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Preface

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

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

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

Several chapters deal with metals and plastics;

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

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

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

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

J. T. A.




Chapter 1

Metals and Plastics

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

Properties of Maierials

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

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

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

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

Ara =k
o !“ - '\.| L=

Figure 1. Tensile strength,

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

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

Figure 2. Ductility.
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",

Figure 3. Malleability.

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

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

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

Figure 4. Brittleness.

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

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

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

Figure 5. Hardness.

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

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

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

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

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

Metals

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

Ferrous Metals

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

IRCN ORE
LIMESTONE
GOKE

GASES

fa PREHEATED
L 2
UEHE AR BLAST

BTN [ gy 0
P16 IRON

Figure 6. Blast furnace.

Irons

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

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

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

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

Plain Steels

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

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

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

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

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

Alloy Steels

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

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

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

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

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

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

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

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

Nonterrous Metals

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

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




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

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

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

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

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

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

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

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

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

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

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

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

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

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

Designations and Markings

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

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

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

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

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

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

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

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

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

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

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

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

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

Crroup Svmbol and tvpe

wWater hardening W
Shock resisting S

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

chromium

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

Cold work

Hot wark

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

Special
pecial purpose F—Carbon tungsten

P e

Mold steels P

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

Common alloying elements and their chemical
symbols are as follows.

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

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

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

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

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

Aluminum (99.00 per cent minimum and

greater) Ixxx
Major Alloying Element

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

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

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

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

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

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

aged

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

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

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

Continuous Identification Marking

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

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

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

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

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

CR — cold relled

CD - cold drawn

HR — hot rolled

AQ - aircraft quality

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

H — hard

HTQ — high tensile quality
AR — as rolled

HT — heat treated

G — ground

Color Marking

For some vears, a system of color svmbols with a

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

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

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

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

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

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

ooLors

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

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

ive noticeablv less than the

SRY O

TWO COLGRS

SEiswyY COLUR

F

e & AMetut colo r\\']wI Y

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

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

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

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

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

Identification of Metals

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

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

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

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

Stainless steels that have less than 26 percent

alloying elements react to magnet.
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Spark Test

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

SHAFT
SPRIGS
FORK
DASHES

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

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

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

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

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

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

AVERAGE STREAM
LENGTH WI{TH POWER

} COLOR -RED
GRINDER-20 IN.

VOLUME « VERY SMALL

SPRIGS -FINER THAN GRAY

COLOR -
STRAW IRON, SMALL AND
YeLLow REPEATING

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

} COLOR -RED

COLOR -
STRAW YELLOW
;

4
’
’

AVERAGE

STREAM LENGTH
WiTH POWER

GR INDER- 25 IN.

VOLUME =SMALL

MANY SPRIGS,
AND REPEATING

SMALL

Figure 11, Gray cast iron.

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

CoLoOR -
STRAW YELLOW

AVERAGE STREAM
LENGTH WIiTH
POWER GRINDER
30 IN.

VOLUME -MODERATE

LONGER SHAFTS

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

Figure 12. Malleable iron.

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

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

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

Figure 13. Wrought iron.

CoLor.wHITE

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

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

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

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

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

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

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

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

6. Conduct tests in a well ventilated area.

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

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

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

Heat Treatment

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

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

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

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

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

For annealing the more common metals, proceed
as follows.

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

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

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

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

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

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

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

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

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

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

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

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

ature varies according to the carbon content of the

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

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

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

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

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

Hardness Tests

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

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

i

seing the file hardness test. While fair estimates of

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

nation to the

workman when condt

fest eguip
the vals

fariless lias bheen defined in va S wWavs: resis-

wion, resistance to abrasion, resistance

and resistance to bending

o
-

Dvowroucht products. Except for resis-

crnctration, these characteristics of hardness

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

The information chtuined from a

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

acteristics of certain steels.

Fardness mav be measured by manyv tvpes of in-

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

the hardress mnsthers derd are ot eguivalent, it

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

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

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

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

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

CONE-SHARPED
PEMETRAT I

Figure 18.
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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 be. Ferrous metals are
usually tested with the spheroconical penetrator,
with hardness numbers being read from the Rock-
well C scale. The steel bal! is used for nonferrous
metals and the results are read on the B scale.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TaBLE 2A
Harongss CONVERSION

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

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

BRINNEL STANDARD

HARDNESS ROCKWELL

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

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

130 149

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

Plastics

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

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

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

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

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

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

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

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

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

part as layers of glass fabric or canvas.

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

TABLE 2B
Major Grouprs OF PLASTICS

Plastic

Trade Names in{ ) Advantages and Examples of Uses

Disadvantages

THERMOPLASTICS

Softening point 0f 170°
to 220°F; low

scratch resistance.

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

&erylic
{Lucite, Plexiglass)

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

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

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

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

Poiytetrafluorgethylene
{Teflon)

THERMOPLASTICS

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

Not easily cemented;

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

Plastic
Trade Names in ()

Advantages and Examples of Uses

Disadvantages

Phenoliormaldehyde
{Bakelite, Durez,
Resinox)

Urea-formaldehyde
(Beetle, Bakelite
Urea, Plaskon)

THERMOSETTING PLASTICS

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

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

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

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

|
|

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

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

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

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

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

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

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

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




Chapter

Measuring Tools and How to Use Them

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

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

Rules and Tapes

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

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

L

some of the tvpes of rules and
y ,

g

STEEL ORFBERGLASS
RULE

STEEL OR FIEERGLASS
TEPE

STEEL RULE
WITH HOLDER

FOLBING
RULE

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

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

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

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

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

Measuring ¥ . ~=duras

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

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

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

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

Figure 3. Measuring fength of o balt or serev,

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

Figure 4. Measuring outside diameter of a pipe.

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

3 4 j —%
il b bt sf bl

READ
MEASUREMERNT
HERE

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




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

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

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

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

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

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

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

Figure 9. Measuring thickness of stock through a hole.

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

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




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

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

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

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

Care of Rules and Tapes

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

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

Calipers

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

MEASURING TOOLS

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

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

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

Using Calipers

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

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

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

TRANSFER
FIRM JOINT

FIRM JOINT ADJUSTABLE =
FIRM JOINT FIRM JOINT

Figuare 12. Using outside caliper.

TRANSFER

HERMAPHRODITE

Loy

SPRING ADJUSTABLE POINT SOLID POINT

Figure 11. Simple (noncalibrated) calipers.

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

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

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

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

i
=, et
.. J
™

H/ AN

L Rt

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

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

Figure 18. Measuring inside diameter with an inside caliper.

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

Figure 17. Setting a combination firm-joint caliper.

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

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

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

When the caliper is set for inside measurements,

the same directions for adjusting the setting apply.

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

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

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

Figure 20. Setting outside spring caliper.

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

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

Figure 21. Setting inside spring caliper.

OUTSIDE CALIPER

INSIDE CALIPER

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

Care of Calipers

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

Slide Calipers

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

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

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

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

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

Figure 25. Measuring inside dimension with a slide caliper.

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

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

Vernier Caliper

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

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

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

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

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

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

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

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

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

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

1.436 in.

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

TABLE 3
MeasURING POINT ALLOWANCES

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

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

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

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

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

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

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

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

Micrometers

In much wider use than the vernier caliper is the

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

{ in a machine shop thoroughly understands the me-

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

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

There are three types of micrometers that are

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

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

AND SCALE

TABLE OF
GECIMAL
EQUIVALENTS

Figure 34, Nomenclature of outside micrometer,




( SEPTH MICROME TER AND EXTENSION RODS

IHSIDE MIGROME TER AND EXTENSION RODS

Figure 33. Tvpes of micrometers,

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

Selecting the Proper Micrometer

The tvpes of micrometers commonly used are
made 5o thut the longest movement possible between
the spindle und the anvil is one inch, This movement
is called the range. The frames of micrometers, how-
ever. are availuble in o wide variety of sizes, from
one inch up to as large as 24 inches. The range of a
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one inch micrometer is from 0 to 1 inch. In other
waords, it can be used on work where the part to be
measured is one inch or less. A two inch micrometer
has a range of from I to 2 inches, and will measure
onlv work between one and two inches thick; a six
inch micrometer has a range of from 5 to 6 inches,
and will measure onlv work between five and six
inches thick. It is necessary, therefore, when vou are
selecting a micrometer, that vou first find the ap-
proximate size of the work to the nearest inch, and
then select & micrometer that will fit it. For example,
to find the exact diameter of a piece of round stock,
use a rule and find the approximate diameter of the
stock. If it is found to be approximately 3 1/4 inches,
a micrometer with a 3 to 4 inch range would be re-
quired to measure the exact diameter. Similarly,
with inside and depth micromeceters, rods of suitable
lengths must be fitted into the tool to get the ap-
proximate dimension within an inch, after which the
exact measurement is read by turning the thimble.
The size of a micrometer indicates the size of the
largest work it will measure.

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

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

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

Figure 37. Reading a

micrometer caliper.

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

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

Figure 38. Micrometer-reading exercises,

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

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

Figure 39. Interpolating a micrometer reading.




SELECTING THE PROPER MICROMETER 45

d !\..’ "‘w
—10
O —
e s
[ N T
af -
pm—
_&_______s__-
w 6000
[T — —
5 e
M >
Hiilie .200
‘ /ém?@ 025
. - .022
m%éa » 20C00
I
524?0;....3’5 2470

Prustre A Vernier scale on a micrometer,

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

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

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

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

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

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

EXTENSION
RQD

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

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

r
RATCHET STOP
LOCK NUT

Figure 43, Measuring round stock with a micrometer caliper.

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

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

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

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

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

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

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

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

Anvil faces mu

Squores

Squares ave primarily used for testing and check-

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

are several tvpes of squares commonly

Carpenter's Sguare

L i

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

1%

i:

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

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

ht shows between

rafters, ablique joints, and

Try Square

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

vieht angles to each other,

Sliding T-Bevel

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

COMMON
i RY

5TOCK

Figure 45, Try square.

SLIDING T
BEVEL

Figure 46. Sliding T-bevel.

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

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

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

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

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

450
@\ DRAFTING
PANN TRIANGLE

FRAMING BRI
SQUARE b

r‘\sz

COMBINATION
SQUARE

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

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

Figure 48. Testing trueness of a bevel.

Combination Square

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

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

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

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

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

Care of Squares

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

CENTERING HEAD
“FOR CENTER %
LINE SCRIBING

STEEL BLADE

VARIABLE HEAD
PROTRACTOR

SLIDING TRY
AND MITER
SQUARE HEAD

LEVEL

————f vy N

SCRIBER \TRY SQUARE

Figure 49. Combination sguare sct.
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Miscellaneous Gages

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

Depth Gage

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

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

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

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

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

EXTENSION RCD -

SLIDING :
H1A.D /
v Lisi T =

FLAT BASE —s

| N THIMBLE CAP

CLAMPING Y-
SCREW

EXTENSION ROD

FLAT BASE RULE

\ | SLIDING HEAD

MICROMETER

VERWIER

Figure 51. Types of depth pages.
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A 8 C

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

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

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

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

Surtace Gage

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

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

GAGE PINS

Figure 33. Surface gage.

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

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

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

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

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

Figure 55. Surface plate.

Figure 56. Testing a surface for flatness.

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

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

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

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

Figure 58. Checking conformity of a flat surface.

Care of Surlcce Plates

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

Thickness (Feeler) Gage

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

Figure 39. Thickness gage.

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

Cuare of Thickness Gages

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

Thread Gage

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

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

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

LEAVES

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

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

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

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

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

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

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

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

rage.

Telescoping Gage

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

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

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

TELESCOPING

Figure 63. {mall hul: ond telescoping gages.

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

Small Hole Gage

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

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

.. TELESCOPED
POSITION
LOCKING
TNUT

Figure 64, Using telescoping gage.

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

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

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

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

Dividers

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

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

wooD SPUR——

Figure 66. Marking gages.

Figure 67. Using marking gage.

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

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

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

70).

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

Figure 70. Setting a divider with a vernier caliper.

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

Flurnbk Beb

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

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

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

Figure 71. Plumb bob, cord, and target.

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

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

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

Figure 72. Locating a

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

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

Levels

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

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

m

~p

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

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

of the bench. Note tha h ievel has several pairs

CHECKING FOR TRUE
HORIZONTAL

SCALE GRADUATION
BUBBLE

GLASS TUBE LiQUID

BUBBLE CENTERED
BETWEEN LINES

CHECKING FOR TRUE
VERTICAL

Figure 74. Horizontal and vertical use of level.

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

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

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

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

i
1989

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

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

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

COVETS

BY i

Classes of Tools

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

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

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

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

Hammers and Mallets

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

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

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

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

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

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

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

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

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

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

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

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

. I(JH‘L‘; myist l)(‘ Pl'll—

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

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

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

HARDWOOD STRIP -] . —

BEND SHEET BY
DRIVING ALONG
STRIP-3 wiTH
A HAMMER

BEND TO
SUIT ANGLE

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

STRIP-Z > . )

tigure

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

$CRIBE GUIDE
LiNE

STRIKE HAMMER
CLOSE TO VISE
JAW

/

h Y

1
COMPLETED 20°
SENDT W BRACKET

BEND ING CORMNER BRACKET
My

Figure 4.

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

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

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

RN

; /

TRV LRI

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

WOODEN
WEDGE

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

Screwdrivers

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

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

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

v v
w A

gADLY SHAPED BLADES

ad

EFreure 7.

Figure 8,
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RATCHET SCREWDRIVER
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OR BLADE

-

PUSH
£y

Figure 9.

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

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

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

FOR
CRAMPED
[SPACES |

. ¢
e AN

n o ' N N CRE ]
OFFSET SCREWDRIVER

Figure 0.

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

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

HANDLE

PHILLIPS
SCREW

POINT

h,

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

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

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

When driving screws with a common screwdriver,

the handle with the thumb side of the hand

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

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

PR e

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

iNJURY

Figure }2

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

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

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

RIGHT HAND

CORRECT MLTHOD
OF HOLD ING
SCREWDR IVERS

LEFT HAND

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

reusdd the Blade of a serewdriver.

\}wmmmwé%kg

4
a0

N

N -

Figure 14.

GRINDING -
WHETL

DRESSING SCREWDRIVER
TiP ON WHEEL

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

the blade in water at frequent intervals.

Drills

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

used (Fig. 17).

HANDLE WITH CAP
REMOVABLE ON
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DRILL SIZE
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TWIST DRILL

HanD DRILL

Figure 15

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

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

S

gl

metal aned other

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

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

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

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

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

When properly sharpened. the cuttirg edges of a

ridhiices the

~POINT

SQUARE
SHANK

TYPES OF TWIST DRILLS

™My

Figure 19.

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

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

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

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

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

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

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

The .. ces of Morse twist drills are arranged i "o
groups: numerical, alphabetical, fractional or ma-
chinist s, and metric. The numerical sizes are num-
bered from | to 80, ranging in diameter from 0.0135
in. to 0.228 in. The number is stamped on the shank



0 METALVWORKING HAND TOOLS

of the large sizes onlv: a drill gauge is asens . iden- chuck. which takes straight-shank twist drills up 0
tifv the small sizes. A drill gauge is a Hut pece of 1y i in diamneter.
steel in which sixty marked holes have heen drilled Only the shank of the drill should be gripped by

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

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

219, /

Center punclws are pointed tools made from either \

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

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

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

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

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

INSERT DRILL TO
DETERMINE S IZE ™~

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

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

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

TIGHTELN

CHUCK TO

GRIP DRILL
SHANK TIGHTLY
%10 RUN TRUE.

GUIDE DRILL
TO CENTER -
PUNCHED
POINT OF

CHUCK~ LOCATION

#y

Figure 22

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




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

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

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

Doonaob use twist drills sialler than Ly, in, in

1
Sitidil-

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

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

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

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

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

Hacksaows and Blades

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

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

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

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

ARPPLY
HA N UL

EVEN PRE5ULHRE AT
BN LD FIRMLY

s A VERTICAL LINE <« w0

MAINTA LN
SHARP AND
STRAIGHT
GRILL.,

HAND
DRILL
TILTED
TQO MUCH
WILL SNAP

SMALL DRILLS.

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

COMMON CAUSES
OF SMALL
DRILL
HRZAKAGE:

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

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

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

CHUCZK ENCLOSED MOTOR

TRIGGER
SwIlTCH

EXTENSTON
CoONMNECTION CORD
Flitis

PORTABLE ELECTRIC DRILL

My

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

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

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

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

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

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

!
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INCORRECT WAY Y
JfJ“\ '
g Ll O e
5 P b
I 77 e
TOO STEEP--- s~ -
-+ -AND
T TEETH
BREAK
OF F
A\ _EQE\“ N _a\ﬁgggﬂ

e e

MORE TEETH
> IN USE FOR
55 W CUTTING

Figure 27,
HANDLE FRAME 3 TEETH
; IN USE FOR
CUTTING

WINGNUT

FORWARD sTROKE

PROPER ME THOD

M

Fignre

26




HACKSAWS AND BLADES 75

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

N\
NOT -NOUGH \
BLADE TENSJOM

4
i
¢
!
i
]
TOO MUCH ¢
BLADE TENSION

Figure 24,

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

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

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

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

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

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

if a blade breaks while a ent is being made and
a new blade is necessary to contine the work, al-
ways start the new cut in line with the first one, if
possible. If the piece of work is round or square, it




76 METALWORKING HAND TOOLS

should be rotated W to 180 degrees and a new cut
started to meet the old one. IF the piece is Hat, turn
it over and start the no cut from the opposite edge.
v\ll‘ 1t H]l% l\ lIlli)U\'\lblt “‘d lt 1\ IHeCEsSsAlyY {0 use 4
new blade before the ¢ - .- finished, work the new
blude into the old det o0 v eradually and with ex-
treme cuare.

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

been on the return

easily

z !

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

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

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

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

Clamps

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

RTIRTE AN

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

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

of sizes

BLADE TWISTS=
“NOT ENOQUGH

TENS ION

T (@ .
N

Figure 30.

MOVABLE
SCREW\

MON-ROTATING
SWIVEL HEAD

oilL
QCCASIONALLY

C .CLAMP

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

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

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

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

otherwise the

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

akinyg sare (at as large a

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

Adjust the mpa hﬂtll they ave slightly opened {

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

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

[0 | e o=
crels dnag N;ypem

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

used for gripping simall rods, pipros,

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

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

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

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

cvrers of greater radius

wulled  chain-nose pliers are

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

Figure 32,

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

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

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

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

Uinlike the round-nose and

Frar-~ose Prares,

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

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

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

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

Figore 36,




Wrenches

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

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

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

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

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

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

ible wrench is used in the same manner as the

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

N

% E
i

z

|

OPEN.END
WRENCH

COMBINATION WRENCH
THREE TYPES OF OPFPEN.END,
MOMIADJUSTABLE WRENCHES

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

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

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

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

CORRECT PULL
ONLY ON NUT

Figure 40,

Fagrure 41,
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Figure 42.

HANDLE

SOCKET WRENCH SET

M

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

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

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

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

ALLEN WRENCH FOR
HEADIESS SETSCREWS

SETSCREW

FLUTE OR
SPLINE TYPE

e a2
Figure 43,

Figure 44.
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FLAT TYPE
CoLb CHISEL

CAPE TYPE
COLD CHISEL

Figure 43.

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

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

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

Cold Chisels

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

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

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

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

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

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

Cutting Sheet Metal Held in a Vise. Before plac-

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

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

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

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

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

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

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

AND TILT
SLEGHTLY

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

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

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

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

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

chivel

Siter thiv, all thet shonkl remain of the

andd turn it in g counterclockwise direction to

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

LCCATE
CENTER
wilTH A
PUNCH

USE LARGE
DRILL TO
SUIT CHISEL

DIAMONEG -
POINT

WRENCH BACKS CHISEL

OUT BROKEN STULC

DRICLED
S5TUD ™

o

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

i —

P 31 Fional step for removal of serews or stads.

SPLIT NUT DOWN
SIpE TO AILID IN
LOGSENING RUSTED
THREADS

i

Figure 52. Removing frozen nut and loosening rusted threads.

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

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

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

eliminates the danger of burning the edges of the
tool.

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

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

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

Roofing and Guiter Tongs, Seamers and
Beaders

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

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

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

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

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

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

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

HAND DOUBLE SEAMER

Figure 36.

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

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

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

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

HAND CRANK-

-~ F R AME

HAND WHEEL

JENS

. HAND CRANK
GAUGE

ST Or OR

PLAtN GUTTER
SEAD ING MACHINE

Figure 57.

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

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

Punches

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

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

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

in which drills will start easilv, They are available

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

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

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

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

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

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

INTERCHANGEASBLE
PUMNCHES A&ND DIES

TINNER'S
HAND PUNCH

HAND PUNCH

Fiowee 58,

Snips and Shears

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

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

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

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

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

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

Circurar or Corven Snips. Circular suips have
curved blades and are nsed for cutting inside scrolls
or circles of small diameter (Fig, 60}, To cut a cir-
cular opening in a sheet of metal, it is necessary first
to punch a hole on the inside ot the outline of the
desired openiug so that the blades of the snips may
be staried,




S0

Buri-poc Swips. Bull-dog snips have short blades
with long handles (Fig. 60). They are used for cut-
ting both straight and frvegular lines.

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

r
1

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

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

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

METAINWORKING HAND TOOLS

other types described in the preceding paragraphs.

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

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

COMPOUND LEVER SHEARS

DOUBLE CUTTING SNIPS

BULL-DOC SNiPS

HAWK'S-BILL SNIPS

STRAIGHT SNIPS

TINNERS BENCH SHEARS

DOUBLE CUTTING SHEARS

M

Figure 6.
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Figure 6L

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

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

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

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

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

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

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

oL
FREQUE NTLY
Y

Figure 62. Cutting with snips and shears,




92 METALWORKING HAND TOOLS

Stakes

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

beakhorn conductor
bBienvhorn bevel edge
candiemold teakettle
hollow mandrel hatchet

solid mandrel commonsquare

Crensing coppersimith
bottom

hand dolly

denble seaming
donble seaming with in-
terchangeable heads

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

BEAKHCRN
STAKE

SHANK

Figure 63,

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

ilur tapered ob

BLOWHORN
STAKE

O,

Figure 64

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

CANDLEMOLD
STAKE

Figure &3,

HorLrow  MaxpreL

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

HOLLOW MANDREL
STAKE

Figure 66,

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

SOLID MANDREL
STAKE

Figure 67.

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

Figure 68.

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

DOUSLE
SEAMING
STAKE

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

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

tE OSCAMING STAKE WITH
NTERCHANGEABLE HIADS
Figure 70,

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

CONDUCTOR
STAKE

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

BEVEL EDGE
STAKE

Figure 72,

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

TEAKEYTLE STAKE

Figure 73.

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

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

HATCHET
STAKE

Figure 74,

Figure 75.

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

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

Figure 76 {abote).

Figure 77 {right).

BOTTOM
STAKE

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

" HAND DOLLY
STAKE

Figure 78,
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Sigkeholders

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

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

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

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

REVOLV (NG BENCH PLATE

Figure S0,

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

Files and Filing Procedures

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

. HOLDER

STAKES

UNIVERSAL STAKE HOLDER

Fioure 81,

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

TAPERED

T
EDGE SIDE OR FACE PO

PARTS OF A TYPICAL FILE

Figure HZ.

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

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

Figure 83.

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

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

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

FILE PROFILLES
Figure 84,
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TAPER STYLE

BLUNT STYLE

Figure 85.

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

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

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

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

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

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

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

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

RASP-CUT

Firure %6.

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

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

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

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

OVERCUT J‘i‘

LONG
ANGLE

RECULAR
_FLAT FILE

DEEF
UPCUT

ALUMINUM TYPE -A

FINE LONG OVER-%
CuT ANGLE 7

SHORT UPCUT C
AMNGLE

Figure 87,
MED IUM
OVERCUT ﬁ

MED | UM
UPCUT

SPECIAL STAINLESS.STEEL FILE
Figure 88.
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Froing Lean. Extra-soft metals, such as lead, bab-
bitt. aud pure copper, present filing conditions quite
distinet from the others Plt‘\lﬂil\l‘\ mentloned Metal
removal, in normal filing jobs on extra-soft metals, is
done on virtually a sha\mﬂ principie. For lead, the
lead float file shown in FlU 59 is used. Its coarse,
short-angle, single-cut teeth are really a series of
stubby blades which shear away the metal rapidly
under ordinary pressure. Light pressure with the

COARSE
TEETH

SENGLE -.CUT LEAD FLOAT FILE

Figure 84,

MED | LR |
CuT

SHEAR

TOOTH

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

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

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

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

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

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

DRIVING TANG OF FILE
INTO WANDLE
Figure 91,
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After the surfaces of the parts to be joined have been
cleaned, they should be fitted and secured in place.
then coated with a suitable flux (see Table 16). After
this, the application of the hot soldering copper and
the proper amount of melted solder to the adjoining
parts will cause them to adhere,

Fruxes. There are two classes of fluxes: Corrosive
and noncorrosive. The corrosive fluxes eat awayv the
soldered metals unless they are thoroughly washed
off after soldering. The fluxes ordinarily used for soft

TapLE 16

Usval Fruxes ror Coanaey Merans

Metal ‘ Flux

Briss, copper. tin o t Rosin

Levad e ! Tallow, rosin

fron, steel Borax. sal amimoniac
Calvanized iron . ... . ... 1Zinc chloride

Jine S | Zinc chloride
Aluminam @ ¢ Steurine, special flux

® Stearie acid or stewrine may be used in soldering alumi-
mun, but a special aluminum solder s now available which
mukes the use of flux unnecessary,

soldering are solutions or pastes that contain zinc
chloride, Zinc chloride and sal ammoniac are corro-
sive Huxes.

Practically all clean metals when exposed to the
atmosphere acquire a film of rust or tarnish. The
thickness of this film increases as time goes on. Mois-
ture and heat help speed it up. This film or oxide is
present even though it is invisible. it is difficult to
get solder to adhere to such metal, because the solder
must “wet” and penetrate into the pores of the metal
to be soldered. A chemical material is used to pre-
pare the metal for the wetting or alloying with
molten solder. This chemical is called a soldering
flux.

A soldering flux is used for the following purposes:
first, it removes tarnish or metallic oxide; second, it
prevents further oxide from forming while the metal
is being heated to soldering temperature; and third,
it lowers the surface tension of the molten solder.
enabling it to spread about the area and penetrate
where it should.

Although there are many commercially prepared
fuxes available, sheet metal workers generally prefer
to prepare their own flux by “cutting” zinc in muri-
atic acid {also known as HCI or hydrochloric acid).
thus producing zinc chloride. This flux is also called
“cut” or “killed” acid. It is used as a flux when sol-

dering clean galvanized iron, zine, lead, copper,
brass. and tin plate that has been exposed to the
weather.

To make zine chloride flux, proceed as follows:
Drop picces of zine into a glass or earthenware jar
containing muriatic acid until the acid stops boiling
and bubbles have s‘tnppvd rising to the surface.
When all boiling  has  stopped, the solution is
strained. Note that zine chloride must be prepared
outdoors or near an open window and away from
heat or flames of any kind, because the fumes are
injurions and mflammable. Zine chioride, when not
in actual use, must be kept in closed containers.

Muriatic acid is often used in its raw or original
state as a flux for soldering galvanized iron and zinc.

Both raw and “cut” or “killed” acid fluxes are cor-
rosive and must he wished off when the soldering
job is completed.

When soldering tin plate, bright copper, or pewter.
rosin is used as a flux. Rosin is the most commonty
used non-corrosive flux of this type, and it does not
have to be washed off. Tt is available in either paste.
powder, or liquid torm, Rosin does not clean the
sirface of the work, but it does prevent oxidation
during soldering by covering the surtace with a pro-
tective film. Liguid Huxes are usually applied by a
brush., The Hux is spread lightly along the seam or
joint that is to be soldered as shown in Fig. 2.
When cither powdered or paste rosin flux is used, it
is either spread, sprinkled, or melted on the work
with a hot soldering copper.

APPLYING SOLDERING FLUX TO SEAM,

[

Figure 2.
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Sorpkr. Solders used by sheet metal workers are
made of varying percentages of tin and lead. Solder
should always be secured from a reliable source, be-
cause a good soldering job is largelv dependent on
the quality of the solder being used.

Tin is a metal endowed with a few unique phys-
ical and chemical properties. In the molten state, tin
dissolves and alloys readily with many metals. A
soldering flux, as previously explained, helps to do
this,

It is this property of tin, coupled with its low melt-
ing point (450 deg. F.), that creates the fusible alloy
we call soft solder, or just solder.

It pure tin, which melts at 450 deg. F., and lead,
which liquefies at 620 deg. F., are mixed in the pro-
portion of 63 parts of tin by weight to 37 parts of
lead by weight, the surprising result will be a fusible
alloy that will melt at a temperature even lower than
the melting points of the two metals—361 deg. F.
This is the lowest melting composition of tin-lead
mixtures.

Tin mixes with lead in all proportions. The most
common compositions are 40/60, 50/50, and 60/40.
Tin, contrary to popular belief, is an expensive metal.
There are no tin mines in the United States; conse-
quently, it must be imported from countries in Asia,
Africa, and South America.

Lead, on the other hand, is a cheap metal, ordi-
narily selling for about one-sixth the price of tin. Of
course, the more tin in the solder, the more costly it
will be.

A good solder is 40/60. It is an all-round solder
and contains 40 per cent tin and 60 per cent lead
(the first number mentioned is always tin). This
solder starts to soften at 361 deg. ., goes through a
mushy or plastic stage, and becomes completely
liguid and nobile at 460 deg. F.

Some prefer 50/50 solder, also called “half and
half.” It has a narrower plastic range, becoming com-
pletely molten at 414 deg. F.

An excellent solder, the 60/40 composition, is more
expensive, very fluid, and is used where a low melt-
ing solder is required; for example, on pewter ware.
60/40 is liquid at 370 deg. F.; its plastic range is
very narrow, from 361 to 370 deg. F.

Solders of these varying percentages of tin and
lead are available in bars weighing from 14 to 1%
Ib. each, or in wire form ranging from .009 in. to
250 in, gauge or thickness.

Sovpering Coppers (Fig. 1). Successful soldering
requires enough heat to raise the area of the metals
to be joined to a solder-melting temperature.

There are many ways of transmitting heat to a
metal surface or joint. The most popular and pre-
ferred method of transferring heat is by means of a
soldering copper.

Not only does a soldering copper deliver heat to
the metals to be soldered and melt the scolder, but it
also enables the user to sweat seams, smooth out the
wrinkles in pasty solder, and make a neater appear-
ing job.

Soldering irons are avaiiable ir many weights or
sizes. Gas or forge-heated soldering irons or coppers,
as they are often called, are sold singly, or by the
pair, because sometimes it is desirable to have one
of these irons heating up while the other is in use,
to avoid interruption of the work,

A copper weighing 14 lb. is suitable for light work,
a 1 lb. iron for medium weight soldering, and a 114
Ib. iron for heavier soldering. Coppers may be prir-
chased that weigh 4 and 5 ]b. to the pair for even
heavier work. See Chap. 3 for a description of the
various types of soldering coppers used in the sheet
metal shop.

It is not enough to have a high temperature capa-
ble of melting solder, but there must be also a great
enough volume of heat transmitted by the iron to the
work to raise quickly the temperature of the metals
to be joined to solder-melting temperature.

Not only must a soldering iren be hot enough, but
its faces must be smooth and well “tinned” (solder-
coated ). It is the tinning that provides for the quick
transfer of heat into the metals tc be joined and also
enabies the iron to glide along smoothly.

If the faces of the soldering iron tips are oxidized
(black spots) or pitted so as to prevent the rapid
flow of heat, they must be filed flat and smooth,
dowvn to the bare bright copper, before tinning.

Filing and Tinning Coppers. To file the copper
before tinning, proceed as follows:

Heat the copper to a cherry red and clamp it ini a
vise. Using a single cut bastard file, file all four sides
of the copper until they are bright and smooth (Fig.
3). With the copper held in the position shown in
Fig, 4, round off all of the sharp comers.

To tin the soldering copper, proceed as foliows:
Reheat the copper just hot enough to melt the sol-
der. After applying a little solder, rub the tip of the
copper back and forth on a cake of sal ammoniac
until the tip is tinned or coated with a coat of the
solder (Fig. 3).

After tinning, the copper is ready for use.

Forging the Soldering Copper. It is sometimes
necessary to forge a soldering copper. Coppers are




200 SOLDERING MATERIALS AND PROCEDURES

M

SINGLE CUT
BASTARD FIL

METHOD OF F!LING COPPERS. ”

Figure 3,

casilv torged to the required shape, on either an an-
vil or a metal block, by the following procedure:
Heat the copper to a dark chenry red, clamp it in a
vise in the position shown in Fig. 3. and file oft pit-
marks and wny dross, scale or other impertections
that may be found on the copper (Fig. 6). Remave
the copper from the vise. rcheat it, and place it
as shown in Fig. 7. With a heavy machinist’s ham-
mer. hammer the misshaped point back into the
bodyv (Fig. 7). Remove the copper from the vise
and reheat it. Hold the copper on an anvil iron plate
and forge to the required shape by striking solid

FILING OFF SHARP CORNERS OF COPPER

L)

SOLDER

TINNING WITH SAL AMMON!IAC

Fignre 5.

blows with the flat face of a heavy hammer as shown
in Fig. 8, turning the copper frequently to forge a
square surface. When forging a copper, reheat it as
often as is found necessary.

Using a Dipping Solution. A dipping solution is
used to keep the tinned part of the soldering copper
bright and clean. This solution is made by dissolving
1, ounce of powdered sal ammoniac in a quart of
clean water, The soldering copper is dipped into this

FILING OFF SCALE AND

OTHER MATERIALS FROM COPPER "

Figure 4,

Ficure 6.
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FORGING COPPER.

Figure 7

solution immediately after removing it from the
flaune or heat, When a dipping solution is not avail-
able, the copper shuould be wiped lightly and quickly
with a cotton rag. Never use a woolen rag for wip-
ing, nor any solution other than sal ammoniac for

dipping.
Scidering Procedures

SoLverinG Lap Seams. To solder lap seams, pro-
ceed s follows: Place the work on a suitable sup-
port as shown in Fig. 9. A sheet of black sheet iron
or a piece of glass or marble % to 1 in. in thickness

B

gl - S = g -
o~ e —_— -2 - —

FORGING A SOLDERING COPPER

is excellent for this purpose. Heat the tinned copper.
Apply the flux as shown in Fig. 2. Dip the heated
copper into the dipping solution and touch a bar of
solder to the heated tip of the copper (Fig. 10).
With the drops of solder that adhere to the copper,
tack the seam at a number of points to hold the
sheets in position while soldering. The method of
holding the sheets in position is called tack welding
and is shown at A, Fig. 11. A properly tacked seam
is shown at B, Fig. 11

After tacking, apply a hot, well-tinned soldering
copper, with the point extending over the seam on
the single thickness of the metal and the heel or back
of the copper over the seam proper, at about a 45
degree angle. Touch a bar of solder to the hot cop-
per while it is in this position. As the solder melts,
draw the copper slowly along the work, keeping it
at an angle and allowing it to draw or sweat the
solder the full width of the seam (Fig. 9). Make as
long a stroke as possible before the soldering copper
hecomes too cold. When it will no longer melt the
solder freely. change it for a hot one. Beginning at
the point where the soldering was stopped, hold the
second hot copper on the seam long enough to remelt
the solder at that point, then move it along just fast
enough to make a smooth seam.

If an acid flux has been used, be sure to wash off
all traces of the flux after soldering has been com-

pleted.

MEEL AT AN
ANGLE OF 45°

FLAT POINT
ON SEZAM

SOLDERING A LAP SEAM

Fia

Figure 8.

Figure 9.
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D1IPPING COPPER [N SAL AMMONIAC
SOLUTYION AFTER REMOVING FROM FLAME. A

Figure 10.

SoLperiNG Groovep or Riverep Seams. Tacking is
not necessary when soldering either grooved or riv-
eted seams. When soldering these types of seams,
apply the proper flux and solder the seam in the
same manner as for the lap seams previously de-
scribed. However. when a water-tight job is required
on a riveted seam, the rivets must be soldered in ad-
dition to the seam. as shown in Fig. 12,

SoLDERING VERTICAL SEams. To solder vertical or
apright seams. such as are frequently encountered
in roofing work and similar jobs, no matter what
metal is to be soldered. the soldering copper must
he forged to a wedge shape as shown at A, Fig. 13
and about 3; in, wide and % in. thick at the point,
Only the end and top side of the copper are tinned.
The tinning area is indicated at B, Fig. 13. {Forging
and tinning instructions are given previously in this
chapter.) If all four sides of the copper are tinned.
considerable solder will run to the underside end
away from the seam itself, resulting net only ju a
waste of time and effort but also of material. After
tacking, solder the seam in the same manner as that
described for other seams, with the exception that
the handle must be held higher than the copper
(Fig. 9) to allow the solder to fiow until the neces-
sary amount of solder is on the seam and sweated
into the joint. This is accomplished by heating the
vopper thoroughly and moving it alternately to the
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DETAIL SHOWING PROPERLY
TACKED SEAM,

I

Figure 11.

right and left on the seam itself, thus drawing
the solder into the seam as shown in the detail C,
Fig. 13.

SovLpEnine Borroms oF CYLINDRICAL, SQUARE, AND
Recrancurar Joss. To solder bottoms of cylindrical,
square, and rectangular jobs, proceed as follows:
Tin and heat a bottom copper. Make a number of
solder beads by holding the solder against the heated
copper and letting the melted solder drop onto a
piece of sheet iron or marble as shown in Fig. 14.
With a brush apply the required flux to the seam of
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the job, as shown in Fig. 15, then place one of the
cold solder beads in the bottom of the work as
shown in Fig. 16. After heating the soldering copper,
dip it into the dipping solution and hold it in con-
tact with the cold bead until the solder begins to
flow smoothly into the seam. The seam is finished
by drawing the soldering copper slowly along the
seam, adding additional beads as required and re-
heating the copper when necessary (Fig. 17}.
Coorimng aNp CLEANING SOLDERED SEams, Once the
job has been completed, the work should be allowed
to cool undisturbed until the solder has had an op-
portunity to sclidify. Movement of the parts during

this cooling or pasty stage may result in a weak joint.
Tiny fractures sometimes set themselves up inside
the joint and weaken it. Do not apply water to speer
up the chilling of a soldered joint until after the
solder has had ample opportunity to reach the solid
stage. Never use water on soldered seams or joints
that have been fluxed with a rosin type flux. There
is no danger of corrosion if the residues of rosin are

left behind.

A WATER-TIGHT J0B, "
Clean water, warm, if available, should be used
Figure 12
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MAKING SOLDER BEADS,

Figure 15

to remove the residues of all types of acid fluxes.
These residues, if allowed to soften for about 15
minutes  after soldering, can be more readily re-
moved with a final rinse in clean water. Then dry
with a clean rag as extra insurance against flux
streaks and water stains, )
Sovprring  REINFORCED Joints IN SHEFT METAL.
Where it is impractical or impossible to make inter-
locking bends in sheets or rods that are to be joined,
there are several methods of reinforcing a butt joint.
Figure 18 shows butt seams or joints that do not
have enough strength and have to be reinforced.
A simple method of reinforcing a butt joint on

Figure 14.

PICKING UP SOLDER,

Figure 16,

sheet metal is shown in the left drawing, Fig. 13
This type of seam or joint, called a bead seam, is
formed by first soldering the under portion of the
metal in the same manner as that used for an inter-
locked bend, then forming a reinforced strip of sol-
der in the form of a bead seam on the upper portion
of the two pieces of metal,

To make a bead seam, paste a piece of masking
tape or “cellotape” on each of the shects parallel to
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the two edges and approximately half of the width
of the bead from each edge (Fig. 18). Apply flux to
the space between the pasted-down strips. With a
hot soldering iron, apply encugh solder to form a
bead. Place the edge, not the flat side, of the solder-
ing iron in the center of the seam, and move it along
as fast as the solder melts. The adhesive strips serve
to keep the molten solder from spreading. Making a
bead requires a little practice. At first the solder will
be quite rough. Run the iron over the seam several
times, until a smooth bead is formed.

Another method of reinforcing seam joints is with
z lap searn shown in the right drawing, Fig. 18. The
two picces of metal to be joined are overlapped and
soldered in the position shown. The solder flows be-
iween the two pieces and along each of the edges.
This tvpe of joint is considered stronger than either
the butt or the bead seam, When making a lap seam,
use the fat side of the iron.

Another method of reinforcing a butt joint is to
solder an additional strip of metal between the two
sheets of metal lengthwise with the joint.

Sovperine REINFORCED Joints IN Rops anD Bags.

Rods and bars, whether circular, square, or rectan- SOLDERING A BCTTOM M

gular, must be reinforced with a collar of metal when
butt-jointed. A short section of brass or copper tub- Figure 17,
ing just large enough to slip over the rod can be used
as a collar for a ecircular rod. For a square or rec-
tangular rod, bend a piece of sheet metal to the
proper shape to form the reinforcing collar. When
fitting the collar, allow enough space to permit the
solder to flow freely between the collar and the rod.

SOLDER ON
BOTH EDGES

SOLDER

MASKING
TAPE

,,,,

OVERL AP
JOINT

ECTION SECTION T ]
3 0 0 SECTION

E: THREE METHODS OF REINFORCING SHEET METAL JOINTS, y

Figure 18,
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SorperinG Avuanzuat. To solder aluminum, a spe-
ciai flux and solder must be used. The aluminum
flux, which is available in powder form, must be
immediately sprinkled over the previously cleaned
surface to prevent the formation of oxide. If an elec-
tric soldering copper is used, it should be at least a
200-watt irom.

Hold the Hat surface of the iron on the Huxed area.
As the iron attains the proper tcmperntur& the Hux
will melt, bubble, and then smoke. When it smokes,
do not remove the iron from the work, but apply the
special aluininum solder to the copper and melt it
over the fluxed surface of the aluminum. If additional
solder is needed to reinforce or strengthen the joint,
apply it w

When soldering other metals to aluminum, it s
necessary to use aluminuem Hux for the aluninmm
and whichever flux is required for the other metal
Wherever possible. upply the heat to the underside
of the aluminum.

Sorperine Cast Iron. Seldering cast ron 1§ not
especially recommended, but sometimes it is neces-
sary to make temporary repairs in cracked cast-iron
parts. Widen the top of the crack with a cold chisel
or a file, or by grinding it into a V-shaped groove.
The groove should be made wide and deep enough

wth thoa
ALLL LIER,

tip of the f5on In the usual manner,

METHODS OF REINFORCING JOINTS N SHEET METAL, #HODS, AND BARS.
i
Figure 19.

Clean and polish both the rod and the codar thor- r
oughly with emery paper, and apply the flux to both
hi_‘f()t't? putting the collar {)Ilf}l(’ rod. Then solder the CHISEL V-
work in the usual manner (Fig. 19). SHAPED

GROOVE WO RK

B CASTING _
7Q¢\i \:\ 7\\ ~ ~ VW\ SN N
N WIDEN CRACK IN CAST {RON BY

GROOVING, BEFORE SOLDERING,

Figure 20.

to permit a sufficient amount of solder to enter and
close the crack (Fig. 20). Clean all grease, dirt, rust,
or pamt from the cast won. Most of the aluminum
fluxes can also be used for cast iron, but better re-
sults are obtained by nsing a special cast-iron Hux.
Place the flux in the groove and on the surface sur-
rounding the groove, Apply heat until the flnx
smokes. The peculiar structure of ivon castings makes
it necessary sometimes to repeat the Huxing opera-
tion several times before applving the solder, Meit
the solder and run it into the groove with a hot cop-
per until the entire surface has been soldered.
SoLpErING Brass anp Bronze, Brass is an alloy of
copper with zine or another metal, A flux of zine
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chioride or rosin is used for brass, and is applied in
the usual manner to the cleaned surface. Be careful
not to use too much heat. Then solder the parts in
the manner described previously for the type of
work. If zine chloride has been used as a flux, the
joined parts must be washed clean of all traces of it
with water containing soap and washing soda.

Bronze is the general term used for various alloys
of copper and tin. Some types of bronzes also con-
tain zinc, silicon, lead, and nickel. Bronze is fiuxed
and soldered by the method just described for brass.

SoLpering [rRon anD Steel. Zine chloride flux and
tin-lead solder are satisfactory for soldering iron and
steel, but the special commercial aluminum solders
and fluxes give better results. The soldering proce-
dure is the same as that for other metals, according
to the tvpe of work.

SoLpLRING STAINLESs STEEL. Stainless steel can be
soldered satisfactorily if certain important factors are
considered. Because stainless steel is a poor heat
conductor, a relatively heavy copper must be used,
and it must be held in one place on the stainless
steel cuusiderably longer than is necessary when
soldering other metals.

Special commercial stainless-steel fluxes are avail-
able, but muriatic acid used undiluted is considered
the best flux for the purpose. After cleaning the
metal, brush the acid on the surfaces to be soldered
and allow it to remain there for several minutes be-
fore beginning to solder. The ordinary half-and-half
type of solder can be used on stainless steel.

After the acid has been allowed to bite into the
material, apply the solder with the heated iron, mov-
ing the iron along the joint or seam very slowly. In
fact, the iron should be held on each spot before
moving it along. After the soldering has been com-
pleted and the metal has cooled, wash off the excess

flux with a sclution of washing soda and soapy
water,

SoLperinGg LEap, TiN, Pewtek, anp Zinc. Lead has
a very low melting point—621 deg. F.—so the solder-
ing copper must not be tco hot. The flux and solder
also must have a low melting point.

In lead soldering, the joints must be scraped
bright and fluxed before the solder is applied. An
ideal flux for lead is ordinary tallow. Scrape a few
shavings of tallow on the joint and melt it into the
joint. A special commercial tin-lead-bismuth solder,
which has an extremely low melting point, must be
used. Keep the soldering copper moving to aveid
melting the surrounding metal.

Tin has a lew melting point, and the procedure
given for lead soldering should be followed in solder-
ing this metal,

Pewter is an alloy of tin, lead, and other metals.
It also has a low melting point, very near that of
lead, and the procedure for soldering pewter is the
same as for lead.

Zinc also has a low melting point, approximately
775 degrees. Use zinc chloride as a Hux, and the
same solder and procedure as the lead. After solder-
ing zinc, wash off the excess flux with r solution of
soapy water and washing soda.

SoLbering WHITE METALs. White metals are usu-
ally combinations of lead, tin, antimony, and other
metals that have a very low melting point. They vary
to such an extent that specific directions for solder-
ing them cannot be given without knowing which
metals have been combined. As a rule, no flux is used
on white metals. Ciean the metal by sanding or
scraping. Apply commercial tin-lead-bismuth solder
with a wire brush before using the soldering copper.
The general procedure for scldering white metals is
approximately the same as for lead.




Chapter ?

Riveting Materials and Procedures

wivets are made of brass, ~ ./ner, wrought iron,
tinned iron, mild steel, alunrnum, and Allegheny
metal, It is customary to vse rivets of the same metal
as the parts that are being joined. Rivets have either
solid. hollow, or split shanks, and thev have a variety
ot heads, Types generally used for sheet metal work
are shown i Fig. 1.

Round-head and flat-head solid rivets are more
componly used. Round-head and countersunk-head
soft-steel rivets are ava;!..b e in fractional sizes, rang-
ing from 13 in ts 7%, in. n diameter, and in various
lengths, Flat-head copper rivets are obtainable in
seven sizes, ranging in length from 1} in. to 114 in.

Tinner's rivets are available in twenty-four sizes,
from 070 in. to .293 in. in diameter, and from 1} in.
to 17, in. in length.

Copper-plated steel and solid copper rivets are
sold bv weight in half-pound boxes, each containing
an assortment of lengths and a burr, or washer, for
each rivet. The burr is necessary when copper rivets
are used, but it is optional with other types. It is
slipped over the tail or end of the rivet—that part of
the rivet shank which projects through the work be-
fore the end is flattened or mushroomed.

Rivet Setting Procedures

The usual tools required for setting rivets are a
ball-peen or a tinner’s hammer, a rivet set, and a
rivet header. (See Figs. 3, 4, and 5.)

Use the flat face of a tinner's riveting hammer to
fatten small tinner's rivets. The flattened ends of
either tinner’s or small rivets are never shaped with
the tinner’s riveting hammer, but only with the rive
set and cup tool. or header. A rivet set is a small
piece of hardened and tempered steel with a hole in
one end for the rivet head and either a conical or
hemispherical depression alongside the hole, for
shaping the rivet end after it has been flattened with
the hammer.

Small rivets made of aluminum, copper, brass, or
similar soft metals must be hamimered lightly, and,
naturally, will require a smaller hanwner. Larger
rivets made of the harder types of mctals will re-
quire a heavier hammer. No set rule can be given
for the correct size of hammer. A little experience or
practice will quickly determine whether a hammer
is too small or too large for the job.

Holes must be either punched or drilled in the

ROUND-HEAD

FLAT-MEAD

SPLIT SHANK

FIVE TYPES OF REIVETS AND WHEAD SHAPES,

COUNTERSUNK~-
HEAD

CONE-HEAD

Figure 1.
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DOUBLE ROW STAGGERED

Two METHOLDS OF RIVETING LAP JOINTS,

e

sl

Figure 2.

metal betore riveting, Drills and punches used and

methods of using them are deseribed in Chaps. 3
and 4.
When more than one rivet is used. all of the holes

must be properly spaced and lined up. The spacitg
of rivets is determined by the nature of the work and
the tvpe of material used. In general, a good rule is
that the minimum distance between rivets shouid be
three diameters of the rivet stem, and the maximum,
eight diameters. The minimum distance from the
edge of the work should be two diameters of the
rivet stem. Rivets that are placed too close to
the cdge will cause the metal to stretch and tear.
Too great a distance from the edge causes buckling
and inosening of the joint,

The length of rivet necessary to form a head suf-
ficient for the work depends on the ciearance be-
tween the rivet and the vivet hole, the type of rivet
nsed, and the type of metal being riveted. In general,
the rivet should extend from one to two diameters of
its shank bevond the material. The diameter of the
rivet should not be less than the combined Jhickness
of the sheets that are being riveted.

SETTING RIVETS, A,
RIVETY IN POSITION:

DRILL HOLE AND SET
INVERT WORK ANOD
HAMMER TaiL WITH VERTICAL BLOWS.

Figure 3.

Rivets can be set in either a single row or a double
row, staggered as shown in Fig. 2. Narrow seams or
joints are usually riveted with a single row in a
straight line, while heavier material is usually riveted
with a double row of staggered rivets, especially
when the joint of the seam is to be reinforced with
solder. Unless the rivets are staggered, there is a
tendency for the hot solder to expand the metal be-
tween them, causing the gaps and buckles in the
work. To prevent errors, driil all of the holes in one
of the pieces, and only one hole in the second piece.
Secure the two picces together with either a rivet or
a temporary bolt (A, Fig. 3). Drill the rest of the
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holes in the second piece, using those already drilled
in the first as Juides.

Clamp the two picces together tightlv. Set the
rivet in the fiist hole with the head resting agnmst a
solid surface. Strike the tail of the rivet several direct
blows with the ball-peen of vour hammer to expand
the tail slightly beyond the edges of the hole (B, Fig.
3). Proceed to form the rivel to the required shape,
by working around its edge with the ball-peen at
the proper angle (C, Fig. 1). Proceed in the same
manuer to form the head of the rivet (D, Fig. 4).
Continue to strike angular rather than vertical blows;
vertical blows will form a fHat, pancake-shaped head
that is weaker thau a rouna or a conical head. Then,
by using the Hat face of the hammer, as in E, Fig. 3.

properly shape and smooth the head. Rivets can be
easily shaped with a rivet set ol the correct size,
Pluce the depression in this toul over the rivet end,
hold the tool in a vertical position, and strike it with
a hammer (F, Fig. 5}, One or two blows wili usually
shape a small ri\:vt; farge ones require ses eral addi-
tional blows. While a rivet is being flattened and
headed, back it vp with a suitable stake set in a
bench plate.

When setting rivets, p;u'ticu‘mr\y coppur rivets that
require burrs or washers, the burr should fit the rivet
shank snugly and must be slipped over the tail of
the rivet before it is lattened or shaped. When rivets
larger than 1, in, in diameter are used, they are usu-
allv heated to a bright red in a torge or a gas Hame,

C., HAMMER W!TH BALL PEEN AT ANGLES
INBICATED:; D, FORM HEAD OF RIVET
WiTH AMGUL B BALL-PEEN STRORES,

m

SETTING RIVETS {CONTINUED) . E, ROUND
AND SMOOTH MEAD WITH FLAT FACE OF

M AMMER, STRIKING AT ANGLES INOICATED
F, FINISH HEAD GF RIVET WITH RIVET
SET,

Figure 4.

Figure 5,
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slipped through the holes, and headed before they
cool. This type of riveting is called hot riveting and

is per v lone by huand. A jack hamomer or a riveting
oun coiven by cumpus,\t‘d air is used for driving h()t
rivets, Hot rivets are used <mly 01 hvu\'y construc-

fion work and will not be discussed in this book,

Riveting Aluminvmr and Its Alloy:

Aliminum oad its verions allevs are used coxten-

sivelv inindusiry wod alinst evelusively in the fab-

cad s oy components,
most comnonly need method for
partieufarly the structural allovs

extent in kne fabrication of tanks.

foaireraft .

o the

aluminnan

Vi P SR
Biaeat W Ve’

shapead and chemical cortainers, laboratory equip-

vt areraft fuselages, epars, and wing members,

which denend upon ceat treatment for their high
propertics e thie siwabler gauges or
thichnosses, abaninir allov rivets are always used.

Fuor the thicker secfions wsed n larger structures,
Cither abnminun sllov or steel rivets mav be used,

the choice dt‘p{’ﬁd!
erectinn

upon conditions attending the

und use of the structure.
Steet yivets are stronger than afaninem allov rivets

and offer certain adventages in ease of driving from
the standpueint of equipment required. However,
their

the strichiure san be

use 1y Hmited to those applications in which

nrle teri :i{EE'{izmt(‘E}-’ againsf

211

corrosion. Aluminum alloy rivets make possibie the
maximum saving in weight und offer the greatest re-
sistance to corrosion,

The riveting of alumivum and its alloys differs in
many ways from the ordinary riveting of steel or
iron, The former operation must alwavs be done in
a way to produce the greatest strength possible, and
any distortion of the material must be avoided.

Tyees oF Rivers. The factors governing the selec-
tion of rivets depend largely on the job to be done
and the location of the seam. Figure 8 shows the
common types of solid shank rivets and Table 17 gives
their general specifications.

In many cases where the rivets are to He subjected
to shear stresses only, the appearance of the heads
mav well be the astermining factor. However, where
it is possible that sonw iensile stress may be induced
in the rivet, other points must be considered. In such
cases, a tvpe of rivet should be used in which the
height or thickness of the bead is not less than one-
half the diameter of the rivet shank.

Round-head (A, Fig. 6. This type of rivet is used
in relatively thick sheets where strength is required.
The size of the head is such that it covers sufficient
area to strengthen the sheet around the hote and at
the same time offers considerable resistance to ten-
sion,

Brazier-head (B, Fig. 6). The brazier-head covers
sufficient arca to strengthen the sheet arounl the

DFAKETER winTe | HEAD DE! TH] MEAD RADIUS
AR 3 7 C R
B ROuND~YEAD A 2,004 784 1.042 A
BopEArtELR-MEAD A 7.950 4 B A |, B1254
O 0 T Sh-HEAD 2, f.8%a4 5C &
ToFL al-wEAD & j . .0un 4G4
TYPES GF REIEVETS.,

iy

Figure 8.
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TaeLe 17
River SFPECIFICATIONS
Shearing
strength
Type Material Identification {lb. per Remuarks
: sq. in.})
A Aluminum alloy No. 2. Plain. .. ... ... . 10,000 Do not heat treat before using,
AD Aluminum alov No. A-17S. 1 dimple in head. AU 25,000 Do nat heat treat before using.
D Aluminum allov No. 178. 1 raised tit on head. 30,000 Heat treat before using.
3 Aluminum allov No, 24§, 2 raised dashes on head. . 35,000 Heat treat before using.
ilron ¢ cadinium plaled). Plain. o . 35,000

hiole und at the same time offers considerable resist-
anee to tension.

Countersunk-head (C. Fig. 8). This type 1s used
for riveting thick sheets over which other plates must
fit. Countersupk-head rivets may also be used, in
some cases, for riveting thin sheets.

Flat-head (D. Fig. 6). The fat-head type of rivet
is sometimes used for internal riveting where in-
creased clearance is required.

Special Rivets. Two special rivets are used to a
certain extent in aircraft construction (Figs. 7 and
85, THOMP SON RIVET,

Steel Tubular Rivet. Rivet: shown in F ig. 7 are not o
in the true sense tubular. The portion of the rivet
shank through the material is solid and is onlv
drilled to a depth sufficient for heading or up-setting, through which they go.

Figure 7.

For this reason, the lengths must be very carefully Rivnuts. Rivnuts, shown in Fig. 8, are threaded
matched in relation to the thickness of the materials rivets manufactured from alloy number 53. They are
TabLE 18
SerciFicaTions FOR THE Use oF RivNurs

} N
l l To_ta.l thif.-kn(zss of Type of screw
: Rivnuts jeint {inches) :
Tyvpe leagth
{inches) Maxivam Minimum Round head Flat head
Opew end L3s L 0050 0.020 AN 515.6-5 AN 505-6-5
; TG (3.070 04.G50 AN 515.6-6 AN 505-6-6
Bind end ... Co2 e 0.070 AN 515.6.7 AN 505.6-7
i 3/ 18 : 0.1530 (.070 AN 515-6-7 AN 505-6-7
i |
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RIVET FOLDED BY APPLIED
PRESSURE,

PLATES RIVETED £/
TOGETHER :

RIVNUT.,

)

[

Figure 8.

TYyPES CF
RLUMINUYM RIVETED JOINTS,

ik

Figure 9.

used in places that are impossible to reach with a
bucking iron. The rivet is hollow and the end oppo-
site the head ' s ar internal thread for approxi-
matelv one-halt its length. The remaining length is
counterbored to a somewhat larger diameter than
the thread. The rivet is headed by means of a special
tool with a threaded maundrel which is screwed into
the threaded portion of the rivet. The tool bears
against the head of the rivet and withdraws the man-
drel which upsets the counterbored portion as shown
in Fig. 8. Table 18 gives the general specifications for
its use.

Rivauts manufactured from 2, A-17, and 53 alloys
have been heat treated by the manufacturer and no
turther treatment is necessary.

Types oF Joints {Fig. 9). The two standard joints
used for riveting aluminum are the lap joint and the
butt joint. Either tvpe may be made with one or
more rows of rivets. In joints using more than one
row, the rivets are usually staggered to distribute the
stresses.

GeNERAL ALUMINUM RiveTiNG ProCEDURES. A large
percentage of the riveting of aluminum is done on
thin gauge aluminum alloy, and the work must be
so accomplished that the material is not distorted by
hammer blows or injured with the riveting tools.
This is done by up-setting, or heading the rivets
against a bucking tool of the type shown in Fig. 10,
instead of striking the shank with a hammer.

To prevent deforming of its head, a rivet set must
be selected to fit each type. The depth of this set
must be such that it does not touch the material
being riveted.

When solid rivets go completely through hollow
tnbes, their diameter should be at least one-eighth
of the outside diameter of the tube, Rivets through
holiow tubes which are loaded only in shear should
be hammered just enough to form a small head. No
attempt should be made to form the standard round
head. because the amount of hammering required
often causes the rivet to buckle inside the tube, with
resultant injury to the member. Correct and incorrect
examples of this type of installation are shown in
Fig. 11

The selection of the proper rivet for the various
operations is very important and must be given care-
ful consideration. Table 19 gives the application of
standard rivets,

The rivets mnst be of the proper lergth for the
total thickness of the picces being riveted. Ordi-
narily, from 11, to 2 times the diameter of the rivet
is about the right amount for the rivet shank to pro-




TasLe 19

SeLrCTION oF RiveTs

Rivet tvpe | Use
A Parts fubricated from 28 and 38 alloys.
31D Puarts fabricated from 175 and 245 allove.
B Parts fabrivated from 175 and 248 afloys
L Purts fabricated from 248 alloy and as a

substitute for types AD and D rivets.

rrude through the material to form the head { Fig.
4], For hea\'y material, ruch as plates or fittings,
from 2 to 21, times the diameter may be used. Where
the two edges of thin sheet are lapped and riveted
tegether. about one diameter of the rivet will prove
sufficient,

EXPANDING
BUCK i8NG TOOL S,

TYPE

i

Figure 10,
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The rivet should not be too loose in the previously
drilled hole, because this will cause it to bend over
while being headed, and the shank will not be suf-
ficiently expanded to fill the hole completely (Fig.
3). A drill from .002 to .004 in. larger than the rivet
should be used for sheet and plate riveting,

Pieces should be held firmly together by clamps,
screws, or bolts while they are being drilled and
riveted.

SMALL HEAD
HAMMER
LIGHTLY

AFFROXIMATE
THICKNESS OF
BRAZIER HEAD

CORRECT WAY

d MUST NOT B8f£ LESS THAN

@

" STANDARD
ROUND
HEAD

INCORRECT WAY

CORRECT AND INCORRECYT METHOD
CF RIVETING THROUGH TUBUL AR
STRUCTURES,

Figure 11.
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HAND AND MACHINE RIVETING &

ILTHODS

In itubular members, where the rivets go com-
pletely throvgh the tubes, a minimum diameter s
established by taking one-eighth of the outside di-
ameter of the tube, Where one tube sleeves over an.
other, the sutside diameter of the outer tube is taken.
A good practice, in many cases, is to use the next
larger size of rivet than that obtained in the calcu-
Yation for t‘}é minimum size.

Hond and Mochine Hiveting Methods

There are numerons places in the oviginal fabrica-
tion of structures where machine riveters cannot be
used, and where the rivets have to be headed-up by
hand, as described previously in this chapter. A large
percentage of all repair work must alse be accom-
plished by hand methods, although mechanical riv-
eters should be used wherever possible. In order to
be able to do good work, using any of the riveting
methads, considerable skill is required together with
a general knowledge of riveting practices. Figure 12
shows both properly and improperly applied rivets
and brings out many common faults that must be
avoided.

Hawnn Oreratep 5Querpzz Raverers. Numerous
types of hand operated squeeze riveters are manu-
factured and are used successfully for heading rivets
not over 1 in. in diameter. Riveters of this type are
often used in the apph’cafﬁﬂn of the cover on aircraft
using the stressed skin type of construction. Specific
directions for their use are furnished by the maau-
facturer.

For bucking rivets inside of round or ovai-shaped
tubular members and straight channel sections, an
expanding tool is used. Two such bucking tools are
shown in Fig. 10.

Squeeze Riverive. Many machine riveters in gen-
eral use are of the squeeze type operated by air
pressure, They are manufactured both as portable
and stationary units, although the portable riveter is
the most satisfac tory for general work, The air pres-
sure required to operate these riveters is between 80
and 100 lb. per sq. in. Squeeze riveting is the mest
efficient method insofar as the strength of riveted

joints in aluminum is concerned. The rivet is up-set




R

L
faremy

e

LN
o Sttt

Pann 2

Ry L
o]

Py
i
E

m

A CORRECT DIMENSIONS FOR RIVET

BEFORE DRIVING,
CORRECT DIMENSIONS FOR RIVET

v ]

AFTER DRIVING,

CORRECYT SHAPE FOR RIVETING TOOL,

INCORRECT SHAPE FOR RIVETING TOOL,
RESULT OF RIVEY BEING ON B SLANT,
RESULY OF THE USE OF A FLAT-SIDED

RESULT GFf OVERCLINCHING OR USE OF
CAMAGED PLATE DUE TO DRIVING RIVET

C

D

E

F
RIVET,

G RESULT OF THE USE OF TOO LONG A
RiVET,

H

) QVERSEZE RIVET,
AT A SUANT,
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METAL BEING TOC HARD,
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Pop Rivets

Pop rivets (Fig. 15} have two advantages com-
pared to standard rivets in that they can be set by
one man and alse be used for blind fastening. This
means that tiey can be used where there is limited
or no access to the reverse side of the work.

Operation is simple. Drill holes in the parts to be
riveted together and align the holes. Insert the pop
rivet {a hollow rivet assembled on a solid mandrel)
and set it with a pop riveter {Fig. 16} using the pro-
cedure shown in Fig. I7.

There are two basic designs for pop rivets: closed-
end and open-end (Fig. 15). The closed-end type
rivet fills the need for blind rivets which seal as they
are set. They are gas- and liquidtight, when used
properly, since a high degree of radial expansion pro-
vides escellent hole-filling characteristics and the
mundrel head s within the core of the rivet body.

The open-end tvpe is not liquidtight because the
mandrel hend which remains in the rivet body is not
enclosed within that body as is the closed-end type.

CLOSED-ERD TYPE
HOLLOW~CORE TYPE
DOMED HEAD

SOLID-CORE TYPE
COUNTESUNK HEAD

OPEN-END TYPE
 DOMED HEAD

Figure 15. Pop rivets.

This obviously leaves room for pessible seepage of
liquid or gas.

Rivet Selection

The following rules govern the selection and use
of rivets in making a repair:

1. Replacements must not be made with rivets of
lower strength material unless they are larger than
those removed.

2. When rivet holes become enlarged, deformed,
or otherwise damaged, use the next larger size as re-
placement.

3. Countersink head rivets are to be replaced by
rivets of the same type and degree of countersink.

4. Rivets selected for specific applications must
always be of the type recommended in the repair
manual for that particular piece of equipment. Rivets
are available in a variety of metals and alloys having
specific shear strength and hardness characteristics.
Selection of the wrong alloy-type rivet could produce
hazardous results.

Figure 16. Pop rivet tools.

WANDREL
{1} INSERT POP RIWVET

{2) APPLY RIVETER NOSEPIECE FLUSH
WITH STRUCTURE SEING RIVETED.

{3) GRIPPING MECHANISM GRASPS
MANDREL , BRINGS PARTS TOGETHER
AND CLINCHES RIVET ON BLIND SIDE.
FURTHER RE YRACTION REMOVES
MANDREL

SLIND
SIDE

{4} COMPLETED RIVET, SET.

Figure 17. Setting pop rivets.



Many mechanisms and devices are held together
with metal fasteners. Only the more commonly used
fasteners wiil be discussed here so you will know
when, where, and how they should be used. Use the
fastening device that is best suited for the job.

Sheet Metal Screws

flardened sheet metal screws are used for fasten-
ing or joining sheet metal parts that cannot be
riveted. These screws are known in the trade as “self-
. tapping” screws (Fig. 1}. The following tables give

Chapter 8

Sheet Metal Fasteners

the sizes of screws and drills to be used for metal of
different thicknesses.

As shown in Fig. 1, both blunt and sharp pointed
screws are available. In general, the blunt end
screws will be found most satisfactory, but the
pointed type is used if alignment of the holes is dif-
ficult. In all “self-tapping” screws, the letter Z de-
notes the blunt or square end while A indicates the
gimlet or sharp point.

Type A screws are usually used for joining ma-
terials lighter than .050 in.

Type Z screws are usually used for sheets from
015 to .203 in. thick.

TYPES OF HEADS

=
Ex
=
y =
ROUKD= BINDING- STOVE- COUNTERSUNK COUNTERSUNK
HEAD HEAD HEAD FEAT-HEAD OVAL~HEAD
TYPES OF POINTS
r—-:.eusm-a@ be-L ENGTH
TYPE *A” POINT TEIREUER TYPE "2Z' POINT
Gia DIA,
MARDENED SELF-TAPPING SHEET-METAL SCREWS,
#&l

Figure 1.
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SHEET METAL FASTENERS

Figuge 2.

are also available in approximately the same size
range as the “self-tapping” screws. These screws re-
quire a special screw driver for each size of head.
Proceoune rorn Using Tvee A Snexr Mervan
Sceews. When two parts made of light gauge sheet
metal are to be joined. the holes in both may be
drilled or clean-punchied with a stop punch (Fig. 2)
the same size, using the hole size recommended for
the total metal thickness (A, F ig. 3), or the holes in
both thicknesses may be pierced at the same time in
a nested form (B, Fig. 3). which results in a stronger

\

-

PIERCED HWOLE EXTRUDED HOLE

PROCEDURE FOR TYPE A,

fastening. When a part in which a clearance hole is
provided is to be fastened to light gauge sheet metal,
it is desirable to pierce or extrude the hole in the
latter (C, Fig. 3). Recommended hole sizes are
given in Table 20.

Procepunes Forn Using Tyere Z  Sewr-rApping
Scuews. The type Z, hardened, self-tapping screw,
shown in Fig. 4, was designed to extend the many
advantages of the original sheet metal screw (the
type A) to a broader range of applications. With the
type Z, secure fastenings are made simply and inex-
pensively to light and heavy gauge sheet metal, non-
ferrous castings, and sheet metal parts to rosin

TasLE 20

Recommennen Howe Sizes Fon 'Tyre A HanbeNING SELE-
TarrinG Songws

Figure 3.

STeEL, STAINLESS STikl, MoNeEL METAL, BrARS,
ALUMINUM ALLOY

HCHEW Pleeeed or  Ex- briiled or
Biaw. Motal irtd Hule Clean-Puncled Hole
FThirkuess Delil

Hole Reytieed Hole Hegnive@® | %ize Ne.

0157 . 086" 44
018" 088~ 44
No. 4 247 098" 0837 42
307 RIS D937 42
036" 08" 098~ 40
015" o 0997 39
018" 099" 39
No. 8 0247 A1 099" 39
0307 A1 1017 38
036~ 117 1o~ 36
015 104 a7
0187 Jg” 37
024" 120" A0~ a5
No. 7 030" 120" 118" 33
036" 207 118" 32
A48 207 q207 3
018" 13 33
0247 .136" A3 33
No. 8 0307 136" 118" 32
036" 138" 120" a1
0487 136" 128" 30
018" . 128~ 30
024" 577 128~ 30
No. 10 030~ 157 128~ a0
036" 157" .136” 29
048" AST 149" 25
0247 AT 28
030~ 185" 149 25
No. 12 036" 185" 152~ 24
| 0487 185" 57 29
024" 180" 15
0307 209" 189 12
No. 14 | ggg- 209" 191" 1!
048" | 200" 196" 9
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impregnated plywood, hard rubber, or slate.

The type Z is hardened, so that it forms a mating
thread as it is driven into a drilled or punched hole
of suitable size. Fastenings made with type Z resist
vibration, tension, and shear stresses. To drill the
necessary hole, any conventional hand or power
screw driver can be used, and type Z can be re-
moved and replaced repeatedly without impairing
security.

Because they eliminate tapping and threading and
becaunse of the obvious saving in time, trouble, and
costs, these type Z screws have replaced mechine
screws, bolts, rivets, and other devices for many
metal assemblies throughout the sheet meial indus-
try. They are available with both the ‘cCnventional
slotted head and the Phillips recessed head (Fig. 5).

When two parts made of sheet metal are to be
joined with type Z screws; the holes in both may be
drifled or clean-punched the same size, using the
_ hole size recommended in Table 21 for the total metal
- thickness (A, Fig. 4), or the holes irr both thicknesses
mnay be pierced at the same time in_a nested form

B IERCT L HOLE

EXTRUDED HOLE

UtiNG TYPE Z, SELF-
TAPPING SCREW, *ﬂ

(B, Fig. 4}, which results in a stronger fastening.
When a part in which a clearance hole is provided
is to be fastened to light gauge sheet metal, it is de-
sirable to pierce or extrude the hole in the latter (C,
Fig. 4). Pierced or extruded holes are not necessary
when the screws are used in relatively heavy gauges
of sheet mietal as indicated in the hole size (see

Table 21.)
Nails
Many types of conventional nails made of zinc

coated and tinned copper are still used for fastening
sheet metal work to wood and masonry. However,

SLOTTED
HEAD

PHILLIPS
RECESSED
HEAD

TWO TYPES OF ROUND HEADS,

kil

Figure 4.

Figure 5.
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the type of tinner’s nails shown in Fig. 6 are grad- and securely to wood is solved by the hardened
ually being discarded. screwnail (Fig. 7), which combines the easy driving
The problem of fastening sheet metal economically quaiities of a nail with the strong holding property

: TanLg 21

RecomMMENDED HorLe Sizes FoR Type Z HanpeENeD SeLr-TAPPING SCHEWS IN SHEET METAL

BT ovkL, Baass " | AtoMivus Avvov ST oty Baase | Auwsivvm Avsoy
3 ] Pierced or Pierced or 2 E Pierced or Piereed or
2 [ Extruded | Drilled or Clean- § Extruded | Drilled or Clean- na Estruded | Drilled or Clean- | Extruded | Dritled or Clepn-
z= Metai Hole Panched Hole Hole Punehed Hole g Metal Hale Punched Hole Hole Punehed Hole
x| Tok @S | Thick-
a ness Ihilt Deill A news Drit Size
Hole Hole Size Hole Hole Size Hole Hole Size THole Hole No.
Required | Requited | No. ¥ Boquired {Required | No. Required | Required | No. [ Required |Requived | Drilt
015" o 083" | 52§ .. .. 105" S Jd497 1 25 ) A477 | 28
018" . 063" | 52 - o . 125”7 R d497 1 25 ) 1477 | 26
No 024”7 067" | 51 ) o83 | 52 135" . A527 | 24y 149”7 | 25
'2 ’ 030" 070" | 50 ) 063" 1 52 162"
036" . 073" | 49 . 083”7 | 52 to
048" 073" | 49 067" | 51 3757 | : f |82 | 24
I R o6 | 8] . |wo707 50 o’ | s |1 |
0157 | 086" | 086" | 4] o .. 0247 1 157" | 144" | 27 § 157"
0187 1 086" § 086" | M4 o . 030" | 1577 | 144" | 27 | 1577 R .
0247 1 098" | 089" | 43 | on6” .. .. 036" | 157" | 1477 | 26 § 1577 | 144" | 27
No. 0307 | 098" | 093" | 42 § ogg” | .0868" | 44 0487 | 1577 | 1527 1 24 § 157" | 144~ 7
4 0367 | 098" | 093" | 42 § ggg” | 086" | 4 060" cees 452" [ 24 4 1447 | 27
048~ R 096" | 41 F oge” | 086" | 44 No. 075" . AT 22 1477 | 26
060" - 089" + 39 . 089" | 43 10 105" . 61" | 20F 1477 | 26
0757 R Jd017 1 381 089" | 43 125" o 189~ L. 3 JA547 ) 23
105" o o o o 093”7 | 42 .125: S %?g: }? Lo d547 ) 23
E IETIE BV K e T _égg" SRR e B
0187 [ 1117 | 104" 3T . .. to
024" | 1117 11067 36 0 a1t || L. 1/ 20 I T 166" | 19
0307 1117 | 106" ¢ 36 § 111~ | 104" | 37
036" | 111" | 110" | 35 % 111~ | .10a” ! 37 024" | 185" | .166" | 19
No. .048” L 17 ) 34 ) 11 | o104 ] 37 0307 | 185" 1 168" 19
a 060" o 116" | 32 B 108" | 38 036" | 185" | 166" 198 . C .
075" o 120" | 31 o 1107 | a5 048" | 185" | 189" | 18 o 1617 } 20
105" e Jz28” | 30 A1 | 34 060” o A77 8] .1a8” 19
128" No. | 075" | . . |.as2" | 14| = |a73° | 17
to 12 105" e JA857 | 18] 180" | 15
250" o o 1 120" | 81 125" . .196" 91 .. .. 182" 14
o A35" | . .196” 91 .. |.182" | 14
L1871 120" ) B137 ¢ 33§ R . 1647 S 201”7 7 189" | 12
0247 ¢ 120" | 1137 ; 33 | .120" S . 200"
0307 + L1207 1 1167 | 32 1 1207 | 1137} 33 to
0367 | 1207 | 1167 ; 32§ 120" | 113”1 33 375" B S - 198" 9
N 0487 | 120" ) (1207 3 31§ 120" | .116” ! 32 —
i _:’ 060" o Jd28” 1 30 1207 i 81 0307 | 209" | .185" | 13
! 075" R 1367 | 29 o 1287 1 30 0367 | 209" | 185" | 13
105" R 40" | 28 ) 0 138" | 29 048" | 2097 | a91 ] 1v ) .. C ..
128" 060~ e 1997 8 S 1997 8
to 075" e 204" 61 . 201" 7
350" | o 1. | .38 | 929 057 [ 0 1 .209” 41 ... | 2047 6
- No. 125" S 228" 1 209" 4
018" { .138" . . e S - 14 135" S 228" 1 - 209" 4
0247 1 136" | 116" | 32 | 138" . 164" o 234" |yt 213" 3
No 0307 | 136" (| .1207 | 31 | .136" | .116”7 | 32 ARTT S 2347 gl 213" 3
8 T 0867 ] 1387 | 1207 | 31 ] 136" | .120" | 31 194" coe 12047 gy | 221" 2
0487 11367} .128" | 30 |.136" | .128” | 30 200"
060" . Jd36" f 261 1367 | 29 to
075" .00 | 140" 28 ... | 1407 | 28 375”7 e . o f ... ] 2287 1
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COPPER NAIL

COPPER NAILS,

LARGE FLAT-HEAD
CUT COPPER
ROOFING NAIL

ih

Figure

Unlike ordinary nails, these screwnails
do not break or bend, nor do they work loose, back
out, or puil out. The hardened spiral threads cut into
the i)urr formed in the sheet metal by the pilot
{smooth portion above the point) (Fig. 7) and
worm their way into the wood, holding the sheet
metal and wood together as though they were
clamped in a vise.

- Due to the greater strength of the fastenings they
make, fewer screwnails are needed to do a job, thus
speeding up the work and lowering the cost. Screw-

" nails are used extensively by tinsmiths and roofers,

and bv manufacturers of automobiles, buses, railway
cars, refrigerators, signs, billboards, and other prod-

_ ucts involving sheet metal-to-wood fastenings.

6.

They are also available with cement coating, for
increased holding power in wood. In such applica-
tions, the cement acts as a bonding agent between
the wood fibers and the threads of the screwnail.

Procepures ror Usine ScrewnNalns. Drive the
screwnails through sheet metal into wood the same
as ordinary nails are hammered into wood. If the
sheet metal is too heavy for the screwnail to pierce
it easily, a hole should first be punched with a
screwnail punch (Fig. 8). An ordinary prick punch
can be used if a screwnail punch is not available,
but care must be exercised to avoid making the hole
too large.

Note how the hardened spiral threads of the
screwnail cut mto the metal and worm into the wood
like a screw (A, Fig. 9). No punch was used to make
the hole—the hardened needle point pierced the
metai with ease. Now observe the fit of the ordinary
nail in metal and wood (B, Fig. 9). The hole in this
metal was punched, because the nail would not
pierce it without bending. The holding power of the
ordinary nail is by friction alone; there is no engage-

HARDENED
SPLRAL THREADS

SCREWNAIL PUNCH,

Figure 7.

Figure 8.
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COUNTERSUNK
FLAT

HARDENED SCREWNAIL CRDINARY NAIL
FASTENING, FASTENING,

Fignre 9.

ment in the metal. Eventually. vibration or expansion
aned contraction will cause the nail to loosen and will
weiken the structure,

Screwnails are available in the standard head STANDARD HEAD STYLES
styles shown in Fig. 10, and sizes and weights shown
in Table 22. =
Figure 10.
TasLe 22
STaxparn Sizes axp WEIGHTS _ These unique nails provide a simple, inekpensive.
yet thoroughly satisfactory means of fastening sheet
Decimal Weight | Approximate metal to brick, concrete, and other masonry., Made
Standard | Equivalent Stvle Per | Quantity in of special grade steel and heat-treated. they will not
Sizes of Gauge of Head 1000 a 100 Ib. asilv bend or break. Further ) h h’ bec .
Nirmbor in Pkgs. Keg easily bend or break. Furthermore, the ribs become
embedded in the masonry, thus strengthening the
fastenings.
3" rizAd ai . .4 . . ' .
f‘,,"w o2 plain flat 1 Th 105,000 Masonry nails are available in the standard sizes
¥ x13 0491 : 134 60,000 .
%x13] 091" | w 2" | 50000 shown in Table 23.

1"x12 105" S 2% “ 37,000
1947x11 1207 T 42, " 22,000
115 "x11 20 oo 524 “ 20,000
1345"x10 133" - Tk 15,000

2"x10 135" “ 82, * 12,000
215"x10 135" “ 1025 * 13,000
3% °x15 072" vountersunk fat] 74 ¢ 103,000

3% "x14 J0BG” Iy 92,000
1"x14 080~ - R 2V 70,800 FLUTES
184 7x14 080~ “ g 55,000
1147x14 080" “ “ By 45,000
3% x15 o72 sniall round 11 103,000
15"x14 OB0” “ “ 7 120,600
¥ "x14 080~ “ - I3 85,000
1"x14| 080" < o« Iy <! 65000
17213 061" farge ronnd 1214 453,000

Another type of special nail used extensively by
sheet metal workers is the hardened masonry nail
(Fig. 11).

1

Figure 11. Hardened masonry wail, i
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TaBLE 23
STAaNDarRD Sizes AND WEIGHTS

i Approximate | Approximate; Approximate
Diameter| Length | Weight per | No. in a | Quantity ina
| 100 Pound | 1001b.keg
i
1" 34" 14 1b. 207 20,700
igq" 1 % 120 12,000
ST I B A i3~ 72 7,200
B 1" s “ 40 4,000
oo 2 3 “ 32 3,200
s 215" 4 - 26 2,600

Hardened mason.y nails are simple to use. They
can be hammered into mortar, cinder blocks, and
other comparatively soft masonry the same way ordi-
nary miils are hammered into wood. When used in
concrete, brick, or other hard substances, it is neces-
© sary first to drill a hole of the proper size about two
. thirds of the length of the nail. For making the holes,
“masonry drills are recommended.

* The drill-bit-holder of the masonry nail drill shown
in Fig. 12 is made of tool steel, heat treated to resist
:mushrooming” of the hammer end. The drill-bits
(Fig. 12), forged of vanadium tool steel, stand up
unusually well. The spiral flutes prevent binding
-and, when the drill is rotated slightly between blows,
'_they serve to extract the pulverized material from
~“the base of the hole. When dulled, the drill-bits are
“easily reground like twist drills. They are furnished
in the following sizes:

2 1” For use with 14" x 33”7 Masonry nails

52" For use with 945" x 1” Masonry nails
316" For use with 3,” x 114” Masonry nails
14” x 115" Masonry npails
1,” For use with 1* x 2” Masonry nails
14" x 215" Masonry nails

Light, rapid blows increase the cutting speed of
a drill, prevent binding, and extend the life of the

‘drill.

Fasteners for Copper Sheet Metal

Because the right types of fastenings are essential
to the proper installation of all sheet-copper work,
these definite rules should be followed:

1. All fastenings should be of copper or a copper

alloy,

2. Never secure sheets in any way that will pre-

vent some free movement,

3. All pieces of copper forming parts of roofs,

tanks, or other large units, should be cleated.

4. Fasten copper flashings more than 12 in. wide

with cleats.

Rule 1 merely is an application of the principle
that dissimilar metals must never be in contact. This
applies not only to nails, but to hangers, brackets,
braces, and screws and rivets, This basic rule is espe-
cially important when working with copper.

Rules 2, 3, and 4 are corollary to the fundamental
rule that provision must be made for expansiun and
contraction when working with copper. Cleats per-
mit such movement, and also restrict it to each sheet,
so the movement is not multiplied throughout the
entire copper work,

DRILL-BIT

Figure 12,




226

SHEET METAL FASTENERS

CLEATS

OPEN VALLEY FLASHING,

el

Figure 13.

Strips less than 12 in. wide, such as flashings and
edge strips, may be secured by nails. In such in-
stances, the nailing should be restricted to one edge.
Nails should be near the edge and evenly spaced,
not more than 4 in. apart.

A common source of Hashing trouble derives from
failure to observe rules 2 and 4 in valley Hashings.
These, by their very nature, are usually from 16 to
24 in. wide, and must be secured on both sides. Fig-
ure 13 shows a valley flashing. If such a flashing is
nailed, two things may result from moveent
through extreme temperature ranges: the flashing
may tear at the nails and become loose, or the sheet
may buckle along the edge of the roofing material.
With the first, water works under the loose flashing;

with the second, splitting or cracking occurs from
fatigue of the metal.

Cleats for Copper Work

Cleats should be made of 16-ounce cold-rolled
copper, not less than 2 in. wide, and should be fast-
ened with two copper or copper-alloy nails as shown
in Fig. 14. A width of 2 in. is preferable, because it
gives a stronger cleat and minimizes the possibility
of the nails tearing out. The nails are placed parallel
to the edge to prevent turning. The end of the cleat
is bent back over the nails to prevent the nail heads
from cutting the sheet. The length is determined by
the kind of seam with which it is used,

AN
N R
\\\ R \
\W‘f ‘*R\\\,
_\\\‘\\ .

'_:'200

A COPPER CLEAT,

==\

Figure 14.
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Maximum spacing should not exceed 12 in; a
spacing of 6 or § in. is recommended. This does not
apply to concealed valley flashings, where the sheet
or strip is held by the roof covering. Under these
conditions the spacing may be increased consider-
ably; a maximum of 24 in. is recommended.
The cleat holds the sheet as shown in Fig, 13. I it
also secures a second sheet, it is folded in with the
sheets as the seam is formed. In such cases, the cleat
must be nailed down before the sheets are brought
together.
CorpPER AND COPPER-ALLOY NAILS AND SCREWS.
Many flashings, such as gravel stops, those around
window and door openings, and some eave strips,
must be nailed. In these cases, the four rules for
fastening previously given in this chapter are still
observed, for the copper strip is fastened along one
edge only, and is free to move in a direction normal
“to the line of nailing. The longitudinal movement is
aken care of by placing the nails a short distance (4
n. is the recommended maximum spacing) apart.

“As the total movement, through a temperature of
70 deg. F., between nails spaced even as much as
2 in. will be less than 1/50 in., there is little danger
f tearing or splitting because of strain.

The cost of nailing with nails spaced 4 in. is not
cenough to justify risking failure of Hashings at such
“vulnerable places as wall openings and roof edges.

The folly of using iron or steel pails with sheet
copper canmot be over-emphasized. No economy re-
sults from saving a few dollars in nails that quickly

... .corrode and thereby bring about failure.
" The proper nails to use with sheet copper are large

::. flat-head wire nails, not less than 12 gauge, with

barbed shanks and diamond heads (A, Fig. 6).
These are known as “copper wire slating nails,” and
differ from ordinary wire nails in the design of the
head and the shank immediately under the head.
The barbs at these points act like diminutive fish
hooks in the wood fibers. As can be seen in B, Fig.
6, the ordinary wire nail has a ridge or shoulder
under a smaller head. This makes it impossible to
drive the nail home without tearing the sheet around
the clean hole formed by the shaft. Moreover, the
smaller head does not have enough gripping surface
to hold well.

Cut nails regularly used for shingles and tile roof-
ing are shown at C and D, Fig. 6. These nails have
a greater holding power (2 or 3 times) than wire
nails of the same length, but their disadvantages for
use in sheet copper work are obvious. The shank
tears the sheet. and the head, if driven home,

punches through. For ordinary use in wood sheath-
ing, the holding power of the large flathead wire
slating nail is satisfactory.

In exposed locations, or wherever a special hold-
ing power is required, heavy (10 gauge) wire nails
with barbs the full length of the shank are recom-
mended. Cement-coated nails and etched nails also
develop tremendous gripping power when the metal
is nailed to wood.

The list of copper wire slating nails given in Table
24 has been set forth by the U.S. Department of Com-
merce, with the approval of the industry, through
the National Bureau of Standards, under Simplified
Practice Recommendation R150-34,

TaeLE 24

CorrrR WIRE SraTing NaIlLs

Apros.
Length Stubs” | Decimal Equivalent! Number to the
(Inch) Gauge (Inch) Pound
1 12 0.109 292
14 12 0.169 240
114 11 0.120 208
114 10 0.134 164
114 12 0.109 204
11, 11 0.120 164
1%, 1 0.134 132
134 10 0.134 118
2 10 0.134 108

Cut slating or roofing nails of brass and Naval
brass are standard for slate and tile roofs, where
large nails (2 in. or longer) of considerable holding
power are required. The length of the nail neces-
sary to give sufficient penetration into the nailing
base, which is often gypsum or nailing concrete, de-
mands an alloy harder than copper.

Cut slating and roofing nails of brass and other
copper alloys are also used to attach slate and com-
position shingles to roof. They are like ordinary cut
copper nails, except that, to get more holding power,
they are made from heavier-gauge material and with
larger heads.

Special Fasteners for Metal Gutters, Leaders,
and Roof Drainage Systems

The drainage systems of all roofs are designed to
carry water away quickly and to avoid pockets in
which snow and ice can collect. The basic designs of
roofs, flashings, and valleys are unaffected by the
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type of material used. They should shed water di-
rectly and speedily to gutters, the outlets of which
transfer their horizontal flow into vertical leader
flow with maximum efficiency. Sheet metal units
comprising a complete drainage system are available
in various styles and sizes and require only assembly
and correct fastening { Figs. 15 and 16).

Instarcation oF Gurrers anp LEapers. When in-
stalling gutters, leaders and other parts of the roof
drainage systemn, the use of copper is recommended.
While the initial cost of coppe: is slightly more than
that of other metals, it is non-corrosive and will be
tound more economical over a period of years.

Copper gutters, leaders, hangers, hooks, and other

GUTTER HANGER

NAILS

EAVES TROUGH
OR GUTTER

SLIP JOINT 4
END CAP

BIiRD SCREEN

UNIT COMPRISING A COMPLETE ROOF DRAINAGE SYSTEM,

ELBOW

LEADER HEAD

LEADER STRAP

LEADER OR CONDUCTOR

Figure 15.
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necessary accessories are available in different sizes
and forms at local dealers, ready for installation
(Fig. 16).

The different types of gutters that are fabricated
of 16-ounce cold-rolied copper in various sizes are
shown in Fig. 17. The moulded copper gutters illus-
trated conform with the Simplified Practice Recom-
mendations R 29-42 (United States Department of
Commerce) made effective February 1, 1942, and
generally followed by the trade. The gutters shown
in the two upper left illustrations of Fig. 17 are
made to rest upon the roof near the eaves, and the
pifch or fall of the gutter is farther away from the
eaves at the high point than at the low point. Attach

229

light copper bars at the front, nail to the roof at the
top, and cap with copper to prevent leakage.

There are many kinds of copper hangers on the
market, and most of them are satisfactory for the
special conditions for which they are made. The sev-
eral varieties shown in Fig. 18, by no means a com-
plete selection of those available, wili serve for all
ordinary purposes.

Figure 18 illustrates some of the bronze and cop-
per shank-and-circle-type hangers, which may be
made of either cast or wrought metal. They can be
adjusted to give the gutter the necessary pitch by
attaching the circular part to the shank at different
heights. If the exterior is to be painted or stuccoed,

FLASHING
/ PIECE
/‘ SOLDE%ED

LONGI TUDINAL
CENTER LINE SECTIGN
AFTER ASSEMBLY

GUTTER,

LEADERS,

SPIK

MOULDED GUTTER
EXPANSION JOINT

SLEEVE

SCREEN —

LEADER 1 5.
HEAD

AND ACCESSORIES,

Hh

N ——

Figure 16.
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the shank is normallv attached before this work is
done and the gutters hung afterward, thus avoiding
the chance of damage to the gutters by the necessary
scaffolding and ladders.

Figure 18 also illustrates three common types of
leader houvks. These, if desired, can be cobtained in
two pieces—the clasp part separate from the shank.
Shanks are available in different lengths, designed
either for wood or brick drive. These leader hooks are
driven into the wall before the leader is placed.
Leader hooks generally should not be spaced farther
than 6 ft. apart; in any case there should be at least
omne to each 10 ft. length.

A special tvpe of ornamental cast brass leader strap
with removable frent is available. This can be put in
position before the wall is repainted or stuccoed and
the leaders set in place later.

Leaders or conductors are made and stocked in
four different shapes. Plain round leaders do not
resist freezing as well as do the corrugated ones.
than are the plain ones. Sixteen-ounce leaders are
regularly furnished in 10 ft. lengths.

All outlets should be provided with strainers.
Strainers are essential when the leaders are small, or
when they have elbows where leaves are likely to
stick and clog. Wire basket strainers of stock design
are generally carried by jobbers and sheet metal
contractors, Strainers of heavier design, however, can
readily be made up to desired specifications. Heavier-
cast brass strainers should be used for drainage out-
lets on promenade tile or composition roofs.

One illustration in Fig. 16 shows the adjustable
copper gutter shank nailed to the facia board, and
the other shows it nailed on the roof. Proper placing
of flashing strips is also shown in the same illustra-
tion.

A copper rod 3 in. in diameter may be driven into
a 14 in. bead of a stock gutter for reinforcement.
These rods are recessed 21, in. at one end of a

MOULDED COPPER GUTTERS,

HRONZE AND COPPER LEADER HQOKS

OO LU

STANDARD CCPPER GUTTERS

My

Figure 17.

Figure 18.
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section of gutter and extended 11% in. at the other
end to form an interlock between sections with 1 in.
lap.

IE'I'he strap hanger shown ir Fig. 19 is clamped at
the back of the gutter and is spaced not over 30 in.
on centers. The sustaining strap regulates the pitch
of this gutter. An expansion joint for long sections is
also shown. X

Moulded gutters (Fig. 16) are set in a position to
receive the drainage, but low enough to prevent
snow slides from injuring the outer edge. They are
usually set level because of architectural considera-
tions. Where the brass spikes are used, they should
be nailed into rafter ends. Pressed sheet copper straps
are available to fasten gutters back to the roof. Ex-
pansion joints, shown in Fig. 16, should be used in
long lengths of this type of gutter. It is important to
keep leaders 3 in. from the wall to avoid staining in
case freezing causes breaks in the seams.

Cold-rolled copper is frequently used for the lining

- of wooden gutters. Two typical designs are shown in
- Fig. 20. Note that the outer edge of the copper gut-
“ter lining is loose-locked over an edge strip, which
~also forms a drip. The inner edge is loose-locked into
“a flashing strip along the sheathing. Flashing strips

re attached with narrow cleats to prevent nailing
~through the copper.

InstaLLiNnG CircuLar Gurrers. Half-round gutters
are installed on circular towers, or on bay windows

“with large radii, by using short sections of straight
* gutter formed without the bead. Section a brass rod
covered with a strip of copper into Jong lengths, and
solder it to the circular gutter. Arrange the adjust-

able copper gutter hangers to conceal the cross joints
in the gutter.

If, however, the radius is not large enough to per-
mit the use of smail sections of straight gutter, make
a circular gutter by joining front and back sections
throughout with a bottom strip cut to a radius
slightly larger than that of the wall line (Fig. 21).
Obtain the radii of the two conical pieces by extend-
ing the dotted lines a-b and c-d te a vertical line in
the center of the tower. Stretch the blank piece of
the rear section over a mandrel. Raise the other on
a block that has been cut to profile.

Draw the bottom member of the rectangular gut-
ter to the radius of the wall line, adding %4 in. for
thickness of the gutter hangers, and draw the second
curve in front of this to the exact projection of the
gutter. The vertical member in the back of the gutter
has an edge hemmed at the top, and a small edge
turned at 90 degrees at the bottom as a lap for sol-
dering. The bottom front member has a quarter-
round bend at the top, which is stretched to the
proper curvature before it is soldered at the bottom.
The next strip has twe edges turned in as soldering
laps, and the flat strip at the top is cut radially. This
gutter is supported by copper bar hangers, which
are nailed to the woodwork in the back.

In the left illustration of Fig. 22, an opening is cut
into the stone cornice to permit the leader to run in
a straight line. A little clearance between the leader
and the stone may prevent discoloration of the stone
cornice.

The center illustration in Fig. 22 shows the proper
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method of elbowing to conform io the profile of a
stone belt course.

The right illustration in Fig. 22 shows the leader
on the front of a building connected to a drain lo-
cated on the side of the building.

Figure 23 illustrates a method of fastening gutter
hangers to concrete-and-wood sheathing where roofs
are covered with composition roofing. The hangers
should be let into the slab so that the tops are flush
with the deck, and shiould be secured to the concrete
slab by brass nails or bolts in expansion sleeves.

Figure 21,

The center illustration shows provision for nailing
the eave strip where the concrete is covered with
insulation.

TaBLE 25
APPROXIMATE AREA OF LEabDER IN SQUARE INncHES
Nominal

Leader Size Plain Corrugated Corrugated
in Inches Round Round Rectangular

3 7 8 8

4 13 11 12

5 20 18 19

6 28 26 —
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Figure 23.

The left illustration shows the gutter attached to
wood sheathing.

Leaders are usually located near the corners of the
building to avoid retarding the flow of drainage,
and to eliminate sharp turns in the gutters. The ap-
proximate required leader area is given in Table 25

One square inch of leader area will serve approx-
imately 200 sq. it. of actual computed roof area for
an average 6 in. intensity of rainfall.

Bolts

MacHINE Bors. Machine bolts (Fig. 24) are made
with National Fine ( N.F.) or National Coarse (N.C.)
threads extending in length from twice the diameter
of the bolt plus 1/4 inch (for bolts less than 6
inches in length), to twice the diameter of the bolt
plus 1/2 inch {for bolts over 6 inches in length).
They are precision-made and are generally applied

metal-to-metal where close tolerance is desirable.
The head may be square, hexagon, rounded, or flat
countersunk. The nut usually corresponds in shape
to the head of the bolt with which it is used. Ma-
chine bolts are externally driven only. Selection of
the proper machine bolt is made on the basis of
head style, length, diameter, number of threads per
inch, and coarseness of thread. The hole through
which the bolt is to pass is bored to the same diam-
eter as the bolt. Machine bolts are made in diameters
from 1/4 inch to 3 inches and may be obtained in
any length desired.

Stove BovLts. Stove bolts (Fig, 24) are less pre-
cisely made than machine bolts. They are made with
either flat or round slotted heads and may have
threads extending over the full length of the body,
over part of the body, or over most of the body.
They are generally used with square nuts and ap-
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Figure 24. Types of bolts.

plied metal-to-metal, wood-to-wood, or wocd-to-
metal. If flatheaded, they are countersunk; if round-
headed, they zre drawn flush to the surface.

ExpansioN BoLT. An expansion bolt is 2 bolt used
in conjunction with an expansion shield (Fig. 24) to
provide anchorage in substances in which a threaded
fastener alone is useless. The shield, or expansion
anchor, inserted in a predrilled hole expands when
the bolt is driven into it and becomes wedged firmly
in the hole, providing a secure base for the grip of
the fastener.

Capscrews

Capscrews perform the same functions as machine

screws, but come in larger sizes for heavier work.

Sizes range up to 1 inch in diameter and 6 inches in
length.

Capscrews are usually used without ruts. They
are screwed into tapped holes, and are sometimes
referred to as tap bolis. Threads may be either N.F.
or N.C.

Capscrews may have square, hex, flat, button, or
fillister heads. Fillister heads are best for use on
moving parts when such heads are sunk into counter-

SHEET METAL FASTENERS

bored holes. Hex heads are usually used where the
metal parts do not move.

The strongest capscrews are made of alloy stecl
and can withstand great stresses, strains, and shear-
ing forces. Capscrews made of Monel metal are often
specified on machinery that is exposed to salt water.

Sonie capscrews have small holes through their
heads. A wire, called a safety wire, is run through
the holes of several capscrews to keep them from
coming loose.

Seiscrews

Setscrews are used to secure small pulleys, gears,
and cams to shafts, and to provide positive adjust-
ment of machine parts. They are classified by diam-
eter, thread, head shape, and poirt shape. The point
shape is important because it determines the holding
qualities of the setscrew.

Setscrews hold best if they have either a cone
point or a dog point, shown in Fig. 25. These points
fit into matching recesses in the shaft against which
they bear.

Heapress Serscrews. Slotted, Allen, or Bristol
types of headless setscrews are used with moving
parts because they do not stick up above the surface.
They are threaded all the way from point to head.

Common Serscrews. Common setscrews, used on
fixed parts, have square heads. They have threads
all the way from the point to the shoulder of the
head.

Tuums Screws. Thumb screws are used for set-
screws, adjusting screws, and clamping screws. Be-
cause of their design they can be loosened or
tightened without the use of tools.

Nutis

SouarRe aANp HExaconaL Nurs. Square and hex-
agonal nuts are standard, but they are supplemented
by special nuts (see Fig. 26). One of these is the
jam nut used above a standard hex nut to lock it in
position. It is about half as thick as the standard hex
nut, and has a washer face.

CasteLLatep Nuts. Castellated nuts are slotted so
that a safety wire or cotter key may be pushed
through the slots and into a matching hole in the
bolt. This provides a positive method of preventing
the nut from working loose. For example, you will
see these nuts used with the bolts that hold the two
halves of an engine connecting rod together.

Wine Nuts. Wing nuts are used where the desired
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degree of tightness can be obtained by the fingers.
. Cap nuts are used where appearance is an important
‘consideration. They are usually made of chromium
“plated brass. Thumb nuts are knurled, so they can
: be turned by hand for easy assembly and disassem-
“bly.

Epastic Stop Nuts. Elastic stop nuts are used
- where it is imperative that the nut dces not come
- Ioose. These nuts have a fiber or composition washer
- built into them which is compressed automatically
. against the screw threads to provide holding tension.
They are used extensively on radios, sound equip-
ment, fire control equipment, and on aircraft.

J:_: _ Washers

Figure 27 shows the types of washers commonly
used.

Frat Wasners. Flat washers are used to back up
bolt heads and nuts and to provide larger bearing
surfaces. They prevent damage to the surfaces of the
metal parts.

WING CAP THUMB

Figure 26. Types of nuts.
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Figure 25. Setscrews and thumbscrews,

Seurt Lock WasHers, Split lock washers are used
under nuts to prevent loosening by vibration. The
ends of these spring-hardened washers dig into both
the nut and the work to prevent slippage.

SuakepRrooF Lock WasHems. Shakeproof lock
washers have teeth or lugs that grip both the work
and the nut. Several patented designs, shapes, and
sizes are obtainable.

Keys and Pins

Correr Keys. Cotter keys {Fig. 28) are used to
secure screws, nuts, bolts, and pins. They are also
used as stops and holders on shafts and rods.

Square Kevs anp Wooprurr Kevs. Square keys
and Woodruff keys (Fig. 28) are used to prevent
hand wheels, gears, cams, and pulleys from turning
on a shaft. These keys are strong enough to carry
heavy loads if they are fitted and seated properly.

Tarer Pins. Taper pins (Fig. 28) are used to lo-
cate and position matching parts. They are also used
to secure small pulleys and gears to shafts. They
usually have a taper of 1/4 in. per foot. Holes for

FLAT WASHER

SPUIT LOCK
WASHER

SHAKE PROOF
WASHER

Figure 27. Washers.
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SQUARE KEY

COTTER KEY

WOODRUFF KEY

STEEL TAPER PIN

STEEL DOWEL P!N

Figure 28. Keys and pins.

taper pins must be reamed with tapered reamers, or
the taper pin will not fit properly.

Dower Pws. Dowel pins (Fig. 28) are used to
position and align the units or parts of an assembly.
One end of a dowel pin is chamfered, and it is usu-
ally .001 to 002 inch greater in diameter than the
size of the hole into which the pin will be driven.

Turnlock Fasteners

Turnlock fasteners are used to secure doors, in-
spection plates, and other removable panels on items
of support equipment and aircraft, These fasteners
are also referred to by such terms as quick-opening,
quick-acting, and stress panel fasteners. The most
desirable feature of these fasteners is that they per-
mit quick and easy removal of access panels and
doors for inspection and servicing,

Turnlock fasteners are manufactured and supplied
by a number of manufacturers under various trade
names. Some of the more common trade names are
the Camloc and Dzus (proncunced zoo's) types.

Camrock Fasteners. Camlock fasteners are made
in a variety of styles and designs. Regardless of the
particular style or shape, the Camloc fastener con-
sists of a stud assembly, receptacle, and a grommet
(Fig. 29).

The stud assembly consists of a stud, a cross pin,
spring, and spring cup. The assembly is so designed
that it can be quickly inserted into the grommet by
compressing the spring. Once installed in the grom-
met the stud assembly cannot be removed unless
the spring is again compressed.

The grommet is a flanged sheet metal ring made
to fit into a hole in the access door or panel. It is
ribbed and can he pressed or dimpled into place.

The receptacle consists of a metal forging mounted

STUD
ASSEMBLY

GROMMET

REGEPTAGLE
Figure 29. Camlock fastener.

in a stamped sheet metal. It is riveted to the access
opening frame attached to the structure or equip-
ment,

A quarter turn clockwise of the stud screw locks
the cross pin into the grooved receptacle. Con-
versely, a counterclockwise rotation releases the con-
nection between the stud assembly and the recep-
tacle.

Dzus Fasteners. The Dzus fastener (Fig. 30) con-
sists of a rotatable stud, which may have a slot for a
screwdriver or a winged fitting on it for hand oper-
ation. It also has a permanently mounted spring
and a grommet. The stud and grommet are mounted
in the door or other removable part, and the spring
is riveted to the frame of the access on which the
door fits.

Cams on the stud engage with the spring to lock
the fastener in the engaged position, The purpose of
the grommet is to retain the stud in the access door.
In some installations, the grommet is not used as a
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-retainer; the stud is serured to the access door by a

“snapring, cup washer, or by dimpling of the metal
around the stud.

~ The quick action of the Dzus fastener is achieved

when a quarter turn rotation of the stud causes its

engagement or disengagement with the spring.

" Safetying Methods

Safetying is a process of securing fasteners and
other equipment so they do not work loose due to
vibration. Loose bolts, screws, and nuts or other
parts can ruin delicate equipment or endanger life
when they fall off equipment.

Various methods for safetying parts exist. The most
widely used are safety wire and cotter pins. Be sure
to learn the proper techniques and use them.

Safety Wiring

Safety wiring is the most positive and satisfactory
method of safetying capscrews, studs, nuts, and bolt
heads which cannot be safetied by any other prac-
tical means. It is a method of wiring together two or
more units in such a manner that any tendency of
one to loosen is countered by the tightening of the
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Figure 30. Dzus fastener.

wire and the other unit. Components are safety
wired by the single wire plain method or the twist
method (Fig. 31).

The single wire plain method may be used on
small components in a closely spaced, closed geo-
metrical pattern, and in places that are difficult to
reach. When safety wiring closely spaced com-
ponents, take advantage and safety wire the whole
series, The number of parts in the series safely
wired together by this method depends upon the
application; but the maximum number in the series
is limited by a maximum 24 inch wire length.

The twist method is the most common method of
safety wiring. The technique is shown in Fig. 32. A
group of three should be the maximum in the series
when safety wiring widely spaced components by
this method.

The following general rules should be followed
when using the safety wire method to secure com-
ponents.

1. The safety wire must be new upon each appli-
cation.

2. All safety wires must be tight after installation,
but not under such tension that normal handling or
vibration will break the wire.

8. The wire must be applied so that all puil
exerted by the wire tends to tighten the nut.
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SAFETY METHODS SHGWM ARE FOR
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SINGLE WIRE PLAIN

Figure 31. Safety wiring methods.

4. Twists should be tight and even and the wire
between the nuts as taut as possible without over-
twisting. Wire twister pliers should be used if avail-
able; otherwise, wire between nuts should be twisted
with the hands. The use of regular pliers for twisting
will damage the wire. Regular pliers may be used
only for the final twist, prior to cutting off the excess
wire.

5. When castellated nuts are to bhe secured,
tighten the nut to the low side of the selected torque
range, unless otherwise specified and, if necessary,
continue tightening until a slot aligns with a hole.

Correr Pins. Some cotter pins are made of low-
carbon steel, while others consist of stainless steel

UNEVEN PRONGS OPTIONAL-—

Figure 33, Types of cotter pins,

PREFERRED

OPTIONAL

Figure 34. Cotter pin installation.

and thus are more resistant to corrosion. Regardless
of shape or material, all cotter pins are used for the
same general purpose—safetying.

Dimension perimeters of a cotter pin are shown in
Fig. 33. Whenever uneven prong cotter pins are
used, the length measurement is to the end of the
shortest prong.

A cotter pin installation is shown in Fig. 34. The
cotter pin should fit neatly into the hole with very
little sideplay.

In the preferred installation method, the bent
prong above the bolt end should not extend beyond
the bolt diameter. Additionally, the bent prong
should not rest against the surface of the washer.
Cut the prongs down to size if necessary.

If the optional wraparound method is used, the
prongs should not extend outward, but should be
bent over a reasonable radius to the sides of the nut.
Sharp-angled bends invite breakage. Usually the
initial bending of the prongs of a cotter pin is ac-
complished with needle nose or diagonal plicrs and
the best too! for final bending of the prongs is a
soft faced mallet.
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Chapter 9

Metal Spinning

Spinning is one of the oldest of the metal-working
arts and has been used in making circular metal ware
for many years. Although in recent years it has been
largely replaced by draw press forming for large
scale production, it is still widely ¢ sed for forming
limited quantities when tool costs must be kept low,
as well as in the manufacture of products which
cannot be formed on a draw press because of size or
complicated design. Spinning is also commonly used
in combination with drawing for econcmy in finish-
ing and trimming operations.

In the spinning process, a lathe similar to the type
shown in Fig. 1 is used to rotate a circular metal
blank or shell at high speed while it is pressed
against a rotating chuck whose shape the metal blank
being formed is to take. The blank is forced against
the chuck by means of suitable forming tools, which
are manipulated either by hand or mechanically
(Fig. 2). With an experienced operator, spun articles
can be held to reasonably close dimensional accuracy
and will be uniform in size and identical in appear-
ance.

Since the metal is formed over a chuck rotating in
a lathe, the process is limited to symmetrical articles
that are circular in cross section, normal to the axis
of rotation. Typical spun articles are cooking utensils,
lighting reflectors, processing kettles, and ornaments
of many different types made of silver, aluminum,
copper, pewter, and similar metals.

The Lathe for Metal Spinning

The first requirement of the lathe for spinning is
a substantial headstock spindle. Suitable bearings
must be provided to take up the heavy end and lat-
eral thrusts. There must be absolutely no end play.
The speed range should be between 900 and 1400
rpm for average work. Speeds somewhat lower than
this are useful but not necessary. A speed range
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above 1400 rpm is useful for polishing and finishing
operations, but is seldom necessary for actual spin-
ning. The power unit should preferably be a 1, hp
motor, although a wide range of light spinning can
be done with an even less-powerful motor.

Toovrs. There are many shapes of spinning tools,
and the more or less standardized types used are
shown in Fig. 3.

The beading tool is a specialized type used to turn
the rim of the disk into a lip or a true bead. It is also
useful to start bending the metal where the edge is
to be folded to a double thickness. The pulley, which
rotates freely within the holder, is interchangeable
with other sizes to suit a wide variety of work.

The flat tool is the most important tool in the
metal-spinner’s kit. It is double-surfaced; round on
one side and flat on the other. The round side is used
to “break down” the metal blank almost to the chuck
surface, and the flat side completes the operation of
smoothing the metal snugly to the chuck.

The point tool is both a forming and finishing tool
that is particularly useful on small work. Its pointed
end surface is useful in shaping fillet corners or
forming sharp internal bends in the metal surface.

The cuiting-off tool, parting tool, or graver, is
simply what its name implies—a tool for cutting. It is
used to trim away surplus metal at the neck of the
spinning; also, it makes an excellent tool for scraping
down high spots on the metal.

The ball tool is used to break down the surface of
hard metals. It is not a finishing tool and should not
be used to bring the metal snug to the chuck sur-
face,

The back stick is an auxiliary aid to the various
spinning tools, Its purpose is to back up the metal
on one side as the pressure of the spinning tool is
brought to bear on the opposite side. The stick
should be made from hard wood, either rectangular
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or round in section, and should have a blunt peint
simnilar to a chisel,

All spinning tools should be properly tempered
and then polished to reduce friction. The overall
length of each tool should be about 2 ft., in order to
give the required leverage necessary for spinning.

Tue Toor Rest (Fig. 3). The tool rest or support
for the spinning tools is a peg or fulcrum type of tee
rest. It should have a shank tc fit the tool-support
base. The tool rest is drilled with a number of holes,
as shown, to permit various settings of the fulcrum
pin to suit the work.

Tamwstock Center (Fig. 8). The tailstock center
for metal spinning must revolve with the work.
Three different types are shown in the illustration.

a

Figure 2.

Each features a tapered shank which fits the tail-
stock pindle. This portion of the center is fixed. The
rotating center is housed within the fixed body, and
is given a free movement by some form of ball-
bearing. A good spinning center is essential,
Arsons anp Facercatrs (Fig. 3). Metal spimning
is faceplate work, the wood or meta) form or chuck
over which the metal is spun being fastened to a
suitable plate or arbor. A 3 in. taceplate with screw-
fastenings into the chuck can be used, but the
threaded nose type faceplate offers a quicker and
more substantial form of mounting for this partic-
ular work. The threaded nose can be either straight
or tapered. Strxight and tapered screw arbors are
also used extensively, especially for small work.
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Spinning Procedures

SerriNe-ue (Fig. 4}, Any spinming demands (1) a
chuck, (2) a follow block, (3) the metal blank.
Figure 4, LA shows a typical simple project—a shallow
trav. A wood chuck must be made up to the exact
s]‘.;;pc of the proposed object, using any good-grade
hardwood. Tt is good practice to tirn the chuck an
incht ov so longer than the proposed spinuing, so
that there will be some space between the finished
spinning and the faceplate, The follow block or fol-
lower is now turned to shape, either on a separate
taceplate or by simply gripping it between the chuck
and the spinning center. It should be at least 1 in.
thick, and of a dimmeter from 14 to 1 in. less than
the base dinmeter of the project, as shown in Fig. 4.
!B. The drawing shows the base of the chuck slightly
concave and the end of the follower slightly convey.
This torm of shaping should be followed wherever
practical, because it affords better gripping of the

metal blank while adding to the stability of the fin-
ished spinning. Figure 4, 1C shows the metal blank
for this particolar spinning. In all metal spinning,
the radius of the blank should be equal to the radius
of the project plus the depth of the project. The
blank should form a perfect circle with a smooth
edge all around.

Figure 5 shows other representative forms of shal-
low chucks or forms. Figure 5, 3 shows a deep form,
such as would he required for a metal cup. It is evi-
dent that the deeper form is more difficult to spin
than the shallow form since the metal must be drawn
to a greater extent. A series of chucks is sometimes
employed in spinning deep forms, as shown in Fig,
3. 4, the metal being successively spun over three or
four different shapes gradually to result in the fin-
ished form. The purpose is to afford a positive sup-
port tor the metal throughout the various stages of
spinning,
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All wood chucks should be glazed with soap or
beeswax (Fig. 5, 5). This is done after sanding, the
soap or wax being forced into the pores of the waoad
with the flat tool while the chuck is revolving,.

Centering, The final operation before spinning is
to center the metal blank. Where a hole in the center
of the spinning is permissible, the blank can be fas-
tened directly to the chuck (Fig. 5, 6). In another
method, an indentation is made in the center of the
blank. the indentation fitting over a round-head nail
driven in the center of the chuck (Fig. 3, 7). This
readilv locates the center of the blank, after which
the foilow block is brought up firmly to clamp the
disk in place, In the ordinary method of centering.
the disk is inserted between the chuck and follower,
centering as closely as possible by eye. The tailstock
is run forward to clamp the blank firmly but not too
tightlv in place. The lathe is then started on low
speed. and the back stick is placed on the rest, to
“the left of the fulcrum pin (Fig. 1). The tailstock is
then backed off slightly, and the stick advanced to
touch the edge of the revolving disk. If the edge of
the blank is smooth, the disk will center itself per-
fectly, after which the follower is again set firmly
against the metal. After the disk is centered, lubri-
cate the metal on each side with laundry soap. The
disk is now ready to spin.

SpinniNG THE METAL. Spinning the metal over the
wooden form is not at all difficult, providing a few
hard and fast rules are observed. The work cannot
be hurried. Practically all craftsmen realize that it
takes time to finish a wood or metal turning, vet
some think that a similar operation in spun metal
can be done in a few minutes. The beginner should
keep this important point in mind.

The first operation in actual spinning calls for the
flat tool. This is placed on the rest, to the left of the
fulcrum pin, the pin being placed in the hole, which
will set it slightly to the right of the metal blank.
Now, with one or two sweeping strokes of the flat
tool (the rounded edge contacts the metal), the disk
is “seated” against the base of the chuck. The back
stick is now brought into play, holding up the metal
on one side while the flat tool presses against the
opposite side. The general position of the operator at
this point can be seen in Fig. 2. The tool contacts the
work well below center, as can be seen in Fig. 2.
Notice, also, in this illustration, that there is a fairly
wide gap between the metal disk and the tool rest.
Figure 2 shows the same tool position as viewed
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from the front. Note how the fulernm pin is located
so that the tool can bear against the disk without tl.c
point digging into the metal. The back stick follows
the point of the tool, leading it slightly.

% The forming action of the tool becomes readily

apparent when attempting actual work. The object
is to force the metal around the chuck, and to do
this the tool is simply brought to bear, with consid-
erable pressure, against the revolving metal surface.
The tool must not remain in any one spot because
of the liability of burning right through the metal.
Instcad a sweeping action of the tool takes place,
the tool moving constantly from the center to the
rim of the disk. This movement is effected by a
“hunching” movement of the shoulders, the body of
the operator moving to the right. Since the action is
quite natural, there is little difficulty encountered on
this score,

Various points essential to good spinning are
shown in Fig. 6. At A is shown the initial operation,
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SPINNING PROCEDURES 245

the flat tool pressing against the disk while the back
stick supports the opposite side. The closer the tool
is to the chuck, as in C, the less need there is for
the support of the back stick; the farther the tool
from the chuck, as at B, the more necessary it be-
comes to properly “back up” the metal. The first
stage of the spinning brings the metal to the shape
shown at B. The metal should be kept straight, like
a shallow funnel, and should not be allowed to bell
out, as shown at D. After the position shown at B
has been attained, the flat tool alone can be used to
farce a small portion of the metal closer to the chuck
surface, as shown at C. This action should not be
too prolonged or over too much territory, either of
which will result in the rim of the disk turning out,
as shown at D. As soon as the rim begins to bell, the
back stick should be used and the metal again spun
to a true funnel shape, as shown at E. Note that the
funnel-shape is much sharper than shown at B. These

THE INITHAL SHAPING OVER
THE STARTING CHUCK,

two essential operations—crowding a small portion
of the metal to the chuck surface and keeping the
rest of the disk funnel-shaped—are carried out in
successive operations, until the whole shape has been
made.

F, Figure 6 illustrates a point which can only be
learned completely from experience. It can be seen
that the constant stroking of the tool towards the left
has a tendency to thin the spun portion of the metal.
If carried to extremes, the metal will burn com-
pletely through, To avoid this, the stroking action of
the tool must be reversed, stroking in the direction
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My

Figure 9.
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T 2
WiTH SPINNING COMPLETED, ¢T IS
AFTER FINISHING SHAPING, THE REMOVED B0DILY FROM MAIN 80DY
SECTIONAL CHUCK MAIN BODY 15 OF THE SECTIONAL CHUCK, AFTER
MOUNTED IN PLACE BY HAND, WHICH THE KEY PIECE AND OTHER
" SEGMENTS CAN 8E SLIPPED OFF, .

Figure 8.

Figure 10.




246 METAL SPINNING

shown l)y the arrows in G, Fig. 6 to low the metal
back to normal thickness. This operation is especially
important where the metal is to be spun around any
sharp bend. Buckling, a common difficulty in spin-
ning, is shown at H. Buckling is caused largely by
forcing the work. That is, in attempting to get an
immediate finished shape, the operator will press the
work hard at the position shown at D. This causes

the rim to bell out, and later attempts to spin it back
to a true funnel-shape usually result in a buckled
edge instead of a smooth metal edge.

Cutring-oFr. Figures 7 through 10 show opera-
tions in trimming off the surplus metal as performed
with the hand cut-off tool and with the slide rest. In
cither case, the point of the tool should be on center,

HAND CUT-0FF TOOL

SHOWING THE BEAD FORMING OQOPERATION, USING THE FLAT TOOL AND

BEADING TOOL,

SLIDE REST CUTTING TOOL

My

Fignee 11,
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Beaps. The trimmed edge of the metal is fre-
quently turned over to form a bead. This operation
is performed with the beading tool. As shown in Fig.
11, the point of the fiat tool is first used to lift a
small portion of the metal from the chuck surface.
The beading tool is then used to work the metal into
a true bead.

Using Special Spinning Chucks

SpiNNING A SpaERE. The spinning of a sphere dif-
fers somewhat from work previously described, the
essentia) difference resting in the fact that the curved
surface of the spherical chuck does not permit the

immediate use of a follow block, Instead, a starting
chuck must be made up (A, Fig. 12). This has a re-
cessed rim to take the metal blank snugly, while the
center portion is turned out to the same spherical
shape as the intended finishe1 spinning. The metal
is spun into this recessed center portion (B, Fig. 12),
the recessed rim holding the blank quite firmly. The
partly-formed disk can then be placed over the reg-
ular chuck (C, Fig, 12) for finishing. Note that the
follow block is concave, so that it will it snugly
against the metal. If the spinning is to be a perfect
ball, two hemispheres must be made up and then
soldered together. (Soldering procedures are given

SUCCESSIVE STEFS

SMO0 TH

iN SPINNING A SPHERE

FACEPLATE DIsK

SPINNING
. CENTER

.....

FOLLOwW
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SLIGHT
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in Chap. 6.) The joint can be butted and buffed
smooth after soldering (D, Fig. 12), or a very slight
rim can be cut on one portion of the ball (E, Fig.
12}, as an aid in making the joint.

In a similar manner, any other spinning with either
a round or pointed end surface must be started by
first using a concave starting chuck. Where the end
curvature is very slight, the follower can sometimes
be forced against the metal to give sufficient traction
for spinning the metal (F, Fig. 12).

Secrionar CHucks. Any form having a neck or
opening smaller in diameter than sone other portion
of the work (Fig. 13} must be spun on a sectional
chuck. The sectional chuck, as its name implies, is
a built-up form, so arranged that the various pieces
can be removed one by one from the inside of the
finished work. The typical example shown covers, in
a general manner, the basic rules that must be ob-
served in the making of any simple sectional chuck.

A starting chuck is always used in connection with
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the sectional chuck, the metal being spun over this
and then switched to the built-up form. As far as it
goes, which is to the widest part (A, Fig. 13) of the
proposed project, the shape of the starting chuck
must be identical with the shape of the sectional
chuck, The sectional chuck itself consists of a main
body, which carries the shape from the mouth of the
project to its narrowest part (B, Fig. 13). At this
point, the main body is reduced to a cylindrical core
having a diameter from 14 to 3; in. less than the
smallest diameter of the project. Around this core
are grouped the various segments, all of which are
wedge-shaped, with the exception of the key piece,
which is straight sided. The annular groove in the
main body of the chuck takes a corresponding rim
turned on the segment portion.

In making a sectional chuck, the main body is
turned first (C, Fig. 13). The segment portion, in a
_solid block, is then rough turned to approximate di-
mensions. A 3; in. hole is drilled through the center.
The turning is then removed from the lathe for the
cutting of the various segments. These range in num-
ber from 6 to 12 pieces, depending upon the size of
the opening through which they must be withdrawn.
The saw cuts are then sanded smooth and the seg-
ments glued back in their original position, using
glazed paper at the joints. The turning is then fin-

ished to exact size, carrying out the shape of the
project externally and fitting the main body of the
chuck internally. After sanding and glazing, the var-
ious segments are again separated,

Spinning over a sectional chuck is carried out in
much the same manner as spinning over a one-piece
chuck. B, Figure 13 shows the initial shaping over
the starting chuck. After this is finished, the sec-
tional chuck main body is mounted in place, with
the segments held in place by hand (C, Fig. 13). It
is apparent that the partly-formed spinning will hold
the segmenis securely in place, so that the rest of
the shape can be formed (Fig. 13). After the spin-
ning is completed, it can be slipped bodily from the
main body of the sectional chuck, after which the
key piece and then the other segments can be with-
drawn (D, Fig. 13).

For average work, the gluing of the sectional
chuck can be dispensed with by turning the segment
portion to finished size and then sawing it apart with
a very fine scroll saw or band saw blade. By allowing
a little for the various saw kerfs, a sufficiently accu-
rate form can be made in this manner. If the chnck
is to be made in metal, the same general procedure
as first described is followed, sweating the segments
together with solder.




Chapter 10

Portable Metalworking Power Tools

With the machines and power tools available to-
day, hand operations are practically eliminated in
ordinary jobs. Such work is generally performed only
to correct errors or where proper power tools are
not available. This chapter will be devoted to the
more common types of portable electric and air-
driven power tools and equipment.

Portable Electric Power Tools

Portable power tools are tools that can be moved
from place to place. Some of the most common port-
able power tools used are drills, disc sander, grinders,
saber saw, and impact wrench.

Drills

The portable electric drill (Fig. 1) is probably the
most frequently used power tool. Although it is es-
pecially designed for drilling holes, by adding vari-
ous accessories it can be adapted for different jobs.
Sanding, sawing, buffing, polishing, screw-driving,
wire brushing, and paint mixing are examples of
possible uses.

Portable electric drills commonly used have ca-
pacities for drilling holes in steel from 1/16 inch up

I
DRILL,
CHUCK
KEY

NAMERLATE

MGTOR
HOUSING

SWITCH
TRIGGER

Figure 1. % inch portable electric drill.

to 1 inch in diameter. The sizes of portable electric
drills are classified by the maximum size straight
shank drill they will hold. That is, a 1/4 inch electric
drill wiil hold a straight shank drill up to and in-
cluding 1/4 inch.

The revolutions per minute {rpm) and power the
drill will deliver are most important when choosing
a drill for a job. You will find that the speed of the
drill motor decreases with an increase in size, pri-
marily because the larger units are designed to turn
larger cutting tools or to drill in heavy materials, and
both these factors require slower speed.

If you are going to do heavy work, such as drilling
in masonry or steel, then you would probably need
to use a drill with a2 3/8 or 1/2 inch capacity, If
most of your drilling will be forming holes in wood
or small holes in sheet metal, then a 1/4-inch drill
will probably be adequate.

The chuck is the clamping device into which the
drill is inserted. Nearly all electric drills are equipped
with a three-jaw chuck. Some of the drill motors have
a band-type chuck that you tighten or loosen by
hand, but most of the drills have gear-type, three-jaw
chucks which are tightened and loosened by means
of a chuck key (Fig. 2). Do not apply further pres-
sure with pliers or wrenches after you hand-tighten
the chuck with the chuck key.

Always remove the key immediately after you use
it. Otherwise the key will fly joose when the drill
motor is started and may cause serious injury to you.
The chuck key is generally taped on the cord of the
drill; if it is not make-sure you put it i a safe place
where it will not get lost.

Portable electric drills have controls similar to the
ones shown on the 1/4-inch drill in Fig. 1. This
drill has a momentary contact trigger switch located
in the handle. The switch is squeezed to start the
electric drill and released to stop it.

The trigger latch is a button in the bottom of the
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Figure 2. Three-jaw chuck and chuck key.

drill handle. It is pushed in, while the switch trigger
is held down, to lock the trigger switch in the ON
position. The trigger latch is released by squeczing
and then releasing the switch trigger.

Sanders

Portable sanders are tools designed to hold and
operate abrasives for sanding metals, plastics, and
wood.

'Disc Sander

Electric disc sanders (Fig. 3) are especially useful
on work where a large amount of material is to be
removed quickly, such as scaling surfaces in prep-
aration for painting. This machine must not be used
where a mirror-smooth finish is required.

The disc should be moved smoothlv and lightly
over the surface. Never allow the disc to stay in one
place too long because it will cut into the metal and
leave a large depression.

o -
DATA PLATE

Figure 3. Disc sander.

ABRASIVE WHEEL

GROUNDED PLUG =

Figure 4. Portable grinder,

Portable Grinders

Portable grinders are power tools for rough grind-
ing and finishing of metallic surfaces. They are made
in several sizes (Fig. 4).

The abrasive wheels are easily replaceable sc that
different grain size and grades of abrasives can be
used for varying types of surfaces to be ground and
the different degrees of finish desired.

A flexible shaft attachment is available for most
portable grinders, This shaft is attached by removing
the grinding wheel, then attaching the shaft to the
grinding wheel drive spindle. The grinding wheel
can then be attached to the end of the flexible shaft.
This attachment is invaluable for grinding surfaces
in hard to reach places.

The wheel guard on the grinder should be po-
sitioned so that abrasive dust and metal particles will
be deflected away from your face.

Before you turn the grinder on, make sure the
abrasive grinding wheel is properly secured to the
grinder spindle and not cracked or damaged.

Saber Saw

The saber saw (Fig. 5) is a power-driven jigsaw
that will let you cut smooth and decorative curves
in light metal and wood. Most saber saws are light
duty machines and are not designed for extremely
fast cutting.

There are several different blades designed to oper-
ate in the saber saw, and they are easily inter-
changeable. A blade with fine teeth is designed for
cutting metal. For fast cutting of wood, a blade with
coarse teeth may be used.

The best way to learn how to handle this type of
tool is to use it. Before trying to do a finished job




Figure 5. Saber or bayonet saw operations,

with the saber saw, clamp down a piece of scrap
plywood and draw some curved as well as straight
lines to follow. You will develop your own way of
gripping the tool, and this will be affected somewhat
by the particular tool you are using. On some tools,
for example, you will find guiding easier if you apply
some downward pressure on the tool as you move it
forward. If you are not firm with your grip, the tool
will tend to vibrate excessively and this will roughen
the cut. Do not force the cutting faster than the de-
sign of the blade allows or you will break the blade.

Electric Impact Wrench

The electric impact wrench (Fig. 8) is a portable
hand-type reversible wrench. The wrench shown has
a 1/2-inch square impact driving anvil over which
1/2-inch square drive sockets can be fitted. Wrenches
also can be obtained that have impact driving anvils
ranging from 3/8 to 1 inch. The driving anvils are
not interchangeable from one wrench to another.

The electric wrench with its accompanying equip-
ment is primarily intended for applying and remov-
ing nuts, bolts, and screws. It may also be used to
driil and tap metal, plastic, wood, and the like, and
drive and remove socket-head Phillips-head, or
slotted-head wood, machine, or self-tapping screws.

Before you use an electric impact wrench, depress
the on-and-off trigger switch and allow the electric
wrench to operate a few seconds, noting carefully
the direction of rotation. Release the trigger switch

to stop the wrench. Turn the reversing ring located
at the rear of the tool; it should move easily in one
direction (which is determined by the current di-
rection of rotation}. Depress the on-and-off trigger
again to start the electric wrench. The direction of
rotation should now be reversed. Continue to operate
for a few seconds in each direction to be sure that
the wrench and its reversible features are functioning
correctly. When you are sure the wrench operates
properly, place the suitable equipment on the im-
pact driving anvil and go azhead with the job at
hand.

Safety Precautions

Safe practices in the use of power tools cannot be
overemphasized. There are several general safety
measures to observe in operating or maintaining
power equipment.

1. Never operate power equipment unless you
are thoroughly familiar with its controls and operat-
ing instructions or ask someone who knows.

2. All portable tools should be inspected before
use to see that they are clean and in a proper state
of repair.

3. Have ample illumination. If extension lights
are required, ensure that a light guard is provided.

4. Before a power tool is connected to a source
of power {electricity, air, and so on), be sure that
the switch on the tool is in the OFF position.

5. When operating a power tool, give it your full
and undivided attention.
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Figure 6. Reversible electric impact wrench.

6. Keep all safety guards in position and use

" safety shields or goggles when necessary.

7. Fasten all loose sleeves and aprons.

8. Never try to clear jammed machinery unless
you remove the source of power first,

9. After using a power tool, turn off the power,
remove the power source, wait for all rotation of the
tool to stop, and then clean the tool. Remove all
waste and scraps from the work area and stow the
tool in its proper place.

10. Never plug the power cord of a portable elec-
tric tool into an electrical power source before en-
suring that the source has the voltage and type of
current (alternating or direct) called for on the
nameplate of the tool.

11. If an extension cord is required, always con-
nect the cord of a portable electric power tool into
the extension cord before the extension cord is in-
serted into a convenience outlet. Always unplug the
extension cord from the receptacle before the cord
of the portable power tool is unplugged from the ex-
tension cord. (The extension cord and the power
cord can each be no longer than 25 feet in length.
Extra extension cords should be limited, wherever
possible, to maintain allowable resistance to ground.)

Portable Pneumatic Power Tools

Portable preumatic power tools are tools that look
much the same as electric power tools but use the
energy of compressed air instead of electricity. They
are used most around a shop where compressed air
outlets are readily accessible.

Pneumatic Chipping Hammer

The pneumatic chipping hammer (Fig. 7) con-
sists basically of a steel piston wkich is reciprocated
(moved backward and forward alternately) in a
steel barrel by compressed air. On its forward stroke
the piston strikes the end of the chisel, which is a
sliding fit in a nozzle pressed into the barrel. The
rearward stroke is cushioned by compressed air to
prevent any metal-to-metal contact. Reciprocation
of the piston is automatically controlled by a valve
located on the rear end of the barrel. Located on the
rear end of the barrel is a grip handle containing a
throttle valve.

The throttle valve is actuated by a throttle lever
which protrudes from the upper ear of the grip
handle for thumb operation. Projecting from the butt
of the handle is an air inlet. The handle is threaded




NOZZLE

BARREL

FLATS FOR
GRIPPING I8 VISE

kT T 7T 7Y

EXHALUST DEFLECTOR

PORTABLE METALWORKING POWER TOOLS

THROTILE LEVER

GRIF HANDLE

GRIP
SEFC TION

O
HANDLE

THROTTLE VALVE (AP """

AR INLET

Figure 7. Pneumatic chipping hammer.

onto the barrel and is prevented from unscrewing by
a locking ring. Surrounding and retaining the locking
ring is an exhaust deflector. This deflector may be
located in any of four positions around the barrel in
order to throw the stream of exhaust air to the de-
sired direction.

The pneumatic hammer may be used for beveling,
calking, or beading operations, and for drilling in
brick, concrete, and other masonry.

Chipping hammers should not be operated with-
out safety goggles and all persons in the immediate
vicinity of the work should wear goggles.

While working, never point the chipping hammer
in such a direction that other people might be struck
by an accidentally ejected tool. When chipping alloy
steel or doing other heavy work, it is helpful to dip

the tool in engine lubricating oil about every six
inches of the cut and make sure the cutting edge of
the tool is sharp and clean. This will allow faster
and easier cutting and will reduce the possibility
of the tool breaking.

When nearing the end of a cut, ease oft on the
throttle lever to reduce the intensitv of the blows.
This will avoid any possibility of the chip or tool
flying.

If for any reason you have to lay the chipping
hammer down, always remove the attachment tooi
from the nozzle. Should the chipping hammer be ac-
cidentally started when the tool is free, the blow of
the piston will drive the tool out of the nozzle with
great force and may damage equipment or cause
injury.

Fiyure 8. Needle impact scaler.
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Figure 9. Rotary impact scaler.

Needle and Rotary Impact Scalers

. Needle and rotary scalers (Figs. 8 and 9) are used
‘to remove rust, scale, and old paint from metallic
. and masonry surfaces. You must be especially careful
- when using these tools, since they will chew up any-
" thing in their path. Avoid getting the power line or
“any part of your body in their way.
Needle scalers accomplish their task with an as-
~ sembly of individual needles impacting on a surface

.. hundreds of times a2 minute. The advantage of using

individual needles is that irregular surfaces can be
cleaned readily.

The rotary scaling and chipping tool, sometimes
~ called a jitterbug, has a bundle of cutters or chippers
“for scaling or chipping (Fig. 9). In use, the tool is
pushed along the surface to be scaled and the ro-
tating chippers do the work. Replacement bundies
of cutters are available when the old ones are worn.

Portable Pneumatic Impact Wrench

The portable pneumatic impact wrench {Fig. 10)
is designed for installing or removing nuts and bolts.
The wrench comes in different sizes and is classified
by the size of the square anvil on the drive end. The
anvil is equipped with a socket lock which provides
positive locking of the socket wrenches or attach-
ments. The wrench has a built-in oil reservoir and
an adjustable air valve regulator which adjusts the
torque output of the wrench. The torque regulator
reduces the possibility of shearing or damaging
threads when installing nuts and bolts to their re-
quired tension.

Nearly all pneumatic wrenches operate most effi-
ciently on an air pressure range of from 80 to 90
pounds per square inch {p.si.). A variation in excess
of plus or minus five pounds is serious, because
lower pressure causes a decrease in the driving
speeds, while higher pressure causes the wrench to
overspeed, with subsequent abnormal wear of the
motor impact mechanisms.

The throttle lever located at the rear of the pneu-
matic wrench provides the means for starting and
stopping the wrench. Depressing the throttle lever
starts the wrench in operation. Upon release, the
lever raises to its original position stopping the
wrench.

The valve stem is seated beneath the pivot end
of the throttle lever. Most wrenches have a window
cut in the throttle lever so that the markings on the
upper surface of the valve stem will be visible. Two
letters, F and R, have been engraved on the head of
the valve stem to indicate the forward (clockwise)
and reverse (counterclockwise) rotation of the anvil.
To change from forward to reverse rotation, or vice
versa, turn the vaive stem 180 degrees until the de-
sired marking is visible through the window in the
throttle lever. When the valve stem is in proper
position, the valve stem pin engages a recess on the
underside of the valve stem, preventing accidental
turning of the stem.

The air valve regulator is located at the bottom
and toward the rear of the wrench, Using a screw-
driver and altering the setting of the air regulator
up to 90 degrees, either to the right or left, reduces
the torque from full power to zero power.

Before operating the pneumatic impact wrench
make sure the socket or other attachment you are
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VALVE STEr

REVERSE POSITION

using is properly secured to the anvil. It is always
a good idea to operate the wrench free of load in
both forward and reverse directions. To see that it
operates properly, check the installation of the air
hose to make sure it is in accordance with the man-
ufacturer’s recommendation.

Bench Grinder

The electric bench grinder (Fig. 11) is designed
for hand grinding operations, such as sharpening
chisels or screwdrivers, grinding drills, removing ex-
cess metal from work, and smoothing metal surfaces.
It is usually fitted with both a medium grain and
fine grain abrasive wheel. The medium wheel is
satisfactory for rough grinding where a considerable
quantity of metal has to be removed, or where a
smooth finish is not important. For sharpening tools
or grinding to close limits of size, the fine wheel
should be used, as it removes metal more slowly,
gives the work a smooth finish, and does not gen-
erate enough heat to anneal the cutting edges.

When a deep cut is to be taken on work or a con-
siderable quantity of metal removed, it is often

PORTABLE METALWORKING POWER TOOLS

THROTTLE LEVER

AIR INLET

Figure 10, Portable pnenmatic impact wrench,

practical to grind with the medium wheel first and
finish up with the fine wheel. Most bench grinders
are so made that wire brushes, polishing wheels, or
buffing wheels can be substituted for the removable
grinding wheels.

To protect the operator during the grinding oper-
ation an eyeshield and wheel guard are provided
for each grinding wheel. A tool rest is provided in
front of each wheel fo rest and guide the work dur-
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BEARING
SURFACE

TOOL REST =mf

CORRECTLY MOUNTED
SAFETY-TYPE GLNCH GRINDER

WHEEL

Figure 11. Bench grinder and wheel.




ing the grinding procedure. The rests are removable,
if necessary, for grinding odd-shaped or large work.
When starting a grinder, turn it on and stand to
one side until the machine comes up to full speed.
There is always a possibility that a wheel may fly to
pieces when coming up to full speed. Never force
work against a cold wheel; apply work gradually to
give the wheel an opportunity to warm, thereby min-
imizing the possibility of breakage.

Handle grinding wheels carefully. Before replacing
a wheel always check it for cracks. Make sure that a
fiber or rubber gasket is in place between each side
of the wheel and its retaining washer. Tighten the
spindle nut just enough to hold the wheel firmly. If
the nut is tightened too much the clamping strain
may damage the wheel. When selecting a replace-
ment whaeel, ascertain that the grinder will not ex-
ceed the manufacturer’s recommended speed for the
wheel.

When grinding, always keep the work moving
‘across the face of the wheel. Grinding against the
same spot on the wheel will cause grooves to be
worn into the face of the wheel. Keen all wheel
‘guards tight and in place. Always keep the tool rest
adjusted so that it just clears the wheel and is at or
just below the center line of the wheel, to prevent
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accidental jamming of work between tool rest and
wheel.

Wear goggles, even if eyeshields are attached to
the grinder. Keep your thumbs and fingers out of
the wheel.

Safety Precautions

In operating or maintaining air-driven tools, take
the following precautionary measures to protect
yourself and others from the damaging effects of
compressed air.

1. Inspect the air hose for cracks or other defects.
Replace the hose if found defective.

2. Before conmecting an air hose to the com-
pressed air outlet, open the control valve momen-
tarily. Then, make sure the hose is clear of water
and other foreign material by connecting it to the
outlet and again opening the valve momentarily.

Caution: Before opening the control valve, see that
nearby persons are not in the path of the air fow.
Never point the hose at another person,

3. Stop the flow of air to a pneumatic tool by
closing the control valve at the compressed air outlet
before connecting, disconnecting, adjusting, or re-
pairing a pneumatic tool.




Chapter 11

Layout and Benchwork

Laying out is the method of placing lines on the
stock to correspond to the lines and dimensions of
the blueprint. These laycuts are full size and must
be measured and marked accurately on the stock.
Limits and allowances must be observed.

Mechanical Drawings and Blueprints

A mechanical drewing, made with special insgrn-
ments and tools, gives a true representation of ar
object to be made, including its shape, size, descrip-
tion, specifications as to material to be used, and
method of manufacture. A blueprint is an exact dup-
licate of a mechanical drawing.

The following paragraphs cover briefly some im-
portant points in connection with working from
sketches and blueprints. Of the many types of blue-
prints, the simplest one is the plan view. This is a
blueprint which shows the position, location, and use
of the various parts of the object.

In addition to plan views, you may use other
blueprints, called assembly prints, unit or subassem-
bly prints, and detail prints. These prints show var-
ious kinds of machinery and mechanical equipment.

Assembly prints show the various parts of the
mechanism and how the paris fit together. Individ-
ual mechanisms, such as motors, pumps, and others,
will be shown on subassembly prints. These show lo-
cation, shape, size, and relationships of the parts of
the subassembly unit. Assembly and subassembly
prints are used to learn operation and maintenance
of machines and equipment.

Detail prints give you the information required to
make a new part. They show size, shape, kind of ma-
terial, and method of finishing. You will find them
indispensable in your work.

Working irom Drawings
Detail prints usually show only the individual pa:t

or piece you must produce. They show two or more
orthographic views of the object, and, in special
cases, they may show an isometric projection, with-
out dimension lines, near the upper right corner. Ap
isometric projection shows how the part will look
when made.

Each drawing or blueprint carries a number, lo-
cated in the upper left-hand corner and in the title
box in the lower right-hand corner of the print. The
title box alsc shows the part name, the scale used,
the pattern number, the material required, the as-
sembly or subassembly print number to which the
part belongs, the job order number, the quantity and
date of the order, and the names or initials of the
persons who drew, checked, and approved the draw-
ings.

Accurate and satisfactory fabrication of a part de-
scribed on a drawing depends upon the following:

1. Correctly reading the drawing and closely ob-
serving all data thereon;

2. Selecting the correct material;

3. Selecting the correct tools and instruments for
laying out the job;

4, Using the baseline or reference line method of
locating the dimensional points during layout, there-
by avoiding cumulative errors (described later in
this chapter);

5. Strict observance of tolerances and allowances;

6. Accurate gaging and measuring of work
throughout the fabricating process;

7. Giving due consideration, when measuring, for
expansion of the workpiece by heat generated by the
cutting operations. This is especially important when
checking dimensions during finishing operations, if
work is being machined to close tolerance.

Accurate Measurement

It is to your advantage to always strive for the
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greatest amount of accuracy. You can work many
hours on a project and if it is not accurate, you will
often have to start over. With this thought in mind
you would do well to study carefully the following
information about both the English and metric sys-
tems of measurement.

ExcrLisu System. With the English system the
standard unit of measurement is the inch. The inch
can be broken down into smaller parts for finer
measurements. One breakdown is the common frac-
tion such as 1/2 inch, 1/4 inch, 1/8 inch, 1/32 inch,
or 1/64 inch. The inch may also be divided into dec-
imal fractions, such as 1/10, 1/100, or 1/1000. Dec-
imal fractions can be expressed with a numerator
and denominator, but in most machine shop work
and on blueprints or drawings they are frequently
expressed in decimal form such as 0.1 in., 0.01 in,,
and 0.001 in. Decimal fractions are expressed in the
following manner.

One-tenth inch = 0.1

One-hundredth inch = 0,01
One-thousandth inch = 0001
One ten-thousandth inch = (.0001

A breakdown from 1/84 in. to 1 in. is shown in Table
26. .
Metric SystEM. The metric system is used by
many countries other than the United States, and
you should have an understanding of this system of
measurement. The standard unit of measurement for
the metric system is the meter.

In the metric system, the meter is subdivided into
the following parts:

1 meter = 10 decimeters (dm)
1 decimeter = 10 centimeters (cm)
1 centimeter = 10 millimeters {(mm)

From this we can say that one decimeter is one-tenth
meter, one centimeter is one-hundredth meter, and
one millimeter is one-thousandth meter, Other sub-
divisions of the meter are also included in the metric
system. One meter is equal to 2.54 centimeters.

TaBLE 26
LENcTH~INCHES AND MBLIMETERS—EQUIVALENTS OF DECMAL AND FRACTIONS OF AN INCH IN MILLIMETERS
From 1/64 to t Inch

Decimals Decimaly

L4 |44's | Sths | 16ths | 321s | G4ths | Milli- of 14% |14’ [ 8tha | 16tha | 32ds | Gdehs |  Milli- of
meters an inch meters un inch
1 = 0.397 | (.015625 33 =13.097 | 0.515625
3 2 = T34 03125 17 KZ =13.494 .53125
3 = 1_191 046875 35 =13.801 . 546875

1 2 4 = 1.538 .0625 9 18 26 =14.288 50625
5 | = 1.934 | .078125 37 | =14.684 | .578125

3 6 | = 2.381 09375 19 | 38 | =15.081 59376
7 | = 27781 .109375 38 | =15.478 | .609375

1 2 4 8 | = 3.175| .1250 5 10 |20 40 | =15.875| .625
9 | = 35721 .140625 41 = 16,272 | .640625
5 10 | = 3.969 | .15625 21 42 | =16.660 | .065625
11 = 4,366 171875 43 = §7.066 671875

3 6 12 | = 4.762 | .1875 11 22 | 44 | =17.462 ] .6875
13 | = 5.150 | .203125 45 | =17.850 | .703125
7 14 !} = 5.556 | .21875 23 | 46 | =18.250 | .7i875
15 | = 5.953 ] .234375 47 | =18.653 1 .734375

1 2 4 8 16 | = 6.350] .2500 3 6 12 | 24 48 | =19.050 | .75

17 = §.747 . 265625 49 = 19,447 .T85625
9 18 = 7.144 .28125 25 50 =19,844 L8125
19 = 7.541 . 286875 51 =20.241 LT796875

5 i0 20 = 7.938 .3125 13 26 52 =20.638 8125
21 | = 8.334 ] .32812% 53 | =21.034 ) 478125
11 22 = B.731 34375 27 54 =2{.431 84375
23 | = 9.128 | .359375 55 | =21.828 | .B50375

3 6 12 24 = 89.525 L3750 T i4 28 56 =22.225 875
25 = 0,022 390625 57 =22 622 860625
13 26 =10.319 .40625 29 58 =23.019 90625
27 =10.716 421875 59 =23.416 021876

7 14 28 | =11.112 | .4375 15 | 30} 60 | =23.812 [ .9375
20 =11.509 453125 i)} = 24,200 .053125
15 30 | =11.906 | .4GB75 3! 62 | =24.606 | .0687%
31 =12.303 | .484375 63 | =25.008 | .084375

112 4 8 16 32 | =12,700] .5 i 214 3 16 32 | 64 | =25.400 | 1.000
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Limits of Accuracy

You must work within the limits of accuracy spe-
cified on the drawing. A clear understanding of tol-
erance and ellowance will help you to avoid making
small, but potentially dangerous errors. These terms
may seem closely related, but each has a very precise
meaning and application. The following paragraphs
point out the meanings of these terms and the im-
portance of observing the distinctions between them.

TorLerance. Working to the absolute or exact basic
dimension is impracticable and unnecessary in most
instances. The designer calculates, in addition to the
basic dimensions, an allowable variation. The amount
of variation or limit of error permissible is indicated
on the drawing as a given amount, such as = 0.035;
= 1/64. The difference between the allowable min-
imum and the allowance i aximum dimension is tol-
erance. For example, in Fig. 1:

ezl

Figure 1. Basic dimension and tolerance.

Basic dimension = 4

Long limit = 4 1/64
Short limit = 3 63/64
Tolerance = 1/32

When tolerances are not actually specified on a
A-~wing, fairly concrete assumptions can be made
concerning the accuracy expected by using the fol-
le~ving principles. For dimensions which end in a
r ction of an inch, such as 1/8, 1/18, 1/32, 1/64,
- susider the expected accuracy to be to the nearest
1/64 inch. When the dimension is given in decimal
form, the following applies.

If a dimension is given as 3.000 in. the accuracy
expected is + 0.0005 in. or, if the dimension is given
as 3.00 in., the accuracy expected is =+ 0.005 in. The
- (0.0005 is plus or minus five ten-thousandths of an
inch. The =+ 0.005 is plus or minus five thousandths
of an inch.

ArLowance. Allowance is an intentional difference
in dimensions of mating parts to provide the desired
fit. A clearance allowance permits movement between
miating parts when assembled. For example, when a
hole with a 0.250 in. diameter is fitted with a shaft
that has a 0.245 in. diameter, the clearance allowance

is 0.003 in. An interference allowance is the opposite
of a clearance allowance. The difference in dimen-
sions in this case provides a tight fit. Force is required
when assembling parts which have an interference
allowance. If a shaft with a 0251 in. diameter is
fitted in the hole identified in the preceding example,
the difference between the dimensions will give an
interference allowance of 0.001. As the shaft is larger
than the hole, force is necessary to assemble the
parts.

What is the relationship between tolerance and
allowance? In the manufacture of mating parts, the
tolerance of each part must be controlled so that the
parts will have the proper allowance when assem-
bled. For example, it a hole 0.250 inch in diameter
with a tolerance of 0.005 in. (= 0.0025) is pre-
scribed for a job, and a shaft to be fitted in the hole
i+ to have a clearance allowance of 0.001 in., the hole
must first be finished within the limits, and the re-
quired size of the shaft determined exactly, before
the shaft can be made. If the hole is finished to the
upper limit of the basic dimension (0.2525 in.), the
shaft would be machined to 0.2515 in. or 0.001 in.
smaller than the hole. If the dimension of the shaft
was given with the same tolerance as the hole, it is
obvious that there would be no control over the
allowance between the parts. As much as 0.005 in.
allowance (either clearance or interference) could
result.

To provide a method of retaining the required
allowance while permitting some tolerance in the di-
mensions of the mating parts, the tolerance is limited
to one direction on each part. This single direction
(unilateral) tolerance stems from the basic hole sys-
tem. If a cleavance allowance is required hetween
mating parts, the hole may be larger but not smaller
than the basic dimension. The part that fits into the
opening may be smaller, but not larger than the
basic dimension. Therefore, shafts and other parts
that fit into a mating opening have a minus tolerance
only, while the openings have a plus tolerance only.
If an interference allowance between the mating
parts is required the situation is reversed. The open-
ing can be smaller but not larger than the basic
dimension, while the shaft can be larger, but not
smaller than the basic dimension. Therefore, you can
expect to see a tolerance such as +.005, —0, or +0,
=005, but with the required value not necessarily
005. One way to get a beiter understanding of a
clearance allowance, or an interference allowance, is
to make a rough sketch of the piece ancd add dimen-
sions to the sketch where they apply.




Precautions

Be sure you have the correct print for the part to
be made or repaired. You want the print which has
not only the correct title, but also the correct assem-
bly number.

Never take a measurement with a rule directly
- from the print because the tracing from which the
. print was made may not have been copied from the
. original drawing perfectly, and may contain scaling
* errors. Also, paper stretches and shrinks with changes
~ in atmospheric conditions. Dimensions must be taken
only from the ﬁgures shown on the dimension lines.
Be verv careful in handling all blueprints and
working drawings. When they are not in use, place
. them on a shelf, in a cabinet, or in a drawer. Return
* them to the blueprint file as soon as the job is done.
- Blueprints and working drawings are always val-
. uable and often irreplaceable. Make it a point never
© to mutilate, destroy, or lose a blueprint.

ayout

_ Layout is the term used to describe the marking
of metal surfaces that provides an outline for ma-
chining. A layout is comparable to a single view
{end, top, or side) or a part which is sketched di-
rectly on the workpiece. The difficulty experienced
 making layouts depends on the intricacies of the
part to be Iaid out and the number of operations re-
quued to make the part. A flange lavout, for example,
is relatively simple, as the entire layout can be made
* on one surface of the blank flange. However, an in-
tricate casting may require layout lines on more than
one surface. This requires careful study and concen-
tration to ensure that the layout has the same rela-
tionships as those shown on the drawing (or sample)
* .that vou are using.

When a part must be laid out on two or more
surfaces, it may be necessary to lay out one or two
surfaces and machine them to size before further
layout lines can be used. This prevents removal of
layout lines on one surface while machining another.
In other words, it would be useless to lay out the top
surface of a part and machine the layout lines off
while cutting the part to the layout lines of an end
surface.

Through the process of computing and transferring
dimensions, you will become familiar with the rela.
tionship of the surfaces. Understanding this relation-
ship will be of benefit wiien planning the sequence
of machining operations.
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Accuracy in making layouts depends on your
ability. You should be capable of holding the dimen-
sions of a layout to within a tolerance of 1/64 in.
Sometimes you must work to a tolerance of even less
than that.

A layout of a part is made wher the directional
movement or location of the part is controlled by
hand or aligned visually without the use of precision
instruments (such as when the work is done on
bandsaws or drill presses). When cutting irregular
shapes on shapers, planers, lathes, or milling ma-
chines, layout lines are made, and the tool or work
is guided by hand. When making a part with hand
cutting tools, layout is essential.

Mechanical drawing and layout are closely related
subjects. Knowledge of one will help you understand
the other.

MATERIALS AND EQuipMENT. A scribed line on the
surface of metal is usually hard to see; therefore a
layout liquid is used to provide a contrasting back-
ground. Commercially prepared layout dyes or inks
are available. Chalk can be used occasionally, al-
though it does not stick to a finished surface as well
as does layout dye. The layout dyes, commonly
used, color the metal surface with a blue or copper
tint. A line scribed on this colored surface reveals the
color of the metal through the background.

The tools generally used for making layout lines
are the comhination square set, machinist’s square,
surface gage, scriber, straightedge, rule, divider, and
caliper. Tools and equipment used in setting up the
part to be laid out are surface plates, parallel blocks,
angle plates, V-blocks, and sine bar. Surface plates
have very accurately scraped flat surfaces. They are
used to provide a mounting table for. the work to be
laid out so that all lines in the layout can be made
to one reference surface. Angle plates are commonly
used when the lines in the layout are at an angle to
the reference surface. These plates may be fixed or
adjustable. Fixed angle plates are considered to be
more accurate because one surface is machined to a
specific angle in relation to the base. Adjustable
angle piates are convenient to use because the an-
gular mounting surface may be adjusted to meet the
requirements of the job. V-blocks are used for mount-
ing round stock on the surface plate. Parallel blocks
are placed under the work to locate the work at a
convenient height.

‘The sine bar is a precision tool used for deter-
mining angles which require accuracy within five
minutes of arc. The sine bar may be used to check
angles or establish angles for layout and inspection
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work. The sine bar must be used in conjunction with
a surface plate and gage blocks if accuracy is to be
maintained. Using the sine bar will be covered later
in this chapter. (See also Chap. 2, Measuring Tools
and How to Use Them.)

Layout Methods

To ensure complete accuracy when making lay-
outs, establish a reference point or line on the work.
This line, called the baseline, is located so that it
can be used as a base from which you can measure
dimensions, angles, and lines of the layout. A
machined edge or centerline may be used as a ref-
erence line. Circular layouts, such as flanges, are
usually laid out from a center point and a diameter
line.

Inaccuracy in layouts can be held to a8 minimum
when the reference method is used, because errors
can be made only between the reference line and
one specific line or point. Making a layout with each
line or point referenced to the preceding one causes
compounding of any existing error and thus results
in an inaccurate layout.

Making a layout on stock that has one or more
machine finished surfaces is usvally easy, Laying out
a casting presents special problems because the sur-
fazes are too rough and not true enough to permit
the use of squares, surface plates, or other mounting
methods with any degree of accuracy. A casting usu-
ally must be machined on all surfaces. Sufficient ma-
terial must be left outside the layout line to permit
truing ur *e surface by machining. For example, a
casting might have only 1/8 inch machining allow-
ance on each surface (or a total of 1/4 inch over-
size). It is obvious in this example that taking more
than 1/8 inch off any surface can mean the loss of
the casting. The layout procedure is especially im-
portant when there are irregular surfaces or cored
holes in the casting. The layout lines then must be
within the machining allowance on all surfaces. Do
not attempt to make the layout so that a maximum
amouht of material is removed from one surface and
a minimum amount from another surface.

Makmie Layout Lines. The following information
is applicable to practically all layouts. Layout lines
are formed by using a reference edge or point on the
stock or by using the surface plate as a base.

Lines SQuare or PARALLEL To Epces. When scrib-
ing layout lines on sheet metal, hold the scratch awl,
or scriber, as shown in Fig. 2, leaning it toward the
direction in which it will be moved and away from
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Figure 2. Using a scribe,

the straightedge. This will help scribe a smootk line
which will follow the edge of the straightedge, tem-
plate, or pattern at its point of contact with the sur-
face of the metal.

To square a line on stock with a combination
square, place the squaring head on the edge of the
stock (Fig. 3). Draw the line along either edge of
the blade. The line will be square with the edge of
the stock against which the squaring head is held,
that is, the angle between the line and the edge will
be 90 degrees.

Figure 3. Using a combination square.

To draw lines parallel to an edge using a com-
bination square, extend the blade from the squaring
head the required distance, such as the 2-inch setting
shown in Fig. 4. Secure the blade at this pnsition.
Scribe a line parallel to the edge of the stock by
holding the scratch awl or scriber at the end of the
blade as you move the square along the edge. All
lines so scribed with different blade settings will be
parallel to the edge of the stock and parallel to each
other.

To scribe a line parailel to an edge with a her-
maphrodite caliper, hold the caliper as shown in Fig.
5, so that the curved leg maintains contact with the
edge while the other leg scribes the line. Hold the
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Figure 4. Laying out parailel lines with a combination square.

Figure 5. Laying out a parallel line with a hermaphrodite.

caliper in such a way that the line will be scribed
at the desired distance from the edge of the stock.

Formine ANGULAR Lings. To lay out a 45 degree
angle on stock, using a combination square, place
the squaring head on the edge of the stock as shown
in Fig. 6, and draw the line along either edge of the
blade. The line will form a 45 degree angle with the
edge of the stock against which the squaring head
is held.

To draw angular kines with the protractor head of
a combination square, loosen the adjusting screw
and rotate the blade to where the desired angle lines
up with the index mark on the body of the protractor
head. The setting shown in Fig, 7 is 80 degrees.
Tighten the screw to hold the setting,

Hold the body of the protractor head in contact
with a true edge of the work with the blade resting

Figure 7. Laying out angular lines,

on the surface. Scribe the lines along the edge of the
blade on the work. The angle set on the scale deter-
mines the angle laid out on the work. All lines drawn
with the same setting, and from the same true edge
of the work, will be parallel lines.

Layme Our CircLEs anp IRREGULAR Linges. Circles
or segments of circles are laid out from a center
point. To ensure accuracy, the center point is prick
punched to keep the point of the dividers from slip-
ping out of position. Use the center head and rule,
as shown in Fig. 8, to locate the center of round
stock. To find the center of square and rectangular
shapes, scribe straight lines from opposite corners
of the workpiece. The intersection of the lines lo-
cates the center.

To lay out a circle with a divider, take the setting
of the desired radius from the rule, as shown in Fig.
9. Note that the 3 inch setting is being taken away
from the end of the rule, This reduces the chance of
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Figure 9. Setting a divider to a dimension.

error as each point of the dividers can be set on a
graduation. 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 (A,
Fig. 10).

When setting trammel points (B, Fig. 10), follow
the same direction as for a divider; a steel tape may
be required to set the trammel points.

To lay out a circle with trammel points, hold one
point at the center, lean the tool in the direction
you propose to move the other point, and swing the
arc or circle (B, Fig. 10).

To transfer a distance measurement with trammel
points, hold one point as you would for laying out a
circle and swing a small arc with the other point
opened to the desired distance.

Scribing an irregular line to a surface is a skill
used in fitting a piece of stock (Fig. 11) to a curved
surface. A, Fig. 11 shows the complete fit. In B, Fig.
11, the divider has scribed a line from left to right,
When scribing horizontal lines, the legs of the divider
must be kept plumb (one above the other). When
scribing vertical lines, the legs must be kept level,
To scribe a line to an irregular surface, set the di-

Figure 10, Laying out circles,
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Figure 11. Laying out an irregular line from a surface.

vider so that one leg will follow the irregular surface
and the other leg will scribe a line on the material
that is being fitted to the irregular surface (B, Fig.
11).

Usinc THE SurrFack Prate. The surface plate is
used with such tools as parallel squares, V-blocks,
surface gages, angle plates, and sine bar in making
layout lines. Angle plates similar to the one shown
in Fig. 12 are used to mount work at an angle on
the surface plate. The angle of the angle plate is set
by using a protractor and rule of the combination
square set, or by using a vernier protractor.




Figure 12. Angle plate.

Figure 13, Setting and using a surface gage.

A, Fig. 13 shows the use of a surface gage V-block
combination in laying out a piece of stock. To set
a surface gage for height, first clean the top of the
surface plate and the bottom of the surface gage.
Then place the squaring head of a combination
square as shown in B, Fig. 13. Secure the scale so
that the end is in contact with the surface of the
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plate. Move the surface gage into position. Set the
scriber to the approximate height required, using the
adjusting clamp that holds the scriber onto the spin-
dle. Make the final adjustment for the exact height
required (4 1/2 inches in this example) with the ad-
justing screw n~ the base of the surface gage.

Using THE «~F BaRr. The sine bar is used in con-
junction with the surface plate. The sine bar is not
used as often as other layout tools, but it would be
advantageous to know how to use the sine bar. Sine
bars, such as the one shown in Fig. 14, are available
in various sizes with lengths of 5 in., 10 in., and 20
in. The length is taken from the center line of the
rolls. To be able to use the sine bar, you must be
familiar with natural trigonometric functions. In Fig.
14 we have a desired angle A, and to achieve this
angle we must find dimension X. This is done in the
following manner. Dimension X = length of sine
bar times the sine of angle.

Example:

Length of sine bar = 5in,

Angle A = 23 degrees 35 ft.

Sine of angle A = 0.4000

X = 5x (.40008

X = 2.00040 in.
By reversing the procedure you can find the angle.
The formula for finding the angle is as follows.

Distance X

Sine of angle = X
Length of Sine Bar

E
R 7 _____ _(PLUG GAG

) o I, g

-]

SURFACE PLATE

Figure 14. Sine bar.

GeoMmerric CONSTRUCTION OF LAvouT LiNgs. It is
sometimes necessary to scribe in a layout which can-
not be made using conventional layout methods. For
example, making straight and angular layout lines on
sheet metal with irregular edges cannot be done
readily by using the combination square set. Neither
can sheet metal be mounted on angle plates in a
manner that permits scribing angular lines. Geo-
metric construction is the answer to this problem.

Use a divider to lay out a perpendicular from a
point fo a line, as shown in Fig. 15. Lightly prick
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Figure 15. Layout of a perpendicular from a point to a line.
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Figure 18, Layout of a perpendicular from a point on a line.
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Figure 17. Layout of a paralle} line.

B
Figure 18. Bisecting an angle.

punch the point, C, then swing any arc from C
which will intersect the line AB, and prick punch
the intersections D and E, as shown in the illus-
tration. With D and E as centers, scribe two arcs
which intersect at a point such as F. Place a straight-
edge on points C and F. The line drawn along this
straightedge from point C to line AB will be per-
pendicular (90 degrees) to the line AB.

Use a divider to lay out a perpendicular from a
point on 2 line, as shown in Fig. 16. Lightly prick
punch the point which is identified in the iilustra-
tion as C on line AB. Then set the divider to any dis-
tance to scribe arcs which intersect AB at C and E
with C as the center. Punch ID and E lightly. With
D and E used as centers, and with the setting of the
divider increased somewhat, scribe arcs which cross
at points such as F and G. The line drawn through F
and G will pass through point C and be perpen-
dicular to line AB,

To lay out paralle! Yines with a divider, set the
divider to the selected dimension. Then, referring to
Fig. 17, from sny points prick punched such as C
and D on line. From AB swing arcs EF and GH.
Then draw line IJ tangent to these two arcs, and it
will be parallel to line AB and at the selected dis-
tance from it.

Bisecting an angle is another geometric construc-
tior with which you should be familiar. Angle ABC
(Fig. 18) is given. With B as a center, draw an arc
cutting the sides of the angle at D and E. With D
and E a5 centers, and with a radius greater than half
of arc DE, draw arcs intersecting at F. A line drawn
from B through the point F bisects the angle ABC.

Loying Out Valve Flange Bolt Holes

Before describing the procedure for making valve
flange layouts, it is best to clarify the terminology
imvolved in the description that will be given. Figure
19 shows a valve flange with the bolt holes marked
on the bolt circle. The straight line distance between
the centers of two adjacent holes is called the pitch
chord. The bolt hele circle itself is called the pitch
circlg. The vertical line across the face of the flange
is the vertical bisector, and the horizontal line across
the face of the flange is the horizontal bisector.

The bolt holes’ centers on the pitch circle and the
pitch chord are equidistant. The pitch chord be-
tween any two adjacent holes is exactly the same as
the pitch chord between any other two adjacent
holes. Notz that the two top holes and the two bot-
tom holes straddle the vertical bisector. The vertical
bisector cuts the pitch chord for each pair exactly in
half. This is the standard method of placing the holes
for a 6-hole flange. In the 4-, 8-, or 12-hole flange,
the bolt holes straddle both the vertical and hori-
zontal bisectors. This system of hole placement per-
mits a valve to be installed in a true vertical or
horizontal position, provided that the pipe Hange
holes are also in standard location on the pitch cir-




cle. Before proceeding with a valve flange layout job,
find out definitely whether the holes are to be placed
in standard position. If you are working on a per
sample job, follow the layout of the sample. The pro-
cedure for setting up the layont for straight globe or
gate valves is as follows,

1. Fit a fine grain wood plug in the opening in
each flange (Fig. 19). The plug should fit snugly and
be flush with the face of ihe flange.

2. Apply layout dye to the flange faces, or if dye
is not available, rub chalk on the flange faces to
facilitate the drawing of lines which will be clearly
visible.

3. Locate the center of each flange with a sarface
gage, or with a center head and rule combination,
if the flange diameter is relatively small. (See Fig.
13 and A, Fig. 8.) After vou have the exact center
point located on each flange, mark the center with a
sharp prick punch.

4. Scribe the pitch or bolt circle, using a pair of
dividers. Check to see that the pitch circle and the
.. outside edge of the flange are concentric.

5. Draw the vertical bisector. This line must pass
. through the center point of the flange and it must be
visually located directly in line with the axis of the
valve stem (Fig. 19}.
* 6. Draw the horizontal bisector. This line must
also pass through the center point of the flange and
- must be laid oat at right angles to the vertical bi-
sector. (See Figs. 16 and 19.}

Up to this point the layout is the same for all

flanges regardless of the number of holes. Beyond
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Figure 19. Flange layout terminology.

this point the layout differs with the number of
holes. The layout for a 6-hole flange is the simplest
one.

Sx-Hore France. Set vour dividers exactly to the
dimension of the pitch circle radius, Place one leg of
the dividers on the point where the horizontal bi-
sector crosses the pitch circle on the right-hand side
of the flange, point (1} in A, Fig. 20, and draw a
smali arc across the pitch circle at points (2) and
(8). Next, place one leg of the dividers at the inter-
section of the pitch circle and horizontal bisector on
the left-hand side of the flange point (4), and draw
a small arc across the pitch circle line at points (3)
and (3). These points (1) to (6) are the centers

“WITNESS MARKS"

Figure 20. Development of a 6-hole flange,
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Figure 21. Four-hole flange development.

for the holes. Check the accuracy of the pitch chords.
To do this, leave the dividers set exactly as you bad
them set for drawing the arcs. Starting from the
located center of any hole, step around the circle
with the dividers. Each pitch chord must be equal
to the setting of the dividers. If it is not, you have
an error in hole mark piacement that must be cor-
rected before you can center punch the marks for the
holes. After you are sure the layout is accurate, cen-
ter punch the hole marks and draw a circle of ap-
propriate size around each center punched mark and
prick punch witness marks around the circumfer-
ence, as shown in B, Fig. 20. These witness marks
will be cut exactly in half by the drill to verify a
correctly located hole.

Four-HoLe Frawce. Figure 21 shows the develop-
_ment for a 4hole flange layout. Set your dividers for

slightly more than half the distance of arc AB, and

then scribe an intersecting arc across the pitch circle
line from points A, B, C, and D, as shown in A, Fig,
21. Next, draw a short radial line through the point
of intersection of each pair of arcs, as shown in B,
Fig. 21. The points where these lines cross the pitch
circle, (1), (2), (3), and (4), are the centers for
the holes. To check the layout for accuracy, set your
divider for the pitch between any two adjacent holes
and step around the pitch circle. If the holes are not
evenly spaced, find your error and correct it. When
the layout is correct, follow the center punching and
witness marking procedure described previously
under the 6-hole flange layout.

Ercar-HoLE Fraxge. Figure 22 shows the develop-
ment of an 8-hole placement. The procedure is as
follows. First locate point E by the same method as
described for locating point (1) in the 4-hole layout.
Ther divide the arc AE in half by the same method.

Figure 22. Eight-hole flange development.




The mid-point of arc AE is the location for the cen-
ter of hole (1) (A, Fig. 22). Next set your dividers
for distance A (1), and draw an arc across the pitch
circle line from A at point (8); from B at points (2)
and (8); from C at (4) and (53); and from D at
(6) and (7) (B, Fig. 22). Now set your calipers for
distance AE and gage the pitch chord for accuracy.
Then finish the layout as described in the preceding
paragraphs.

MaTtHEMATICAL DETERMINATION OF Pitce CHORD
Lencta. In addition to the geometric solutions given
in the preceding paragraphs, the spacing of valve
fiange bolt hole centers can be determined by sim-
ple multiplication provided a constant value for the
desired number of boit holes is known. The diam-
eter of the pitch circle multiplied by the constant
equals the length of the pitch chord. The constants
for specified numbers of holes are given in Table 27.

TasLe 27
* CongTanTts For Locarine CENTERS oF FLaNceE BoLut HoLES

No. bolt holes Constant

0.866
7071
5879

_________ 5

4338

3827

342

.309

2817

.2588

.2394

.2225

2079

195

184

1736

1645

.1564

Here is an example of the use of Table 27. Suppose
a flange is to have 9 bolt holes, laid out on a pitch
circle with a diameter of 10 inches. From the table,
select the constant for a 9-hole flange. The pitch
diameter (10 inches) multiplied by the appropriate
constant (.342) equals the length of the pitch chord
(3.420 inches). Set a pair of dividers to measure
3.420 inches, from point to point, and step off around
the circumference of the pitch circle to locate the
centers of the flange bolt holes. Note that the actual
placement of the holes in relation to the vertical and
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horizontal bisectors is determined separately. (This
is of no concern if the layout is for an unattached
pipe flange rather than for a valve flange.)

Benchwork

Benchwork includes practically all repair work
other than actual machining.

There are specific techniques that can be used in
assembly and disassembly of equipment which will
improve the effectiveness of a repair job. You should
note such things as fastening devices, fits between
mating parts, and the uses of gaskets and packing
when repairing equipment. Noting the positions of
parts in relation to mating parts or the unit as a
whole is extremely heipful in ensuring that the parts
are in correct locations and positions when the unit
is reassembled.

Inspecting the equipment before and during the
repair procedure is necessary to determine causes of
defects or damage. The renewal or replacement of a
broken or worn part of a unit may give the equip-
ment an operational status, Eliminating the cause of
damage pievents recurreace.

Repairs are made by replacemer:t of parts, by ma-
chining the parts to new dimensions, or by using
hand tools to overhaul and recondition the equip-
ment. Hand tools are used in repair procedure in
jobs such as filing and scraping to true surfaces, and
to remove burrs, nicks, and sharp edges.

Assembly and Disassembly

Equipment should be disassembled in a clean,
well-lighted work area. With plenty of light, small
parts are less likely to be misplaced or lost, and
small but important details are more easily noted.
Cleanliness of the work area as well as the proper
cleaning of the parts as they are removed decreases
the possibility of damage due to foreign matter when
the parts are reassembled.

Before starting any disassembly job, select the
tools and parts that you think will be necessary and
take them to the work area. This procedure will per-
mit you to concentrate on the work without un-
necessary interruptions during the disassembly and
reassembly processes.

Have a container at hand for holding small parts
to prevent loss. Use tags or other methods of marking
to identify the parts with the unit from which they
are taken. Doing this prevents mixing parts of one
piece of equipment with parts belonging to another
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PUNCH JOINTS

Figure 23. Mating parts location marks.

similar unit, especially if several pieces of equipment
are being repaired in the same area. Use a scriber or
prick punch to mark the relative positions of mating
parts that are required to mark in a certain position
(Fig. 23). You must pay close attention to details of
the equipment you are taking apart to fix in your
mind how the parts fit together. When overhauling
equipment, use no more force than necessary to dis-
assemble and reassemble the parts. Double check for
overlooked fastening devices if heavy pressure is re-
quired to separate parts. An overlooked pin, key, or
setscrew that locks parts in place can cause extensive
damage if pressure is applied to the parts. If ham-
mers are required to disassemble parts, use a mallet
or.hammer with a soft face (lead, plastic, or raw-
hide) to prevent distortion of surfaces. If bolts or
nuts or other parts are stuck together due to cor-
rosion, use penetrating oil to free the parts.

Precision Work

In the repair of equipment, it is usually necessary
to do a certain amount of precision hand finishing of
parts. This requires the use of file, scrapers, precision
portable grinders, and hydraulic and arbor presses.
Machined parts are likely to have burns, wire edges,
and small irregularities that must be removed by
filing or offhand grinding, It is sometimes necessary
to scrape in flat surfaces and bearings so that true
surfaces and correct clearances are maintained. Hy-
draulic and arbor presses are used to force-fit mating
parts.

SCRAPING. Scraping requires the use of cutting
tools, similar to files without serrated edges, to ac-
complish precision work. A great deal of experience
is necessary to become proficient in scraping a true
surface. Scraping produces a more accurate surface
than machining.

To scrape a fiat surface, a surface plate and prus-
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Figure 24. Checking a surface,

sian blue are required. Lightly coat the surface plate
with blue and move the workpiece over this surface.
The blue will stick to the high spots on the work-
piece, thus revealing the areas to be scraped (Fig.
24). Scrape the areas of the workpiece surface that
are blue and check again. Continue this process until
the blue coloring shows on the entire surface of the
workpiece. To reduce frictional drag between mating
finished scraped surfaces, solid surfaces are usually
ritated so that each series of scraper cuts is made at
an angle of 90 degrees to the preceding series. This
action gives the finished scraped surface a cross-
hatched or basket weave appearance.

A shell-type split bearing, or a bushing, can be
scraped, if necessary, to fit a shaft. To do this, a man-
drel the same size as the shaft, or the shaft itself, is
blued and placed in the bearing. Turning the man-
drel or shaft slightly will mark the high spots which
then can be scraped down, Scraping a bearing is
more difficult than scraping a flat surface, because
longitudinal as well as radial clearance must be main-
tained. Scraping is not often required in most repair
work, but when it is needed there is no other way to
do the job.

Removarn oF Burrs aND Suarp Epces. An impor-
tant but often forgotten item in the repair of ma-
chinery is the removal of burrs and sharp or marred
edges from the parts before reassembly. Removal of
burrs and sharp edges, in addition to being the mark
of a craftsman; makes parts safer to handle, prevents
interference in the fitting of mating parts, and pre-
vents the possibility of having chips break off edges
when the part is back in operation. Inspect parts of
an assembly carefully, and when necessary, remove
corners and burrs or marred edges with a file.

CrassEs oF Firs. The fit of a part is the dimensional
relationship of one part with its mating part. Types
of fits may be placed in three general categories: the
clearance fit, the transition fit, and the interference
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fit. The type of fit depends on the allowance pro-
vided between the mating parts. For example, a
clearance fit requires that a clearance allowance be
provided between the mating parts. The American
Standards Association (ASA) has further classified
these fits according to use.

Clearance fits (running or sliding fits by ASA
standards) have nine classifications varying accord-
ing to the amount of clearance between the two mat-
ing parts. These fits are used when one part moves
in relation to its mating part. For example, a rotating
shaft and bearing relationship, or the sliding action
of a shaper ram.

Transitional fits (locational fits by ASA standards)
are used for locating one part in relation to its mat-
ing part. A transition fit may have a small clearance
or a light interference allowance, depending on
usage requirements. For example, a small clearance
allowance would he used between the end bell and
housing of a motor. This clearance permits relative
ease of assembly and disassembly while retaining
good alignment characteristics. A transitional inter-
ference fit which would require only light pressure to
fit the parts together might be used between an
aligning dowel pin and its hole. This type of fit pro-
vides betier alignment than the clearance allowance,
but makes assembly and disassembly more difficult.

Interference fits (force fits by ASA standards) re-
quire force to assemble mating parts. There are five
classes of interference fits, varying from a light drive
fit (class 1) to a shrink fit {class 5). Classes 1, 2, and
3 interference fits can usually be assembled by using
mechanical pressure. In classes 4 and 5, heat or a
shilling medium may be required to expand or con-
tract one part so that the parts can be fitted together.

Using Hydroulic and Arbor Presses

Hydraulic and arbor presses are simple but useful
machines. They are used primarily in force-fitting
parts when making repairs. Arbor presses, which con-
sist of a gear and rack arrangement, are used for very
light pressing jobs, such as pressing arbor into work-
pieces for machining. Most hydraulic presses are
manually operated.

Regardless of the type of press equipment used, be
sure that it is operated correctly. The only method
of determining the amount of pressure exerted by a
hydraulic press is by watching the pressure gage. A
part being pressed can reach the breaking point
without any visible indication that too much pressure
is being applied. When using the press, you must

consider the interference allowance between mating
parts, corrosion and marred edges, and overlooked
fastening devices, such as pins, setscrews, and re-
tainer rings.

To prevent damage to the work, observe the fol-
lowing precautions when using the hydraulic press.

1. Ensure that the work is adequately supported.

2. Place the ram in contact with the work by
hand, so that the work is positicned accurately in
alignment with the ram.

8. Use a piece of brass or other material (pref-
erably slightly softer than the workpiece} between
the face of the ram and the work to prevent mutila-
tion of the surface of the workpiece.

4. You cannot determine the pressure exerted by
feel. Watch the pressure gage; if excessive pressure
is required, release the pressure and double check
the work to find the cause.

5. When pressing parts together, use a lubricant
between the mating parts to prevent seizing.

There are no set rules for determining how much
pressure will be needed to force-fit two mating parts
together. The distance that the parts must be pressed
usually increases the required pressures, and in-
creased interference allowances require greater pres-
sures. As a guideline for force-fitting a cylindrical
shaft, the maximum pressure, in tons, should not
exceed seven to ten times the shaft’s diameter in
inches.

Using an Oxvacetylene Torch

You may have to use an oxyacetylene torch to heat
parts to expand them enough to permit assembly or
disassembly. This should be done with great care.
The operation of the oxyacetylene torch is not ex-
plained in this book, but safety precautions which
must be observed when using the torch and equip-
ment are as follows.

1. Use only approved apparatus that has been
examined and tested for safety.

2. When cylinders are in use, keep them far
enough away from the actual heating area so they
will not be reached by the flame or sparks from the
object being heated.

3. Never interchange hoses, regulators, or other
apparatus intended for oxygen with those intended
for acetylene.

4. Keep valves closed on empty cylinders.

5. Do not stand in front of cylinder valves while
opening them.

8. When a special wrench is required to open a
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cylinder valve, leave the wrench in position on the
valve stem while the cylinder is being used, so that
the valve can be closed rapidly in an emergency.

7. Always open cylinder valves slowly. (Do not
open the acetylene cylinder valve more than 1 1/2
turns. )

8. Close cylinder valves before moving the cyl-
inders.

9. Never attempt to force unmatching or crossed
threads on valve outlets, hose couplings, or torch
valve inlets. The threads on oxygen regulator outlets,
hose couplings, and torch valve inlets are right-
handed; for acetylene these threads are left-handed.
The threads on acetylene cylinder valve outlets are
right-handed, but they have a pitch which is different
from the pitch of the threads on the oxygen cylinder
valve outlets. If the threads do not match, the con-
nections are mixed.

10. Always use the correct tip or nozzle and the
correct pressure for the particular work involved.
This information should be taken from tables or

worksheets supplied with the equipment.

11. Do not allow acetylene and oxygen to acon-
mulate in confined spaces. Such a mixture is highly
explosive.

12. Keep a clear space between the cylinder and
the work so that the cylinder valves may be reached
quickly and easily if necessary.

13. When lighting the torch, open the acetylene
valve first and ignite the gas while the oxygen valve
is still closed. Do not allow unburned acetylene to
escape and accumulate in small or closed compart-
ments.

14. When extinguishing the torch, close the acet-
ylene valve first and then close the oxygen valve.

These precautions are by no means all the safety
precautions that pertain to oxyacetylene equipment,
and they only supplement those specified by the
manufacturer, Always read the manufacturer’s man-
ual and adhere to all precautions and procedures for
the specific equipment you are going to be using,




Chapter 12

Drills, Drilling, and Drilling Machines

Drilling Procedures

There are many kinds of drills, ranging from those
for general purposes to specialized types for specific
materials or operations. Various lengths and num-

ers of flutes are available, with straight or various
flute angles, with regular or special points, and with
straight or tapered shanks. (See Chap. 3, section on
drills. )

Drilling has been described as “making holes in
solid material with a tool called a drill.” This is a
perfectly good definition, but it is somewhat like de-
scribing a donut by the part you do not eat.

The worker would do better to think of drilling as
“the forming of a workpiece by removing unwanted
material with a drill” This sounds like the same
thing, but there is one important difference. It makes
us concerned with the surface as well as the position
and dimensions of what is left, and after all, that is
the wholie problem of drilling.

There is a wide variety of drilling machines for
drilling holes in metal, each of which has its par-
ticular advantages for certain kinds of work. Among
those in most common use are portable drills, sen-
sitive drills, standard drill press, radial drills (trav-
eling head drills ), multiple spindle drills, gang drills,
and other specially designed machines.

Before proceeding with actual drilling, the work
should be securely fastened to the table of the drill
press by one of the clamping and holding procedures
described later in this chapter.

Checking the Drill

Prior to drilling the hole, be sure that the drill is
the correct size, that it is sharp and firmly secured in
the chuck of the machine, and that the work has heen
securely clamped or fastened. Proceed by carefully
aligning the point of the drill with the mark previ-
ously made when laying out the work and start the
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machine, After the drill has run a few revolutions, it
must be lifted to compare the cuts made with the
circle previously laid out on the work. The cuts will
sometimes be found to be off center. To correct, pro-
ceed as follows: With a small roundnose chisel, cut
a small shallow groove (Fig. 1) on the side toward
which to draw the hole. Start the drill again and it
will drift over to the correct position. Repeat the
operation if necessary. Note that this must be done
before the drill starts to cut its full diameter. Once
the drill is cutting full size nothing can be done to
remedy any inaccuracy.

Drilling Small Holes

Holes 14 in. in diameter and smaller should be
drilled at a high speed. Use a special bushing to fit

r-F"c—a—!-——-""!-...-—-—-—‘
OFFCENTER-) Le—TRUE CENTER

+ ROUND~
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Figure 1. Correcting off-center drill by grooving with chisel.
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Figure 3. Drilling round stock, with piece cut from work
for guide.

the spindle of the drill press when drilling small-
diameter, deep holes. This bushing should be suff-
ciently long so that the drill can be housed almost its
full length inside the bushing at the start of the cut.
When the drill has cut to the length of this extended
portion, it should be set out another short distance
and the operation repeated. If the full length of a
small drill is extended at the start of the drilling
operation, inaccurate holes and breakage of the drill
may result.

Driiling Large Holes

A smaller-sized lead hole must be drilled before
compleiing the drilling of a large hole. Start to drill
with the full-size drill, check, and draw the drill if
necessary. After t'ie drill has started to cut full size,
change to the small drill and proceed to run it
through the work to make the lead hole (Fig. 2).
This smaller lead hole will now be exactly in the
center of the layout circle. Then set the larger drill

into the spindle and drill the hole full size. The diam-
eter of the small drill used for the lead hole should be
approximately the same as, or a little larger than, the
web thickness of the larger drill. Since there is less
tendency for a small drill to run off center than a
large one, this procedure will result in a hole that is
usually more accurate than if it were drilled by any
other method (Fig. 2).

Drilling Sheet Metal

Sheet metal must be backed against a wooden base
block or, preferably, sandwiched between two blocks
of wood and clamped. A bottom support must be
used to prevent burring and crushing the metal.

Drilling Round Stock

A thin disc the same size as the work and prefer-
ably cut from the end of the work should be used in
setting up round stock for drilling (Fig. 3). This disc
must be carefully laid out and center-drilled to the
required diameter. Clamp both work and disc in a
vise (Fig. 3). The disc will guide the drill directly to
the center of the work and will prevent drifting,
Drifting often occurs when round stock is drilled by
any other method.

Countersinking

Various types of countersink drills must be used to
countersink the work for the heads of the various
types of machine screws go that their heads come
either flush with or below the surface of the material.
This is done after the hole has been drilled to the
depth required.

Drilling for Tapped Holes

The drill that is used preparatory to tapping or
threading must be a definite size. See the table in the
Appendix for accurate sizes of drills to use. The
results produced by the use of various sizes of drills
are shown in Fig. 4. At A, Fig. 4 the previously
drilled hole was too small. The black area illustrates
the amount of metal that should have been removed
by the drill. The removal of this excess metal by the
tap produced a rough thread. Tapping a drill hole
that is too small may dull the tap and in some cases
break it. If the drill is too large, the thread will be
only partially cut, and this will necessarily weaken
the holding power of the screw (B, Fig. 4). A hole
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must be drilled that will allow the tap to cut at least
75 per cent of a full thread (C, Fig. 4). To tap
drilled holes on a dri!l press, a special tapping attach-
ment must be used. This accessory is attached to the
spindle and holds the tap in a solid chuck. Various
columns are supplied with the attachment which
take a range of tap sizes. The tap is advanced to the
hole by means of a V-lever on the attachment. Speeds
and feeds for tapping vary with the size of hole and
material. Manufacterers of tapping attachments fur-
nish speed-and-feed tables and specific directions
for the use of their product. After tapping to the
required depth, the tap automatically reverses ro-
tation and extracts itself from the work. The reverse
rotation is usually about twice the forward speed.

Miscellaneous Drilling Machine Operations

Grinping. When a suitable grinding machine is
not available, light surface grinding can be done
perfectly on the drill press by the use of a cup wheel

Figure 5

mounted on a special spindle. The grit and bond of
the wheel should be selected to suit the work. Vari-
ous types of wheels are fully described in Chapter 18.
The speed of the drill press should be about 5,000
rpm. The work is projected along the drill press table
and under the cup wheel. This wheel must be set to
take a suitable bite, and the quill must be locked in
position. Heavy cuts should be avoided. A column
collar can be used under the drill press head. Clamp
the work in place in the vise (Fig. 5), and swing the
drill press head back and forth across the work.
Povissung. The spot finish, sometimes called the
engine finish, is an atiractive finish for metal and can
be done on the drill press. All that is required is a
rod of hard rubber or a hardwood dowel. The drill
press should run about 1,200 rpm. A paste can be
made which consists of abrasive grains such as
emery, aluminum oxide, or silicon carbide, of about
150. Grit mixed with oil, or 2 commercial valve grind-
ing compound mixed with either oil or water, can
also be used. Spread the paste lightly and evenly over
the suface of the metal and then feed the revolving
rod onto the work. The rod tip grinds the abrasive
grains into the metal, producing a circular spot.




Figures 6 and 7.

Figure 8
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Repeat the operation, overlapping the rings a little,
until the whole surfuce is covered. The line of spots
should be regularly spaced and kept even by means
of a fence. A uniform feed pressure and duration of
contact must be practiced to get good results. Many
effective patterns can be worked out (Figs. 6 and 7).

Figure 9

Figure 10
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DriLuive v Grass, Glass is drilled with the use
of a steel or brass tube of the diameter desired for the
hole. The tube is slotted at the working end with a
saw cut. Mark the gless with a grease pencil and
build a dam of putty around the spot where the hole
is to be drilled (Fig. 8). The tube drill is fed with a
mixture of 80-grit silicon carbide abrasive grains
combined with turpentine. The drill speed should be
about 500 rpm. Speciaily designed spear-point car-
bide-tipped tools are also available for drilling in
glass.

Burrincg. When special buffing equipment is not
available, polishing and buffing with cloth wheels can
be done on the drill press. An inexpensive arbor held
in the chuck as shown in Fig. 9 will held a canvas
buffing wheel. With buffing compound applied (Fig.
10), a good job of polishing can be obtained on a
variety of materials.

The Radial Drilling Machine

The radial drilling machine shown in Figs. 11 and
12 was so named because the arm which carries the
head of the machine swings on a column, and is
always radial to the column. This machine is ex-
tremely useful when it is necessary to drill several
holes in large and heavy pieces. The radial drill,
because of its wide range and versatility of operation,
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has taken the place of the larger upright drills to a
certain extent in large production shops. The spindle
head of this drill is mounted on a radial arc which is
fastened to the column. The head of the radial drill
is adjustable along the arm, and the arm of the ma-
chine can be swung to any desired position. This
adjustment is used when drilling holes in large pieces

Figure 12. Rear view of standard radial drill.
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Figure 11.

Parts of a radial drill.
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which cannot be placed on the toble of the machine;
it permits the operator io locate the cutting tools
quickly over any point of the work within a con-
siderable area. The arm of this drill can be raised or
lowered to accommodate quite a range of height in
pieces of work. ‘is a rule, radial driils are classified
as to size by the length of the radial arc.

Radial Drilling Machine Operation

Before starting tl.e machine, put the driving cluich
lever, shown in Fig. 11, in neutral {midway betwzen
its extreme positions). Push the quick-return levers
toward the head as far as they will go; then turn the
machine over by hand so that it revolves freely. By
means of temporary .onnections, check the direc-
tions of rotation of the driving motor. When the
motur runs in the direction indicated on the machine,
these connections can then be made permanent. To
run the spindle of the machine right-handed, as in
drilling, pull the driving clutch lever forward as far
as 1t will go. To run the spindle left-handed, as in
backing out taps, push the driving clutch lever to-
ward the arm as far as it will go. To stop the spindle,
put the driving clutch lever midway hetween these
two positions.

Avoid running the spindle of this machine when
the driving clutch lever is not in either of the extreme
positions. A partially: engaged clutch will slip, caus-
ing wear on the machine. The super-service type of
radial shown in Fig. 11 has 36 spindle feeds. The
speed-change lever, A, Fig. 11, provides nine changes
of speed. The back-gear levers B and C, Fig. 11, each
provide two changes of speeds. The nine speeds ob-
tained through lever A, when multiplied by the four
speeds obtained through back-gear levers B and C
give a total of 36 spindle speeds. The nine positions
of speed-change lever A are indicated by an arrow
and a numbered plate at the upper end of the lever.
These numbers correspond with numbers on the cen-
ter column of the speed plate (Fig. 13a), usually
affixed to the machine by the manufacturer. The
back gears B and C have two positions each; one is
the horizontal, the other a downward position. The
positions of these levers are indicated by arrows at
the top of the speed plate.

All of the 36 changes of spindle speeds are ob-
tained on this machine through sliding gears. To shift
these gears, it is only necessary to engage the driving
clutch of the machine very lightly, just enough to
cause the gears to roil slowly, and then to shift with
a quick decisive movement. The speed plate is

calibrated for direct reading, and gives the spindle
speed in rpm and the corresponding sizes of drills
necessary for boring and facing cutters for cast iron
and for steel. Drill diameters for cast iron are based
on a cutting speed of 100 feet per minute, and are
given on the affixed speed plate. The size of the
boring and the facing cutters for cast iron is based on
a cutting speed of 50 feet per minute, and indicated
on the machine.

Drill diameters for steel are based on a cutting
speed of 80 feet per minute. The size of the boring
aud the facing cutters for steel is based on a cutting
speed of 40 feet per minute, and is also indicated on
the machine. The speeds recommended for both cast
iron and steel are also given on the affixed speed
plate.
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Figure 13b




SeLection oF FEeps. The super-service radial (Fig.
11) has 18 feeds. The feed lever D, Fig. 11, provides
nine changes of feed. These are doubled by the feed
lever E, Fig. 11, making & total of 18 feeds. The nine
positions of lever D are irdicated by an arrow and a
bronze plate at the upper ead of the lever, the num-
bers corresponding with the top row of numbers of
the feed plate affixed to. the michine. Lever E has
two positions, between wkich: i3 a neutral position at
which it may be set for hand speeds.
To start the spindle feeding downward, run the
spindle in the direction for drilling and set the feed
levers D and E according to the position indicated
on the feed plate. Pull the quick-return lever shown
in Fig. 11 away from the head as far as it will go.
This engages the quick-return clutch. To stop the
feed at any time, push the quick-return lever toward
the head of the machine. :
All of the 18 speed changes are cbtained on this
‘machine by means of gliding gears. Speeds can be
‘changed while the spindle is running icle without
‘disengaging the driving clutch, but they should not
‘be changed while drills or tools are actually cutting.
* . The feed plate (Fig. 13b) furnished by the manu-
facturer usually gives feeds in thousandths of an inch
per revolution of the spindle. For driving pipe taps,
select the feed corresponding to the lead of the tap.
'The spindle will then automatically advance the tap
at its required rate. On the type of machine shown in
* Fig. 11 there is a limit trip that disengages the power
feed of the machine when the spindle comes within
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a half-inch of its lower limit of travel. This prevents
the teeth of the rack pinion from rumning inte the
spindle sleeve at the end of the rack.

A safety clutch is also provided on this machine
which will slip if the feed is overloaded, preventing
damage to the mechanism even though the mechanic
might become careless in selecting c¢r tiipping the
feed.

The teed mechanism of a modern radial drill in-
cludes a dial and depth gaug: «. the compensating
type. The depth gauge automaticallv disengages the
feed when either the point or tliz body of the drill
has penetrated to the required depth. The gradua-
tions on the ring represent spindle travel in sixteenths
of an inch. The graduation on the etched plate rep-
resents drill diameters in eighths of an inch. To ad-
vance the drill to a given depth, set the point of the
driii so that it touches the work, Unclamp the gradu-
ated ring by swinging the depth-gauge clamping
iever in a clockwise direction until it points down-
ward.

To advance the point of the drill to a given depth,
ievolve the graduated ring until the point on the ring
that corresponds to the required depth registers with
the zero on the etched plate; this shows the depth
gauge set to trip the feed when the drill point has
penetrated te a depth of 234 in.

To advance the body of the drill to a given depth,
revolve the eraduated ring until the point on the ring
corresponds to the required depth and registers with
the drill diameter indicated (Fig. 14). Figure 15
shows the depth gauge set to trip the feed when the
body of a two-in. drill has penetrated to a depth of
five in. When these settings have been made, swing
the depth-gauge clamping lever upward until the
graduated ring is firmly clamped and engage the
feed; when the drill reaches the required depth, the
feed will automatically disengage.

Movine THE HEap oN THE ArM. The head of the
machine can be moved along the arm with the head-
moving hand wheel (Fig. 11) or by the power rapid-
traverse lever (Fig. 11). To move the head by the
power rapid-traverse lever, pull the traversing lever
down to its lowest positiori and move it to the right
or left according to the direction in which the head
is to be moved. When the head is in the position
required, reiease the lever, and it will return to neu-
tral. The hand wheel can be used for final close
positioning of the head of the machine. In addition
to moving the head swiftly and easily along the arm,
the power rapid-traverse can be used in the same
manner as the traversing motor on an electric crane,
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Heavy tools can be placed on a bench or tool stand
near the column and carried to and from the work
by means of the power traverse. This relieves the
mechanic of heavy lifting in getting tools on and off
the heavy spindle. To clamp the head c¢n the arm,
pull up hard on the head-clamping lever (Fig. 11);
to unclamp, push it down.

Rarsing, LowEgRING, aND CLAMPING THE ARM. Arm
clamping and elevating are conveniently and safely
contrciled at the operating position by a {ree-moving
directional lever, A, Fig. 16, at the lower left side of
the head. On moving this lever up, the arm clamp is
hydraulically released, the multiple-disc clutch for
elevating is automatically engaged, and the arm
rises. To stop elevation, the lever is moved to the
“stop” or center position. This automatically disen-
gages the elevating clutch, and the arm is automati-
cally clamped through a powerful hydraulic clamping
mechanism. The cycle for lowering and clamping is
similarly automatic and foolproof. I otective limit
trips are provided at the upper and lower limits of
travel, and, in addition, there is a safety in the mount-
ing of the elevating screw to prevent damage should
the arm be lowered onto any obstruction within its
limits of travel.

Hydraulic column clamping on the standard ma-
chine is controlled from the head as shown at B,
Fig. 16. Its push-button control at the head marked
“clamp” and “release” operate a solenoid controlling
the hydrauix mechanism that is built-in at the motor

end of the arm. The hydraulic clamp, through two
bolts on the cuff of the column sleeve, automatically
applies up to 55,000 pounds of pressure on the col-
umn and sleeve clamping surfaces, joining these two
members as effectively as if they were one solid part.

ApjusTinG ArM Crame. To adjust arm clamp, stop
the main driving motor of the machine and remove
link J on the clutch-shifting mechanism in the rear
of the arm. Also remove the plate H on the front
of the arm-clamping mechanism.

The upper and lower limit screws must not be
moved or adjusted. They are merely for the purpose
of controlling the amount of expansion of the arm
when the arm is unclamped and are properly set
at the factory.

Now start the main driving motor of the machine,
set the arm-control lever mounted on the head of the
machine in either up or down position. This will
unclamp the arm and, since link ] has been dis-
connected from the elevating clutches, the arm will
not raise or lower. When clamping or unclan:ping
the aim, the push rod and equalizing bar iocated
in the bracket under plate H should travel a total
distance of between 14 and %, of an inch. Measure
this travel by causing the rod to move out when the
elevating-control lever is moved to the neutral posi-
tion. This measurement can be taken from the ma-
chine surface on the end of the bracket where plate
H is fitted. If the clamping rod is not traveling be-
tween Y and % inch, then either-one or both of

Figure 18



the arm-clamping levers are adjusted too tightly.
When this happens, the nuts G must be loosened
to permit full travel of the clamping rod.
To adjust the clamp, unclamp the arm and adjust
the upper and lower adjusting nuts so that the equal-
izing bar on the end of the push rod is held in a
vertical position when the arm is clamped. Make
this adjustment between the upper and lower levers
slowly, being sure that the equalizing bar remains
in a vertical position to insure proper clamping at
the upper and lower portiuns of the arm.
When adjusting the nuts slowly, clamp the arm
after eacl adjustment. If the nuts have been tight-
ened to a point where the push rod fails to travel
its fuli amount, the 1% to %4 of an inch previously
checked, then back off each nut one-half a tumn.
Check to be sure that the push rod is making its
full travel and that the equalizing bar is in a ver-
tical position when the arm is clamped. The arm is
now properly adjusted. Stop the driving motor aad,
with the arm in a clamped position, replace plate H
and the elevating-clutch connecting link.
ApjustInG THE CoLuMN Cramp. The column clamp
is located at the rear of the machine and at the
hottom of the column sleeve (Fig. 17). To set this
clamp, have the main driving motor of the machine
running, and then push the column electric-control
. button, mounted on the head of the machine, to
the unclamped position. This will rotate the vertical
clamping shaft approximately 90 degrees. On the
lower end of this shaft is mounted an eccentric which
rotates against the roller. In the unclamped posi-
tion of the column, the high point of the eccentric
is rotated away from the roller. When the column
is adjusted at the factory, the nuts are properly
adjusted to control the amount the sleeve cuff will
open when the column is in the unclamped position.
To adjust the column clamp, be sure that it is
unclamped and that the eccentric is away from the
roller. Place a wrench on the end of clamp bolts B,
and adjust the nuts until an approximate 3]¢-inch
(as indicated on the column-clamp adjusting plate)
clearance between the roller and the eccentric is
obtained. Care should be taken when adjusting the
nuts to see that both the upper and lower nuts have
approximately the same tension when clamping.
Clamp the mechanism by pushing the column-clamp
button on the head of the machine, and then check
to see that the high point of the eccentric is against
the roller and that the shaft has rotated its full dis-
tance. Care should be taken at this point to be sure
that the eccentric or shaft has rotated its full dis-
tance, otherwise the arm clamp on the machine
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Figure 17

will not function properly. After the machinist is
certain that the eccentric shaft has traveled its full
distance, the column clamp thus adjusted should
be satisfactory. If the column is not rigidly clamped
for any reason, additional adjustments should be
mad on nuts A as previously described. Be sure
that the high point of the eccentric will still rotate
to its limit against the roller. The machine is now
ready for operation.

Drilling Machines

Drilling machines or drill presses of various types
are used in the machine shop for drilling holes in
metal. Those generally used are the portable drills
previously described in Chapter 3, sensitive drills,
standard drill presses, floor and bench types of
column drills, radial drills (iraveling head drills),
multiple spindle drills, gang drills and other speciaily
designed machines,

Sensitive Drills

For very light work where it is necessary to feel
the action of the drill point as it penetrates the work,
the modern sensitive drill shown in Fig. 18 is used.
It is used for center driiling in machine shops where
a special machine for this purpose is not practicable.
No gears are used to drive the spindle. The drive
is entirely by belts. Nothing hut a hand lever, pinion,
and rack on the spindle intervenes between the hand
of the operator and the drill point. The spindle is
bored out to 2 No. 1 Morse taper. Drills with shanks
of this taper can be used direct, or a drill chuck
(with a shank) to fit this taper can be used.
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Figure 18. Sensitive bench drill press.

Standard Drill Press

The standard drill press ( Fig. 19) is used for heavier
work. It has back gearing similar to a lathe together
with a power feed. The principal differences be-
tween the standard drill press and the seusitive drill
are its greater weight and rigidity, the strength and
size ~* 'ts moving parts, the range of its spindle
spee., s power feed, and its greater power due
to the use of cones and back gears.

Radicl Drills

In the case of the radial drill, the drill spindle is
carried in a traveling head on a horizontal arm. The
head that carries the spindle can be located at any
point in the range of the machine along the arm. In
addition, the horizontal arm can be swung in a hori-
zontal plane, raised or lowered, and clamped rigidly
in position. These machines of the type shown in
Figure 20 are used for jobs where the work is so heavy

Figure 19. Parts of a drill press: (1) Main
driving gears, bevel, (2} Back gears, (3) Upper
cone pulley, {(4) Frame, (5) Feed gears, (8)
Counterweight chains, (7) Feed gear driving shaft,
(8) Spindle, {9) Back gear lever, {i0) Column,
{11) Automatic spindle feed stop, {12) Spindle
sleeve, (13) Feed trip lever, (14) Hand feed
wheel, (15) Spindle quick return lever, (18) Feed
gearing, (17) Feed box, {18) Feed change handle,
{19) sliding head, (20} Sliding head ways, (21)
Back brace, (22) Belt shifter, {23} Rack for
elevating table, (24) Table arm clamping screws,
(25) Pulley stand, (26) Lower cone pulley, {27)
Belt shifting fingers, (28) Tight and loose pulleys,
(29) Table, (30) Table clamping screw, (31)
Table arm, (32} Table elevating gear, (33) Base,
{34) Ball thrust spindle bearing.

that it is more practicable to bring the drill inio
position by means of the horizontal arm than to move
the work.

Universal Radial Drills

Although similar in design to radial drills, these
machines have a traveling head that can be swung
to any angle in a vertical plane. The horizontal arm
can be swung in a horizontal plane, and, in addi-
tion, it can be swiveled on its axis, thus euabling
the machine to drill holes at any angle (Fig. 20).
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Figure 20. Parts of a Universal Radial Drill: (1)} Vertical driving shaft
gear, (2) Center driving shaft gear, {3) Elevating tumble plate segment,
{4} Elevating screw gear, (5) Column cap, () Vertical driving shaft,
{7) Column sleeve, (8) Elevating lever shaft, (9) Elevating screw, (10}
Arm girdle, 111) Arr clamping lever, {12) Spindle driving miter gear
guard, {13) Arm rotating worm, (14) Arm indicating pointer, (15} Full
universal arm, (16) Arm clamping nuts, {17} Arm locating pin, (18)
Arm driving shaft, (19) Arm ways, (20) Spindle head traversing rack,
(21) Saddle, {22) Spindle reversing lever, (23) Back gear lever, (24)
Spindle head swiveling worm, (25) Spindle feed trip lever, (26) Depth
gage dial, (27) "Jniversal spindle head, (28) Spindle quick return lever,
(29) Spindle feed rack worm shaft, (30) Spindle, (81) Spindle feed
rack, (32) Spindle sleeve, (33) Saddle clamping lever, (34) Spindle
feed handwheel, (85) Spindle head traversing gear, (36} Arm swinging
handle, (37) Arm elevating lever, {38} Clamping ring, (39} Clamping
ring handle, {40) Column, {41) Main driving miter gears, (42} Driving
shaft coupling, (43) Driving pulley, (44) Speed change lever, (45)
Speed change case, (46) Box table, (47) Base.

Muitiple Spindle Drill
are driven by means of universal joints and can be

The drill shown in Fig. 21 is used on production set at variable distances apart. Jigs should be used

work requiring holes of a variety of sizes. Two or
more spindles are driven from the same driving
shaft by worms and worm gears or belts. The table
is not usually adjustable except on certain types.
The spindles can be moved along the cross rail {(on
some machines) and set the required distances apart
within the range of the machine. This type of drill
is used for plate work, structural iron, or light work
requiring a number of holes in a straight line.

Universal Multiple Spindle Drill

This type of drill (Fig. 22) has a cluster of drill
spindles held in a head that can be raised or lowered
and clamped in position on the column. The spindles

when work is to be done with spindles driven by
universal joints.

Gang Drills

The gang drill shown in Fig. 23 is an assembly of
from two to eight single drill presses. They are
mounted on a single base with an adjustable work
table as shown in Fig. 23. Although combined in a
single unit, the vertical adjustment of each of the
heads and also the speed and feed units of each
spindle can be adjusted individually and independ-
ent of one another. This type is a production machine
and is used for work held in a jig that can be readily
shifted from spindle to spindle as required.
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Figare 21, Multiple spindle drill in operation.

means of simple rack-and-pinion gearing worked by
the feed lecer. When the feed handle is released, the
quill is returned to its normal position by means of

Construction of a Drill Press

The four basic parts of the dvill press are the hase,
column, talile, and head. The term, head, is used
to designate the entive working mesbosm which
is attached to the upper end of the column. The
table of o well-designed, modern dreill press can be
moved up and down on the column, and it can be
swung to one side or tilted it the work requires
these movements. The essential part of the head is
the spindle. This revolves i a vertical position, and
is housed in ball bearings at cither end of a movable
sleeve called the quill. The guilll and hence the
spindle which it curries, is moved downward by

a coil spring. Adjustments are provided for locking
the quill and presetting the depth to which the quill
can travel

Size, The name size of the drill press is expressed
in terms of the diameter of the largest circular piece
of work which c¢an be drilled through the center
while on the drill press table. Thus, a 14-inch circle
can be center drilled on a 14-inch drill press; or,
in other words, the distance from the center of the
spindle to the front of the column is 7 inches. An-
other index to size is the distance between the end
of the spindle and the table, this being much greater
inn Hloor models than in bench models. In both cases,
the depth of the hole which can be drilled with one
stroke of the feed lever is about 4 inches.

Powenr axn Seeep. The drill press is usually fitted
with cone pulleys so that sclective speeds can he
obtained. The average range of speeds is 590, 1,275,
2450 and 5,000 revolutions per minute. As a general
rule, a larger cone pulley is used in the machine
shop on the spindle to give speeds of about 390, 743,



Figure 22. Universal multiple spindle drill.

1,280 and 2,050 rpm. Because the shaft stands ver-
tically, only a sealed ball-bearing motor should be
used as a power unit. For average work, a one-third
horse power motor is used for all requirements, this
being the approximate power required to push a
15-inch drill through high-speed steel.

BeLt Tension. The belt tension is adjusted by mov-
ing the motor closer or farther from the spindle
{Fig. 24}, locking the motor bracket at the required
position. There should be enough slack in the belt
so that it will “blow out” on the slack side (Fig.
25). A belt that is too tight will cause excessive heat-
ing and vibration. On the other hand, the belt must
be sufliciently tight so that it will not whip against
the column when the drill press is in operation.
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Figure 23. Gang drill,

Figure 24.

InserTING DRILES. Figure 28 shows the method for
chucking drills in a keyless chuck. The drill is held
in the third and fourth fingers of the left hand, and
the chuck is gripped by the thumb and first and
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second fingers. A pull on the belt with the right hand
secures the drill in the chuck. Drills are removed
in the same manner, except that the belt is pushed
away from the machinist. The insertion of drills and
other tools in a spindle which has a hole in the end
to receive the shank of the drill is quite simple; the
drill is pressed into the hole and the set screws tight-
ened to hold it. Where taper-shank drills are used,
the drill is fitted by pressing it into the tapered hole
at the ends of the spindle and engaging the tang of
the drill in the corresponding slot in the spindle.
During the course of the work, the drill becomes
tightly wedged in the tapered hole and must be
driven. out by means of a drift key (Fig. 27). One
edge of the drift key is flat and the other round.
The round edge fits against the upper round part
of the slot in the spindle, and the flat edge fits against
the end of the drill being removed.

CunTERING TABLE. In average drilling operations,
the hole in the center of the table should be directly
under the drill, so that the drill, after going through
the work, will enter the hole in the table. Where

Figure 25

Figure 26. Inserting 2 drill in a keyless chuck.

Figure 28. Scribed line centers the table,

through drilling is being done, the feed handle should
always be pressed without the work in place to see
that the drill enters the table opening. Another
meilod of checking the proper table position is to
scripe a line on the column. This should be done
with the table properly centered by means of a
suitable round rod (Fig. 28). A mark is punched on
the table collar in line with the seribed line, and a
similar mark is punched on the underside of the
head.

Apjusting SpinpLE RETURN SpriNG. For the pur-
posc of automatically returning the spindle upward
after a hole has been drilled, a coil spring euclosed
in a metal case is fitted to the side of the drill press.
This spring is adjusted at the factory and usually
requires no subsequent adjustment. If, however, the
spindle fails to return to a normal position, or if the
return is too violent, the tension should be adjusted




accordingly (Fig. 23 ). This is done by looszuing the
locknuts which hold the case in place. Theyv should
not be completely removed, but backed off about
14 inch so that the case can be pulled out to clear
the bosses on the head. As the case is pulled out,
it must be held tightly to prevent the spring from
unwinding. The case is turned clockwise to loosen
the spring; counterclockwise to tighten it. When
the quill is up, two full turns from a nontension posi-
tion should give the proper tension. Before adjust-
ing the spring, it is well to slack it off entirely. When
thic is done, the spindle should be perfectly iree.
It may be jammed, however, by one or both of e
things; first, the bolt beneath the quill lock may
be drawn too tight, thus locking the quill; secondly,
| the screw fastening of the pulley may be turned
©in sc tightly as to bind the spindle. If the spindle
| does not move freely when released from the ten-
© sion of the spy'my a check should be made at these
" two points beru. tensioning. Fxcessive turning
should be avoided +hen resetting the locknuts hold-
ing the spring case because this will also lock the
“quill,

TiwtiNne TasLE. The table can be tilted by loosen-
ing the nut under the table. A pin, fitting through
corresponding holes, provides a positive stop at both
‘the level and the vertical positions. A hole can be
drilled to locate the 45-degree position, or a punch
can be made (Fig. 30) to locate this table position.
Whether this is worthwhile or not will depend upon
the nature of the work to be done. Where average
work requires the setting of the table to various
. angles, to fit a scale and adjustable peinter to the

underside of the table to locate these positions.

Toors anp Accessories Usep. The tools used for
drilling, reaming, boring, counterboring, countersink-

ing, spot facing, and tapping are shown in Fig. 31.

All of these operations, with the exception of tap-

ping, can be accomplished with either a straight-

shank or a tapered-shank tool. All sizes of drills and
reamers under 15 in. are usuaily provided with

Figure 29. Adjusting spindle return spring,
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Figure 30. Table tilts right and left with posiiive . a¢ at
fevel and ve-tical positions.
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DEAD CENTER

Figure 32. Parts of a twist drill.

straight shanks which can be conveniently and firmly
held in the chuck of the drill press. Taper-shank tools
for these small sizes are not necessary. Hold the
larger sizés in the drill press by means of the taper
shank.

Drilling is the operation of producing a circular
hole by the removal of solid material for which the
twist drill is used (Fig. 32).

Beaming consists of both sizing and finishing a
drilled hole. A reamer is a tool with several cutting
edges (Fig. 31).

Enlarging a drilled hole by means of an adjustable
tool is called boring. A boring tool which has only
one cutting edge is used (Fig. 31).

Cylindrically enlarging only the end of a drilled
hole to a predetermined distance is called counter-
boring (Fig. 31). A

A spot-facing tool is used for smoothing and
squaring the surface around the ends of a previously
drilled hole to seat a nut or the head of a capscrew

(Fig. 31).

" an
778
\ DRIFT OR
SLEEVE" CENTER
OR

i

SOCKET

Figure 33. Drill press socket and sleeve.

The forming of internal screw threads in a previ-
ously drilled hole is called tapping, and the tool used
is called a tap (Fig. 31). To use the tap, a reversible
motor or a reversing accessory called a tapping at-
tachment is necessary.

Tools with taper shanks too small to fit the taper
hole in the drill-press spindle are held in a special
sacket. The shank of this special socket fits into the
standard spindle hole. The attachment is called a
drill-press socket and sleeve (Fig. 33). Note that
the taper-shank socket and sleeve has a flattened
end forming a tang. This tang fits into a slot at the
end of the taper hole and helps drive the drill (the
hold of the taper alone is not sufficient).

HovLping THE Work. With the exception of very
heavy pieces, all work must be firmly secured to the
table of the drill press to assure accuracy. If a vise
is used to hold the work, it must be clamped to the
table. The four types of clamps generally used are,
the strap, bent, finger, and U-clamps (Fig. 34). A
single clamp can safely be used to secure small work.
For larger work, two or more clamps must be used
(Fig. 34). The tables of ! drill presses are pro-
vided with T-slots. Thes: sicis are used for the loca-
tion of the necessary bolts to secure the clamp or
other holding fixture used. Several types of bolts are
used for various kinds of work. The square-head
bolt is used for ordinary clamping purposes; how-
ever, it has to be pushed along the T-slot from one
end (Fig. 35) for placement. The T-head bolt is
more convenient to use. It is set in place by dropping
the head lengthwise in the slot and turning it to
the right. This type of bolt is especially convenient

STRAP
Figure 34. Types of clamp.

BENT CLAMP




when it is necessary to clamp the inside of work
that otherwise would have to be lifted over the bolt
(Fig. 35). The tapped T-head bolt is sometimes pre-
ferred because the stud of this bolt can be removed
and the head pushed along the slot under the work
to the required position. Machinists usually have
studs of various lengths with a few heads to be
used when necessary. This practice obviates the need
for a supply of different types of bolts of varying
sizes.

CONSTRUCTION OF A DRILL PRESS

289

SQUARE-

TAPPLD
T-HEAD

PLAN VIEW OF
T-HEAD BOLT IN
TABLE T-SLOT

HEAD L

Figure 35. Clamping-bolt designs.

PACKING

ADD PARALLELS TO RAISE
WORK If NECESSARY

Figure 37. Clomping various shapes of work.
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Step blocks are used in conjunction with bolts
and clamps to secure the work to the driil-press table.
These are available in various sizes and with various
numbess of steps (Fig. 36). Note that the block
used under the outer end of the clamp can be made
of either scrap metal or hardwood. If wood is used,
be sure that it is of sufficient cross section to give
it the needed stiffness. Set it under the clamp with the
pressure against the grain of the wood. The setups
shown in these illustrations are merely suggestions;
they can be altered to suit varying conditions, but
the work must at all times be firmly secured. If the
work is fastened directly to the table of the drill
press, it must be located so that the drill or tool
used will pass through one of the table openings,
If the work cannot be centered over one of the
openings, it must be mounted on either wood blocks
or pieces of machined bar stock called parallels
(Fig. 57 ).

When a light piece of metal is supported at points
too far apart, it will spring under the pressure of
the drill, resulting in an inaccurate hole and often
a broken drill. To prevent the work from springing,
use a V-support or block made of hardwood (Fig.
37). A V-block is used in conjunction with a step
block, clamp, and bolt to secure round woik for
drilling; angle plates are used to secure odd-shaped
work (Fig. 37). Other methods of securing work are
shown in Figs. 38 and 39.

Layour oF Work. Lay out the work prior to drill-
ing as follows: By means of intersecting lines, show

Figure 38. Using two types of strap clamp.

the position of the ceunter of the hole that is to be
drilled. With a center punch make a slight mark at
the point of thesz intersections. If the work is rough,
rub chalk on it. If the surface of the work has been
machined or is smooth, use a coating of blue vitriol
solution instead of chalk. Let it dry for a few minutes
before scribing the surface. Using the punch mark
as a center, scribe a circle indicating the size of the
hole to be drilled with a pair of dividers. Before pro-
ceeding to drill the hole, use a larger center punch
to make a larger indentation at the center.

Sreeps ANp Feeps. Speed as applied to a drill is
the speed at the circumference of the drill. This
speed is called the peripheral speed and is the speed
at which the drill would travel if it were laid on
its side and rolled. In other words, a drill with a
stated peripheral speed of 30 feet per minute would
roll 30 feet per minute. As generally used, therefore,
speed of a drill does not refer to rotation per minate
unless it is specifically stated. As a rule, a drill does
not pull itself into the work, but requires a constant
pressure of feed to advance it. This advance is always
measured in fractions of an inch per revolution and
is called feed. Feed pressure is the pressure required
in order to maintain the necessary feed.

The correct speed and feed are dependent upon
so many conditions that it is impossible to give hard-
and-fast ruies regarding them. The suggestions given
should be considered only as a guide and as a peint

“from which to start operations.

SrarmiNg SpeEps. To start a drill, bring it down

BOLT

CLAMP

B
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"W CUT-OUT
1IN BLOCKR

Figure 39. Suppoit with cut-out eliminates spring in drilling
thin material.
to the work by hand feed until it centers itself in
the work; then and only then, apply the power feed.
Compositioa and hardness of material, the depth of
hole required, the lubricant used, the type of machine
used, the condition of the machine, the setup, the
quality of the point grinding, the quality of the holes
desired, and many other items have a distinct influ-
ence on the speeds and feeds required. The correct
speeds and feeds should be determined by good judg-
ment and trial in each instance,

SuccEsTED SPEEDS FOR Hicu-SreeD DriLLs

HMetal Speed in rpm
. Aluminum and its allovs ................... 200300
Brass and bronze, ordinary .................. 200-300
Cast jron, S0t ... .viv it iiinrniiennns 100-150
-~ Cast jron, hard ...........cc il 70-100
Malleable iron ......... .. civiiiiiiineinnn. 80-90
Magnesivm and its alloys ................... 250400
Monel metal ... ... ... ciiiiiiiiiinnna, 40-50
Steel, amnealed ............. ... .. ... .. ... 60-70
Steel forgings . ...... ... .. i e 50-60
Steel alloy ... .., i i 50-70

If carbon steel drills instead of high-speed drills
are used, they should be run at half the speeds given
in the table.

When the extreme outer corners of the cutting
edges wear away too rapidly, it is evidence of too
mnuch speed. High speed in cast iron tends to wear
away the margin of the drill. The maximum speed
suggested for carbon drills in cast iron is 50 feet
per minute peripheral speed.

Srarming Feeps. The starting feed is largely gov-
erned by the size of the drill used and the material
to be drilled. The general rule is to use a feed of
001 in. to 002 in. per revolution for drills smaller
than 14 in.; .002 in. to 004 in. for drills 1% in, te 14
in.; 004 in. to 007 in. for drills 14 in. to 15 in.; ,007
in. to 015 in, for drills 14 in. to 1 in.; and 015 in.
to .025 in. for drills Jarger than 1 inch. Start the drill

with a moderate speed and a moderate feed. In-
crease either one or both after careful observation
of the condition of the drill. The following sugges-
tions should be carefully observed. If the drill chips
out at the cutting edge, it indicates either too heavy
a feed or too much lip clearance. Before deciding
that it is too heavy a feed, check the lip clearance
of the drill. A drill that splits up the web may have
been given too much feed for the amount of lip
clearance. Either decrease the feed or increase the
lip clearance, or both.

Failure to give sufficient lip clearance at the center
of a drill will also cause it to split up the web. On
the other hand, too much lip clearance at the center
(or at any other point on the lip) will cause the lip
to chip. Make certain that the drill has been prop-
erly ground. If it has been properly ground, then
decrease the feed.

It is better to err on the side of too much speed
than on the side of too much feed. This is true for
all metals with the exception of cast iron, The nature
of this material permits an unusually heavy feed.
Speed can be increased to the point where the out-
side corners of the drill commence to show signs
of wearing away. The speed should then be slightly
reduced.

LusricaTioN For DrILLING. Lubricants called cool-
ants are used to cool both the edges of the tool and
the work that is being machined. As large a volume
as possible of the coolant should be directed onto
the cutting edges of the tool and allowed to flow
onto and around the work (Fig. 40 ). Proper lubrica-
tion aids in chip clearance and improves the finish
of the hole.

Suggested lubricants for various metals are:

Aluminum and its alloys—Soluble oil, kerosene, and
lard-oil compound; kerosene and soluble oil mixtures.

Brass—Soluble cil, kerosene, and lard compound; light
nonviscous neutral oil.

Copper—Soluble oil.

Cast iron—No lubricant required.

Malleable iron—Soluble oil.

Monel metal—Soluble oil; mineral oil,

Steel {ordinary) —Solublie oil; mineral oil.

Steel {very hard)—Soluble oil; turpentine.

Figure 40, Lubrication points on drili-press head.
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Milling Machines

The milling machine produces one or more ma-
chined surfaces on a piece of material—the work
piece—by means of one or more rotary milling
cutters. The work piece is usually held securely on
the work table of the machine or in a fxture or
jig that is clamped to the table. It is fed to the
cutter or cutters by the motions of the table, or the
work and cutters may both be moved in a definite
relation to each other.

The existing types of milling machines are very
numerous and their designs merge intc one another
to a great extent. However, the most common are
the knee-and-column (including vertical spindle)
(Fig. 1), manufacturing, automatic, duplex, planer
and drum types, together with special and single-
purpose machines. We shall only describe the knee-
and-column and manufacturing types because they
are the most common. In general, the same princi-
ples apply to all types. Figure 2 illustrates the parts
of a typical milling machine.

Enee-and-Column Milling Machines

The knee-and-column milling machine has a rigid
column, in which is mounted the spindle, and a
table supported by a vertically adjustable knee (Fig.
2). Provision is made for horizontal movement of
the table both parallel and at right angles to the
axis of the spindle. The combination of vertical,
transverse, and longitudinal table movements is
found only in the knee-and-column machine, thus
giving this type advantages on general milling work.
Plain, universal, vertical spindle, and some auto-
matic machines are of this design,

Manufacturing Milling Machines

The manufacturing milling machine is character-
ized by fixed table height (Fig. 3). Vertical adjust-

ment is obtained by an adjustable spindle head, and
only slight transverse movement is provided. These
machines are noteworthy for their rugged construc-
tion and the ease with which they are operated.
“Lincoln” type, duplex, and some automatic milling
machines come under this classification.

The milling machine shown in Fig. 3 has a com-
plete electrical control for all table feed, speed and
spindle movements which aids in exceptional rapidity
and preeision. The unusual range of feeds and speeds

Vertical knee-and-column type milling machine.

Figure 1.
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Figure 2. Operating Controls and Principal Parts—Uni-
versal Milling Machines: (1) Machine start-stop lever, (2)
Inner arbor yoke, (3) Overarras, (4) Cuter arbor yoke, (5)

% Universal Spiral Index Centers footstock, {8) Adjustable arm

braces, {7) Table swivel cJamp screw (at front) and clamp
nut {under saddle), {8} Coolant distributor, (8) Table clamp
Jever, (10) Longitndinal feed control lever, (11) Power fast
travel lever, (12) Transverse feed control lever, (13) Trans-
verse adjustment handwheel, (14) Vertical feed contrel lever,
(15) Feed selector lever and dial, (16) Saddle clamp lever,
(17) Knee clamp lever, (18} Vertical adjustment handwheel,
{19) Knee oil reservoir sight gage, (20) Coolant reservoir
cover plates, {21) Compartment fitted for headstock change
gears, (22) Coolant reservoir strainer, (23) Motor-driven
centrifugal coolant pump, {24) Sight indicator for knee oiling
system, (25) Filler and sight indicator for oil reservoir in
column, (26} Longitudinal adjustment handcrank, (27)
Speed selector lever and dial, (28) Universal Spiral Index
Centers headstock, (29) Spider for overarm adjustmert.

available provides for a wide variety of work, and
an automatic table reverse makes it possible to rough
and finish mill at one chucking by the use of dual
feed rates if this is desired. This machine is adapted
for climb milling as well as conventional milling.

Size and Power Rating of Miiling Machines

The term “size” is generally used in referring to
characteristic dimensions of certain main elements
of milling machines, their range of movement, if in-

Figure 3

tended to be movable, and the power rating of the
main driving motor of the machine.

Thus the range of movement or maximum travel
in the longitudinal, cross, and vertical directions of
the table, saddle, and knee, respectively, of a knee-
and-column machine (Fig. 4) and the corresponding
movements of a manufacturing machine (Fig. 5)
determine the physical dimensions of the machine
and its capacity for doing work. An increase in the
size of the machine is determined not only by the
need for accommodating larger work, but also by
the reed for more power.

Size is particularly important in the case of stand-
ard milling machines because they are designed to
handle a variety of work. Rather than fit the ma-
chine to the job, the work is assigned to the machine
in relation to its capacity.

The power of the driving motor is selected in
relation to the probable maximum cutting capacity
required of the machine. The power is the same in
all machines of a given size.

In the very low range of spindle rpm which is
suitable for heavy milling with large-diameter high-
speed steel milling cutters, the power of the driving
electric motor is automatically reduced to half that
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Figure 5

in the higher range of spindle rpm. This range is
that commonly used in high-speed milling with car-
bide-tipped cutters, and the higher power available
permits taking advantege of the high productivity
of these cutters.

There is no definite size for special milling ma-
chines which are designed for a specific job or opera-
tion. The design of the machine, its range, and the
power rating of the main driving motor are deter-
mined by the requirements of the job.

Milling Mackine Accessories

Attachments, fxtures, and arbors are removable,
supplementary devices or accessories made for the
purpose of increasing the usefulness and productivity
of the milling machine.

Fixtures are attached to the table of the milling
machine and are intended for quantity production.
They are designed chiefly for holding a specific picce
of work while it is being machined, and are classified
as special equipment. The design varies in relation
to the type of work, the method of holding it, and
the method of machining employed.

Attachments are of a more general and standard
character. They are designed for application to the

spindle, overarm, table, and various slides of milling

machines, particularly those of the standard type.
Figure 6 shows the difference between a fixture

and an attachment. The work is held in a fixture

Figure 6



designed for the purpose, and the fixture, in turn,
is bolted on the rotary table of a circular milling
attachment.

Attachments are divided into two classes, stand-
ard and special.

Special attachinents are made for the purpose of
adapting a standard milling machine to special mill-
ing operations in quantity production. They are used
on a machine for an indefinite period of time which
may be determined by a change in the design of
the part or the method of machining it. When they
are removed, the machine can be used for general
milling work or, by the use of different special or
standard attachments, it can be adapted to perform
other milling operations.

Standard attachments are easily rernovable units
for either temporary or semi-permanent application
to standard milling machines. The large variety of
standard attachments are as follows:

1. Attachments which serve as auxiliary spindle
units, mostly connected to and driven by the main
. spindle of the machine.

2. Attachments for holding the workpiece on the
table. Some are stationary; others are capable of im-
' parting additional movements, such as rotary motion
or indexing the workpiece held between centers.

3. Attachments for mounting the cutter (arbors,
collets, adapters, and others).

4, Attachments for precision measuring the adjust-
ment of various slides of the machine.

Standard attachments are of particular value in
toolroom work where a milling machine may be re-
quired to perform a variety of machining operations
such as the following: cutting helical and spur gear
teeth; profiling work on dies, models, and patterns;
and other work requiring frequent changes in setup
and operation. Standard attachments also tind their
place in quantity production where they may solve
a manufacturing problem quickly and without re-
course to special equipment. They reduce, to a large
extent, the necessity for having a variety of differ-
ent or special type machines by providing the means
for handling different classes of work and work in-
volving a change in method on a single milling
machine,

Heavy VERTICAL-MILLING ATTACEMENT. By means
of a vertical-milling attachment (Fig. 7) mounted on
the face of the column and supported from the over-
arm, plain and universal types of milling machines
can be adapted to operations which are ordinarily
done on vertical machines. The speed of the vertical
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Figure 7

spindle is usually the same as that of the machine
spindle. Angular surfaces can be milled by swinging
the vertical head in a plane parallel to the face of the
column and clamping it at any required angle be-
tween zero and 45 degrees on either side of the
vertical position.

Hicu-SPeep UNiversaL MiLLing AtracHMENT. The
high-speed universal milling attachment (Fig. 8) is
used on plain and universal types of milling ma-
chines to adapt them to perform milling operations
on surfaces in a wide range of positions.

The cutter may be placed in a vertical or hori-
zontal position and at any angle in the plane parallel
to the face of the column, but only within 45 degrees
on either side of the vertical position in the plane
at right angles to the face of the column, or a com-
bination of the two. A quill hand-feed device pro-
vides adjustment for the cutter. The wide range of
the cutter adjustment is obtained through the com-
pound swivel on which the spindle of this attach-
ment is mounted. The attachment, supported by the
overarm, has a limited lengthwise adjustment, and
its spindle is driven by the machine spindle. The
attachment spindle operates at a higher speed than
the machine spindle, and is designed for receiving
small- to medium-size cutters such as are used in
performing key-seating, die-sinking, and other opera-
tions of similar nature.

UNVERSAL SPIRAL MiLLinG ATTacHMENT. The uni-
versal spiral milling attachment (Fig. 9) can be
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Figure 9.
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Figure 8

Universal spiral milling attachment set
milling a large helix angle.

up for

mounted on horizontal milling machines of both the
plain and universal types. As in the high-speed uni-
versal milling attachment, the spindlehead is
mounted on a compound swivel which permits swing-
ing the spindle in both the horizontal and vertical
planes. It can then be clamped in the angular posi-
tions required by the job. The speeds of the attach-
ment spindle are the same as those of the machine
on which it is being used. When a universal spiral
milling attachment is used in conjunction with a
dividing head on a plain milling machine, this ma-
chine can handle milling operations similar to those
performed on a universal milling machine. When a
universal spiral milling attachment is applied to a
universal milling machine, it will make possible the
milling of helices having a helix angle of greater than
45 degrees on parts such as gears, worms, screw
threads, spiral milling cutters, and twist drills.

SLoTTING ATTACHMENT. Mounted on the column
face of a plain or universal milling machine, the
slotting attachment (Fig. 10) converts the rotary
motion of the spindle into the reciprocating motion
of the tool slide. Thus a milling machine can be
adapted to perform wark with a single-point cutting
tool, similar to a slotter, as in the cutting of key-
ways., The slotting attachinent is valuable when a
slotter is not available and on work for which a
key-seating machine is not adaptable. The tool slide
can be set at any angle through 360 degrees; the
stroke from zero to four inches.

UniversaL Diviping Heap. The universal dividing
head is an exceptionally versatile and accurate in-
dexing attachment which may be employed to sup-
port the work between centers (Fig. 11}, or hold it

Figure 10. Application of a slotting attachment.
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the file in the right hand and tap the terrule end
sharply agatnst the edge of anv hard surface to
loosen it.

Sevrerine THeE Ricnr Fiie It is important to select
the file that will do the work guickly and cfficiently,
Many tactors enter into the selection of the right
file. As a general rules it is sate to assume that differ-
ent files are required to file a flat or a conves surface,
to file a comcave surface, to file an edge. to file a
notched flat square. or to file a round hole. These
considerations. plus the type of material to be filed,
the amount of material to he removed, and the de-
aree of smoothness or accuracy required, are impor-
tant in choosing a file for a specific job.

Manual or hand filing consists of straight filing
and draw filing. Straight filing is done by pushing
the file lengthwise, straight ahead, or slightly diag-
cnadlve Draw filing is done by grasping the file at
cach end and pushing and  drawing it sideways
wross the work.

Mist work that is to be filed is secured fivinly in
a vise. Fur general filing, the vise should be about

AN A

PARALLEL

FNCORRECT
TO WORK o . - = ~

elbow height (C, Fig. 93). If o great deal of filing is
to he done. the work should he fustened inoa lower
position. It the work is of a fine or delicate nature,
it should be raised nearer eve level.

Cosrror Mernoos or Howoive a Froa A gener-
allv aceepted method of holding the handle of a file
intended for operation with both hands is o allow
the end of the handle to fit into and np against the
fleshiv part of the palm below the joint of the Titte
fingzer. with the thumb lving paralle! over the top of
the handle and the fingers pointed npward towarrd
the worker’s face. Grasp the point of the file by the
thumb and first two fingers of the other hand. With
the ball of the thumb of this hand pressed on top ot
the file, bring the thumb in line with the handle
when heavy strokes are rv(luirv(l_

ABOUT ELBOW

HE IGRT
D
- KPUSHH\PG AND
ey PULLING ACROSS
~ WORK SURFACES
) o N \\\
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Fignee 92,

Ficure 3.




Where light strokes and less pressure are required,
the thwmnb and fingers of the point-holding hand may
change their direction until the thumb lies at right
anglés with the length of the file, their position
clianging as required to increase the downward pres-
sure (A, Fig. 92). In holding the file with one hand
to file pins, dies. small parts, and edged tools, which
cannot be secured in a vise and which must be held
in the other hand, the forefinger instead of the
thumb is generally placed on the top of the file and
as nearly parallel with the blade as possible.

The natural rocking movement of the hand and
arm would cairy the stroke of the file across the work
in a curved line, which would produce a curved sur-
face where a level surface is desired. Therefore, for
the usual Hat filing, trv to carry the file forward on
an almost straight line, changing its course just
encugh to prevent grooving the material (A, Fig.
921, A wrong method of carrving the file is shown in
B. Fig. 92, Here too much pressure is evident, the
orip is too desperate, the file is not being held level,
the motion is curved, and a rounded instead of a
square sinfuce will inevitably result.

{ne of the guickest ways te ruin a good file is to
use too much or too little pressure on the forward
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stroke, Different materials, of course, require differ-
ent pressures, but, in general, apply only enough
pressure to keep the file cutting at all times. 1f the
file is allowed to slide over the harder metals with
litthe pressare, the teeth soon become dull. If the
teeth are overloaded by too much pressure, they are
likely to chip or clog.

On the reverse strokes, lift the file clear off the
work except when filing on very soft metal. Even
then, the pressure on the return stroke must be ex-
tremely light, never more than the weight of the file
itself.

Duraw Fiuine, Draw filing is the finish filing which
assures a perfectly smooth and level surface on a
piece of metal that has been filed roughly to the size
and shape desired. Since files are designed primarily
to cut on a longitudinal forward stroke, a file with a
short angle cut must never be used for draw filing
because it may score or scratch the surface of the
work instead of shaving or shearing it.

A smooth file is generally used for draw filing.
and the work is secured in a vise. Hold the file in
both hands with the thumbs on the edge toward you
and the other fingers on the rear edge. Grasp the file
firmly at each end as indicated, and alternately push

KEEP FILES OCRDERLY
1IN A FILE RACK

BRUSH ACROSS
FILE AND CLEAN
W1TH PICK 1IN

HANDLE

CLEANING

FILES WITH FILE BRUSH, AND

"RACKING® THEM FOR PROTECTION.

o

Figure 94,
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and pall it sidewavs across the work with an even
pressure (1D, Fig. 93).

All work that has to be Aled true and square must
be tested frequently, while filing, with either a
straightedge or a square. Hollow or uieren spots on
the work can be detected by Tight shining under the
straightedge. When angles are being filed, they must
be tested with either a bevel or a try square.

Care or Fues, Files are ruined by improper care
as well as by improper use and improper selection.
Files should never be thrown into a drawer or tool-
box or be laid on top of each other. Such treatment
will ruin the cutting edges of the teeth. Keep them
separate, standing with the t tangs in a row of holes
or lumg on a rack by the hdndles. Keep them in a
dny f}Lqu s that rust does not corrode the teeth
poduts (Fig 947,

it is important to keep files clean of filings or chips
which collect between the teeth during nse, After
cvery fow strokes, a g ood mechanic taps the end ot
the file
teeth of a file should be brushed frequently with
o+ a brush. The file brush combines

oL A wnrkhz nch to loosen the chips. The

cither g file card ¢
brush, card. and pick or scorer,

The scorer is made of soft iron and is used espe-
cinlly on hne-cut files to remove the “pins” which fill
up and cloy the file teeth, causing scratches in the
work if not removed, It is sometimes necessary to
use the point of a scriber to remove material timt

brushing does not clean out.

Rivet Sets

Rivet scts are used to form and draw rivets (Fig.
93). They are made of tool steel und are available
in a variety of sizes. The cup-shaped hole in the bot-
tom of the too! is used to form the finished head of
a rivet, The deeper hole is used to draw the rivet.
The large hole in the side is nsed to smooth out the
burrs that are punched through the metal by the

PIVET DRAW HOLE

J,’ LEURE SMOOTHING HOLE
rd

“-CUP-SHAPED HOLE

RIVET SET

Figure 95.

rivet. Riveting procedures detailing the use of rivet
sets are given iu Chap. 7,

Hand Groevers

Hand groovers are ased to groove seams by hand
{Fig. 96). They are available in sizes to fit grooves
ranging from #, in, to 1™, in. The recessed end of
the groover fits over the lock of the seam to form the
arooved seam. The methods of using hand groovers
are detailed in Chap. 5

_~SEAM GROOVE

HAND GROOCVER

Figure 96.
Soldering Coppers

Two general types of soldering coppers or irons
are used in the sheet metal shop; the fire-heated type
and the electrie type. The essential parts of each ot
these types are shown in Fig. 97. While fire-heated
coppers are generally used in sheet metal work. the
electric type is u(msmnalh used for making minor
repairs and for soldering the lighter-gauge metals,

Soldering coppers vary in weight and shape, and
are classified according to their shape and size or
weight, The fire-heated types are marked with a fig-
ure indicating the weight per pair. For example, if
a copper is marked with a 6, single coppers will
weigh 3 1b. each, exclusive of the handle and shank.
Fire-heated coppers are available in weights ranging
from 1 to 16 Ib. per pair.

Electric soldering coppers are classified according
to their wattage and range from 50 to 500 watts.
Each 50 watts is equad to a 1y 1b. fire-heated iron,
Electric coppers rating at 100 watts or less are used
(ml\ for soldering clectric wires and for extremely
l:trht soldering  operations. For shect netal wmk
those rated at 130 to 250 watts (3 to 3 1b.) should
be used, Flectrie coppers are available with inter-
chiangeable plugs and serew tips (Fig. 97 }. The plug-
tip slips into the head of the copper and is held in
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FLUG AND CORD

ELECTRIC
SOLDERING

I RON
HANDLE

HANDLE

STEEL

SHANK

ELECTRIC HEATING

TINNED COPPER TIP

FIRE-HEATED COPPERS

TWO GEMNERAL TYPES OF SOLDERING IRONS.

/,SETSCREW

PLUG TIPS;

SCREW TYPE
TIP

Figure Y7.

STUARE PGINTED SCOLDERING COPPER

g ———BOTTOM COPPER

ROOFING COPPER

M

Figure 98,

place by a set screw. The screw tip is threaded and
screwwed directly into the heater head,

The tips of all types of soldering coppers are made
of copper because it is considered the best conductor
of heat.

The three types of soldering coppers generally
used in the sheet metal shop are the square point.
bottom, and roofing { Fig. 981,

Seuareg Porvrep Coprer (Fig. 98). The square
pointed copper is the type commonly used for all
types of sheet metal soldering. To do the various
soldering jobs in the sheet metal shop, the points of
these coppers are sometimes forged to various
shepes. Detailed procedures for forging and wsing
soldering coppers are given in Chap. 6.

Bortrom Sowpering Copper (Fig. 98). As its name
implies, the bottom soldering copper is employed for
soldering the bottoms of pails, tanks, receptacles, and
similar articles.

Roorine Sorpering Copper ( Fig. 98). This copper
is used for soldering all types of metal roofing.

Haxpres (Fig. 99). Soldering copper handles are
made of either wood or fiber, with a metal ferrule at
the end where the rod is to be inserted. The ferrule
prevents burning of handles when the copper is
heated. Handles for roofing soldering coppers and
other heavy coppers are usually equipped with a
large metal flange at the point where the rod of the
copper is inserted into the handle {Fig. 98}.

Method of Attaching Hundles (Fig. 100}. To at-
tach a handle to the copper, heat the point of the
rod red hot. Push the heated point into the hole of
the handle to a depth of several inches (A, Fig.
100). Quickly remove the rod and permit it to cool,
Then replace the rod into the handle. To get a tight
fit. strike the end of the handle with @ mallet as
shown at B, Fig. 106.

Firepots ond Blowtorches

The various tvpes of heating equipment used in
sheet metal shops for heating fire-heated s;nldv.ring
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r
E ~METAL
YFrLYRULE
SOLDER NG COPFER HBANDLES
i)
A

Frovee U4,

fots are benels gas hiriaees, gasoline firepots, and
tnaeer's charcoal [‘nts‘_ Bl awtorches are sed {)l‘im'i—
pathy tor necessary preheating of heavy gange sheet
wetal or rods tor various procednires, such as shaping
aned E')L'ndiﬂg_{.

Gas Foanarrs, Shnzle or double gas furnaces of
the Bench tv <0 shown in Fig FH, are used gener-
allv in the sacet metal shon, Single burners are vsed
tor heating % b, coppers or less. Doule hurners are
used fur heating heavier coppers, All commercial gas
formaces wre cauipped with shut-oft valves o pilot
Hehts, Both huases and covers of these furnaces are
ashbeston, lined,

Operation of CGas Furncee, These gas fornaces
burt cither watoral or wrtificial gas, Properly oper-
ated, thev will produce the blie hot flame necessary
for proper heating of soldering coppers. All gas fur-
naces are operaded in practicallv the same manner.

When livhting gas furmaces. the following Proce-
dares aned precantions should be taken: Clean out
Gl dire from invde the funuce, Make certain that
the shi-off valve s cloved . Place a small picee of
Huhited paper inside the mouth of the furnaee; at the
s tine torn the handle osaallv located on the
bl

TSI B -
terpiadie . priesy Y

Fresnsb b bie..
tront or Iy 4

: it the Tnrace, Adjist
e Burner by working the vabve handle antil the
recuiiredt bine ane appears, The simall pilot light
near cach braomer astomatically relights the e
birners when the vabve handle s caned to the o
posiliorg,

Coasenisy Faweors (Figo 1030, The portabilite of

cusobine firepats mukes them particularly usefnl for

RQEPLACING SCLDERING COPPER HANDLES

Figare 100,

licating soldering coppers on all types of indoor and
outdoor jobs. Firepots are available in a variety of
sizes and types. Working parts of a typical gasoline
fircpot are shows in Fig, 102,

I the gasoline firepot, air pressure is used to force
the fuel into dhe generating coil or chamber, The
chamber is kept just hot enough to vaporize the fuel.
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SINGLE-BURNER GAS FURNACE.
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Figure 101
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BURNER 127
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BRn wl JUR
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S5O P

Liid

Figure 1020 Cutaway siew of firepot.

The was is then forced through a small openng,
drawing in the required amount of air to produce a
combustible mixture.

Although specific directions for filling and using
firepots are usually furnished by the manufacturer,
the methods of filling the gasoline firepot, regardiess
ob tvpe. ave generally identical. Extreme care should
whwavs be exercised to avoid serious burus,

As an additional precautionary measure, do not
B the frepot s a closed roon To fill the torch, re-
move the filler ping cFig 10200 Fill the tank with
white casoline, Close the valve, anserew the punp
plunger aid use the pronp o build up the required
air pressure. Hold the hand sver the cofl or combus-
ton chamber and tarn on the gasoline-snpply con-
frof valve to permit the gusoline fo diip into the
priming cup. Licht the gasoline that has dripped

PARTLY
OFENED
LiD

CHARCOAL
FILLED

TG THIS

POINT

INSERT
COPPERS

TINNERS' CHARCOAL POT.

Figure 103,

into the priming cap. This Snp]]ii('s the heat re-
quired to preheat the gasoline in the combnstion
chamber, Preheating the gasoline in the combustion
chamber vaporizes it. Before ail of the gasoline in
the priming cup js consumed. turm on the control
valve slowly and carefully to permit the Hame from
the priming cup to ignite the vapor produced in the
combustion chamber.
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Vises

Vises are used for holding work when it is being
planed, sawed, drilled, shaped, sharpened, or riveted,
or when wood is being glued.

A machinist's hench vise (Fig. 106} is a large steel
vise with rough jaws that prevent the work from
shipping. Most of these vises have a swivel base with
jaws that can be rotated, but there are others that
anmot be rotated. A similar light dutv model is
cquipped with a cutoff. These vises are usually bolt-
mounted onta a hench.

The bench and »ipe vise (Fig. 106} has integral
pipe jaws for holding pipe of from 3/4 inch to 3
inches in diameter. The maximum working main jaw
opeming is usnailv 5 inches, with a jaw width of
from 4 to 5 inchies. The base can be swiveled to any
position and Jocked. These vises are equipped with
an anvil and are also bolted onto a workbench,

The clamp base vise usually has a smaller holding
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capacity than the machinist’s or the bench and pipe
vise and is usuallv clamped to the edge of a bench
with a thumbscrew. These tvpe vises can be obtained
with a maximum holding capacity varving between
1 1/2 inches and 3 inches. These vises normallv do
not have pipe holding jaws. ’

The blacksmith’s vise (Fig. 108) is used for hold-
ing work that must be pounced with a heavy ham-
mer. It is fastered in a sturdy workbench or wall,
and the long leg is secured into a solid base on the
floor.

The pipe vise (Fig. 106) 1s specifically designed
to hold round stock or pipe. The vise shown has a
capacity ¢f from 1 to 3 inches. One jaw is hinged so
that the work can be positioned and ihen the jaw
brought down and locked. This vise is alsu used on
a hench. Some pipe vises are Jesigned to use a sec-
tion of chain to hold down the work. Chain pipe
vises range in size from 1/8 to 2 i/2 inch pipe ca-
pacity up to 1/2 to 8 inch pipe capacitv,

Dritr. Press Haxp Vise (Fig. 106}, This vise is
vstally used for holding small pieces of materind. in
conjunction with a rotor-powered drill press. 1t is
equipped with several sets of jaw blocks for holding
irregular-shaped pieces.

Care of Vises

Keep vises clean at all times. They should be
cleaned and wiped with light oil after using. Never
strike a vise with a heavy object and never hold
large work in a small vise, since these practices will
cause the juws to become sprung or otherwise dam-
age the vise. Keep jaws in good condition and oil the
screws and the slide frequently. Never oil the swivel
base of a swivel jaw joint, as its holding power will be
impaired. When the vise is not in use, biring the jaws
lightly together or leave a verv small gap. (The
movable jaw of a tightly closed vise may break due
to the expansion of the metal in heat.) Leave the
handle in a vertical position.

Safety Precautions

When closing the jaw of a vise, avoid getting any
portion of vour hands or bodyv between the jaws or
between one jaw and the work.

When holding heavy work in a vise, place a block
of wood under the work as a prop to prevent it from
sliding down and falling on your foot.

Do not open the jaws of a vise beyond their ca-
pacity, as the movable jaw will drop off, causing
personal injury and possible damage to the jaw.



Chapter 4

Sheet Metalworking Machines

Manv tvpes of machines are used in industrial
wetal-working shops for squaring. cutting, torming.
crimping, seaming, and other operations. Some of
these machines are operated by foot-power, and/or
Ly electric motors, In certain industries, marhines
speciudly designed to manufacture specific articles
are st As g rule, these machines are combinations
of two or more standard machines. For obvious rea-
soits. these special machines cannot be described
here,

Squaring Shears

Two general tvpes of squaring shears are used in
the sheet metal workshop: foot-power operated and
motor driven. Squaring shears are used tor shearing.
cutting, trimming, and squaring to required sizes,
the large-sized sheets of tin plate, sheet iron, brass,
copper, or aluminum that are delivered from the
mill. Although some squaring shears will differ
slightly in design and construction, the operations of
all are similar,

Foor-rowerep Spuamixc SHeams. The principal
parts of a typical foot-powered squaring shear are
shown in Fig. 1. ARl standard squaring shears of this
tvpe are equipped with two transverse T-slots on top
of the bed for the front and bevel gauges and a large
depression in the center of the bed for necessary
clearance {Fig. 1). Two graduated scales for setting
gauges are located on the top of the bed (Fig. 2).
The twe extension arms are used for supporting the
front gauge, which can be fastened in the T-slots of
these front brackets for making eiter straight or
angular cuts (Fig. 1). A special oevel gauge for
making angular cuts is attached to the bed. The side
gauges, located on each side of the bed, are used
for squaring the corners of the material, anc the back
gauge, mounted on the rear of the shears, is used
when cutting large sheets. Two blades are used in
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this machine: a lower blade that moves upward and
an upper cutting blade that descends simultaneousiy
when the foot treadle is employed to force the cut-
ting blades tagether (Fig. 1). The holddown is
double service part used both for holding the metal
in place and as a safety guard (Fig. 1). Fuot-pow
ered squaring shears are usually used for cutting
metals up to and including 16-gauge (U.S. Stand-
ard) sheets in sizes 22, 30, 36, 42, and 52 in. Larger
machines are available, similar in design, but slightly
different in construction, for sizes ranging up to 120
in. For cutting materials heavier than 16-gauge, pow-
ered squaring shears must be used.

Operation. It is usual practice to insert material
to be squared or cut between the cutting blades
from the front of the machine. When it is necessary
to cut short pieces from very long sheets that ordi-
narily would interfere with the operation of the foot
treadle, the metal js inserted from the rear. When
the sheet is inserted from the rear. the front bed
gauges are employed. When the material to be cut
is larger than the bhed of the machine, the bed gaugre
is eatended out on the front bed gauge arnms that are
provided for this purpose (Fig. 1), When squaring
and trimming smuller pieces that do not interfere
with the operation of the foot treadle, the material
is always inserted between the cutting blade from
the front of the machine and the work is gauged to
the required size on the bed, using either the short
or the long bed gauge.

The usual procedure for squaring and cutting
sheet metal to required size is as tollows: plice one
sidde of the material against the left-side gange. with
the edee of the material that is to be trimmed ex-
tending 15 inc over and bevond the lower blade (Fig.
3). Clany: the sheet in place by pulling down the
holddown handle, Hold the metal sheet doswn with
Both bands and witl: the fingers away front the blade
Step on the foot treadle to cut the metal (Figs. 1
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Figure 1. Foot-powered gap sqpuaring shears,

and 11, Keep the Toot on the treadbe and release it

sradually, Remove the wmetal by veleasing the hold-
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DtaL T/64°
GRADUATIONS

DIAL-SET BACK GAUGE,

¥y

Figure 2.

down handle. Proceed by placing the newly trimmed
edge against the left-side gange and repeating the
first cutting operation, Place the two squared edges
agrainst the front and leftside gauges and set the
front gauge to required size. Repeat the cutting op-
eration, Beset the gauge and cut the remaining edge.

Powrkr DRIVEN Sueans, Power driven shewrs of the
overhead or over-driven type shown in Fig. 5 are
generally used when sheet metal of 16, 14, or heav-
jer gauges is to be squared and cut. They are avail-
able in lengths of 30, 36, 48, 60, 72, 96, 120, and 144
in. and in a wide variety of capacities and types. Al-
though they differ in size and trpe, setting np and
operation are to a great extent similar for all power
shears.

Necessary Adjustment. Before attempting to use
one of these machines, the operator should be tua-
miliar with all of the working parts shown in Fig. 5.

The accuracy of this machine depends upon the
proper adjustment of the bed and the lower cutting
knite, To muake the necessary adjustments, proceed
as follows:
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LOWER CUTTING SLAQE

Filgare 3,

Fucing the front of the machine, two adjusiing
serews will be found at both the left and right ends
where the bed and legs meet. Locsening one of these
sere ve gndd tltlllttjlnllllf the other. the bed which holds
thoe o ver Ll]]f(‘ will move inward or outward.

It 15 ossential that the operator acquaint himself
with the action of these screws and the wovement
of the bed before attempting to adjust the shear
knives. Hercafter we will refer to these screws as bed
adjusting screws.

Before turning bed adjusting screws, loosen all
bolts holding the bed to the end legs about one-
quarter turn. If there is a center leg attached to the
bed, loosen this also.

Proceed to trip the shear through by depressing
the foot treadle. Turn the flyw h((l slow Iy by hand
and glways in one direction as indicated by arrow on

POSITION

OF HANDS

CORRECT POSITION OF
HANDS AND FEET WHEN
SQUAR ING SHEET METAL

Figure 4,
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fytchoel —serions damage will result to the clutch if
the flvwheel is turned backward, When the upper
knife passes the lower kuife at the start of cut. move
that end of the bed mward by turning the bed ad-
juisting screws in the proper direction until the knives
are ahont 1, in. apart. Proceed to let the cross head
down, watching for a 7., in clearance all the way
across the knives. Xove the hed inward at that end
until the krives are uniforioly 1, ing apart along the
full length of the knives. Now raise the cross head
to its bighest point. Never turn the Hywheel back-
ward, but always in one direction,

Depress the treadle again, trip the shear as hefore,
and turn the fivwheel by hand, bringing the cross
head down as before until the knives are in a posi-

tion to start with the cut. Insert two pieces of wrap-
ping paper between the knives. With paper hetween
the knives, turn the flywheel slowly and watch care-
fully the clearance of the kuives all the way across.
Proceed to move the bed inward, observing that the
knives are the same distance apart at the start of cut
as at the extreme other end. Now raise the cross head
to the highest point as betore.

Test the adjustment just made to ascertain if the
knives have heen set at a uniform clearance by plac-
ing a heavy sheet of paper between the full length
of the knives. Depress the treadle again ane tom
the flywheel by hand, bringing the cross head down
to make a cut of the paper. if the knives do not cut
the paper, adjust the bed inwardly by turning the
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bed adjusting screws evenly at each end of the bed.
Test each adjustment of bed movement until the
kinives start cutting paper.

If shears will cut paper at both ends and not in
tighten the trass rod nut located in the
center of the back part of the cross head. Always
turn the nut clockwise and about one-eighth of a
turn, After this adjustment, try cutting paper and
repeat if necessary until paper cuts clean all the way
ACTOSS,

It paper should cut clean in the center and not at
the ends, reverse the adjustiment of the truss rod nut.

When these adjustments have been completed and
vou are readv to cut sheet metal, tighten the leg
SCTEWS nu]dmg_, the bed to the legs and tighten the
chedk puts provided for the bed ad]ustmé SCrews,

Packing behind the knives is not necessary when
L]Ii\'(‘\‘ AP HeA 1nar il] IHUSE Cases \\«'h{:‘n k[]i\’t‘s are
JL”nnnuldtﬂu

the center,

attm\

Alwavs keep oil holes or lubricating fittings clean
and filled with a good lubricating oil or light grease.

Gar Sorarine Snears. An additional cutting ad-
vantage gained in the use of the gap squaring shears
shown in Fig. 6 is that the construction of this tvpe
ot shears permits the cutting and squaring of sheets
of varving lengths and widths. It is limited only by
the size of the gap or throat. These machines are
also cquipped with a slitting gauge. This gauge can
be used for slitting material jonger than the cutting
blades of the machine.

Foot-powered gap squaring machines are avail-
able for cutting sheet up to and including 52 in. in
length, with an 18 in. gap or throat and a maximum
capacity for cutting up to No. 16 gauge metal (US.
Standard).

Operation and Maintenance. The general proce-
dures for the operation and maintenance of these
machines are similar to those previously given for
squaring shears,

Power Gap Squarixe Suears. The new tvpe of
power gap squaring shears shown in Fig. 7 is avail-
able in lengths ranging from 30 to 144 in. and in a
varied range of cutting capacities. It is poewered by
an overhead drive.

Operation, Although procedures for the operation
of these shears are similar to those previously given,
it is sometimes necessary to make additional cutting
adjnstments prior to cutting.

These machines are usually delivered and ad-
justed for cutting to the full length of the machine
{Fig, 7). The nominal cutting length of the shear
thus adjusted is somewhat longer than the cutting

A

POSITION OF KNIVES WHEN SHEAR IS
USED FOR CUTTING OFF SHEETS WITHIN
MOMINAL CUTTING LENGTH OF THE SHEAR-

CUTYTING EDGE STROKE UP
CUTTING EDGE STROKE DOWN

Rf\\ ™ ‘“‘\\i “\\*\““\“{

1/i6"

TH!S DISTANCE APPROX,
EDGE OF LOWER KNIFE

BELOw

B
POSITION OF KNI!VES WHEN SHEAR IS
USED FOR SLITTING OF LONG SHEETS-

CUTTING EDGE STROKE UP
CUTTING E£DGE STROKE DOWN

?*\‘ SN SSRGS %\ﬁv
\\\\\ N\ \"\“ = *{\\

EXTREMELY IMPORTANT THAT .
THIS DISTANCE IS ABOUT I/t6

MORE THAN THICKNESS OF MATERIAL
TO BE SLIT,

Figure 8.

length of blades when set for slitting (A, Fig. 8).
Cutting length should be decreased when the shear
is to be used for slitting long sheets (B, Fig. 8).

Convenient adjustment is provided on connection
screws for this purpose. The most popularly used is
shown in Fig. 9.

To Jower or raise the upper knife, first Joosen nuts

A” on both the left and ]lght sides of the shear.
Tummg connecting screw “8” in a clockwise direc-
tion (looking from the top) will lower the upper
shear knife, Turning screw “B” in the opposite di-
rection will raise the upper knife. Care must be used
to make the adjustment on each side intermittent;
not to make a large adjustment on one side and
then on the other, but a little at a time on each side
until the desired adjustment is obtained. The ends
of the gate or top knife holder and the ways in the
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Ficure 9. Adjustruent of connecting serews.

side housings are machined to provide from 13, to
1,4 in. clearance between them. and unless the gate
or top knife holder is raised or lowered uniformly
at cach end, the shear or rake of the knives will be
reduced and a binding of the gate in the guides will
restlt.

When adjustment is made, be sure to tighten nuts
“A” securelv on each end of the shear,

This adjustment is of further value in that it al-
lows grinding down the upper knife as mnch as the
tool steel edge will permit, while still maiutuining
full nominal cutting length of shear.

Rine axp Circre Suears. Ring and circle shears
are used to cut discs or rings, or for irregular cutting
to a line, when the clamping arm is removed or
pushed back out of the way. The type shown in Fig.
16 can also be used for slitting operations. The parts
of a typical modern ring and circle shears are shown
in Fig. 10. Thev are either hand or power operate :d.

ihc cutting head is provided with cutters of var-
ious dimineters according to the capacity of the ma-
chine. The cutter shafts are at an angle to each other
to allow for inside as well as outside cutting. The
upper cutter may be moved vertically.
and lowered by means of a hand wheel or crank.
Cutters should be set to give a clean cut with no
burr. but should never be allowed to rub, When

and is raised

cutting light-gauge materials. the cutters should just
touch but not rub against each other (Fig. 10). For
heavv-gauge material (18 gauge or heavier), the
cutters should be separated slightly (Fig. 10). In
this respect. specific directions for adjustment of cut-
ters given by the manufacturer of the cquipment
s]mu]d be followed. On the hand machine, adjust-
ment is accomplished by means of threaded collars
on the lower angular shaft, and on power shears of
16 gauge capauty and heavier, adjustment is accom-
plished by means of lateral movement of the upper
shaft in the same manner,

The cirele arm is provided with a pair of clamping
discs. The lower disc is provided with a center point
and a vertical adjustment (Fig, 11).

In the tvpe of machine shown in Fig. 10. the front
and rear circle arm adjusting screws position the
circle arm in relation to the cutting head. It the
circle arm is improperly positioned, the circles will:

1. Have a “rolled-over” edge if rear circle ann
adjusting screw is in too far,

2. Form an ellipse if front circle arm adjusting
screw is in too far,

The optimum position of the circle arm is between
these extreme settings. Loosen the circle arm clamp-
ing screw when making adjustments. The upper
clamping disc is lowered to a clamping position by
means of a lever or hand wheel. This arm is also
provided with two swinging gauges {Figs. 12 and
13) which may be set to center blanks and which
are locked in place by means of setscrews. On hand
machines, the circle arm is locked in place on its
ways by means of a screw with a lever handle. On
power ring and circle shears, the movement of the
circle arm is accomplished through a rack and pin-
ion; the circle arm is secured to the ways through
the use of two bolts and nuts which can be loosened
with a wrench.

Operation. When cutting circles, proceed as fol-
Jows: Determine the center of the square blank and
prick punch the center point (Fig. 14). With a pair
of dividers, scribe a circle of desired size on the
blank. Scribing the circle can be eliminated if the
graduated bed shown in Fig. 12 is used for setting
the sliding circle arm. Loosen the cirele arm on its
wiye by releasing the locking screw or bolts pro-
vided, then sliding it until it is in the proper position
to cut the dise required. There is an indicator on
the circle arm graduated in fractions of inches.
Therefore, if a circle 3 in. in diameter is to be cut,
draw the circle arm backward or forward so that the
indicator on the circle arm is pointing to 5 in. on the
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scale, then lock the circle arm securely through the
locking lever. Using the prick punch mark as a guide,
place the square blanks between the clamping discs
in position and clamp (Fig. 14). Tighten the lock-
nut on the cirele arm to check that the cutters are
in line with the previously scribed circle, then turn
the blank by hand.

Lower the upper cutter and make adjustment it
necessary {Fig. 15). Turn the operating handle en
hand machines or switch on the power on power
machines to cut the disc {Fig. 16). When the circle
has been cut, release the clamping handle to remove
the disc. If a quantity of the same size is to be cut,
the swinging gauges can be adjusted so that they
will strike the edge of the square blanks and ceunter
them (Fig. 17).

To make a ring, or to cut a circle from the inside
of a square sheet of metal, the blank is clamped be-
tween the clamping discs in the usual way and the
sliding circle arm, with the sheet metal «~lank in-
serted, is brought toward the cutters, permitting as
much of the edge of the sheet to slide hetween the
cutters as is necessary, according to the size of the
inside of the circle that is to be cut. With the preper
alignment of the blank in the machine secured, bring
the upper cutter down on the material by turning the
crank screw hard enough that the cutters will cut
the material without burring or buckling the edge.

If a tendency to buckle or pull a disc is noted. it
indicates that the center of the clamping disc is not
properly located. The center of the clamping disc,
when properly set, is slightly off center of the ver-
tical center line of the cutters on the side toward
which the metal is fed. It is in line with the edge of
the cut. This adjustment is made on hand machines
by means of setscrews on either side of the ways. On
means of setscrews which rest against the circle am
to the slide are loosened and the arm adjusted by
means of setscrews which rest against the circle arm
custing just back of the lower clamping disc bearing.
When the proper setting is made, the bolts are
locked and no further adjustment except of the cut-
ters should be required.

To slit material - this machine, proceed as fol-
lows: Set the slitting gange to the required width of
slit with u rule as shown in Fig, 17. Set and clamp
the upper cntter and proceed to make the cut as
shown in Fig. 18.

Irregular cuts ¢an be ma ¢ on this machine by
setting and clamping the upper cutter, feeding the
material into the machine, and guiding the material
with the left hand so that the cutter will cut along
the scribed line (Fig. 19

Lubrication. For efficient gperation, hand operated
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machines must be lubricated with SAE30 oil once
each working day at points shown in Fig. 10,

On the power machines, Jubrication is pl‘m‘idt'd
for through the mcans of alemite fitings, and a
grease gun is always furnished with each power ma-
chine, For any points on the power machine where
oil is needed but where no fittings are prm’idcd, a
high grade of oil will suffice.

Lever Suirting Surars. The lever slitting shears
shown in Fig. 20 are usually used for straight slitting.
notching, and irregular cutting. Unlike the other
shears previously described, these shears cannot cut
on the inside of sheets without cutting the outer
edge. They are, nowever, designed to permit the
slitting of sheet metal in any desired length or width
up to the capacity of the machine. All ot the work-
ing parts are shown in Fig. 20.

Proper adjustment of blades is maintained by
means of two headless setserews which bear against
the Jower blade.

To make the necessary blade adjustments, blade
attaching screws are Joosened and the headless set-
screws are turned until the proper clearance between
the blades is attained. Then the blade holding screws
are tightened. This adjustment will allow the sheet
to pass without any obstruction.

Operation. The holddown attachment should be
adjusted to hold the metal in the cutting operation
and to prevent it from tipping up and wedging be-
tween the blades, This adjustment is made by means
of the knob screw at the top of the shear.

ScroLL SHEars. Scroll shears of the type shown in
Fig. 21 are designed for cutting irregular shapes and
for cutting inside of sheets.

The lower blade is attached to a slide which works
in V-shape guides and is operated by the hand lever.

The slide is held in the frame by a cap which has
holding and push screws for adjustment. This cap
should be adjusted to hold the slide firmly without
binding.

The upper blade is stationary and is attached to a
plate which is adjustable for lining up this blade
with the lower.

Adjust the upper blade to the lower by loosening
slightly the two cap screws holding the plate in the
frame, and adjust the blade by the two adjusting
screws back of the plate in the frame (Fig. 21).

Keep blades sharp and properly adjusted.

For irregular cutting and inside cuts, the shape to
be cut is marked out on the blank. When cutting to
the line, best results are obtained by making short
cuts, The length of cut is controlled by a check nut
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on the stud which .5 screwed in the lower end of the
slide ]’mlr’mo the lnwer hlade fFig 21 v,
The gauge (Fig. 21) is used hu \tmu_)ht cutting.
The slide must be oiled frequently.

Folding and Bending Machines

The two classes of folding machines used in the
sieet metal shop are folders and brakes. Thev are
used for bending or forming straight pieces of sheet
metal for insertion of wire. for turning Hanges to
various angles, and for making recessary locks or
joints. When the width of the edge lock, or angle
bemg formed is Hmited. folders are used; when it is
unlimited. brakes are emploved.

The three tyvpes of folders used are the
buar, sheet iron. and pipe folding machines,

Forpegs.

Bar Folders

Bur folders of the tvpe shown in Figs. 22 and 23
are enploved for bending edges of mild steel sheets
20 gavge op lighter to form various angles, for pre-
pariug, tolds tor Jock seams and wired edﬂe . and for
double rizht angle folds {channel shapes}. As a gen-

eral rule, bar folders are hand operated. Thev are

available in various sizes with working lengths rang-
r

snc 21 6 e 42 G Power joiders are used only
for mass production. Universal adaptability and ra-
pidity of operation make bar folders the most im-
portant machines for sheet metal work.

A gauge (Fig. 24) is provided for narrow or wide
folds. Stops fix the angle of the bend. Adjustment
can be made for sharp or rounded bends required
tor wiring. Thick or thin material may be clamped.

The edge of the sheet is inserted under the folding
blade and is automatically clamped the instant the
handle is pulled upward toward the operator. Clamp-
ing is maintained whlle the continued maotion of the
handle completes the bend. Clamping and folding in
one motion of the operating handle makes the bar
folder highly productive on duplicating work.

The gauge, adjusted by a knurled thumb screw,
indicates the width of fold on a graduated scale
(Figs. 22 and 24). The Gauge bar and slide are of
steel.

The jaw, raised by the clamping mechanism, grips
the sheet under the blade. It is adjustable for various
thicknesses of material.

The wing, pivoted to the folding har (Figs. 22
and 23). turns with it to produce the hvnd. It is ad-
justable by a rack and pinion mechanisin for sharp
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JAW SLIDE

GAUGE BAR

Figure 24,

or rounded bends. To facilitate inserting the work,
the top surface of the wing is always Hush with the
wp of the jaw.

tZamg at either end of the folding bar are milled
for wuformity of pressure.

ann‘: determine the ::mo'h: of bhend, Two nqsuwp
-tops i‘or 45 and 90 degree bends (Figs. 22 and 23)
.nd one adjustable stop are furnished. The latter, of
split construction, clamps tightly at any desired angle
setting,

The folding blade is special hard rolled steel, ac-
curately ground all over to an even thickness and
straight edge.

These component parts of a bar folder of the type
shown in Fig, 22 are clearly indicated on the sec-
tional views, Figs. 22, 23, and 24.

Figure 25 shows the bar folder ready to receive
the work, "he sheet, as shown, is inserted in the
opening or pace between the folding blade and the
jaw. It is held against the gauge with the left hand,
while, with the right hand, the operating handle is
brought forward toward the operator as indicated
by the arrow (Fig. 26).

The jaw automatically raises (Fig. 26) to grip the
sheet between it and the folding blade, holding it
tightly while the remainder of travel of the folding

CPERATING HANDLE

FOLDING BAR

ADJUSTING SCREW

CAM ROLLER

CAM

FOLDiNG BLADE

FOR THICKNESS
OF MATERIAL

SHEET IN PLACE READY FOR BENDING.

Figure 25,
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bar and wing produces the bend. A stop limits the
motion of the folding bar and determines the angle
of the bend.

When the operating handle is returned to its start-
ing point, the parts assume their original position
(PIU 251, This releases the clamping prossure so
that the finished work can be quickly
moved.

The folding blade is rigidly fastened to the main
frame. The jaw is pivoted at both ends of the ma-
chine at point A. Fig. 25. It carries the two large
bearings for the trunnions {B. Fig. 25}, on which
the folding bar turns. A pivoted adjustable wing is
mounted on the folding bar and moves with it. The
cams at both ends of the folding bar are concentric
with the trunnions.

Cam rollers are carried in two shoes at either end
of the muchine as indicated. The weight of the fold-
ing bur and jaw assembly keeps a constant pressure
of the cams avainst the cam rollers,

The low part of the cam is in contact with the cam
roller when the machine is in the open or starting
position ( Fig. 23). As the operating handle is pulled
toward the operator in the direction indicated by the

and easily re-

arrow, the folding bar turns on its trunnions, rotating
the cams. The high parts of the cams roll into posi-
tion on the cam rollers, raising the folding bar and
jaw and causing the latter to clamp the sheet be-
tween the jaw and the stationary folding blade. A
continued motion of the operating hdnd]e turns the
folding bar and wing, formiug the bend. The cams
maintain a constant clamping pressure on the sheet.

Either of the positive stops can be set to limit the
motion of the folding bar and the angle of bend. An
adjustable stop of split construction pivots on the left
hand trunnion, and can be clamped for any desired
angle of bend.

Clammping pressure or clearance for various thick-
nesses of metal is regulated by raising or lowering
the cam rollers carried in the shoes. This is accom-
plished by means of the adjusting screws shown in
Figs. 25 aad 26.

Sharp bends, such as those commonly wqu:red for
lock seamns, are produced when the wing is adjusted
as shown in Fig. 26. Ronnded bends, such as are
made when a wire is to be inserted in the edge for
stiffening, are produced if the wing is lower. The
wing is raised and lowered by a wedge adjustment,

DIRECTION OF TRAVEL

FOLDING BAR

\

A

WEDGE ADJUSTMENT FOR
RalSING aNDG LOWERING
WG

ADJUSTING SCREW FOR T
THICKNESS OF MATERIAL

CAM ROLLER

\

\\ FOLDENG BLADE

N
ot JAW

SHEET CLAMPEG.REND STARTED.

Fignre 26.




which is actuated by a rack and pinion mechanism,
Locking nuts are provided. The top of the wing is
always flush with the top of the jaw when the bar
folder is in open or starting position, regardless of
the position of the supporting wedges. This align-
mient is obtained by a guide pin under the wing.

The gauge under the folding blade (Fig. 24),
against which the sheet is placed, is adjustable for
various widths of folds by a large thumb screw. The
setting is plainly visible on a scale graduated to six-
teenths of an inch. The gauge setting mav be locked
by means of a small thumb screw (Figs. 25 and 26).

The steel gauge bar, which has a series of gauging
points, is mounted on a steel slide. The knurled ad-
justing screw acts on the slide directly, without link-
age or other mechanical elements likely to wear and
deveiop lost motion or inaccuracies. Springs below
the gauge slide keep the gauge in close contact with
-he underside of the folding blade so that the edge
of the sheet to be folded cannot override the gauge.

The width of folds that can be made on the bar
foider depends upon the gauge of the material. Use
the following table as a guide.

SHEET METALWORKING MACHINES

progressive steps for making single folds are: mark-
ing the edge, folding, and completing the fold, as
shown in Fig, 28, The procedure is as follows: Mk
the sheet for the required width of fold (A, Fig. 28).
loosen the locking screw (Fig. 27), set the gauge
(Fig. 27), and tighten the locking serow, Place the
edge of metal between the folding blade and the
jaw of the bar folder (Fig. 29). With one hand, hold
the metal frmly against the gauge fingers and place
the other hand on the operating handle of the folder
(Fig. 30). Keeping the hand on the sheet throngh-
out the operation, pull the operating handle as far
as it will go. Return the handle to its original posi-
tion. Keep the hand on the handle until the wing is
in its original position. Remove the folded material,
This completes the second step (B, Fig. 28). Proceed
with the third and final step for making single folds
(C, Fig. 28} by placing the folded material with the
fold facing upwards on the beveled part of the blade
and set snugly against the wing of the folder as
shown in Fig. 31, Pull the operating handle to flatten
the fold, return the operating handle to its original
position and remove the material from the machine.

TABRLE 5
|

Working lengths of bar folders 217 to 427
Cupacity, mild steel : Cauge No. 20
Cauging range ! ‘-;: to 17
Widths of falds at cupacity P to 17
Widths of folds No. 28 gauge mild steel wnd!

lialiter i tae” to 17
Round folds for wire, nesanmin dianeter E [

Procedures for Basic Bar Folder Operations

FINGERS

FOLDING BLADE
AY

LOCK ING
SCREW

SET- -
SCREW —

LAUGLE
ADJSUSTIENG
SCREW

SETT MG THE GAUGE

)

Makine Sivcre Fowps (Fig, 28).
and cutting the material to required size,

After squaring
the three

Figure 27,

B-FoLD EDGE

A-MARK THE SHEET

STEPS FOR MAKING A SINGLE FOLD

C.COMPLETED SINGLE FOLD

ih

Figure

28,
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STARTING POS1i FON FOR MAKING SINGLE FOLD

iy

Figure 29.

Makive Dovere Fowps. To make double folds
(Fig. 32}, proceed as follows: After squaring and
marking the metal, make a single fold as previously
outlined, then insert the single folded edge between
the jaw and folding blade of the folding machine.
To make the second fold (A, Fig. 32) and to com-
plete the double fold (B, Fig. 32}, follow folding
and flattening procedure previously given for making
single folds,

Maxing Forps rFor GroovEp LoOCKS OR SeAmS
{Fig. 33). After squaring and marking the width of
the grooved seam: on the metal, set the gauge of the
bar folder slightly less than the required width of
the grooved seam. Insert the edge of the metal be-
tween the folling blade and the jaw, and proceed to

OS5 ITION OF SKEET AND HANDS WHEN MAKING FOLD
'I "

=

Figure 30.

POSITION OF SHEET AND HANDS FOR

COMPLETION OF THIRD AND FINAL STEP
o

Figure 31.

make the first fold shown at A, Fig. 33 in the usual
manner. After the first fold is made, insert the other
edge of the second piece of sheet metal in the ma-
chine and make the fold shown at B, in the same
way. Connect both pieces and close the grooved lock
with a soft-faced mallet,

Makine Rounpep Forps vor Wiren Ebpces (Fig.
34}, Prior to making rounded folds or folds for wired
edges, special wing adjustments must be made in
the following manner: Move the wing back while it

A . EDGE FOLDED FOR
DOUBLE FOLD

B . DOUBLE FulD

Figure 32,

123




124 SHEET METALWORKING MACHINES

ADJUST ING
SCREW

TURNING WEDGE
ADJUST ING SCREW
TO SET THE WINC.
B . SECOND FOLD 2

- i Firnure 35,

Figure 33.

is held in vertical position (Fig. 35}, and turn it back
so that the rear of the bar folder is exposed. With an FSE%E‘G
epen end wrench, loosen the wedge lock-nuts (Fig,

363, Turn the wedge adjusting screw and lower the
wing until the wedge is as far to the right as possible,
then raise the operating handle to put the wing into
a vertical position. Proceed by turning the wedge
adjusting screw to set the required distance hetween

N
SET GAUGE T¢O
1-1/2 X D1a. OF WIRE

WEDGE
LOCK-NUT

COMPLETED FOLD FOR WIRED EDGE . LOOSENING THE 1LOCK-NU

Figure 34. Fignre 36.




BASIC BAR FOLDER OPERATIONS 125

the wing aud the edge of the folding blade (Fig.
33). For proper clearame this distance should be
about 1, in. more than the diameter of the wire to
be used. 1t can be checked easily by holding a piece
of the wire that is to be used in the position shown
in Fig. 37. After checking the clearance, tighten the
wedge lock-nuts, place the operating handle in its
normal position, aud proceed as follows: Square the
material and set the gauge to the diameter of wire
< 115 as shown in Fig. 34, Place the edge of the metal
bet“een the blade and jaw of the foldel Hold the
metal firmly against the gauge fingers with one hand
and puli the handle as far as possible with the other.
Remove the folded sheet after returning the operat-
ing handle to its original position.

CHECKING CLEARANCE
WITH WikE

Figure 37.

Making 43 Decrer, 90 DEGREE, oR SPECIAL ANGLE
Forps. The wing of the bar folder must be set as
previously described before rounded angle folds may
be made. For sharp folds this pmlnmndn, pm(edme
is not necessarv. The various types of angle folds
that can be made on the bar folder are shown in Fig.
38.

When 45 or 90 degree angles are to be formed,
proceed by moving the desired angle stop in place
(Fig. 39).

When angles other than these two are to be
formed, it is necessary to set the adjustable collar to
produce the required angle. To do this, a metal tem-
plate cut to the deg:ee of angle required is held be-
tween the wing and the foldmg blade {Fig. 40). The
adjustable collar is then set so that the stop just
touches the frame and the gauge is set for the re-
quired width of the fold. Insert the sheet and pro-
ceed in the usual manner,

Muaking Double Right Angle Folds. After deter-
mining the size of right angle folds desired, scribe a
line on squared material for the first fold shown at
A-A, then scribe a line for the second fald '5-B {A,
Fig. 41). If rounded bends are desired, the wing of
the bar folder must be set as previously described.

Place the 90 degree ang]e stop in correct position
(Fig. 39) and set the gauge to line A-A. Insert the
material and proceed to make the first fold (B. Fig.
41) in the usual manner. I several identical pieces
are to be folded, make all of these A-A tolds betore
proceeding with the second fold.

To complete the double angle fold, re-set the
gauge to seribed line B-B, insert the material, and
proceed to make the second fold in the nsual man-
ner (C, Fig. 41),

Figure 42 shows the edges and folds that may be
formed on a bar folder.

g9 K 80"

ROUNBED FOLD SHARP FOLD

ANGILE FOLDS

SPECIAL ANGLE FOLD

Figure 38,
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cast-iron folding bar equipped with a steel folding
hliade. A slotted steel strip that moves parallel to the

folding strip is used as a gange, and its gauging ca-

90" syop
IN PLATE

pacity is limited to producing cio.ed focks of b in.
to 1, in.

Procedures For the vse and nmintenance of those
machiney are ;t;\pm.\imuh-]y the siune as those givvn
for bar folders. '

ANGLE STOF

5

Figure 39,

Note: Alwavs keep one Liand on the metal sheet

in the wnchine nntil the sheet iy clamped,

Atter pulling the handle to make the required
tolds. keep one hand on the bhandle untl it has re- A . MARKED SHEET.
turned to its original position,

Caution: When operating a bar folder. be sure to
keep fingers and loose clothing away from the fold-

ing blade.

Jheet lrom Folders

Sheet iron folders of the tvpe shown in Figs. 43
and 44 are generally used for making bends and
tocks that do not require extreme accuracy and uni-
formity. Sheet iron folders are available in several
sizes and have a capacity of No. 20 gauge iron or
ghter (U.S. Standard ).

The construction of this machine consists of a B . FIRST FOLD.
milled cast-iron frame that is hinged to a machined

ADJUSTEBLE

COLLAR /

C - SECOND FOLD.

SETYTING THE ADJUSTABLE COLLAR FOR SPECIAL ANGLES.
o . £ it

i Lt s LY

Figure 40, Figure 45,
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GAUGE SCREwW A

LOCK INCREAS ING
STEEL STRIPS

FOLDING BLADE

ROUND ROD
ATTACHMENT

HAND LEVER

FOLD ING
BAR

Figure 46,

Pipe Folders

Pipe folders (Figs. 45 and 46) are used in edging
or formmrr locks on evlinders after the cylinders have
been fmmei The plpe folder shown in Fig. 46 has
a capacity of No. 22 gauge iron and lighter (U, S,
Standard ), and will twn a lock 1} in. and 3§ in.
Locks of Jarger sizes, 14 in. and 85 in., can be formed
by the use of lock increasing steel strips (Fig. 46).
These are inserted under the work and between the
folding blade (Fig. 46).

Using THE Prpe Forper. To edge or form a lock on
a cylinder, proceed as follows: Insert one edge of
the cylinder between the folding bar and the lip of
the folding blade, and ciamp the work by moving the
hand lever to the left (Fig. 46). Pull the folding
bar over toward you until the lock is completed
(Fig. 45). Push the folding bar back and release the
work by pushing the hand lever to the right (Fig.
48). Form the corresponding edge by inserting the
other edge of the cylinder over mstead of under the
folding bar (Fig. 46) and complete the operation as
previously outlined,

When changing the gauge to secure 14 in. and %
in. Jocks, be careful not to turn in the gauge screw
(B, Fig. 46) so far that it strikes against the folding
bar. This will draw the folding blade out of line, By
the same token the gauge screw (A, Fig. 46) must
not be turned so far that it pushes the gauge and
folding blade out of line. These two gauge screws
(A and B, Fig. 46) hold or release a concealed
gauge that is under the folding blade. «he correct
adjustment of these gauges is extremely important
when the pipe folder is adjusted for these two sizes
of locks. When gauge screw B is screwed in and
gauge A is unscrewed, the gauge is held up against
the folding blade and will turn a 1} in. lock. When
gauge screw B is unscrewed and gauge A is screwed
in, the gauge is held down and will turn a % in. lock.
Before changing the gauge, push the hand lever to-
ward the left as far as possible. After making the
adjustments, return the lever to its original position.

Screws securing the cap and folding blades must
be inspected frequently. If they are loose, tighten
them to prevent springing the folding blade. Lubri-
cate as directed by the manufacturer of the machine.
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Brakes

Of the many types of hrakes nsed in the sheet

17 is the type generally used for muking unlimited
tolds in sheet metal. A combination brake and bar
tolder is available {Fig. 48; which comprises some
of the features of both of these machines.

The standard hand brake shown in Fig, 47 is a
versatile machine used to make both sharp and

ronnded angle brakes or folds. The varions tvpes of
brakes made on this machine are shown in Fig. 49,
Various curved shapes can be made by using molds

{ Fig. 50). COMBINATION FOLDER AND BRAKE .

The essential parts of a standard hand brake are

shown in Fig. 47, An upper jaw or clareping bar and Figure 48.




OPERATING STANDARD HAND BRAKES 131

PITTSBURGH
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Figure 49,

FRICTIGN
CLAMP

Figure 30.

a lower jaw, hetween which the metal is clamped,
are attached to the frame of the machine (Fig. 47).
The bending leat handles are used to move the bend-
ing leaf, which forms the metal to required fold or
form (Fig. 47). The bending leaf is recessed to hoid
a ' in. steel bar (Fig. 47). This bar can be removed
when making narrow, reverse bends.

Tke two clamping bar handles are employed to
move the upper jaw, which clamps or releases the
work., Each of these handles can be moved inde-
pendently of the other.

To forme curved shapes, molds (Fig. 30) are
clamped to the bending leaf with the special friction
clamps shown in Fig. 50. Molds are available in di-
ameters ranging from % in. to 3 in. Brukes operated
by hand or power are available in various lengths
ranging from 3 ft. 14 in. to 10 ft. 1 in. in capacities
of more than 1 in. width bends or brakes,

Basic Operating Procedures of Standard
Hand Brakes

A standard hand brake of the type shown in Fig.
47 is usually operated by the mechanic from the
right side of the machine. When operating a hand
brake, be sure that the fingers of the operator and
the helper are clear of both clamping bars and bal-
ancing weights.

Do not attempt to bend or brake more than a
single thickness of sheet metal within the capacity
specified by the manufacturer of the brake at any
one time. Wire, rod, band iron, or seamed pieces ot
metal must not be bent or formed on this machine.

Fill oil holes and lubricate all sliding surfaces at
least once a week, using machine oil specified by the
manufacturer, Strict adherence to these precaution-
ary measures is necessary to assure efficient and ac-
curate performance of this machine.

PreLiminary Procepures, Before proceeding to
make any sharp bends or brakes on this or any type
of machine, it is important to determine and plan
the proper sequence of braking operations. The rea-
son for this is that sheet metal, irrespective of the
type of metal used, will either be weakened or will
break if it is bent up at a 90 degree angle or bent
over square and then straightened and rebent in the
opposite direction. This condition will vary in de-
gree with the type of material used. The character-
istics of the varions metals used in the sheet metal
industry are fully described in Chap. 1.

ADJUSTMENTS AND ProOCEDURES FOR MAKING SHARP
Benps. After planning the sequence of bending op-
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eraticns, mark the material with o prick punch on
the vight an ! left-hand corners ot points where the
hend is to be made, and proceed as follows: Oushort
picces the right hand cdamping bar is opened by
pushing back the handle of this bar with the rivht
and. When long picces are to be Leat, both the foft
and right hand (.ldmpmtf bars must be pushed back,
Stand in front of the machine and insert the material
between the upper and lower jaws of the matchine.
Proceed to place the material in the required posi-
tion with the prick punch ark, previously made on
the left hand side of the material, flush with the edge
aof the clamping bar. Holding the sheet in place with
the Ieft hand. pull the clumping bar handle with the
ather Land until the left side of the material has been
frnty clamped as shown i Figo 510 To clamp the
richt side ot the material, move the sheet metal until
the prick punch mark on the right side is flush with
tie chonping bar and finish clamping the sheet in
the clamping bar handle as far as
). With the right hand on the bal-
and with the
other hand on the bending leaf handle. proceed to

pluce by pulling
l)n\\l])l( !‘ i lf_“ 2

ancing weight arm of the m(ul-uu

make the required bend l.)} raising the bending leaf
of the machine to the correct position tor the re-
quired angle of the bend as shown in Fig. 53. Be-
canse of the spring-back or elasticity of some metals,
it may be necessary to raise the bending leat several
degrees more to attain the required angle. After the
bend has been made. keep the left hand on the bend-
ing leaf handle until the bending leaf is slowly re-

CLAMPING LEFT SIDE OF SHEET. "

CLAMP ING RIGHT SIDE OF SHEET.

Figure 32,

MAKING THE BEND.

Figure 51,

Figure 53,

turned to its original position. Remaove the sheet from
the machine by opening the damping bars.
ApjusiMENTS  AND  Procepunes  ror  Foraane
Pocker vor Prrrssurcit Lock or Seant (Fig. 54). To
form the pocket for a Pittsburgh lock or seam, pro-
ceed as follows: Lay out and prick mark points on
material tor the progressive bends as shown at @, b,
e, on A, Fig. 54, Insert the sheet in the brake and
close the upper jaw of the machine flush with the
prick mark «. Raise the bending leaf to make the
first bend at an angle slightly under 90 degrees as




- . ETHOD OF PROVIDING CLEARANC
PROGRESS I¥E OPERATIONS OF BEMDING FBSR FLANGED END W!Tg %IECE OFE
EDGES TO FORWM ~"THE PITTSBURGH SEAM™ METAL
ON STANDART KAND BRAKE. ’

)

Figure 54, Figure 33
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shhw1atB\Fﬁ;54.Benuwvthvshmﬂfﬁnnthenub
chine. The sheet is now tumed over. Place the edge
in the brake and close the upper clamp down on
prick nark b Close the upper jaw and raise the
bending leaf as far as possible to torm this second
beud as shown at C, Fig. 54.

Remove the sheet from the machine, then insert
again with the 90 degree bend held against the edge
of the upper jaw as shown at D, Fig. 54 Close the
upper jaw and raise the bending leat as far as pos-
sible to form the third bend.

Remove the work from the machine and reingsert
it iw the brake with the upper edge of the work flush
with the outer edge of the upper jaw as shown at E,
Fio 3

To provide clearance for a flanged edge. a picee
of serap metal sbould he inserted i the apper fold
ob the pocket betore it is squeezed  together., The
provressive steps for this procedure are shown at F,
Fig. 35, After the metal is inserted. close the upper
e G Fig, 5570,

f.)pml the upper };xw and remove the work from
the machine. fien the work aver and reinsert it in
the machine with the outer bent edge flush with the
outer edge of the bending leat. and close the upper
jaw (H, Fig. 55 ). Ruise the bending leaf slightly and
strike the outer edge with a mallet to offset the
packet as shown at |, Fig. 55. Reinove the completed
pocket from the brake.

Procepuars For Usixa Foraaane Mowes, After the
work that is to be fornwd has been bent to o right
angle. remove the bent sheet from the brake. sefect
the desired mold, und lav it along the ede of the
bending leaf (Fig. 5361 Holding the mold in place,
msert friction clumps in the holes provided for this
prapuse in the bending leaf. Strike each of the
clunps a slight blow with a mallet {Fig. 575 To in-

WORK READY TO FORW OVER MOLD,

ficrure 56,

sert the previonsly bent sheet, release the clamping
bar handles, insert the work, and close both clamp-
ing bar handles (Fig. 58). Stand in front of the
brake, place both hands on the werk, and bend the
work over the mold as fur as necessuwy {Figs. 58 and

CLAMP NG THE MOLD.

Figure 57.

POSITION AT START OF FORMING.

i

Iigure 58,
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FORMING OVER MOLD. i

Figure 39.

59). To remove the formed sheet. release both
clamping bar handles.

Remove clamps and molc with an upward blow
of the mallet on the bottom of the ciamps.

Combination Folders and Brakes

Combination folders of the type shown in Figs. 60
and 61 are available in sizes ranging from 36 in. to
60 in. with capacities varying from 18 to 22 gauge.

These machines are designed to fold locks as they
ar: folded or bent on regular bar folders, and to
nake bends or brakes at any point on sheets as is
done on brakes. They will also do a variety of other
forming operations with the sheet remaining station-
ary as the bends are made.

OperaTING Procrpures (Figs. 60 and 61). The
upper clamping bar with the folding blade is oper-
ated by a hand crank through eccentrics and con-
nections and may be adjusted tor the various
thicknesses of material by the hand serews on top of
the side frames (Fig. 60).

Adjust the bar so that the material is held securely
when the crank is at its highest position.

The front gauges are used for forming narrow
bends (Fig. 60). For wide bends, the rear gauge is
used (Fig. 61). For bends wider than can be made
with the rear gauge, scribe the sheet at the point of
bend and bend to the line.

In forming sharp bends or locks, the edge of the
folding bar should be even with the top of the bed.
Rounded bends or open locks for wire with a radius

HAND LEVER

CL AMP iNG BAR

HAND‘LEVER

COMBINATION BRAKE

COUNTER
BAL ANCE

AND FOLDER,

Figure 60.
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be sufficiently rigid to permit the attachment of a
larger additional top required for various operations.
It should be equipped with a device enabling it to
be set quickly and accurately in any desired position.

The spindle of the drill press should revolve in
bearings that are entirely independent of those car-
rying the belt pulley. It work other than drilling
holes is to be done, the spindle must be easi'y remov-
able, so that other spindles can be substituted.

The head of the drill press should be reversible so
that the too! can be driven from below the table,
giving all the advantages of a separate shaper in con-
junction with the drill press.

The drive should be us direct as possible, to pre-
vent excessive vibration and loss of power.

Instarration oF THE DrILL Press. The instruc-
tions given here for the installation, adjustment, and

iy

Figure 61.

of not more than 1} in. can be made by dropping the
folding bar in the folding bar holders by means of
the setscrew in the underside.

The adjustable stop on the left hand end permits
the making of bends to the desired angle (Fig. 60).

The clamping bar can be raised to 3 in. above the
bed, and, by removing the fclding blade, will permit
the use of special-shaped bars for special bending
and forming {Fig. 61).

Drill Press

Two types of drill presses used for sheet metal
work are the bench and floor types. The bench type
is secured to the work bench in the usual manner.
The floor drill press does not have to be secured to
the floor, but can be set wherever desired. The foor
madel, however, should always stand on a level place
in the workshop. The essential parts of a drill press
are shown in Fig. 62.

The table must be readily adjustable for height
over the entire range of the column, and should not
have a tendency to become shaky or to spring when
work is done up to the full capacity of the tool. It
should be tiltable to any desired angle, and should
be furnished with several slots for securing various
fixtures and accessories to the table. The table should

SWITCH SPINDLE
&Y, GUARD
!@ BELT PULLEY
GUARD =, " 4
_ﬂL; ﬂ
" ———
HEAD o S
B
HANDL £ ——ingf 2
e \o.
! MOTOR BASE
b i ASSEMBLY
FEED STOP NUCK n
ASSEMBLY CHUC

X HANDLE

COLUMN
COLLAR

TABLE ASSEMBLY ASSEMBLY

CCLUMN

BASE

PARTS OF A DRILL PRESS. :

Figure 62.
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operation of a drill press are applicable to all stand-
ard types. Before making any adjustments, however,
be sure to check the manufacturer’s printed instruc-
tions.

The type of drill press shown in Fig. 62 should
be equipped with a 13 or 1% hp, 1740 rpm ball-bear-
ing motor, for ﬁfﬁcxent operation with any required
accessory. The following speeds will be obtained:
{1) With the spindle, motor, and pulley in direct
line—580, 1300, 2440, and 5200; (2) with the motor
and pulley raised one step-760, 1800, and 4000, (3}
with the motor and pulley lowered one step—1000,
1800, and 3300 rpm.

Mount the motor on the motor bracket and place
the pulley on the shaft with the large step away from
the wotor. With a straizhtedge, ]me up the motor
pulley with the spindle pulley The motor should
rofate in g clockwise direction when viewed from
the pulley end. 1f motor rotates in the wrong direc-
tion, reverse its action according to manufacturer’s
instructions.

ApjustTaenTs anp Contrors. To move the drill-
press head or the table te a diferent position an the
column. loosen the clamp bv turning the lever To-
cated next to the colummn.

The guill of the drill press is locked in position by
turning the small handle usually located at the lower
front part of the head (Fig. 627, A quill is a hollow
shaft that revolves on a solid shaft,
or clutches. When clutches are closed, the qml] and
shaft revolve together.

The two knurled nuts on the spindle stop gauge
can be set at any desired positien and locked. By
means of this control, a definite amount of spindle
travel can be obtained. and any number of consecu-
tive holes can be dritled to a desired depth.

if longitudinal play develops in the spindle, it can
be eliminated as follows: (1) Remove the two lock-
nuts on the feed stop bracket. (23 Remove the spring
housing by loseuing the setserew on the underside
of the hoss. (3) Rewove feed lever and pinion shatt
after foosensing the setserew in the collo adjacent to
the head. {(4) Pull s‘pind]v and quill downward and
remeve from drill licad.

carrying pul]e}s

{37 Loosen setserew in cal-
Jar directly above the (!ml] and, whil:
spindle up aguinst the bottom of the quill, tighten
the collar up against the inner race of the quill bear-
ing. Be careful not to muke this adjustinent too tight
(6) Put spindle back into drifl head and veassemble.

When it i< necessary to rensne the chuck from

forcing the

the snindie, vse the wedee provided for this purpose
by the manufacturer, Hhandle the dvill-press cinek

with respect. Never strike it with a hammer, bump
it, or drop it. Use no tools on a chuck other than the
wedge or the chuck wrench.

When it is necessary to adjust the tension on the
quill-return spring, turn the spring housing counter-
clockwise to increase the tension, or pull upward on
the ratchet-pawl to release the tension.

To tilt the table of the drill press, pull out the
knurled handie located directly beneath it {Fig. 62).
If the table is tilted 90 degrees right or left, the knurl
pin can be inserted in the holes provided in the col-
umn, For any intermediate angle the table must be
locked in place hy tightening the nut,

TooLs axp Accessories Usep. The tools used for
drilling, reaming, boring, counterboring, counter-
sinking, and spot facing are shown in Fig. 63. All of
these operations can be accomplished with either a
straight-shank o tapemd-shank tosl, AW sizes of
drills and rear.ers under 15 in. are usually provided
with straight shanks which can be conveniently and
firmly held in the chuck of the drill press. The addi-
tional cost of taper-shank tools for these small sizes
ix therefore not necessary. In larger sizes, the differ.
ence in cost between the straight and the taper type
is trifling, 1t is always more convenient to hold the

REAMING

COUNTER-
BORI NG

COUNTER-
SENKING o

Fieure 83,
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larger sizes in the drill press by means of the taper
shank.

Drilling is the operation of producing a circular
hole by the reinoval of solid material. For this the
twist drill is used (Fig. 64).

Reaming consists of both sizing and finishing a
drilled hole. A reamer is a tcol with several cutting
edges (Fig. 63},

Enlarging a drilled hole by means of an adjustable
tool is called boring. A boring tool which has only
one cutting edge is used (Fig. 63).

Cylindrically enlarging only the end of a drilled
hole to a predetermined distance is called counter-
boring, The tool used for this operation is shown in
Fig. 63.

A countersink is used to form or cut a cone-shaped
enlargement at the end of a previously drilled hole,
to form a recess for a flatheaded screw {Fig. 63).

A spot-facing tool is used for smoothing and squar-
ing the surface around the ends of a previously
drilled hole to seat a nut or the head of a capscrew.

Tools with taper shanks too small to fit the taper
hole in the drill-press spindle are held in a special
socket. The shank of this special socket fits into the
standard spindle hole. The attachmene is called a
drill-press socket and sleeve (Fig. 85). Mete that the
taper-shank socket and sleeve has a Juttened end
forming a tang. This tang fits into a slot at the end
of the taper hole of the spindle and helps drive the
drill (the hold of the taper alone is not sufficient).

Houm~e e Work. With the exception of very
heavy pieces. all work must be firmly secured to the
tuble ot the drlll press to assure accnracy and to
avoid injury to the operator, I a vise is nsed to hold
the work, this vise must also be clamped to the table.
The four types ot clamps generaily used are the
strap. bent. finger. and U-clamps (Fig. 661,

I the work is small, a single clamp can safely be
wsed to hold it securely in place. For larger waork,
two or nore chanps must be used. Au ideal setup s
shovn in Fig. 67

Tebles of ol &AL presses are provided with T-
siots, These siots ae used for the location of the
piecessa - bolts to coenre the clamp or other holding
fistuve v+ Several tvpes of bolts are used for var-
tony hinds 0wt The square-head bolt s used for
ordinury cluapasg porposess however, to place it in
position it st He prshed stong the Foslot from one
end (Fig 651 The Thead bolt ds mwore convenient
h)uu*lrb.mieuiﬂaw'hy\hnpﬁ'dnqqnnqthwlwud
Fonathwise in the slot atcd tning g too the riegg.
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ot bolt is especially convenient when it is

pecensiery o clamp the fustde of work fhat otherwise
souhd have to be lifted over the bolt {Fig. 68). The
tapped T head bolt is semetimes preferred because

e ~tudd of this balt can be removed and the head

y
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! Figure 68,
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USING STRAP AND STEP BLOCK
FOR CLAMPING WORK.

Figure 89,

pushed along the slot under the wark to the required
position. Mechanies usualiv have a supply of studs
of various lengths with a few heads to be used when
required, This obviates the need for a supply ot dif-
ferent tvpes of bults of varving sizes.

Step blocks are used in conjunction with bolts and
clamps to secure the werk to the drill-press table.
These are available in varions size.. and with various
numbers of steps { Fig. 65). Note that the block used
under the onter end of the clamp can be made of
either scrap metal or hardwood. 1t woad is used, be
sure that it is of sufficient cross section to give it the
needed stiffness. Set it under the clamp with the
pressere against the grain of the wood.

The arrangement of the work when step blocks
aze used is shown in Fig. 70. The setups shown in
these iflustrations are merely suggestions and can be
altered to suit varving conditions. The most impor-
tant factor to consider is that the work nust be firmly
secured at all times,

If the work is fastened directly onto the table of
the drill press, it must be Jocated so that the drill or
tool used will pass through one of the table open-
ings. If the work cannot be centered over one of the
openings, it must be momuted on either wood blocks
or picces of machined bar stock called parallels
(Fig. 70}

When a light piece of metal is supported at poinfs
too far apart. it will spring under the pressure of the
drill. resulting in an insccurate hole und often a
broken drill. To prevent the work from springing.
nse o Vesupport or block made of hardwood { Fig.
T

A V- Dlock s used i conjunction with w step block.
chunp, and bolt to sectire round wark for drilling:
avgle plates are used to secare odd-shaped work
(Fig, 0.
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Other methods of securing the work are shown in
Figs. 67 and 70.

Layout of work. Use the following procedure for
laving out work prior to drilling: By means of inter-
secting lines, show the position of the center of the
hole that is to be drilled. With a center punch, make
a slight mark at the voint of these intersections. If
the work is rough, rub some cb-lk on it. If the sur-
face of the work has been macained or is smooth,

CHUCK

FACK ING %* PACKING
BLOCK BLOCK

' CcuT-ouT
IN BLOCK

SUPPORT WITH CUT.OUT ELIMINAT
SPRING IN DRILLING THIN MATER!

. —

Figure 71.

use & ceating of ble vitriol solution instead of chalk.
Let it dry {1 & {ew minutes before scribing the sur-
face. Using the punch mark as a center, scribe a
ADD PARALLELS TO RAISE circle with a pair of dividers indicating the size of
WORK LF NZCESSARY - the hale to be drilled. Before proceeding to drill the
hole, use a larger center punch to make a larger in-
dentation at the center.

Speeps AND FEEDS. Speed, as applied to a drill, is
the speed at the circumference of the drill. This
speed is called the peripheral speed and is the speed
at which the drill would travel i’ it -wvere laid on its
side and rolled. In other words, a « . with a stated
peripheral speed of 30 ft. a minute would roll a dis-
tance of 30 ft. in one minute. Speed of a drill, there-
fore, as generally used, does not refer to rotation per
minute unless so stated specifically. As a rule, a drill
does not pull itself into the work but requires a con-
stant pressure behind it to advance it. This advance
is always measured in fractions of an inch per revo-
lution, and is called feed. Feed pressure, therefore,
is the pressure required in order to maintain the
necessary feed.

The correct speed and feed are dependent upon
so many conditions that it is impossible to give hard-
and-fast rules regarding them. They can be deter-
mined only by judgment resulting from experience.
The suggestions given should be considered only as
a guide and as a point from which to start opera-

tions.
ME THO%EAEESCEEMS(%?%_VAR 1ous Starting Speeds. To start a drill, bring it down to
o the work by hand feed until it centers itself in the

Figure 70. work; then, and only then, apply the power feed. As
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previously mentioned, no definite rules can be given
for the speed at which a drill should run and the
correct amount of feed per revolution. The compo-
sition amdd hardness of material, the depth of hole
required, the lubricant used, the tvpe of machine
used, the condition of the machine, the setup, point
grinding, quality of the holes desired, and many
other items have a distinct influence on the speeds
and feeds required. The following speeds are given
only as suggestions. The correct speeds and feeds
should, as previously mentioned, be determined by
good judgment and trial in each instance.

TsBLE 6
SveGESTED SPrrbs For Hien-Seeep DriLes ©
Moetdl

Alumicum and its allovs
Bruass wud bronze, ordinary
Cast iron, soft

Spe.. inrpm
200-300
200-304
100-150

Cast irog, hard o S T0-190
Malleable dron . L - B0- 20
Muagnesoon and s alloys . Lo 230-400
Monel metu] A 40~ 50
Steel, annealed o e 60- 70
Steel forgings L R 30- 60
Steel alloy S R 50- 70

*1f carboun-ateel diriiis instead of high-speed driils arc
used, they should be run at specds from 40 to 50 per cent of
those given in this table

When the extreme outer corner of the cutting
cdges ot the drill wears away too rapidly, it is evi-
dence of too much speed.

High speed in cast iron tends to wear away the
margin of the drill. The muximam speed suggested
for carbon drills in cast ivon is 30 . per minute
peripheral speed.

Starting Feeds. The starting feed is largely gov-
erned by the size of the drill used and the material
to be drilled. The general rule is to use a teed of
001 in. to 002 in. per vevolution for drills smaller
than ty, in: (02 in. to 004 in. for drills 10 in, to 1
in: 004 in. to 007 in. for drills 7} in. to 1, in; 007
in. to 015 in. for drills 1, in. te 1 in.; and 015 in. to
25 in. for drills larger than 1 in,

Start the drill with a moderate speed and a mod-
crate feed. Increase either one or both after caretul
observation of the condition of the drill. The follow-
ing suggestions should be carefully observed.

If the drill chips out at the cutting edge, it is a
certain indication of cither too heavy a teed or too
much lip clearance. Before deciding that it is foo
hewvy a feed. check the lip cdearance of the drill.
{See Chap. 3 for detailed description of parts of
twist drills.)

A drill that splits up the web may have been given
too much feed for the amount of lip clearance. Either
decrease the feed or increase the lip clearance, or
both.

Failure to give sufficient lip clearance at the cen-
ter of a drill will also cause it to split up the web.
On the other hand, too much lip clearance at the
center (or at any other point on the lip) will cause
the lip to chip. Therefore, before blaming the feed.
make certain that the drill has been properly ground.
If it has been properly ground, decrease your feed.

It is better to err on the side of too much speed
than on the side of too much feed. This is true for
all metals, with the exception of cast iron. The nature
of this material permits an unusually heavy feed.
Speed can be increased to the point where the out-
side corners of the drill commence to show signs of
wearing away. The speed should then be reduced
shichtly.

LusricaTiON ¥OR DRILLING, It is very important
to use the proper labricant when drilling metals of
gauges heavier than 174 in, Lubricants are used to
cool both the edges of the tool and the work that is
being machined. Lubricants used for drilling are
called coolants. As large a volume as possible of the
coolant should be directed onto the cutting edges of
the tool, and allowed to flow onto and around the
work. Proper lubrication aids in chip elearance. It
also materially improves the finish of the hole.

Suggested lubricants for various metals are:

Aluminum and its alloys—Soluble oil. kerosene,
and Tard-oil compound; kerosene and soluble oil mix-
tures,

Brass—Soluble oil. kerosene. and Tard componnd;
light non-viscous neutral oil.

Copper—Soluble oil.

Cast iron—No lubricant required.

Malleable iron—Soluble oil.

Monel metal~Soluble oil: mineral oil.

Steel (ordinary ) —Soluble oil; mineral ol

Drictive Surkr Mreran., Sheet metal must be
backed against a wooden base block or preferably
: blocks of
clamped. A bottom support must be used to prevent
burring and erushing the metal,

Drifting Small Holes. Haoles 19 ing in diameter
and smaller should be drilled at high speed.

Drilling Laree [foles, A smallerssized lead hole
must be dvilled hefore completing the drilling of a
large hole in metals heavier than 1 v, gange. Pro-
ceed as Tollows: Start to deill with the full-size drill,

sandwiched  between  two wood  and
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check. and draw the drill if necessarv. After the drill
has started to cut ful’ size, change to th: small drill
and proceed 1o run St through the work to make Ve
lead hole (Fig. 72}, This smaller lead hole will now
be exactlyv in the center of the lavout cirele. Then
set the la'rgcr drill inte the spindie and drill the hole
full size.

The diameter of the small drill used for the lead
hole should be approximately the same as or a little
larger than the web thickness of the larger drill. Be-
cause there is less tendency for a small drili to run
off center than a large one. this procedure will result
a: 2 hose that is usuallv a good deal more acenrate

i

thun it it were drilled by anv other method (Fig.

=7y

Drdling Bonnd Stock. When it is necessary to drill
coad stoeh . o thin dise the same size as the work
atd preterably cut from the end of the work should
be used in setting up the stock for drilling (Fig. 73).
Thiv dise must be carefully laid out and center-
drilled the required diameter. Clamp both work and
disc in a vise { Fig. 73}, The dise will guide the drill
directly to the center of the work and will prevent
drifting. Drifting often occurs when round stock s
drilled by anv other method.

Countersinking. Various types of countersink drills
must be used to countersink the wark for the heads
of the various tvpes of machine serews. so that these
hesids come either Hush with or below the sinface of
the apatertdd. This i doree after the hole lus been
drilled to the depthorequired.

FIRST USE
A LARGE
DRILL

FOLLOW-UP
WETH
LEAD DRILL

DRELL ENG LARGE HOLES.

Figure T2.

ACCURATE METHOD OF DRILLING
ROUND STOCK WITH PIECE CUT
FROM WORK FOR GUIDE.

[

Figure 73,
Portable Electric Hand Drills

A well-designed portable electric hand drill is an
excellent tool that can irequently be used in lieu of
the drill press. It is especiallv valuable for work that
cannot be moved to the workshop. Portable drills
are availuble in various sizes: the 1, in. size is rec-
ommended for all general purposes. Figure 74 shows
the varions parts of a standird well-constructed and
practical powered haoid drill.

The drill shown is equipped with a universal-type
motor that will operate on either dies or ae. of 25
40, 56, or 60 cyeles, ot a specified voltage, Thus a
HO-volt universal motor will operate on either doc.
or e H0-volt corvent and must be used only on
that specified voltage, 1f the drill is used on a low-
voltage line, it will not operate at normal speed, will
fack the necessary power, and will heat up quickly.
I used on too high o voltage, it will run at very
high speed. and the motor will overheat and prob-
ablv sufler serious dwnage. Always check voltage
specifications on the nameplate of the hand drill with
the voltage of the supply line used. Do not plag the
drilb i it they do not correspond. 3 drill roims slowly,
gets hot, or smokes, disconnect it immediately and
check the .suppl}’ Hine with o voltimeter. Peak loads
and off-peak loads will often cise a wide variation
in supply fines that are supposed to carry a standard
voltuge, It the drill is being ased more than four or
five feet from the source of power supply, be sure
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that the wire used for the extension cable is large
enough to canry the current to the tool without too
great a drop in voltage. Use the table that follows as
a guide for correct sizes of wire to be used.

TapLe 7

Sizr oF ExvExsion Capre ror PoutanLe Evectric Toors

Based on current equivalent to 130 per cent of full load of
tool and a loss in voltage of not over 5 volts. This table is for
110-volt tools. For 220-volt tools use wire size corresponding
to an estension length of ane-half the contemplated length,

T T
Full-lead 0- [ 21- (33 131 T1- 120
Ampere Bating 45 5 154 | 50 | 7.0 20 1160
i Tool ) J ) A ' i - i
! !
—— _!__,,‘__M__ ,;;,-_, —_—i H
Distanee " ,}:C'.t Wire Sive (B & S wunge )
Lone wav )
- _— e e
25 18 008 s s 16|
50 18 18 4 18 i6 14 12
73 18018 16 12 0 0
100 1 L ;14 |12 01 8
200 8 |14 12 j0 | 8 | 6
300 4112 16y 8] 6 1 4
400 12 1 8 I
300 12§10 | 8 6 | 4 ' 2
00 10 8 | 8 422
500 10 8 \ 6 | 4 2 1
1000 [ 8 | 4 | 2 ]t ] 0
| ! | I

Note: If voltage is already low at source {omatlet). have
voltuee increased to standard, or use a wnch lirger cable
thun lsted in order to prevent any further drop,

To protect the mechanic against shock. the poit-
able drill mnst alwavs be groanded when in nse.
Well-designed  drills are usnally equipped with a
three-conductor cable, The green or ved conductor
is usnally the ground wire and is attuched to the
frame of the tool mside the case. The other end of
this ground wire extends through the side of the
attachment plug (Fig. 75). If the wire terminals at
the switch are disconnected, reconnect the ground
wire to the togl frame and not to a switch terminal

Where a number of power tools are to be
grounded, install & permanent grounding wiring sys-
tem with three-wire receptacles and equip the tools
with three-pole attachment plugs. A ool is then
autenmatically gronnded when plagged in {Fig. 761,

Powerapir-peire, Civexs. Standurd electrie hand
drills, s shown in Figo 74, are cquipped with chucks
to kol deills aad other tools, These chncks are pre-
cision instrusnents and, ke afl securate mechanisms,
they should ever be abased,

To permit the chuck jaws to grip the shonk of the
drill properly, alwavs bottom the drill in the chuck
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To insure a uniform grip on the shank and to pre-
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ONLY ONE HOLE
RELEASE THE BIT
OF ELECTRIC DRILL.

1S NEEDED TO
IN THIS TYPE

Figure 77
bit into the work. In metal. high speed and light
feed are reconinended,

The bit and the wmetal must he Tabricated when
drilling all tvpes of ferrous metal except cast iron.
The lubricants previously specified for nse with the
drill press are recommended.

A special bit for catting Loge holes in thin sections
or sheets of metal. wood. or compasition is called
the hole sare (Fig, 791 One-quuater inch electric
drills will drive up to I, in. hole saws; 1o dills
up te 3 ne hole sioesand 20 i or Tavges drills waill
casily drive the Bwgest ¢4ing) hole saw it

Wood augers cquipped with special slanks are
avaibible to fit the deill chocek,

beodew i stractorad timbers and other ey woad

They are ased to bore

Hl('i!li]l'l'.\'.

."n]ﬂnmlgh l‘e"llliillg_ (nunl(‘l'hm‘ing‘ ardd other sim-

GE AR LOUK Ry
PN
REYLESS CHUK WITH
LOCK ING COLLAR .,

ivtare TR,
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HOLE

Fiirure T8,

e operabions can. 1 necessarv, be accomplished
et o port Ble electrie deil it st be rememnbered
SRR spinddle speed. power. and bearings have
Becn deaged primaeriby for drifling holes.

Crerpasion. Lav out the work carefully and mark
the exoct center of the hole with a center-punch to
provide a start in the metal for the point of the drill.
o prevent damage or injury, be sure that the work
is frmiv secured.

Alwae grasp the control handles firmlv and aim
the drill in the satne manner as a pistol or a gun.
The sma!l end-handle drills must be held with the
hund and wrist in position to appiy pressure in a
straight Tine with the drill spindle. The other hand
is used to balance and support the drill (Figs. 80
ared 813,

The farger side-handbe drills with auxiliary pipe
baredles wre beld with the spade handle against the
or abdomen and with both hands
Brmnie holding the switch and pipe handles. When

shioad for, ¢t

using these lerger drills. vou must always be braced

GRASFING THE
DRELL.

Figure K

DRILLING A STRAIGHT HOLE.

My

Figure 81,

against their torque or twisting action (Fig. 82).
When drilling in a downward direction, the switch
and pipe handles must be braced against vour legs
tor additional support (Fig. 83).

All manutacturers of standard portable drills fur-
nish detailed information on the limitations of their
tools. Do not make the mistake of overloading; if
the Adrill stalls it is being seriously overloaded or
otherwise improperly used. Never try to force a drill.
Turn the switch off and remove the drill from the
work., Don't click the switch off and on in an efort
to start a stalled drill. This will ultimatelv damage
the switch, overheat the motor, and may break the
bit. To aveid stalling it is good practice to relieve
the feed pressure as the drill bit breaks through the
finished hole.

AMamnteEnanceE axp Lusrication. To maintain an
electric drill in top operating condition, frequent in-
spection and careful attention to first signs of wear
are necessury (Fig. 84).

o ko

DRILLING STRATGHT HOLES USING
A USIDE .HANDLE " ELECTRIC DRILL.

Figure 82,
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Al drill

@ el

mators are air cooled. They depend on
Aant abundant cireulatton of air for efficient
operstonn The ventilating fans. which are mouuted
on the front end of the ancatire shadt

to draw

care designed
an ample supply ot air theough the motor
housing (Fig. §1). Ventilating holes or slots in the
drill housing are of “nou- c‘(uf design to permit a
comstant stream of air How. Keep tlm venttiating
svstem clear at all times by frequently and wgu]mly
forcing a stream of air throngh the slots with the
motor running. ‘This precautionary measure will
eliminite one cause of grounding and damage o
nretor and bearings. In a well-designed and properly
constructed drill, most of the ball bearings are of the
grease-seitled or closed type (Bl Fig, 857, Both sides
of this tvpe ot bearing are permanently Inbricated
and seabed, They have sufficient Tubrication packed
in them to last the normal Tife of the be: aring. Never
immerse closed bearings in any solvent whatsoever
becanse this will dilute the lubricant. Wipe them
clean but otherwise leave them alone. In open-type
ball bearings { A, Fig. 83) having no seals of anyv
kind or onlv one plate seal, the balls and ball re-
tainers are visible. A\ open-tvpe ball bearings. sleeve
bearings, and needle roller bearings require periodic
relubrication at regular intervals, depending on the
use of the tool. Belore refilling gear case, gears, and
bearings with fresh lubricant, wash off all old grease,
using anv good commercial solvent. Use lubricant
recommended by the manufacturer of the drill. Fill
gear case onls half full with Inbricant—toe much is
just as bad as too little. The lubricant will cxpand
when warm and anv excess will be forced through
the bearings into the motor, damaging the windings
of the motor and clogging the ventilating holes.
ConiniuTators axp Carsonx Buusurs. The com-

mutator of a drill motor is the nerve center of the

A .
H

[

OFEN.TYPE BEAR ING |
. CLOSED.TYPE BEARING

Figure 85
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entire tool

EAL Fie SG It should be inspected fre-

coentiv cand i greasy or reagh, cles aned lightly and
soothed with very fine s m(lp aper. Do not use
aner cloth, I o groove has been cut by the brashes.
. . . ‘l 1o . .

e conuntintor shonid be turned down on oo Tathe
il a o smosth sartace is ohtained agann the mica
it must be re-
Inspect the

connectivn sty caretully: if solder has

insulition was originally undercut,
andercut atter the tul'ning Upt'!‘ntil‘u.
seldered
icoscued. resoider betore the feads break loose,
oiliere

cheek the folicame:

i+ eneessive arcing at the communtator.
Woeak brush springs: Buushes

vt confactio prupe*ri\'_ Underent mica ooy lune

Ccausing broshes o jamp, Worn Lieslios:
5 I

Bt ey tor underent o are used os, Hush-

an. o connnntador, they will swear ceessively: if
Hius nica broshes are ased on undercut-mica com-
will be escessive conmntator wear,
i armnatore s

end and lateral play will cause vibiration.

it rors there

Bowring wer: tt bearings are badlyv
woin,
commitator wear, and arcing_

Since the commutator is such a vital part of the
drili, its inspection and care should be trusted only
ko o skilled mechanic or to the service department of
the manvfucturer.

Carhun brushes on the motor shonld be mspept“d

frequentiv and kept free from dirt and dust, and
should zlwavs operate frecly in their guides, without

SFRING

END BRUSH

BRUSH RING

PRING
. COMMUTATOR.

A
B . CARTRIDGE .TYPE BRUSHES
C . BOX.TYPE BRUSHES,

W
es)

Figure £6,

sticking. There spring eonsion to

keep the hroshes in finn contace ~ith

should be enough

the conrmu-

tator.

Badlv worn Lin Gl he replaced imaie-
diately, because wnocie - serious duinage to
the wnmatuce and 0 pecess ste expensive repairs

or replacements.

In repiacing worn brushes, do not nse just anv
Lind of brust
the correct

Extensive tests have heen mnde to find

Hrush for ecoh motor, and these are al-
wavs available in the stocks of gemudne replacemont
parts at all tactory service branches. The “hrosl vig-
ging” onall vadiveral motor tools s at the vear
(handle) ena o the it T some cases {cartridee
tvpe the i)msii hh‘-rle-r\‘ aned caps are visible in the
anter housing (B0 Figo 86). To others { b typel,
the end cap st lu- removed te o get at the broshes
G, Fig, 86 ).

‘;IIL] cornnutator

Forming Machines

Farming machines, or rolls, as they are sometimes
called, are used extensively in every sheet metal shop
fo. eurving sheet metal or forming cylinders of var-
ious diameters.

A modern forming machine similar to that shown
in Fig. 87 consists of a lelt and right end frame or
housing and three solid steel rolls connected with
driving gears and operated by mears of a haund
crank, by a belt, when fitted with pulleys for power
drive, or by a motor, when arranged for individual
motor drive.

All forming machines are similar to the general
type shown iv Fig, 7. They are made in many sizes
and capacities, the capacity depending on the diam-
eter and length of the three forming rolls.

The two frout rolls {Fig. 87) grip the sheet of
metal and force it against the rear roll, which bends
it upward around the rear of the front upper roll,
curving the sheet and forming the cylinder.

The rear or forming roll can be adjusted in an
angular vertical position by adjusting screws on .the
rear of left and right end housings (Fig. 89). Three
inch and smailer diameter forming machines have
hand adjusting screws, and on 4 in. and larger form-
ing nachines, the adjusting screws are fitted with
sprockets connected with a chain for parallel ad-
justment of the rear roll,

For forming tapered cylinders, one end of the rear
forming roll can be adjusted somewhat higher or
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Iovwver than the apposite end by means of these wd-
justing screws. The chain on the § in. and larger di-
ameter rolls can be readily disconnected for setting
the rear voll i o tilted position { Fig. 90).

The radius of curve or diameter of cvlinder that
can be formed on a forming machine depends on the
position of the rear roll in relation to the front upper

There iy no set rule that may be applied for the
setting of the rear roll to secure anv desired radius
ot cirve, because the spring in the metal will affect
this setting. For instance, soft copper or brass have
less spring than does steel in its varying degrees of
hardness or uniformitv of quality. Therefore, when
forming soft sheet metal, the rear forming roll should

roll. be set slightly lower than when forming the same
\
HOUSEMG OPERATING HANDLE -
CRUYOVES
FOLLS UPPER ROLL
KNUALED
ADJUSTING SCrREWS
GROOVES
{ «nurLED
ADJUSTING SCREWS
SLIP ROLL FORMING MACHINE,
F

Fijare 8E,
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TRIGGER
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TWO TYPES OF UPPER ROLL RELEASES,

REL EASE -..,:_\._

HANDLE

=

LIFT HANDLE

h

Figure 89.

diameter of cylinder in sheet metal possessing more
spring or of stifer qualitv. The adjustment of the
rear roll can best be obtained through experiments
with the material to be formed,

The adjustment of the two front or gripping rolls
is « .ned through a hand adjusting screw on each
left and right end housing under each end of the
lower front roll. The lower front roll is adjusted up
or down for sufficient clearance between the two
gripping rolls for the thickness of material to be

formed, so material will pass through the rolls frecly
when the hand crank is turned or power applied
(¥ig. 87). Forcing the material through the gripping
rolls without sufficient clearance for the thickness of
metal may cause serious damage and breakage of
left or right end housings.

OreraTING Forming Macuines. The sheet of metal
to be formed is inserted from the front of the ma-
chine between the two front gripping rolls after the
two front rolls have been properly adjusted. Turn

REAR ROLL SET
AT ANGLE

ROLLING A& TAPERED JOB,

Figure 90.
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STARTING THE

JOB,

SECTIONAL
VIEW OF
RGL LS

My

Figure 91,

the hand crank or apply power (Fig. 91), feeding
the sheet metal through the gripping rolls against the
upper side of the rear forming roll, which bends
the metal upward, thereby forming the curve or cyl-
inder (Fig. 92). If the radius of curve in the first
experiment should not prove to be the desired ra-
dius, lowering the rear forming roll will merease the
diwmeter of the evlinder, or raising the rear {forming
roll will decrcase the diameter of the eyvlinder (Fig,

93).

The capacity vatings of forming machines of the
type shown in Fig. 87 are based on forming mild
steel the full length of the rolls, and are considered
as standard by the sheet metal trade for forming rolls
of a specified diameter and length. Definite capa-
citics, however, would depend upon the dinmeter
and length of the evlinder to be formed and the
numher of passes through the rolls to obtain a given
diameier. the stiffness of the maderial, and the uni-
formity desired. When o forming machine is over-

MAKING A STARTING

BEND,

My

Figure 92,




FORMING MACHINES 151

FORMING THE Jo8,

Figure 93,

foaded the immediate result will be deflection in the
genter of the rolls, resulting in cylinders bulged in
the center,

When torming smell diameter cylinders up to the
tull rated capacity, it will be necessary to pass the
metal through the rolls several times. After the rear
roll is properly adjusted, the first pass forms a semi-
evlinder, The vear roll is then raised somewhat
higher and the metal passed througl again. The rear
roll is then raised to form the complete cylinder. A
little practice will enable the operator to determine
just how high the rear roll can be raised for the hrst
pass and have the rear roll bend up the metal up-
ward. Three inch and larger diameter forming rolls
have longitudinal grocves in the rear forming roll to
prevent slippage of the edge of the sheet against
the rear roll and to assist in bending the metal up-
ward. On these forming machines, the rear roll is
also driven, to assist in pulling the meta' through
the rolls.

On heavy gauges of metal it is comr wu oractice
to reverse the metal after the first p: «. through the
rolls when forming small diameter cylinders—to feed
the edge of the curved sheet that passed through
the rolls last in the first pass through the gripping
rolls first in the second pass. This will reduce to a
minimum the flat spot on the edge of the sheet after
the initial pass, resulting from the space between the
center of the gripping rolls and the forming side of
the rear forming roll.

To reduce the number of rear roll adjustments in
forming small diameter cylinders when working

light-gauge metal, it is common practice to insert
the edge of the sheet hetween the two feed or grip-
ping rolls from the front of machine, pinching the
metal between the two gripping rolls and bending
the sheet slightly upward around the top gripping
roll, then continuing to pass the sheet through the
machine by hand crank or power operation (Fig.
93). This will reduce the flat spot on the initial edge
of the sheet to a minimum and will enable the oper-
ator to form a cylinder of the desired diameter with
fewer adjustments of the rear forming roll, or in one
pass through the rolis.

Modern forming rolls of the type shown in Fig,
88, are of the slip roll type. On these machines the
right hand housing is provided with a hinged journal
cap and locking lifting latch, commonly called open-
end formers (Fig. 88).

On these machines, af:<: the cylinder is formed
around the top front gripy-+7 roll, the latch is lifted,
then the lever on the right end of the base of the
machine is pulled down, lifting the top roll so that
the work can be slipped off the end of the top roll
without distorting the formed cylinder. The roll-
raising lever is then pulled up and the top roll drops
back into its bearing. The hinged journal cap is then
dropped back in position, the latch automatically
locks, and the former is ready for the next forming
operation. The roll-raising lever should never be
forced down when the journal cap and latch are in a
locked position because this may distort the roll-
raising mechanism, causing damage to the machine.

Forming machines are provided with grooves of
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ROLLING A WIRED JO0B,

Figure 94,

varving sizes in the right end of the lower and rear
rolls o allow for forming cylinders on which the
metal has a wired edge (Fig. 94). The previously
wired metal ig inserted while the sheet is in the flat.

Note that when rolling wired material heavier than
20 gauge, the rear roll of the forming machine must
be set at a distance that s slightly greater at the
wired end than at the opposite end (Fig. 94). When
rolling wired material lighter than 20 gauge, the
distance between the rear roll and both the upper
and lower rolls must be greater at the wired end
than at the opposite end.

Marwtevance. Lubricate forming machines with
oil  specifiec bv the manufacturer. To prevent
scratehes, dents, or damage, the highly polished spe-
cial purpose rolls that are available for forning
mane! metal, ahuninum, stainless steel, and simiiar
metals wust be kept covered or otherwise protected
when not in use.

Bench Moachines

Bench machines of various types, each of which is
designed for a specific purpose, are used extensively
in the sheet metal shop. These machines consist
maindy of 4 rigid cast iron fraune fitted with shafts.
gears, and rolls or faces of various sizes and shap{-‘s
which are operated by a hand crank. Beoch ma-
chines are generaily  classified as turning, wiring,
burring, and setting-down machines. The design of
the rolls or faces of each of these machines varies in
shape and size in accordance with the type of ma-
chine and specific tvpe of work it perforns. Indi-
vidual hench machines are uvsnally fastened to the
work bench on individeal machine standards of the
type shown in Fig. 93, Revolving machine standards

STANDARD .

Figure 95,

Figure 90. Kevolving standard for bench tools.




of the type shown in Fig, 96 are used where it s
recessary to perform a series ot consecutive opera
tious ta complete a job. On revolving machine stand-
ards, the problem of setting up individuad machines
and taking them down s eliminated. thne is saved,
and the daniger of diwmage to bench tools due to
mishandiing and neglect is obviated, Standards of
this tvpe ocenpy less than 28 in. of Hoor space and
are being nsed extensively i most modern shops.
Tewesive Macaives, Ay its name fmpfiv.& the turn-
ing nachine shown i Fig. 98 s vencrally used to
turn or form ronnded i*dg(-s intoe which wires ure in-
serted. The stupe of the edges formed is shown in
Fig, U8 After the wire s inserted, these ronnded
edaes wre closed by aowiring machime (Fig 1033, All
the parts ol stundiod tirning machine are sl
i Fieo 97 The rolls shown in detadl A Fig, 97 can
be remosed tor adjustiment, alignment and replace-
wient. The machine shown in Fig. 97 is operated by
means of an operating handle and has a capacity ot
a 20 gauge mild steel. For turping heavier-gauge
matenial. power driven turning machines are gener-
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ally used (Fig, 99). The operation is identical for
both machines,

Various sizes of rolls are available, and the size
nearest to the size of wire to be inserted should he
used. Adjust the npper roll to groove in the lower
roll as shown in Fig, 100, so that when the upper
roll is depressed. it is centralized in the groove of
the lower roll as shown in detail A, Fig, 101. This
adjustinent is secured by a knurled lock-nut on the
rear end of the upper arbor. The gange shonld then
be adjusted tor the required amount of ietal that
is to be turned over to cover the wire when it s
closed down by the wiring wachine (Fig. 103).

Phice the edge of the work between the rolls with
the edge of the job finnly against the gauge (Fig,
102}, Bring the apper rall down by tarning down
the crunk serew, so that when work is revolved the
upper roll will make a stight crease or depression on
the first pass. On the second pass, turn down on the
crank serew and bear down on the work so that at
the end of the second pass the edge has begun to
turn over slightly. To prevent buckling, it is advis-

CRANK SCREW
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ADJUSTING
SCREW

KNURLED
LOCK -NUT

CGPERATING
HANGLE

TURNING MACHINE,

UPFER ROLL

A ETEERRE N

GAUGE

TWO ROLLS
CONNECTED
8Y GEARS

BENCH STANDAPRY

Figure 97.




AA . SEATS FOR WIRE ..
MADE ON THE TURNING
MACH INE .

TURNING MACHINE

MORE COMMONLY EMPLOYED TO PREPARE
A SEAT IN BODIES TO RECEIVE A WIRE.
THE OPERATION §S COMPLETED WITH
USE OF WIRING MACHINE,

Figure 98,

|HI|I|0-

ADJUSTING THE UPPER ROLL .

f"\l

HEAYVY ROTARY TURNING MACHINE.,

Figure 100,
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ADJUSTHMENT
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Frere 101 {ahore ),
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WORK,

POSiITtON GF

Figure 162

tble not to attempt to fonn a completed edge in one
o two passes. Usuallv, a successful edge turning
spondinn requires at least three or four complete
IHANSES,

Wiine MacHives. The wiring machine shewn in
Fig. 103 is used in conjunction with the turming ma-
chine previously described (Fig. 95 to close the
turned edge over the wire. All parts of a wiring ma-
chine are shown in Fig. 104 Before the wire is in-
serted onto the job. 1t must be formed into a circle

WIRING MACHINE

wORKS THE METAL COMPLEITYELY AND
COMP ACTLY ARQUND WIRE, DEPEND-
ING ON SHAPE OF WORK, SEATS TO
RECE!VE WIRE AFE PREPARED ON
TURNING MACHINE,

bv nmaing the straight wire through the groove in
the rolls of the forming machine. The formed wire

Figure 103,
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Figure 104,
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GAUGE ,

Figure 106,

is then slipped into the seat of the job that has pre-
viously been formed by the turning machine {Fig.
981, The wire is held tempovarily in place by closing
the metal in several places with @ mailet (Fig. 106).
Adjust the forming gauge of the wiring machine and
place the job, tozether with the wire that has been
temporarily inserted, between the rolis in the same
manner as that previously deseribed for the turning
machine, The gauge in the recr of the machine
shionid be adjusted so that the edge of the upper roll
will clear the outer edge of the wire, Depress the
upper roll of the machine with tt e crank serew, For
the first pass, depress the upper roll slightly: for cach
steceeding pass the upper roll should be depressed
a little more, and on the fourth: or fifth pass, the
work should he tilted upwird to force the material
completely in and around the wire (Fig. 107).

Fivure 107,

Bennine Macimvres, Barring machines of the type
shown in Fig. 108 are emploved to form narrow
edges on dises, covers, pitils. boilers, cans, and sim-
ilar jobs, and for preparing circular edges of bottoms
and bodics of jobs for double seaming and set-in
bottoms.

The constroction of a burring machine is similar
to that previously deseribed tor ather bench ma-
chines. The tyvpe of rolly usually wsed for burring is
shown in Fig. 108. The upper roll is dise shaped and
the lower is shaped with a recess near the outer end.
Both rolls are aligned and adjusted by a knurled
screw at the end of the shaft (Fig. 108).

To set the width of the burr to be turned. measure
the distance from the face of the gauge to the inner
edge of the npper roll, as shown in Fig. 109, and set
accordingly. Before proceeding with the work. the
spacing of the rolls should be adjusted so that the
edge of the upper voll is at a distance from
the shoulder of the lower roll equal to the thickness
of the 1actal that is to be burred {Fig. 110). Proceed
by bringing the upper roll down until the metal is
held firmly between the rolls (Fig, 111).

When burring dises, take a small piece of light
mctal, form it into a U-shape as shown in Fig, 112,
and use it in the crotch between the thumb and
forefinger for the edge of the disc to rab against
when guiding it in the machine. This will prevent
catting or injuring the operator’s hand. Use the two
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Fipure 113.

torefingers for supporting the disc as shown in Fig,
E13. and tumn the operating handle rapidly, allowing
the dise to puss freelv through the hand guard, For
the sccond pass, raise the material slightly, and at
each succeeding pass continue to raise the disc until
the edge has been burred to the required position
or angle (Fig. 114). The burring of evlinders is sim-
Har tu that described for discs. with the exception
that the material is held in the position shown in Fig.
116,

SETTING-pOWN Macmines. The setting-down ma-
chine shown in Fig. 117 is used to close the seams or
locks made by the burring or tarning machine pre-
paratury to  double sewming  operations. This ma-
chine is nsed privcipallv for  the setting-down
operations of can or tank hottoms

The setting-downs wuchine shown in Fia, TH7 i
availuble i twar sives for seains up to S5 in on No.

FINISKH OF BURBING, N

Figure 115,

24 gauge or lighter weight metal, and for scams up
to 1y in. on No. 18 gauge metal or lichter. Fignre
115 shows the edges of the work as thev appeur
after having been put through the burring machine,
Note that the edges of the bottom must be burred
over as far as possible, but not so far that the burred
sides canmot be sprung in on the setting-down ma-
chine. It the set down seam has been bent toward
the side walls of the job during the setting-down
operation. as shown in Fig. 117. it will facilitate the
final double seaming operation that is alwavs neces-
sary on jobs of this type.

Note that. in the machine shown in Fig, 117, the
inclined position of both the upper and the lower
rows or faces permits the work to he held bottom
up or down. and the seam can easilyv be started in-
ward during the setting-down operation. This ma-
chine is fitted with adjustable idler roll ganges that
serve to guide the work throneh the setting-down
roll. The raller ganges are set to allow the work to
citer the rolls only to the width ol the burr edge.

To operate the saachine. bring the lower face or

BURKING CYLINDERSG .,

Figure 114.

Figure 116,
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Figure 117,

fower setting-down roll in alignment with the upper
tace by luosening the setscrew in the adjusting nut,
and rotate adjusting nut in or out for required tight-
ening or loosening. When adjusting the put in the
desired position relative to the lower face, lock the
setscrew securely and proceed to operate the ma-
chine in the usual manner,

Doveie Seasing Macurees. The double seaming
riuchine shown in Fig, 118 is known in the trade as
“MMoore's Patent Donble Seamer.” This machine is
sserd tor double seaming edges that have been pre-
pared by the xext.ti:‘ts_{-de;wn machine previously de-
serthed, After the edges have been prepared and set
down the work s placed over the horn against the
bower face, The upper shaft wud face are moved out-
ward faterally by a hand wheel on the side of the

rave. The crank screw Brings the angular swrface

of the upper face against the upright edge. At this
time_ the small wheel backs up the metal, taking a
position as shown in Fig. 118. By rotating the crank
handle, the edge is deflected and is ready for flatten-
ing. A turn of the hand wheel shifts the upper face
so the flat portion of the upper roll will squeeze
down the deflected edge as the crank screw is low-
ere¢. (Fig. 118), thus completing the double seam.
The lower gear is wide, so that it remains in mesh
with the upper gear when the shaft is in either po-
sitim. The frame is one picce, enclosed, protecting
all working parts. The machine is operated by the
operating erank handle after the work is inserted.
CrimpinG AND Beapine Maciines, A great deal
of descriptive detail is not necessary in couneetion
with the crimping and beading machine, Crimping
ard beading machines are intended to facilitate the
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making and putting together of sheet ivon pipes of
different diameters, by contracting the edge ot the
pipe o that one joint of pipe will euter another (Fig.
P9 b potiing together the pipe, the ogee bead
nest to the erimp prevents the joints slippiag beyond
the mpressione miede with the beading rolls,

The working parts of o crimping apnd beading ma-
119). The joint of

chite: wre easy o operaie {Vig,
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pipe to he erimped is Taid over the lower rolls, with
one cdge of the pipe pressed against the gauge. By
means of a crank serew, a depression of the upper
crimping and beading rolls is made, and by turning
the hand crank with the right hand and guiding the
work with the left hand, the pipe in the machine re-
volves aronnd the rolls, making an impression aronnd
the vdgv of the pipe called a crimp aned bead ( Fig.
12,

The wedge between the rear hearings o the braone

provides an adjustment for regulating the relative
depth of erimp and bead, This wedge is adjnsted by
wingnuts in the front and back of the trane. By
turning  these wingnuts, the upper shabt can be
tipped as desired, making o deep erimp and shallow
bead, or shallow crimp and deep bead. Blank collars
are included in the regulay equipment birnished
with the erimping and beading machine, and may

he substituted in place of beading

e where critnping

alome s desired,




Chapter 5

Working with Metal

When you start working with metal there are sev-
eral things vou always have to think about before
vau can actually begin the work. Some of these are:
materials, lavout procedures, forming processes, and
tools needed. In other words, vou have to know what
vou have to work with, how vou are going to plan
the job, how vou are going to do it once it has been
planned, and just what toels are going to be required
to do the job.

Edges and Beams

Seanrng or JOINnNg is an Muprstend process in the
tabrication of sheet metal. The tj.'pt—-ui searmn and
method of joining are dependent on the strain and
siress the fabricated article must withstund, and the
tools or equipment available. The various machine
tools used and procedures emnploved tor the forming
of desired bends or seams have been described in
other chapters. This chapter describes the procedures
for the fabrication of seams generally used in the
sheet metal shop where machine equipment is not
available,

SmveLeE Epces. Single edges or hems of the type

SiNGLE EDGES FORMED ON

SHEET METAL.,

R

shown in Fig. 1 are used in hemming the edges of
sheet metal and in constructing single seams, They
are formed either on a wood block or on a hatchet
stake (See Chap. 3). The desired width is marked
on the metal. The material is then set on the block or

stake and formed with a ball peen hammer or mal-
let (Fig. 2). The bar folder (Chap. 4) is used where
machine equipment is available,

Forvep Skanis. Folded seams are produced by
twrning single edges on the two pieces of sheet metal
that are to be joined, hooking the edges together as
shown in Fig, 3, and hammering them flat with a

JOB ON STAKE WITH EGGES
HOCKED TOGETHER.

i

Figure 1.

Fignre 2.
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Tw0Q SINGLE EDGES

DOUBLE HEMMED EDGES.

h

Folded scams are generally used

coohing.

=

foar seangs, The simple lap seam shown in Fig. 1

Cased i the construction of square pipes,
. . . - i - z i - -
moter oviinders, and similar fabrications.
4 on rectunuular forms, the edges must be
munner as described for single
Lap sear

3
e sat
i ‘
o, 4

SR SIS PV S U5 SR edures

a. ¢ Biveting and soidermg procequres are
£

&,

are usually soldered

given in Chaps, 6 aingl 7ot

Povsie Eoces, The double edge. double lock, or

donble hemmed edge. o it is varionsdy called, is
“used to reinforee the

shown in Fig, 5. 1 s genen

strength of sheot metal tonns B produced m t