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The purpose of this book 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 
iis it Irotne tnechanic. 

Craftsmanship in metalworking is a combination 
of knowledge of how to xse tools and skill with the 
hands. Uniortunately, 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 alid 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 met+ solder- 
ing; riveting; sheet metal fasteners; metal spinning; 
metalworking power tools; layout 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 to industry, to the com- 
munity, and to the nation today, and is sure to play 
an even more important role iq 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. 



TO choose the metals a:ld plastics best suited for 
fabrication or repair. you must have a knowledge of 

the plxsical and mechanical properties of materials 
and I&V the methods of identifving materials that 
;xre not clenrlv marked. For inst&ce, stainless steel 
;and ~:aplx~r-nickel are quite similar in appearance, 
I)II~ wmplctrly different in thei,r mechanical proL>- 
ertics. and cannot be used interchangeably. A ther- 
mosetting plastic may look like a thermoplastic, but 
the former is heat resistant, whereas the latter is 
biglily flammable. 

Properties of Maiericds 

The physical properties of a metal or a plastic de- 
terinine its behavior under stress, heat, and exposure 
to chemicallv active substances. In practical appli- 
cation, beha;ior of a material unier these conditions 
determines its mechaoical properties, indentation, 
and rusting. The mechanical properties of a material. 
therefore, are important considerations in selecting 
material for a specific job. The following 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 stress, it is called compressive strength. 
Tensile strength (Fig. I), which is the commonly 
used strength term for metal, is measured in pounds 
of tension force necessary to cause failure of a one- 
syuare-inch cross section of the material. In engi- 

Chapter 

Ixering 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 to its working stress is called the factor of 
safety. A factor of safety less than 4 to 1 is oncorr- 
man; in many cases it may be as great as 15 or 20 
to 1. 

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 permacently 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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10 METALS AND PLASTICS 

Figure 3. hlalleability. 

The properti,es known as ductility and malleability 
RX special czes of plasticity. DuctiEily is the prop- 
erty that makes it possible for a material to be drawn 
out into 2 thin wire: in other words, it is the prop- 
erth- that enables the material to withstand extensive 
permanent deformation from tension. Al&ability is 
the property that makes it possible for a material to 
/IL- stamped, hammered, or rolled into thin sheets. In 
other words, a malleable material is one that can 
withstand extensive permanent deformation from 
compression. 

?.fost 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 1 nc 

Figure 4. Britthness. 

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

It brittle. 

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 ccating or by alioying with other 
metals that are corrosion 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 



metals) and chromium molybdenum steel (which is 
used for piping and valves in high temperature, high 
pressure steam systems) are examples of heat- 
resistant metals. 

Although weldability and machinability are not 
strictly properties, in the sense of the other p’op- 
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 n metal 
ma;. be turned, planed, milled, or otherwise,shaped 
in the shop. Some metals are not easily machined 
because the\, are too hard. Some soft metals are not 
easily ma&ined because they are too tough. Both 
wldnhiiit! and machinability are really based upon 
the cond~ituztion of other properties of the material. 
rnther than being properties in themselves. 

There are no hard and fast ru!es that can be used 
ill determining the machining characteristics of a 
nreial. Nany factors, such as the composition of the 
metal, the manufacturing process, and heat treat- 
ment, can have considerable effect on the machin- 
abilit! of a metal. For exampEe, 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 machinabilit!- characteristics 
by changing the internal structure of the metal. 
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Metals 

.l’eials 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 major element is 
not iron, but they may contain a small amount of 
iron as an impurity. 

Ferrous Metals 

Zron ore; the basis of all ferrolls metals, is con- 
verted to metal (pig iron) in a b&t furnace. alloy- 
ing elements can later be added to the pig iron tu 
obtain a wide variety of metals with different char- 
acteristics. The characteristics of metal can he further 
changed and imp:oved by heat treatment and by hot 
or cold working. 

PI6 ‘IRON 

Figure 6. Blast furnace. 
Krons 

The product of the blast furnace (Fig. 6) is called 
pig iron. In earlv 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 acd great com- 
pressive strength, but at best the metal is brittle and 
has a corr;paratively low tensile strength, and ac- 
cordingly has very limited use in marine service. 

WROUC~IT IRON. Wrought iron is a highly refined 
pure iron which has uniformly distributed particle: 
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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caose of these characteristics. wrought iron is used 
extensively for low pressure pipe, rivets. and onils. 

Plain steels 

pig iron is converted into steel by n process which 
separates and ren,oves impurities from the moltm 
iron b\, use of various catalytic agents nnd extremely 
high t&nperatures. During the refining process, prac- 
tic& all of the carbon originally present in the pig 
iron ;s burned out. In the 6nal stages, where high 
carbon alloys are desired, measured amounts of car- 
bon arc added to the relativeI!- pure liquid iron to 
produc.: carbon steel of n desired grade. The amount 
of carbon added controls the mechanical properties 
of the finished steel to R large extent. as will be 
1wintrxi out in the following paragraphs. After the 
steel has been drawn from the furnace sod allowed 
to solidifv. it mnv be sent either to the stockpile, or 
to shapi~~g mills for rolling and forming into plates, 
hill:+. Ixus, or structur;il shapes. 

.!‘!ui;z stcds that have smdi additions of sulfur 
11 ;arrt\ sometimes phosphorus) are called free cutting 
~sfwls. These steels have good machining character- 
istics and are used in applications similar to carbon 
steels. .&ddition of sulfur are phosphorus results in 
limiting its ability to be formed hot. 

Low CARBOX STEEL. Low carbon steel (0.05 to 
0.0:30 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. 

MEDIVJI CARBON STEEL. Medium carbon steel (0.30 
to 0.60 per cel& carbon) is considerably stronger 
thw mild carbon steel. Heat treated machinery parts 
nre made of this steel. 

Hrw C~nnos STEEL. 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 
cnrbon tool steel. Cutting tools of high carbon steel 
should not be used where the cutting temperature 
would exceed 400 degrees. 

Alloy Steels 

The stee!s previouslv discussed are true alloys of 
iron and carbon. When other elements are added to 
iron during the refining process, the resulting metal 
is culled alloy steel. There i,re many types, 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 stcc! are 
discussed briefly below. 

Corrosion resistant stwl (conm~only called stnin- 
less steel) is an alloy which contains relntively large 
amounts of chromium and nickel. Corrosioo resistant 
strd wsi ts corrosion, attack by acid. and scaling. It 
is classified hy the Socirty of Automotive Enginrers 
as either a chromium allov ot’ a chromiun~ nickel 
alloy. 

NICKEL STEEL.. Nickel steel. which rtsually contains 
3 to 5 per cent nickel, has superior strength and 
toughness and is often used for armor plate. 

V~~mrunt STEEL. \‘anadinm steel (usuallv con- 
taining from 0.15 to 0.25 per cent wnndium) is used 
for crankshafts. axles. ge:\rs. and other machine parts 
where high strength aocl fntiRut% wsistnnw is tle- 
sired. 

CAIIBON-~~OI.~.UI)EN~I~~ STEEL. Molybdenum, in 
combination with chromium and nickel, is added to 
steel to produce a tough carbon-mol~bdenmn steel 
(Chlo) 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. 

Hxw SPEED STEEI. (HS ). High speed steel has the 
qualit\ of red-hardness. Cutting too!s made from the 
variotis types of HS steei cm be used up to, nod 
after, the time the point has become a dull red, or to 
n temperature of approximately 1100 degrees. There 
are several different types of HS steels, some of 
which are listed in this chapter. 

TPSC,STEN BASE STEELS. Tun@en base steels are 
one of the most common types used. Though the 
percentages may vary with different grades, one 
common type is the Tl. It is composed of 18 per 
cent tungsten. 4 per cent chromium. and 1 per cent 
vanadium 

I\.~OLYBDENUIM Bose STEELS. hfolybdemun 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. 

Nonferrous 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 constwction and mainte 
11i,,,ce. 

COPPF.R. Copper is a metal which lends itself to :L 
vsiety of GSCS. It comes in the form of wire, rod, 
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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:lks 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 led and then 
cooling. Its strength increases rapid]!- with temper- 
atures above 400°F. 

Pure copper is normaliv wed in molded or shaped 
forms where machining is oat required. Copper for 
normal use generally is a!loyed with an element 
which provides good machinability characteristics. 

S~XEL. Nickel is a hard, maIleablel and ductile 
mttnl. It is resistant to corrosion and tl;erefore is 
II&;: used as a coating on other metals. Combined 
v1t11 ~I~IwI. metals in an alloy. it makes a tough strong 
.111<)\.. 

LAW Lend weighs about 700 pounds per cubic 
foot. It 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 
grayish in color, but when it is scratched or scraped, 
it &comes very 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- 

7 or hammering sheet metal forms. When lead is 
.j :“yed with tin in various proportions to form soft 
solders, you have one of the most commonly used 
alloys of nonferrws metals. 

Zrsc. Zinc is a comparativ+ soft, vet somewhat 
brittle metal. Its tensile strength is siighth greater 
than that of aiuminun. In the manufacture’ of brass, 
zinc is used :LS an allwing metal. copper being the 
base metal. Because if its resistance to corrosion, 
zinc is used as a protective coating for less corrosion 
resistant metals, principa!Iv iron and steel. There are 
three methods of applyin$ a 2’~ coating: (1) Elec- 
trop:ating in a zinc-ac.d solution; (2) hot dipping, 
where the metal is dipped into a bath of molten 
zinc; (3) c,herardizing; where zinc is reduced to a 
gaseous state and deposited on the base metal. 

Trx Tin is seldom used except as a” alloying in- 
gredient. Alloyed with iead it makes a soft solder. 
and alloyed with copper, it produces bronze. Lead 
and tin both res!:qt corrosion verv well, but tin has 
the added advantage of being n&poisonous. zany 
food containers are fabricated from sheet mate&l 
which has been coated with tin. 

.~L~:XGSLX<. Aluminum is being used more and 

more in construction because of i:, .:ht weight, 
easy workability, good appearance, and other desir- 
able properties. Pure aluminon~ is soft and not ver\ 
strong. When alloying elements such as magnesium. 
copper, nickel. and silicon are added, a much 
stronger me +:,I is produced. Aluminum alloys cao be 
strain har,.ic,I-d, solution heat treated, and age 
hardened, ei; .er artificially or naturally. 

TRUE Buss. True brass is a” alloy of copper and 
zinc. Complex brasses are those containing additional 
agents, such as aluminum, lead, iron, manganese, or 
phosphorus. 

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 h. 
many complex bronze alloys 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 really a low brass containing 90 to 95 per 
cent copper and 5 to 10 per cent zinc. 

COPPER-NICKEL ALLOY. 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 CW’ >per td 30 per cerrt 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. 

NICKEL-COPPER ALLOYS. Nickel-copper alloys are 
stronger and harder than either nicket or cbpper. 
They hav? a high resistance to corrosion and are 
strong enough to be substituted for steel where COT- 
rosion resistance is of primary ,importance. Probably 
the best known nickel-copper allov is “Monel” metal. 
Monel contains 64 to 68 per cent iickel, about 30 per 
cent copper, and small percentages of iron, man- 
ganese, 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-MONEL. “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 hlonel. K-Monel stock is wry difficult to 
machine, but its machinabilih- ran be improved con- 
siderably by annealing the metal immediatelv bef”re 
machining. 

Designations and Markings 

Knowledge of the standard designations of metals 
and the systems of marking metals is necessary so 
that you 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- 
jor setems used for iron and steel are those of the 
So&t\- of Automotive Engineers (Sr\E) and the 
irn&a:~ ircn and Steel Institute ( NISI). The Alw 
mi:~aw :&soriution method is csed for aluminrnn 
~tlwr ~~rnfwrws metals we designated by the per- 
WI~~:I;:I .III~ t!~ws of ciemcnts in their composition. 

b’~wii~r~~s METAL Des~cr.~noss. You should be fa- 
iii!li:~i \vith tl le s\ 5 ..-t em of steel classification used b\ 
.%‘!: x111 .?.ISI. These svstems are in c”mmon use and 
lltilizc a four- or five:digit number to indicate the 
composition of the steel. The one mnj”r difference 
lwtxx,ern the two svstems is that the .%ISI xstem laes 
R kttrr before thh number to show the 1,;“~s used 
in the making “f the steel. The letters used are as 
fo!l”ws: B-.Gd Bessemer carbon steel: C-Basic 
open-hearth or basic electric furnace carbon steel; 
and E-Electric furnace alloy steel. 

EWll& 
SAE IQ 20 

.AISI c IQ 20 
- 

T T 

Basic Opu- Plain Carbon Carbon 
Hearth Carbon Steel Content 

Steel 

The first digit indicates the type of steel: 1 stands 
fol- carbon steel; 2 is nickel steel; 3 is nickel- 
chromium steel: 4 is molvbdenurn steel; .5 is chro- 
mium steel: 6 is chromium-vanadium steel; 8 is “Na- 
tioual Emergency” steel; and 9 is silicon-manganese 
steel. (The group identified as “National Emergency” 
steel, wmber 8 in the SAE/nISI svstems, includes 
various IOU’ dlOV nickel-chromi~~m-m”lvl~d~~~~~~m 
steels developed &ring \Vorld \Var Il. Irluch of the 
al:“\, content of these steels can be derived from 
scrap alloy, thus conserring the sup& of al!oy rna- 

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

The second digit in the S.4EIAISI number indi- 
cates the series within the group indicated b!, the 
first digit. The term series ill this c”nnt!ction r:sunll\ 
refers t” the percentage “f the chief nlloyiq: ele- 
ment. Sometimes the second digit gives the nctual 
percentage of the chief alloying element. In other 
cases, however, the second digit rnny 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- 
essarv to vary the system slightly. These variations 
are easily 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 nll”ying elemrnt, thrrefore, 
this is a plain carbon steel. The next two digits, 35, 
indicate that the aoerage percentage “f carbon irl 
steels “f this series is 0.35 per cent. The actual car- 
bon percentage in this series ranges from 0.32 t” 
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 wrbon content of 
0.46 per cent. The 1100 series of steels are known 
as free cutting steels. 

(3) SAE 4Oi7. The first digit, 4, indicates that this 
is a molybdenum steel. The secclnd digit, 0, indicates 
that there is no other equally important alloying cle- 
ment; therefore, this is a plain m~~lybdenwn steel. 
The last two digits. 17, indicate that the nverage car- 
bon content is 0.17 per cent. 

Other series within the molvbdenom 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-molybdenum steel. In such cases, the sec- 
ond digit does not indicate the actual percentage of 
the alloying elements other than molybdenum 

(4) SAE 51100. This number indicates a chro- 
mium steel (first digit) with nppr~~simatel~ 1.0 per 
cent chwmium (seumd digit) and an nverage car- 
bon content of 1.00 per cent (hut thrrc: digits). The 
actual chromium content of S.4IC 51 100 strcls ma\ 
wry from 0.5 to 1.10. 

(5) SAE 52100. This number indicates a chromium 
steel (first digit) of a higher alloy series (second 
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digit) than the SAE 51100 steel previously described. 
Yote that in this case the second digit. -7. mereI!- 
identifies the series but does not indicate the per- 
centage of chromium. A 52100 steel would actualh 
have from 1.30 to I.60 per cent chromium with a;1 
nwiage carbon content of I.00 per cent ( last three 
digits). 

There used to be a 7000 series S.4.E steel, but 
under a new system it is no longer used. The current 
commonly used tool steels have been classified bv 
the Am&can Iron and Steel Institute inio seven ma- 
jor groups and each commonly accepted group or 
subgroup has been assigned an alphabetical letter. 
Xfethodr of quenching. applications. special char- 
actwizties. and steels for particular industries were 
r~ii2rii~~~rrd in the folIo\ving t\-pe classification of tool 

c :I ‘:“,’ 

‘.!‘.:tt:,r h:wderlirro 

*hick resistinn ? 

Cdd \rork 

Symbol and t\pe 

\I- 

s 

O-Oil hardening 
.‘t-Medium dIO> 
D-High carbon-high 

chromium 

Hot work a-( K 1 to N 19 ix!. 
chmmium base, H 
20 to Ii 39 incl. 
tungsten base, 840 
to K.59 incl. molyb- 
denum base ) 

High speed 
T-Tnngsten base 
XI-MoIvbdenum base 

Special purpose 

.\fold steels P 

NoxFERKJcs MET.% DEsrcxATIoss. Xonferrous 
metals are generall\~ grouped according to the allov- 
ing elements. Examples of these groups are brass, 
bronze, copper-nickel, and nickel-coppi. Specific 
designations of an alloy are described by the amounts 
and chemical symbols of the alloying elements. For 
erample, a copper-nickel alloy might be described 
as capper-nickel, 70 Cu-30 Ni. The 70 Cu represents 
the percentage of copper and the 50 Si 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 
Iron---Fe 
Lead---Pb 
Manganese - - - Mn 
Molybdenum - - - MO 
Nickel - - - Ni 
Phosphorus - - - P 
Silicon - - - Si 
Sulphur - - - S 
Tin----So 
Titanium - - - Ti 
Tungsten - - - W 
vanadium - - - v 
Zinc---Zn 

In addition to the type of designations previously 
described, a trade name (such as Mon.4 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) lxxx 

Major Alloying Element 
Copper 2xxx 
Manganese 3xxx 
Silicon 4xxx 
Magnesium 5xx.x 
Magnesium and Silicon 6xxx 
ZhC 7xXx 
Other element Bxxx 

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

In the lxxx group for 99.00 per cent minimum alo- 
minrlm, the last two digits indicate the minimum 
aluminum percentage to the right of the decimal 
point. The second digit indicates modifications in 
impuritv limits. If the second digit in the designation 
is zero, ;t indicates that there is no special control on 
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individual impurities. If it is 1 through 9. it indicates 
some qwcial control of one or more individual im- 
purities. As an exanq~lr. 10:30 indicates il 99.30 1x1 
cent minimrlm nlnminrm~ without sprrial control on 
individual impurities, and 1130. 1230. 1330, and so 
on indicate the came purity with special control of 
one or more individual impurities. 

Deriqations having the numbers 2 through 8 are 
alumi”rml allovs. In the 2xsx through 8~x1 allo\. 
~ro:qx. the se&d digit in the designation indic&s 
allo\- modification. The last two of the four digits in 
tkr designation have no special significance but serve 
w& to identifv the different alloys in the group. 

111 .tddition to thr four digit allo!~ designation, a 
Iptter or letter/number is included as a temper des- 
icI~;ltirin The temper de.TiSnation follows the four 
riicii alIn\ ~~urn!~~r and is separated from it bv a 
d.lSll~ 1:or mln1p1c. 2024-T6 is an aluminum-copper 
:1110!,. sol&on heat treated, then artiEciall!- aged. T6 
i\ ii]? tvmpel- designation. The aluminum allov tem- 
per desiq~:ations and their meanings are as follows. 

F - As fabricated 
0 - Annealed and recrvstallized 

(wrought only j. 
H - Strain hardened ( wrought only ) 

HI, plus one or more digits, 
strain hardened or& 

H2. plus one or more d&its, 
strain hardened then partial!\ 
annealed 

H3, plus one or more digits. 
strair. hardened then 
stabilized 

W - Solution be-t treated-unstable 
temper 

T - Treated to produce stable tempers 
other than F. 0. or H 

T2 Annealed (cast only) 
T:3 Solotion heat treated, then 

cold wxked 
T4 Solution heat treed and 

naturnllv .iSed to a substantialh 
stable condition 

T.5 Artificially ased onl) 
76 Solution heat treated, then 

artificinlh~ aged 
T7 Solution &eat treated, then 

stabilized 
T8 Solution heat treated. cold 

lvorked, then nrtificiallv 
aged 

T9 Solution heat treated, artificiall! 
aged, then cold worked 

T10 Artificially nged, then cold worked 

Note that while some temper designations appl) 
only to wrought products and others only to cast 
products, most apply to both. A second digit may 
appear to the right of tht nvxl~anical treutment, in- 
dicating the degree of hardening: 2 is l/4 hard, 4 
is 112 hard, 6 is 3/4 hard, and 8 is full hard. For 
example, the alloy 5456.II32 is an aluminum/ 
magnesium alloy, strain hardened. then stabilized, 
and is l/4 hard. 

STAND.~~ MARKING OF METALS. The metal mark- 
ings described in this section include the color svm- 
bols used for nonferrous metals. 

Continuous Identification Marking 

The purpose of the cnntinuous identificntion mark- 
ing system is to provide a means fw pasitive identi- 
fication of metal products even after some portions 
have been used. In the continuous identification 
marking system, the markings appear at intervals of 
not nxxe than three feet. Therefore, if you 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 ba this method. On these 
items, tags with the q&d marking information 
are fastened to the metal. 

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

The manafacturer 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 ineludes (1) a material designation such 
as a11 SAE number, an AI.9 number, or nn ASTM 
(American Society of Testing Materials) specifica- 
tion and (2 j n physical condition nnd quality des- 
ignation. that is, the designation of temper or other 
physical condition appro‘:ed by a nationally rec- 
ognized technical societv or industrial nssociation 
such as the .4mericnn Iron and Steel Institute. Some 
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Figure 7. Continuorts identification marking 

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

CR - cold rolled 
CD - cold drawn 
HR - hot roiled 
AQ - aircraft quality 
CQ - commercial quality 
1/4H - quarter hard 
l/213 - half hard 
H -hard 
HTQ - high tensile qualit!- 
AR - a~ rolled 
HT - heat trrated 
C - ground 

Color Marking 

For some yzars, a sptem of color synboIs with a 

related color code has been used for the idcntifi- 
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 svstem. Some of the non- 
f~rous stock that you obtain is likeIv to be marked 
with color symbols, since the material marked and 
coded under the color system may not be entire& 
used up for several years. 

COLOR SYMBOLS. The term color symDo2 refers to 
the color marking nctuall\. painted on the nonferrous 
metal. A symbol is n design composed of one, two. 
or three colors aud painted on a conspicuous area 
of the picw. When the .symbol frmsists of more than 
om color. the colored imx are :idjxmt to cwh 
other. 

There are two types of color synbols. Spot sy,n- 
bols that arc applied to r:ach end of solid stock that 
is at least R/4 inch in diameter (for round stock) or 



The pupme of applying thr color symbol at CYWII 
end oi the piece is to ensure thr pxwoce of onr 
svmbol even after pari of tllc piect 11~s bwn cut off 
311d 1lSC~d I% not forget this ,“‘“,“‘““. If for smnc I-ea,- 
5011 tllc i(lelitifviilfi s!.inbi)l is rrlt r~lf fr(~nl boih wds. 
Ix? slir(! to renew the color symbol while+ you still 
knmv what the material is. Othrnvise someone \vill 
be left with the problem of identif\~ing an unmnrked 
piece of metal. 

Ccxo~ CODE. The color code used for the identi- 
fication of nonferrous metals is v&ted to, but is nof 
the same as; the color svnrbols just described. The 
color s!,mbols are actual &ors painted on the metal. 
The color code is a method describing these symbo!s 
in numbers. To have a numerirnl color code, each 
coIor must be given a nxnber. There are 13 colors 
used in the color svnbols, so thr numbers used in 
the color code ale 1 through I:? l-he colors :,TP RF 
raii,yd alph;lhrticall\~ md t!ien nssigid a nu~nlxy 
The color nombers ire as follows. 

Color 
Black 
Hue 
Bronze 
B~O\Vll 

Dark Blue 
Green 
Lead 
Ormg 
Pllrpie 
Xed 
l-m 
White 
Yelhi~ 

Number Code 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Thr color with the lowrst number ill ;uw co101 
svmbo! (that is, the color name that OCCIIIS first in 
this nlphabetical arrangement) is al\w\-s r&wed to 
RS the prinmrt/ color. In n color code number. the first 
digit identi& the primary color. The other major 
color, therefore. becomes thr .seconriorr~ colol- 2nd is 

expressed after the primari- co!or. rVlwn i, stl-ipc is 
used, its color number is nitvnvs expressed last. 
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would then call this a !~ello~-~ellot~.-green symbol in critical situations where a specific metal is desired. 

with a color code of 13-13-6. Some of the methods that will be discussed in this 
section are magnet tests, chip tests, file tests, acid 

Identification of Metals 
reaction tests, and spark tests. In Table 1 you will 
find information related to surface appearance mag- 

the \m+ous base metals. such as iron. copper, lead. netic reaction, lathe chip test, and file test. The acid 
zinc, and ahm~inum have certain identifying char- test and the spark test are discussed in more detail 
acteristics-surface appearance and weigh-by which later in this chapter. When performing these tests it 
persons who work with or handle these materials is advisable to have a known sample of the desired 
readi]!- distinguish them from one another. There are material and make a comparison. When using these 
a number of related alloys which resemble eac’l tests you will need good lighting, a strong permanent 
other and tb& base metal so ciosel\- that they def\ magnet, and access to a lathe. A word of caution 
accurate identification by simple means. when performing these tests: Do not be satisfied 

There are other means of identification of metals. with the results of only one test. Use as many tests 
It should be noted that these methods by no means as possible so that you can increase the chances of 
pro~-id~ positive identification and should not be used making an accurate identi6cation. 

TABLE 1 

Aluminum 

Red to brown 

Copper-nickel 
smooth: gray to 
yellow or yellowish 

Xickel 

Nickel-copper 

Dark gray: smooth; 
sometimes green 

Cut by knife, any 

Cuts easily. smooth 
continuous chip 

Plain carbon steel 

f 
1. Swdess steels that have less than 26 percent alloying elementS react to magnet. 

I 
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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 spark 
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, you will need to 
practice b;; 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. 

Proper lighting conditions are essential for good 
slwk testing practice. The test should be performed 
iu an iarea where there is enough light, but harsh or 
glaring 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 she!ves 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 &inch wheel 
turning S600 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 clebn at all times. A wheel 
loaded with particles of metal will give off a spark 
stream of the type 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 grinding wheel. The sparks given 
off, or the lack of sparks, assist in identifying the 
metal. The length of the spark stream, its color, and 
the type of sparks are the features for which you 
should look. The definitions of the various terms 
used in spark testing are shown in Fig. 9. 

* . 

SHAFT 

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 particies 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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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 particies 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- 
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tified because alloying elements affect the carrier 
lines, the bursts, or the forms of characteristic bursts 
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burst. But the nickel spark can be identified by tiny 



blocks of brilliant white light. Silicon suppresses the 
carboo burst even core 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 wili increase the 
temperature of the spark stream and the burst. It 
will also give the appearance of a higher carbon con- 
tent than tbat of the metal actually being tested. 
iftrr practicing to get the feel of correct pressure 
911 the wheel until YOU are sure you have it, select a 
r.:xq~l~ of samples df metal with widely varying char- 
wlrristics, fw example, low-carbon steel and high- 
~.dxm he!. Wold first one and then the other 
q,ainst the wheel, always being careful to strike the 
same portion of the wheel with each piece:With the 
eyes 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, !;ou will find that after a little while you will 
form a mental image of the individual spark. After 
vou 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 may occur at any 
place in low-carbon steel are forked, while in high- 
carbon steel the sparklers are small and repeating 
and sonx d the shafts mav be forked. Roth will 
produce 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 :he outer end of the stream is 
straw-colored. 

AVERAGE STREAM 

COLOR -RED LENGTH WITH POWER 
GRINDER-20 IN. 

VOLUME - VERY SMALL 

COLOR - SPRIGS-FINER THAN GRAY 
STRAW IRON. SMALL AND 

YELLOW REPEAT ,NG 

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 smali 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 

8,’ 
AVERAGE 
STREAM LENGTH 
WITH POWER 
GRINDER- 25 IN 
VOLUME -SMALL 

MANY SPRIGS. SMALL 
AND REPEATING 

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. 

COLOR - 
STRAW YELLOW 

AVERAGE STREAM 
LENGTH WITH 
POWER ‘R INDER 
30 IN. 

VOLUME -MODERATE 

LONGER SHAFTS 
THAN GRAY IRON 
ENDING IN NUMEROUS 
SUALL. REPEATING 
SPRIGS 

k Figure 12. Malleable iron 
-. 

The wrought iron spark test (Fig. 13) produces a 
spark stream about 65 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 
approximately 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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coi OR - 
STRAW YELLOW 

AVERAGE 
STREAM 
LENGTH WITH 
POWER 
GR I NDER -65 I 

VOLUME -LARGE 

LONG SkAFTS 
ENDING IN 
FORKS AND 
ARROWLIKE 
APPENDAGES 

COLOR .WH ITE 

Figure 13. \ITirought iron, 

COLOR - 

: 

STRAW YELLOW 

STREAM LENGTH 
VAR IES WITH 
TYPES AND 
AMOUNT OF 
ALLOY CONTENT 

N. 

SHAFTS MAY 
EN0 IN FORKS. 
BUDS OR 
ARROWS. 
FREQUENTLY 
WITH BREAK 
BETWEEN 

F%xm 14. Alloy steel. i Spark shown is for stainless steel.) 

Nicked (Fig. 15) produces a spark stream onlv 
about 10 inches in length. It is small in volume an2 
orange in color. The sparks form wzvv streaks with 
no sparklers. 

.Mowl metd (Fig. 1.5) forms a spark stream al- 
nmst identical to that of nickel, and must be iden- 
tified by other means. Copper, brass, bronze, and 
‘I xd form no sparks on the grinding wheel, but the) 
arc easily identified by other means, such as color, 
appearance, and chip tests. 

COLOR-ORANGE 

AVERAGE STREAM 
LENGTH WITH 
POWER *GRINDER. 
10 IN. 

SHORT SHAFTS 
WITH NO FORKS 
OR SPRIGS 

Figure 15. Nickel. 

(See Fig. 16 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 
adaptable to most any situation. 

COLOR-WHITE 

70 IN. 

VOLUME - 
MODERATELY 
LARGE 

SHAFTS SHORTER 
THAN WROUGHT 
lR~“,~~~,~Dl,~~““’ h 

COLOR -WHITE 

Y 

AVERAGE 
STREAM 

FORKS BECOME 
LENGTH 

MORE NUMEROUS 
WITH 

AND SPRIGS APPEAR 
POWER 

AS cARBON CONTENT 
GR-INDER - 

INCREASES 55 IN. 

, 
‘THESE DATA APPLY 

ALSO TO CAST STEEL. 

Fimre 16. Low-carbon steel.* 

VOLUME - 
LARGE 

NUMEROUS 
SMALL 
AND 
REPEATING 
SPRIGS 

Fi?,ure 17. High-carbon steel. 



The nitric acid test is the most common test for 
metal, and it is used only in noncritical situations. 
For rapid identification of metal. the nitric acid test 
is one of the ells&t tests to use and requires n” spe- 
ciaI training in chemistry to perform. It is most help- 
ful in distinguishing among stainless steel, MOMI, 

copper-nickel, and carbon steels. The following 
sa:et!; precautions must be observed when using or 
handling acids of any type. 

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

2. in mixing, always pour acid slowly into water. 
.\ewr p”ur mater into acid because an explosion is 
li‘ke!v to occur. 

3,‘If an! acid is spilled. dilute with plenty of water 
t,, waken it s” that it can safely be swabbed up 
and disposed of. 

-I, IF an acid is spilled on the skin, wash imme- 
di:ltel\. with large quantities of water. Then wash 
with a soWion of borax and water. 

,5. \‘ear clear-lens safet); 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 venti!ated area. 
To perform the nitric acid test, place one or two 

drops of concentrated (full strength) nitric acid on 
a meta! surface that hts 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 browvcolored 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- 
terin! 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 !vi”nel, the reaction takes place at about 

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 a 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 metai prevents oxidation. 
The box is then placed in the furnace, heated to the 
proper temperature, held there for a sufficient period, 
and then allowed to cool slowly in the sealed fur- 
nace. 

For annealing the more common metals, proceed 
as fo11ows. 

CAST IRON. Heat slowly to between 1400” and 

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 t” 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. 

ACID TEST 23 
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ISOO”F, depending on composition. Hold at the spe- 
ci6c temperature for 30 minutes, and then allow thr 
metal to cool slowly in the furnace or annealing box. 

STAINLESS STEEL ( AUSTESITI~). For full annealing. 
heat to between 1850°F and 2050°F. Cool rapidly. 
FOG partial annealing, heat to between 1600” and 
1700°F. 

COPPER. Heat to 9WF. Quench in water. A tem- 
perature as low as 500°F will relieve most of the 
stresses and strains. 

ZKC. Heat to 400°F. Cool in open, still air. 
A~varm~:xr. Heat to 750°F. Cool in open air. This 

reduces hardness and strength but increases electri- 
cal conductivitv. 

:; .KEL-COPPER ALLOYS (Ixumrx XioNEL j. Ileat 
to between 1400” and 1450°F. Cool b!- quenching in 
water or oil. 

NImI:L-h~-’ Y: 1 :...<~hl-IRO~ .*::o NICKEI:MOLYR- 
~)~.:~l’hr-C~~o~rl~l~r ALLOYS ( STELLITZ‘). Heat to be- 
twrrn 7100” and 2150°F. Hold at this temperature a 
sriitable time, depending on th;cl.ne::. Follow b\ 
rapid cooling in a quenching medium. 

Eanss. Annealing to relieve stress may be accom- 
plished at a temperature as low as 600°F. Fuller 
anneals may be accomplished with increased tempcr- 
atuxs. 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 asbestos cloth, or bury in slaked lime or 
other heat-retarding material. 

BRONZE. Heat to 1400°F. Cool in open furnnw to 
500”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. 

HARDENIXG. 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 weal 
or penetration. Metals and allow can he hardcncd 
in several ways. A brief general description of one 
method of hardening follows. 

Each steel has a critical temperntr!rr at wllich 
there will occur a marked change in the grain st!‘rlc- 
tze and physical properties. This critical temper- 

atwe varies :wrording to tlw carbon content of th< 
steel. To Ix: hnrdened, strrl mllst br lwaied to n 
littlr morr than this critical trml’cratrlrc--11, cns~w 
that ewrv point in it will havr rwchrd critical tcn- 
peratwr.’ and to allow for sonw slight Iws of hrnt 
when the metal is transferred from tlrc furnaw to thr 
cooling medium. It is thee pooled rapidly 1y Ixing 
quenched in oil, fresh water, or brine. Qxmchin~ 
firmly fixes the structwal changes which occllrrcd 
under heating. thus causing the metal to rrmain hard. 

If allowed to cool too slowl!;, the ~wtnl will lose 
its hardness. On the other hand, to prex:eut too rapid 
quenching (which would result in warping and 
cracking), it is sometimes nrcessnrv to use oil irl- 
stead of fresh water or salt water ior Iligh carbon 
and a!loy steels. Salt water, as opposed to frrsh 
water, produces greater h:wlness. 

TEMPE~IX. The tempering proce~w is ~mplowd 
as a method of relieving thr strains that arc bror;ght 
about in steel during the hardening process. ‘~cn- 
pering makes the metal tougher and less brittle. 
Tempering is accon~plishrd by heating the hardened 
steel to a temperature below the critical rang?, hold- 
ing this temperature for a snfficient time to penctratt 
the whole piece, and then cooling the piece. In this 
process, ductility and toughness arc improxwl but 
tensile strength and hardness arr reduced. 

CASE HARDENING. Case burdening is a process of 
heat treating bv which a hard skin is formed on 
metal, while thi inner part remains relntivelv soft 
and tough. ‘4 metal that is originnllv low iu carbon 
is packed in a sul)stnnre high in carbon content. and 
heated abovr the critical range. The raw hardcnin~ 
furnace must givr il uniform heat. Thr lrn~th of timr 
thr piece is left in the own at this high hat deter- 
mines the depth to which cnrhon is :&sorlx~d. A com- 
monly used method of case hardening is to ( 1 ) car- 
burize the material (an addition of carbon 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 nnd to dcterminc whether a 
metal meets specification requirements. Sonw of the 
more common tests arc hardness tests, tensile strength 
tests, shear strength tests, hem1 tests, fatigue tests, 
and compression tests. Of primary importance to the 
worker are the hardness tests. 
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in the sections whieb follow In addition, the Sclero- 
scope and i’ickers hardness tests wil? be covered 
brirW\-. 

IA3wi.i. I~~AIIUNE:SS ‘I-EST. Of all the hardness 
t~rsts. thr Rockwrll is the one most frequently men- 
tio~~d. The bait pl-inciple of the Rockwell test (like 
that of the Brinell. Vickers; Eberbach, Tukron, and 
Monotron tests) is that a bard 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 mmber is obtained by measuring the de- 
pression made by a hardened steel ball or a spbero- 
conical diamond penetrator of a given size under a 
gi\ren pressure. 

\l’ith the normal Mockwel? tester, the 120” sphero- 
conical penrtrator is wed in conjunction with a 150. 
kilogram (kg.) weight to make impressions in hard 
metals. The hardness number obtained is designated 
Rockweii 6: CRC). For softer metals, the penetrator 
is R IilG-inch steel ball in conjunction with a 100. 
kilogram weight. A hardness number obtained under 
these conditions is designated Rockwell R ( 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 couwz, differ 
slightly.) 

\Vith 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 



in square millimeters. This number is found by 
measuring the distance the ball is forced, under a 
specil%d pressure, into the test piece. The greater 
the distance, the softer the metal, and the lower the 
Brine11 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 Brine11 hardness machine is of greatest vahle 
in testing soft and med!nm-hard metals, and in test- 
ing large pieces. On hard steel the imprint of the 

the long pointer is nearly upright (within approx- 
imately five divisions, plus or minus, on the scale). 
This step of th- 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 downwal-d 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 l/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 penetrntor 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. Tlren 
remove the test specimen. 

BRINELL HARDNESS TEST. The Brinell hardness test- 
ing machine provides a convenient and reliable hard- 
ness test. The machine is not suitable, 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 
IO-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 
scale. 

The Brine11 hardness number (Bhn) is the ratio of 
the load in kilograms to the impressed surface area 
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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 he. Ferrous metals are 
usually tested with the spheroconical penetrator, 
with hardness numbers being read from the Rock- 
well C scale. The steel ba!! 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 sufliciently 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 
spwimen be flat and clean. When hardness tests are 
nvressary on thin material, a superficial Rockwell 
tester should be employed. 

The Rockwell superficial tester differs from the 
norma! 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 160 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 0.062 millimeter. One division of the dial 
gage of the super&&l tester represents a vertical 
displacement of the indenter of 0.%X millimeter. 
Hardness scales for the Rockwell superficial tester 
are the N and T scales. The N scale is used for ma- 
terials of such 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 
iespects 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. 

I. 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 pc;inter on the gage, con- 
tinue raising the work with the elevating wheel until 
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ball is 5’) small that it is difficult to read. 
SCEROSCOPE HJ.RDXESS TEST. If ~O:I were to place 

a mattress on the 5oor and drop two rubber balls 
from the same height. one on the mattress and one 

on the floor. the one dropped on the floor will bounce 
higher. The reason is that the fioor is the ba:der 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 ?-ebound and the higher xvi11 be the number on 
the scale. The Scleroscope is portable and can be 
ued to test the hardness of pieces too large to be 
plxed on the anvil or tables of other machines. An- 
~oiher ndv:mtn,gr of the Scleroscope is that it can be 
;:rr,~i \viili,,llt dnmngi;lg finished surfaces. The chief 
c~~~.~c~?~:IIIL;I~c of this machine is its inaccuracy. The 
~LYLII~C,Y of the Scleroscope is affected by the follow- 
iq firtars. 

1. So41 pieces do not have the necessary backing 
and cannot be held rigidly enough to give accurate 
readings. 

2. If large sections are not @d, if they are oddly 

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

3. If oil-hardened parts are tested, oil may creep 
up the glass tube and inter&-p wii!~l the drop of the 
diamond-pointed hammer in the instrumert. thus 
causing an error. 

VICWRS HARDNESS TEST. The Vickers test measures 
hardness by a method similar to that used in the 
Brine11 test. The indenter, however, is not a ball, hut 
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 Brine11 tests are about 
the same. Above 300, Brine11 accuracy becomes pro- 
gressively lower. This divergence represents a weak- 
ness in the Brine11 method; a weakness that is the 
result of the tendency of the Brine11 indenter ball to 
flatten under heavy loads. It is for this reason that 
the Brine11 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 
Kmmss COhVERSiON 

BRINNE L 
HARDNESS 
NUMBER - 

500 3000 
kg kg 

--- --- 
_-- --- 
--- --- 
--- --- 
--- --_ 
_-- 761* 
--- 757* 
--- 74s 
___ 733* 
_-- 122s 
--- 710* 
--- 698, 
--- 682; 
--- 670+ 
___ 353s 
--- 638* 
--_ 627* 

STANDARD 
ROCKWELL 
B C 

l/16” Ball bale 
100 kg 150 kg 
--- 70.0 
-_- 69.0 
--- 68.0 
--- 67.5 
--- 67.0 
--- 66,4 
--- 65.9 
--- 65.3 
--_ 64.7 
_-- 64.0 
--- 63.3 
--- 62.5 
--- 61.7 
--- 61.0 
_-- 60.0 
_-- 59.2 
--- 58.7 

BRINNELL 
HARDNESS 

NUMBER 

500 3000 
kg kg 

--- 352 
--- 341 
--- 331 
--- 321 
--- 311 
--- 302 
--- 293 
--- 285 
--- 277 
--- 269 
--- 262 
--- 255 
--- 243 
201 241 
195 235 
189 229 
184 223 

STANDARD 
ROCKWELL 
B C 

l/16” Ball Brale 
100 kg 150 kg 

37.9 
36.6 

(107.0) 
(106.0) 

99.0 
98.2 
91.3 
96.4 

35.5 
34.3 
33.1 
32.1 
30.9 
29.9 
28.8 
27.6 
26.6 
25.3 
24.2 
22.8 
21.7 
20.5 

(18.8) 
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BRINNE L 
HARDNESS 
NUMBER 

__- @301* 
--- 57a* 
--- 555; 
--- 534’ 
--- 524* 
--- 495* 
_-- 477 
--- 46i 
--- 444 
--- 429 
_-- 415 
_-_ 401 
--- 388 
--- 315 
___ 363 

(TABLE 2A 

STANDARD 
ROCKWELL 
5 C 

--- 57.3 
--- 56.0 
--- 54.7 
--- 53.5 
--- 52.1 
--- 51.0 
--- 50.3 
--- 48.8 
--- 47.2 
--- 45.7 
--- 44.5 
--- 43.1 
--- 41.8 
--- 40.4 
--- 39.1 

* Tungsten-carbide ball. 
() Values beyond nwmal range for scale. 
500 kg-non ferrow 3000 kg-ferrous 

PICBtiCS 

Plastic materials are being ased 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 i” casting it lends 
itself to mass production and uniformity of end prod- 
uct. 

CHARACIERISTIC~. Plastics are formed from organic 
materials geriirallv 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, they have been designed to perform particular 
functions that no natural material can perform. Plas- 
tics can be obtained in a varie? 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 thaE glass; and some are 
:i@icx iiran aiuminum. 

Plastic materials fall into two major divisions- 
thwmosettings and thermoplastics-and it is neces- 
sary, if you are goir:g 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, thev will not burn 
readily, if at all. Thermosettings are so hard they re- 
sist the penetration of a knife blade, and any such 

rrIN”ED) 
BRINNE LL STANDARD 
HARDNESS ROCKWELL 

NUMBER B ^ 

179 211 95.5 (1 
175 
171 
167 
164 
161 
158 
156 
153 
149 
146 
143 
140 
135 
130 

212 
201 
201 
197 
192 
ia7 
la3 
179 
174 
170 
167 
163 
156 
149 

94.6 
93.8 
92.8 
91.9 
so. 7 
so. 0 
80.0 
87.8 
86. a 
86.0 
85.0 
82.9 
80. a 

6.0) 
5.2) 
3.6) 
2.7) 
1.5) 
0.0) 
9.0) 
8.0) 
6;4) 
5.4) 
4.4) 
3.3) 
0.9) 

attempt will dull the blade. If the plastic is immersed 
in hot water and allowed to remain, it will 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 
wi!l 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 CROUPS OF PUSTICS. While it is not nec- 
essary for 1;“” to know the exact chemical compo- 
sition of the many plastics in Gstence, 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 CRIIWS, wood Machining Operations 
veneer, or giass fabric will depend upon the end v;e 
of the product. Paper-base material is thin and q,v;e Machining operations on plastics include cutting 
brittle, breaking if bent sharpI\-. bat canvas-base pxts from sheet ov rod stock, using various metal 
material will be difficult to break. As layers are clotting saws; removing stock from parts by rotating 
added to paper-base material. it gains io strrngth. tools such as in the drill press or the milling machine; 
but it is never as tough and strong in a laminated cutting moving parts by stationary tools, as on the 
part as lqws of glass fabric or cnnvas. !:athe; and finishing operations. 

ixastic 
Trade Names in ( ) 

&XYliC 
(Lucite, Plexiglass) 

Cellulose nitrate 
(Celluloid) 

Polyamide 
(Nylon) 

Polyethylene 
(Polythene) 

Pol~etrafluoroethylene 
(Teflon) 

TABLE 2B 
MAJOR G”OUPS OF PLASTICS 

Advantages and Examples of Uses 

THERMOPLASTICS 

Formability; good impact strength; good aging 
and weathering resistance; high Wanspar- 
ency, shatter-resistance, riddity. Used 
for lenses, dials, etc. 

Ease of fabrication; relatively high impact 
strength and toughness; good dimensional 
stability and resilience; low moisture 
absorption. Used for tool handles, mallet 
heads, clock dials, etc. 

High resistance to &stortion under load at 
temperatures up to 300’F; high tensile 
strength, excellent impact strength at 
normal temperatures; does not become 
brittle at temperatures a8 low as minus 
70EF; excellent resistance to @soline and 
oil; low coefficient of friction on metals. 
Used for synthetic textiles, special types 
of bearings, etc. 

Inert to many solvents and corrosive chemi- 
cals; flexible and tough over wide tempera- 
ture range, remains so at temperatures as 
low as minus 100’F; unusually low moisture 
absorption and permeability; high electrical 
resistance; dimensicnally stable atnormal 
temperatures; ease Of mo1dlng; low cost. 
Used for wire and cable insulation, and 
acid resistant clothing. 

THERMOPLASTICS 

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

Disadvantages 

Softening pcint of 110” 
to 220°F; low 
sci-atch resistance. 

Extreme flammabil- 
lty; poor electrical 
insulating prop- 
erties; harder with 
age; low heat dts- 
tortio” point. 

Absorption of water; 
large coefficient of 
expansion; relatively 
high cost; weather- 
ing resistance poor. 

Low tensile, com- 
pressive, flexural 
strength; very high 
elongation at “or- 
ma1 temperatures; 
subject to spuntan- 
cow cracking when 
stored ln contact 
with alcohols, 
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. 

Not easily cemented; 
cannot be molded by 
usual methods; gen- 
erates toxic fumes 
at high tempera- 
tures; high cost. 
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Plastic 
Trade Names in ( ) 

Phenolformaldehyde 
(Bakelite, Durez, 
R..?Si”OX) 

Urea-formaldehyde 
(Beetle, Bakeelite 
Urea, Plaskon) 

MET,4LS AND PLASTICS 

(TABLE 2B CONTINUED) 
- 

Advantages and Examples of Uses 

THERMOSETTING PLASTKS 

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; gwd chemical re- 
sistance; economical in production of com- 
plex shapes; free from cold fiow; relatively 
insensitive to temperature; low coefficient 
of thermal expansion; no change In dtmen- 
sions under a Load for a long time: does not 
soften at high temperatures or become 
brittle down to minus 60’F; inexpensive. 
Used for handles, telephone equipment, 
electrical insulators, etc. 

High degree of transb~cency and light finish; 
hard surface finish: outstanding electrical 
properties when used within temperature 
range of minus IO” 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. 

SAWING. Several types of saws (budsaw, jigsaw, 
circular saw) may be used to cut blanks from plastic 
stock. Speeds should lx watched careh~llp; since al- 
most none of the hest generated will be carried :wa\ 
b; the plastic. there is ;~lwnys danger that the tool 
will be overheated to the point where it will hum 
the work. 

DHII.LING. In drilling plastics, hack the drill rxlt 
frequently to remove the chips and cool the tool. A 
liberal application of kerosene will help keep the drill 
cool. To oh&n n smooth, clean hole, nse paraffin 
wax on the drill; for the softer plastics, a special 
coolant may be preferred. 

LAlxE OPEnATIoia Lathe operations iw snhstan- 
tially the same for plastics as for metals, twxpt for 
type of tool, and the manner in which contact is 
made with the work. For plastics, set tlw tool slightI! 
below -enter. Use cutting tools with zero or sliglrtlj~ 
negative hack rake. 

For both thermosettings and thermoplastics. rec. 
ommended cutting speeds uc 200 to 500 fpm with 
high speed steel tools, and 500 to 1,500 fpnr with 
carbide-tipped tools. 

Disadvantages 

Dtflicukt to mold when 
filled 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 
almosphere, 

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

Fr~rsmrw 01wv.w~~. Plastic must Ix giveu a 
finishing process to remove tclol marks and pwclucc 
a clean, smooth surface. Usually sanding and Mling 
iire sufficient for this purpose. 

Surface scratches and pits can be satisfactorilv re- 
moved by hand sandpapering with dry sandpap& of 
the grit. Wet sanding can also be done by hnnd, 
with water and abrasive paper of fine grade. If n 
large amount of material must be removed, it will 
he more advantageous to nse sanding wheels or discs. 

After pits and scratches have heen removed, the 
plastic should be huffed. This can be done on a 
wheel made of loose muslin huffs. HnIBng com- 
pounds in common use are trip& and ~~xlge. A layer 
of the compound is deposited on the outside af the 
huffing whwl. The compound must Ix renewed fre- 
quently. 

Whdn large flat sheets we lacing huffed, be careful 
not to use too much pressure, nor to hold the work 
too long in one position. In bufliq small plnstic 
parts, Iw careful that the wheel does not seize the 
piece and pull it out of your grasp. 
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In metalworking, the c^omrnon measurements are 
thost. of length. area. md volume. Many of these 
nudest bc m,ldr with such exactness that a number of 
~nwwxin~ tools are available for the purpose. How- 
CY<-I. [I!<. acrwx~ of the measurements will depend 
on ihe measuring tools used and one’s ability to use 
the”1 correctlv. 

Pleasuring .tools are also used for inspecting a 
iinished or partly finished product. Inspecting oper- 
xtions include testing or checking a piece of work 
by comparing dimensions given on a drawing or 
sketch. 

Rules and Tapes 

There are many d&rent types 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 fqr most measurements. 

T?: rype 1 2mvs :xnn of the types of r\l!es aod 
tapes commonly used. Of all measuring tools. the 
simplest and most common is the steel rule. This 
rule is usually 6 or 12 inches in length, although 
other lengths are available. Steel rules may be flex- 
ible or nonflexible, but the thinner the rule, the 
$asier it is to measure accurately, because the divi- 
Son marks are closer to the work. 

Figure I. Types of rules. 

Generally 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 l/8 inch. The other edge of this side is divided 
into sixteenths. ‘The 1.14 and l/Z-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 64ths, with the re- 
maining inches divided into 32nds and Eths. 

A m&cl or wood folding rule may be used for 
measuring purposes. These folding rules are usually 
2 to 6 feet long. The foldirlg rules cannot be relied 
on for extrmeiy 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 j%xihZe-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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tb case ca:s !:,e used as one end of the tape when 
measwin~ ii!&& dimensions. 

OVTSIDE Pm: Ih~IETERS. To n,~~,su~e the outside 
diafilcter of x pilw. it is hrst to NW sonw kind of 
riejd rule. .4 folrliq 1L.Oodcn rrrlc or a stcol rcrlc is 
cAisf;rrtor\. for this pmpsr. Liw up tlrr rnd of the 
~-rtlc, \vith one side cf thr pip IIS ~IIO\VII in Fis. 1. 
usins yrul- thiml) its a 5lhp TIWII with tlw one end 
held in place with voor tlrllmb, swiy the rrdc 
through an arc and take the maximum leading at tbc 
other side of tire pipe. I~‘or most practical purposes, 
tli* nwasuremeut obtained bv using this metliod is 
sat(sfdciorv. It is necessar\~ that \OII know bow to 
t,ikc this Ansnrcnxnt. as’ the ontside diamctcr of 
the !:ii3e is sometimes tbr onI\- dimelrsion $vw on 
pipe spw:fications. 

TII tat;! :1 me:i ~~ema;t i?th 2 ~ovz~n~~~~ riilc. bold 
the I-& with its edge on th: sur-incc of the object 
beirrg measured. This will rhionte pardlux and 
other CJTI-01-s which might resclt due to the thickness 
of i~ile role. Read the meas~~rement at the gra&ation 
w!Cch coincides wit!1 the distance to be xxeasured. 
,-lltl stair it as beinS so inilni iiidres and fractions 
nf 211 inci; i Fig. 2:. il\vavs r~ducr fractions to their 
hi e\t trrms. inr e.xompl~. 618 ii]. would be called 
?:i iii. i hmk or eve at tiie end of a tape or rule 
I\ :~~::.-~>all\. put of ;hr first measured inch. 

1XSrIE PIPl,: DI.\1IETEaS. To nlvasllw tlw insidr 
diameter of a pile with a ndr. as shom~~ in Fig. 5, I~old 
the rnle so that on? corner of t11r rnlc jlist Iests “11 
the inside r)f o~1~’ sidr of thr piy. Tlwn, \vitlr one 
ellc? t!laS !le!~l i!? ;,I~~[‘, swing t1:c ru!c throiigl, an 
arc and read tire dinm?er :w-cm t~he maximum iu- 
side distance This method is satist. ctcr~v for- an ap 
proximate inside meas~~rement. 
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Ec!d the rule or tape :is shown in Fig. 6. Tnke the 
reading. using the ?-inch graduatiou. jar esanple, as 
the ?-eCe!-rnce poi:ii. In this case. the coi’rect reading 
is fm;n~l !I\~ srlbtracting t\v0 inches from the actual 
!-e;:ili!lg In this \va\~ the first two inches of the tape, 
i .,= I ‘. ‘i ii :< L! 5 L’< !iai:diP. ~5:~iii ennbie to hold the tape 

Figure 6. lieasurinz cixunfrrenw ai a pipe with a tape. 

Isxix DrxrExsmss. To takr an inside measure- 
nirnt. SIICII as the insidr of A box. a ;Jding rule thnt 
incrlrprate 3 6. or 7-i!?. slidin? rxtension is one of 
the imt mraiirinq tix~l5. To t&r tlre inside mea- 
siire1,1r1i:. fixt lilifi!id ill<- folding I-r& to the approx- 
imate dimrnsion. Then ertend the end of the rule 
nild read the len$i that it estrnds; adding the length 
of the extension to the lengtlr on the main bndv of 
the ru!e ( Fi:. 7). The main hod\- of the rule in ‘Fig. 
7 is ii in. 2nd the ertensim is ~~ulletl out !3 3/ 16 in. 
1:) this cxt the total inside dimension being men- 
simd is !6 :?!Ifi in. 

In Fig. 8 note i;l the circled insert that tlrr hook 
at the end of the particuln~ rule shnwn is attached 
to the rule so that it is fl-w to move sligbtl\-. Wbe~ 

n outside dimension is taken bv booking tt& end of 
the rule over an edge, the II& will locate the end 
of the rule even with the sl!rfacy front wbicb the 
measurement is being taken. By being free to move, 
the hook wil! retract awn: 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 a.3 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 dimensior IE 
taken, 

einx 

Figure 8. Measuring an inside dimension with n tape rule. 

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 bole. 
hold the hook against one face of the stock, and 
read the thickness at the 0th face (Fig. 9). 

OLXIDE DIMENSIOVS. 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 pxjerts 
far enor~s$ from the case to permit measuring the 
required distance. The hook at the end of the rule 
is designed so that it will locate tbr end of the rule 
at thr surface from which the mc:~surernmt is bcin~ 
t~akwr i Fix. 1~0). When taking a nw;rs~~remcr~t of 
len$l, t!ic tape is held parallel to the Irqthwise 
edge. For meawring widtlls. the tap should be nt 
right angles to the lengthwise edge. Rend the di- 
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Figure 10. Measuring an outside dimension with a tape rule. 

mcnsion of the rule exactly at the edge of the piece 
being measuwd. 

It may not always be possible to hook the end of 
rhc tape over the edge of stock being measured. In 
this case. it may be necessary to butt the end of the 
tap<* against another surface or to hold the rule at a 
\t;rrtinc: point from which R measurement is to be 
klhUl. 

I>KL.XCE \~EASUBEXESTS. Steel or fiberglass tapes 
xc ~cnerally used for making long measurements. 
Srcriw the book 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- 
surcment being taken. 

Care 01 Rules and Tapes 

Rules and tapes should be handled carefully and 
kept lightly oiled to prwent rust. Neoer 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. pnlI them straight out 
from their cases; do not bend them backward. With 
the wit&p-type tapes, alwa);s turn the crank clock- 
wise (turning it backward wili kink or break the 
tape). With the spring-aid 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 vou 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. 

Otltsirle coiipers for measuring outside diameters 
arc bow-legged; those used for inside diameters have 
straight legs with the feet turnrd outward. Calipers 
arc adjrlstetl 1)~ pulling or prlshing the legs to open 
0~ close them. Fine adjustment is made 1,~ tapping 
one leg lightly on a hard surfncc to close them, or 
bv turning them upside down and tapping on the 
jdint end to open them. 

Spring-joint calipers have the legs joined by a 
strong spring hinge and linked together by a screw 
and adjustinl: nut. For measuring chamfered cavities 
(gro”\‘es), or for use over flanges, trar+?r cnlipers 
are available. They are equipped with a small aus- 
iliary leaf attached to one of the legs b! a screw 
(Fig. 11). The measurement is made as with or- 
dinary calipers; then the leaf is locked to the leg. 
The legs ma>- then be opened or closed as needed to 
clear the obstruction. then brought back and locked 
to the leaf again, therefore restoring them to the 
original setting. 

A different type of caliper is the hertnaphrodite 
(sometimes called the odd-leg caliper). This caliper 
has one straight leg ending in a sharp point, 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 rrsed 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 adjusted 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: Neoer place a caliper 011 work that is 
revolving in a machine. 

MEASURING THE DIAMETER OF Rowe OR THE 
THICKNESS OF FLAT STOCK. To measure the diameter 
of round stock, or the thickness of flat stock. adjust 
the outside caliper so that !;on feel a slight drag as 
yo pass it over the stock (see Fig. 12). After the 
proper “feel” has been attained, meawrr the setting 
of the caliper with a rule. In rending the mensure- 
ment, sight over the leg of the caliper after making 
sure the caliper is set squarely with the face of the 
rule. 
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Figure 11. Simpk (noncalibrated) calipers 

MEASURIXG HARD-TO-REACH DIMENSIONS. To mea- 
sure an almost inaccessible outside dimension, such as 
the thickness of the bottom of a cup, use an outside 
trmwfer firm-faint caliper, as shown in Fig. 13. When 
the proper “feel” is obtained, tighten the lock joint. 
Then loosen the bioding nnt 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. 

FiFure 12. V’ring outside caliper. 
To measure a hard-to-reach inside dimension, such 

as the internal groove shown in Fig. 14, a lock-joint 
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Fignrr 13. h!~asuri,:g thickness of !a,ttom of a cup. 

A fl 

I‘i<un 14. hl~surin~ hard to reach inside dimensian with an 
inside caliper. 

inside c&per should be used. The procedure fol- 
Inwed for measuring a hard-to-reach outside dimen- 
sion is used. 

?&.~sm=mc THE DISTAKZ BETWZE~. Two SUB- 
F.ACES. 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. FwI for the slight drag indicating the 
pray ‘.l~i . 1~s I( ~!:e -a!iper. Then remove the cali- 
per an<! ~ne:;suri the setting with a rule. 
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Figurr 15. Measuring distance b&veer. tuw surfaces with an 
inside caliper. 

L~E.~SCHIST. HOLE DIAMETEERS. To measure the dinm- 
eter of R hole with an inside caliper, hold the cali- 
per with one leg in contact with one side of the hole 
(Fig. 16) and, as you increase the setting, move the 
other leg from left to right, and in and out of the 
hair. When you have found the point of largest diam- 
eter, remove the caliper and measure the caliper 
setting with a role. 

Figure 16. hleasorinr: inside dinmdcr with an inside caliper. 

SFXTIW A COMHINATION FIRM-JOINT CALIPER. To 
set a combination firm-joint caliper with n 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 ;egs to the approximate set- 
ting. By adjusting both legs, the shape of the tool 
will be approximately symmetrical. Thus, it will 
maintain its balance and be easier to handle. 

Figure 17. Setting- a combination firm-joint caliper 

Check this approximate setting ns shown in 13, Fig. 
17. Sight squarely across the leg nt 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. 13rcrrwin): nnd increasing setting of a firm-joint 
caliper. 

When the caliper is set for inside measurements, 
the same directions for adjusting thr setting apply. 
Figure 19 shows how the end of the rule and one 



CAXE OF CALIPERS 37 

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. 

S~mxc OUTSIDE AND INSIDE SPRING CALIPERS. 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, squars!y with the face of the rx!e at the read- 
ing, and turning the knurled adjusting nut until the 
desired setting is obtained. 

Figure 19. Setting combination firm-joint caliper for inside 
measulerrlentr. 

Figure 20. Setting outside spring caliper. 

To set an inside spring caliper to 2 particular read- 
ing, place both caliper and r&z on a flat surface, as 
shown in Fig. 21. The rule must be held sqwre!y or 
normally (SC degrees in both directions) to the sur- 
face to ensure accuracy. Adjust the knurled adjusting 
nut, reading the setting on the rule with line of sight 
normal to the face of the rule at the reading. 

TRAXSFERRISC MEASVREME~~~ FROM ONE CALPER 

To .4x0-z. TG transfer a measurement from one 
spring caliper to another, hold the calipers as shown 
in Fig. 22. &Vote that one finger is extended to steady 
the point of contact of the two lower caliper legs. I” 
this illustration the inside caliper is being adjusted 
to the size of the outside caliper. As careful rneasure- 
ments with caliper depend on one’s sense of touch 
(“feel”) caliprr~s are best held lightly. When a slight 
dr ag is noticed, the caliper is at the proper setting. 

Figure 21. Setting inside spring caliper. 

Figure 22. Transferring measurement from PO outside to an 
inside caliper. 

Core 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. El-member, calir;ers 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 m!e. To overcome this dis- 
advantage, use slide calipers (Fig. 23 j. This in+>- 
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 “O’UT,” which are used in reading the 
scale while making inside and outside measurements, 
respectively. 
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Figuurr 23. Pocket slide DI caliper rule, 

‘1’0 IIIWS~W~ tile otrisirle diameter of round stock, 
iii tilt, !Ilickness ot iiat stock, move the jaws of the 
caliper into firm contact with the surface of the stock. 
Read the measurement at thp reference line stamped 
OUT (Fig. 24). 

\Yhen 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 txvo surfaces ( Fig. 25 ) Read the measure- 
ment on the reference line stamped IN. 

Figure 24. hleasuring outside dimension with 2 pocket slide 
caliper. 

Figure 25. Measurina inside dimension xvith a slide caliper. 

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

Pock& 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 
frequentlv used for duplicating work when the ex- 
pense of hxed gages is not warranted. 

Vernier Caliper 

A oernier caliper (Fig. 26) consists of an L-shaped 
member with R 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 
very nccurate measurements over a large range. It 
can be used for both internal and external surfaces. 
Pocket models usually measwe from zero to 3 inches. 
bnt sizes are available all the way to 4 feet. In using 
the vernier caliper, you must be able to read a ver- 
nier scale. 

P~IXCIFLES OF THE VERNIER SCALE. It would be 
possible to etch graduations l/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 smalt 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. Rut when the zero 
graduation does not align with n 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 011 the sliding scale does not quite reach the 
graduation, the amoust 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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/” ‘“\ SLIDING JAW 

FIXED JAW 
Figwe 26. Vernier caliper. 

the :ICCII~,IC~~ of n common scale. Unfortunately, the 
O.C!Oi inch qndlutions are not too !egible and so the 
s,~~sk~r is n:rt practical. A \wnier arrangement over- 
c’itii~ci~ ihis ild~lem. 

l’i:ii\;!ikl SCA1.E ~RR.OKXKTXT. The main differ- 
enrc betwren the vernier scale and the arrangement 
sho\vn in Fig. 2i is the spacing of the 25 divisions. 
Instead of 25 graduations crowded within the space 
of one n:ain 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 5 aligned 
with the next mair. scale graduation, the exact read- 
ing would be 8 inches plus 0.005 or 8.005 inches. 

READING A VERPXER CALIPER. 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. 

Figure 27. Vernier scale principle. 

1 

Figure 28. Expanded view, of vernier scale 
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Figure 29. En,dish rwacure vernier scale 

A, Fig. 30 shows the English measure vernier cal- 
iper. B. Fig, 30 shows an enlarged view of the w-“ier 
section As voo can see in the illustration, when the 
ZPPI on the’ vernier coincides with the l-inch mark, 
no other lines coincide until the 25th mark on the 
vc,rnicr. 

7.0 read the caliper io C, Fig. 30, write down in a 
u)l!~mo tlw number of inches ( 1.000 in.), of tenths 
of an inc!) (0.400 in.), and of thousandths of an inch 
that the zero mark on the vernier is from the zero 
mark on the I-a:e. Because the zero mark on the ver- 
nier is a little past a 0.025 in. mark, write down the 
0.025 in., and then note the !lighest number on thr 
vern;er 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. 

I.000 in. 
,400 in. 
,025 in. 
,011 in. 

1.496 in. 

The reading on the caliper shown in C, Fig. 30 is 
1.4.36 in. and was obtained by adding four separate 
readings. .4fter a little practice voo will be able to 
make these calculations mentallv: 

,Ijffi; ~ *fff;,, 1 *i!G& 
12” or 300 mm . / :300"::: 7:62 mm. 
24" or 600 mm. .300"... 7.62 mm. 
36" or 600 mm. .500"... 12.70 mm. 

Now try to rend 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 metric-measure vernier, note the nombel 
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 nomber of how 
dredths of a millimeter indicated by the line on the 
vernirr 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 + 0.50 mm + 0.08 mm = 38.58 mm. 

If R 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 mcasrnements 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 n 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. 

OOTSIDE SURFACE MEASUREIMENTS. 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 movable jaw toward the piece being measured 
until it is ahnost 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. 

I:VSIDE SURFACE MEASUREMF.NTS. To measure the 
distance between inside surfaces, or the inside diam- 
eter of a hole, with s vernier onliper, use the scale ~ 
marked inside. Figure 33 shows the measuring points 
in place. Remember that if you are “sing R vernier 
caliper with both metric and English scales, the 
sales appear on opposite sides of the caliper and 
apply ,:mly to ootslde measurements. Then, to get 
correct inside measurements, you add to the actual 
reading the measoring point allowance for the size 
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Fignan 33. Mcawring ir.sidc diameter with a vrrnier cn!kcr 

of caliper you are using. Take this ullowance fro”. 
Table 3, “T from the man”factwer’s instrwtions. The 
“ctwl measurement in this raw is made in the same 
manner as taking ;,n outside ~rrensurement. 

EQUIVALENTS 

Care of Vernier Calipers 

The it~si& faws “f tlw jaws and thr wtsidc: “f the 
tills 1nlls1~ br treated wihr great cilrc. If the\; become 
~vorn. 01 thr jaws Ixnt, tlw tlrol \\+I] rr,, Im~fiw fiivc 
;~ccrnxtr rdinp The xxrwacy “f VWniel- c;dipers 
should be checked periodically by measuring an ob- 
ject of knnwn dimensir”~. \‘er”ier c:dipers can be ad- 
justed when they RX: not xowate, but the n~m”- 
factwer‘s recommendations for this adjmtment must 
be followed. Keel> vernier calipers lightI\, “iled to 
pre\F”t rust ;d keep thcnl storfd a\wy from henV> 
tools. 

Micrometers 

I” mrlch wider 11.w thaII the vernier caliper is the 
n~icwmctrr comm$, called thr ndic. It is inqx”- 
tant that a person who is wxking witll rnuchiirer\; or 
in a machine shol~ thoi-oughlv m&rstands the mc- 
chanical principles, co”stnAon. me, a”d care “f 
the micrometer. Figure 34 shows an outside microm- 
eler coli~m with the wriv”s I>::+ clcul!; indicated. 
Uicrometers are used t” measurr distances to the 
“ear& “ne thowandth “f 3” inch The measurement 
is usr~nlly cxpressrd or written as n decimal; s” you 
mrrst know the method “f writing and rading deci- 
rnals. 

Types of Micrometers 

Thcrr :w thrw tylxs of “licromrtcl-s that itw 
commonly ~~sctl: the “rltsidc micrometer caliper (in- 
cluding tlw ;‘3’ thread micrometer), the irrside 
micromett~ aiid the depth micronwtrr. (Set Figs. 34 
and 35. ) 

SCREW ADJU.YTTING RATCHET 
THREAD WEAR NUT 

I / YSTOP 
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Fipxr 33. Type id micmmetcr~. 

The orc!r-iric micromefer is toed for measlwing orlt- 
side dimensions_ such as thr diameter of a piece of 
rorwd stock. The .SC:CW timmi micromrter is used to 
deiern1inr the pitch dia;mier of scre\vs. The ine/c 
tniumwfer is tmd fw meaxxinq inside dimensions. 
iis for wwiplr. ihe inside diameter of R tiuhe or hole. 
the hoie of a c\~!indrr 01 the width of a recess. 1’1~ 
dq;th nii!~?~>l?Ietcr is !Wd hr nicxiirin~ the dept!1 
of hil!iY :,i I!‘C(ISSCC. 

011e inch nricr-mnrtcr is from 0 to 1 inch In otha 
\\~w<ls. ill (‘:n, 111~ 1wd 1)11 \\ork \\ael-e the pxt to I,<, 
1n1x511r-~d is me inch 01 1~s. 4 two inch micrrmlei~I 
113s i, r;n,!$ of from I to ” inches. and \Vill ,nenSlliC 
onl\~ work between me and two inches thick; a six 
inch micrometer has a ransc of from 5 to 6 inches, 
and will ~n~asn~‘c onlv work between five and six 
inches thick. It is nec&sar~, therefore, when you are 
selecting a micrometer, that you first find the q- 
proximate size of the work to the nearest inch, and 
then select a micrometer ihat will fit it. For exampZe, 
to find thr csnct diameter of n piece of hound stock, 
:m: :I rnk and find the approximate diameter of the 
stock. If it is found to be appl-oximntely 3 l/4 inches, 
2 nricroinetcr wit11 :L “, to 4 inch range would I;e re- 
quired to measuw the exact dinmctcr. Similarly, 
with inside and depth micl-omrters, rods of sllitable 
Irngths must be fitted into tile tool ta get the ap 
proximate dimension within an inr’l, after which the 
exact measurement is read bv turning the thimble. 
The size of a micrometer in&cates the size of the 
largest work it will measure. 

HEA~ISC A ~I!CROXIETER CAIJFEK The sleeve and 
thimbie scales of the micrometer caliper have heen 
enlarged in Fig. 36. To understand these scales, you 
need to know that the threaded section on the spirr- 
die_ \vhich revolves, has 40 threads per inch. There- 
fore, every time the thimble completes n revolution, 
the spindle advances or recedes l/40 inch (0.023 



Tc,te iii the iiiusiriliion that the hwizontai line 011 
ilit, slwve is divided into 40 equal parts per inch 
k:\~l.rJ~ fourth g”.“d”‘“tio” is I”“nbrTrd 1, 2. :i. 4. and 
10 on. rcpresrnting 0.1W iii.. tP.?%K) in., aud so 011. 
\~‘hen YOU turn the thimble so that its edge is over 
the first sleeve line past the “0” on the thimble scale. 
the spindIe has opened 0.0% in. If yx~ turn the 
spitIdle to the SWORN mark. it has lno\red to 0.025 in. 
plus ii.025 ii). or Q.QSO in. YOri use the SG!le On th? 
~hintble to complete !.our reading when the edge of 
the thimble stops between gxduntid lines. This 
stmii~ is &\-i&d into -75 equal parts, each part rep- 
;.5t~:ilIi1~ i/23ih of il iurn; and i:ZSih of 0.025 in is 
PWi! iii. ‘is vo1: cm set-. ever\- fifth line on the 
:!,iri,l,i<s sci(ic.is markrd 5. iii. i.5. and so on. The 
illitiiiilr’ scale. i!iei.efore. permits vou to take ver\ 
~w~IIs.~~~~ rr,:.dirigs to the thousand&s of an inch, and. 
:uri:v W:I inn estimate between the divisions on the 
t!!il:ible scalr, fairly accurate readings to the ten 
ihwlwndth nf ar, inch are possible. 

I’!q~:^tir<z 37 \~ill help YOU understand how to take 
it cr~r;~pIete micrometer reading. Count the units on 
the thimble scale and add ibem to tbt reading ON 
ibe &eve scale. The readiq in the ilhlstration shows 
d sleeve reading of O.-150 in. (the thimble having 
stopped slight!v mere than halfwav beiween 2 and 
3 on the .sleeve) with the IOtb line on the thimble 
scale coinciding with the horizontal sleeve line. Nom- 
her IO on this scale means that the spindle has moved 
awav fmm the ltnvil an additional 10 s 0.001 or 
0.010 in. Add this amouct to the 0.250 in. slew? 
reading, and the tota: distance is 0.260 in. 

Figure 37. kading a miiromitr~ cdipm 

I?ead each of the micrometrr settings irr Fig. 3R so 
thaP im cm be swr of vourreif whe I yen begin to 
nse ;his tad on the job. The correct readings are 
given ioI?ow!ng the $+lure 5” that \:<I11 can check 
i-carself. 
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Amwets for checking- 

1. = 0.327 4. = 0.438 
2. = 0.229 5. = 0.137 
3. = 0.428 6. = 0.336 

Figure 38. Micrometer-rending exercises. 

Figure 39 shows a reaiing 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 
betwrer. thimbie-scale graduations the horizontal 
line has fallen. Each tenth of this distance equals 
one ten-thousandth (O.OOOl) of an inch. Add the 
ten-thousandths to the reading as shown in the cal- 
culations of B, Fig. 39. 

Figure 39. Enterpulating a micrometer reading. 



SELECTlNG TlIE PROPER MCROMETER 

200 

Figure 41. Wendin:: a wrnirr micrometer diprr 

Fig. 42, may be used. Note that the figures on both 
thr tl~irnble and thr barrel arc reversed, increasing 
in the opposite dircctiun from thosr on an outside 
micrometer caliper-. This is because tbis microme!:er 
reads inside measurements. Therefol-e, as you turn 
the thimble clockwise on this micrometer. the mea- 
suring surfaces mow farther apwt and the reading 
increases. (On an outside micrometer caliper, as you 
turn the thimble clockwise, tire measuring surfaces 
~nove closer together and the reading decreases.) 

For holes from two inches up to several feet in 
dinmeter_ select tile inside micrometer having extew 
sion rods whose range includes the required dimen- 
sion. The extension rod marked 6-7; for example, 

whrr~ inserted into the head of the micrometer, will 
me;~s~w~ inside diameters from 6 to 7 inches. Tbc 
shorrldrl- on thr rod m,,st se3t pwperl~ to ens,ire ii 
conwt~ reading. For large menswemcnts, 1%. Fig. 42, 
show:i hew hoth Imrds arc IISC~ to srt the microm.. 
eter for cbecking n diameter. Hold one end in place 
witb one hand 21s you feel for the maximum possible 
setting I)!, moving the other end from left to right, 
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and in and o”t of the hole with the other hand. Wherl 
no left-to-right movement is possible, and a slight 
drag is noticed on the in-and-out-swing, take the 
reading. 

Xil:~wn”w Houli~ Sroca. \Vhwr mensurin~ thv 
diameter of a s~nall piece of roilnd stock, hoid thr 
stock to be measwed 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 the” in a position to hold the 
frame against the palm of the hand. The frame is 
supporte’d in tbis manner and makes it easy to guide 
the wxk over the anvil. The thumb and forefinger 
we i” position to turn the thimble either directly or 
thro+ the ratchet and bring the spindle over 
:l@nct the surface being nwasnred. 

Figure 43. Measuring round stock with a micrometer caliper. 

Turn the spindle down to contact by feel, or else 
tie the ratchet stop. Your feel should produce the 
same colttact pressure and therefore the same read- 
ing as that produced when the ratchet stop is used. 
Develop your 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 bv hoth methods. 

In measuring~round stock the feel must be ver> 
light becawz there is onlv a line contact between the 
spindle and the stock and the anvil and the stock. 
Therefore, the contact area is exceptionally small, 
callsing a proportionally high contact pressure per 
“nit of area. This tends to give a reading smaller 
than the trw readingI unless the light feel is wed. 
Moreover, in meaxring n hall from n hall bearing. 
the contact is at onlv two points, so the contact area 
is again verb- small, which results in a tremendow 
pre~wre pe; “nit of area. This condition rrq”ires 
only the lightest possible contact presswe 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 cawc expansion of the “MaI and will introduce 
errors i” nwnswement. IXexl the setting on thr thin- 
ble scale (if the object is small) withorlt rc”“wi”g 
the micrometer caliper from :!w object. 

hfe.wJ”rNG A FLAT SURFACE. 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 cnuses n propor- 
tionally low contact pressure per “nit of area. There- 
fore the feel should be slightly heavier than \&en 
measuring round stock. 

On large fZat work, it is necessary to !~nve the work 
stationary and positioned to permit acces.s for the 
micrometer. The proper method of holding a micl-om- 
eter when checking :I part too large to he held i” 
one hand is shown in Fig. 44. The frame is held 1)) 
cme hand to position it and to locate it sqwue to the 
measured surface. The other hand operates the thim- 
ble either directly or through the ratchet. A large, 
flat 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 n piece is gaged with a 
micrometer whose spindle is locked to a partic&u 
setting, the piece can quickly be identified as over- 
size, correct size, or undersize. 



Figure 46. Sliding ‘I’-bevel. 

square witb a slotted beveled blade. Blades are no-- 
mall)- six or right inches long. The sliding T-bevel is 
nsed for laying out angles other than I-ight angles. 
and for testing constructed angles such as brvelc. 
These squares are made with either \vood or metal 
handles. 

ADJUST~~E~TS. To adjust a sliding T-bevel to a dr- 
sired settins, loosen the blade screw. at tlw mund 
end of the handle, just enough to permit the bl:lde 
to slid? along its slot and to rotate with slight fric- 
tion. 

To set the blade nt a 45degree angle, hold the 
handle against R framing sqrtare as shown in A, Fig. 
47, with the blade intersecting equal graduations on 
th,- tongue and blade of the square; or hold the 
bevel against the edges of a 49degree drafting tri- 
angle, as shown in R; Fig. 47. When using drafting 
triangles for setting :a. s-?-.,,~ I- IA:-- T bevel, different size 
trianglr must be wed for each different setting. .1 
45.degree angle can also be set by using the squaring 
head of a cornhination set as shown in C:. Fig. 47. 

A sliding T-bevel can be set to anv desired angle 
by using a protractor. Loosen thr i-ilnde screw as 
b&xc, ;u~d hold the he\el with the bladr passing 
througii the grxduation selected and tlw r:entcr of 
the protr~tclor as shown in 1). Fig. 47. 

coNS.rHIIcr13rl ANC1.K \~ER!FIcA.I.rOZ. ‘I‘:: test il 
cha”lfcr or bed for trrlrl!ess ) set the T-bC\d to tlw 
required angle, and bold the handle to Ihr working 
fwr of thr stock being testixi. Face ik sourw of light. 
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C~~~~N~~lON 
SETTING THE T-BEVEL 

c D 
~i~nrr 47. hdjusting sliding: T-bevel to a desired setting 

and \vitb the blade brought into contact with the 
swface to hr test-d. pass the blade along the length 
of the surface (Fig. 48). The appearance of iight 
betwem 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 chamier is accomplished in the same 
wa.y. 

Figore 48. Testing tmerress of a bevel, 

Combination Square 

.4 combination square is equipped with moving 
heads called a syuare hcnd, protractor head, and a 
cen&r 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 lxxx1 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 ~.ngIrs to each other, 

.- 

and a third face at 4.5 degrees. .4 small spirit level 
is built into the head for checkir!g whether surfaces 
are plumb, and a small scriber is housed in a hole 
in the end of the head for marking I:l);out lines. 

The center I~eatl can be slid onto the blade in 
place of the squxe head. This is a V-shaped member 
so designed that the center uf the 90.degree \’ 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 R 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. nn adjustable 
lwel to show any required degree. 

Core 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 noi xse sqwires for pcrposes 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 BLAD 

SLIDING TRY 
AND MITER 
SQUARE HEA 

_---- -- 

I?igure 49. Combination square Set. 



&- LAYlNG OUT A 45’AHGLE. 

D-ORAWING ANGULAR LIMES 

F-MEASURING TME DEPTH OF A SLOT 

gle.DRnWlNG FARALLEL LINES 

E.ILOCA?WG A SHAFT CENTER 
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Thrw are a number of miscellnneous gages. The 
dqdh gage, fcclrr gag’, tllre:ld gag’, telescq>illg 
~“se, dividers. and plrmrb bob ;ue arnon~~ sonw of 
the ~q:cs discrnsrd in this chapter. 

head has a clamping screw so that it may bc 
clamped in any position The sliding lrr:~d has a flat 
bnsc which is pq>endirrllar to the axis of the rule 
:lnd rmges in size from 2 to 2 518 inches in width 

and from l/8 to l/4 idl in thickness. 
The tnicrov~c~ &qcl,th gage consists of a flat basr 

attached to the b:wel (sleeve) of a micrometer head. 
These gages have R 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 1x1s a range of either l/2 or 
i inch. Some are provided with a ratchet stop. Tbc 
flat base ranges in size from 2 to fi inches. Several 
extension rods are normally supplied with this typr 
of gage. 

To measure the depth of a hole or slot with ren- 
sonnble accurac), use a depth gage as shown in A, 
Fig. 52. Hold the body of the dcptb gage aguixt thr 
surface from whiclr the depth is to be mrasr~rrd and 

FLAT i!hSE 

EXTENSlbN ROD 
MICROMETER 

IDING HEAD 

Figure 51. Types of kpth pages 



SURFACE GAGE 

Figure 52. Using depth gages. 

cxtrnti the scnlr into the hole or slot. Tighten the 
setscxv to maintain the setting. \Vithdmw the tool 
fro!,~ the vdc md read tlrp depth on the scale. 

To mwsiiw the depth of R hole or slot with more 
;~~~cnra~~v thnn is possible with an ordinary depth 
I-‘:I~‘, plw :I \-emit-r depth gag’ over the slot, RS 
:l~xn~ in H, Fig. j2. Safe that the clamping screws 
;w ;tt S and Y; and the horizontal adjusting screw 
lllit is at Z. Kit11 X and Y loose, slide the scale down 
htu the slot being measured until it is almost in con- 
tact. when 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 adjEst- 
nm:t at which you 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 n particnIar set- 
ting, loosen both setscrews at S and at Y and slide 
the scale through the gqe to tbr approximate set- 
ting. Tighten the setscrew nt S, 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. 52, with more accuracy than is possible 
with either an ordinary depth gage or a vernier 
deptfl gage; place n micrometer depth gage over the 
slot and adjust the thimble until the contact of the 
spindle causes the ratchet step to slip. Remove the 
micrometer from the work and read the micrometer. 
Remember, if extension rods are used, the total depth 
reading will he the sum of the length of the rods 
plus the rending on the micrometer. 

Surface Gage 

Z surface gage is a measuring tool genernlly 11s2d 
to transfer- measrrrcments to work 1~ swihing n line, 
zxl to indicate the accurac!- or p&allelism of sm. 
f aces. 

GAGi PINS Figure 53. 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 ax made in 
seve:al 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 s&her 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 n 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 
scriber 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 tbe bottom 
of the surface gage. Use either a combination square 
or it rule with rule holder to get the measurement. A 
rule aiorre cannot be held securely without wobbling 
and consequentl!; no error in setting generally re- 
sults. Because a combination square is generally 
available, its use for setting a surface gage is ex- 
pEained in this section. 

Piace 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. 
\inve the surface gage into position and set the 
smhel- onto the spindle. flake the final adjustment 
fc:r the watt height required (4 112 inches in this 
c:\w) with the n’djusting SCT~W on the base of the 
“:!;<C’. 

PLATE 

Figure 54. Setting a surface gage tc height. 

Surface Plate 

A surface plate provides a true, smooth, p!ane sur- 
face. It is a flat-topped steel or cast iron plate that is 
heaviiv ribbed and reinforced on the underside 
(Fig. i5). It is of&r? used in conjunction with a sur- 
face gage as a level base on which the gage and 
part to be measured are placed to obtain accurate 
measurements. The surface plate can also be :Ised 
for testing parts that must have flat surfaces. 

To test a surface for flatness, carefully clean it 
and wnove alI burrs. Then place the surface of the 
object on a Bat 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. 
CT\ “1 ,. 

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 
straigiltedge will reveal the low spots. 

Figure 57. Using prussian blue to aid in iestiq a Hat surface. 
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Figure- 58. Checkir.g conformit); of d flat surface. 

CcrP@ of Surfcm3 Plates 

the i~.irface plate sboold be covered when not in 
UP TV prrvent scratching. nicking: and denting. It 
must lie handled cnreiull,v to prevent warping (twist- 
iil!!~ i ,,>>.T\. C,~,,? we thr surface plate as an anvil or 
;,,,!,~!l~i~~~~~!i--escept fnr precision layout work (mark- 
iii!!, di;<i wmring~. 

Thickness (Feeler) Gage 

Tk.ickne.ss (feeler) gages are used {or checking and 
mea5urir.g small openiqs such as contact point 
ciea:ances, narrow slots. and the like. These gages 
are made in many shapes and sizes (Fig. 59), and 
also with multiple b!ades (usually 2 to 26). Each 
blade js a speciEz number of thousandths of an in& 
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 4.5. and Wdegree angles at the end. Thickness 
gages can ah be grouped so that thrve are several 
short and several long blades together. Before using 
a feeler gage; remove any foreign matter from the 
blades. You cannot get a corrr:: measurement unless 
the blades are clean. 

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. Tire thickness of the individual blade or the 
total thickness of u/l the blades used is the measure- 
ment between the surfaces. 

Care of Thickness Gclges 

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 wed to de- 
termine the pitch and number of threads per inch 
of threaded fasteners (Fig. 170). 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 SCI~W 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 b!; 
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, and die cutters 
are selected for use. 

Fiqre i9. Thidmess gage. Figure 60. Screw pitch gage, 
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GING INTERNAL 

Figure 62. using a WE 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 
smaiier the diameter or thickness. 

r.umber, the 

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 hody of this table contains gage 
numbers and their corresponding equivalents in dec- 
imal fractions of an inch. 

TABLE 4 
DIF~RENT STANIIARDS FOR Wuw Gnces m “SE 

M THE UNI1.EII STATES 

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 roils. 

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 & Sharp” Wire Gage 
shown in Fig. 62 is the one to use for nonferrous 
sheet or wire. Ncte that each of the gages has its 
own decimal equivalent for a particular gage num- 
ber. 

To 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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senwmber, your measurements are taken at the slot 
portion of the cutout rather than the inner portion of 
the gage. Now that you have the gage number turn 
vow gage over and read the decimal equivalent for 
ihat number. 

To mrnsure the gage of a piece of metal, first re- 
move any brur from the place where you intend to 
apply the $age, Theu select the appropriate gage 
for the metal to be measured. 

.&fter thr 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 tb,at 
fits t!ie c-ire or sheet is its gage number. The decimal 
eq:.~ivalcnt is stamped on the opposite face of the 
i’nqr. 

need. Loosen the knurled nut at the end of the ban- 
die. 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 he!d 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. 

Pel@scoping Gage 

?‘,,/ix.tl;,ilrg gages arc used for measuring the in- 
s;&, size of slots or holes ap to six inches in width 
(ir &trnrtcx Thev are T-&aped ioois in which the 
shaft of the T is used as a handle, and the crossarm 
used ix measuring (Fig. 63). The crossarms tele- 
scope into each other and are held out by a light 
sping. To me the gage the arms are compressed, 
placed in the hole to he measured, and allowed to 
expand. .i twist of the locknut on top of the handle 
Iocks the arms. The too! may then be withdrawn and 
the distance across the arms measured. 

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

To measure the diameter of a hole from l/2 :a 6 
in. in diameter. se!ect from a set of telescoping 
gages the one whose range includes the size you 

Figure 63. !mall h,:.; xd telescoping gages. 

Small Hole Gage 

F,,r 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 l/8 to l/2 
inch. 

The smuEi hole gage (Fig. 63) 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. 

Figure 64. Using telexoping gage. 

Figure 65. Measrxring &meter of a hole with a small hole gage. 
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ding 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 OR 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 i/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. Ait‘hough the ba: of a marking gage is grad- 
~lted in inches, the spur may work loose or bend. 
if this occurs, accurate measurement should be made 
with a rnle between the head and spur (A, Fig. 67). 
‘So 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 

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

Figure 68. Marking gages. 

To lay out a circle with n divider, set the ;livider 
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 a grad- 
Cation. 

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 partioularlv 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 point 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. 



~;ig;~~? 70. Setting a di:id;:r xith a \-rmier caliper. 

Set md secure the d?si:rd iettin~ on the vernier 
caliper and ad@ the divider mtil both points 
readilv enter Fhe center points on the vernier caliper, 
as sho\r-n in Fig. 70. 

Plumb Bob 

21 plmb Zloh is n pinred, tapered brass or bronze 
weighi \vbich is suspended from a cord for deter- 
mining the verfical or plumb line to or from a point 
on ihe ground. Com~uon weights for plumb bobs 
are 6. 8; 10; 12, 14, 16. 18, and 24 onnces. 

A plumb bob is a precision inctrummt and must 
br cartd for as such. If the tip becomes bent, the 
cord from which the bob is swpendetl will not 
occupy the true plomb :ine over the point indicated 
by the ti;:. .: piiirnb bob usua!i2~ has a detachable tip 
0 that if the tip should becom Damaged it can be 

renewed without replacing rbe entire instrument. 
The cord from a plumb bob can be made mm 

corrspicuous for observation p~xposes by attachrr?ent 
of a red-an&whiie iarget (Fig. 71). 

Figure 71. Plumb bob, cord, and target. 

The plumb bob is used in carpentry to determine 
true verticahty when erecting vertical 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 piumb 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 wili be exactly below A. 

To plumb a strucFuraI 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 si&ting, line up the member or conduit , - - 
with the plumb line. 

Figure 72. LocatitM B 
point with a pilrmb bob. 
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jiii:\,r(. 73. ~,umbin~ a struciurn, member with a plumb bob. 

If this cannot be done, it may be necessary to se- 
ewe the plumb line at some point, such as showa 
at B, and then measure the oEset f;om 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 equaI, adjust the structural member or 
conduit until they are. 

Leo& are tools designed to prove whether a plane 
or surface is true horizontal or true vertical. Some 
precisioli levels are calibrated so that they will in- 
d:ate in degrees, minutes, and secorlds the angle 
in.&Fdion of a surfacl: in re!ation to B horizontal or 
vertical surface. 

Se ied is a simple instrument consisting of B 
liquid, s~vch as &oh=1 OS J-I --r . rluO1vr~i?n, pariialiy filling 
& p&s vial “, 

~9 
-r tube so that a bubble remains. The 

tube is nlounisd m a frame which nay be :Aminum, 
word. or iron. Levels ax 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 slightly curved, causing the bubble to 
seek always the highe>t point in the tube. On the 
cmkid~ of the tube are two sets of gradllotion lines 
separated by a spxe. Leveling is accompiished when 
the riir bobble is centered between the graduation 
lines. 

To level a piece of er,uiprr?ent; owh as the work- 
bench shown in Fig. 75. with a carpenter-‘s level, set 
the level on the bench tn~ pwa?let to the Eront edge 
of the bench. No& that the ieve: has several pairs 

Figure 74. Horizontai and vertical use of level 

~igura 75. Leveling a bench. 



LEVELS 

of glass vials. Regardless of the position of the level, 
nlwavs watch the bubble ifi 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 ievel on the side and on 
the front of the main column of the press. Figure 76 
shows the level on the side. Vse shims as necessary 
to bring the bubble in the lower via: of either pair 
of the hnrizontal via!s to the center in each case. 

Lewis nest be checked for accuracy. This is read- 
!!*, ;~~mplirl~d bv placing the level 011 a true 
Iwriz~~t~t,~l slvfnce and noting the vial indication. Re- 
~:c’IN~ tix l.~rl end for end. If the bubble appears on 
illll’ \idy III the gradilations with reference to the 
~,p~.~tm m the first reading and on the other side for 
tlw M-WI~ reading, the level is out of true and must 
he dplSkd. 

nr> i!oi drop or handle a level roughly. To prevent 
damrig?, store it in a rack or other suitable place 
when not in use. 

Figure 76. Plumbing a piece of equipment xrith a level 
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Chapter 

To& are the mechanic’s best friend. They are in- 
dis~ensnble servants, performing innumerable tasks 
lwwmd the power of vow own hands. Like friends, 
tw!s bcconx more v&able to you the better you 
:~r~’ .wrluaintrd witi) them. The term “bench work” 
,‘Cil’l’lS Fl’.v: chipping, polishing, hand reaming, 
l~z!r~i t:l!@!g. :11l the many jobs done at the bench 
m i.r ix \-ise. 

H~~gar&x of the type of job to be done, a worker 
should choose and use the correct tools in order to 
do the .tvork accu:ately, properly, and quickly. Metal- 
workin,g tools are carefully made and demand par- 
tic&r care if they are to work and last as the man- 
ufacturer intended. 

Classes of Tools 

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

HAND TOOLS. Hand tools are usually small and are 
used with the hands to perform mechanical opera- 
ti0r.s. 

MEASURING AND LAYOGT TOOLS. Measuring and 
layout tools are precision made tools used for mea- 
suri,ng and for laying out work accurately. (See Chap, 

2.1 
IIANJ POWER Too=. Hand power tools are operated 

entirely or partly by power, such as elvtricity and 
compressed air, in order to make an operation easier 
or faster, or InOre accwate. 

Hammers and Mallets 

Types of hammers used in the sheet-metal shop 
are the machinist’s or ball-pea, the cross-pew, the 
timw’s riveting, the tinner’s peening, the setting, 

the raising, the soft-face, and the brass-head (Figs. 
1 and 2). 

The essentiai parts of a machinist’s or ball-pee” 
hammer, thr 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-pee” 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 Gattening meta! 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 wad 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 he bent or shaped at angles, machines 
tailed 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 TO USE A METAL-WORKING HAMMER. In 
banding metal, only the face of the ball-peen ham- 
mer or mallet is used. To bend a piece of sheet 
metal, get two straight strips of hardwood, measur- 
ing approximately 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 

60 



CROSS- PEEP4 

STRAIGHT.PEEN 

STE2YT- 

FACE 

Figure 1. Figure 2. 



-- 

BEND SHEET BY 
DRlYlNG AILON; STRIP-3 WITti 6. HAMMER 
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i-i\~ei;, i~ncl for driving the- rivet set and the lw:ldw. 
.+ ri\ vt wt icily hrndtl- is m<w,l!- a slro;-t pirce of tlw& 
vix~r! niid truqxwd twi stwt xrith a hole in we iwl 
xx1 :t conica! depression alongside the hole (Fig. 5). 
The lwle is used to force the metal pieces down on 
the riwt :;b:mk before tiw end of the rivet is Het- 
tencd The conical deprczsiou is then set over the 
ric-et errd with the header held in a vertical position, 
2nd the header is struck with the hammer to shape 
the rivet after it has been flattened. For detailed in- 

STRIKE HAMMER 
CLOSE TO VISE 

BENDING CORNER BFACKET 

P 

formation on rivets and riveting, see Chap. 7. Ma- 

chinist’s hammers of various sizes or weights are used 
in riveting, depending on the type and size of the 
rivets. 

RWLA~INT. BNOKEX EIAMMM HANDLES. Machine- 
made hickory handles in \wim~s 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 remove the 
old wedged-in handle. 

The end of a new handle is usually larger that 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. 
Aiter the small fitted end of the handle is inserted 

DEPRESSION DEPRESSION 
RIVET SET 



Screwdrivers 

Comn~m Screc~driacr. The vnl-ions parts of R com- 
mm screwdriver are shown in Fig. 8. 

Ratchei and Spiral Rntchct Scmcdriccrs. The two 
variations of the cominor~ sci-ewdriwr are the ratchet 
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SF I Riii SCREWOR IVER 

Figure 9. 

;a;~1 ttlt, \p!~~al ratchet tb-p?s (Fig. 9). Similar in op- 
~~.r~;~tic:rt to the common screwdriver. the ratchet type 
&ii 5”. scrIIu’- a in much faster and works semiauto- 
ini:tic~3tlv Riade5 of x-arious sizes can be secured for 
both tyiws of ratchet screwdl-ivrr, and both types 
tail be set for driving screws in or extracting them. 
Thr handtr of the ratchet scrrwdri,-er turns back and 
forth in the direction set. 

Thrr spiral ratchet screwdl-iver operates even faster 
tbarl the ratchet. it can be srt for either in or out. 
To drive the screw, set the blade in the screw slot 
and push un the handle. steadying the blade with 
the qther hand. The blade makes several turns for 
each prt1. 

Offset Smwdricer. Offset screwdrivers are de- 
signed for driving screws where there is insufficient 
space to use the conventional type of screwdriver 
(Fig. IO’!. The &set screwdriver is made from a 
piece of either round or ocvagonal steel with two 
blades at opposite ends at right angles to one an- 

OFFSET SCR 

other and to thr shaft. When screws haw tn he 
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 Screwdritzr. The Phillips screwdriver is 
used only for driving the Phillips screw (Fig. 11). 
Philiips 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 point& or beveled cross 
to fit into these slots. To keep the blade in the cross 
slots of the screw, snore downward pressure is used. 

Figure 11. 
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DRESSING SCREWDRIVER 
TIP ON WHEEL 

To drill holes in sheet metal, either the hnnd or 
breast drill shown in Figs. 1G and 17 is used with 3 
twist drill of the required type and sire. The chuck 
of the had drill (Fig. 16) has a drill size capacity 
of up to ‘i in. Whrre a larger size twist drill up to 
1 in. mnsimum is rrquired, the breast dri!! must be 
used (Fig. 1-T) 

HAlvD DR ILL 
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CENTER CLEQPANCE 

VIEW 
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rE for clearawe. and when the cutting edger become 
duli. ordy thrw faces has-r to be ground. 

The floti~ ;,I the twist drill is milled at an angle of 
abo;lt 20 tu 2i degrees with the axis to give the drill 
the n~ctxsarv rakt:. or clrar-anc~. txtween the cutting 
r,dgi, and ttr;, work (Fig. Iii 1. \‘lhvo this cutting edge 
is propcrl~~~ gmund. !t has n relief angle of about 10 
to 12 deglres on the end: consequently the cutting 
angle of it twist driii noges usually from 55 to 60 
degrees. The flute in a twist drill is designed so that 
the chips work out rasi!y while cutting. This is an 
ndded G;-antage when drilling a fairly deep bole. 
?‘l,ev ?lji> ii’;\:? as leads for Itibricznts. 

__I 
t IULK~- !S shows that, after the flute in the twist 

:ilcl! tu$ i>rc,ri cut. the remaining portion of the sur- 
‘~:tv:. ui the, 11ody of the dri!l is relieved, or cut away, 
.;x!d .t ILU smv Innd, or bxlv clearax~~. remains. This 
ii.iliii~i’S :iw ii-ictim I of the &ill in the holr. The 
tiri!:rtr,r~ scvtictn uf tlw bode of the drill. htturer~ the 
I,:: !~t:!:rii Ill illi. ililtrs, is c&d the xch. 

iY,‘i!c~i ~JI.,I~CY Iv shurpenrd. the cuttir-i edges of a 

,P* 
/ 
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TYPES OF TWIST QRI 

twist drii; produce a hole that is fairly round. 
stl-sight, and of the same diameter as the drill. How 
ever, a twist drill is considered essentially a rou@ing 
tool. Holes are made more accllrate by subscq~rrnt 
I-earning or grinding. 

Syuure-shrank Twist Drill. Thr squni-e-shunk twist 
drill is designed to fit ixto tht chuck of a wood- 
working ratchet brwx (A, Fig. 19). It is made of 
meta! that has been tempered for use in soft metal. 
A wood-working brace is not ideal for dribGIg a twist 
drill al>d sholrld 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. 
Sq-uare-shank drills are available in diameters rarlg- 
ing from 11,~ in. to z:i in. in gradations of I/~:! in. 

Stmi&-shank Twist IX& Straight-shar& tT.:?st 
drills up to 1~1 in. ill diameter are used in rither hand 
or breast dnlls, smnll power drills, and the lightrl 
type of drill pwsses fitted with rither n two-jaw 01 
a thl-re-jaw chuck. 

There are two types of straight-shxnk twist drills: 
those with a neck or ring-shnprd groove in the 
shank, and those without a neck ( H and D, Fig. 19 j. 
The small sizes, up to ii in. in diameter, have no 
neck, and are inserted in the small hand and brvast 
drills by turning the sleeve outside the chuck to open 
the jaws wide enough, and then tighteniw in the 
opposite direction. Chucks used for drills la:-;;er than 
“4 in. in diameter are usually opened and closed by 
means of a wrench called a key. 

Taper-shank Twid Drills. Taper-shank twist drills 
of more than I,/? in. diameter are used only in power 
drills. Hand dri!ls or breast drills do not have suf- 
ficient power to drive larger sizes &icier+ The 
small end of a taper-shank drill is machined &it to 
form a tang which fits into a slot in the end of the 
spindle socket in a power drill press (C, Fig. 19). 

CLASSIFICATION OF TWIST DRILLS. All types of 
Morse twist drills are made of either carbon-i: ’ 
sterl or high-speed steel, Carbon-to&tee1 drills art 
Itsed in hand am breast drills and where lo->.r-speed 
driiling is requirr 7 vn power drill presses. T&y xc 
1~s cr;~ens~,.~ ,~:, 1 ::.gh-speed-steel &ills. 

High-speed-s, : drills are used ov high-spw:. 
power driven drill presses. They can be operated at 
much hiSher cutting sr.wd:. and will retain their cut- 
ting ed:;v longer than carbon-tool-stw! drills, 

The E; of ?lorse twist drills are arranged ihi ‘O~LI 
group!:: mnnerical, alphabetical, fractional or ma- 
chinisi s, and metric. The mrmericnl sizes are “GRI- 
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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PUNCKS AND HOW TO USE THEM 

the chck i Fig. 22 j. The shali, is softa the,, the 
fluted part of thr drill_ md the j;iws of the chuck 

GUIDE DRlLL 
TO CENTER - 

Figure 22. 

Hefore drilling a bole, check the drill :o find out 
grl,’ It more tic$tly. which iesscns the danger of 

braking the drill. 
if it is gippcd tightly ial the chuck alid if it runs 

1) 0 riot insert the entire length of 
the shank in the ciruck (I+‘$. 22 j, but leave a par- 

straight arxl true (Fig. 22). Whelr a drill runs out of 

tim of it cuatside to take up sconce of the strain. If 
true. a bent shank pwbably is respomible. .4 drill 
wobbles if there is a burr on the shmk. 411 wit-of- 

tiw shmk is set in ail the way up to the fluted 1’0~. true drill will not bore B hole to the exact size re- 
timi the drill may snap. @red and is liable to break. 



Hacksaws and Blades 

The essential parts of R hacksaw are the blade a,ld 
tbr adjnstable framr that holds the blade. An ef- 
ficient hacksaw is eqzuipped with a frame adjustable 
fnr 8 in._ 10 in.l nr 12 in blades; and has either a pis- 
tol-grip or a str-aisbt handle (Fig. 2;). 

Hacksaws can be used tc cut practically all types 
of metals. with the exception of tempt-rrd steel. 

To awe:-tai.-. whether n metal can he cut wit!1 n 
hacksa-.v. test it v,+th n file. If the metal cannot i,e 
filed. it cannot be cut with a backsaw. 

IZSFRT~KG A H.I.CKS.~YJ Br.wr. To insert the blade 
iii the frame of the saw, first adjust the frame to fit 

FDRCED OfF - 
CENTER POINT 

HAN” 
DA I LC 

Figure 23 
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C!srw: A IIKKS.4\~. To prevent the blade frwn 
tw;dciy md tu :~ssur~~ n good clc;m cut, the material 
rnrrst he, stu~rc~lv f:wtelled in a vise (Figs. 26 and 
07;1. .\IW~IVE st&t th;, cut at n slight ;qle, guiding 
thr blade ‘witb the tlrrunb of the left hand wtil the 
cut, or kerf. is of sufRcient de,>tb so that both hands 
c:IIl he usrd 011 the fr;une of the saw. 

Wile12 starting the cut, it is not necessary to lift 
the hlnde off the work IX, the return stroke. After thr 
cut 1~1~1s bwn started, grasp the frame of the hacksau 
with both hands. one hand on the hxndle and the 
other hnud m the far end of the frame i Fis. 26 j. 
BiTalisi the hBCkSilM’ cr1ts only on the fOl.\Vi~l.d stroke. 
we a little pressure OWL the fwward stroke, but on tbr 
return stroke, lift the saw slightly 5; that the terth 
warccty touch thr mct;d work (Fig. 26). All strokes 
must bts long and ste;ldy SO th;tt ~wx-ly ai1 the i&h 
on the blade arc in USC (Fig. 27). 

The amount of lxesrure used on the forward stroke 
is governed by the type of material ~1.1s the expe- 
rience uf the mechanic. Light pressure is u.vd on soft 
metals and on thin sections of ,nrtals, btlt more pres- 
sure js ~recessary on the harder metals and heaviel 
sections. 

I& not saw too rapidly. A rate of apprcximately 
60 strokes per minute should be the top speed. Slow. 
steady strokes with the proper pressure are far mo~-e 
effect;\~r than fast, uneven cutting. Always keep the 
blade of the saw moving in a straight line and use 
srlfficient pressure to keep the biade from becoming 
either jammed 01 pinched, since this tends to break 
the teeth or the blade. 

BLADE BHEAKACE, CAUWY 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 hlade. 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 
dwtr and btwme dull, and at the same time 
straighten or~t so that the kerf becomes narrows*. 
Thus, a dull bl:& has ii tendency to stick consider- 
:+ more than a IKW one, and forcing it through a 
cut will C:IIIS~~ t!w bMo to break. 

If a b:xlr brrnks while a cllt is being made and 
:r I,C\V bl;ldc is ,~<xcss~~rv to continw tbc work, al- 
wik~~s start the new cut it, line with the first one, if 
p<wsit,lt,. If tbc piece of work is Roland or square. it 
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I l.~cks~~~r blndt~ \vill also snap or break for the 
tc,llr,\\.illy w~sons: There mav not be enough tension 
01, ii,? hi;1de (Fig. %,, or there mav be too much 
t:,lz<imr i Fig. 2%;; CT the teeth on ;he blade 17~~ 
ti:t\ t. hrrn too coarse for the material being cot. .I 
WK bladr may have been started incorrectiy in a 
kd cut h\~ a,, old blade. Too much presswe ma), 
iu\t’ been used m a blade. The frame of the saw 
may l.a~~e been twisted while sawing. 

If a blade twists (Fig. :30) or bends slightly before 
it snaps. not enough twsion was put on the blade 
wheu it wa inserted i!r the frame. The tension mu::: 
bc i~~~wustd whrn a new blade is ixel-ted. If the 
blndr broke at the holes. too much tension was lxlt 
on it when it v-as iaserted. If a hrrakage is caused 
bv using a IKW blade in a kel-f started by an old 
hi&. the \r-ark must be ttmed around, and a new 
ci,t started to inert the old one. \\‘hen a break occurs 
because the material is too bard. a finer blade must 
he srktrd. If too much pressure on the blade causes 
a break. do not bear down se hard with a new blade. 
-\ hrrak caused h!T twisting the frame of the saw can 
be ~vnided bv pushing the saw steadily hack and 
fmtb in a straight line SC) that thrre is no wobbling 
01 In-isting. 

Rreakino or t\visting of the saw teeth may be 
cmsed b!; too much downward pressure when crrt- 
ting. Swnrtirnrs breaking or stripping of the teeth is 
cauwd bv starting the cut at the c~xm~~ of the ma- 
irriol. .&vays start a cut at a slight angle with the 
s&ice, not at the coiner, and keep off all sharp COT- 
*c-m 
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Figure ,x.3. 
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ADJUSTABLE WRENCH AND PROPER USE 

__L 
Figure 38. 

COMMON TYPES OF ADJUSTABLE WRENCHES 
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ST,LLSCIN PIPE WRENCH 

Fio,,rr 47. 

SXXET WRENCH SET 

mavnblr, and a nut for adjusting the opening be- 
twren them ( Fig. 42). The pipe wwnch is the only 
tvpr USPd “1~1 ruurrd dejects. WC h zs pipes ;III~ shaft- 
ing, and it works in one diwction 011ly. 

.A pipe wrench lnust ~wv(‘r be used on 3 nut or a 
bolthrad 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 IrandIe of 
the wreirch. 

SOCKET WRENCHES. Socket wrenches comr in sets 
or kits (Fig, 43). These kits consists of several 
handles and a number of high-strength alloy steel 
sockets, which fit nuts of different sizes. There are 
two openings in every socket: one is a sq~ure 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 extensivrly 
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 
headless setscrews, which are used to fasten pulleys 
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 al-e made of round 

ALLEN WRENCH FOR 
HEADLESS SETSCREWS 

FLUTE OR 
SPL INE TYPE 

Figure 44 



8” METALWORKiNG HAND TOOLS 

FLAT TYPE 

COLD CH ! SEL 

- 

Figure 4.5. 

twl steel with little flutes or splines to fit into othrt 
typ of h~dle~ setscl~ews. ht the Ails SCY~W ,,l,d 
\vrrnc!i are used more cxtensivelv. 

Thr short rild of the wren& is inserted in the 
hcnd uf the .Allev srtscrrw when the screw is to be 
tighterwd or taken out. After loosening the screw 

Coid Chisels 

Cold chisels are forged from bars of silicxn-man- 
ganese aiioy steel, tough high-carbon steel, and sim- 
ilar alloys. They are made stubby and blnnt to give 
thrm greater strength. The cutting edge of a cold 
chisel is ground to nn 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 aud shapes, 
to cut rods and bars to desired sizes, to cut rivet- 
heads. and to split obstinate nuts that cannot be 
nrowd with a wrench. 

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

Thc~ two types of cold chisels most commonly used 
in shert metal work are the Rat and cape chisels. 

FLAT CHISELS. The Rat cold chisel is the type most 
commonly used. The Rat chisel has a slightl! 
rormded cutting edge, formed by R double bevel. It 
is used for cutting heavy gauge sheet metal or fol 
chipping a considerable amount of m&11 from huge 
surfacrs that cannot be filed or surface-machined 
(Fig. 43). 
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CAPS CHISELS. 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 
cornws (Fig. 45). However, it is slightly wider than 
the shank, so that there will be no binding in narrow 
grooves. Cape chisels range from $6 in. to y2 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 co!d 
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. 

Crltfing 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 
he. Clamp the sheet in the vise -bow the jaws so 
that the scribed line is just visible and parallel to the 
top edge of the vise. 

Hold the chisel at an angle to the sheet metal 50 
that the cutting edge shears it across the top of the 
vise jaw. Strike sharp, quick blows with the Rat 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 a Metal Block or Anvil. To 
cut sheet mctr.! on a block or anvil, first mark and 
deepen the cutting line on the meta! with a scriber. 
To get a clean-cut edge, always lay the sheet on a 
block or anvil of soft iron or soft steel. Never use n 
wood h!ock. The m&d block must he placed di- 
rectlv under the point where the cut is to be made. 

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

To ‘cut along a curved line, a chisel of narrow 
width must he used so that the shape of the cut will 
wnform more closely to the curved line. 

Cutting Hods or SmuIZ Bars. To cut a rod or a 
small bar, mark the metal to indicate the cutting 
point. Lay the rod or bar on a block of steel or iron 
(Fig. 47). Hold a flat cold chisel in vertical position 
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Fipre .52. Remaaing frozen nut and Loosening rusted threads. 

or studs may be collapsed with a puxb or round nose 
cold cbisei 7 Fig. 51:) 

To remove a frozen or rusted nut or one with 
rounded cornersi apply some kerosene or thin oil 
and allow sufficient t& for it to wurk into the 
tbrelds. Then, with a sharp flat cold chisel, split the 
nxt acd remove it (Fly. 52). 

.Slulrpvtling C&l 6hirls. The cutting edges of 
carbowsteel &~ld chisels are kept in good condition 
hv @~Iir;g them on a dry emery wheel or a iYet 
g~in’~stone. Cold chisels made of cbromiom vana- 
dium steel or a similar alloy. tbci:gb extremely tough, 
art: 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 thry 
have a slightly ccnwex edge (A, Fig. 53). Chisels to 
be used on hard or tough metal should be ground to 
LX” included angle of approximately 70 degrees. For 
use on softer metals, they can be ground to angles 
ranging from 40 to 60 degrees, depending 011 the 
metal ( B1 C, Fig. 53). Recommended angles are 60 
degrees for cast iron; 50 degrees fJr wrought iron. 
bronze, doralumin, and manganese; and 40 degwes 
for aluminum, aiuminum alloys, copper, zinc, and 
brass. A small sheet-metal template, or pattern, cau 
easily be made for checking and maintaining the 
angle of the cutting edge that is being filed 01 
ground (Fig. 53). 

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

The incessant hammer blows on the end of the 
handle of a cold chisel eventually upset or muslr- 
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 m&al SO 
that the end is Rat and set siightiy tapering (A. B. 
C, Fig. 53). 

Roofing and Gutter To.?gs. Seamers and 
Beaders 

TZWS. Roofing and gutter tongs are wed for turn- 
ing up the edges of sheet metal preparatory to the 
foxzing of stxx!ir.g seirirrs “i :oiks. Th;- Vhr iuua 
types of roofing and gutter tongs in general use are 
shown ir, Fig. 54. T!E 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 ‘/z in. to 2 in., and in gradations of I$ 
in. 

The clamp tongs shown at 6, Fig. 54 have a jaw 
depth of 3 in. This type has tile advantage of heing 
equipprd with a special clamp. 

A type of guttei. 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 he used to turn any required size 
of seam or lock ranging from :ji in. to 3 in. in depth. 

“Stow’s” improved tongs, shown at E, Fig. 54, arc 
adjrlstable. They can only he adjusted to turn five 
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Figure 55. “Burritt’s” patent double seamed. 

widths or depths of locks or seams ranging from ?,$ 
in. to 1 I,, in. in ?i in. gradations. 

The deep threat roofing tongs shown at F, Fig. 54 
:~re w;;iipped with an adjustable gauge and can be 
llsed for turning edges from ?$ in. to IO?4 in. in 5j in. 
gradations. 

H4ND DOUBLE SEAMER 

Figure, 56. 

SEAMERS. After turning the edges of the roofing 
with the roofing tongs, a tool called a double seamer 
is used. The “Burritt’s” patent double seamer is a 
type grnzrally used for this purpose (Fig. 55 j. 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 15’1 in. roofng 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 I 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. 

GVITER BEADING TOOLS. Gutter beading tools or 
gutter beading machines, as they are ca%d, are used 
for forming a bead on the edge If gutter sheet metal 
(A, Fig. S?). The two types generally used are the 
adjustable and plain header. 

The adjustable beader shown at B, Fig. 57 forms 
beads in gutte:s up to 30 in. in length. The various- 
sized metal rods necessary for forming beads rang 
ing from z/8 in. to 76 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 shtwt metal is 
wound around the forming rod, thus completing the 
bead. The rod with the sheet of metal and the 
formed bead can easily be lifted out of the too: and 
the beadr-d work slipped from the forming rod. Tbis 
tool is adjustable and can be set so that it will form 
any number of brads of exactly the sanw size with- 
out additional ;Idjnstment. 

The plain gutter beading machine shown at C, Fig. 
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Tlw t\pr of uwt,d ti, br cut awl the g;u,ge of the 
rxt;d d~~trl-minr~ ihe comet uiz~ of \nipc to usr. \lild 
stwl requires a larger pair of snips than aluminum. 
and Ir;~rd brass rcquiws larger snips than soft brass. 
Tbrse snips and shexs. with the exception of the 
con-ilx~~~~~d Irvrr shrars, can be used to cut sheet 
md only up to 20 gauge. Compound lever shears 
of the tvpe sho\vr~ iri Fig. 80 can tx used to ixt q’ 
to 12 gauge. E~eav~-g;~~~ge metals must be cut with 
ei?her ii !iacksaw, a cold chisell or heavy power 
rqrripment. 

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

IIIXXJI.AR on S~LUCH~ SNIPS. Hrguiar or straight 
snips are used for cutting straight lines 01’ circlesvof 
large diameter (Fig. 60). Straight snips are avai%le 
for both right-handed and left-handed users. 

Doun~~ CUTTING SNIPS. Double cutting snips have 
:L top blade with a double cutting edge into which 
the towm blade works (Fig. 60). They are used in 
the same manner 3s regular or straight snips, but 
principally for cutting light sheet-iron pipe, stacks. 
ard thin-gaugr cylindrl-s. 

ciIir:rLm OR C:unvr:n S.vrE3. Circular snips have 
~II:.LYY~ bl;~d,~s and are :Isrd fur cutting insidr scrolls 
or circles uf sn~all di;tmetcr (Fig. 60). To cllt a cir- 
CIIIRT opwlilly in a slfi<,r.t of rrrrtal, it is ~wcrssary fit-st 
to ~7~x11 ii II& on thv ileidr of the olltline of the 
(lr~+rt~i op(lnilig so tll;rt the blxles of ttrc snips ma) 
be staric.d. 



COMPOUND LEVER SHEARS 

DOUBLE CUTT I NG SN I PS 

BULL- DOC SN / PS 

HAWK’5SILL SNIPS 

STRAIGHT SNIPS 

CIRCULAR OR CURVED SNIPS 

T I NNEFiS BENCH SHEARS 

DOUBLE CUTTING SHEARS 

,d 

‘5. 

Id 

IS 

v. 



SNIPS AND SNEz4F.S 91 

AVIATION SXiFS 

_.-- 

“X.~ 

Figwe 61. 

.~li?A,iKiN .sTm5. Aviation snips are designed and 
-g’il\iii~?i 1~~~~~ (& sprcifically for cutting heat-treated 
airiiniiiti in aihys an d stainless steel. The blades of 
these snips have smal! teeth on the cutting edges, 
and the handles are m+de t:, girr greater lever-age 
for heavy cutting. This tool usmlly cuts up to 0.050 
in. stock (Fig. 61). 

Correct Method of Using Snips and Shears. All 
types of snips and shears are med in approximately 
the same manner. If the material is light-gauge sheet 
metal; hand snips will be used. For 22 gauge or 
lighter mild stee!, use straight or combination snips. 
For 16 to 20 gauge mild steel, nse bulldog sr:ips. Al- 

ways place the cutting edge of the upper blades ex- 
actly on a guideline mwkyd on the metal, and insert 
the sheet as fair back a5 possible hrtween the blades 
(Fig. 62). Hold the siiips .so that the flat sides of the 
blades are at all times prl-pendicular, or at right 
angles, to the surface of the work. The waste metal 
or the smaller piece should curl on the npper side of 
the lower blade. 

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

When it is necessary to cut a hole or an opening 
in sheet metal, !ap the metal on a bardwood block 
and punch a hole in it with a hollow punch or a 
small cold cbise!, 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 hc edjusted so that 
the handles are not too tight and can be moved with 
ease (Fig. 62). 

An outside circle as well as a straight !ine can he 
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. If possible, remove the waste material 
in me piece. Use a hawk’s bill, aviation, or pivota 
snips to cut an inside circle. To start the cut, punch 
a hole in the center of the circle to be cut, work out 
to the line, and then follow the line around until the 
cut is completed. The pivotvr snip is one of the hand- 
iest hand cutting tmls; hecause it will cut irregular 
curves as well as straight lines. 

/ 

/ 

~iqure 62. Cutting with snips ad shears, 
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Rr.ow~~ns ST.WF / Fir:. 64 ), Both the short ta- 
pd horn at one end af this stake and the kmger 
hwn at the other end are wed for fwming, seaming, 
aml riveting fwmels. pitched covers, lids, and sim- 
jjar tsDerrd nhiwtc - -, _ _ .- 

CZTDLFMOLD S-FAKI; Fig. 65). Th? two horns of 
differrnt tapers on ‘his stake are used for for&g, 
swminy. and lEx~.?irrs object, with t.it1x.r RariIlg lines 
or ends. 

Figure Hi. 

CREASING STAKE (Fig, 68). Two types of creasin% 
stakes are availahlc. The sever;11 pro&d slots in thr 
double rec!;lllgular-shaped horn of one of these types 
is used for brnding wire and creasing sheet metal. 
Thhe other type of creasing stake has a wctangulw- 
sh;ywi. hoi-n on one end and a round tapering one 
on the other end. This type is generally used fol 
fol-ming and riveting small I-ounded and tapered 
work. 

Fipwr RR. 

DOVBLF: SEAMING. STAKE (Fig. 69). The two ellip- 
tical-shaped horns with cnlargrd knobs at both ends 

Figure 69. 
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iif this stake are used for double ieaniing small cyliu- 
diiW1 wxk. 

H.AKH~.-~ SI~AKE (Fig. 74). Tlw s1~1rp straight edge 
that is hcveled on one side of !his stake is used for 
hending edges, making sharp bends, a1~1 fork forrni~~g 
pans7 haws, and similar w.~~k. 

C;O?.lhI;>NSQUAlW SrAKl; (E‘i!& 75). l‘h‘! fiat SqUkW 
head and long shank of this stake are used for gen- 
ad operations. * 

&XI. EIXX ST.4KF (Fig. 7” 1. The d&t shank of 
this stake permits the work to cIeax the bench. ‘The 
fiat, squat+ head with bewird edges is used for 

’ doubie srarnirlg qwatioos. 

Fiqire 72. 

TE.huiT?LE Sxhxs c, Fig. 7:). The four d&Tent- 
shaped intrrchangeable heads af this stake are used 
for many formirzg operations for which other stakes 
cannot be used. 

Figw 74. Fil$m 75. 

COPPERSMITH SAKE (Fig. 76). One side of the 
bead of this stake has a sharp rectangular edge and 
the other side a rounded edge. It i5 also a general 
purpose stale. 

BOTTOM S.TAKL: (Fig. 77). The fan-shaped, slightly 
rounded. and beveled edge of this stake is used for 
tumirrg small flanges, for double seaming, and fat 
dressing burred edges on discs. 

Fipmt 76 (uho~~) 

Figure 77 (right). 

HAND DOLLY STAKE (Fig. 78). The Rat 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. 

Figure 78. 
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Figure 83. 

lar. circular, arid triangular (Fig. 8:). From these 
three classes hire deriwd all tht odd and irregular 
forms classified further as miscellaueous, which are 
subdisidcd into taper and blunt; again according to 
genera! co:~tcnr or ootlirx 

Taper designates a file whose cross section grad- 
uall~z narrc~ws in width and thickness for one-hi;lf to 
tw&hirds of its length; blunt designates a file that 
keeps the same cross-section size throughout its 
length (Fig. 8.5). 

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

F I LE PDOF 1 LES 

Figure 84. 

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

Single-cut j&s 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). 

Kus[~:ri~ 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- 
mm, lead, and similar soft metals, for fast removal 
of waste material (Fig. 86). 

A speciul curoed-tooth single-cut file is used on 
the Rat 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 into its face at an angle. 
and sometimes they are cut into one or both edzes 
of a fat or rectangular file. When a file has no teeth 
on one edge, it is called a safe-edge. 

FILIYG ALUMINUM. .bilrnninum 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 filing 
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 leaws a good 
finish. Its 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 
overcot is fine, producing small scallops on the up- 
cut; which break up the filings, allow the file to clea- 
itself, and prevent taking too large a bite from the 
metal. Py using this file with a shearing stroke to- 

c 
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DOUELE-CUT 

FII.IXC linass. Brxss has a structure al1 its own and 
is ii difficult metal lo file Th:mgh softrr than steel, 
imzj is both totI&!: and ductile. These charactrristics 
hwd 2 filr with terth that are sturdy. wry sharp, 
;:lrd cut to air angle that pre\-t.ibts $rooring ad rxn- 
l~il~g the file off thr work. Still ~nwc importanti the 
5112 nest not clog. in addition to a short upcut angle, 
the teeth of a brass fib like those of the alumit~rxn 
file. have a firie iuil~-;%ng:le ~~~~~~~~~ that e~dde~ the 
file to dear itsrlf of chips. This brass file is so de- 
signed that thr sharp hi$cut teeth bite deep into 
the metal with little pwssure, and their short upeut 
;1iig1e prodllces a smoothing cfirct (C. Fig. 87). 

~;ILIXC Sraraws S.TEEL. Thr tremendous increase 
ill the use of stainless steel and similar alloy steels 
has created a new and distinct filing prohI&. The 
hard chromium ad nickel c:mtrr:t IS these types of 
GW: makes them extremrlv tough, dense, and tliffi- 
rrllt to file. Ttwir abrasive &ion greatly shortens the 
life of a ~twr<*t-prlrpo\e fiie. 

The s+cial stainless-stcrl file shown in Fig. 88 has 
overcome this prubi~m. It is a file of ex&ptiorral 
we;wing qualities. When properly .rwd, with a light 
pressure comhinxl with ii rhv steady stroke, this 
inew file removes metal rapidly, requiring but little 
dfort, and leaves a good finish. It is available in the 
same shapes and sizes 3s general-purpose files. 

‘)EC.ULAR / 

nL”M I NUbl TYPE -,A 

BRASS 

Figure x7. 

SPECIAL STAINLESS-STEEL FILE 

Figure 88. 
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F,rr\-c LF:-III. Estra-soft metals. siicb 2s lead. hah- 

hltt. ai;d pure copper, p i-erent filing conditions clilite 
distinct ii-uw the &en previoiisl~~ mrntioned. \letal 
rcrno;A. in ~~~rm~l fiiiy jobs oil extra-soft metals, is 
done on virtually 3 st*ai\,ii,g pl-illvipic. Fui- lr;ld, tbl, 
lend hat file shouw in Fig. 89 is used. Its coarse. 
shc;rt-angle, single-cut teeth zre really a series of 
stubby blades which shear axa!- the metal rapidly 
under ordinarv pressare. Li&t prcssurr with the 

s I IJGLE -CUT LEAD FLOAT F ,,.E 

Fi&i:<. ss. 

same fill, ]~~!!dilcrs a smootbirig cffrct. This file i> 
,is<.d r\-tcllsi\,elv on I<7d pipe fittings, solder joiiit5. 
211d similar work. It is used also on soft benrings. 
s!liil;s. illld ino]drd Invt;d ]Wts. 

Sxlonrl~-l. Ixw*!x(: Son MI~:I~LS. FI,I- snu~oth-fill- 
istring soft ~rlrtnls: alloys, such as aluminum, brass, 
ax1 copper; and other materials, such as plastics; 
bard rubber; and wood. a special shear-tooth file has 
been designed (Fig. SC). This file combines fast re- 
moral of material with cxcellrnt smoothing qwlities. 
The coarse, long-angle, single-cut teeth help thr 
shear-tooth file to clrar itself of chips. thus minimiz- 
ing clogging. Its coi~~st~~~ess prorides fast cutting. 
while the long angle gives the sheaing cut which 
leaves n smooth finish. 

Under certain conditions, as ou narrow surfaces. 
thr shear-tooth filr has a trndrncy ti, r,,n to thr left 
because of its long englc. To ovwco~~~~ this tcndww 
it should he used with a sc:ncwhat diagonal stroke 
to the right. 

INELRTING A FILE IN A RANDIX It is extremely 
dangerous to ,,se a file wit!;out a handle. Woodrn 
hand!ts uf various sizes are avnilabie and al-e exile 
installed. Reforr inswting the tang of the file in the 
handle, make certain that the hole is !xge enough. 
<:rasp the handle and insert the tang into the hole so 
that the file is pointing rpard (Fig. 91). Holding 
it in this position, hit tbr bottix end of the handle 
;igaiast the workbench or other sclid srlrface. This 
drives the file tang doww into the handle. Aithou~h 
the fcrrrrlr or mr:lal sleeve on the h:md!c should kw]> 
ttrf. vi~ood fl-om splitting, do not try to dri\,v ttw tarIS 
in too far. To rrmovc a file from the h;undle, bold 

DRIVINr; TANG CF FILE 
I NT0 HANDLE 

R)y” 91. 


