DIAMETER OF RouND OR THE
Tuickness oF Frat Stock. To measure the diameter
of round stock, or the thickness of flat stock, adjust
the outside caliper so that vou feel a slight drag as
you pass it over the stock (see Fig. 12). After the
proper “feel” has been attained, measure the setting
of the caliper with a rule. In reading the measure-
ment, sight over the leg of the caliper after making
sure the caliper is set squarely with the face of the
rule.




OUTSIDE CALIPERS

USING CALIPERS 35

ADJUSTABLE
FIRM JOINT

TRANSFER
FIRM JOINT

FIRM JOINT ADJUSTABLE =
FIRM JOINT FIRM JOINT

Figuare 12. Using outside caliper.

TRANSFER

HERMAPHRODITE

Loy

SPRING ADJUSTABLE POINT SOLID POINT

Figure 11. Simple (noncalibrated) calipers.

MEeasuriNg Harp-to-ReacH DiMEeExsions. To mea-
sure an almost inaccessible cutside dimension, such as
the thickness of the bottom of a cup, use an outside
transfer firm-joint caliper, as shown in Fig. 13. When
the proper “feel” is obtained, tighten the lock joint.
Then loosen the binding nut and open the caliper
enough to remove it from the cup. Close the caliper
again and tighten the binding nut to seat in the slot
at the end of the auxiliary arm. The caliper is now at
the original setting, representing the thickness of the
bottom of the cup. The caliper setting can now be
measured with a rule.

To measure a hard-to-reach inside dimension, such
as the internal groove shown in Fig. 14, a lock-joint
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BINDING NUT

A 8
Fizure 14. Measuring hard to reach inside dimension with an
inside caliper.
inside caliper should be used. The procedure fol-
lowed for measuring a hard-to-reach outside dimen-
sion is used.

Measvring taE Distance Berween Two Sun-
racrs. To measure the distance between two surfaces
with an inside caliper, first set the caliper to the ap-
proximate distance being measured (Fig. 15). Hold
the caliper with one leg in contact with one of the
surfaces being measured. Then, as you increase the
setting of the caliper, move the other leg from left
to right. Feel for the slight drag indicating the
propr. ~oi.ng of the -aliper. Then remove the cali-
per arx! meusuic the setting with a rule.

i
=, et
.. J
™

H/ AN

L Rt

Figure 15. Measuring distance bebween two surfaces with an
inside caliper.

MeasvRInG Hoitk DiasmETERS. To measure the diam-
eter of a hole with an inside caliper, hold the cali-
per with one leg in contact with one side of the hole
(Fig. 16} and, as vou increase the setting, move the
other leg from left to right, and in and out of the
hole. When you have found the point of largest diam-
eter, remove the caliper and measure the caliper
setting with a rule.

Figure 18. Measuring inside diameter with an inside caliper.

SerTinG A COMBINATION Fierm-Joint CALIPER. To
set a combination firm-joint caliper with a rule, when
the legs are in position for outside measurements,
grasp the caliper with both hands, as shown in A,
Fig. 17, and adjust both legs to the approximate set-
ting. By adjusting both legs, the shape of the tool
RS | I PR Y 1y I NNIUREY ULy LS b MO R 1
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maintain its balance and be easier to handle.

Figure 17. Setting a combination firm-joint caliper.

Check this approximate setting as shown in B, Fig.
i7. Sight squarely across the leg at the graduations
on the rule to get the exact setting required.

If it is necessary to decrease or increase the setting,
tap one leg of the caliper, as shown in Fig. 18. The
arrow indicates the change in setting that will take
place.

Figure 18. Decreasing and increasing setting of a firm-joint
caliper.

When the caliper is set for inside measurements,

the same directions for adjusting the setting apply.

Figure 19 shows how the end of the rule and one
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leg of the caliper are rested on the bench top so that
they are exactly even with each other when the read-
ing is taken.

SeTrinG OutsIDE AND INsIDE SPrine Carirers. To
set a particular reading on an outside spring caliper,
first open the caliper to the approximate setting.
Then, as shown in Fig, 20, place one leg over the end
of the rule, steadying it with the index finger. Make
the final setting by sighting over the other leg of the
caliper, squarely with the face of the rule at the read-
ing, and turning the knurled adjusting nut until the
desired setting is obtained.

Figure 15, Setting combination firm-joint caliper for inside
measurements.

Figure 20. Setting outside spring caliper.

To set an inside spring caliper to a particular read-
ing, place both caliper and rule on a flat surface, as
shown in Fig. 21. The rule must be held squarely or
normally (90 degrees in both directions) to the sur-
face to ensure accuracy. Adjust the knurled acjusting
nut, reading the setting on the rule with line of sight
normal to the face of the rule at the reading.

TRANSFERRING MEASUREMENTS FROM ONE CALIPER
To ANoTHER. To transfer a measurement from one
spring caliper to another, hold the calipers as shown
in Fig. 22. Note that one finger is extended to steady
the point of contact of the two lower caliper legs. In
this illustration the inside caliper is being adjusted
to the size of the outside caliper. As careful measure-
ments with caliper depend on one’s sense of touch
{“feel”) calipers are best held lightly. When a slight
drag is noticed, the caliper is at the proper setting.

Figure 21. Setting inside spring caliper.

OUTSIDE CALIPER

INSIDE CALIPER

Figure 22. Transferring measurement from an ocutside to an
inside caliper.

Care of Calipers

Keep calipers clean and lightly oiled, but do not
overoil the joint of firm-joint calipers or you may
have difficulty in keeping them tight. Do not throw
them around or use them for screwdrivers or pry
bars. Even a slight force may spring the legs of a
caliper so that other measurements made with it are
never accurate. Remember, calipers are measuring
instruments and must be used only for the purpose
for which they are intended.

Slide Calipers

The main disadvantage of using ordinary calipers
is that they do not give a direct reading of a caliper
setting. As explained previously, you must measure a
caliper setting with a rule. To overcome this dis-
advantage, use slide calipers (Fig. 23). This instrn-
ment is sometimes called a caliper rule.

Slide calipers can be used for measuring outside,
inside, and other dimensions. One side of the cal-
iper is used as a measuring rule, while the scale on
the opposite side is used in measuring outside and
inside dimensions. Graduations on both scales are
in inches and fractions thereof. A locking screw is
incorporated to hold the slide caliper jaws in position
during use. Stamped on the frame are two words,
“IN” and “OUT,” which are used in reading the
scale while making inside and outside measurements,
respectively.
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Figure 23. Pocket slide or caliper rule.

T'o measure the outside diameter of round stock,
or the thickness ot flat stock, move the jaws of the
caliper into firm contact with the surface of the stock.
Read the measurement at the reference line stamped
OUT (Fig. 24).

When measuring the inside diameter of a hole, or
the distance between two surfaces, insert only the
rounded tips of the caliper jaws into the hole or be-
tween the two surfaces (Fig. 25). Read the measure-
mient on the reference line stamped IN.

Figure 24. Measuring outside dimension with a pocket slide
caliper.

Figure 25. Measuring inside dimension with a slide caliper.

Note that two reference lines are needed if the
caliper is to measure both outside and inside di-
mensions, and that they are separated by an amount
equal to the outside dimension of the rounded tips
when the caliper is closed.

Pocket models of slide calipers are commonly
made in 3- and 5-in. sizes and are graduated to read
in 32nds and 64ths. Pocket slide calipers are valuable
when extreme precision is not required, They are
frequently used for duplicating work when the ex-
pense of fixed gages is not warranted.

Vernier Caliper

A vernier caliper (Fig. 26) consists of an L-shaped
member with a scale engraved on the long shank. A
sliding member is free to move on the bar and carries
a jaw which matches the arm of an L. The vernier
scale is engraved on a small plate that is attached
to the sliding member.

The most distinct advantage of the vernier caliper,
over other types of calipers, is its ability to provide
verv accurate measurements over a large range. It
can be used for both internal and external surfaces.
Pocket models usually measure from zero to 3 inches.
but sizes are available all the way to 4 feet. In using
the vernier caliper, you must be able to read a ver-
nier scale.

PrixcipLES OF THE VERNIER Scari. It would be
possible to etch graduations 1/1000 inch {0.001 in. )
apart on a steel rule or sliding caliper, as shown in
Fig. 27. The enlarged illustration shows two grad-
uated scales; the top scale has divisions which are
0.025 inches apart, and the small sliding lower scale
has 25 divisions, each equal to 0.001 inch graduations
which can divide any of the main scale divisions of
0.025 inch into 25 parts. When the first graduation
marked “0” on this small scale aligns with a grad-
uation on the main scale, the last or 25th will also
align with a graduation on the main scale as shown
in Fig. 27. Therefore, the small 0.00 graduations are
not significant in this position. But when the zero
graduation does not align with a graduation on the
main scale, it can be readily determined how many
thousandths the zero missed the 0.025 inch grad-
uation by counting the misaligned graduation at
either end of the small scale. When the zero or index
line on the sliding scale does not quite reach the
graduation, the amount of misalignment must be
subtracted, but when it passes the 0.025 graduation
from which the reading is made, it must be added.
This illustrates the simple arrangement to increase
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Figure 26. Vernier caliper,

the accuracy of a common scale. Unfortunately, the
0.001 inch graduations are not too legible and so the
svstem Js not practical. A vernier arrangement over-
coines this problem. -

VERNIER SCALE ARRANGEMENT. The main differ-
ence hetween the vernier scale and the arrangement
shown in Fig. 27 is the spacing of the 25 divisions.
Instead of 25 graduations crowded within the space
of one main scale division, the vernier graduations
are arranged at intervals exactly 0.001 inch less than
the main scale graduations as shown in Fig. 28. This
arrangement results in an accumulation of misalign-
ments, starting with the first vernier graduation past
the zero so that each may be marked as shown with
a number representing the space in thousandths to
the next upper scale graduation. For example, if the

zero index line would be moved past the 8 inch grad-
uation until the vernier graduation number 3 aligned
with the next main scale graduation, the exact read-
ing would be 8 inches plus 0.005 or 8.005 inches.

ReapinGg A VErNIER CALpER. Figure 29 shows a
bar 1 inch long divided by graduations into 40 parts
so that each graduation indicates one-fortieth of an
inch (0.025 inch). Every fourth graduation is num-
bered; each number indicates tenths of an inch (4
x 0.025 inch). The vernier, which slides along the
bar, is graduated into 25 divisions which together are
as long as 24 divisions on the bar. Each division of
the vernier is 0.001 inch smaller than each division
on the bar. Verniers that are calibrated as just ex-
plained are known as English-measure verniers. The
metric-measure vernier is read the same, except that
the units of measurement are in millimeters.
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Figure 27, Vernier scale principle.
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Figure 29. English measure vernier scale.

A, Fig. 30 shows the English measure vernier cal-
iper. B, Fig. 30 shows an enlarged view of the vernier
section. As vou can see in the illustration, when the
zern on the vernier coincides with the l-inch mark,
no other lines coincide until the 25th mark on the
vernier.

To read the caliper in C, Fig. 30, write down in a
column the number of mches {1.000 in.), of tenths
of an inch {0.400 in.), and of thousandths of an inch
that the zero mark on the vernier is from the zero
mark on the rule. Because the zero mark on the ver-
nier is a little past 2 0.023 in. mark, write down the
0.023 in., and then note the highest number on the
vernier where a line on the vernier coincides with
one on the rule. In this case it is at the 0.011 in. line
on the vernier, so you also write the 0.011 in. in the
column, which will then iook like the following.

1.000 in.
400 in.
025 in.
011 in.

1.436 in.

The reading on the caliper shown in C, Fig. 30 is
1.436 in. and was cbtained by adding four separate
readings. After a little practice vou will be able to
make these calculations mentally.

TABLE 3
MeasURING POINT ALLOWANCES

Size of English Metric
Caliper Measure Measure
68 or 150 mm . ' Add 0.250"...] Add 6.35 mm.
12" or 300 mm . L300, 7.62 mm.
24" or 600 mm . .3007... 7.62 mm.
36" or 600 mm . 5007 ... 12.70 mm.

Now trv to read the settings of the two verniers
shown in D and E, Fig. 30. Follow the above pro-
cedure. You should read 2.350 in. on D and 2.368 in.
on E.

To read a mefric-measure vernier, note the number
of millimeters and the 0.25 millimeter, if the setting
permits, that the zero on the vernier has moved from
the zero on the scale. Then add the number of hun-
dredths of a millimeter indicated by the line on the
vernier that coincides with a line on the scale.

For example, A, Fig. 31 shows the zero graduation
on the vernier coinciding with a 0.5-mm graduation
on the scale resulting in a 38.50 mm reading. The
reading in B, Fig. 31 indicates that 0.08 mm should
be added to the scale reading and results in 38.00
mm + .50 mm + 0.08 mm = 38.58 mm.

If a vernier caliper is calibrated in either English
measure or in metric measure, usually one side will
be calibrated to take outside measurements and the
other to take inside measurements directly. The ver-
nier plate for inside measurements is set to compen-
sate for the thickness of the measuring points of the
tools. But if a vernier caliper is calibrated for both
English and metric measure, one of the scales will
appear on one side and one on the other. Then it
will be necessary. when taking inside measurements
over the measuring points, to add certain amounts to
allow for their thickness, For example, Table 3 shows
the amounts to be added for various sizes of vernier
calipers.

OuTsipE SURFACE MEASUREMENTS. To measure the
distance between outside surfaces or the outside di-
ameter of round stock with a vernier caliper, steady
the stock with one hand and hold the caliper in the
other, as shown in Fig. 32. In the illustration, the
clamping screws are at A and B; the horizontal ad-
justing screw nut is at C. With A and B loose, slide
the movakle jaw toward the piece being measured
until it is ahmost in contact. Then tighten A to make
C operative. With C, adjust the movable jaw to the
proper feel and secure the setting with B. The read-
ing can then be taken as previously explained.

InsipE SURFACE MEASUREMENTS. To measure the
distance between inside surfaces, or the inside diam-
eter of a hole, with a vernier caliper, use the scale
marked inside. Figure 33 shows the measuring points
in place. Remember thut if you are using a vernier
caliper with both metric and English scales, the
scales appear on opposite sides of the caliper and
apply only to outside measurements. Then, to get
correct inside measurements, vou add to the actual
reading the measuring point allowance for the size
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Care of Vernier Calipers

The inside faces of the jaws and the outside of the
tips must be treated with great care. I they become
worn, or the jaws bent, the tool will no longer give
accurate readings. The accuracy of vernier calipers
should be checked periodically by measuring an ob-
ject of known dimension. Vernier calipers can be ad-
justed when they are not accurate, but the manu-
facturer's recommendations for this adjustment must
be followed. Keep vernier calipers lightly oiled to
prevent rust and keep them stored away from heavy
tools.

Micrometers

In much wider use than the vernier caliper is the

o micrometer commonly called the mike. It is impor-
i 1es o4 tant that a person who is working with machinery or
A ploergaetns ' . )

{ in a machine shop thoroughly understands the me-

chanical principles, construction, use, and care of
the micrometer. Figure 34 shows an outside microm-
eter caliper with the various parts clearly indicated.
Micrometers are used to measure distances to the
nearest one thousandth of an inch. The measurement
is usuaily expressed or written as a decimal; so vou
must know the method of writing and reading deci-
mals.

Figure 33. Measuring inside diameter with a vernier cal er. )
Types ol Micrometers

There are three types of micrometers that are

of caliper vou are using. Take this allowance tfron, commonly used: the outside micrometer caliper (in-
Table 3, or from the manufacturer’s instructions. The cluding the .o thread micrometer), the inside
actual measurement in this case is made in the same micromete. and the depth micrometer. ( See Figs. 34
manner as taking an outside measurement. and 33.)
ANVIL. CLAMP SCREW ADJUSTING RATCHET
. SPINDLE LOCK THREAD /WEAR NUT STOP
. N

-
-
l\ﬁ-'. e _THIMBLE
V. AN
A\ N SLEEVE

AND SCALE

TABLE OF
GECIMAL
EQUIVALENTS

Figure 34, Nomenclature of outside micrometer,




( SEPTH MICROME TER AND EXTENSION RODS

IHSIDE MIGROME TER AND EXTENSION RODS

Figure 33. Tvpes of micrometers,

The vutside micrometer is used for measuring out-
side dimensions, such as the diameter of a piece of
round stock. The screw thread micrometer is used to
determine the pitch diameter of screws. The inside
micrometer is used for measuring inside dimensions,
as for example, the inside diameter of a tube or hole.
the bore of a cvlinder ar the width of a recess. The
depth micrometer is used for meusuring the depth
of hales or recesses.

Selecting the Proper Micrometer

The tvpes of micrometers commonly used are
made 5o thut the longest movement possible between
the spindle und the anvil is one inch, This movement
is called the range. The frames of micrometers, how-
ever. are availuble in o wide variety of sizes, from
one inch up to as large as 24 inches. The range of a

SELECTING THE PROPER AMICROMETER 43

one inch micrometer is from 0 to 1 inch. In other
waords, it can be used on work where the part to be
measured is one inch or less. A two inch micrometer
has a range of from I to 2 inches, and will measure
onlv work between one and two inches thick; a six
inch micrometer has a range of from 5 to 6 inches,
and will measure onlv work between five and six
inches thick. It is necessary, therefore, when vou are
selecting a micrometer, that vou first find the ap-
proximate size of the work to the nearest inch, and
then select & micrometer that will fit it. For example,
to find the exact diameter of a piece of round stock,
use a rule and find the approximate diameter of the
stock. If it is found to be approximately 3 1/4 inches,
a micrometer with a 3 to 4 inch range would be re-
quired to measure the exact diameter. Similarly,
with inside and depth micromeceters, rods of suitable
lengths must be fitted into the tool to get the ap-
proximate dimension within an inch, after which the
exact measurement is read by turning the thimble.
The size of a micrometer indicates the size of the
largest work it will measure.

Reamne a MicroaeTER CALIPER. The sleeve and
thimble scales of the micrometer caliper have been
enlarged in Fig. 36. To understand these scales, you
need to know that the threaded section on the spin-
dle, which revolves, has 40 threads per inch. There-
fore, everv time the thimble completes a revolution,
the spindle advances or recedes 1/40 inch {0.023
inch}.

A
ke . v
THIMBLE SCALL —
SLEEVE SCALE— “a—10
500 L ¢
050 L
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J00 [
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Figure 36, Enlarced slecve and thimble seales of a4 micrometer,
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Note in the illustration that the horizontal line on

the sleeve is divided into 40 equal parts per inch.
Every fourth graduation is numbered I, 2, 3, 4, and
so on, representing 0.10G in. 0.200 in, and so on.
When vou turn the thimble so that its edge is over
the first sleeve line past the “0” on the thimble scale,
the spindle has opened 6.625 in. If yvou turn the
spindle to the second mark, it has moved to 0.025 in.
plus (.025 in. or 0.030 in. You use the scale on the
thimble to complete vour reading when the edge of
the thimble stops hetween Jndu&trd Jines. Th15
seale is divided into 25 equzﬂ parts, each part rep-
resenting 1/25th of a turn; and 1/25th of 0.025 in. is
GO0E . As vow can see, everv fifth line on the
thimble scale is marked 3, 10, 15, and so on. The
thimble scale. therefore, permits vou to take very
wourite rendings to the thousandths of an inch, and,
since vou can estimate between the divisions on the
thimble scale, fairlv accurate readings to the ten
theusandth of an inch are possible.
Figure 37 will help vou understand how to take
& complete micrometer reading. Count the units on
the thimble scale and add them to the reading on
the sleeve scale. The reading in the illustration shows
a sleeve reading of 0250 in. (the thimble having
stopped slightlv more than halfwav between 2 and
3 on the ﬂeew—‘} with the 10th line on the thimble
scale coinciding with the horizontal sleeve line. Num-
ber 10 on this scale eans that the spindle has moved
awav from the anvil an additional 10 x 0.001 or
0.010 in. Add this amount te the 0.250 in. sleeve
reading, and the total distance is 0.260 in.

Figure 37. Reading a

micrometer caliper.

Head each of the micrometer settings in Fig. 38 so
that vou can be sure of vourrelf whe 1 you begin to
use this tool on the joh. The correct xeadmgs are
given following the figure so that vou can check
vourself,

C 23 o123 4;—'_ ‘:_
it =
0
1 B
01234 loiz3 18
i HIf 13
. [
o2~ o [ 1 - clzs
"*mhII'h‘_:T— 20 L i °
- 20
7 8 9
Answecs for checking—
1. = (0.327 4, = 0438 7. = 0.246
2. = 0.229 5 = 0.137 8 = 0.148
3. = 0428 6. = (.336 9, = {.349

Figure 38. Micrometer-reading exercises,

Figure 39 shows a rea iing in which the horizontal
line falls between two graduations on the thimble
scale and is closer to the 15 graduation than it is to
the 14. To read this to three decimal places, see Fig.
39 and calculation A. To read it to four decimal
places estimate the number of tenths of the distance
between thimble-scale graduations the horizontal
line has fallen. Each tenth of this distance equals
one ten-thousandth (0.0001) of an inch. Add the
ten-thousandths to the reading as shown in the cal-
culations of B, Fig. 39.

300 300
5)-025 025
015 B{.014
340 0007
3397

Figure 39. Interpolating a micrometer reading.
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Prustre A Vernier scale on a micrometer,

Rranive & Vesnier Miororierer Cavprr. When
working under exceptionally precise dimensions, use
o miberometer that is accurate to ten-thousandths of
ar inch This degice of accuracy is obtained by the
addition of a vernier scale. Figure 40 shows a vernier
scale on u micrometer that furnishes the fine read-
ings between the lines on the thimble rather than
waking von estimate. The 16 spaces on the vernier
are equivalent to 9 spaces on the thimble. Therefore,
each unit ou the vernier scale is equal to 0.0009 in.
and the difference hetween the sizes of the units on
each scale is 0.0007 in.

When a line on the thimble scale does not coincide
with the horizontal sleeve line, vou can determine
the additional space bevond the readable thimble
mark by finding which vernier mark coincides with
a line on the thimble scale. Add this number, as that
many  ten-thousandths of an inch, to the original
reading. Note in Fig. 41 how the second line on the
vernier scale coincides with 2 line on the thimble
seale,

This means that the 0.011 mark on the thimble
scale hus heen advanced an additional 0.0002 in.
hevond the horizontal sleeve line. When vou add
this to the other readings. the reading will be 0.200
+ 0.075 4 0011 + 50002, or 9.2862 in., as shown
in Figz 4l

Meascwing Horr Diavieress wrrn AN [NsipE
Mickosterer Cacreer. To measure the diameter of
small holes from 0.2 to @ inch in diameter, an inside
micrometer caliper of the jaw-tvpe, as shown in A,

i e ——
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Figure 41, Reading a vernier micrometer caliper.

Fig. 42, may be used. Note that the figures on both
the thimble and the barrel are reversed, increasing
in the opposite direction from those on an outside
micrometer caliper. This is because this micrometer
reads inside measurements. Therefore, as you turn
the thimble clockwise on this micrometer, the mea-
suring surfaces move farther apart and the reading
increases. { On an outside micrometer caliper, as you
turn the thimble clockwise, the measuring surfaces
move closer together and the reading decreases.)
For holes from two inches up to several feet in
diameter, select the inside micrometer having exten-
sion rods whose range includes the required dimen-
sion. The extension rod marked 6-7, for example,
when inserted into the head of the micrometer, will
measure inside diameters from 6 to 7 inches. The
shoulder on the rod must seat properly to ensure a
correct reading. For large measurements, B, Fig. 42,
shows how hoth hands are used to set the microm-
eter for checking a diameter. Hold one end in place
with one hand as you feel for the maximum possible
setting by moving the other end from left to right,

EXTENSION
RQD

Figure 42, Measuring inside diameter with an inside caliner.
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and in and out of the hole with the other hand. When
no left-to-right movement is possible, and a slight
drag is noticed on the in-and-out-swing, take the
reading.

MeascrING Rounp Stock. When measuring the
diameter of a small piece of round stock, held the
stock to be measured in one hand. Hold the micro-
meter in the other hand so that the thimble rests be-
tween the thumb and the forefinger (see Fig. 43).
The third finger is then in a position to hold the
frame against the palm of the hand. The frame is
supported in this manner and makes it easy to guide
the work over the anvil. The thumb and forefinger
are in position to turn the thimble either directly or
through the ratchet and bring the spindle over
against the surface being measured.

r
RATCHET STOP
LOCK NUT

Figure 43, Measuring round stock with a micrometer caliper.

Turn the spindle down to contact by feel, or else
use the ratchet stop. Your feel should produce the
same contact pressure and therefore the same read-
ing as that produced when the ratchet stop is used.
Develop vour feel by measuring a certain dimension
both with and without the aid of the ratchet stop.
When you have the correct feel, you will get the
same readings by hoth methods.

In measuring round stock the feel must be very
light because there is only a line contact between the
spindle and the stock and the anvil and the stock.
Therefore, the contact area is exceptionally small,
causing a proportionally high contact pressure per
unit of area. This tends to give a reading smaller
than the true reading, unless the light feel is used.
Moreover, in measuring a ball from a ball bearing,
the contact is at only two points, so the contact area
is again very small, which results in a tremendous
pressure per unit of area. This condition requires
onlv the lightest possible contact pressure to give a
true reading.

Hold the micrometer lightly and for only as long
as is necessary to make the measurement. Wrapping
the hand around it or holding it for too long a time
will cause expansion of the metal and will introduce
errors in measurement. Read the setting on the thim-
ble scale (if the object is small) without removing
the micrometer caliper from the object.

MEasurING A Frat Surrace. When measuring a
flat surface with a micrometer caliper, the entire area
of both the anvil and the spindle is in contact with
the surface being measured. This causes a propor-
tionally low contact pressure per unit of area, There-
fore the feel should be slightly heavier than when
measuring round stock.

On large flat work, it is necessary to have the work
stationary and positioned to permit access for the
micrometer. The proper method of holding a microm-
eter when checking a part too large to be held in
one hand is shown in Fig. 44. The frame is held by
one hand to position it and to locate it square to the
measured surface. The other hand operates the thim-
ble either directly or through the raichet. A large,
fat surface should be measured in several places to
determine the amount of variation. It is good prac-
tice to lock the spindle in place with the locknut
before removing the micrometer from the part being
measured. After removal of the micrometer the
measurement indicated on the thimble scale can
then be read.

To retain a particular setting, in cases where sev-
eral pieces are to be gaged, lock the spindle in place
with the locknut. When a piece is gaged with a
micrometer whose spindle is locked to a particular
setting, the piece can quickly be identified as over-
size, correct size, or undersize.

Figure 44, Measuring flat stock with a micro . ier caliper,
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Care of Micrometers

Keep micrometers clean and lightlv oled. Make
sure they arve placed ina case or box when thev are
hob 1 use. t he protected from Jam-
age and must not be (u(ﬁ.am'd with emerv cloth or
nther abrasive

Anvil faces mu

Squores

Squares ave primarily used for testing and check-

ness of an angle or for laving out lines on
vares have a rule marked on their
may also be used for mea-

are several tvpes of squares commonly

Carpenter's Sguare

L i

P carpenter’s steel square is usuallv 12
v 5 mrches, 24 inches x 16 inches, or 24 inches
inches, The #Hat sides of the blade and the
tongue are graduated in inches and fractions of an
b, (The

1%

i:

sguare also contains information that
05 to siruplify or eliminate the need for compu-
tations in manyv woodworking tasks.) The most com-
mon uses for this square are laving out and squaring
up large patterns. and for festing the flatness and
squareness of large surfaces. Squaring is accom-
plished by placing the square at right angles to ad-
jacent surfaces and observing if |
the work and the square.

One tvpe of carpenter’s square {framingi has ad-
ditiona! tables engraved on the square. With the
framing square, the craftsman can perform calcula-
tons rapidly and lav out
stairs.

ht shows between

rafters, ablique joints, and

Try Square

The try sguare (Fig 43 consists of two parts at
right dngies to each other—a thick wood or iron
tock and a thin steel blade. Most trv squares are
made with the blades graduated in inches and frac-
tions of an inch. The blade length varies from 2
inches to 12 inches. This square is used for setting
ar checking lnes or surfaces which Lave to be at

vieht angles to each other,

Sliding T-Bevel

The stiding T-Deve! (Fig, 487 15 an adjnstable try

COMMON
i RY

5TOCK

Figure 45, Try square.

SLIDING T
BEVEL

Figure 46. Sliding T-bevel.

square with a slotted beveled blade. Blades are nor-
mally six or eight inches long. The sliding T-bevel is
used for laving out angles other than right angles.
and for testing constructed angles such as bevels,
These squares are made with either wood or metal
handles.

ApjustmEesTs. To adjust a sliding T-bevel to a de-
sired setting, loosen the blade screw. at the round
end of the handle, just enough to permit the blade
to slide along its slot and to rotate with slight fric-
tion.

To set the blade at a 45-degree angle, hold the
handle against a framing square as shown in A, Fig.
47, with the blade intersecting equal graduations on
the tongue and blade of the square; or hold the
hevel against the edges of a 45-degree drafting tri-
angle, as shown in B. Fig. 47. When using drafting
triangles for setting a sliding T-bevel, different size
triangles must be used for each different setting. A
45-degree angle can also be set by using the squaring
head of a combination set as shown in C, Fig. 47,

A sliding T-bevel can be set to any desired angle
bv using a protractor. Loosen the blade screw as
before. and hold the bevel with the blade passing
through the graduation selected and the center of
the protractor as shown in DD, Fig, 47

ConstRucTED  AncLE VeErmncarosx., To o test a
chamfer or bevel for trueness, set the T-bevel to the
required angle, and hold the handle to the working
face of the stock being tested. Face a source of light,
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r‘q.sv\/ /

450
@\ DRAFTING
PANN TRIANGLE

FRAMING BRI
SQUARE b

r‘\sz

COMBINATION
SQUARE

SETTING THE T-BEVEL
c D
Figare 47, Adjusting sliding T-bevel to a desired setting.

and with the blade brought into contact with the
surface to be tested, pass the blade along the length
of the surface (Fig. 48). The appearance of light
between the blade and the surface of the stock in-
dicates where the angle is not correct. Figure 48
indicates the checking of a bevel, but testing the
trueness of a chamfer is accomplished in the same
way.

Figure 48. Testing trueness of a bevel.

Combination Square

A combination square is equipped with moving
heads called a square head, protractor head, and a
center head. These combine the functions of several
tools, and serve a wide variety of purposes. (See
Figs. 49 and 50.) Normally only one head is used
at a time,

The square head may be adjusted to any position
along the scale and clamped securely in place. The
combination square can thus serve as a depth gage,
height gage, or scribing gage. Two of the faces of
the head are ground at right angles to each other,

and a third face at 45 degrees. A small spirit level
is built into the head for checking whether surfaces
are plumb, and a small scriber is housed in a hole
in the end of the head for marking layout lines.

The center head can be slid onto the blade in
place of the square head. This is a V-shaped member
so designed that the center of the 90-degree V will
lie exactly along one edge of the blade. This attach-
ment is useful when locating the exact center of
round stock.

The protractor head, commonly called a bevel pro-
tractor, can be attached to the scale, adjusted to any
position on it, and turned and locked at any desired
angle. Angular graduations usually read from 0 to
180 degrees both ways, permitting the supplement of
the angle to be read. A spirit level may be included
on some models, forming, in effect. an adjustable
level to show any required degree.

Care of Squares

Make certain that the blades, heads, dials, and all
accessories are clean. Apply a light coat of oil on all
metal surfaces to prevent rusting when not in use.
Do no! use squares for purposes other than those
intended. When storing squares or bevels for long
periods of time, apply a liberal amount of oil or rust-
preventive compound to all surfaces, wrap in oiled
paper or cloth, and place in containers or on racks
away from other tools.

CENTERING HEAD
“FOR CENTER %
LINE SCRIBING

STEEL BLADE

VARIABLE HEAD
PROTRACTOR

SLIDING TRY
AND MITER
SQUARE HEAD

LEVEL

————f vy N

SCRIBER \TRY SQUARE

Figure 49. Combination sguare sct.
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Miscellaneous Gages

There are a number of miscellaneous gages. The
depth gage, fecler gage. thread gage, telescoping
gage, dividers, and plumb bob are among some of
the gages discussed in this chapter.

Depth Gage

A depth gage is an instrument for measuring the
depth of heles, siots. counterbores, recesses, and the
distance from a surface to some recessed part. The
rtile depth gaze and the micrometer depth gage are
the tmost commonly used (Fig. 51).

The rule depth gage is a graduated rule with a
stidicg head designed to bridge a hole or slot, and
too hald the rile perpendicular to the surface on
which the measurement is taken. This tvpe has o
e aring range of from 0 to 5 inches. The sliding

head has a clamping screw so that it may be
clamped in any position. The sliding head has a flat
base which is perpendicular to the axis of the rule
and ranges in size from 2 to 2 5/8 inches in width
and from }/8 to 1/4 inch in thickness.

The micrometer depth gage consists of a flat base
attached to the barrel (sleeve) of a micrometer head.
These gages have a range from 0 to 9 inches, de-
pending on the length of extension rod used. The
hollow micrometer screw (the threads on which the
thimble rotates) itself has a range of either 1/2 or
1 inch. Some are provided with a ratchet stop. The
flat base ranges in size from 2 to 6 inches. Several
extension rods are normally supplied with this type
of gage.

To measure the depth of a hole or slot with rea-
sonable accuracy, use a depth gage as shown in A,
Fig. 52. Hold the body of the depth gage against the
surface from which the depth is to be measured and

EXTENSION RCD -

SLIDING :
H1A.D /
v Lisi T =

FLAT BASE —s

| N THIMBLE CAP

CLAMPING Y-
SCREW

EXTENSION ROD

FLAT BASE RULE

\ | SLIDING HEAD

MICROMETER

VERWIER

Figure 51. Types of depth pages.
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A 8 C

Figure 52. Using depth gages.
extend the scale into the hole or slot. Tighten the
setscrew to maintain the setting, Withdraw the tool
from the work and read the depth on the scale.

To measure the depth of a hole or slot with more
aceuracey than is possible with an ordinary depth
cage, place o vernier depth gage over the slot, as
shown in B, Fig. 32. Note that the clamping screws
are at X and Y, and the horizontal adjusting screw
nut is at Z. With X and Y loose, slide the scale down
into the slot being measured until it is almost in con-
tact. Then tighten X to make Z operative. With Z,
adjust the scale to the proper feel and secure the
setting with Y. ( By proper feel is meant the adjust-
ment at which vou first notice contact between the
end of the scale and the bottom of the slot.} Then
read the setting as previously described under Read-
ing a Vernier Scale.

To set the vernier depth gage to a particular set-
ting, loosen both setscrews at X and at Y and slide
the scale through the gage to the approximate set-
ting. Tighten the setscrew at X, turn the knurled nut
at Z until the desired setting is made, and tighten
the setscrew at Y to hold the setting.

To measure the depth of a hole or slot, as shown
in C, Fig. 532, with more accuracy than is possible
with either an ordinary depth gage or a vernier
depth zage, place a micrometer depth gage over the
slot and adjusi the thimble until the contact of the
spindle causes the ratchet stop to slip. Remove the
micrometer from the work and read the micrometer.
Remember, if extension rods are used, the total depth
reading will be the sum of the length of the rods
plus the reading on the micrometer.

Surtace Gage

A surface gage is a measuring tool generally used
to transfer measurements to work by scribing a line,
and tn indicate the accuraev or parallelism of sur-
faces.

CRI SCRIBER
SCRIBER —ts, cR18
- { J~—sPINDLE
§ § spinDLE
f | ROCKER
BRACKET
ROCKER
ADJUSTING
SCREW SPINDLE
NUT

GAGE PINS

Figure 33. Surface gage.

The surface gage (Fig. 53) consists of a base with
an adjustable spindle to which may be clamped a
scriber or an indicator. Surface gages are made in
several sizes and are classified by the length of the
spindle, the smallest spindle being 4 inches long,
the average 9 to 12 inches long and the largest 18
inches. The scriber is fastened to the spindle with a
clamp. The bottom and the front end of the base of
the surface gage have deep V-grooves cut in them,
which allow the gage to be seated on a cylindrical
surface.

The spindle of a surface gage may be adjusted to
any position with respect to the base and tightened
in place with the spindle nut. The rocket adjusting
screw provides for the finer adjustment of the spin-
dle by pivoting the spindle rocket bracket. The
scriber can be positioned at any height and in any
desired direction on the spindle by tightening the
seriber nut. The scriber may also be mounted directly
in the spindle nut mounting, in place of the spindle,
and used where the working space is limited and the
height of the work is within range of the scriber.
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To set a surface gage for height, first wipe off the
top of a layout table or surface plate and the bottom
of the surface gage. Use either a combination square
or a rule with rule holder to get the measurement. A
rule alone cannot be held securely without wobbling
and consequently an error in setting generally re-
sults. Because a combination square is generallv
available, its use for setting a surface gage is ex-
piained in this section.

Place the squaring head of a combination square
on a flat surface, as shown in Fig. 54, and secure the
scale so that the end is in contact with the surface.
ifove the surface gage into position and set the
scriber onto the spindle. Make the final adjustment
for the exact height required (4 1/2 inches in this
cuse} with the adjusting screw on the base of the
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Figure 34. Setting a surface gzage to height,
Surface Plate

A surface plate provides a true, smooth, plane sur-
face. It is a flat-topped steel or cast iron plate that is
heavily ribbed and reinforced on the underside
{Fig. 55). It is often used in conjunction with a sur-
face gage as a level hase on which the gage and
part to be measured are placed to obtain accurate
measurements, The surface plate can also be used
for testing parts that must have flat surfaces.

To test a surface for flatness, carefully clean it
and remove all burrs. Then place the surface of the
object on a flat area such as the surface plate in Fig.
56. Any rocking motion that is apparent will indicate
a variance from flatness of the piece being tested.

Figure 55. Surface plate.

Figure 56. Testing a surface for flatness.

For very fine work, lightly coat the surface plate
with prussian blue (bearing blue) and move the
piece being tested across the blue surface (Fig. 57).
The low spots on the surface being tested will not
take the blue; the high spots will take the blue (Fig.
|~y AR
Ji I.

To determine how much variation there is from
flatness—and where it is—you can insert leaves of a
thickness gage to determine the amount of variation
of flatness. Remember to add the thickness of all
leaves together to get the total variation (Fig. 58).

A surface also may be tested for flatness with a
straightedge. To do this, clean the surface thoroughly
and hold the straightedge on the surface in several
places as you look toward a source of light. The light
showing between the surface being tested and the
straigitedge will reveal the low spots.

Figure 57. Using prussian blue to aid in testing a flat surface.
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THILKNESS
GAGE

Figure 58. Checking conformity of a flat surface.

Care of Surlcce Plates

The surface plate should be covered when not in
use to prevent scratching. nicking, and denting. It
st be handled carefully to prevent warping (twist-
ingy Newver use the surface plate as an anvil or
warkhench--except for precision lavout work (mark-
g and measuring).

Thickness (Feeler) Gage

Thickness {feeler) gages are used {or checking and
measuring small openings such as contact peint
clearances, narrow slots, and the like. These gages
are made in manyv shapes and sizes (Fig. 59), and
alse with multiple blades {usually 2 to 26). Each
blade is a specific number of thousandths of an inch
thick. This enables the application of one tool to the
measurement of a variety of thicknesses. Some thick-
ness gage blades are straight. while others are bent
at 45- and 9C-degree angles at the end. Thickness
gages can also be grouped so that there are several
short and several long blades together. Before using
a feeler gage, remove anv foreign matter from the
blades. You cannot get a correct measurement unless
the blades are clean.

Figure 39. Thickness gage.

When using a feeler gage consisting of a number
of blades, insert various blades or combinations of
blades between two surfaces until a snug fit is ob-
tained. The thickness of the individual blade or the
total thickness of ail the blades used is the measure-
ment between the surfaces.

Cuare of Thickness Gages

Handle the blades with care at all times. Keep
from forcing the blades into openings that are too
small for them. Some blades are very thin and can
be bent or kinked easily. Blade edges and polished
surfaces are also easy to damage. When not using a
thickness gage, keep it closed.

Thread Gage

Thread gages (screw-pitch gages) are used to de-
termine the pitch and number of threads per inch
of threaded fasteners (Fig. 60). They consist of thin
leaves whose edges are toothed to correspond to
standard thread sections.

To measure the unknown pitch of a thread, com-
pare it with the standards of the screw pitch gage.
Hold a gage leaf to the thread being measured (Fig.
61), substituting various sizes until you find an exact
fit. Look at the fit toward a source of light for best
results.

The number of threads per inch is indicated by
the numerical value on the blade which is found to
fit the unknown threads. Using this value as a basis,
correct sizes of nuts, bolts, tap cutters, ana die cutters
are selected for use.

LEAVES

.,

Lhie,
F

,, o

”
%

Figure 60, Screw pitch gage.
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Figure 62. Using a wue gage to measure wire and sheet metal.
Wire Gage

The wire gage shown in Fig. 62 is used for mea-
suring the diameters of wires or the thickness of sheet
metal. This gage is circular in shape with cutouts in
the outer perimeter, Each cutout gages a different
size from No. 0 to No. 36. Examination of the gage
will show that the larger the gage number, the
smalier the diameter or thickness.

Gages similar to the one shown in Fig. 62 are
available for measuring a varietv of wires and sheet
metals. The names of some common standard wire
gages and their uses are given in the column head-
ings of Table 4. The body of this table contains gage
numbers and their corresponding equivalents in dec-
imal fractions of an inch.

Wire diameters may also be expressed in mils as
well as by gage numbers. One mil equals one
thousandth of an inch. Each decimal equivalent in
the table can be converted to mils by multiplying by
1,000. For example, the circled decimal in the table
is equivalent to .0640 x 1000 or 64 mils.

To use Table 4, select from the gages listed in the
table the one that applies to the sheet of metal or
wire you want to gage. For instance, column 2 states
that the American or Brown & Sharpe Wire Gage
shown in Fig. 62 is the one to use for nonferrous
sheet or wire. Note that each of the gages has its
own decimal equivalent for a particular gage num-
ber.

Te measure wire size, apply the gage to the wire
as shown in Fig. 62. Do not force the wire into the
slot. Find the slot that refuses to pass the wire with-
out forcing. Then, try the next larger slot until one
is found that passes the wire. This is the correct size.
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Bemember, vour measurements are taken at the slot
portion of the cutout rather than the inner portion of
the gage. Now that vou have the gage number turn
vour gage over and read the decimal equivalent for
that number.

To measure the gage of a piece of metal, first re-
move anv burr from the place where vou intend to
apply the gage. Then select the appropriate gage
for the metal to be measured.

After the right gage has been selected, apply the
gage to the wire, or to the edge of the sheet, as
shown in Fig. 62. The number cpposite the slot that
fts the wire or sheet is its gage number. The decimal
equivalent is stamped on the opposite face of the

rage.

Telescoping Gage

Telescoping gages are used for measuring the in-
side size of slots or holes up to six inches in width
or diameter. Thev are T-shaped tools in which the
shaft of the T is used as a handle, and the crossarm
used for measuring (Fig. 63). The crossarms tele-
scope into each other and are held out by a light
spring. To nse the gage the arms are compressed,
placed in the hole to be measured, and allowed to
expand. A twist of the locknut on top of the handle
locks the arms. The too] may then be withdrawn and
the distance across the arms measured.

These tools are commonlyv furnished in sets, the
smallest gage for measuring the distances from 5/16
to 1/2 inch, and the largest for distances from 3 1/2
to 6 inches.

To measure the diameter of a hole from 1/2 10 6
in. in diameter, select from a set of telescoping
gages the one whose range includes the size you

TELESCOPING

Figure 63. {mall hul: ond telescoping gages.

need. Loosen the knurled nut at the end of the han-
dle, and telescope the adjustable end of the gage to
a size slightly smaller than the hole and retighten
the nut. Insert the gage into the hole, as shown in
Fig. 64, loosen the nut to permit the spring-loaded
adjustable end to expand to the hole diameter, and
tighten the nut. The spring-loaded contact of the
adjustable end will assure proper contact. Make sure
that the gage is held with the telescoping end at right
angles to the axis of the hole to measure the true,
maximum diameter. Remove the gage and measure
the setting with an outside micrometer caliper.

Small Hole Gage

For measuring smaller slots or holes than the tele-
scoping gages will measure, small hole gages can be
used. These gages come in sets of four or more and
will measure distances of approximately 1/8 to 1/2
inch.

The small hole gage {Fig. 83) consists of a small,
split, ball-shaped member mounted on the end of a
handle. The ball is expanded by turning a knurled
knob on the handle until the proper feel is obtained
(the slight drag of the ball end on the sides of the
hole)}. The gage is then withdrawn (Fig. 65) and
the size of the ball-shaped member on the end of the
gage can be measured with an outside micrometer
caliper. On some types of small hole gages, the ball
is flattened at the bottom near the centerline to per-
mit use in shallow holes and recesses.

.. TELESCOPED
POSITION
LOCKING
TNUT

Figure 64, Using telescoping gage.

Figure 65. Measuring diameter of a hole with a small hole gage.
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Marking Gages

A marking gage is used to mark off guidelines par-
allel to an edge, end, or surface of a piece of wood
or metal. It has a sharp spur or pin that does the
marking.

Marking gages (Fig. 66) are made of wood or
steel. They consist of a graduated beam about eight
inches long on which a head slides. The head can be
fastened at any point on the beam by means of a
thumbscrew. The thumbscrew presses a brass shoe
tightly against the beam and locks it firmly in po-
sition. The steel pin or spur that does the marking
projects from the beam about 1/16 inch.

To draw a line parallel to an edge with a marking
gage, first determine the distance the line must be
from the edge of the stock. Adjust the marking gage
by setting the head the desired distance from the
spur. Although the bar of a marking gage is grad-
uated in inches, the spur mayv work loose or bend.
if this occurs, accurate measurement should be made
with a rule between the head and spur (A, Fig. 67).
To draw a line after setting the gage, grasp the head
of the gage with the palm and fingers, as shown in
B, Fig. 67; then extend the thumb along the beam
toward the spur. Press the head firmly against the
edge of the work to be marked, and with a wrist
motion tip the gage forward until the spur touches
the work. Push the gage along the edge to mark the
work, keeping the head firmly against the edge of
the work.

Dividers

Dividers are useful instruments for transferring
measurements and are frequently used in scribing
arcs and circles in layout work.

HEAD
BEAM
[! f'l' L L R S S L L A |
SPUR
STEEL
BEAM HEAD

wooD SPUR——

Figure 66. Marking gages.

Figure 67. Using marking gage.

To lay out a circle with a divider, set the divider
at the desired radius, using a rule as shown in Fig.
68. Note that the 3-inch radius being set here is
being taken at a central portion rather than at the
end of the rule. This reduces the chance of error, as
each point of the dividers can be set on 2 grad-
uation.

Place one leg of the divider at the center of the
proposed circle, lean the tool in the direction it will
be rotated, and rotate it by rolling the knurled handle
between your thumb and index finger (Fig. 69).

Vernier calipers, which have two center points
similar to prick punchmarks, are particularly useful
in setting a divider to exact dimensions. One center
point will be found near the zero end of the scale
on the rule. The other peint is in line with the first
and to the left of the zero on the vernier scale (Fig.

70).

Figure 68. Setting a divider to a desired radius.
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Figure 69. Scribing 2 circle with a divider.

Figure 70. Setting a divider with a vernier caliper.

Set and secure the desired setting on the vernier
caliper and adiust the divider until both points
readilv enter the center points on the vernier caliper,
as shown in Fig. 70

Flurnbk Beb

4 plumb bob is a pointed, tapered brass or bronze
weight which is suspended from a cord for deter-
mining the vertical or plumb line to or from a point
on the ground. Common weights for plumb bobs
are 6, 5, 10, 12, 14, 18, 18, and 24 ounces.

A plumb bob is a precision instrument and must
he cared for as such. If the tip becomes bent, the
cord from which the bob is suspended will not
occupy the true plumb line over the point indicated
by the tip. A plumb bob usually has a detachable tip
-5 that if the tip should become damaged it can be
renewed without replacing the entire instrument.

The cord from a plumb bob can be made more
conspicuons for observation purposes by attachment
of a red-and-white target (Fig. 71).

Figure 71. Plumb bob, cord, and target.

The plumb bob is used in carpentry to determine
true verticality when erecting vestical uprights and
corner posts of framework. Surveyors use it for trans-
ferring and lining up points.

To locate a point which is exactly below a par-
ticular point in space, secure the plumb bob string
to the upper point, such as is shown in A, Fig. 72.
When the plumb stops swinging, the point as in-
dicated at B, Fig. 72 will be exactly below A.

To plumb a structural member, or an electrical
conduit, secure the plumb line A, Fig. 73 so that you
can look at both the line and piece behind the line.
Then, by sighting, line up the member or conduit
with the plumb line. POINT B

Figure 72. Locating a

point with a piumb bob.
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b
Fievre 73, Plumbing a structural member with a plumb bob.

If this cannot be done, it may be necessary to se-
cure the plumb line at some point, such as shown
at B, and then measure the offset from the line to
the piece at two places so that, for example, C and
D in Fig. 73 are equal. If the distances between C
and D are not equal, adjust the structural member or
conduit until they are.

Levels

Levels are tools designed to prove whether a plane
or surface is true horizental or true vertical. Some
precision levels are calibrated so that they will in-
dicate in degrees, minutes, and seconds the angle
inclination of a surfacé in relation to a honzontal or
vertical surface.

The level is a simple instrument consisti'lg of a
iguid, such as alcohel or chloroform, pariially filling
glass vial or tube so that a bubhle remains. The
uhe ¢ mounted in a frame which may be aluminum,
wcsd, or iron. Levels are equipped with one, two,
or more tubes. One tube is built in the frame at
right angles to another (Fig. 74). The tube shown
in Fig. 74 is slightlv curved, causing the bubble to
seek always the highest point in the tube. On the
cuiside of the tube are two sets of graduation lines
separated by a space. Leveling is accomplished when
the air bubble is centered between the graduation

m

~p

To level a piece of equipment, sueh as the work-

1V
bench shown in Fig. 75, wit' a carpenter’s level, set
the level on the hench top parallel to the front edge

of the bench. Note tha h ievel has several pairs

CHECKING FOR TRUE
HORIZONTAL

SCALE GRADUATION
BUBBLE

GLASS TUBE LiQUID

BUBBLE CENTERED
BETWEEN LINES

CHECKING FOR TRUE
VERTICAL

Figure 74. Horizontal and vertical use of level.

Figure 75. Leveling a bench.
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of glass vials. Regardless of the position of the level,
alwavs watch the bubble in the bottom vial of a
horizontal pair. Shim or wedge up the end of the
bench that will return that bubble to the center of
its vial. Recheck the first position of the level before
securing the shims or wedges.

To plumb a piece of equipment, such as the drill
press {Fig. 76), place the level on the side and on
the front of the main column of the press. Figure 76
shows the level on the side. Use shims as necessary
to bring the bubble in the lower vial of either pair
of the horizontal vials to the center in each case.
Levels must be checked for accuracy. This is read-

accomplished by placing the level on a true
horizenta) surface and noting the vial indication. Re-
vorse the level end for end. If the bubble appears on
one side of the graduations with reference to the
operator on the first reading and on the other side for
the second reading, the level is out of true and must
be adjusted.

Do not drop or handle a level roughly. To prevent
damage, store it in a rack or other suitable place
when not in use.

i
1989

Figure 76. Plumbing a piece of equipment with a level.
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Chapter 3

Tools are the mechanic’s best friend. They are in-
dispensable servants, performing innumerable tasks
bevond the power of your own hands. Like friends,
tools beecome more valuable to vou the better you
are acquainted with them. The term “bench work”
Fl'ae chipping, polishing, hand reaming,
hand tupping, all the manv jobs done at the bench
a vise.

Hegardless of the type of job to be done, a worker
should choose and use the correct tools in order to
do the work accurately, properly, and quickly. Metal-
working tools are carefully made and demand par-
ticular care if they are to work and last as the man-
ufacturer intended.

COVETS

BY i

Classes of Tools

The tools described in this book are classified as
hand tools, measuring and layout fools, and hand
power tools. Each type of tool has its special char-
acteristics and purposes and should be used accord-
ingly.

Hanp Toowrs. Hand tools are usually small and are
used with the hands to perform mechanical opera-
tions.

MEeasuring axp Lavout Toors. Measuring and
fayout tools are precision made tools used for mea-
suring and for laving out work accurately. {See Chap.
2.)

Hanp Power TooLs. Hand power tools are operated
entirely or partly by power, such as electricity and
comnpressed air, in order to make an opevation easier
or fuster, or more accurate,

Hammers and Mallets

Types of hammers used in the sheet-metal shop
are the machinist's or ball-peen, the cross-peen, the
tinner's riveting, the tinner's peening, the setting,
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the raising, the soft-face, and the brass-head (Figs.
1and2).

The essential parts of a machinist’s or ball-peen
hammer, the all-purpose hammer used in working
metal, are shown in Fig. 1. This hammer is used for
bending and forming sheet metal and brass strip.

When it is desirable to leave no marks on the metal
being formed, the soft-face or the brass-head hammer
is used (Fig. 1). There are several varieties of soft-
face hammers, some of which are made with a plastic
head, while others are equipped with a renewable
face of either rawhide or lead inserted in a steel
head.

The cross-peen or tinner’s riveting hammer is used
to flatten tinner’s rivets on furnace pipes, ducts, and
similar material {¥Fig. 1).

The square, flat face of the setting hammer (Fig.
2} is used for setting or {iattening metal seams with-
out marking or damaging the material. The single
tapered peen on this hammer has a beveled end and
is used for peening,

The raising hammer shown in Fig, 2 is used for
raising doors and cornice ornaments and for other
raising and bumping work.

Mallets made either of all wood or with rawhide
faces are generally used on light gauge materials to
prevent marring or damaging the metal (Fig. 2).

When a large number of sheets of heavy-gauge
metal are to be bent or shaped at angles, machines
cailed brakes are used. These machines are described
in Chap. 4. Sheet metal up to 24 in. in width that is
not too thick can be bent by hand.

How 1o Usg a MeTaL-working Hammer, In
bending metal, only the face of the ball-peen ham-
mer or mallet is used. To bend a piece of sheet
metal, get two steaight strips of hardwood, measur-
ing apploxlmately 1 in. thick by 3 in. wide and
slightly longer than the width of the sheet metal,
and a third strip of hardwood of the same length
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but slightly thicker and wider than the others (Fig.
3).

Scribe a line on the sheet metal with the sharp
point of a scriber, indicating exactly where the bend
is to be made (Fig. 4). Place the sheet between the
two shorter strips of hardwood (Fig. 3). The upper
edge of the lower strip must be directly under the
line of bend and the lower edge of the upper strip
must be on the line of bend. Both strips must project
about b, in, bevond the edge of the workbench
Using the third strip. press down on the sheet metal
to start the bend. With this strip in contact, strike
the strip a series of blews all along the length andd
continue uutil the desired angle has been formed

or hending metal brackets or braces of 1y in.—
or beavier-gange steel or brass strip. the method iy
“Hehthy different. Figure 4 shows the correct proce-
dure for bending steel or rass strip with avise and
v ballpeen hanoeer, faving ont the material for
e ;h!-:p_. P o heavier-gange steel, an adlowance
srast be made {or the amnount of metal taken up by
il bend. depending upon the thickness of the mictal
and the tupe of seam or joint. A simple rule s to add
approximately one-half the thickness of the metal to

the length of the picee to be bent, For example, if a
2 i x 3 i coroer brace is to be made of 1, inc-gange
metal. o picce of material 5 in
vided (Fig 4y

. I(JH‘L‘; myist l)(‘ Pl'll—

Seribe o line across the strip exactly 2 i fram one
cnel. Place the actal to be bent in the vise so that
the seribed line is even with the top edge of the vise
jaw and s clumped tightly, Using the face of the
ball-peen hanuner, strike the metal as close to the
vise as possible (Fig. 4). To avoid objectionable
tookmarks as far us possible, the hammer blows
should overlap each other and extend the full width
of the piece being bent.

Where a strip is to be bent at right angles with a
rounded rather than o sharp corner (Fig, 4), the
amount of metal lost in the bend depends not only
on the thickness of the metal but on the radius of
the curve made, When a strip is to be shaped with
a rounded corner, the muterial must be cat longer
than required. and alter heuding, trimmed down to
the desired sive.

Fastexine Bivers, To fasten rivets with a ball-
peen haminer, use the hall-peen part to flatten and
expand the ends of the rivets to form the rivetheads.
The fuce of the hommner is used to shape the tails of

HARDWOOD STRIP -] . —

BEND SHEET BY
DRIVING ALONG
STRIP-3 wiTH
A HAMMER

BEND TO
SUIT ANGLE

BEND NG SHEET METAL WiTH HAMMER AND WOODEN STRIPS. .'\

STRIP-Z > . )

tigure

3.
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rivets amd for driving the rivet set and the header.
A rivet set or header is merely a shost pleue of hard-
ented and tempered tool steel with a hole in one end
and a conical dtplessmn alongside the hole {Fig. 5).
The hole is used to force the metal pieces down on
the rivet shank before the end of the rivet is fat-
tened. The conical depression is then set over the
rivet end with the header held in a vertical position,
and the header is struck with the hammer to shape
the rivet after it has been flattened. For detailed in-

$CRIBE GUIDE
LiNE

STRIKE HAMMER
CLOSE TO VISE
JAW

/

h Y

1
COMPLETED 20°
SENDT W BRACKET

BEND ING CORMNER BRACKET
My

Figure 4.

formation on rivets and riveting, see Chap. 7. Ma-
chinist’s harmers of various sizes or weights are used
in riveting, depending on the type and size of the
rivets.

Rerracine Brokeny Hanimen Hanopes. Machine-
made hickory handles in various sizes can be secured
at most hardware stores. The portion of the broken
handle that remains in the hammer head must be
removed, The simplest and most effective method of
doing this is to drill through it with a twist drill to
remove as much wood as possible. It is then easy to
split out several small pieces and thus remave the
old wedged-in handle.

The end of a new handle is usually larger than re-
quired and must be scraped or pared slightly before
it will fit into the head o) the hammer. However, do
not pare it too much, since it must fit very tightly.
After the small fitted end of the handle is inserted

RN

; /

TRV LRI

Figitre 5
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into the opening in the head ot the hammer, tamp
the osther end of the handle against a solid surface
until the head is in place (Fig. 6). To prevent the
head of the hammer from fiving off. the end of the
honcdle must be expanded, after it is in place in the

WOODEN
WEDGE

hammer head, by inserting several wooden or metal
wedges (Fig, 7). Wooden wedges can be made of
either maple or hickory wood. Metal wedges can be
secured at any hardware store and are preferable.
Do not insert the wedges until the head is on the
handle as far as it can go. When using wooden
wedges. make a saw cut about as long us the wedge
in the end of the handle before inserting it into the
head of the hammer. Saw cuts are not necessary
when using metal wedges (Fig. 7).

Screwdrivers

The several types of screwdrivers used in the sheet
metal shop are the common screwdriver, ratchet,
spiral ratchet, offset, and Phillips. Screwdrivers are
available in various sizes. The size is always given by
the length of the blade: a 6 in. screwdriver has a 6
in. blade and so on. Nurrow-tipped blades are de-
signed for small serews, and blades with larger tips
for heavier screws.

Common Screwdriver. The various parts of a com-
mon screwdriver are shown in Fig. 8,

Ratchet and Spiral Ratchet Screwdrivers. The two
variations of the common screwdriver are the ratchet

v v
w A

gADLY SHAPED BLADES

ad

EFreure 7.

Figure 8,
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RATCHET SCREWDRIVER
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OR BLADE

-

PUSH
£y

Figure 9.

widd the spiral ratchet tvpes (Fig. 9). Similar in op-
eration to the common screwdriver. the ratchet type
drives screws in much faster and works semiauto-
matically. Blades of various sizes can be secured for
both tvpes of ratchet screwdriver, and both types
can be set for driving screws in or extracting them.
The handle of the ratchet serewdriver turns back and
forth in the direction set.

The spiral ratchet screwdriver operates even faster
than the ratchet. It can be set for either in or out.
To drive the screw, set the biade in the screw slot
and push on the handle, steadving the blade with
the other hand. The blade makes several turns for
each pusk.

Offset Screwdriver, Offset screwdrivers are de-
signed for driving screws where there is insufficient
space to use the conventional type of screwdriver
{Fig. 10). The offset screwdriver is made from a
piece of either round or octagenal steel with two
blades at opposite ends at right angles to one an-

FOR
CRAMPED
[SPACES |

. ¢
e AN

n o ' N N CRE ]
OFFSET SCREWDRIVER

Figure 0.

other and to the shaft. When screws have to be
driven in or extracted in inaccessible places, it is
sometimes necessary to use both ends of the offset
screwdriver, turning the screw a short distance with
one end and then with the other.

Phillips Screwdriver. The Phillips screwdriver is
used only for driving the Phillips screw (Fig. 11).
Phillips screws have a head with two V-slots which
cross at the center. The tip of the Phillips screw-
driver blade is shaped like a pointed or beveled cross
to fit into these slots. To keep the blade in the cross
slots of the screw, more downward pressure is used.

HANDLE

PHILLIPS
SCREW

POINT

h,

Figure 11.
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This hpe of serewdriver cannot slip out of the slot
or otherwise dinnage finishes.

Usineg s Screwpriver. Choose the right sive of
serew and serewdriver. and be sure to use the Tong-
est screwdriver that is available and convenient for
the particulir job, The blade of the serewdriver must
fit the screw slots, It st he neither too small nor
too large. If it is too small. the blade may break, If
it is too large, it may slip out and mar the surtace of
the woac

The end of a screwdriver blade must be square
and Hat. and the sides slightly curved. A round-
edged serewdriver is (];u)ger(ms; it is apt to S]ip when
driving u screw. causing serious injury (Fig. 12).

When driving screws with a common screwdriver,

the handle with the thumb side of the hand

HUasp
toward the blade. Use automatic screwdrivers ac-
cording to directions given by the manutacturer of
vach tvpe. Place the screw in the pilot hele, hold it
straizht with the left hand. set the blade in the slot,
and start turning the serewdriver, exerting pressure
with the right hand (Fig, 13). As soon as the screw
has taken hold of the wood. remove the left hand,
and continue driving the screw in. Hold the serew-
driver steady, with the blade in a direct, straight line
with the screw.

Reniovine Ticut Screws. To remove a tight SCrew,
wse a screwdriver that has a blade with parallel sides
that fit the screw slot perfectlv. If the right size and
shape of screwdriver is not used. the screw becomes
“chewed.” making the job more difficult. A tight

PR e

ROUND -TIPPED SCREWDRIVER
W APT TO CAUSE SERIOUS ,
_DAMAGE OR

iNJURY

Figure }2

serew sometimes can be started by giving it a slight
twist in a clockwise direction. that is, the same di-
rection which drives it i, 1t this does not Lielp. twist
the serew both wavs, backing it out as far as it will
go easily. and then turning it part way back in again,
Each time this is repeated. the serew usually will
back out a little farther until i is all the way out. {u
some cases. a screw with o damaged slot can be
backed partly out. and then turned the rest of the
way with @ pair of plicrs.

Drissine Screwpnriver BLaprs. A screwdriver s
not a cutting tool and for that reason does not have
to be sharpened. but it must be dressed or kept in
condition, This is done by occasionally grinding it
on an emery wheel or by filing the blade with o Hat
file. Correct and incorrect slmpvs for a screwdriver
are shown in Fig. 8.

When dressing a scerewdriver with a files hold the
screwdriver in a vise and file the tip absolutely

RIGHT HAND

CORRECT MLTHOD
OF HOLD ING
SCREWDR IVERS

LEFT HAND

Figure 13.
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strafght across both ends. at right angles to the shank
and the sicdes, with the faces near the tip as paralle]
as possible to each other (Fig, 14), Never bevel or

reusdd the Blade of a serewdriver.

\}wmmmwé%kg

4
a0

N

N -

Figure 14.

GRINDING -
WHETL

DRESSING SCREWDRIVER
TiP ON WHEEL

M
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When using an emery wheel for dressing a screw-
driver, hold ut angle shown in Fig. 13, Do vot hola
the blade against the wheel too long, or the friction
wheel will heat the steel and draw the temper or
soften the blade. When dressing o screwdriver, dip

the blade in water at frequent intervals.

Drills

To drill holes in sheet metal, either the hand or
breast drill shown in Figs. 16 and 17 is used with a
twist drill of the required type and size. The chuck
of the hand drill (Fig, 16) has a drill size capacity
of up to T} in. Where a larger size twist drill up to
1 in. maximum is required, the breast dvill must be

used (Fig. 17).

HANDLE WITH CAP
REMOVABLE ON
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DRILL SIZE
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TWIST DRILL

HanD DRILL

Figure 15

Figure 16.
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The st dill, moere specifically known as the
Sorse twst L ds design ot for drilling holes in
eriads (Fig. 18). The sev-
eral tvpes of tast drils arve the  square-shauk.
straigit-shank, and taper-shank (Fig. 19).

All twist drills, inespective of type, have two cut-
ting edge., or lips, as they are called (Fig. 18} The
upper foces o these e cutting edges are formed
by miliing, or gringing, (wo oppa-ity
{ Hutesh ;
ends of these cutting edges are ground ot an angle
ol approximately 60 degrees with

S

gl

metal aned other

spirat grooves
into 2 oviinder of ool stecl, The bottom
the avis. After
experimentation,  the
rako s of twist drills have found that the best angle
e nofnt for both centering the drill and keeping
it el without any tendency to wedge or stick
ivoot 120 degrees, These augular faces are backed

able  research  and
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off for clearance, and when the cutting edges become
dull, onlv these faces have to be ground.

The flute iu the twist drill is milled at an angle of
about 20 tu 25 degrees with the axis to give the drill
the necessarv rake. or clearance, betsveen the cutting
edge and the work (Fig, 18}, When this cutting edge
is properly ground, it has a relief angle of about 10
to 12 degrees on the end, consequently the cutting
angle of a twist drill ranges usually trom 535 to 60
degrees. The flute in a twist drill {s designed so that
the chips work out easilv while cutiing. This is an
added uxumtage when dnng; a fairly deep hole.
Thev alsa serve as leads for lubricants.

Figure I8 ‘shows that, after the Hute in the twist

drill has been cut, the remaining portion of the sur-
fnee ot the body of the drill is relieved, or cut away,
aued o narrow ffmd, or body clearance, remains. This
friction of the drill in the hole. The
thinaer section of the body of the drill, between the
Iiatores of the flites, is called the web.

When properly sharpened. the cuttirg edges of a

ridhiices the

~POINT

SQUARE
SHANK

TYPES OF TWIST DRILLS

™My

Figure 19.

twist drili produce a hole that is fairlv round.
straight, and of the same diameter as the drill. How-
ever, a twist drill is considered essentially a roughing
tool. Holes are made more accurate by subscqveni
reaming or grinding.

Square-shank Twist Drills. The square-shank twist
drill is designed to fit into the chuck of a wood-
working ratchet brace (A, Fig. 19). It is made of
metal that has been tempered for use in soft metal.
A wood-working brace is not ideal for driving a twist
drill and should be used only if a hand or breast
drill is not available, or when hidden nails or other
unexpected metal may be encountered in the work.
Square-shank drills are available in diameters raug-
ing from 14¢ in. to 3} in. in gradations of 14, in.

Straight-shank Twist Drills. Straight-shank twist
drills up to 1% in. in diameter are used in either hand
or breast drills, small power drills, and the lighter
tvpe of drill presses fitted with either a two-jaw or
a three-jaw chuck.

There are two types of straight-shank twist drills:
those with a neck or rmg-s}l'{ped groove in the
shauvk, and those without a neck (B and D, Plg 19).
The small sizes, up to 1; in. in diameter, have no
neck, and are inserted in the small hand and breast
drills by turning the sieeve outside the chuck to opern
the jaws wide enough, and then tightening in the
opposite direction, C hucks used for drills la::zer than
1, in. in diameter are usually opened and closed by
means of a wrench called a key.

Taper-shank Twist Drills. Taper-shank twist drills
of more than 14 in, diameter are used only in power
drills. Hand drills or breast drills do not have suf-
ficient power to drive larger sizes efficiently. The
sall end of a taper-shank drill is machined flat to
form & tang which fits into a slot in the end of the
spindie socket in a power drill press (C, Fig. 19},

Crassirication oF Twist Driis. All types of
Morse twist drills are made of either ecarbon-i
steel or high-speed steel. Carbon-tocl-stee! drills are
vsed in hand and breast drills and where low-speed
driiling is lequnﬂ? ~n power drill presses. They are
leas cxpensive o o ghespeed-steel drills,

High-speed—s - dan are used on high-spese
power driven drill presses. They can be operated at
much higher cutting speeds and will retain their cat-
ting ed;es longer than carbon-tool-steel drifls.

The .. ces of Morse twist drills are arranged i "o
groups: numerical, alphabetical, fractional or ma-
chinist s, and metric. The numerical sizes are num-
bered from | to 80, ranging in diameter from 0.0135
in. to 0.228 in. The number is stamped on the shank
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of the large sizes onlv: a drill gauge is asens . iden- chuck. which takes straight-shank twist drills up 0
tifv the small sizes. A drill gauge is a Hut pece of 1y i in diamneter.
steel in which sixty marked holes have heen drilled Only the shank of the drill should be gripped by

(Fig. 20). The number above the hole into which
a drill fits snugly is the nuniber size of thut particular

drill. Sizes 61 to 80 are seldom nsed. and are too
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il indented to prevent the point of the drill from
walking around the metal before it takes hold. This
is called laving out a hole for drilling. With the point
of w scriber, murk the spot accurately and locate the
centor of the hole with an X, Make an indentation
at this point with a center punch and hammer (ng.

219, /

Center punclws are pointed tools made from either \

ad or oetevonal steel rod. Two tvpes of hes HOLES DRILLED
round or octagonal steel rod. Two tvpes of punches THROUGH TO CHECK
are used (Fig. 21): the prick or dot punch, with a DRILL OR WIRE SIZES

" . ' . . MARKED TO
60 degree point. and the center punch, sometimes _ 1 60

called the octagonal tvpe, with a 90 degree point.
Both punches are ground to a true taper point cen-
tral with the shank of the tool. The dot punch is used
to make the first indentation locating the center of
the hole, The center punch is used to widen and
deepen the indentation.

To make the indentation at the exact spot re-
quired, the punch must be held at a slight angle
while the point is placed. Then straighten it up unti!
it is exactly perpendicalar to the surface of the metal,
Fold the shank of the punch between the thumb and
the first and second fingers as shown in Fig. 21,
Using the machinist’s hammer, make several quick
firm taps in line with the punch.

DriLnine with a Haxp or Breast Dricr. A hand
drill can be used to drill holes up to 1} in. in diam-

INSERT DRILL TO
DETERMINE S IZE ™~

eter in soft steel. brass, zine, aluminum, cast iron, SELECTING PROPER SIZE TWIiST
and other die-cast alloys. When holes from by in. to DRILL WITH DRILL GAUGE
1 in. in diameter have to be drilled in these ma- o

terials, a breast drill must be used. The average type
of hand dril! available is equipped with a three-jaw Fignre 20.
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Figure 21,

the chack (Fig. 22). The shank is softer than the
fluted purt of the dn[,, and the jaws of the chuck
grip it more tightly, which lessens the dunger of
breaking the duH Do not insert the entire length of
the shank in the chuck (Fig. 223, but leave a por-
tion ot it ontside to take up some of the strain, If
the shunk is set in all the way up to the fluted por-
tion, the drill may snap,

TIGHTELN

CHUCK TO

GRIP DRILL
SHANK TIGHTLY
%10 RUN TRUE.

GUIDE DRILL
TO CENTER -
PUNCHED
POINT OF

CHUCK~ LOCATION

#y

Figure 22

Before drilling a hole, check the drill to find out
it it is gripped tightly in the chuck and if it runs
straight and true (Fig. 22). When a drill runs out of
true, a bent shank probably is responsible, A drill
wobbles if there is a burr on the shank. An out-of-
true drill will not bore a hole to the exact size re-
quired and is liable to breuk.




Atter marking the metal with the conter punch at
the point where the hole is to be drilled, secnve fhe
work Hromlv in a vise, I it is not secured firmmly fIrilk
hreahage or serions injore inay resadt { Fig, 23).

The hand or Ereast drifl most bee held steady and
in an absolutely straicht line with the twist drill once
the Liole is started. Too muck pressure on the duill
v bend or break it As vou turn the drill, maintain
arcever motion and the proper speed tor the tvpe of
niterial CFigs 23) Never attempt to force a drill:
Feed it with even pressure and speed.

Dreilly of smadi diconeter wo not clear themselves
of chaps so readihy as the farger ones. YWhen dritling
dicneter holes, sithdraw the twist drill from
the hole secasienally to clear the Hutes of chips.

Doonaob use twist drills sialler than Ly, in, in

1
Sitidil-

diaceter with hand drills. Smaller sizes than this
Jioald he used in g wotorized hand ool of the type
Shown e B 24,

Dmiznine Seeens axp Feeps, The tvpe of material
iowhich holes are te be drilled and the size of the
vl determine the proper speed and feed of the
drili. A general rule governing speed and feed is that.
i a gnen material small drills must be tumed faster
and fed into the work more rapidlyv than larger drills.

I drifling a hele in il or soft sweel, the drill
should be run and fed slowly. For harder metals, the
speed and feed of the dirill must be faster than for
the softer material, In conper, brass. brouze, alumi-
the drill must turn at a
than for

num. and aluminum alloy
greater speed and be fed more rapr -
either mild iron or steel,

Drill squeaks occur when a drill s fo. too fast,
when the flutes are clogged with chips, or when the
drill has become dull. A squeaking drilt quickly be-
comes overheated and loses its cutting edge and
temper.

Hacksaows and Blades

The essential parts of a hacksaw are the blade and
the adjustable frame that holds the blade. An ef-
ficient hacksaw is eguipped with a frame adjustable
for 8 in.. 10 in.. or 12 in. blades, and has either a pis-
tol-grip or a straight handle {Fig. 25).

Hucksaws can be used to cut practically all tynes
of metals, with the exception of tempered steel.

To ascertain whether a metal can be cut with a
hacksaw, test it with a file. If the metal cannot be
filed. it cannot be cut with a hacksaw,

InserTinG A Hacxsaw Brane. To insert the blade
in the frame of the saw, first adjust the frame to fit

ARPPLY
HA N UL

EVEN PRE5ULHRE AT
BN LD FIRMLY

s A VERTICAL LINE <« w0

MAINTA LN
SHARP AND
STRAIGHT
GRILL.,

HAND
DRILL
TILTED
TQO MUCH
WILL SNAP

SMALL DRILLS.

WORK CLAMFED
SECURELY N a
VISE TO Avalo
TURNING OF
THIST NG,

COMMON CAUSES
OF SMALL
DRILL
HRZAKAGE:

A BURR ON A
DRILL SHANK,
QUT -0F -TRUE
BENT ORIEL,
FORCED OFF -
CENTER POENT

Figure 23,
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the length of the blade. Al hacksaw blades have a wingnut untu che blade is under strony tension.
hole in each end to Bit over pins in the stretchers at A hacksaw blade cannot be reset, sharpened, or
ground. and when dutl or broken it musit be replaced
with a new one. To replace a blade, turn the wingnut
o the frame of the hacksaw until the tension is re-

cach end of the saw frame. When a blade is set in
the frame. the teeth must poiat awav from the handle
(Fig. 28) When the blade is in positon. tighten the

CHUCZK ENCLOSED MOTOR

TRIGGER
SwIlTCH

EXTENSTON
CoONMNECTION CORD
Flitis

PORTABLE ELECTRIC DRILL

My

Figure 24
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leased, then remove the old blode, Insert a new
blade, and tighten the wingnut.

Srercrine e Hacksaw Boawpe, Hacksaw blades
are cJassified according to the number ot tecth per
nch, ov piteh, as it is sometimes called. They range
from 1+ to 32 tecth per inch, in gradations of 4. The
14 and 18-teeth-per-inch blades are classified fur-
ther as hard blades. The 24- and 32-teeth-per-inch
Blades ave termed flexible.

Three rules govern the choice of a correct blade
for metad cutting. The first is known in the trade as
the three-tooth rule, which means that at least three
conseentive teeth of the blade should be in contact
at all times with the work (Fig. 26). Although the
ivpe and size of blade depend to a great extent on
the tnaterial to be cut. the three-tooth rule also serves
as it guide i selecting the size of the blade tooth. It
is 4 proved fact that coarse-toothed blades are faster
catters than fine-toothed blades, but they breal. more
(&lxii}t

Fwo other rules for selecting the corvect blade are:
a fine-toothed  blade plus light. steady  pressure
should be used on tubing and thin sections of ma-
tevial: a coarse-toothed blade with heavy, even pres-
sure should be used on thick steck or material.

When cutting tool steel and drill rod, use an all-
hard 18-teeth-per-inch blade. For soft steel, copper,
brass, and aluminum, with the exception of very thin
material, a 14-teeth-per-inch all-hard blade is recom-

mended, For steel teim, wrought-iron pipe, and elec-
trical conduit use a 24-teetli-per-inch Hexible blade.
Thin metal and tubing should he cat with o 32-teeth-

!
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per-inch flexible blade and light ancle pieces with
an 18-teeth-per-inch all-hard blade. When cutting
very thin sh: 't metal. the work must be clamped be-
ween two Piccvs of wood,

N\
NOT -NOUGH \
BLADE TENSJOM

4
i
¢
!
i
]
TOO MUCH ¢
BLADE TENSION

Figure 24,

Usive: o Hacksaw. To prevent the blade from
breaking and to assure a good clean cut, the material
must be securely fastened in a vise (Figs. 26 and
9Ty, :\lwn_\_’s start the cut at a shight angle, guiding
the blade with the thumb of the left hand until the
cut, or kerf, is of sufficient depth so that both hands
can be used on the frame of the saw.

When starting the cut, it is not necessary to lift
the blade off the work on the return stroke. After the
cut has been started, grasp the frame of the hacksaw
with both hands. one hand on the hindle and the
other hand on the far end of the frame (Fig. 26).
Because the backsaw cuts only on the forward stroke.
use a little pressure on the forward stroke, but on the
return stroke, lift the saw slightly so that the teeth
scarcely touch the metal work (Fig. 26). All strokes
must be long and steady so that nearly all the teeth
on the blade are in use (Fig. 27).

The amount of pressure used on the forward stroke
is governed by the type of material plis the expe-
rience of the mechanic. Light pressure is used on soft
metals and on thin sections of netals, but more pres-
sure is necessary on the harder metals and heavier
sections.

Do not saw too rapidly. A rate of appreximately
60 strokes per minute should be the top speed. Slow.
steady strokes with the proper pressure are far more
effective than fast, vneven cutting. Always keep the
Llade of the saw moving in a straight line and use
sufficient pressure to keep the biade from becoming
either jammed or pinched, since this tends to break
the teeth or the blade.

Brape Breakack, Causks AND PrevenTiON. If you
examine a new hacksaw blade, you will see that the
teeth are set, that is, alternately pushed out in oppo-
site directions from the blade, similar to the teeth of
a wood-working saw. This makes the slot, or kerf, cut
by the teeth slightly larger or wider than the blade,
and thus provides the clearance necessary to prevent
the blade from sticking in the material.

With constant use, the points of the teeth wear
down and become dull, and st the same time
straighten out so that the kerf becomes narrower.
Thus, a dull blade has a tendency to stick consider-
ably more than a new one, and forcing it through a
cut will cause the blade to break.

if a blade breaks while a ent is being made and
a new blade is necessary to contine the work, al-
ways start the new cut in line with the first one, if
possible. If the piece of work is round or square, it
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should be rotated W to 180 degrees and a new cut
started to meet the old one. IF the piece is Hat, turn
it over and start the no cut from the opposite edge.
v\ll‘ 1t H]l% l\ lIlli)U\'\lblt “‘d lt 1\ IHeCEsSsAlyY {0 use 4
new blade before the ¢ - .- finished, work the new
blude into the old det o0 v eradually and with ex-
treme cuare.

Aside from normal use, i tecth can become dull
and the points rounded tor other reasons. The cut-
ting speed may be too fast. The irume of the saw
may noet have tifted slightly
stroke. This is remedied bv rer aemuvering to
apply a slight iitt to the frame on the return stroke.
Or vou may not be usimg the proper blade. In that
event. select the proper blade for the type of material
fhw is being cut. The blade may have been in the
reme with the teeth pointed hackward. If so. simply

been on the return

easily

z !

rewevse it. Teeth sometimes can be dulled when the
pressure 1s too hght; exer a finmner pressure when
cititing,

flucksaw blades will also snap or break for the
tollowing reasons: There may not be enough tension
on the blade (Fie. 28). or there may be too much
tevsion {Fig. ?.9__!, or the teeth on the blade may
huve been too coarse for the material being cut, A
new blade may have been started incorrectly in a
Lert cut by an old blade. Too much pressure may
have been used on a blade. The frume of the saw
mayv have been twisted while sawing.

If a blade twists { Fig. 30) or bends slightly betore
it snaps, not enough tension was put on the blade
whern it was inserted in the frame, The tension mus:
he increased when a new blade is iaserted. If the
blade broke at the holes. too much tension was put
on it when it was inserted. If a breakage is caused
by using a new blade in a kerf started by an old
bhiade. the work must be turned around, and a new
cut started to meet the old one. When a break occurs
hecause the material is too hard. a finer blade must
be selected. 1f too much pressure on the blade causes
& break, do not bear down so hard with a new blade.
A break caused by twisting the frame of the saw can
be svoided by pushing the saw steadily back and
forth in a straight Hne so that there is no wobbling
or fwisting,

Breuking or twisting of the saw teeth may be
caused bv too much downward pressure when cut-
ting. Sometimes breaking or stripping of the teeth is
caused by starting the cut at the corner of the ma-
terinl. ﬁulwaas start a cut at a slight angle with the
surface, not at the corner, and keep off all sharp cor-
TIETs.

Clamps

The two tvpes of clamps used for sheet metal-
working are the C-champs aud the parallel elamp.
Chorames (Figo 310

RTIRTE AN

C-clamps are available i a
The threaded movable part of tiis
(.']!'l“i) iS f’.‘(]\.ll[)l)(‘(i W 'lfh 1 .]]0” ]Utdt”lg S\‘\}\ll ll(‘;ld
which advances as the screw is turned.

Using C-clamps (Fig. 32). Clamps are secured on
the work with the swivel head on the underside. [f
more thau one clamp is used, clamps are tightened
alternately.

of sizes

BLADE TWISTS=
“NOT ENOQUGH

TENS ION

T (@ .
N

Figure 30.

MOVABLE
SCREW\

MON-ROTATING
SWIVEL HEAD

oilL
QCCASIONALLY

C .CLAMP

Figure 31.
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P\R—\I e Crase (Figo 53 Parallel clamps are

t(llsll)iy oy rwo kuurled sereses, The vuter serew
ivouseer

}m}ds L
the - st dl\m\s be paraliel.

the Jaws apart. and the inner screw
J(f"i‘w To be effective the jaws ot

otherwise the

voraltel Clanps (Figo 33}, To open the
STEERE! both serews. Place the cLumps on the
tace of the work

akinyg sare (at as large a

- poeible i.~. i ocontact with the fuws of the ddmp

Adjust the mpa hﬂtll they ave slightly opened {

Fig. 33 Yooceed o close the fies im.r.tllc.l with the

vork by Caning the outer serew. When jaws are
gn‘-z'l‘:' climed and tightened. diev should rest flat
the work as shown at B, Fig, 34

[0 | e o=
crels dnag N;ypem

(Fig, 347, The slip joint of these pliers permits the
jaws to be opened wide at the hings 3 in when grip-
ping work of karge diumeter. Cornination pliers ure
and studs. and
somwtines can be used in o place o0 o sl wroneh

used for gripping simall rods, pipros,

Thev must never be used for bose g or tighte: g
nits.

Bousp-~¢ o Puwrs, Bott
are rounded and taperc

jaws of round-nose plices
to a tip toward the end
Round-nose pliers are used tor bending o & hoiding
curves in wire and in metal strips of small width
The tips of the jass are used to bend curves of smali
ruuins, ana the base of the jaws is nsed in naking
F]" 331

one osE Proess, The jaws of long-nosc. some
tine < considerabiv
b r than those of round-nose pliers wd thes

cvrers of greater radius

wulled  chain-nose pliers are

tagr blunt point. These pliers are oaeradls
Plices generally as—d in the sheet metal workshop S _ - W
are combination, roond-nose, flat-nose, long-ne E ~ N
gm}x Cutting priers or mplfers The typt.s of (.Ud‘;lﬂg ; SCREy THREADS
p‘glc*rq are qide-cuiting end-cutting, diagonal-cutting, IH THIS Jaw
and Bernard side-cutting. Never use pliers on hard-
ented steel 1 faces, because this will énll the teelh,
causing the prievs to lose their gripping power.
Conssinatios Puiers. Combination pliers can be oUTS
. . 1 DE
used in meny instances as a general purpose tool CCREW
-
JAWS NOT
PARALLEL
WORK CLAMPED ”
INCORRECT
JAWS :
PARALLEL ;
METHOD OF HOLDING WORK WiTH C.CLAMPS CORRECTLY CL.AMF’ED WORK
M M

Figure 32,

Figure 33,
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used for holdine parts that are too smadl to be lweld
with the freers, The Hat sorbnce betwoeen the sy
mathes Jong-nose phers extremedy vaetal as g smnl

{
wrench when bhending ‘Lil?i%t‘\ either i <Prips of metal

-
Figune 34 FLAT .NOSE PLIERS
ROUND .NOSE PLIERS
DiAGONAL CUTTING PLIERS
f
§ LONG.NOSE PLIERS
£
BERNARD S IDE .CUTTING PLIERS
4 fv‘ﬁ

or i wires. The Jength of the jaws makes them phr-
teularfv wsetel for recovering nuts, wishers, and
similar parts. where there s not sullicient room to
pick them up with the fingers (Fig 35

Uinlike the round-nose and

Frar-~ose Prares,

lovg-nose phcrs, the juws of flut-nose plicrs do not
taper fo a point, bat have a Hat gripping surface be-
tween the jaws which is particalarly useful tor hold-
ing wnd bending angles in strips of metal and in
wires (Fig. 367,

Pracoxav-corrine Prens or Nippers. Diagonal-
cufting pliers are soinetimes called diagonal nippers.
The dll(rlf‘ of the jows i specially designed to cut

close to the surface. They are handy for cutting small
wires, screws, rivets, and similar material (Fig. 36).

Benxarn Sive-cutrise Priers. The parallel jaws
hold #ar abpects firmly so that these pliers can be
used both as o vise and as & wrench, Their com-
pound leverage gives them great holding and cutting
power. Siv-ich Bernard cutting pliers will cut an
S-penny nail with ease (Fig. 36).

Figore 36,




Wrenches

Of the manv types of wrenches, those used most
frequenthy in sheet metal shops are the monkey, ad-
justabie. open-en 1. pipe and Stillson. socket, and
Allen wrenches. There are many other specially de-
signed combination and offset box wrenches, and, of
course, many types of wrenches designed for specific
industries,

To keep a wrench in good working condition, ap-
ply a few drops of light machine oil to all the mov-
g parts,

MMongey Waencres. The monkey wrench is ad-
justable und i designed specifically for turning the
cotugona! and square heads of bolts and puts. Be-
canve s juws are designed for gripping only Hat sur-
faces. this wrench is never used for turning pipe,
sudss or other round objects,

SMonkey wrenches are e(ifuipp?d with wooden-
faced inetad handles (Fig. 37). They have two jaws:
ixed. the other movable. A nut adjusts the
opening of the jaws to the reguired size.
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When using a moukev wrench. place it on the
head of the nut or bolt io be tumed so that the force
exerted in turning the nut or bolt will be applied to
the back of the handle (Fig. 37). This relieves the
strain on the adjustable jaw, which is the weakest
part of the wrench, Before turming 2 nut or bolt,
tighten the wrench jaws on it so that thev will not
ship. A loose-ficting wrench will round the corners of
the nut or bolthead being turned, and make it dif-
ficult to tighten or Ioosen further.

AppustaBie WheEwcnEs, Adjustable wrenches are
ble in a variety of sizes. The most

commonly
nsed are 4 inn 8 i and 12 o (Fig. 38). The ad-

ible wrench is used in the same manner as the

“wretich and for the sume purposes, The cor-
#omethod of using this wrench is shown in Fig, 38.
Chivecr s \Waencies, Open-end wrenches have a

N

% E
i

z

|

OPEN.END
WRENCH

COMBINATION WRENCH
THREE TYPES OF OPFPEN.END,
MOMIADJUSTABLE WRENCHES

fixed openiug between the nonadjustable jaws. They
are usually double-ended. that is. they have an open-
ing on either end. The size of the opening between
the jaws determines the size of the wrench, and this
size is stamped on its side. However, the openings
are really from 005 in. to 015 in, larger than the
smmped size, to ensure an casy fit.

All types of open-end wrenches are available in
manyv different sizes (Fig. 40). They are sold usually
in sets of ten to twelve, in sizes 1'-‘11’1ging from 5 in,
to 1 in. Those with large-sized openings are longer,
to provide the proper leverage If all open-end
wrenches were made with the same size handle, too
much force might be applied on small-sized nuts and
bolts, resulting in stripped threads or twisted bolts
or studs.

Before using an open-cnd wrench, make certain
that it fits snugly on whatever it is to turn. If the
wrench is too loose. it will slip and round the cor-
ners. Pull on the wrench to move it in the desired
direction—never push on a wrench, In a cramped or
tight space. turn the wrench over after each turn of
the nut or the bolt (Fig. 41).

v axp Sricesox Waexcnes., Pipe and Stilison
wrenches have two toothed jaws, one of which is

CORRECT PULL
ONLY ON NUT

Figure 40,

Fagrure 41,
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Figure 42.

HANDLE

SOCKET WRENCH SET

M

movable, and a nut for adjusting the opening he-
tween them (Fig. 42). The pipe wrench is the only
type used on round objects. such as pipes and shaft-
ing, and it works in one direction ouly,

A pipe wrench must never be used on a nut or a
bolthead unless the corners have been rounded so
that they cannot be turned with any other type of
wrench. A pipe wrench will chew a nut or bolt so
that it can never be used again. Because of the grip-
ping action of a pipe or Stillson wrench, it is neces-
sary to apply the force to the back of the handle of
the wrehch.

Socker WeencHES., Socket wrenches come in sets
or kits (Fig, 43). These kits consists of several
handles and a mumber of high-strength alloy steel
sockets, which fit nuts of different sizes. There are
two openings in every socket: one is a square hole
to fit the handle, and the other a circular hole with
twelve notches that slip over a hexagonal nut or the
head of a bolt. Socket wrenches are used extensively
in automobile repairs.

ALLeN WrencHes. Allen wrenches are L-shaped
bars of hexagonal tool steel (Fig. 44). They are spe-
cially designed to fit the hexagonal sockets in Allen
headiess setscrews, which are used to fasten pulieys
or collars in place on the moving parts of revolving
machine shafts and other places where screws or
bolts with protruding heads cannot be used. Two
other L-shaped screw wrenches are made of round

ALLEN WRENCH FOR
HEADIESS SETSCREWS

SETSCREW

FLUTE OR
SPLINE TYPE

e a2
Figure 43,

Figure 44.
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FLAT TYPE
CoLb CHISEL

CAPE TYPE
COLD CHISEL

Figure 43.

tool steel with little flutes or splines to fit into other
types of headless setserews, but the Allen serew and
wiench are used more extensively,

The short end of the wrench is inserted in the
head of the Allen setscrew when the screw is to he
tightened or taken out. After loosening the screw

with the short end of the wrench, very little adci-
tional leverage is required, and the screw can be re-
moved faster by inserting the long end of the wrench
in the serewhead.

Cold Chisels

Cold chisels are forged from bars of silicon-man-
ganese alloy steel, tough high-carbon steel, and sim-
ilar alloys. They are made stubby and blunt to give
them greater strength. The cutting edge of a cold
chisel is ground to an included angle of about 60
degrees, then hardened and tempered.

In the sheet metal shop, cold chisels are used to
cut or split the metal to required sizes and shapes,
to cut rods and bars to desired sizes, to cut rivet-
heads, and to split obstinate nuts that cannot be
moved with a wrench.

Cold chisels are available in sizes ranging from 1
in. to 1 in. The size indicates the width of the cutting
edge.

The two tvpes of cold chisels most commonly used
in sheet metal work are the Bat and cape chisels.

Frat Crisers. The flat cold chisel is the type most
commonly used. The flat chisel has a slightly
rounded cutting edge, formed by a double bevel. 1t
is used for cutting heavy gauge sheet metal or for
chipping a considerable amount of metal from large
surfaces that cannot be filed or surface-machined
(Fig. 15).
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Firure 46.
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Cape Cmsers. The cutting edge of a cape chisel
has a double bevel similar to that of a flat chisel, but
is narrower for cutting narrow grooves and square
corners (Fig. 45). However, it is slightly wider than
the shank, sc that there will be no binding in narrow
grooves. Cape chisels range from 14 in. to % in. in
width.

Cutting with a Cold Chisel. A machinist’s hammer
is always used to drive a cold chisel. The size of the
chisel determines the size of the hammer. The cold
chisel is always held loosely between the thumb and
the first finger of the left hand (Fig. 46). The re-
maining fingers must hold the shank of the tool
loosely, With the hammer in the right hand, strike
sharp, quick blows with the flat face of the hammer
and gradually increase the force of the blows as the
work progresses.

Cutting Sheet Metal Held in a Vise. Before plac-

ing sheet metal in a vise to be cut, mark the metal
with a scriber to indicate the cutting line; then,
using the scriber or a sharp-pointed tool, deepen the
line, Clamp the sheet in the vise above the jaws so
that the seribed line is just visible and parallel to the
top edge of the vise.
Figure 47, Position of cold chisel for cutting sheet metal, Hold the chisel at an angle to the sheet metal so
that the cutting edge shears it across the top of the
vise jaw. Strike sharp, quick blows with the flat face
of the hammer, and drive the chisel forward along
the line to be cut. Always start a cut at the right-
hand edge of the metal, and drive the chisel to the
left and toward the solid stationary jaw of the vise
(Fig. 46).

Cutting Sheet Metal on ¢ Metal Block or Anvil. To
cut sheet mectal on a block or anvil, first mark and
deepen the cutting line on the metal with a scriber.
\ A ot et s s oy e et on

\ N \\\\\\\\ \ wood block, The metal block must be placed di-
rectlv under the point where the cut is to be made,

Hold the chisel vertically to the surface of the
sheet (Fig. 47). On plate or heavy sheet metal, the
cut deepens gradually, and it is necessary to go over
the line several times before it is cut through. On
thin sheet metal, the cut is made almost imme-
diately (Figs, 47 and 48).

To cut along a curved line, a chisel of narrow
width must be used so that the shape of the cut will
conform mare closely to the curved line.

Cutting Rods or Small Bars. To cut a rod or a
small bar, mark the metal to indicate the cutting

Firure 483, Cutting thin sheet wetal and rods on block or pm-nt, I:ay the rod or bar on a blOCk of ?teel or .11:0!]
anvil, i (Fig. 47). Hold a flat cold clisel in vertical position

AND TILT
SLEGHTLY

NICKS#
LSS
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Fioure 49
on the cutting peint. and. with a few taps of the
heammer, cut a deep nick on opposite sides of the
rod. Bend the rod slightlv at the nicks, and it will
snap apart ((Fig. 481,

Cuiting Slots or Holes in Sheet Metal. To cut a
slot or hole in sheet metal, frst mark a line on the
mmetal to indicate the hole, Deepen the line with «a
seriber. Drill a series of holes, using a twist dritl. in
the metal as close together as possible inside the
scored line. Lav the sheet on g steel plate, ard, with
the chisel held at a slight angle. cnt through the
metal {Fig. 495,

Removing Broken Serews, Studs, and Frozen Nuts.
To remave a broken screw or stud. frst mmk its ex
act center with a center punch (AL Fig 30). Then
dridl a hole with a small-sized ewist deiil { B, Fig. 50)
into the full length of the screw or stud, Next. en-

large this hale by dritling it through again with a
drill just a fraction wnder the size of the stud (€.
Fig 361
serea or stud is o thin-walled threaded seeve (I
Fio, By

nsert o oodd ohisel into the hole and deive it i
fightiv, Ther it o wrench ondo the shank of the

chivel

Siter thiv, all thet shonkl remain of the

andd turn it in g counterclockwise direction to

back out the broken screw ov stud (L0 Fig, 500 1
the threads of o screw or stod sre rusted, insert a
few ddrops of kerosene or thin oil abrer the hole is
drilled. Allow some time for the oif to penetrate
and then remove the screw or stud, Stubborn screws

LCCATE
CENTER
wilTH A
PUNCH

USE LARGE
DRILL TO
SUIT CHISEL

DIAMONEG -
POINT

WRENCH BACKS CHISEL

OUT BROKEN STULC

DRICLED
S5TUD ™

o

Figore St Procesdire tor renwoving broken serews and studs
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AFTER DRILLING
HOLE, COLLAPSE
SCREw OR ST(D Sume—
ALTH PFUNCH ©OR
FOUND-NOSE
COLD CHISEL

i —

P 31 Fional step for removal of serews or stads.

SPLIT NUT DOWN
SIpE TO AILID IN
LOGSENING RUSTED
THREADS

i

Figure 52. Removing frozen nut and loosening rusted threads.

or studs may be collapsed with a puach or round nose
cold chise] {Fig. 51}.

To remove a frozen or rusted nut or one with
rounded corners, apply some kerosene or thin oil
and allow sufficient time for it to work into the
threads. Then, with a sharp Hat cold chisel, split the
nut and remove it (Fig. 52).

Sharpening Cold Chisels. The cutting cdges of
carbon-steel cold chisels are kept in good condition
by grinding them on a dry emery wheel or a wet
"nnd%tons Cold chisels made of chromium vana-
dmm steel or a similar alloy, though extremely tough,
are soft enough to be filed rather than ground. This

eliminates the danger of burning the edges of the
tool.

Flat cold chisels should be ground so that they
have a slightly convex edge (A, Fig. 53). Chisels to
be used on hard or tough metal should be ground to
an included angle of approximately 70 degrees. For
use on softer metals, they can be ground to angles
ranging from 40 to 60 degrees, depending on the
metal (B, C, Fig. 53). Recommended angles are 60
degrees for cast iron; 50 degrees for wrought iron,
bronze, duralumin, and manganese; and 40 degrees
for alumimum, aluminum alloys, copper, zinc, and
brass. A small shest-metal template, or pattern, can
easily be made for checking and maintaining the
angle of the cutting edge that is being filed or
ground (Fig. 53).

If a dry emery wheel is used, the chisel should be
held against it with very little pressure, and the cut-
ting edge should be dipped into cold water fre-
quently to retain its temper. When a wet grinding
wheel is used, dipping is not necessary.

The incessant hammer blows on the end of the
handle of a cold chisel eventually upset or mush-
room it, and this will cause splinters to fly when the
chisel is being hammered. It is very dangerous to
use a cold chisel in this condition. To prevent pos-
sible splinters, grind off all the spread-out metal so
that the end is flat and set slightly tapering {A. B,
C, Fig. 53).

Roofing and Guiter Tongs, Seamers and
Beaders

Tongs. Roofing and gutter tongs are used for turn-
ing up the edges of sheet metal preparatory to the
forming of standing seams or locks. The varivus
types of roofing and gutter tongs in general use are
shown in Fig. 54. The conventional roofing tongs
shown at A, Fig. 54 can be used to turn only a speci-
fied size seam or lock. They are available in sizes
ranging from 1 in. to 2 in,, and in gradations of 1
in.

The clamp tongs shown at B, Fig. 34 have a jaw
depth of 3 in. This type has the advantage of being
equipped with a special clamp.

A type of gutter tong in general use is shown at C,
Fig. 54. This type has a jaw depth of 14 in.

“Reese’s” patent tongs, shown at D, Fig. 54, are
adjustable and can be used to turn any required size
of seam or lock ranging from ¥ in. to 3 in. in depth.

“Stow’s” improved tongs, shown at K, Fig. 54, are
adjustable. They can only be adjusted to turn five
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Figure 35, “Burritt’s” patent double seamer,

widths or depths of locks or seams ranging from 14
in.to 11, in. in ] in. gradations.

The deep threat roofing tongs shown at F, F ig. 54
are equipped with an adjustable gauge and can be
nsed for turning edges from 14 in. to 1014 in. in 1} in.
gradations,

HAND DOUBLE SEAMER

Figure 36.

SeameRs. After turning the edges of the roofing
with the roofing tongs, a tool called a double seamer
is used. The “Buiritt’s” patent double seamer is a
type generally used for this purpose (Fig. 55). This
type of seamer, used to form a double seam in stand-
ing seam roofing, is further classified as a common-
and wide-gauge seamer. The common-gauge type is
used to follow and complete the seam made by the
standard 1 in. and 11} in. roofing tongs. The wide-
gauge roofing double seamers are used for the same
purpose as the common-gauge type, but they will
finish a standing seam 1 in. in height. The hand roof-
ing double seamer shown in Fig. 56 is used for the
same purpose as the type shown in Fig. 55. When
using the hand roofing double seamers the seams are
finished by hand with blows of a mallet against both
sides of their flat surfaces.

Gurrer Beapine Toois, Gutter beading tools or
gutter beading machines, as they are called, are used
tor forming a bead on the edge ~f gutier sheet metal
(A, Fig. 57}. The two types generally used are the
adjustable and plain beader.

The adjustable beader shown at B, Fig. 57 forms
beads in gutters up to 30 in. in length. The various-
sized metal rods necessary for forming beads rang-
ing from 33 in. to 7% in. can be inserted in this
beader. The metal that is to be formed into a gutter
bead is inserted into a slot that is milled in the form-
ing rod. Using the hand crank, the sheet metal is
wound around the forming red, thus completing the
bead. The rod with the sheet of metal and the
formed bead can easily be lifted out of the tool and
the beaded work slipped from the forming rod. This
tool is adjustable and can be set so that it will form
any number of beads of exactly the same size with-
out additional adjustment.

The plain gutter beading machine shown at C, Fig.
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ADJUSTABLE
GUTTER
BEADER

HAND CRANK-

-~ F R AME

HAND WHEEL

JENS

. HAND CRANK
GAUGE

ST Or OR

PLAtN GUTTER
SEAD ING MACHINE

Figure 57.

37 is available in two sizes, 50 i1, and 42 D It is not

adjustable, and each tool can hold oudy one size rod
and can be used to make a bead of only one size.
necessitating the wse of individual headers for each
required size of bead. Plain gutter beading machines
are available in a range of 3y in to 1w rod diam-
eters,

Punches

The six tvpes of ponches ased in the sheet inetal
shop are shown in Figs. 55 and 34,

Pucx Pusass (A, Fig. 3%;. These punches are
nsed dn layout work, Prick punches are made of
hardened, tool steel with ground ends and are avail-
able in various sizes.

Crnren Puncues (B, Fig, 38, Center prachios are
used i lyout work prior to drilling, They are hard-
ened and the ends wre tonpered, Points are ground
carcfully at wn angle which will give maximu
strength and penctration and provide a prnch nek

in which drills will start easilv, They are available

in sets of variouy sizes. Figire 58, Fonches,
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Sowie Prxcars (C

Fig. 38). Solid punches are
used to punch small holes in light sheets. Metal
shondd he backed up with end grain hardwood or a
tead slub. They are available in sets containing var-
1Ous S1A08.

Hocrow Prsenes (120 Fioo 350 Hoilow punches
are used Lo cut round holes in fight sheet metal. The
shank is kathe turned and kourled to facilitate grip-
ping. The cutting edge is beveled and gr()und to give
sharpness and durability. Hollow punches should be
used against a slab of lead. They are available in sets

Tivvens Haxe Pososs (B0 Figo 39), These
punches are eguipped with interchungeable dies and
panches widd wre operated with a hand lever. They
are teed for panching smadl holes in light and me-
o i of sheet metall The punches and dies

toea e of sizes and are casily changed. The
pure b B st abwavs be changed with the die and
diey et s e nates, atherwise, Hoa punch iy
forvesd with w smaller-sdzed die. one or both of the
puarts will break, Keep the punch well lubricated to
creaire ense of working, This tvpe of punch ustially
Fios wocange which consists of a guide mark and an
adistable seale, However, the gauze is seldom used,
bectuse a ccnter punch is generallv used to mark
the positivn of the hole to be punched.

Iroxy Hasp Puxcnwes (F. Figo 59). Iron hand
punches aye similar to tinner’s haud punches, and
are used to cut holes in heavier-gauge sheet metals,
Thev ure equipped with interchangeable punches
and dies in aradations of 1., in.

INTERCHANGEASBLE
PUMNCHES A&ND DIES

TINNER'S
HAND PUNCH

HAND PUNCH

Fiowee 58,

Snips and Shears

Snips and shears are used to cut thin sheet brass.
copper, sheet aluminuin, dron, tin, and galvanized
soft and medivm steel. They cannot be used to cut
tempered steel, AL snips and shears are of two gen-
eral classifications, the regular straight and the cir-
cular, and they come in various types and sizes.
Those most commonly used are the straight, curved,
aviation, combination scroll and circular, bull-dog.
hawk's bill, double cutting, and compouud lever, All
these are availuble in lengths ranging from 6 in. to
16 in. (Figs. 60 and 61).

Al} snips and shears have tapered blades with an
inlaid steel cutting edge and sloping shoulders. The
grips or handles are designed to fit the hand. and
are formed and centered to give the maximum lever-
age required for cutting.

The type of metal to be cut and the gauge of the
metal determine the correct size of snips to use, Mild
steel requires a larger pair of snips than aluminum,
and hard brass requires larger snips than soft brass.
These snips and shears, with the exception of the
compound lever shears, can be used to cut sheet
metal only up to 20 gauge. Compound lever shears
ot the type shown in Fig. 60 can be used to cut up
to 12 gauge. Heavv-gauge metals must be cut with
either a hacksaw, a cold chisel, or heavv power
equipment,

Snips should never be used in place of pliers or
wire cutters. To avoid springing the blades. do not
attempt to cut material of heavier gauge than that
for which the snips are intended. Snips that have
been sprung are useless and cannot be repaired.

RecurLar or STratcHT Snips. Regular or straight
snips are used for cutting straight lines or cireles of
large diameter {Fig, 60). Straight snips are avaiiable
for both right-handed and left-handed users.

DovusLe Currrie Snips. Double cutting snips have
a top blade with a double cutting edge into which
the Jower blade works (Fig. 60). They are used in
the same manner as regular or straight snips, but
principally for cutting light sheet-iron pipe, stacks,
and thin-gauge cvlinders.

Circurar or Corven Snips. Circular suips have
curved blades and are nsed for cutting inside scrolls
or circles of small diameter (Fig, 60}, To cut a cir-
cular opening in a sheet of metal, it is necessary first
to punch a hole on the inside ot the outline of the
desired openiug so that the blades of the snips may
be staried,
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Buri-poc Swips. Bull-dog snips have short blades
with long handles (Fig. 60). They are used for cut-
ting both straight and frvegular lines.

Tinver's Bexon Soeans, Tinoer's beneh shears are
ased for cutting sheet metad of 20 to 16 gauge (Fig

r
1

603, These lirge shears are designed so that the
fower shank ot the handle fits into a hole in the
heneh plate, and thus only one hand is required to
ratse and lower the upper shank.

Hawxs Biow Sxies. Hawk's bill snips can be used
to cut either straizht ines or curves inany direction

(Fig 600, They are used fn the same manner as the

METAINWORKING HAND TOOLS

other types described in the preceding paragraphs.

DousLr Curnine SHears, Double cutting shears of
the type shown in Fig, 60 are equipped with torged
steed blades and speeiatly hardened cutting edges,
They are used for cutting pipe of various shapes and
sizes.

Controunp Liver Suears, Compound lever shears
of the type shown in Fig, 60 are used for cutting the
heavier gauges of sheet metal, The long handles are
designed to give the necessary additional jeverage.
They are equipped with removable blades that can
be eusily replaced.

COMPOUND LEVER SHEARS

DOUBLE CUTTING SNIPS

BULL-DOC SNiPS

HAWK'S-BILL SNIPS

STRAIGHT SNIPS

TINNERS BENCH SHEARS

DOUBLE CUTTING SHEARS

M

Figure 6.




SNIPS AND SHEARS 91
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Figure 6L

AviaTion Swres. Aviation snips are designed and
constructed specifically  for  cutting heat-treated
ajvminum allovs and stainless steel. The blades of
these snips have small teeth on the cutting edges,
and the handles are made to give greater leverage
for heavy cutting. This tool usually cuts up to 0.050
in. stock (Fig. 61).

Correct Method of Using Snips and Shears. All
types of snips and shears are used in approximately
the same munner. If the material is light-gauge sheet
metzl, hand snips will be used. For 22 gauge or
lighter mild steel, use straight or combination snips.
For 16 to 20 gauge mild steel, use bulldog srips. Al-

ways place the cutting edge of the upper blades ex-
actly on a guideline marked on the metal, and insert
the sheet as far back as possible between the blades
{Fig. 62). Hold the suips so that the flat sides of the
blades are at all times perpendicular, or at right
angles, to the surface of the work. The waste metal
or the smaller piece should curl on the upper side of
the lower blade.

All cuts, and especially curved cuts, must be con-
tinuous, Complete every cut with the point of the
snips to avoid cutting bevond the required point.

When it is necessary to cut a hole or an opening
in sheet metal, lay the metal on a hardwood block
and punch a hole in it with a hollow punch or a
small cold chisel, so that the point of the snips can
be inserted to start the cut.

The pivot point on snips must be oiled frequently,
and the nut on the pivot must be adjusted so that
the handles are not too tight and can be moved with
ease (Fig. 62).

An outside circle as well as a straight line can be
cut with the combination snips. Cut off the corners
of the metal to make it easier to handle. Then make
a continuous cut, turning the metal as the cut is
being made. I possible, remove the waste material
in cne piece. Use a hawk’s bill, aviation, or pivoter
snips to cut an inside circle. To start the cut, punch
a hole in the center of the circle to he cut, work out
to the line, and then follow the line around until the
cut is completed. The pivoter snip is one of the hand-
iest hand cutting tcols, because it will cut irregular
curves as well as straight lines,

oL
FREQUE NTLY
Y

Figure 62. Cutting with snips and shears,
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Stakes

Stakes of various bpes and shapes are used by
the sheet metal worker tor bending and shaping.
viveting, and seaming sheet metal by hand. Thev are
available in a great variety of shapes and sizes. All
stakes consist of three parts (Fig. 63): the shank
which as a rule is standard size. and the head and
the horm, which vary with each tvpe. Tvpes of stikes
generally used i the sheet metal shop are:

beakhorn conductor
bBienvhorn bevel edge
candiemold teakettle
hollow mandrel hatchet

solid mandrel commonsquare

Crensing coppersimith
bottom

hand dolly

denble seaming
donble seaming with in-
terchangeable heads

Braxuorn Stake (Fig, 63), This stake is used for
veneral forming, riveting. and seaming operations.

BEAKHCRN
STAKE

SHANK

Figure 63,

Brownor~y Stake (Fig. 64}, Both the short ta-
pered horn at one end of this stake and the longer
horn at the other end are used for forming, seaming,

ilur tapered ob

BLOWHORN
STAKE

O,

Figure 64

Caxprertorp Stake (Fig. 65). The two horns of
different tapers on his stake are used for forming,
seamning. and riveting objects with either flaring lines
o1 ends.

CANDLEMOLD
STAKE

Figure &3,

HorLrow  MaxpreL

Srake  (Fig. 66). A slot
equipped with a sliding bolt runs the entire length
of this stuke. This feature enables the mechanic to
seetre the stake at any desired angle or length. The
square-shaped end of the stuke is used for forming
laps. riveting, and double seaming corners of rec-
tangular-shaped objects such as boxes and similar
articles, The rounded end of the stake is used for
pipre riveting and seaming,

HOLLOW MANDREL
STAKE

Figure 66,

Sovip Maxprern, Staxe (Fig. 67). The double
shank with both a rounded and a Hat side is used tor
the same operation as the hollow mandrel type de-
scribed previously,

SOLID MANDREL
STAKE

Figure 67.

Creasing Staxke {Fig. 68). Two types of creasing
stakes are available, The several grooved slots in the
double rectungular-shaped horn of one of these types
is used for bending wire and creasing sheet metal.
The other type of creasing stake has a rectangular-
shaped horn on one end and a round tapering one
on the other end. This tvpe is generally used for
forming and riveting small rounded and tapered
work.

Figure 68.

DousLe SEaminG Stake (Fig. 69). The two ellip-
tical-shaped horns with enlarged knobs at both ends

DOUSLE
SEAMING
STAKE

Figure 69.
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of this stake are used for double seaming small cylin-
drical work.

DouBLE SEARING STAKE WITH INTERCHANGEABLE
Firaps (Fig. 70). The double shank of this stake en-
ables the mechanic to use it in either a horizontal or
vertical position. The interchangeable heads are used
for double seaming all types of large work.

tE OSCAMING STAKE WITH
NTERCHANGEABLE HIADS
Figure 70,

Conpteron Stake {Fig, 71, The two cylindrical-
shuped hosns of different diameters on this stake are
used for forming. riveting, and seaming small sized
pipes and tubes,

CONDUCTOR
STAKE

Figure 7L
Bever, Evce Stake (Fig. 72). The offset shank of
this stake permits the work to clear the bench. The
flat, square head with beveled edges is used for
double seaming cperations.

BEVEL EDGE
STAKE

Figure 72,

TeskerrLe Stake (Fig, 73). The four different-
shaped interchangeable heads of this stake are nsed
for meny forming operations for which other stakes
cannot be used.

TEAKEYTLE STAKE

Figure 73.

Harcuet Stake (Fig. 74). The sharp straight edge
that is beveled on one side of this stake is used for
bending edges, making sharp bends, and for forming
pans, boxes, and similar work,

Commonsquark Staxe (Fig. 75). The flat square
head and long shank of this stake are used for gen-
eral operations.

HATCHET
STAKE

Figure 74,

Figure 75.

CorpersmiTi STake (Fig. 76). One side of the
head of this stake has a sharp rectangular edge and
the other side a rounded edge. It is also a general
purpose stake.

Borrom Staxs: (Fig. 77). The fan-shaped, slightiv
rounded, and beveled edge of this stake is used for
turning small flanges, for double seaming, and for
dressing burred edges on discs.

Figure 76 {abote).

Figure 77 {right).

BOTTOM
STAKE

Hanp Dovry Stake (Fig. 78). The flat face of this
stake has two straight edges, one concave edge and
one convex edge. It is available in various sizes and
shapes, and is used for bucking rivets and double
seaming.

" HAND DOLLY
STAKE

Figure 78,
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Sigkeholders

The three tvpes of stakeholders tsedd i the sheet
metal shop are: beuch phate. revolving bench plate.
and universal stake holder.

Braen Prae o Fig 795 The beoeh plate is o tid
irou rectongular plate pierced with a number of var-
ions-sized square tapered holes. The bench plate ds
fastened to the workbereh and the shanks of the
stakes are set St‘('m'ci_\' in the correct-sized sguare
hole white the work is being formed.

= = =
Y R o
&= i =] - B3 [
= [ N
- s — -
BEWC= FLATL
Pioare T4
Brvonae Beven Poaty (Fig S0 This tvpe of

stike holder consists of o vevolving plate ])H"l'(‘("d
with o nember of sgpare tapered holes. It can b set
i i desired position by clamiping it to the work-
beench,

REVOLV (NG BENCH PLATE

Figure S0,

Uwivenrsan Staxe Horoer ¢ Fig, 81). The universal
stake holder is clamped ta the workbench in any
desired position and is available with a complcte set
of interchangeuble stakes. -

Files and Filing Procedures

Files are used for fnishing and shaping all metals,
and for the sharpening and muintenance of all other
tools. The hundreds of tvpes of files that are mano-
factured cannot be deseribed here, bat a deseription
of the tvpes most commonly used will be sufficient

. HOLDER

STAKES

UNIVERSAL STAKE HOLDER

Fioure 81,

for the sheet metal worker, Parts of a tvpical file are
shown in Fig. 82, Files have cither single-cut or
double—cut teeth or a combination of both. in 2 wide
range brom smooth to very coarse,

TAPERED

T
EDGE SIDE OR FACE PO

PARTS OF A TYPICAL FILE

Figure HZ.

All files have three (Iistinguishingg features: length.
which is alwavs measured exclusive of the tang or
tapered part inserted in the handle (Fig. 83); tvpe,
kind, or nwne, which reters to the shape or stvie of
the file section: and cut, which refers to both the
character of the teeth and their relative degree of
COATSCHUSS,

Crasspacarions or Foas, Tvpe or kind vefers to
the various shapes or styles of files as distinguished
by such terms as flat, il half-round. and the ke
iach type is divided into three general classes, ac-
cording to the form of its cross section; gquadrangn-
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TRIANGULAR SAW FILE TAPERED
SiX TYPES OF SINGLE-CUT FILES

Figure 83.

lar, circular, and triangular (Fig. 84). From these
three classes are derived all the odd and irregular
forms classified further as miscellaneous, which are
subdivided into taper and blunt, again according to
generai contour or outline.

Taper designates a file whose cross section grad-
ually narrows in width and thickness for one-haif to
two-thirds of its length; blunt designates a file that
keeps the same cross-section size throughout its
fength {Fig. 83).

Files are classified also according to the cut of
teeth, as single-cut, double-cut, rasp-cut, and curved;

FILE PROFILLES
Figure 84,
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TAPER STYLE

BLUNT STYLE

Figure 85.

and according to the coarseness of the teeth, as
rough, coarse, bastard, second-cut, smooth, and
dead-smooth (Fig. 86).

Single-cut files are used generally with light pres-
sure to produce a smooth surface finish or a keen
edge on knives, shears, saw teeth, or other cutting
tools (Fig. 86).

Double-cut files are used generally under heavy
pressure for fast metal removal and where a rough
finish is permissible (Fig. 86).

Rasp-cut files have a series of individual teeth cut
by a sharp and narrow punchlike cutting chisel. The
rasp-cut file produces an extremely rough cut and is
used principally on wood and leather, and on alumi-
num, lead, and similar soft metals, for fast removal
of waste material (¥ig. 86).

A special curved-tooth single-cut file is used on
the flat surface of aluminum and steel sheets.

Rough, coarse, and bastard cuts of files are used
on heavy work, and second-cut, smooth, and dead-
smooth files are used for finishing or on more exact-
ing work.

The teeth of a file are cut inte its face at an angle,
and sometimes they are cut into one or both edges
of a flat or rectangular file. When a file has no teeth
on one edge, it is called a safe-edge.

Fiuine ALumMinus. Aluminum is difficult to file
with ordinary files because it is a soft, ductile, and
malleable metal, The file teeth soon becomr. clogged,
even under moderate, even pressure. Filing of alumi-
num consists of filing roughness from aiuminum cast-
ings, filing sheet and bar aluminum, and fling
aluminum alloys. For fast, rough metal removal, a
special aluminum rasp is often used, but the alumi-
num file (A, Fig. 87), a recent manufacturing de-
velopment, cuts aluminum rapidly, yet leaves a good
finish, Tts special tooth construction is very effective
in eliminating clogging (B, Fig. 87). Compare this
with the regular flat file shown at A. The upcut
of the teeth is deep with an open throat, and the
overcut is fine, producing small scallops on the up-
cut, which break up the filings, allow the file to clear
itself, and prevent taking too large a bite from the
metal. Ry using this file with a shearing stroke to-
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DOUELE-CUT

RASP-CUT

Firure %6.

ward the left. a good finish can be obtained easily,
This type of file is aveilable in both flat and half-
round shapes,

Fiemve Brass. Brass has a structure all its own and
is a difheult metal to file. Though softer than steel,
bras. is both tough and ductile. These characteristics
demand & fille with teeth that are sturdy, very sharp,
and cut to an angle that prevents grooving and run-
ning the file off the work, Still more important, the
file must not clog. In addition to a short upcut angle,
the teeth of a brass file, like those of the aluminum
file, have a fine long-angle overcut that enables the
file to clear itself of chips. This brass file is so de-
sigued that the sharp high-cut teeth bite deep into
the metal with little pressure, and their short upcut
angle produces a smoothing effect (C, Fig. 87).

Fiimng Stainvess Steel, The tremendous increase
in the use of stainless steel and similar alloy steels
has created a new and distinct filing problem. The
hard chromium and nickel content of these types of
steel makes them extremely tough, dense, and diffi-
cnit to file, Their abrasive action greatly shortens the
lfe of a geperal-purpose file,

The special stainless-steel file shown in Fig. 88 has
overcome this problem. It is a file of exceptional
wearing qualities. When properly sed, with a light
pressure combined with a slow steady stroke, this
new file removes metal rapidly, requiring but little
effort, and leaves a zood finish. It is available in the
same shapes and sizes as general-purpose files.

OVERCUT J‘i‘

LONG
ANGLE

RECULAR
_FLAT FILE

DEEF
UPCUT

ALUMINUM TYPE -A

FINE LONG OVER-%
CuT ANGLE 7

SHORT UPCUT C
AMNGLE

Figure 87,
MED IUM
OVERCUT ﬁ

MED | UM
UPCUT

SPECIAL STAINLESS.STEEL FILE
Figure 88.




FILES AND FILING PROCEDURES 97

Froing Lean. Extra-soft metals, such as lead, bab-
bitt. aud pure copper, present filing conditions quite
distinet from the others Plt‘\lﬂil\l‘\ mentloned Metal
removal, in normal filing jobs on extra-soft metals, is
done on virtually a sha\mﬂ principie. For lead, the
lead float file shown in FlU 59 is used. Its coarse,
short-angle, single-cut teeth are really a series of
stubby blades which shear away the metal rapidly
under ordinary pressure. Light pressure with the

COARSE
TEETH

SENGLE -.CUT LEAD FLOAT FILE

Figure 84,

MED | LR |
CuT

SHEAR

TOOTH

SINGLE.CUT FILES FOR SMOOTH.
FHNISHING SOFT METALS
Figure 940,

same file produces a smoothing effect. This file i
used extensively on lead pipe fittings, solder joints.
and similar work. It is used also on soft bearings,
shimms. und molded metal parts.

Saioori-riNisiiNe Sort Meraws., For smooth-fin-
ishing soft metals; alloys, such as atuminum, brass,
and copper; and other materials, such as plastics,
hard rubber. and wood. a special shear-tooth file has
been designed (Fig. 90). This file combines fast re-
moval of material with excellent smoothing qualities.
The coarse, long-angle, single-cut teeth help the
shear-tooth file to clear itself of chips, thus minimiz-
ing clogging. Its coarseness provides fast cutting,
while the long angle gives the shearing cut which
leaves a smooth finish.

Under certain conditions, as on narrow surfaces.
the shear-tooth file has a tendency to run to the left
because of its long angle. To overcome this tendency,
it should be used with a semewhat diagonal stroke
to the right.

InseRTING A Fing IN 4 Hanpre. It is extremely
dangerous to use a file without a handle. Wooden
handles of various sizes are available and are easily
installed. Before inserting the tang of the file in the
handle, make certain that the hole is large enough

Grasp the handle and insert the tang into the hole s0
that the file is pointing upward (Fig. 91). Holding
it in this position, hit the hottom end of the handle
against the workbench or other solid surface, This
drives the file tang down into the handle. Although
the ferrule or metal sleeve on the handle should keep
the wood from splitting, do not try to drive the tang
in tog far. To remove a file from the handle, hold

DRIVING TANG OF FILE
INTO WANDLE
Figure 91,




