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QF NAVAL PERSONNEL

Do you have crouble with tools—find that they wear out ioo guickly, And
that you can’t decide which tools to buy or which tools to use for a specific
job, tind that littde things continually ge wreng? The only way to learn to
use tools, of course, is by using them, but first you have to know which tools
10 use and why.

‘This manual, onginally prepared for the use of naval personnel, was de-
signed 1o present the busic hand and power tools that the ordinary person
is likely to use. Through a wealth of diagrams, clear explanations, safety
ips dad operating instructions you will scon learn the basics of choosing
wols and using them as they were meant to be used. Nearly every hand tool
vou arc likely to wse around the house is described in the first chapter:
honuners, wrenches, screwdrivers, wood saws, planes, wood chisels, metal
chisels, dies, drills, files, hacksaws, punches, reamers, taps, clamps, vises,
pliers, knives, Chapier two covers the common power tools: drills, grinders,
sanders. Chapter three covers measuring tools from rules and tapes to cali-
pers, micremelers and squares with detailed instructions on how to use each
one. Chapter four describes the common nails, screws, bolts, nuts, riveis and
otner iasteners you are likely to use. Chapter five describes grinders and
shows how to sharpen and care for screwdrivers, chisels, drills and snips.
The final two chapters cover such miscellaneous tasks and tools as metal
cutting operations, stripping insulated wire, and soldering techniques.

By the time you finish vou should know the names, general uses and correct
operation of all the basic tools, fasteners and measuring devices you are
likely to need around the house. You should be able to select tools for a
basic kit for deing simple home repairs. You should be confident in be-
ginning to use tools for yourself to perform all those simple but necessary
repair jobs that need to be done. Most important, however, you will begin
to feel comfortabie around tools and begin to realize why they are truly
man’s best friends.

Unabridged republication of the original (1971) edition of Rate Training
Manual 10085-8. 325 figures. 15 tables. xii 4 179pp. 614 x 914.
22022.2 Paperbound

A DOVER EDITION DESIGNED FOR YEARS OF USE!
We have made every effort to make this the best book possible. Our paper
is opaque, with minimal show-through; it will not discolor or becornie britile
with age. Pages are scwn in signatures in the method traditionally used for
the best books, and will not drop out, as often happens with paperbacks
held together with glue. Books open fat for easy reference. The binding
will not crack or split. This is a permanent book.
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PREFACE

The purpose of this manual is to provide navzl perscnnel with an in-
formative handbook. ¥ contains data pertinent to a varieiy of tools and
may be used as a supplement to other training manuals.

The satisfactory performance of njodern technical eguipment used by
the Navy depends, to a great extent, upon adherence to approved mainte-
nance procedures and the proper use of the correct tools,

The objectives of this manual, then, are to aid in the maintenance ef-
fort by

(a) providing descriptions, general uses, correct operation, and ap-
proved maintenance procedures for those handtools and power tools
commonly used in the Navy.

{(b) indoctrinating all personnel engaged in maintenance work with the
importance of good workmanship.

(c) preventing and minimizing personal injury and equipment damage
by emphasizing good safety practices.

Upon completion of this manual, you should be able to identify tools
and fastening devices by their correct names; cite the specific purposes
and uses of each tool; describe the correct operation, care and mainte-
nance required to keep the tools in proper operating condition; and
finally, perform accurate measurements.

Chapter 1 describes impact tools (hammers, mallets, and sledges},
twisting and turning tools (wrenches and screwdrivers), woodcutting tools
(wood saws, planes, wood chisels), metal cutting iools (chisels, dies,
drills, files, hacksaws, punches, reamers, taps), holding tools {(clamps,
pliers, and vises), miscellaneous tools (knives, mechanical fingers, in-
spection mirrors), safety equipment {gloves, goggles, hard bats), and
safety rules.

Chapter 2 describes pneumatic and electrically powered tools. Drills,
sanders, grinders and scalers are some of the tools discussed.

Certain tools are especially useful for measuring purposes. For this
reason, rules, tapes, calipers, micrometers and squares, together with
techniques for using them are placed in Chapter 3.

Although fasteners are not properly classified as tools, they are used
extengively with tools. Chapter 4 describes such fasteners as bolts,
cotter pins, nails, nuts, rivets, screws, special speed fasteners {Dzus
and Camloc types), and several methods for safetying some of these
components. )

Chapter 5 discusses abrasive wheels and methods for grinding and
sharpening chisels, drills, punches, and snips.

Metal cutting operations using the chisel, drill, reamer and several
types of thread cutters are described in Chapter 6.

The final chapter describes miscellaneous tasks the student may en-
counter. These include bending and flaring tubing removing broken
boits, studs and taps, stripping insulated wire, and several soldering
techniques and lubrication procedures.

Ag one of the Navy Training Manuals, this book was prepared by the
Training Publications Division, Naval Personnel Program Support Actiy-
ity, Washington, D.C., for the Bureau of Naval Perscnnel.

Special agsistance has been rendered by various Navy personnel spe-
cially cognizant of the handtools and portable power tools used, and the
work operations in which they are chiefly employed.




SUGGESTIONS FOR USING THIS ROOK

Many pecple do not know how to study. The following suggestions

might improve your study habits and enable you to learn more from this
book.

Set up a regular study plan. It will probably be easier for you to stick
to a schedule if you can plan to study at the same time each day, If
possible, schedule your studying for a time of day when you will not
have too many interruptions or distractions.

Before you begin to study any part of the training mapual intensively,
become familiar with the entire book. Read the preface and the table
of contentg. Check through the index. Thumb through the book with-
out any particular plan, looking at the illustrations and reading bits
here and there as you see things that interest you.

Lock at the (raining manual in more detail,to see how it is organized.
Look at the table of contents again. Then, chapter by chapter, read
the introduction, the headings, and the subheadings. This will give you
a prefty clear picture of the scope and content of the book. As you
lock through the book in this way, ask yourself some questions: What
do I peed to learn about this? What do I already know about this?
How is this information related to information given in other chap-
ters? How is this information related to the qualifications for ad-
vancement in rating?

When you have a general idea of what is in the training manual and
how it is organized, fill in the details by intensive studv. In each
study period, try to cover a complete unit—it may be a chapter, a
section of a chapter, or a subsection., The amount of material that
you cax cover at one time will vary. If you kinow the subject well, or
if the material is easy, you can cover quite a lot at one time. Diffi-
cult or unfamiliar material will require mere study time.

In studying any one unit—chapter, section, or subsection—write down
the questions that occur to you. Many people find it helpful to make a
written outline of the unit as they study, or at least to write down the
most important ideas.

As you study, relate the information in the training manual to the
knowledge you already have. When you read about a process, a skill,
or a situation, try to see how thig information ties in with your own
past exgerience,

When you have finished studying a unit, take time owt to see what you
have learned. Look back over your notes and questions. Maybe some
of your questions have been answered,but perhaps you still have some
that are not answered. Ask one of your senior petty officers or ship-
mates for assistance. Without looking at the training manual, write
down the main ideas that you have gotten irom studying this unit,
Don't just quote the book. If you can't give these ideas in your own
words, the chances are that you have not really mastered the
information.

Think of YOUR future as you study Navy Training Manuals, You are
working for advancement to third class or second class right now, but
someday you will be working toward higher rates. Anything extra that
you can learn now will help you both now and later.

1X




e If you desire information about a specific tool or operation, simply
refer to the index at the alphabetical end of the bock and then fuwrn to
the pages to which you are directed by that index.

Always keep in mind that a knowledge of the tools and their [unda-
mental uses is the prelimipnary step in mastering the basic handtool
skills. The next step is careful practice until you have mastered the
various skills involved. The end result must be that you become capa-
ble of performing required operations, and of meeting the standards es-
tablished in your rating qualifications. To accomplish this final result,
you must first STUDY the tools and skills; then, you must PRACTICE
the skills; and finally, you must DEMONSTRATE the skills.
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CHAPTER 1
COMMON HANDTOOLS

Tools are designed to make a job easier and
enable you to work more efficiently. Tools are
a craftsman’s best friend. (A craftsman is a
master of any one ~t a number of trades such
as a machinist, carpeater, hull technician,
builder, or steelworker.) 'If the tools are not
used properly or cared fcr, their advantages
will be lost. Without them & craftsman is as
helpless as he would be without kLis eyes. In
fact, he would be more helpless, for a blind
mechanic or craftsman skilled in the use of
good tools and having them available, can do
more than the most expert mechanic without
tools.

Regardless of the type of work to be done, a
craftsman must have, choose, and use the cor-
rect tools in order to do his work quickly, ac-
curuiely, and safely. Without the proper tools
and the knowledge of howto use them,he wastes
iime, reduces his efficiency, and may even in-
jure himseif, This chapter explains the spe-
cifjc purposes, correct use, and proper care of
the more common tools you may encounter in
your Navy care . . L

THE RUST v ALUABLE TOOLS
nTEE WOLLD

What would you pay for THE MOST VALU-
ABLE TOOLS IN THE WORLD? These tools
can help you grip, grasp, push, twist and help
you operate equipment. Furthermore,these re-
markaile tools can distinguish temperature
variations apd are sensitive to touch. Tt is im-
possible to purchase such tools...they are
your HANDS.”

These fabulous tools are subject to injury by
being caught in machines, crushed by obiects,
or cut by a variety of sharp edged tools such as
chisels, knives, or saws. Additionally, your
hands can be damaged by being burnt, frac-
tured or sprained unless you are always alert.

Vay? Because they cannot THINK for them-
selves, PROTECT THEM. They are invalu-
able. KEEP ALERT while you work. THINK as
you work, THINK before you make adjustments
to machinery. Has the electric power heen

turned off ? Are the required guards on the ma-
chinery? Is the object on which you are going
to work properly secured and clam, sa?

Protect your hands from injurv :s directed
by the aprplicable safety instruction: whenever
you use tools. You will be working under se-
vere handicaps without the full! use of both
hands. Make it a habit to FOLLOW ALL
SAFETY RULES.

TEN COMMANDMENTS

Obey the ten commandments of safety:

1. LEARN the safe way to do your job he-

fore you start.

THINK safety, and ACT safety at all

times.

OBEY safety rules and regulations—they

are for your protection,

. WEAR proper clothing and protective

equipment.

5. CONDUCT yourseli properly at all
times—horseplay is pr-hibited.

6. OPERATE only the equipment you are
authorized to use.

7. INSPECT tools and equipment for safe
condition before starting work,

B. ADVISE your superior promptly of any
unsafe conditions or practice.

9., REPORT any injury immediately to your
superior.

10. SUPPORT your safety program and take
an active part in safety meetings.

o

In addition to the above, there are other good
tool habits which will help you perform your
work more efficiently as well as safely.

TOOL HABITS

"A place for everything and everything in its
place' is just common sense. You can't do an
efficient, fast repair job if you have to stop and
look around for each tool you need. The follow-
ing rules, if followed, will make your job easier
for you.
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KEEP EACH TOOL IN ITS PROPER STOW-
AGE PLACE.—A tool is useless il you cannot
find it. K you return each tool to its proper
place, you'll know where it is the next time you
need it.

KEEP YOUR TOOLS IN GOOD CONDITION.—
Protect them from rust, nicks, burrs, and
breakige.

EEEP YOUR TOOL ALLOWANCE COM-
PLETE.-If you are issued a tool box (fig. 1-1},
each tool should be placed in it when not in use.
Ii possible, the box should be locked and stored
in a desirnated area. Note: Never leave the
handbox adrift where it could become a missile
and cause injury to personnel. An inventory list
retained in the box and checked after each job
will help you keep track of your tools.

USE EACH TQOL ONLY ON THE JOB FOR
WHICH IT WAS DESIGNED.—-If you use the
wrong tool to make an adjustment, the results
will probably be unsatisfactory. For example,
if you use a socket wrench ihat's a irifle too
big, you'll round ofi the corners of the wrench
or nut. ¥ this roundsd wrench or nut is not re-
placed immediately the safety of your ship may
he jeopardized in an emergency. Does this
sound exaggerated? Remember . . . for want of
a nail, a kKingdom was lost.

KEEP YOUR TOOLS WITHIN EASY REACH
AND WHERE THEY CANNOT FALL ON THE
FLOOR OR MACHINERY.—Avoid placing tools
anywhere above machinery or electrical appa-
ratus, Serious damage will result if the tool
falls into the machinery aiter the equipment is
energized.

56.37(44B)
Figure 1-1,—8tandard Navy toolbox.

NEVER USE DAMAGED TOOLS,-A bat-
tered screwdriver may slip and spoil the screw
slot, damage other parts, or cause painful
injury. A gage sirained out of shape will result
in inaccurate meascrements.

Remember, the efficiency of a craftsman
and the tools he uses are determined to a great
extent by the way he keeps his tools. Likewise,
he is frequently judged by the manner in which
he handles and cares for them. Anyone watch-
ing a skilled craftsman at his work notices the
care and precision with which h+ uses the tools
of his trade.

The care of hand tr ' -
same pattern as for peo v
alwayskeep hand tools . - s free from dirt,
grease, and foreign me:'. . After use, return
tools prompily to their r ... - place in the tool-
box. Improve your ovi . .iencyby organizing
your tools so that those used most frequently
can bz reached easily without digging through
the entire contents of the box. Avoid accumu-
lating unnecessary j

=L

=nould follow the
. «rticles; that is,

CROSS PEEN SCREW-W WIERTED RUBHER
SLEDSE PLASTIC FACE MALLET

5.5(44B)A
Figure 1-2.~Hammers, mallets and sledges.
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STRIKING TOOLS

Hainmers, mallets, and siedges are used ta
apply a striking force. The tool vou select {fig.
1-2) will depend upon the intended appiication.

HAMMERS

A toolkit for nearly every rating in the Navy
would not be complete without at least one ham-
mer. In most cases, two or three are included
since they are designated according to weight
(without the handie) and stvie or shape. The
shape (fig. 1-2) will vary according to the in-
tended work. The carpenter’s hammer is de-
sizned for one purpose while the machinist's
hammer has other primary functions.

Carpenter's Hammer

The primary use of the carpenter's hammer
is to drive or draw (pull) nails. Note the names
of the various parts of ihe hammer shown in
figure 1-2, The carpenter’s hammer has either
a curved or straight claw. The face may be
either bell-faced or plain-faced, and the handle
may be made of wood or steel. The carpenter’s
hammer generally used in the Navy has a
curved claw, bell face, and wooden handle.

Machinist’'s Hammer

Machinist's hammers are mostly used by
people who work with metal or around machin-
ery. These hammers are distinguished from
carpenter hammers by a variable-shaped peen,
rather thanp a claw, at the opposite end of the
face (fig. 1-2). The hall-peen hammer is prob-
ably most famibar to you.

The ball-peen hammer, as its name im-
plies, has a ball which is smaller in diameter
than the face. It is therefore useful for striking
areas that are too small for the face to enter.

Ball-peen hammers are made in different
weights, usually 4, 6, 8, and 12 ounces and 1,
11/2, and 2 pounds, For most work a 1 1/2-
pound and a 12-ounce hammer will suffice.
However, a 4- or B-ounce hammer will often be
used for light work such as tapping a punch to
cut gaskets out of sheet gasket material.

Machinist's hammers may be further divided
intc hard-face and soft-face classifications.
The hard-frced hammer is made of forged tool
steel while the soft-faced hammers have a head
made from brass, lead, or a tightly rolled strip

of rawhide. Plastic~tipped hammers, or solid
plastic with a lead core for added weight, are
becoming increasingly popular.

Soft-faced hammers, (fig, 1-2) should be
used when there is danger of damaging the sur-
face of the work, as when pounding on 3 ma-
chined surface., Most soft-faced hammers have
heads that can be replaced as the need arises.
Lead-faced hammers, for instance, quickly be-
come battered and must be replaced, but have
the advantage of striking a solid, heavy nonre-
beunding blow that is useful for such jobs as
driving shafts into or out of tight holes. If a
soft-faced hammer is not available, the surface
to be hammered may be protected by covering
it with a piece of soft brass, copper, or hard
wood.

Using Hammers

Simple as the hammer is, there is a right
and wrong way of using it. {(See fig. 1-3.) The
most common fault is holding the handie too
close to the head. This is known as choking the

5.5.1(44A)
Figure 1-3.—~Right and wrong way to use a
ball-peen hammer.
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hammer, and reduces the force of the blow. It
also makes it harder to hold the head in an up-
right position. Except for light blows, hoid the
handie close to the end to increase the lever
arm and produce a more effective blow. Hold
the handle with the fingers underneath and the
thumb along side or on top of the handle. The
thumb should rest on the handle and never over-
lap the fingers. Try to hit the object with the
full force of the hammer. Hold the hammer at
such an angle that the face of the hammer and
the surface of the object being hit will be paral-
lel. This distributes the force of the blow over
the fuil face and prevents damage to both the
surface being struckand theface of the hammer.

MALLETS AND SLEDGES

The mallet is a short-handled tool used to
drive wooden-handled chisels, gouges, wooden
pins,or form or shape sheet metal where hard-
faced hammers would mar or injure the finished
wcrk. Mallet heads are made from a soft ma-
terial, usuvally wood, rawhide, or rubber. For
example, a rubber-faced mallet is used for
knocking out dents in an automobile. It is
cylindrically shaped with two flat driving faces
that are reinforced with iron bands. (See {ig.
1-2.) Never use a mallet to drive nails, screws,

r any object that may cause damage to the
face.

The sledge is a steel headed, heavy duty
driving tool that can be used for a number of
purposes, Short-handled sledges are used to
drive bolts, driftpins, and large nails, and to
strike cold chisels and small hand rock drills.
Long-handled sledges are used toc break rock
and concrete, to drive spikes, bolts, or stakes,
and to strike rock drills and chisels.

A
\\__-}_.-:_-'_
—

e o

5.5(44B)B
Figure 1-4.—Handle expanded
in hammer head by wedges,

The head of a sledge is generally made of a
high carbon steel and may weigh from 6 to 16
Ib. The shape of the head will vary according
to the job for which the sledge is designed.

MAINTENANCE OF
STRIKING TOOLS

Hammers, sledges, or mallets should be
cleaned and repaired if necessary before they
are stored. Before using, ensure that the faces
are free from oil or other material that would
cause the tool to glance off nails, spikes, or
stakes. The heads should be dressed to re-
move any battered edges.

Never leave a wooden or rawhide mallet in
the sun, as it will dry out and may cause the
head to crack. A light film of oil should be left
on the mallet to maintain a little moisture inthe
head.

The hammer handle should always be tight
in the head. If it is loose the head may fly off
and cause an injury. The eye or hole in the
hammer head is made with a slight taper in
both directions from the center. After the
handie, which is tapered to fit the eye, is in-
serted in the head, a steel or wooden wedge is
driven into the end of the handlethat is inserted
into the head. This wedge expands the handle
and causes it to fill the opposite taper in the
eye. Thus the handle is wedged in both direc-
tions as shown in figure 1-4. If the wedge
starts to come out, it should be driven in again
to tighten the handle, If the wedge comes out,
replace it before continuing to use the hammer,
If you cannot get another wedge right away, you
may file one out of a piece of flat stzel, or cut

OPEN — END
WRENGH

DISTANGE AGROQSS

RIGHT ANGLE
WRENCH

1.18.1
Figure 1-5.—Open-end wrenches.
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one from a portion of the tang of a worncut file,
The tang is the end of the file that fits into the
handle.

SAFETY PRECAUTIONS

Hammers are dangerous tools when used
carelessly and without consideration. Practice
will help you learn to use a hammer properly.

Some important things to remember when
using a hammer or mallet follow:

¢ Do not use a hammer handle for bumping
parts in assembly, and never use it as a pry
bar. Such abuses will cause the handle to split,
and a split handle can produce bad cuts or
pinches. When a handle splits or cracks, do not
try to repair it by binding with string or wire.
REPLACE IT.

® Make sure the handle fits tightly on the
head.

® Do not strike a hardened steel surface
with a steel hammer. Small pieces of steel may
break off and injure someone inthe eye or dam-
age the work. However, it is permissible to
strike a punch or chisel directly with the ball-
peen hammer because the steel in the heads of
punches and chisels is slightly softer than that
of the hammerhead.

TURNING TOOLS (WRENCHES}

A wrench is a basic tool that is used to exert
a twisting force on bolt heads, nuts, studs and
pipes. The special wrenches designed to do
certain jobs are, in most cases, variations of
the basic wrenches that will be described inthia
section.

Some ratings will naturally have more use
for wrenches in doing their jobs than other rat-
ings; however, practically all ratings, including
clerical, will have occasion, from time to time,
to use v renches., W i5 necessary, therefore,
that all hands have a basic understanding of the
description and uses of wrenches.

The best wrenches are made of chrome va-
nadium steel. Wrenches made of this material
are light in weight and almest unbreakable,
This is an expensive material, however, so the
most common wrenches found in the Navy are
made of forped carbon steel or molybdenum
steel. These latter materials make good
wrenches, but they are generally built a little
heavier and bulkier in order to achieve the
same degree of strength as chrome vanadium
steel.

The size of any wrench used on bolt-heads
or nuts is determined by the size of the opening
between the jaws of the wrench, The opening of
a wrench is manufactured slightly larger than
the bolt head or nut that it is designed to fit.
Hex-nuts (six-sided) and other types of nut or
bolt heads are measured across opposite flats
{fig. 1-5). A wrench that is designed to fit a
3/8-inch nut or bolt usually has a clearance of
irom 5 to 8 thousandths of an inch. This clear-
ance allows the wrench to slide on and off the
nut or bolt with a minimum of "play." U the
wrench is too large, the points of the nut or
bolt head will “e rocunded and destrcoyed.

There are many types of wrenches. Each
type is designed ior a specific use, Let's dis-
cuss some of them,

OPEN-END WRENCHES

Solid, nonadjustable wrenches with open-
ings in one or both ends are called cpen-end
wrenches. (See fig. 1-5.} Usually they come in
sets of from 6 to 10 wrenches with sizes rang-
ing from 5/16 to 1 inch. Wrenches with small
openings are usually shorter than wrenches
with large openings. This proportions the lever
advantage of the wrench to the bolt or stud and
helps prevent wrench breakage or damage tothe
boit or stud. One exception exists.

Aircraft today are built in a very compact
manner; and pgenerally, many of the hydraulic

1.16(44B)A
Figure 1-6.—Hydraulic wrenches.
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1. WRENMCH, WITH OPENING SLOPING TO THE LEFT, ABQUT TO
BE PLACED ON NUT.

2. WRENCH POSITIONED AND READY TOTIGHTEN NUT. NOTE
THAT SPACE FOR SWINGING THE WRENCH 15 LIMITED,

3. WRENCH HAS BEEN MOVED CLOCKWISE TO TIGHTEN THE
NUT AND NOW STRIKES THE CASTING WHICH PREVENTS
FURTHER MOVEMENT.

4. WRENCH 15 REMOVED FROM NUT AND TURNED COUNTER
CLOCKWISE TO BE PLACED ON THE NEXT SET OF FLATS
ON NUT. BUT CORNER OF CASTING PREVENTS WRENCH
FROM FITTING ONTO THE NUT.

4-5. WRENCH |5 BEING FLOPP ED OVER SO THAT WRENCH
OPENING WILL SLOPE TO THE RIGHT.

6. IN THIS FLOPFPED POSITION, THE WRENCH WILL FIT THE
NEXT TWO FLATS ON THE NUT.

7. WRENCH NOW |$ PULLED CLOCKWISE TO FURTHER
TIGHTEN NUT UNTIL WRENCH AGAIN STRIKES CASTING.
BY REPEATING THE FLOPPING PROCEDURE, THE NUT
CAN BE TURNED UNTIL 1T 1S TIGHT.

1.16(44B)BX
Figure 1-7.,—~Use of open-end wrench,
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instaliations are in close spaces. During cer-
tain phases of hydraulic maintenance it may be
impossible to swing an ordinary wrench due to
its length. Ordinary wrenchesthat are normally
available increase in leagth as their size in-
creases. Thus, when a large size wrench is
needed, the length of the wrench sometimes
prevents its use, due to the space available to
swing the wrench., The Bonney wrench shown
in figure 1-6, is an open-end wrench that may
be used to great advantage due to its thickness
and short length. This wrench is normally pro-
cured in the larger sizes, although it is avail-
able in a range of sizes to fit all aircraft hy-
draulic fittings.

Open-end wrenches may have their jaws
parallel to the handle or at angles anywhere up
to 90 degrees. The average angle is 15 degrees
(tig. 1-5). This angular displacement variation
permits selection of a wrench suited for places
where ihere is room to make only a part of a
complete turn of a nut or bolt. If the wrench
is turned over after the first swing, it will fit
on the same flats and turn the nut farther.
After two swings on the wrench, the nut is
turned far enough so that a new set of flats are
in position for the wrench as shown in figure
1-1.

Handles are usually straight, but may be
curved. Those with curved handies are called
S-wrenches. Other open-end wrenches may
have offset handies. This allows the head to
reach nut or bolt heads that are sunk below the
surface.

BOX WRENCHES

Box wreénches {fig. 1-8} are safer than open-
end wrenches since there isless likelihood they
will slip off the work. They completely sur-
round or box a nut or bolt head.

The most frequently used box wrench has 12
points or notches arranged in a circle in the
head and can be used with a minimum swing
angle of 30 degrees. 5ix and eight point
wrenches are used for heavy, 12 for medium,
and 16 for light duty only.

1.16.2
Figure 1-8.~12-point bex-end wrench,

One advantage of the 12 point construction iz
the thin wall. It is more suitable for turning
nuts which are hard to get at with an open-end
wrench. Another advantage is that the wrench
will operate between obstructions where the
space for handle swing is limited. A very short
swing of the handle will turn the nut far enough
to allow the wrench to be lifted and the next set
of points fitted to the corners of the nut,

One disadvantage of the box-end wrench is
the loss of time which occurs whenever a
craftsman has to lift the wrench off and place it
back onthe nut in another positicn in case there
is insufficient clearance to spin the wrench in
a full circle.

COMBINATION WRENCH

After a tight nut is broken loose, it can be
unscrewed much more quickly with an open-end
wrench than with a box~-wrench. This is where
a combination box-open end wrench (fig. 1-9)
comes in handy. You can use the box-end for
breaking nuts loose or for snugging them down,
and the open-end for faster turning.

The box-end portion of the wrench can be
designed with an offset in the handle, Notice in
fipure 1-9, how the 15-degree ofiset allows
clearance over nearby parts.

The correct use of open-end and box-end
wrenches can be summed up in a few simple
rules, most important of which is to be sure
that the wrench properly fits the nut or bolt
head.

When you have to pull hard on the wrench,
as in loosening a tight nut, make sure the
wrench is seated squarely on the flats of the
nut.

PULL on the wrench—DO NOT PUSH. Push-
ing a wrench is a good way to skin your
knuckles if the wrench slips or the nut breaks
loose unexpectedly. If it is impossible to pull

15* OFFSET
ALLOWS CLEARANCE

1

1.16.3(44B)
Figure 1-9.~Combination wrench,
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"SPINTITE" WRENCH

SPEED MANDLE \M%

HINGED HANDLE
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ADAPTER
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Figure 1-10.—Socket set components.

Socket end

Drive end

44.4
Figure 1-11.—12-point sockets.

the wrench, and you must push, do it with the
palm of your hand and hold your palm open.

Only actual practice will tell you if you are
using the right amount of force on the wrench.

The best way to tighten a nut is to turn it until
the wrench has a firm, solid "feel." This will
turn the nui to proper tightness without strip-
ping the threads or twisting off the bolt. This
"feel" is developed by experience alone. Prac-
tice until you have mastered the "ieel."

SOCKET WRENCH

The socket wrench is one of the most versa-
tile wrenches in the toolbox. Basically, it con-
sists ofa handle and a socket type wrenchwhich
can be attached to the handle.

The "Spintite"” wrench shown in figure 1-10,
is a special type of socket wrench. It has a hol-
low shaft to accommodate a bolt protruding
through a nut,has a hexagonal head, and is used
like a screwdriver, It is supplied in small
sizes only and is useful for assembly and elec-
trical work., When used for the laiter purpose,
it must have an insulated handle.

A complete socketwrench set consists of sev-
eral types of handles along with har extensions,
adapters, and a variety of sockets (fig. 1-10),
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Soclets

A socket (fig. 1-11) has a square opening cut
in one end to fit a square drive lug on & detach-
able handle. In the other end of the socket is a
6-point or 12-point opening very much like the
opening in the box end wrench. The 12-point
socket needs to be swung only half as far as the
G6-point socket before it has to be lifted and
fitted on the nut for a new grip. It can there-
fore be used in closer quarters where there is
less room to move the handle. (A ratchet
handle eliminates the necessity of lifting the
socket and refitting it on the nut again and
again.

Sockets are classified for size according to
two factors, One is the size of the square open~
ing, which fits on the square drive lug of the
handle. This size is known as the drive size.
The other isthe size of the opening in the oppo-
site end, which fits the nut or bolt. The stand-
ard toolbox can be outfitted with sockets having
1/4-, 3/8-, and 1/2-inch-square drive lugs.
Larger sets are usually available in the tool-
room for temporary checkout. The openings
that fit onto the boli or nut are usually gradu-
ated in 1/16-inch sizes. Sockets are also made
in deep lengths to fit over spark plugs and long
bolt ends.

Socket Handles

There are four types of handles used with
these sockets. (See fig. 1-10.) Each type has
special advantages, and the experienced worker
chooses the one best suited for the job at hand.
The square driving lug on the socket wrench
handles has a spring-loaded ball that fits into a
recess in the socket receptacle. This mated
ball-recess feature keeps the socket engaged
with the drive lug during normal usage. A
slight pull on the socket,however,disassembles
the connection.

RATCHET.—The ratchet handle has a re-
versing lever which operates a pawl (or dog)
inside the head of the tool. Pulling the handle
in one direction causes the pawl to engage in
the ratchet teeth and turn the socket. Moving
the handle in the opposite direction causes the
pawl to slide over the teeth, permitting the
handle to back up without moving the socket.
This allows rapid turning of the nut or bolt
after each partial turn of the handle. With the
reversing lever in one position, the handle can

be used for tightening. In the other peosition, it
can be used for loosening.

HINGED HANDLE.-The hinged handle is
also very convenient. To loosen tight nuts,
swing the handle at right angles to the socket.
This gives the greatest possible leverage. After
loosening the nut to the point where it turns
easily, move the handle into the vertical posi-~
tion and then turn the handle with the fingers.

SLIDING T-BAR HANDLE.—When using the
sliding bar or T-handle, the head can be posi-
:ioned anywhere along the sliding bar. Select
the position which is needed for the job at hand.

SPEED HANDLE.-The speed handle is
worked like the wood-worker's brace, After the
nuts are first loosened with the sliding bar han-
dle or the ratchet handle, the speed handle can
be used to remove the nuts more quickly. In
many instances the speed handle is not strong
enough to be used for breaking loose or tighten-
ing the nut. The speed socket wrench should be
used carefullyto avoiddamagingthe nut threads.

Accessories

To complete the socket wrench set, there
are several accessory items. Extension bars
of different lengths are made to extend the dis-
tance irom the socket to the handle. A univer-
sal joint allows the nut to be turned with the
wrench handle at an angle. Universal sockeis
are also available, The use of universal joints,
bar extensions, and universal sockets in com-
bination with appropriate handles makes it pos-
sible to form a variety of tools that will reach
otherwise inaccessible nuts and bolts.

Another accessory item is an adapter which
allows you to use a handle having one size of
drive and a socket having a different size drive.
For example, a2 3/8- by 1/4-inch adapter makes
it possible to turn all 1/4-inch square drive
sockets with any 3/8-inch-square drive handle.

TORQUE WRENCHES

Theare are times when, for engineering rea-
sons, a definite force must be applied to a nut
ar bolt head. In such cases a torque wrench
must be used. For example, equal force must
be applied to all the head bolts of an engine.
Otherwise, one bolt may bear the brunt of the
force of internal combustion and ultimately
cause engine failure,
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MICROMETER
SETTING

DEFLECTING BEAM

5.9

Figure 1-12,—Torque wrenches.

THumB ¢
SCREW

ADJUST
MENT

MONKEY CRESCENT

44.6(44)B
Figure 1-13,—Adjustable
wrenches.

The three most commonly used .orque
wrenches are the Deflecting Beam, Dial In-
dicating, and Micrcmeter Setting types (fig.
1-12). When using the Deflecting Beam and the

Dial Indicating torque wrenches, the torque is
read visually on a dial or scale mounted on the
handle of the wrench.

To use the Micrometer Setting type, unleck
the grip and adjust the handle to the desired
getting on the micrometer type scale, then re-
lock the grip. Install the reguired socket or
adapter to the square drive of the handle. Place
the wrench assembly on the nut or bolt aud pull
in a clockwise direction with a smooth, steady
motion. (A fast or jerky motion will result in
an improperly torqued unit,) When the torque
applied reaches the torque value, which is indi-
cated on the handle setting, a signal mechanism
will automatically issue an audible click, and
the handle will release or "break,"” and move
freely for a short distance. The release and
free travel is easily felt, so there is no doubt
about when the torquing process is complete.

Manufacturers' and technical manuals gen-
erally specify the amount of torque to be
applied. To assure getting the correct amount
of torque on the fasteners, it is important that
the wrench be used properly in accordance with
manufacturers' instructions.

Use that torque wrench which will read about
mid-range for the amount of torque to be ap-
plied. BE SURE THAT THE TORQUE WRENCH
HAS BEEN CALIBRATED BEFORE YOU UGSE
IT. Remember, too, that the accuracyof torque-
measuring depends a iot on how the threads are
cut and the cleanliness of the threads. Make

a

10




Chapter 1—COMMON HANDTOOLS

sure you inspect and clean the threads. H the
manufacturer specifies a thread lubricant, it
must be used Lo obtainthe most accurate torque
reading. When using the Deflecting Beam or
Dial Indicating wrenches, held the torque at the
desired value until the reading is steady.

Torque wrenches are delicate and expensive
tools, The following precautions should be ob-
served when using them:

1. When using the Micrometer Setting type,
do not move the setting handle below the lowest
torque setting. However, it should be placed
at its lowest setting prior to returning to
storage.

2. Do not use the torque wrench to apply
greater amounts of torgue than its rated
capacity.

3, Do not use the torque wrench to break
loose bolts which have been previously tightened.

4. Do not drop the wrench, ¥ dropped, the
accuracy will be affected.

5. Do not applya torque wrench to a nut that
has been fightened. Back off the nut one turn
with a non-torque wrench and retighten to the
correct torque with the indicatingtorque wrench.

6. Calitration intervals have been es-
tablished for all torque tools used in the Navy.
When a tool is calibrated bya qualified calibra-
tion activity at a shipyard, tender, or repair
ship, a label showing the next calibration due
date is attached to the handle. This date should
be checked before a torgue tool is used to en-
sure that it is not overdue for calibration.

ADJUSTABLE WRENCHES

A handy ali-round wrench that is generally
included in every toolbox is the adjustable

WRONG

RIGHT

: i.16.6(1)
Figure 1-14.—Proper procedure for
pulling adjustable wrenches.

open-end wrench. This wrench is not intended
to take the place of the regular solid open-end
wrench, Additionally, it is not built for use on
extremely hard-to-turn items. Its usefulness
is achieved by being capable of fitting odd-
sized nuts. This flexibility is achieved although
one jaw of the adjustable open-end wrench is
fixed because the other jaw is moved along a
slide by a thumbscrew adjustment (fig. 1-13),
By turning the thumbscrew, the jaw opening
may be adjusted to {it various sizes of nuts,

Adjustable wrenches are available in vary-
ing sizes ranging from 4 to 24 inches in length.
The size of the wrench selected for a particular
job is dependent upon the size of nut or bolt
head to which the wrench is to be applied. As
the jaw opening increases the length of the
wrench increases.

Adjustable wrenches are often called
"knuckle busters,” because mechanics ire-
quently suffer these consequences as a result
of improper usage of these tools. To avoid ac~
cidants, follow four simple steps. First, choose
a wrench of the correct size;that is,do not pick
a large 12-inch wrench and adjust the jaw for
use on a 3/B-inch nut. This could result in a
broken bolt and a bloody hand. Second, be sure
the jaws of the correct size wrench are adjusted
to fit snugly on the nut. Third, position the
wrench around the nut until the nut is all the
way into the throat of the jaws. I not used in
this manner, the result is apt to be as bloody
as before., Fourth, pull the handle toward the
side having the adjustable jaw {fig. 1-14}. This
will prevent the adjustable jaw from springing
open and slipping off the nut. K the location of
the work will not allow for all four steps to be
followed when using an adjustable wrench, then
select another type of wrench for the job.

Pipe Wrench {Stillson)
When rotating or holding round work an ad-

justable pipe wrench (Stillson) may be used (fig.
1-15}, The movable jaw on a pipe wrench is

11

44.6
Figure 1-15.—Adjustable pipe wrench,
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44.97
Figure 1-18.—Chain pipe wrench,

44.208

Figure 1-17.—Strap wrench.

pivoted to permit a gripping action on the work.
This tool must be used with discretion, as the
jaws are serrated and always make marks on
the work unless adequate precautions are cb-
served. The jaws should be adjusted so the bite
on the work will be taken at about the center of
the jaws.

Chain Pipe Wrench

A different type pipe wrench, used mostly on
large sizes of pipe, is the chain/pipe wrench
(fig. 1-16). This tooi works in one direction
only, but can be backed partly around the work
and a fresh hold taken without freeing the chain.
To reverse the operation the grip is taken on
the opposite side of the head. The head is

12

74

HOOK SPANNER

PIN SPANNER

(&

FACE PIN SPANNER

1.17:44.8
Figure 1-18.—General-purpose spanner
wrenches,

double ended and can be reversed when the teeth
on one end are worn out.

Strap Wrench

-4 .

similar to
heavy web

The strap wrench {fig. 1-17) is
the chain pipe wrench but uses a
strap in place of the chain. This wrench is
used for turning pipe or cylinders where you
do aot want to mar the surface of the work. To
use this wrench, the webbed strap is placed
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L.17.1-.2
Figure 1-19.—Aller and Bristol type
wrenches.

around the cylinder and passed through the slot
it the metal body of the wrench. The strap is
then pulled up tight and as the mechanjc turns
the wrench in the desired direction, the webhed
sirap tightens {further around the cylinder.
This cripping action causes the cylinder to
turn.

SPANNER WRENCHES

Many special nuts are made with notches cut
into their outer edge. For these nuts a hook
spanner (fig. 1-18) is required. This wrench
has a curved arm with a lug or kook on the end.
This lug fits into one of the notches of the nut
and the handle turned to loosen or tighten the
nut, This spanner may be made for just one
particular size of notched nut, or it may have a
hinged arm to adjust it to a range of sizes.

Another type of spanner is the pin spanner.
Pin spannershave a pin in place of a hook. This
pin fits into a hole in the outer part of the nut.

Face pin spanners are designed so that the
pins {it into holes in the face of the nut (fig.
1-18).

When you use a spamner wrench, you must
ensure that the pins, lugs, or hooks make firm
contact with the nut while the turning force is
transferred from the wrench to the nut. I this
is not done, damage will result to either per-
sonnel, toels, or equipment,

SETSCREW WRENCHES
(ALLEN AND BRISTOL)

In some places it is desirable to use re-
cessed heads on setscrews and capscrews, One
type (Allen) screw is used extensively on office
machines and in machine shops. The other
type (Bristol} is used infrequently.

13

AVIATION SNIPS

44.10
Figure 1-20,—Snips.

Recessed head screws usually have a hex-
shaped {six-sided) recess, To remove or tighten
this type screw requires a special wrench that
will fit in the recess. This wrench is called an
Allen-type wrench. Allen-type wrenches are
made from hexagonal L-shaped bars of tool
steel (fig. 1-19). They range in size up to 3/4
inch. When using the Allen-type wrench make
sure you use the correct size to prevent round-
ing or spreading the head of the screw, A snug
fit within the recessed head of the screw is an
indication that you have the correct size.

The Bristol wrench is made from round
stock. It is also L-~shaped, bui one end {s fluted
to fit the flutes or little splines in the Bristol
gsetscrew (fig. 1-19).

NONSPARKING WRENCHES

Nonsparking wreaches are wrenches that
will not cause sparks to be generated when
working with steel nuts and bolts. They are
generally made from a copper alloy {bronze).
However, they may be made from other non-
sparking materials.

Nonsparking wrenches must be used in areas
where flammable materials are present. These
tools are used extensively when working around
gascline-carrying vehicles and when working
around aircraft or explosives.
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SAFETY RULES FOR WRENCHES

There are a few basic rules that you should
keep in mind when using wrenches. They are:

1. Always use a wrench that fits the nut
properly.

2. Keep wrenches clean and free from oil,
Otherwise they may slip, resulting in possible
serious injury to you or damage to the work.

3. Do not increase the leverage of a wrench
by placing a pipe over the handle. Increased
leverage may damage the wrench or the work.

4. Provide some sort of kit or case for all
wrenches. Return them to it at the completion
of each job. This saves time and trouble and
faciliiates selection of tools for the next job.
Most important, it eliminates the possibility of
leaving them where they can cause injury or
damage to men or equipment.

5. Determine which way a nut should be
turnec before trying to loosen it. Most nuts are
turned counterclockwise for removal. This may
seem obvious, but even experienced men have
been observed straining at the wrench in the
tightening direction when they wanted to loosen
it.

6. Learn to select your wrenches to {it the
type of work you are doing. K you are not fa-
miliar with these wrenches, make arrange-
ments to visit a shop that has most of them and
get acquainted.

METAL CUTTING TOOLS
There are many types of metal cutting tools

used by skilled mechanics of all ratings, As
you become better acquainted with your rating,

11.253X
Figure 1-21,=Cutting an inside
hole with snips.

you will probably discover many tools that you
use for cutiing metal that are not described in
this text. In this text, only the basic hand
metal cutting tools will be considered.

SNIPS AND SHEARS

Snips and shears are used for cutting sheet
metal and steel of various thicknesses and
shapes. Normally, the heavier or thicker ma-
terials are cut by shears,

One of the handiest tools for cutting light {up
to 1/16 inch thick) sheet metal is the hand snip
{tip snips). The STRAIGHT HAND SNIPS shown
in fig. 1-20 have biades that are straight and
cutting edgesthat are sharpened to an85-degree
angle. Snips like this can be obtained in differ-
ent sizes ranging from the small 6-inch to the
large 14-inch snip. Tin snips will also work on
slightly heavicr gages of soft metals such as
aluminum alloys.

Snips will not remove any metal when a cut
is made. There is danger, though, of causing
minute metal fractures along the edges of the
metal during the shearing process. For this
reason, it is better to cut just outside the lay-
out line. This procedure will allow you to
dress the cutting edge while keeping the mate-
rial within required dimensions.

Cutting extremely heavy gage metal always
presents the possibility of springing the blades.
Once the blades are sprung,hand snips are use-
less. When cutting heavy material use the rear
portion of the blades. This procedure not only

11.252X
Figure 1-22.—Cutting a disk out of
sheel metal.
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avoids the possibility of springing the blades
but also gives you greater cutting leverage.

Many snips have small serrations (notches)
onh the cutting edges of the blades. These ser-
rations tend to prevent the snips from slipping
packwards when a cut is being made. Although
this feature does make the actuzl cutting easier,
it mars the edges of the metal slightly. You
can remove these small cutting marks if you
allow proper cleaiance for dressing the metal
to size. There are many other types of hand
snips used for specia! jobs but the snips dis-
russed here can be used for almost any com-~
mon type of work.

Cutting Sheet Metal with Snips

It is hard to cut circles or small arcs with
straight snips. There are snips especially
designed for circular cufting. They are called
CLXCLE SNIPS, HAWKS-BILL SNIPS, TROJAN
SNIPS, and AVIATION SNIPS (fig. 1-20).

Tec cut large holes in the lighter gages of
siget metal, start the cut by punching or other-

ise making a hole in the center of the area to
©» cut out. With an aviation snips, as shown in
igure 1-21, or scme other narrow-bladed
snips, make a spiral cut from the starting hole
out towara the scribed circle and continue cut-
ting uniil the scrap falls away.

To cut a disk in the lighter gages of sheet
metal, use a combination snips or a straight
blade snips as shown in figure 1-22. First, cut
away any surplus material outside of the scribed
circle leaving only a narrow piece to be re-
moved by the final cut, Make the final cut just
outside of the layout line., This will permit you
to see the secribed line while you are cutting anu
will cause the scrap to curl up below the blade
of the snips where itwill be out of the waywhile
the complete cut is being made.

44,12

Figure 1-23.—Bolt cutters,
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To make straight cuts, place the sheet metal
on a bench with the marked guideline over the
edge of the bench and hold the sheet down with
one hand. With the other hand hold the snips so
that the flat sides of the blades are at right
ailgles to the surface of the work. If the blades
are not at right angles to the surface of the
wotk, the edges of the cut will be slightly bent
and burred. The bench edge will aiso act asa
guide when cutting with the snips. The snips
will force the scrap metal down so that it does
not interfere with cutting. Any of the hand snips
may be used for straight cuts. When notches
are too narrow to be cut out wi'" & pair of
snips, make the side cuts with the snips and cut
the base of the notch with a cold chisel,

Safety and Care

Learn to use snips properly. They should
always be oiled and adjusted to permit ease of
cutting and to produce a surface that is free
from burrs. I the blades bind, or if they are
too far apart, the snips should be adjusted.

Never use snips as screwdrivers, hammers,
or pry bars, They break easily.

Do not attempt to cut heavier materials than
the snips are designed for. Never use tin snips
te cut hardened steel wire or other similar ob~
jects., Such use will dent or nick the cutting
edges of the blades.

Never toss snips in 1 toolbox where the cut~
ting edges can come into contact with other
tools, This dulls the cutting edges and may
even break the blades.

When snips are not in use, hang them on
hooks or lay them on an uncrowded shelf or
bench.

1.19(44}
Figure 1-24.—Hacksaws.
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ALTERNATE SET

(o g iy B gy g

RAKER SET

WAVE SET

28.40(44)
Figure 1-25.—"Set" of hacksaw
bhlade teeth.

14 TEETH PER iNCH 18 TEETH PER INCH

44,163
Figure 1-27.—Installing a
FOR LARGE SECTIONS  FOR LARGE SECTIONS hacksaw blade.
OF MILD MATERIAL OF TOUGH STEEL

24 TEETH PER INCH 32 TEETH PER INCH

FOR ANGLE IRON, HEAVY .
, FOR THIN TUBIN
PIPE, BRASS, COPPER R THIN TUBING

KEEP AT LEAST TWG TEETH CUTTING
TO AVOID THIS

11.4

Figure 1-28.—Proper way to hold
a hacksaw,

Bolt cutters are made in lengths of 18 to 36
inches, The larger ones will cut mild steel
bolts and rods up to 1/2 inch, The material to
be cut should be kept as far back in the jaws as
possible. Never attempt to cut spring wire or
other tempered metal with bolt cutters. This
BOLT CUTTERS will cause the jaws to be sprung or nicked.

Adjusting screws near the middle hinges

Bolt cutters (fig. 1-23) are giant shears with provide a means for ensuring that both jaws

44.187
Fipure 1-26,—3eleciing the proper
hacksaw blade.

very short biades and long handles. The handles move the same amount when the handles are
are hinged at one end. The cutters are at the pressed together, Keep the adjusting screws
ends of extensions which are jointed in such a just tight enough to ensure that the cutting
way that the inside joint is forced ouiwards edges meet along their entire length when the
when the handles are closed, thus forcing the iaws are closed. The hinges & ould be kept well
cutting edges together with great force. oiled at all times.
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When using bolt cutters make sure your
fingers are clear of the jaws and hinges. Take
care that the bolt head or piece of rod cut off
does not fly and injure you or someone else, If
the cutters are brought together rapidly, some-
times a bolt-head or piece of rod being cut off
will fly some distance.

Bolt cutters are fairly heavy, so maks sure
that they are stored in a safe place where they
will not fall and injure someone.

HACKSAWS

Hacksaws are used to cut metal that is too
heavy for snips or boltcutters. Thus, metal bar
stock can be cut readily with hacksaws.

There are two paris to a hacksaw; the frame
and the blade. Common hacksaws have either
an adjustable or solid frame (fig. 1-24). Most
hacksaws found in the Navy are of the adjust-
able frame type. Adjustable frames can be
made to hold blades from 8 to 16 inches long,
while those with sclid frames take only the
length blade for which they are made. This
length is the distance between the two pins that
hold the blade in place.

Hacksaw blades are made of high-grade tool
steel, hardened and tempered. There are two
types, the all-hard and the flexible. All hard
blades are hardened throughout, whereas only
the teeth of the flexible bhlades are hardened.
Hacksaw blades are about one-hali inch wide,
have from 14 to 32 teeth per inch, and are from
8 to 16 inches long. The blades have a hole at
each end which hooks to a pin in the frame. All
hacksaw frames which hold the blades either
parallel or at right angles to the frame are
provided with a wingnut or screw to permit
tightening or removing the blade.

The SET in a saw refers to how much the
teeth are pushedout in opposite directions from
the sides of the blade. The four different kinds
of set are ALTERNATE set, DOUBLE ALTER-
NATE set, RAKER set,and WAVE set. Three
of these are shown in figure 1-25,

The teeth in the alternaie set are staggered,
one to the left and one to the right throughout
the length of the blade. On the double alternate
set blade, two adjoining teeth are staggered to
the right, two to the left, and so on. On the
raker set blade, every third tooth remains
straight and the other two are set alternately.
On the wave (undulated) set blade, short sec-
tions of teeth are bent in opposite directions.
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Using Hackszaws

The hacksaw is offen used improperly. Al-
though it can be used with limited success by
an inexperienced man, a little thought and study
given to its proper use will result in faster and
better work and less dulling and breaking of
blades.

Good work with a hacksaw depends not only
upon the proper use of the saw, but also upon
the proper selection of the blades for the work
to be done. Figure 1-26 will help you select
the proper blade to use when sawing metal with
a hacksaw. Coarse blades with fewer teeth per
inch cut faster and are less liable to choke up
with chips. However, finer blades with more
teeth per inch are necessary when thin sections
are being cut. The selection should be made so
that,as each tooth starts its cut, the tooth ahead
of it will still be cutting,

To make the cut, first install the blade in the
hacksaw frame (fig. 1-27) so that the teeth point
away from the handle of the hacksaw. (Hand
hacksaws cut on the push stroke.} Tighten the
wingnut so that the blade is definitely under
tension. This helps make straight cuts.

Place the material to be cut in a vise. A
minimum of overhang will reduce vibration,
give a better cut, and lengthen the life of the
blade. Have the layout line ocutside of the vise
jaw so that the line is visible while you work,

The proper method of holding the hacksaw is
depicted in figure 1-28. B8See how the index
finger of the right hand, pointed forward, aids
in guiding the frame.

When cutting, let your body sway ahead and
back with each stroke. Apply pressure on the
forward stroke, which is the cutting stroke,
but not on the return stroke. From 40 to 50
strokes per minute is the usual speed. Long,
slow, steady strokes are preferred.

For long cuts (fig. 1-29) rotate the blade in
the frame so that the length of the cut is not
limited by the depth of the frame, Hold the
work with the layout line close to the vise jaws,
raising the work in the vise as thea sawing
proceeds.

Saw thin metal as shown in figure 1-30.
Notice the long angle at which the blade enters
the saw groove (kerf). This permits several
teeth to be cutting at the same time.

Metal which is too thin to be held, as shown
in figure 1-30, can be placed between blocks of
wood, a5 shown in figure 1-31, The wood pro-
vidas support for several teeth as they are
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44,169
Fizure 1-29.—Making a long cut
near the edge of stock,

e /{ CUTTING STROKE w2

44.171
Figure 1-31.,—Cutting thin metal
between two wooden blocks.

CUTTING STROKE —m % LY

44,170
Figure 1-30.—Cutting thin metal
with a hacksaw.

cutting. Without the wood, as shown at B in fig-
ure 1-31, teeth will be broken due to excessive
vibration of the stock and because individual
teeth haveto absorb the full power of the stroke.

Cut thin metal with layout lines on the face
by using a piece of wood behind it (fig. 1-32).
Hold the wood and the metal in the jaws of the
vise, using a C-clamp when necessary. The
wood block helps support the blade and pro-
duces a smoother cut. Using the wood only in
back of the metal permits the layout lines to be
seen.

To remove a frozen nuf with a hacksaw, saw
inta the nut as shown in figure 1-33, siarting
the blade close to the threads on the boltor stud
and parallel to one face of the nut as shown in
figure 1-33A. Saw parallel to the bolt until the
teeth of the blade almost reach the lockwasher.
Lockwashers are hard and will ruin hacksaw
blades, so do not try to saw them. Figure 1-33B
shows when to stop sawing, Then, with a cold
chisel and hammer, remove this one side of the
nut completely by opening the saw keri. Putan
adjustable wrench across this new flat and the
one opposite,and again try to remove thefrozen
nut, Since very little original metal remains
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{ WOOREN BLOCK

44,172
Figure 1-32.—Cutting thin metal using
wood hlock with layout lines.

on this one side of the nut, the nut will either
give or break away entirely and permit its
removal.

To saw awide kerf in the head ofa cap screw
or machine bolt, fit the hand hacksaw frame
with two blades side by side, and with teeth
lined up in the same direction. With slow,
steady strokes,saw the slot approximately one-
third the thickness of the head of the cap screw
as shown in figure 1-34, Such a slot will per-
mit subsequent holdingor turning with a screw-
driver when it is impossible, due to close
guarters, to use a wrench,

Hacksaw Safety

The main danger in using hacksaws is injury
to your hand if the blade breaks. The blade
will break if too much pressure is applied, when
the saw is twisted, when the cutting speed is
too fast,or when the blade becomes ioose in the
frame. Additionally, if the work is not tight in
the vise, it will sometimes slip, twisting the
blade enough to break it.
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44.174
Figure 1-33.~Removing a frozen
nut with a hacksaw.

44,173
Figure 1-34.—Cutting a wide kerf in
the head of a capscrew or bolt.

ROD SAW BLADE

MAGNIFIED PORTION OF BLADE

ROD SAW

@

CUTTING THROUGH FILE

20.15(44B)X

Figure 1-35.—Rod Saw and cperations.

ROD SAWS

An improvement in industrial technology
provides us with a tool that can cut material an
ordinary hacksaw can't even scratch. The rod
saw (fig. 1-35) acts like a diamond in its capa-
bility of cutting hard metals and materials such
ag stainless steel, Inconel, titanium, and carbon
phenolics.

The rod saw cuts through material by meang
of hundreds of tungsten-carbide particles per-
manently bonded tc the rod (see magnified por-
tion of fig. 1-35). The rod saw cuts through
stainless steel and files with ease.

A unique feature of this saw is its capability
of cutting on the forward and reverse strokes.

CHISELS

Chisels are tools that can be used for chip-
ping or cutting metal. They will cut any metal
that is softer than the materials of which they

1¢

are made. Chigels are made from a good grade
tool steel and have a hardened cutting edge and
beveled head. Cold chisels are classified ac-
cording to the shape of their points, and the
width of the cutting edgedenotes their size. The
most common shapes of chisels are flat (cold
chisel), cape, round nose, and diamond point
(fig. 1-36).

The type chisel most commonly used is the
flat cold chisel, which serves to cut rivets,
split nuts, chip castings, and cut thin metal
sheets. The cape chisel is used for special
jobs like cutting keyways, narrow grooves and
square corners. Round-nose chisels make cir-
cular grooves and chip ingide corners with a
fillet. Finally, the diamond-point is used for
cutting V-grooves and sharp corners.

As with other tools there is a correct tech-
nique for using a chisel. Select a chisel that is
large enough for the job. Be sure to use a ham-~
mer that matches the chisel; that is, the larger
the chisel, the heavier the hammer. A heavy
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COLD GHISEL
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CAPE CHISEL
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HALF ROUND CHISEL
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DIAMOND POINT CHISEL

(E = o

RCUND NGSE CHISEL

28.9M

Figure 1-36.—Types of points on
metal cutting chisel.

chisel will absorb the blows of a light hammer
and will do virtually no culting.

As a general rule, hold the chisel in the left
hand with thethumb and first finger about linch
from the top. It should be held steadily but not
tightly. The finger muscles should be relaxed,
so if the hammer strikes thehand it will permit
the hand to slide down the too! znd lessen the
effect of the blow. Keep the eyes on the cutting
edge of the chisel, not on the head, and swing
the hammer in the same plane as the body of the
chisel. If y.a have a lot of chiseling to do, slide
a piece of rubber hose over the chisel. This
will lessen the shock to your hand,

When using a chisel for chipping, always
wear goggles to protect your eyes. ILf other
men are working close by, see that they are
protected fromflying chips by erecting a screen
or chield to contain the chips. Remember that
the time to take these precautions is before you
gtart the job.

FILES

A toolkit for nearly every rating in the Navy
is not complete unless it coniains an assort-
ment of files. There are a number of different
types of files in common use, and each type
may range in length from 3 to 18 inches.
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SINGLE CUT

DOUBLE CUT

A. SINGLE AND DOUBLE-CUT FILES
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e
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BASTARD CUT  $ECOND CUT SMOOTH
DOUBLE CUT
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TANG
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C. FILE NOMENCLATURE.

153

SQUARE  TREIANGULAR

=

HALF ROUKD  MILL

D. CROSS-SECTIOMAL SHAPES OF FILES

1.20(44B)A
Figure 1-37.—File information.
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Grades

Files are graded according to the degree of
fineness, and according to whether they have
single~ or double-cut teeth. The difference is
apparent when you compare the files in figure
1-37A.

Single-cui files have rows of teeth cut par-
allel to each other. These teeth are set at an
angle of about 65 degrees with the centerline.
You will use single-cut files for sharpening
tools, finish {filing, and drawfiling. They are
also the best tools for smoothing the edges of
sheet metal.

Files with crisscrossed rows of teeth are
double-cut files. The double cut forms teeth
that are diamond-shaped and fast cutting. You
will use double-cut files tor quick removal of
metal, and for rough work.

Files are also graded according to the spac-
ing and size of their teeth, or their coarseness

A, CROSSFILING A PIECE QF MILD STEEL

C. DRAWFILING A SMALL PART

and fineness. Some of these grades are pic-
tures in fig. 1-37B. In addition to the three
grades shown, vou may use some DEAD SMOOTH
files, which have very fine teeth, and some
ROUGH files with very coarse teeth., The [ine-
ness or coarseness of file teeth is also influ-
enced by the iength of the file, (The length of a
file is the distance from the tip to the heel, and
does not include the tang (fig. 1-37C).) When
you have a chance, compare the actual size of
the teeth of a 6-inch, single-cut smooth file and
a 12-inch, single-cut smooth file; you will no-
tice the 6-inch file has more teeth per inch than
the 12-inch file,

Shapes

Files come in different shapes. Therefore,
in selecting a file for a job, the hape of the
finished work must be considered. Some of the
cross sectional shapes are shown in figure
1-37D.

B, ALTERMATING POSITIONS WHEN FILING

“,
. START OF ~—

END OF STROKE

D. FILING ROUND METAL STOCK

1.20{44B)B

Figure 1-38.=-Filing operations.
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TRIANGULAR files are tapered (longitudi-
nally) on 21l three sides. They are used to file
acute internal angles, and to clear ocut sguare
corners. BSpecial triangular files are used te
file saw teeth.

MILL {files are tapered in both width and
thickness. One edge has no teeth and is known
as a2 SAFE EDGE. Mill files are used for
smoothing lathe work, drawfiling, and other
fine, precision work. Mill files are always
single-cut.

FLAT files are general-purpose files and
may be either single- or double-cut. They are
tapered in width and thickneas. HARD {iies, not
shown, are somewhat thicker than {flat files.
They taper slightly in thickness,but their edges
are parallel,

The flat or hard files most often ugsed are the
double-cut for rough work and the single-cut,
smocth file for finish work.

SQUARE files are tapered on all four sides
and are used to enlarge rectangular-shaped
holes and slots. ROUND files serve the same
purpose for round cpenings. Small round files
arg often called "rattail” files.

The HALF ROUND f{ile is a general-purpose
tool. The rounded side is used for curved sur-
faces and the flat face on flat surfaces. When
you file an inside curve, use a round or hali-
round file whose curve most nearly matches the
curve of the work.

Kits of small files, often called "Swiss Pat~
tern™ or "Jewelere" files, are used to fit paris
of delicate mechanisms, and for filing work on
instruments, Handle these small files care-
fully because they break easily.

FILING OPERATIONS

Using afile is an operation that is nearly in-
dispensable when working with metal. You may
be crossiiling, drawfiling, using a file card, or
even polishing metal. Let's examine these
operations.

When you have finished using afile it may be
necessary to use an abrasive cloth or paper to
finizsh the product. Whether this is necessary
depends cn how fine a finish you want on the
work.

CROSSFII.DNG.—Figure 1-38A shows a piece
ol mild steel being crossfiled. This means that
the file isbeing moved across the surface of the
work in approximately a2 crosswise direction.
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ABRASIVE
CLOTH

A. POLISHING METAL WITH ABRASIVE CLOTH
WRAPPED ARQUND A FILE

EMERY CLOTH

B. ALTERNATE METHODS FOR POLJSHING METAL
SURFACE

ABRASIVE CLOTH
WORK

WORK
PROTECTORS

C. POLISHING ROUND METAL 5TOCK

44.135:,138
Figure 1-39.—Polishing operations.
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For best results, keep your feet spread apart
to steady yourself as you file with slow, full-
length, steady strokes. The file cuts as you
push it—ease up on the return stroke to keep
from dulling the teeth. Keep your file clean.

Figure 1-3BB shows the alternate positions
of the file when an exceptionaliy flat surface is
required. Using either position first, file
across the entire length of the stock. Then,
using the other position, file across the entire
length of the stock again. Because the teeth of
the file pass over the surface of the stock from
two directions, the high spots and low spots will
readily be visible after filing in both positions,
Continue filing first in one position or direc-
tion and then the other until the surface has
been filed flat. Test the flatness with a straight
edge or with prussian blue and a surface plate.

DRAW FILING. —Draw filing produces afiner
surface finish and usually a flatter surface than
crossfiling. Small parts, as shown in figure
1-38C, are best held in a vise. Hold the file as
shown in the figure; nctice that the arrow indi-
cates that the cutting stroke is away from you
when the handle of the file is held in the right
hand. T the handle is held in the leit hand, the
cutting stroke will be toward you. Lift the file
away from the suriace of the work on the re-
turn stroke. When draw filing will no longer
improve the surface textare, wrap a piece of
abrasive cltoh around the file and polish the
surface as shown in figure 1-39A.

USE OF FILE CARD.—As you file, the teeth
of the file may "clog up" with some of the metal
filings and scratch your work. This condition is
known as PINNING. You can prevent pinning by
keeping the file teeth clean. Rubbing chalk be-
tween the teeth will help prevent pinning, too,
but the best method is to clean the file fre-
quently with a FILE CARD or brush. A file
card (fig. 1-40) has fine wire bristles. Brush
with a prulling motion, holding the card parallel
to the rows of teeth,

Always keep the file clean, whether you're
filing mild steel or other metals. Use chalk
liberally when {iling nonferrous metals,

FILING ROUND METAL STOCK.~Figure
1-38D shows that,as a file is passed over the
surface of round work, its angle with the work
is changed. This results in a rocking motion of
the file as it passes over the work. This rock-
ing motion permits all the teeth on the file to
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44.11
Figure 1-40.—File cleaner,

make contact and cut as they pass over the
work's surface, thus tending to keep the file
much cleaner and thereby doing better work.

POLISHING A FLAT METAL SURFACE.—
When polishing a flat metal surface, first draw
file the surface as shown in fig. 1-38C, Then,
when the best possible draw filed surface has
been obtained, proceed with abrasive cloth,
often called emery cloth, Select a grade of
cloth suited to the draw filing. If the draw fil-
ing was well done only a fine cloth will be
needed to do the polishing,

If your cloth is in a roll, and the job you are
polishing is the size that would be held in a
vise, tear off a 6" or 8" length of the 1" or 2"
width. If you are using sheets of abrasive
cloth, tear off a strip from the long edge of the
8" by 11" sheet.

Wrap the cloth around the file (fig. 1-394)
and hold the file as you would for draw filing.
Hold the end of the cloth in place with your
thumb. In polishing, apply a thin film of lubri-
cating oil on the surface being polished and use
a double stroke with pressure on both the for-
ward and the backward strokes. Note that this
is diiferent from the drawfiling stroke in which
you cut with the file in only one direction.

When further polishing does not appear to
improve the surface, you are ready to use the
next finer grade of cloth. Before changing to
the finer grade, however, reverse the cloth so
that its back iz toward the surface being
poiished.

Work the reversed cloth back and forth in the
abrasive-laden oil as an intermeaiate step be-
tween grades of abrasive cltoh. Then, with the
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solvent available in your shop, clean the job
thoroughly before proceeding with the next finer
grade of cloth, Careful cleaning “etween grades
helps to ensure freedom fro'n scratches.

For the final polish, use a strip of crocus
cloth—first the face and then the back—with
plenty of oil. When polishing is complete, again
carefully clean the job with a solvent and pro-
tect it, with oil or other means, from rusting.

Figure 1-39B(A} shows ancther way to polish
in which the abrasive cloth is wrapped around a
block of wood. In figure 1-39B(B), the cloth has
simply been folded to form a pad from which a
worn, dull surface can be removed by simply
tearing it off to expose a new surface.

POLISHING ROUND METAL STOCK.—-Infig-
ure 1-33C, a piece of round stock is being
polished with a strip of abrasive cloth which is
"seesawed’ back and forth as it is guided over
the surface being polished,

Remember that the selection of grades of
abrasive cloth, the application of oil, and the
cleaning between grades, applies to polishing
regardless of how the cloth is held or used.

Care of Files

A new file should be broken in carefully by
using il first om brass, bronze, or smooth cast
iron. Just a few of the teeth will cut at first, sc
use a light pressure to prevent tooth breakage.
Do not break in a new file by using it firstona
narrow surface.

Protect the file teeth by hanging your files in
a rack when they are not in use, or by placing
them in drawers with wooden partitions, Your
files should not be allowed to rust—keep them
away from water and moisture. Avoid getting
the files oily. Oil causes a file to slide across
the work and prevents fast, clean cutting. Files
that you keep in your toolbox should be wrapped
in paper or cloth to protect their teeth and pre-
vent damage to other tools.

Never use a file for prying or pounding. The
tang is soft and bends easily. The body is hard
and extremely brittle. Even a slight bend or a
fall to the deck may cause a file to snap in two.
Do not strike a file against the bench or vise to
clean it—use a file card,

Safety

Never use a file unless it is equipped with a
tight-fitting handle, If you use a file without the

CUTTING LiP
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THE POINT
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TANG

44.20(11)CX
Figure 1-41.—Twist drill
nomenclature.

hapdle and it bumps something or jams to a
sudden stop, the tang may be driven into your
hand. To put a handle on a file tang, drill a
hole in the handle, slightly smaller than the
tang. Insert the tang end, and then tap the end
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of the handle to seat it firmly. Make sure you
get the handle on straight,

TWIST DRILLS

Making a hole in a piece of metal is gener~
ally a simple operation, but in most cases is an
important and a precise job. A large number of
different tools and machineshave been designed
so that holes may be made speedily, economi-
cally, and accurately in all kinds of material.

In order to be able to use these tools effi-
ciently, it is well to become acquainted with
them. The most common tool for making holes
in metal is the twist drill. It consists of a
cylindrical piece of steel with spiral grooves,
One end of the cylinder is pointed while the
other end is shaped so that it may be attached
to a drilting machine. The grooves, usually
called FLUTES, may be cut into the steel cyl-
inder, or the flutes may be formed by twisting
a flat piece of steel into a cylindrical shape.

The principal parts of a twist drill are the
body, the shank, and the point (fig. 1-41}). The
dead center of a drill is the sharp edge at the
extreme tip end of the drill. It is formed by
the intersection of the cone-shaped surfaces of
the point and should always be in the exact
center of the axis of the drill. The point of the
drill should not be confused with the dead cen-
ter. The point is the entire cone-shaped sur-
face at the end of the drill.

The lip or cutting edge of a drill is that part
of the point that actually cuts away the metal
when drilling a hole. It is ordinarily as sharp
as the edge of a knife. There is a cutting edge
for each flute of the drill.

The lip clearance of a drill is the surface of
the point that is ground away or relieved just
back of the cutting edge of the drill. The strip
along the inner edge of the body is called the
margin, It is the greatest diameter of the drill
and extends the entire length of the flute. The
diameter of the margin at the shank end of the
drill is smaller than the diameter at the point.
This allows the drill to revolve withoui binding
when drilling deep holes.

The shank is the part of the drill which fits
into the socket, spindle, or chuck of the drill
press. Several types exist (fig. 1-42).

A tang is found only on tapered-shank drills.
It is designed to fit into a slot in the so:zket or
spindle of a machine. It may bear a portion of
the driving torque, but its principal use is to
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44.20(44B)
Figure 1-42,—Representative shanks.

make it easyto removethe drill fromthe socket
of the driving machine,

Twist drills are provided in various sizes.
They are sized by letters, numerals, and
fractions.

Table 1-1 illustrates the relationship, by
decimal equivalents, of all drill sizes (letter,
number, and fractional) from number 80 to 1/2
inch. Note how ihe decimal sizes increase as
the number of the drill decreases.

Sets of drills are usually made available ac-
cording to the way the sizes are stated; that is
"sets of letter driills” or 'sets of number
drills.” However, twist drills of any size (let-
ter, number, or fraction} are available indi-
vidually if desired.

The maintenance of twist drilis and more
about how to use them on specific jobs are dis-
cussed later.

COUNTERSINKS

Countersinking is the operation of beveling
the mouth of a hole with 2 rotary tool called a
countersink {fig. 1-43}). The construction of the
countersink is similar to the twist drill. There
are four cutting edges, which are taper ground,
to the angle marked on the body,

A countersink is used primarily to set the
head of a screw or rivet flush with the material
in which it is being placed. Countersinks are
made in a number of sizes. One size usually
takes care of holes of several different sizes.
That is, the same countersink can be used for
holes from 1/4 inch to 1/2 inch in diameter.
Remove only enough metal to set the screw or
rivet head flush with the materiai, I you
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Table 1=1.—Decimal Equive:lents of Drill Sizes
Drill Decimal Drill Decimal Drill Decimal Drill Decimal
80 0.0135 49 0.073 20 0.161 H 0.266
79 0.0145 48 0.078 19 0.166 I 0.272
78 0.016 5/64 0.078125 18 0.1695 J 0.277
1/64 0.0156 47 0.0785 11/84 0.171875 K 0.281
77 0.018 46 0.081 17 0.173 9/32 0.28125
76 0.02 45 0.082 16 0.177 L 0.29
75 0.021 44 0.086 15 0.18 M 0.295
74 0.0225 43 0.089 14 0.182 19/64 0.296875
73 0.024 42 0.0935 13 0.185 N 0.302
72 0.025 3/32 0.09375 3/16 0.1875 5/16 0.3125
71 0.026 L3 0.096 12 0.189 0 0.316
70 0.028 40 0.098 11 0.191 P 0.323
69 0.0292 39 0.0885 10 0.1935 21/64 0.328125
88 0.031 38 0.1015 9 0.196 Q 0.332
1/32 0.03125 37 0.104 8 0.199 R 0.339
87 0.032 36 0.1055 7 0,201 11/32 0.34375
86 0.033 7/64 0.109375 13/64 0.203125 5 0.348
65 0.035 35 0.11 6 0.204 T 0.358
64 0.036 34 0.111 5 0.2055 23/64 0.359375
83 0.037 33 0.113 4 0,209 U 0.368
62 0.038 32 0.116 3 0,213 3/8 0.375
61 0.039 31 0.12 7/32 0.21875 v 0.3717
£0 0,04 /8 0.125 2 0.221 W 0,388
59 0.041 30 0.1285 1 0.228 25/64 0.590625
58 0.042 20 0.138 A 0.234 X 0,397
57 5,043 28 0.14G5 15/64 0.234375 Y 0.404
56 0.0485 9/64 0.140625 B 0.238 13/32 0.40825
3/64 0.046875 27 0.144 C 0,242 Z 0.413
55 0.052 26 0.147 D 0.248 27/64 0.421875
54 0.055 25 0.1495 E 0.25 7/18 0.4375
53 0.0595 24 0.152 1/4 0.25 29/64 0.453125
i/18 0.0625 23 0.154 F 0.257 15/32 0.46875
52 0.05835 5/32 0.15625 G 0.261 31/64 0.484375
51 0.06% 22 0.157 17/64 0.265825 1/2 0.5
50 0.07 21 0.159
44,208
remove too much material the hole will enlarge REAMERS

and weaken the work,

Select the countersink with the correct lip
angle to correspond with the screw or rivet
head being used. These countersinks can be
turned byany machine thatwill turn a twistdrill.

Reamers are used to enlarge and true a
hole. The reamer consists of three parts—the
body, the shank, and the blades. The shank has .
a square tang to allow the reamer to be held
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28.59(44)
Fipure 1-43.—Countersink.

Figure 1-44,—Above—solid spiral Aute
reamer. Below-—solid straight flute
reamer.

5.10.2
Figure 1-45.—Expansion reamer.

with a wrench for turning. The main purpose of
the body is to support the blades.

The blades on a reamer are made of steel
and hardened to such an extent that they are
brittie. For this reason you must be careful
when using and storing the reamer to protect
the blades from chipping. When you are ream-
ing a hole, turn the reamer inthe CUTTING DI-
RECTION ONLY. This will prevent ckipping or
dulling of the blades. Great care should be
used tc assure even, steady turning. Other-
wise, the reamer will "chatter,” causing .=
hole to become marked or scored. To prei:at
damage to the reamer while not in use, wrap it
in an oily cloth and keep it in a box.

Reamers of the types shown in figure 1-44
are available in any standard size. They are
also availabie in size variations of .001" for
special work. A solid straight flute reamer
lasts longer and is less expensive than the ex-
pansion reazmer. However, the solid spiral
flute reamer is preferred by craftsmen because
it is less likely to chatter.

For general purposes, an expansion reamer
{fig. 1-45) is the most practical. This reamer
can usually be obtained in standard sizes from
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HOLLOW SHANK GASKET PUNCH
1.18(44B)
Figure 1-46.—Punches,

1/4 of an inch to 1 inch, by 32nds, It is designed
to allow the blades to expand 1/32 of an inch.
For example, the 1/4-inch expansion reamer
will ream a 1/4-inch to a 9/32-inch hole. A
9/32-inch reamer will enlarge the hele from
9/32 of an inch to 5/16 of an inch. This range
of adjustment aliows a few reamers to cover
sizes up to 1 inch.

Reamers are made of carbon steel and high-
speed steel. In general, the cutting blades of a
high-speed reamer lose their Kkeenngss more
quickly than a carbon steel reamer. However,
after that keenness is gone, it will last longer
than the carbcn reamer.

PUNCHES

A hand punch is a tool that is held inthe haad
and struck on one end with a hammer. There
are many kinds of punches designed to do a
variety of jobs. Figure 1-46 shows several
types of punches. Most punches are made of
tool steel. The part held in the hand is usually
octagonai shaped, or it may be knurled. This
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28.32
Figure 1-47.—Putching
mating parts of a
mechanism,

prevents the tool from slipping around in the
hand. The other end is shaped to do a particu-
lar job.

When you use a punch, therz are two fiings
to remember:

1. When you hit the punch ycu do not want it
to slip sideways over your work.

2. You do not want the hammer to slip off
the punch and strike your fingers. You can
eliminate both these troubles by holding the
punch at right angles to the work, and striking
the punch squarely with your hammer.

The center punch

as the name implies, is
used for marking the center of a hole to be
driiled. ¥ you iry to driil a hole without first
punching the center, the drill will "wander™ or
"walk away" from the desired center.

Ancther use of the center punch is to make
corresponding marks on two pieces of an as-
sembly to permit reassembling in the original
positions. Before taking a mechanism apart,
make a pair of center punchmarks in one or
more places to help in reassembly. To do this,
select places, staggered as shown in figure
1-47, where matching pieces are joined. First
clean the places selected. Then scribe a line
across the joint and center punch the line on
both sides of the joint, with single and double
marks as shown to eliminate possible errors.
In reassembly, refer first to the sets of punch-
marks to determine the approximate position of
the parts. Then line up the scribed lines to
determine the exact position.

Automatic center punches are useful for lay-
out work. They are operated by pressing down
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44.83
Figure 1-48,.,—Marking the inter-
section of lines with a prick
punch.

oni the shank by hand. An inside spring is com-
pressed and released automatically, striking a
blow on the end of the punch. The impression
is light, but adequate for marking, and serves
to locate the point of a regular punch when a
deeper impression is required.

The point of a center punch is accurately
ground cen{ral with the shank, usually at a 60-90
degree angle, and is difficult to regrind by hand
with any degree of accuracy. It is, therefore,
advisable to take care of a center punch and not
to use it on extremely hard materials. When
extreme accuracy is required a prick punch is
used. Compare the point angle of the center
and prick punches.

To make the intersection of two layout lines,
bring the point of the prick punch to the exact
point of intersection and tap the punch lightly
with a hammer. If inspection shows that the
exact intersection and the punchmarkdo not co-
incide, as at A in f{igure 1-48, slant the punch
as shown at B and again strike with the ham-
mer, thus enlarging the punchmark and cen-
tering it exactly. When the intersection has
been correctly punched, finish off with a light
blow on the punch held in an upright position. C
shows the corrected punchmark.

DRIFT punches, sometimes called “starting
punches,” have a long taper from the tip to the
body. They are made that way to withstand the
shock of heavy blows. They may be used for
knocking out rivets after the heads have been
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chiseled off, or for freeing pins which are
"{rozen" in their holes.

After a pin has beer: loosened or partially
driven out, the drift punch may be too large to
finish the job. The followup tool to use is the
PIN PUNCH,. It is designed io follow through
the hole without jamming. Always use the
largest drift or pin punch that will fit the hole.
These punches usually come in sets of three to
five assorted sizes. Both of these punches will
have flat points, never edged or rounded.

To remove a bolt or pin that is extremely
tight, start with a drift punch that has a point
diameter that is slightly smaller than the diam-
eter of the object you are removing. As soon
as it loosens, finish driving it out with a pin
punch. Never use a pin punch for starting a pin
because it has a slim shank and a hard blow
may cause it to bend or break.

For assembling units of a machine an
ALINEMENT (alining) punch is invaluable. It is
usually about 1 foot long and has a long gradual
taper. Iis purpose is to line up holes in mating
parts.

Hollow metal cutting punches are made from
hardened tool steel. They are made in various
gizes and are used to cut holes in light gage
gheet metal,

Other puncheshave beendesigned for special
uses. One of these is the soft-faced drift. It is
made of brass vr fiber and is used for such
jobs as removing shafts, bearings, and wrist
pins from engines. It is generally heavy enough
to resist damage to itself,bui soft enough not to
injure the finished surface on the part that is
being driven.

You may have to make gaskets of rubber,
cork, leather, or composition materials. For
cutting holes in gasker materials a hollow shank
GASKET PUNCH may be used (fig. 1-46).
Gasket punches come in sets of various sizes
to accommod:ite standard bolts and studs. The
cutting end is tapered to a sharp edge to pro-
duce a clean uniform hole. To use the gasket
punch, place the gasket material to be cut on a
piece of hard wood or lead so that the cutting
edge of the punch will not be damaged. Then
strike the punch with a hammer, driving it
through the gasket where holes are required.

TAPS AND DIES

Taps and dies are used to cut threads in '

metal, plastics, or hard rubber. The taps are
used for cutting infernal threads, and the dies
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Figure 1-49.—~Types of common taps.

are used to cut external threads. There are
many different types of taps. However, the
most common are the taper, plug, bottoming,
and pipe taps (fig. 1-49).

The taper (starting) hand tap has a chamier
length of § to 10 threads. These taps are used
when starting a tapping operation and when tap-
ping through holes.
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T
[INCHES

RETHREADING

Figure 1-50.—Types of solid dies.11'5°4

Plug hand taps have a chamfer iength of 3 to

5 threads and are designed for use after the
taper tap.

Bottoming hand taps are used for threading

the bottom of a blind hole. They have a very

ADJUSTING
SCREW

SCREW ADJUSTING TYPE

TWO-PIECE COLLET DIE

short chamfer length of only 1 to 1 1/2 threads
for this purpose. This tap is always used after
the plug tap has already been used. Both the
taper and plug taps should precede the use of
the bottoming hand tap.

Pipe taps are used for pipefittings and other -
places where extremely tight {itsare necessary.
The tap diameter, from end to end of threaded
porticn, increases at the rate of 3/4 inch per
foot. All the threads on this tap do the cutting,
as compared to the straight taps where only
the nonchamfered portion does the cutting.

Dies are made in several different shapes
and are of the solid or adjustable type. The
square pipe die (fig. 1-50) will cut American
Standard Pipe Thread only. It comes 1na va-
riety of sizes for cutting threads on pipe with
diameters of 1/8 inch to 2 inches.

QPEN ADIJUSTING TYPE

11,5.2

Figure 1-51.—Types of adjustable dies.
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STRAIGHT HANDLED TAP WRENCH

‘I_NCH!ES ]] ! 2; ! 3,

COLLET
cap

T.HANDLE TAP WRENCH

COLLEY
Gune

SINGLE SCREw DIESTOCK THREE SCREW DIESTOCK
11.5.6
Figure 1-52.~Diestocks, diecollet, and tap wrenches.

TWO-RIECE RECTANGULAR
PIPE DIE

SMALL SIZE LARGE SIZE

THUMBSCREW

g&';ggcrlr( RATCHET
ADSUSTABLE BIESTOCK
GUIDE
44,31
Figure 1-53.—Adjustable die guide and ratchet diestocks.
A rethreading die (fig. 1-50) is used prin- Round split adjustable dies (fig. 1-51) are

cipally for dressing over bruised or rusty called "Button" dies and can be used in either
threads on screws or bolts. It is available ina hand diestocks or machine holders. The ad-
variety of sizes for rethreading American justment in the screw adjusting type is made by
Standard Coarse and Fine threads. These dies a fine-pitch screw which forces the sides of the
are usually hexagon in shape and can be turned die apart or allows them to spring together.
with a socket, box, open-end, or any wrench that The adjustment in the open adjusting types is
will fit. Rethreading dies are available in sets made by means of three screws in the holder,
of 8, 10, 14, and 2B assorted sizes in a case. one for expanding and two for compressing the
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PIPE THREADING SET WITH RECTANGULAR
ADJUSTABLE DIES. DIESTOCK,
WRERCH, GUIDES AND TAPS

A

BOLT AND SCREW THREADING SET WITH
ROUND ADJUSTABLE SPLIT DIES,
DIESTOCKS, TAPS, TAP WRENCHES,
AND SCREWDRIVERS

44.32
Figure 1-54.—Threading sets.

dies. Round split adjustable dies are available
in a variety of sizes to cut American Standard
{Uoarse and Fine threads, special form threads,
and the stapdard sizes of threads that are used
in Britain and cther Eurcpean countries, For
hand threading, these dies are held in diestocks
(fig. 1-52). One type die stock has three
pointed screws that will hold round dies of any
construction, although it is made specifically
for open adjusting-type dies.

Two piece coilet dies (fig. 1-51) are used
with a coliet cap (fig. 1-52) and collet guide.
The die halves are placed in the cap slot and
are held in place by the guide which screws into
the underside of the cap. The die is adjusted
by means of setscrews at both ends of the in-
ternal slot. This type of adjustable die is issued
in various sizes to cover the cutting range of
American Standard Coarse and Fine and special
form threads. Diestocks to hold the dies come
in three different sizes,
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Figure 1-55. —=Thread chasers.

Two-piece rectangular pipe dies (fig. 1-51)
are available to cut American Standard Pipe
threads. They are held in ordinary or ratchet-
type diestocks (fig, 1-53), The jaws of the dies
are adjusted by means of setscrews. An adjust-
able guide serves to keep the pipe in alinement
with respect to the dies. The smooth jawsz of
the guide are adjusted by means of a cam plate;
a thumbgcrew locks the jaws firmly in the de-
sired position.

Threading sets are available in many dif-
ferent combinations of taps and dies, together
with diestocks, tap wrenches, guides and neces-
sary screwdrivers and wrenches to loosen and
tighten adjusting screws and bolts. Figure 1-54
illustrateg typical threading set for pipe, bolts,
and screws,

Never attempt to sharpen taps or dies.
Sharpening of taps and dies involves several
highly precise cutting processes which invuive
the thread characteristics and chamfer. These
sharpening procedures must be done by experi-
enced personnel in order to maintain the ac-
curacy and the cutting effectiveness of taps and
dies.

Keep taps and dies clean and well oiled when
not in use. Store them so that they do not con-
tact each other or other tools. For long periods
of storage, coat taps and dies with a rust-
preventive compound, place in individual or
standard threading set boxes,and store in a dry
place.

THREAD CHASERS

Thread chasers are threading tools that
have several teeth and are used to rethread
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{chase) damaged externs! or internal threads
{fig. 1-55). These tools are available to chase
standard threads. The internal thread chaser
has its cutting teeth located on a side face. The
external thread chaser has its cutting teeth on
the end of the shaft, The handle end of the tool
shaft tapers to a point.

SCREW AND TAP
EXTRACTORS

Screw extractors are used to remove broken
screws without damagingthe surrounding mate-
rial or the threaded hole. Tap extractors are
used to remove broken taps.

Some screw extractors (fig. 1-98A) are
straight, having flutes from end to end. These
extractors are available in sizes to remove
broken screws having 1/4 to 1/2 inch outside
diameters. Spiral tapered extractors are sized
to remove screws and bolts from 3/16 inch to
2 1/8 inches outside diameter,

Most sets of exiractors include twist drills
and a drill guide. Tap extractors are similar
to the screw extractors and are sized {o re-
move iaps ranging from 3/16 to 2 1/8 inches
outside diameter,

To remove a broken serew or tap with a
spiral extractor, first drill a hole of proper
size in the screw or tap., The size hole re-
quired for each screw extractor is stamped on
it. The extractor is then inserted in the hcle,
and turned counterclockwise to remove the de-
fective component.

If the tap has broken off at the surface of the
work, or slightly below the surface of the work,
the straight tap extractor shown in figure 1-5§
may remove it. Apply a liberal amount of pene~
trating oil to the broken tap. Place the tap ex-
tractor over the broken tap and lower the upper
collar to insert the four sliding prongs down
into the four flutes of the tap. Then slide the
bottom collar down io the surface of the work
so that it will hold the prongs tighilyagainst the
body of the extractor. Tighten the tap wiench
an the square shank of the extractor and care-
fully work the extractor back and forth to
loosen the tap. It may be necessary to remove
the extractor and strike a few sharp blows with
a small hammer and pin punch to jar the tap
loose. Then reinsert the tap remover and
carefully try to back the tap out of the hole.
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Figure 1-56.—Screw and tap extractors.

PIPE AND TUBING CUTTERS
AND FLARING TOOLS

Pipe cutters (fig. 1-57) are used to cut pipe
made of steel, brass, copper, wrought iron, and
lead. Tube cutters (fig. 1~57) are used to cut
fubing made of iron, steel, brass, copper, and
aluminum. The essential difference between
pipe and tubing is that tubing has considerably
thinner walls, Flaring tools (fig. 1-58) are
used to make single or doubleflares in the ends
of tubing.

Two sizes of hand pipe cutters are generally
used in the Navy. The No, 1 pipe cutter hasa
cutting capacity of 1/8 to 2 inches,and the No.2
pipe cutter has a cutting capacity of 2 to 4
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[INCHES ?I

PIPE CUTTER 178 IMN.
TO 2 IN. CAPACITY

TUBE CUTTER 1 B IN.
TQT 1.4 IN, CAPACITY

TUBE CUTTER 1-8 IN.
TG 3 4 IN. CARACHTY

TUBE CUTTER 1 B in.

TC  IN. CAPACITY

44.36

Figure 1-57.—Pipe and tubing cutters.

inches., The pipe cutter (fig. 1-57) has a spe-
cial alloy-steel cutting wheel and two pressure
rollers which are adjusted and tightened by
turning the handle.

Most TUBE CUTTERS closely resemble pipe
cutters, except that they are of lighter con-
struction. A hand screw feed tubing cutter of
1/8-inch to 1 1/4-inch capacity {fig. 1-57) has
two rollers with cutouts located off center so
that cracked fiares may be held in them and cut
off without waste of tubing. It also has a re-
tractabie cutter blade that is adjusted by turn-
ing a knob. The other tube cutter shown is de-
signed to cut tubing up to and including 3/4 and
1 inch outside diameter. Rotation of the tri-
angular portion of the tube cutter within the
tulring will eliminate any burrs,

FLARING TOOLS ({fig. 1-58) are used to
flare soft copper, brass, or aluminum. The
single flaring tool consists of a split die block
that has holes for 3/16-, 1/4-, 5/16-, 3/8-,
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7/16-,and 1/2-inch outer diameter {o.d.) tubing,
a clamp to lock the tube in the die block, and a
yoke that slips over the die block and has a
compressor screw and a cone that forms a 45°
flare or a bell shape on the end of the tube. The
screw has a T-handle. A double flaring tool
has the additional feature of adapters that turn
in the edge of the tube before a regular 45°
double flare is made, It consists of a die block
with holesfor 3/16-,1/4-,5/16-, 3/8-, and 1/2~
inch tubing, a yoke with a screw and a flaring
cone, plus five adapters for different size tub-
ing, all carried in a metal case.

WOODCUTTING HANDTOOLS

A man working with wood uses a large va-
riety of handtools. He should be familiar with
these tools, their proper names,the purpcse for
which they are used, and how to keep them in
good condition.




Chapter 1-COMMON HANDTOQOLS

T-HaNDLE

l bl T T TT T TY

SINGLE FLARING TOOL

HANDLE

YOKE
ADAPTORS

DOUBLE FLARING TOOL

44,37

Figure 1-58.—Flaring tools,
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29.15(44)
Figure 1-59.—Nomenclature of a handsaw.

29.15A
Figure 1-60.—"Set" of hand saw teeth.

In this section of the text, only the basic
woodcutting tools are covered. It includes
tools that any man in the Navy may have the
¢ 2casion to use during his career.

. NDSAWS

> mast common carpenter's handsaw con-
sists of a steel blade with a handle at one end.
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TEETH OF RIP SAW TEET: OF CROSSCUT'Saw

29.15(44B)
Figure 1-81.—Comparing rip and
crogscut-saw teeth,

The tiade is narrower at the end opposite the
hancile, This end of the blade is called the
aint™ or "oe.” The end of the blade nearest
ths handle is called the "heel™ (fig. 1-59). One
edge of the blade has teeth, which act as two
rows of cutters. When the saw is used, these
teeth cut two parallel grooves close together,
The chips (sawdust) are pushed out from be-
tween the grooves {kerf) by the beveled part of
the teeth, The teeth are bent alternately to one
side or the other, to make the kerf wider than
the thickness of the blade. This bending is
called the "set" of the teeth (fig. 1-60). The
number of teeth per inch, the size and shape of
the teeth, and ihe amount of set depend on the
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BACK SA¥W

COYETAIL SAW

COMPASS SAW

COPING SAW

29.20-.22
Figure 1-62,—Special saws.

use to be made of the saw and the material to
be cut, Carpenter's handsaws are described by
the number of points per inch. By custom,
there is always one more point than there are
ieeth per inch. A number stamped near the
handle gives the number of points of the saw.

Cross-cut and Rip Saws

Woodworking handsaws designed for general
cutting consist of RIPSAWS and CROSSCUT
saws. Ripsaws are used for cutting with the
grain and crosscut saws are for cutting across
the grain.
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The major difference between a ripsaw and
a crosscut saw is the shape of the teeth., A
tooth with a square-faced chisel-type culting
edge, like the ripsaw tooth shown in figure 1-61,
does a good job of cutting with the grain (called
ripping), but a poor job of cuiting across the
grain (called crosscutting). A tooth with a
beveled, knifetype cuiting edge, like the cross-
cut saw tooth shown in the same figure, does a
good job of cutting across the grain, but a poor
job of cutting with the grain,

Special Purpose Saws

The more common types of saws used for
special purposes are shown in flpure 1-62. The
BACKBAW is a crosscut saw desipgned for saw-
ing a perfectly straight line across the face cia
piece of stock. A heavy steel backing along the
top of the blade keeps the blade perfectly
straight,

The DOVETAIL saw is a special type of
backsaw with a thin, narrow blade and a chisel-
type handle.

The COMPASS saw is a long, narrow, taper-
ing ripsaw designed for cutting out circular or
other nonrectangular sections from within the
margins of. a board or panel. A hole is bored
near the cutting line to start the saw. A KEY-
HOLE saw is simply a finer, narrower compass
saw.

The COPING saw is used to cut along curved
lines as shown in figure 1-62,

Saw Precautions

A saw fhat is not being used should be hung
up or stowed in a toolbox. A toolbox designed
for holding saws has notches that hold them on
edge, teeth up. Stowing saws loose in a toolbox
may allow the saw teeth to become dulled or
bent by contacting other tools. Some right and
wrong methods of using and caring for a saw
are shown in figure 1-63. Be sure to read the
captions for each section of the illustration.

Before using a saw, be sure there are no
pails or other edge-destroying objects in the
line of the cut. When sawing out a strip of
waste, do not break out the strip by twisting the
saw blade. This dulls the saw and may spring
or break the blade.

Be sure that the saw will go through the full
siroke without striking the floor or some other
object. If the work cannot be raised h

be raised high enough
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WRONG

®

1} WHEN WORK {5 COMPLETE, HANG UPF THE SAW.

2) v NOT PILE TOOLS ON TOP OF THE BENCH $0 A% TO
DISTORT BLADZ

4

STRIPS OF WASTE SHOULD NOT BE TWISTED OFF WITH
BLADE, BUT BRUKXEN OFF WITH HAND OR MALLET.

SUPPORTING THE WASTE SIDE OF WORK WILL PRE-
VENT SPLITTING OFF.

@ LOOK CAREFULLY OVER REPAIR OR ALTERATION WORK; @ RAISE THE WORK TO A HEIGHT SUFFICIENT TO XEEP

SEE THAT ALL NAILS ARE REMOYED TO AYOID
CUTTING INTO METAL

THE BLAOE FROM STRIKING THE FLOOR. IF THE
WORK CANNOT BE RAISED, LIMIT THE STROKE.

44.14

Figure 1-63.—Care of handsaws.

to obtain full clearance for the saw, you must
carefully limit the length of each stroke.

Using A Hand Saw

To saw across the grain of the stock, use the
crosscut saw, and to saw with the grain, use a
ripsaw. Study the teeth in both kinds of saws so
you can readily identify the saw that you need.

Place the board on a saw horse (fig. 1-64),
or some other suitable cbject. Hold the saw in
the right hand and extend the first finger along
the handle as shown in the figure. Grasp the
board as shown and take a position so that an
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imaginary line passing lengthwise of the right
forearm will be at an angle of approximately 45
degrees with the face of the board. Be sure the
side of the saw is plumb or at right angles with
the face of the board. Place the heel of the saw
on the mark. Keep the saw inline with the fore-
arm and pull it toward you to start the cat.

To begin with, take short, light sirokes,
gradually increasing the strokes to the full
length of the saw. Do not force or jerk the saw.
Such procedure will only make sawing more
difficult, The arm that does the sawing should
swing clear of your body so that the handle of
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44.101
Figure 1-64,--Proper position
for sawing a board to size.

44,102
Figure 1-65,—Using
a wedge in a saw
kerf to prevent
binding.

the saw operates at your side rather than in
front of you.

Use one hand to operate the saw. You may
be tempted to use both hands at times, but if
your saw is sharp, one hand will serve you bet-
ter. The weight of the saw is sufficient to make
it cut. Should the saw stick or bind, it may be
because the saw is duil and is poorly "set.”
The wood may have too much moisture in it, or
you may have forced the saw and thus have
caused it to leave the straight line.

a8

BL ADE OR FLANE IRON

A B C

29.12A
Figure 1-66,—Parts of a bench plane.

At CAP
3z

4

CURLED
SHAVINGS

BLADE

20.12B
Figure 1-67.—Plane iron and plane iron cap.

Keep your eye on the line rather than on the
saw while sawing. Watching the line enables
you to see instantly any tendency to leave the
line. A slight twist of the handle, and taking
short strokes while sawing, will bring the saw
back. Blow away the sawdust frequently so you
can see the layout line.

Final strokes of the cut should be taken
slowly. Hold the waste piece in your other hand
so the stock will not split when taking the last
stroke.

Short boards may be placed on che sawhorse
when sawing. Place long boards on two saw-
horses, but do not saw so your weight falls be-
tween them or your saw will bind, Place long
boards so that your weight is directly on one
end of the board over one sawhorse while the
other end of the board rests on the other saw-
horse. .

Short pieces of stock are more easily cut
wien they are held in 2 When ripping
short stock it ig imporiant that you keep the
saw from sticking, so it may be necessary to
take a squatting position. The saw can then take

rigo
Vi,
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FRONT VIEW

IGHT ALONG HER
C::—SG LONG HERE

ADJUSTING
NUT

28.12C

Figure 1-68.—Manipulation of the adjust-
ing nut moves the plane iron up cr
down.

28.12D
Figure 1-65.—Effect of manipulation of the
lateral adjustment lever,

upward direction and thus work easily. When
ripping lonpg boards it will probably be neces-
sary to use a wedge in the saw kerf to prevent
binding (fig. 1-65).

PLANES

The plane is the most extensively used of the
hand shaving tocls. Most of the lumber handled
by anyone working with wocd is dressed on all
four sides, but when performing jobs such as
fitting doors and sash, and interior trim work,
planes must be used.

Bench apd block planes aredesigned for gen-
eral surface smoothing and squaring. Other
planes are designed for special types of surface
work.

The principal parts of a bench plane and the
manner in which they are assembled,are shown
in figure 1-66. The part at the rear that you
grasp to push the plane ahead is called the
handle; the part at the front that you grasp to
guide the plane along its course is called the
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29.12
Figure 1-70.—Types of bench planes and
block plane.

knob. The main body of the plane, congisting of
the bottom,the sides, and the sloping part which
carries the plane iron,is called the frame. The
bottom of the frame is called the sole, and the
opening in the sole, through which the blade
emerges, is called the mouth, The front end of
the sole is called the toe; the rear end, the heel.

A plane iron cap, which is screwed to the
uppe: [ace of the plane iron, deflects the shav-
ing upward through the mouth, as indicated in
figure 1-67C, and thus prevents the mouth from
becoming chokea with jammed shavings. The
edge of the cap should fit the back of the iron
a3 shown in figure 1-67A, not as shown in
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figure 1-67YB. The lower end of the plane iron
cap should be set back 1/32 in. from the edge
of the plane top, as shown in figure 1-67A, The
iron in a bench plane goes in bevel-down,

The edege of the plane iron is brought into
correct cutting posgition by the manipulation of
first the ADJUSTING NUT and nexti the LAT-
ERAL ADJUSTMENT LEVER, as shown in fig-
ures 1-68 and 1-69. The adjusting nut moves
the edge of the iron up or down; the lateral ad-
justment lever cants it to the right or left. To
adjust the plane you hold it apside-down, sight
along the sole from the toe, and work the ad-
justing nut until the edge of the blade appears,
Then work the lateraladjustment lever until the
edge of the blade is in perfect alinement with
the sole, as shown in figures 1-68B and 1-69B,
Then use the adjusting nut to give the blade the
amount of protrusion you want. This amount
will depend, of course, upon the depth of the cut
you intend to make.

There are three types of bench planes {fig.
1-70}: the SMOOTH glane, the JACK plane, and
the JOINTEE plane {sometimes called the FORE
plane or the GAGE plane). All are used pri-
marily for shaving and smgothing with the
grain; the chief difference is the length of the
sole. The sole of the smooth plane is about 9
in. long, the sole of the jack plane about 14 in,
long, and the sole of the jointer plane from 20
to 24 in. long.

The longer the scle of the plane is, the more
uniformly flat and true the planed surface will
be. Consequently,which bench plane you should
use depends upon the requirements with regard
to surface trueness. The smooth plane is, in
general, smoother only; it will plane a smooth,
but not an especially true surface in a short
time. It is also used for cross-grain smoothing
and squaring of end-stock.

The jack plane is the general "jack-of-all-
work” of the bench plane group. It can take a
deeper cut and plane a truer surface than the
smooth plane. The joirter plane is used when
the planed surface must meet the highest re-
quirements with regard to trueneas.

A BLOCK PLANE and the names of its parts
are shown in figure i-71. Note that the plane
iron in a block plane does not have a plane iron
cap, and also that, unlike the iron in a bench
plane,the iron in a block plane goes in bevel-up.

The block plane, which is usually held at an
angle to the work, is used chiefly for cross-
griin squaring of end-stock, It is also useful,

40

R, ‘\\\‘

ADJUSTMENT :
PLANE (RON
SCREW BEVEL UP

29.12E
Figure 1-71,-Block plane nomenclature.

however, for smoothing all plane surfaces on
very small work.

BORING TOOLS

When working with wood, you will frequently
be required to bore holes. It is important,
therefore, that you know the proper procedures
and tools used for this job. Auger bits and a
variety of braces and drills are used exten-
sively for boring purposes.

Auger Bits

Bits are used for boring holes for screws,
dowels, and hardware, as an aid in mortising
(cutting a cavity in wood for joining members)
and in shaping curves and for many other pur-
poses, Like saws and planes,bits vary in shape
and structure with the type of job to be done.
Some of the most common bits are described in
this section.

AUGER bits are screw-shaped tools consist-
ing cf six parts: the cuiter, screw, spur, twist,
ghank, and tang (fig. 1-72). The twist ends
with two sharp points called the spurs, which
score the circle, and two culting edges which
cut shavings within the scored circle. The
screw centers the bit and draws it into the
wood, The threads of the screw are made in
three different pitches: steep, medium, and
fine. The steep pitch makes for quick boring
and thick chips, and the fine or slight pitch
makes for slow boring and fine chips. For end-
wood boring, a steep- or medium-pitch screw
bit should be used because end wood is likely to
be forced in between the fine screw threads,
and that wiil prevent the =screw from taking
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44.20

Figure 1-72.—Nomenclature of an auger bit.

12
16
B
T
s
t6
44 .20F
Figure 1~73.—~Size mark-
ings on auger biis.
CUTTING
EDGE
CUTTING
EDGE
44.21A

Fivure 1-74.—Expansive bit.
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BREAST DRILL
HANC DRILL

SPIRAL HAMND DRILL

4.33:44.20(44B)
Figure 1-T75.—Brace and drills,

hold., The twist carries the cuttings away from
the culters and deposits them in a mound
around the hole.

The sizes of auger bits are indicated in six-
teenths of an inch and are stamped on the tang
(fig. 1-73}. A number 10 stamped on the tang
means 10/16 or 5/8 in.; number 5 means 5/18
in. and so cn. The most common woodworkers
auger bit set ranges in size from 1/4 to 1in,

Ordinary auger bits up te 1in. in diameter
are from 7 to 9 inches long, Short auger bits
that are about 3 1/2 inches long are called
DOWEL bits, _

EXPANSIVE auger bits have adjustable cui-
ters, for boring holes of different diameters
(fig. 1-74). Expansive bits are generally made
in two different sizes. The largest size has
three cutters and bores holes up to 4 inches in
diameter. A scale on the cutter blade indicates
the diameter of the hole to be bored.

Braces and Drills

The auger bit is the tool that actually does
the cutting in the wood; however, it is neces-
sary that another tool be used to hold the auger
bit and give you enough leverage to turn the bit.
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V-GROOVES

44.,20G
Figure 1-76.—Placing an auger bit
in a chuck.
SCRAPR
LUMBER

44.20H
Figure 1-77.—Using scrap lumber to pre-
vent splintering when boring.

The tools mostoften used for holding the bit are
the carpenter's brace, breast crill, and push
drill (fig. 1-759).

BORING THROUGH HOLES IN wOOD.—To
hore a hole in wood with an auger hit, first

o f——

NS

<

S

44,20K
Figure 1-78.—~Method of sighting in for
perpendicular hole,

44.20L
Figure 1-79.—Boring a through
hole by reversing direction,

select the proper fit indicated on or near the
square tang. Then you insert the auger bit into
the chuck (fig. 1-76),

To chuck the bit, hold the shell of the chuck
(fig. 1-764A), as you turn the handle to open the
jaws. When the jaws are apart {ar =snough to
take the square tang of the bit, insert it (fig.
1-76B), until the end seats in the square driving
socket at the bottom of the chuck. Then tighten
the chuck by turning the handle to close the jaws
and hold the bit in place.

With a chuck having no driving socket (a
square hole which is visible if you look directly
into the chuck), additional care must be taken
to seat und center the corners of the tapered
shank in the V grooves of the chuck jaws,
{See figure 1-76C.) In this type of chuck the
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44.20(4)
Figure 1-80.—Twigt drills {Sizes

Ng. 1 to No. 50).

jaws serve to hold the bit in the center and to
prevent it from coming out of the chuck.

After placing the point of the feed screw at
the location of the center of the hole you will
bore, steady the brace against your body, if
possible, with the auger bit square with the
surface of the work.

To bore a horizontal hole inthe stock held in
the bench vise, hold the head of the brace with
one hand, steacdying it against your body, while
turning the handle with the other hand. Scrap
stock behind the job will prevent splinfering
(fig. 1-77).

When it ig not possible to make a full turn
with the handle of the bit brace, turn the cam
ring, shown in figure 1-75, clockwise until it
stops. This will raise one of the two ratchet
pawls affording clockwise ratchet action for
rotating the bit. For counterclockwise ratchet
action, turn the cam ring counterclockwise as
far as it will go.

To bhore a vertical hole in stock held in a
bench vise,hold the brace and bit perpendicular
to the surface of the work. Placing a trysquare
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DRILL PRESS 3
TASLE

44.20R
Figure 1-81,—Drilling a holg in wood
with a twist drill.

near the bit, alternately in the two positions
shown in figure 1-73, will help you sight it in,

Another way to bore a throughk hole without
splitting out on the opposite face is to reverse
the bit one or two turns when the feed screw
just becomes visible through this epposite face
{fig. 1-79A). This will release the bit. Remove
the bit while pulling it up and turning it clock-
wise. This wiil remove the Ioose chips from
the hole. Finish the hole by boring from the
opposite face. This will remove the remaining
material which is usually in the form of a
wooden disk held fast to the feed screw (fig.
1-798).

DRILLING HOLES WITH A TWIST DRILL.—
An ordinary twist drill may be used to drill
holes in wood. Select a twist drill of the size
required (fig. 1~80) and secure it in the chuck
of a drill.

In figure 1-81, the twist drill has been
chucked. Notice that the job is secured tc the
table with a pair of C-clamps. Beneath the job
is a block of wood. In drilling through woud, a
backup block is used to ensure a clean hole at
the bottom of the job.

Figure 1-82 shows a hole being drilled with
a breast drill. Turn the crank handle with one
hand as you hold the side handle with the other
hand. This will steady the breast drill while
feed pressure is applied by resting your chest
on the breast plate shown in figure 1~82. Notice,
too, that the breast drill has a high or a low




TOOLE AND THEIR USES

4.33A
Figure 1-82.—Drilling a hole with
& breast drill.

speed available, according to the setting of the
speed selector nut, When drilling a horizontal
hole, apply feed pressure by resting your body
against the breast plate.

In drilling a horizontal hole with the hand
drill shown in figure 1-§3, operate the crank
with the right hand and with the left hand guide
the drill by holding the handle which is opposite
the chuck end of the drill.

DRILLING HOLESWITH A "PUSH" DRILL.—
Figure 1-84A shows the Stanley "Yankee™ auto-
matic drill which is often called a "push" grill.
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4,34A
Figure 1-83.—Drilling a hole with
2 hand drill.

. 44,116
Figute 1-84.—Push drill and driil point.

44.117
Figure 1-85.—Selecting a drill for
use in a push drill.

This drill can be used to drill either horizontal
or vertical holes when the accuracy of the right
angle with the work is not critical,

The drill point used in push drills (fig.
1-84B) is a straight flute drill. Sharpen its
point on the grinder and provide only slight
clearance behind the cutting edge. It will drill
holes in wood and other soft materials.
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44.118
Figure 1-86.—Drilling horizontal and
vertical holes with a push drill,

TaMG CHISEL

o LT

THE SHANK OF THE CHISEL MAS A POINT THAT IS
STUCK NTD THE HANDLE. THE POWT 5 CALLED A TANG
AND THE CHISEL 15 CALLED A TANG CHISEL

F THE SHANK OF THE CHISEL IS MADE LIKE A CUP, THE
HANDLE WILL FLT SNTQ 1T, THIS IS CALLED A SOCKET CHISEL.

29.9B
Figure 1-87.—~Tang and socket
wood chisels.

To select a drill for use in a push drill, hold
the handle of the drill in one hand and release
the magazine by turning the knurled screw as
shown in figure 1-85A. This will permit you to
drop the magazine. Figure 1-85B, shows the
drill magazine lowered to expose the drills
fron: which the proper size can be selected.

To chuck the drill, loosen the chuck several
turns and insert the drill as far as it will go.
Turn the drill until it seats inthe driving socket
in the bottom of the chuck. Then tighten the
chuck to hold the drill in place. (fig. 1-85C).

To drill a vertical hole with this drill {fig.
1-86A), place the job ona flat surface and op-
erate the push drill with alternate strokes up
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BUTT CHISEL

29.9C
Fipgure 1-88.—8hapes of common types
of wood chisels.

and down. U it is necessary tec hold the work in
place while it is being drilled, use some me-
chanical means if you can, I you must hold the
job with your hand, grasp the material as far as
possible from where the drill is drilling.

In drilling horizontal holes with the push
drill, as in figure 1-8€B, secure the job in a
vise, The back-and-forth strokes rotate the
drill, advancing it into the work on the forward
siroke as the drilling proceeds. The index
finger, extended along the body of the tool, will
help guide the drilling at right angles to the
work.

WOOD CHISELS

A wood chisel is a steel tool fitted with a
wooden or plastic handle, Tt has a single bev-
eled cutting edge on the end of the steel part,or
blade. According to their construction, chisels
may be divided into two general classes: TANG
chisels, in which part of the chisel enters the
handle, and SOCKET chisels, in which the handle
enters into a part of the chisel (fig. 1-87T).
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A socket chisel is designed for striking with
a wooden mallet {never a steel hammer), while
a tang chisel is designed for hand manipulation
only.

Wood chisels are also divided into types, de-
pending upen their weighis and thicknesses, the
shape or design of the blade, and the work they
are intanded to do.

The shapes of the more common types of
wood chisels aie shown in figure 1-88. The
FIRMER chisel has a strong, reciangular-
cross-section blade, designed for both heavy
and light work. The hlade of the PARING chisel
is relatively thin,and is beveled along the sides
for the fine paring work. The BUTT chisel has
a short blade, designed for workin hard-to-get-
at places.

The butt chisel is commonly used for chisel-
ing the GAINS (rectangular depressions) for the
BUTT hinges on doors; hence the name. The
MORTISING chisel is similar to a socket firmer
but has a narrow blade, designed for chiseling
cut the deep, narrow MORTISES for mortise-
and-tenon joints. This work requires a good
deal of levering out of chips; consequently, the
mortising chisel is made extra thick in the
shaft to prevent breaking.

A FRAMING chisel is shaped like a firmer
chigel, but has a very heavy, strong blade de-
signed for work in rough carpentry.

A wood chisel should always be held with the
flat side or back of the chisel against the work
for smoothing and finishing cuts. Whenever
possible, it should not be pushed straight
through an opening, but should be moved lat-
erally at the same time that it is pushed for-
ward. This method ensures a shearing cut,
which with care,will produce a smooth and even
surface even when the work is cross-grained.
On rough work,use a hammer or mallet todrive
the socket-type chisel.

On fine work, use your hand as the driving
power on tang-type chisels. For rough cuis,
the bevel edge of the chisel is held against the
work. Whenever possible, cther tools such as
siws and planes should be used to remove as
much of the waste as possible, and the chisel
used for finishing purposes only.

These are & few basic precautions that you
should obeerve at all times when using a chisel,

a. Secvre work so that it cannot move,
b. Keep both hands back of the cutting
edge at all times.
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c¢. Do not start a cut on a guideline. Start
slightly away froin it, so that there is a small
amount of material tobe removed by the finish-
ing cuts.

d. When starting a cut, alwavs chisel
away from the guideline toward the waste wood,
so that no splitting will occur at the edge.

e. Never cut towards yourself with a
chigel,

f. Make the shavings thin, especially
when finishing.

g. Examine the grain of the wood to see
which way it runs. Cut with the grain. This
gevers the fibers and leaves the wood smooth,
Cutting against the grain splits the wood and
leaves it rough. This type of cut cannot be
controlled.

HANDLE

DRIVER

COMPRESSION OF 3
HOLDS SCREW FIRMLY

AGAINST TIP_OF DRIVER

REED AND PRINCE
DRIVER

PHILLIPS HEAD
DRIVER

QFFSET DRIVER

RATCHET AND 5PIRAL DRIVER

1.14(44B)A
Figure 1-89.—Screwdrivers.
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SCREWDRIVERS

A screwdriver is one of the most basic of
basic handtonls. Tt is aiso the meost frequently
abused of all handtools, Wt is designed for one
function only--to drive and remove screws. A
screwdriver should not be used as a pry bar, a
scraper, 2 chisel, or a punch,

STANDARD

Tnere are three main parts to a standard
screwdriver. The portion you grip is called the
handle, the steei portion extending from tne
handle is the shank, and the end which fits into
the screw is called the blade (fig. 1-89).

The steel shank is designed to withstand
considerable twisting force in proportion to its
size,and the tip of the blade is hardened to keep
it from wearing.

Standard screwdrivers are clasgsified by
size, according to the comhined length of the
shank and blade. The most common sizes range
in length from 2 1/2 in. to 12 in. There are
many screwdrivers smaller and some larger
for special purposes. The diameter of the
shank, and the width and thickness of the blade
are generally proportionate to the length, but
again there are gpecial screwdrivers with long
thin shanks, short thick shanks, and extra wide
or extrda narrow blades.

Screwdriver handles may be wood, plastic,
or metal. When metal handles are used, there
is usually a wooden hand grip placed on each
side of the handle. In some {ypes of wood- or
plastic-handled screwdrivers the shank extends
through the bandle, while s oihers the shank
enters the handle onlya short way and is pianed
to the handle. For heavy work, special types of
screwdrivers are made with a square shani,
They are designed this way so that they may be
grinped with a wrench, but this is the only Kind
on which a2 wrench should be used.

When using a screwdriver it is important to
selact the proper size so that the blade fits the
screw slot properly. This prevents burring the
slot and redures the force required to hold the
driver in the slot, Keep the shank perpendicu-
lar to the screw head (fig. 1-90).

RECESSED

Recessed screws are now available in vari-
ous shapes. They have a cavity [ormed in the
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1.14(44B)B
Figure 1-80.—Positioning screwdrivers.

TORQ-SET
SCREW HEAD

29,123(44B)
Figure 1-91.—Comparison of Phillips, Reed,
and Prince and Torg-Set screwheads,
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(A} PHILLIPS

PHILLIPS HEAD

‘

1.14(44B)C
Figure 1-92.—~Matching cross-slot screws
and drivers.

(B) REED AND PRINCE

head and require a specially shaped screw-
driver. The cluteh tip (fig. 1-89} is one shape,
but the more common include the Phillips, Reed
and Prince, and newer Torg-Set types (fig.
1-91}, The most common type found ig the
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Phillips head screw. This requires a Phillips-
type screwdriver (fig. 1-89).

Phillips Screwdriver

The head of a Phillips-type screw has a
four-way slot into which the screwdriver fits.
This prevents the screwdriver from slipping.
Three standard sized Phillips screwdrivers
handle a wide range of screw sizes. Their abil-
ity to hold helps to prevent damaging the slots
or the work surrounding the screw. It is a poor
practice to tryto use a standard screwdriver on
a Phillips screw because both the tool and
screw slot will be damaged.

Reed and Prince Screwdriver

Reedand Prince screwdrivers are not inter-
changeable with Phillips screwdrivers. There-
fore,always use a Reed and Prince screwdriver
with Reed and Prince screws and a Phillips
gcrewdriver with Phillips screws, or a ruined
tool or ruined screwhead will result,

How do you distinguish betweenthese similar
screwdrivers? Refer to figure 1-92.

The Phillips screwdriver hasabout 30-degree
flukes and a blunt end, while the Reed and
Prince has 45-degree flukes and a sharper,
pointed end. The Phillips screw has beveled
walls between the slots; the Reed and Prince,
straight, pointed walls. In addition, the Phillips
screw slct is not as deep as the Reed and
Prince slot,

Additional ways to identify the right screw-
driver are as follows:

1. ¥ it tends to siand up unassisted when
the point is put in the head of a vertical screw,
it is probably the proper one.

2. The outline of the end of a Reed and
Prince screwdriver is approximately a right
angle, as seen in the illustration.

3. In general, Reed and Prince screws are
used for airframe structural applications, while
Phillips screws are found most often in com-
ponent assemblies.

"Torq-Set" Screws

"Torq-Set" machine screws (offset cross-
3lot drive) have recently begun to appear in
new equipment. The main advantage of the
newer type is that more torque can be applied
to its head while tightening or loosening than
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any other screw of comparable size and mate-
rial without damaging the head of the screw.

Torg-Set machine screws are similar in
appearance to the more familiar Phillips ma-
chine screws.

Since a Phillips driver could easily damage
a Torg-Sei screwhead, making it difficult if not
impossible to remove the screw even if the
proper tool is later used, maintenance person-
nel should be alert to the differences {fig. 1-91)
and ensure that the proper tool is used.

OFFSET SCREWDRIVERS.—Anoffset screw-
driver {fig. 1-89) may be used where there is
not sufficient vertical space for a standard or
recessed screwdriver., Offset screwdrivers
are constructed with one blade forged in line
and another blade forged at right angles to the
shank handle. Both blades are bent 90 degrees
to the shank handle. By alternating ends, most
screws can be seated or loosened even when
the swinging space is very restricted. Offset
screwdrivers are made for both standard and
recessed head screws.

RATCHET SCREWDRIVER

For fast easy work the ratchet screwdriver
{fig. 1-89), is extremely convenient, 45 it can
be used one-handed and does not regquire the
bit to be lifted out of the slot after each turn. Tt
may be fitted with either a standard type bit or
a special bit for recessed heads. The ratchet
screwdriver is most commonly used by the
woodworker for driving screws in soft wood.

SAFETY

e Never use a screwdriver to check an
electrical civcuit,

e Never try to turn a screwdriver with a
pair of pliers.

o Do not hold work in your hand while using
a screwdriver—if the point slips it can cause a
bad cut. Hold the work in a vise, with a clamp,
or on a solid surface. If that is impossibie,
you will always be safe if you follow this rule:
NEVER GET ANY PART OF YOUR BODY I
FRONT OF THE SCREWDRIVER BLADE TIP.
That is a good safety rule for any sharp or
pointed tool.

PLIERS

Pliers are made in many styles and sizes
and are used to perform many different




Chapter 1—COMMON HANDTOQOLS

DUCK BHILL

SHORT-MNOSE
- ’
ROUND -NQSE

;Ej ._.-:-’ COMBINATION_ AW
Ty

LONG_NOSE

@ S{DE-CUTTIMG PLIERS

DIAGONAL

"""‘

CURVED NEEDLE MODSE

Figure 1-93.—Pliers.

1.21.4A
Figure 1-94.—8lipjoint pliers.

operations. Pliers are used for cutting pur-
poses as weli as holding and gripping small
articles in situations where it may be incon-
vepienf or impossible to use hands. Figure
1-93 shows several different kinds.

The combination pliers are handy for holding
or bending flat or round stock. The long-nosed
pliers are less rugged, and break easily if you
use them ou heavy jobs. Long-nosed pliers
commonly called needle-nose pliers are espe-
cially usefu] for holding small objects in tight
places and for making delicate adjustments,
The round-nosed kind are handy when you need
to crimp sheet metal or form a loop in a wire,
The diagonal cutting pliers, cormamonly called
"diagonals' or "dikes,"are designed for cutting
wire and cotter pins close to a flat surface and
are especially useful in the electronic and elec-
trical fields. The duckbill pliers are used ex-
tensively in aviation areas,

Here are two important rules for using
pliers:
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1.21.4B

Figure 1-95,--5lipjoint
combination pliers.

1. Do not make pliers work beyond their
capacity. The long-nosed kind are especially
delicate. It is easy to spring or break them, or
nick their edges. After that, they are practi-
cally useless.

2. Do not use pliers to turn nuts. In just a
few seconds, a pair of pliers can damage a nut.
Pliers must not be substituted for wrenches.

SLIP-JOINT PLIERS

Slip-joint pliers (fig. 1-94) are pliers with
straight, serrated (grooved) jaws,and the screw
¢cr pivot with which the jaws are fastened fo-
gether may be moved to either of two positions,
in order to grasp small- or large-sized ob-
jects better,

To spread the jaws of slip-joint pliers, first
spread the ends of the handles apart as far as
possible. The slip-joint, or pivot, will now
move to the open position. To close, again
spread the handles as far as possible,then push
the joint back into the closed position.
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Figure 1-96.—Vise grip pliers.

44.22

puinp piliers,

1.21(44B)B
Figure 1-98.—Channel-lock pliers.

8lip-joint combination pliers (fig. 1-95) are
pliers similar to the slip-joint pliers just
described, but with the additional feature of a
side cutter at the junction of the jaws. This
cutter consists of a pair of square cut notches,
one on each jaw, which act like a pair of shears
when an object is placed between them and the
jaws are closed.

The cutter is designed to cut material such
as soit wire and nails. To use the cutter, open
the jaws until the cutter on either jaw lines up
with the other. Place the material to be cut as
far back as possible into the opening formed by
the cutter,and squeeze the handles of the pliers
together, Do not attempt to cut hard material
such as spring wire or hard rivets with the
combination pliers. To do so will spring the
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jaws; and if the jaws are sprung, it will be dif-
ficult thereafter to cut small wire with the
cutters.

WRENCH (VISE-GRIP} PLIERS

Vise-grip pliers {fig. 1-96), can be used for
holding objecte regardless of their shape. A
screw adjustment in one of the handles makes
them suitable for several different sizes. The
jaws of vise-grips may have standard serra-
tions such as the pliers just described or may
have a clamp-type jaw. The clamp-type jaws
are generally wide and smooth and are used
primarily when working with sheet metal.

Vise-grip pliers have an advantage over
other types of pliers in that you can clamp them
on an object and thev will stay. This will leave
your hands free for other work.

A craftsman usesthistool a number of ways.
it may be used as a clamp, speed wrench, port-
able vise, and for many other uses where a
locking, plier type jaw may be employed. These
pliers can be adjusted to various jaw openings
by turning the knurled adjusting screw at the
end of the handle fig. 1-96). Vise-grips can
be clamped and locked in position by pulling
the lever tcward the handie.

CAUTION: Vise-grip pliers should be used
with care since the teeth in the jaws tend to
damage the nbject on which they are clamped.
They should not be used on nuts, bolts, tube fit-
tings, or other chjects which must be reused.

WATER-PUMP PLIERS

Water-pump pliers were originally designed
for tightening or removing water pump packing
nuts, They were excellent for this job because
they have a jaw adjustableto seven different po-
sitions. Water-pump pliers (fig. 1-97) are
easily identified by their size, jaw teeth, and
adjustable slip joint. The inner surface of the
jaws consists of a series of coarseteeth formed
by deep grooves, a surface adapted to grasping
cylindrical objects.

CHANNEL-LOCK PLIERS

Channel-lock pliers (fig. 1-98) are another
version of water-pump pliers easily identified
by the extra long handles, which make them a
very powerful gripping tool. They are shaped
approximately the same as the pliers just
described, but the jaw opening adjustment is




Chapter 1--COMMON HANDTOOLS

effected differently., Channel-lock pliers have
grooves on one jaw and lands on the other. The
adiustwent is effacted by changing the position
of the grooves and lands. The Channel-lock
pliers are less likely to slip from the adjust-
ment setting when gripping an object. The
channel-lock pliers will only be used where it
ig impossible to¢ use a more adapted wrench or
holding device. Many nuts and bolts and sur-
rounding parts have been damaged by improper
use of channel-lock pliers.

DIAGONAL PLIERS

Diagonal cutting pliers (fig. 1-93) are used
for cutting small, }light maierial, such as wire
and cotter pins in areas which are inaccessible
to the larger cutting tools. Also, since they are
designed for cuiting only, larger objects can be
cut than with the slip-ioint pliers.

As the cutting edges are diagonally oifset
approximately 15 degrees, diagonal pliers are
adapted to cutting small objects flush with a
surface. The inner jaw surface is a diagonal
straight cutting edge. Diagonal pliers should
never e used to hold objects, because they ex-
erf 2 greater shearing force than other types of
pliers of a similar gize. The sizes of the di-
agonal cutting pliers are designated by the
overall length of the pliers.

SIDE-CUTTING PLIERS

Side-cutting pliers (sidecutters) are prin-
cipally used for holding, bending, and cutting
thin materials or small gage wire, Sidecutters
vary in size and are designated by their overall
length, The jaws are hollowed out on one side
just forward of the pivot point of the pliers.
Opposite the hollowed out portion of the jaws
are the cutting edges {fig. 1-93).

When holding or bending light metal surfaces,
the jaw tips are used tc grasp the object. When
holding wire grasp it as near one end as pos-
sible because the jaws wiil mar the wire. To
cut small diameter wire the side cutting edge
of the jaws near the pivot is used. Never use
sidecutters to grasp large objects, tighten nuts,
or bend heavy gage metal, since such operations
will spring the jaws.

Sidecutters are often called electrician or
lineman pliers. They are used extensively for
stripping insulation from wire and for fwisting
wire when making a splice.

1.21{44B)C
Figure 1-99,—Pliers. (A) Duckbill;
{B) needle nose; and {C) wirs
twister.

DUCKBILL PLIERS

Duckbill pliers (fig. 1-99A), have long wide
jaws and slender handles. Duckbills are used
in confined areas where the fingers cannot be
used. The jaw faces of the pliers are scored to
aid in holding an item securely, Duckbills are
ideal for twisting the safety wire used in secur-
ing nuts, bolts, and screws.

NEEDLE-NOSE PLIERS

Needle-nose pliers (fig. 1-99B), are used in
the same manner as duckbill pliers. However,
there is a difference in the design of the jaws.
Needle-nose jaws are tapered to a point which
makes them adapted to installing and removing
small cotter pins. They have serrations at the
nose end and a side cutter near the throat.
Needle-nose pliers may be used to hold small
items steady, (o cut and bend safety wire, or to
do numerous other jobs which are too intricate
or too diificult to be done by hand alone.

NCTE: Duckbil! and needle-nose pliers are
especially delicate, Care should be exercised
when using these pliers to prevent springing,
breaking, or chipping the jaws. Once these
pliersare damaged, theyare practically useless,

WIRE-TWISTER PLIERS

Wire-twister pliers (fig. 1-99C), are three-
way pliers, which hold, twist, and cut, They
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Figure 1-102,—=C-Clamp and handscrew clamp.
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Figure 1-103,—Shapes of sharpening stones and gilstones.

open the crimped portion of the head and re-
move the head from the ball end of the screw.
Replace with a new head and crimp.

SAFETY PRECAUTIONS

When closing the jaw of a vise or clamp,
avoid getting any portion of your hands or
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body 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 pre-
vent it from sliding down and falling on your
foot.,

Do not open the jaws of a vise beyond their
capacity, as the movable jaw will drop off,
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causing personal injury and possible damage
to the jaw.

SHARPENING STONES

Sharpening stones are divided into two
groups, natural and artificial, Some of the
natural stones are oil treated during and after
the manufacturing processes. The stones that
are oil treaied are sometimes called oilstones.
Artificial stones are normally made of silicone
carbide or aluminum oxide. Natural stoneshave
very fine graing and are excellent for putting
razorlike edges on fine cutting tools. Mosi
sharpening stones have one coarse and one fine
face. Some of these stones are mounted, and
the working face of some of the sharpening
stones is a combination of coarse and fine
grains. Stones are available in a vareity of
shapes, as shown in figure 1-103.

A fine cutting cil is generally used with most
artificial sharpening stones; however, other
lubricants such as kerosene may be used. When
a tool has been sharpensd on a grinder or
grindstone, there is usually a wire edge or a
feather edge left by the coarse wheel. The
sharpening stones are used to hone this wire or
feather edge off the cutting edge of the toocl. Do
not attempt to do a honing job with the wrong
stone. Use a coarse stone to sharpen large and
very dull or nicked tools. Use a medium grain
stone to sharpen tools not requiring a finished
edge, such as tools for working soft wood, cloth,
leather, and rubber, Use a fine stone and an
oilstone to sharpen and hone tools requiring a
razorlike edge.

Prevent glazing of sharpening stones by ap-
plying a light oil during the use of the stone.
Wipe the stone clean with wiping cloth or cotton
waste after each use. If stone becomes glazed
or gummed up, clean with agueous ammonia or
drycleaning solvent. W necessary, scour with
aluminum oxide abrasive cloth or flint paper
attached to a flat block.

At times, stones will bocome uneven from
improper use. True the uneven surfaces onan
old grinding wheel or on a grindstone. Another
method of truing the surface is to lap it with a
block of cast iron or other hard material cov-
ered with a waterproof abrasive paper, dipping
the stone in water at regular intervals and con-
tinuing the lapping until the stone is true.

Stones must be carefully stored in boxes or
on special racks when not in use. Never lay
them down on uneven surfaces or place them

CHISEL

STOME

AMAAPEM BEVE! OW £ CARSE SIDE /
QF STONE STROKE THISEL BACK

AND FORTH. REEP ANGLE CONSTANT. /7 r )

REMTVE BURE ON FINE SIDE
OQF STOMNE. KEEP FLAT SIDE
OF CHISEL DOWN.

z9.9N
Figure 1-104.—~Sharpening a
woodworker's chisel.

where they may be knocked »ff a table or bench,
or where heavy objects can fall on them. Do not
store in a hot place,

SHARPENING A WOOD CHISEL

To sharpen a wood chisel with a sharpening
stone, use a common oilstone that has coarse
grit on one side and fine grit on the other {fig.
1-104). Make sure the stone is firmly held so
that it cannot move, Cover the stone with a
light machine oil so that the fine particles of
steel ground off will flnat and thus prevent the
stone from clogging.

Hold the chisal in one hand with the bevel flat
against the coarse side of the stone. Use the
fingers of your other hand to steady the chisel
and hold itdown against the stone. Using smooth
even strokes, rub the chisel back and forth
parallel to the surface of the stone (fig. 5-18).
The entire surface of the stone should be used
to avoid wearing a hollow in the center of the
stone. Do not rock the blade, The angle of the
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44 .137
Figure 1-105,—Sharpening a pocket knife.

blade wi‘h the stone must remain constant dur-
ing the whetting process.

After a few strokes, a burr, wire edge, or
{feather edge is produced. To remove the burr,
first take a few strokes with the flat side of the
chisel held flat onthe fine grit side of the stone.
Be careful not to raise the chisel even slightly;
avoid putting the slightest bevel on the flat side,
for then the chisel must be ground until the
bevel is removed.

After whetting the flat side on the fine grit
side of the stone, turn the chisel over and place
the bevel side down and hold it at the same
angle as used when hetting on the coarse side
of the stone. Take two or three light strokes to
remove the burr.

To test the sharpness of the cutting edge,
hold the chisel where a gocod light will shine on
the cutting edge. A keen edge does not reflect
light in any position. I there are no shiny or
white spots it is a good edge.

SHARPENING A POCKET KNIFE

Pocket knives may be sharpened on a me-
diun, or fine grade sharpening stone with a few
drops of oil spread on the surface. Hold the
handle of the knife in one hand and place the
blade across the stone. Press duwn with the
fingers of the other hand and stroke the blade
following a circular motion as shown in figure
1-105, After several strokes, reverse the
blade and stroke the opposite side, following the
same type oi motion. Use a light even pres-
sure. A thin blade overheats guickly and can
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44,210
Figure 1-108.~Knives.

lose its temper. The wire edge or burr that

1ay be left on a knife blade after whetting may
be removed by stropping both sides on a soft
wood block, canvas or leather.

MISCELLANEOUS TOOLS

Tools described in this section may be en-
countered at some time in your Navy career.
They may not necessarily be found in any par-
ticular toolkit but may be stored in a central
toolroom, to be checked out when needed. This
section of the text will give you some tips on
their nomenclature, where and how they can be
used, and some safety precautions to be ob-
served when using these tools.

KNIVES

Most knives are used to cut, pare, and trim
wood, leather, rubber and other similar mate~
rials. The types you will probably encounter
most frequently are the shop knife, pocket knife,
and the putty knife {fig. i-i06).

The shop knife can be used to cut cardboard,
linoleum, and paper. It has an aluminum han-
dle and is furnished with interchangeable blades
stored in the 5-inch handle.

Pocket knives are used for light cutting,
sharpening pencils, cutting strings, etc. They
are unsuited for heavy work. Multi-purpose
knives have an assortment of blades designed
for forcing holes, driving screws and opening
cans, as well as cutting, The blades are hinged
and should be contained within the case when
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not in use. They are spring loaded to keep them
firmly in place when open or closed.

A putiy knife is used for applying putty to
window sash when setting in panes of glass.
The biade has a wide square point available in
different lengths and widths.

Safety with knives is essential. Do not use
knives larger than can be safely handled, Use
knives only for the purpose for which they were
designed. Always cut away irom your hody.
Do not carry open knives in your pocket or
leave them where they may come into contact
with or cause injury to others. Put knives away
carefully after use to protect sharp cutting
edges from convacting other hard objects,

MECHANICAL FINGERS

Smalj articles which have fallen intc places
where they cannot be reached by hand may be
reirieved with the mechanical {fingers. This
tool is also used when starting nuts or bells in
difficult areas. The mechanical fingers, shown
in figure 1-107 have a tube containing flat
springs which extend from the end of the tube
to form clawlike fingers, much like the screw
holder. The springs are aitached to a rod that
extends from the outer end of the tube. A plate
is attached to the end of the tube, and a similar
plate to be pressed by the thumb is attached to
the end of the rod. A coil spring placed around
the rud between the two plates holds them apart
and retracts the fingers into the tube. With the
bottom plate grasped between the fingers and
enough thumb pressure applied to the top plate
to compress the spring, the tool fingers extend
from the tube in a grasping position. When the
thumb pressure is released, the tool fingers
retract into the tube as far as the object they
hotd will allow. Thus, enough pressure is ap-
plied on the object to hold it securely. Some
mechanical fingers have a flexible end on the
tube to permit their use in close quarters or
around obstructions (fig. 1-107).

KROTE: Mechanical fingers should not be
used as a substitute for wrenches or pliers.
The fingers are made of thin sheet metal or
spring wire and can be easily damaged by
overloading.

Flashlight

Each toolbox should have a standard Navy
vaporproof two-cell flashlight, The flashlight
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Figure 1-107.—Mechanical fingers.

is used constantly during all phases of main-
tenance. Installed in both ends of the flashlight
are rubber seals which keep out all vapors.
The flashlight should be inspected periodically
for the installation of these seals, the spare
bulb, and colored filters which are contained in
the end cap. NOTE: Do not throw away the
filters; they will be necessary during night
operations.
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44.212
Figure 1-108.—Adjustable inspection
mirror.

INSPECTION MIRROR

There are several types of inspection mir-
rors available for use in maintenance. The
mirror is issued in 3 variety of sizes and may
be round or rectangular. The mirror is con-
nected to the end of a rod and may be fixed or
adjustable (fig. I-108}.

The inspection mirror aids in making de~
tailed inspection where the buman eye cannot
directly see the inspection area. By angling the
mirror, and with the aid of a flashlight, it is
possible to inspect most required areas. A late

model ipnspection mirrer features a built-in
iight to aid in viewing those dark places where
use of a flasilicht is not convenient.

PERSONAL SAFETY EQUIPMENT

To protect you from danger, protective
equipment such as safety shoes, goggles, hard
hats and gloves are issued. The use of this
equipment is mandatory on certain jobs. Their
use is a MUST and there is no question about
that, Be sure to USE THEM on any job WHERE
they are REQUIRED, They can protect you
irom a lot of harm.

SAFETY SHOES

Some safety shoes are designed to limit
damage to your toces from falling objects. A
steel plate is placed in the toe area of such
shoes so that your teoes are not crushed if an
object impacts chere.

Other safety shoes are designed for use
where danger from sparking could cause an
explosion. Such danger is minimized by elimi-
nation of all metallic nails and eyelets and
the use of soles which do not cause static
electricity.

HEADBAND

CLEAR PLASTIC

25,200

Figure 1-109.—Eye protection devices.
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28.201
Figure 1-110.~Gas and electric-arc
welding gauntlet gloves.

BODY BELT SAFETY STRAP

29,239.1
Figure 1-111.—Safety egaipment.

GOGGLES

Proper eye protection is the utmost im-
portance for all perszonnel. LEye protection is
necessary because of hazards posed by infrared
and ultraviclet radiation, or by flying objects
such as sparks, globules of molten metal, or
chipped concrete and wood, etc. These hazards
are everpresent during welding, cutting, solder-
ing, chipping, grinding and a variety of other
operations. It is IMPERATIVE for you to use
eye protection devices such as helmets, hand-
shields and goggies (fig. 1-109} during eye-
hazard operations.

Appropriate use of gopgles will limit eye
hazards. Some goggles have plastic windows
which resist shattering upon impact. Others

26.203

Figure 1-112.—Hard hat.

are designed to limit harmful infrared and ul-
traviciet radiation from arcs or flames by ap-
propriate filter lenses,

Remember,eye damage canbe excruciatingly
painfui. PROTECT YOUR EYES,

GLOVES

Use gloves whenever you are required to
handle rough, scaly, or splintery objects. Spe-
cial flameproof gloves are designed for gas and
electric welding, to limit danger and damage
from sparks and other hot flying objects (fig.
1-110). Personnel in the electrical fields are
usually required to wear insulating rubber
gloves.

Be sure to follow all regulations prescribed
for the use of gloves. Gloves must not be worn
around rotating machinery unless sharp or
rough material is being handled. If such is the
case, EXTREME CARE SHOULD BE EXER-
CISED to prevent the gloves from being caught
in the machinery.

SAFETY BELTS AND STRAPS
The "safety strap' and "body belt” shown in
figure 1-111 are what might be called your ex-

tra hands when you work aloft. The body belt,
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strapped around your waist contains various
pockets for small tools. The safety strap isa
leather or neoprene impregnated nylon belt with
a tongue-type buckle at each end, While you are
climbing you will have the safety strap hanging
by both ends from the left ring (called a "D"
ring because of its shape) on the body belt.
When you are at working position, you unsnap
one end of the safety strap, pass it around the
supporting structure so there is no danger of
its slipping (at least 18 inches from the top of
the part on which it is fastened), and hook it to
the richt "D" ring on the body belt.

The safety strap must be placed around a
part of the structure which is of sufficient
strength to sustain a man's weight and his
equipment, and must rest flat against the sur-
face without twists or turns. It must not be
placed around any part of a structure which is
being removed. Men climbing poles at shore
stations must be sure to place the straps be-
neath arms and braces of the poles, wherever
possible.

Before placing your weight on the strap, de-
termine VISUALLY that the snmap and "D ring
are properly engaged. Do not rely on the
"elick” of the snap-tongue as an indication the
fastening is secure.

The body belt and safety strap require in-
spection before use. Look for loose or broken
rivets, cracks, cuts, nicks, tears or wear in
leather, broken or otherwise defective buckles,
such as enlarged tongue-holes, defects in
safety-belt snap hooks and body belt "D" rings.
If you discover any of these or other defects,
turn in your equipment and replace it.

Perform maintenance periodically in ac-
cordance with applicable procedures. Remem-
ber thal leather and nylon belts are treated in
different manners.

PROTECTIVE HELMETS

Protective helmets (hard hats} come in a
variety of shapes. They may be made of tough
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polyethylene or polycarbonate, one of the
toughest hat materials yet developed. Many a
man has had his life saved because he wore a
protective hat (fig. 1-112). When a falling
object stru~k the hat the shock-absorbing sus-
pension capabilities minimized damage to the
mai:'s head.

Regolar liard hats are required to have a
degree of insulation resistance such that per-
sonnel, other than electrical, may be protected
from accidental head contacts with electrical
circuits and equipment at comparatively low
voltages (less than 2200 volts).

Electrical workers requiring head protec-
fion incidental to their duties or to the working
environment, particularly those engaged in
transmission or distribution line installation
and repair must wear insulating safety helmets
or all-purpose protective heimets which must
be capable of withstanding 20,000 volt minimum
proof-tests.

BUILT-IN SAFETY
EQUIPMENT

In previous paragraphs we discussed a va-
riety of safety equipment furnished by the
Navy. Don't forget about your own built-in
safety equipment, however, )

You have EYES to see danger, EARS to hear
warnings, FEET to get away, BRAINS to know
when danger is near, HANDS to help you re-
move or correct unsafe conditions,and a VOICE
to warn your shipmates of unsafe acts. Use
this safety equipment advantageously to limit
accidents.

Above all, remember your ABC's.

ALWAYS
BE

CAREFUL




CHAPTER 2
COMMON POWER TOOLS

Power tools are so commonplace in the Navy
that men in all ratings use some power tools at
one time or another. This chapter of the text
will be devoted to the more common types of
electric and air-driven power tools and equip-
ment. Upon completion, you should be able to
identify them, discuss applicable safety meas-
ures, and describe the general operating prac-
tices and care of these tools.

SAFETY

Safe practices in the use of power tools can-
not be overcmphasized. There are several
general safety measures to observe in operat-
ing or maintaining power equipment.

e First of all, never operate power equip-
ment unless you are thoroughly familiar with
its controls and cperating procedures. When in
doubt, consuli the appropriate operating in-
struction or ask someone who knows.

e All portable tools should be inspected be-
fore use to see that they are clean and in a
proper state of repair.

e Have ample illumination. If extension
lights are required, ensure that a light guard is
provided {fig. 2-1).

o Before a power tool is connected to a
source of power (electricity, air, etc.), BE
SURE that the switch onthe tool is inthe "OFF"
position.

© When operating a power tool, give it your
FULL and UNDIVIDED ATTENTION.

¢ Keep all safety guards in position and use
safety shields or goggles when necessary,

¢ Fasten all loose sleeves and aprons.

s DO NOT DISTRACT OR IN ANY WAY
DISTURB another man while he is aperating a
power tool.

® Never try to clear jammed machinery un-
less you remove the source of power first.

e After using a power tool, turn off the
power, remove the power source, wait for all
rotation of the tool to stop, aud then clean the
tool. Remove all waste and scraps from the

o1

work area and stow the tool in its assigned
locatiocn.

& Never plug the power cord of a portable
eleciric tool into an electrical power socurce
before ensuring that the source has the voltage
and type of current (alternating or direct) called
for on the nameplate of the tool.

o If an extension cord is required, always
connect the cord of a portable electric power
tool into the extension cord before the exten-
sion cord is inserted into 2 convenience outlet
{fig. 2-2). Always unplug the extension cord
from the receptacle before the cord of the port-
able power tool is unplugged from the extension
cord. (The extension cord and the power cord
can each be no longer than 25 feet in length.
Extra extension cords should be limited, wher-
ever possible, to maintain allowable resistance
to ground.)

Figure 2-1,--Safety poster.

40,6T(6TB)A
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J

USE THE CORRECT PLUG !

SAFETY
GROUND
PIN

MAKE CERTAIN THAT THE TOOLS
YOU USE HAVE A SAFETY PLUG
AND CORD WITH INTEGRAL
GROUNDING CONDUCTOR.

GROUNDING BLADE

Figure 2-2.—Grounding plugs and
convenience outlet. 40.67(67C)4:5.13

#» Be sure to use a grounded plug and 3-
cinductor cord. Figure 2-2 shows a perma-
nently molded type of groundedplug and also one
used ior replacement purposes.
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The purpose of the properly grounded con-
ductor in the 3-conductor cord is to minimize
the possibitity of electrical shock. The end of
the grounding conductor withinthe tool or equip-
mernt is connected to the metal housing by the
manufacturer, and the other end is connected
to the grounding blade or pin of the grounded
plug. In this manner, the grounding cenductor
gsimulates tite mounting bolts of permanent
equipment; namely, it joins the metal case of
portable electric equipment to the metal of the
ship's hull.

One exception to the use of 3-conductor
grounded cord concerns plastic-cased tools
(drills, sanders, grinders, ete.) that have been
developed to eliminate the risk of electric
shock. In these tools the shafts and chucks are
isolated electrically from the drive meotors. DO
NOT replace the two-conductor cable on plastic-
cased tools with 3-conductor cable IF the
plastic-cased tool has an information plate on it
stating that "grounding {s not required”!

e Be sure that power cords do not come in
contact with sharp objects. The cords should
not be allowed to kink, nor should they be al-
lowed to come in contact with oil, . ~ease, hot
surfaces, or chemicals.

® When cords are damaged, they should be
replaced.

¢ Portable cables should be of sufficient
length that they will not be subjected to longi-
tudinal stresses or need to be pulled taut to
make connections.

e Electrical portable cables should be
checked frequently while in service to detect
unusual heating. Any cable which feels more
than comfortably warm to the bare hand placed
outside the insulation should be checked im-
mediately for overloading by competent electri-
cal personnel.

e See that all cables are positioned so that
they will not constitute tripping hazards.

# Electricity must be treated with respect
and handled properly (fig. 2-3). I water ex-
ists anywheie in the vicinity of energized
equipment—be especially cautions, and wher-
ever possible, deenergize the equipment,

» Always remember:

1. ELECTRICITY strikes without warning.

2, Every electrical circuit is a POTEN-
TIAL SOURCE OF DANGER and MUST
BE TREATED AS SUCH.

3. Make no electrical repairs yourself
unless you are qualified to do so.
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Figure 2-3.—Know what you are doing.

4, Sparkingelectric tools should never be
used in places where {flammable gases
or liquids or exposed explosives are
present, Pneumatic tools are used in
these areas.

5. The power should always be discon-
nected before accessories on tools are
changed.

e Shipboardconditions are particularly con-
ducive to electric shock possibilities because
the body may contact the ship's metal struc-
ture, Extra care is therefore needed, espe-
cially when body resistance may be low because
of perspiraticn or damp clothing. Insulate your-
self from ground by means of insulating ma-
terial covering any adjacent grounded metal
with which you might come into contact. Suit-
able materials include dry wood, dry canvas,
dry phenolic material, several thicknesses of
dry paper, or rubber mats. ALWAYS REPORT
ANY SHOCK RECEIVED from electrical equip-
ment. Minor shocks cften lead to fatal shocks
later on.

PORTABLE ELECTRIC POWER TOGOLS

Portable power tools are tools that can be
moved from place to place. Some of the most
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Figure 2-4.—1/4-inch portable electric drill.

commen portable power tools that you will use
in the Navy are electrically powered and include
drills, sanders, grinders and saws.

DRILLS

The portable electric drill {fig. 2-4) is prob-
ably the most {requently used power tool in the
Navy, Althoupgh it is especially designed for
driiling holes, by adding various accessories
vou can adapt it for different jobs. Sanding,
sawing, buffing, polishing, screw-driving, wire
brushing,and paint mixing are examples of pos-
sible uses.

Portable electric drills commonly used in
the Navy have capacities for drilling holes in
steel from 1/16 inch up to 1 inch in diameter,
The sizes of portable electric drills are classi-
fied by the maximum szize straight shank drill
it will hold, That is, a 1/4 inch electric drill
will hold a straight shank drill up {6 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 in-
crease in size, primarily because the larger
units are designed to turn larger cutting tools
or to drill in heavy materials, and both these
factor s 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 witha 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
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Figure 2-5.—Three jaw chuck
and chuck key.
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Figure 2-6.—Portable electric sander.

are equipped with a three-jaw chuck. Some of
the drill motors have a hand-type chuck that
you tighten or loosen by hand but most of the
drills used in the Navy have gear-type, three-
jaw chucks which are tightened anc lovzened by
means of a chuck key, shown in ligure 2-5, Do
not apply further pressure with pliers or
wrenches after you hand tighten the chuck with
the chuck key.

Always remove the kev IMMEDIATELY after
you use it, Otherwise the key will fly loose
when the drill motor is started and may cause
serious injury to you or one of your shipmates.
The chuck kev is generally taped on the cord of
the drill; but if it is not, make sure you put it
in a safe place where it will not get lost.

All portable electric drills used in the Navy
have controls similar to the ones shown on the
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Figure 2-7.—Portable belt sander.

1/4-inch drill in figure 2-4. Thig drill has a
mo mentary contact trigger switch located in the
handle. The switch is squeezed to start the
electric drill and released te stop it.

The trigger latch is a button in the bottom of
the drill handle. It is pushed in, while the
switch tripger is held down, to lock the trigger
switch in the “"C™I'' positicn. The trigger latch
is released by squeezing and then releasing the
switch trigger.

SANDERS

Portabie sanders afe tools designed {o hold
and operate abragives for sanding wood, plas-
tics and metals. The most common types found
in the Navy are the DISK, BELT, and RECIP-
ROCATING ORBITAL sanders.

Disk Sander

Electric disk sanders (fig. 2-6) are espe-
cially useful on work where a large amount of
material is to be removed quickly such as scal-
ing surfaces in preparation for painting. This
machine, however, must not be used where a
mirror smooth finish is required.

The disk should be moved smoothly and
lightly over the surface. Never allow the disk
to stay in one place too long because it will cut
into the metal and leave a large depression.
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Bel: Sander

The belt sander {fig. 2-7) is commonly used
for surfacing lumber used for interior trim,
furniture, or cabinets. Wood floors are almost
always made ready for final {inishing by using
a belt sander. Whereas these types of sanding
operations were once laborious and time-
consumiing, it is now possible to perform the
cperations quickly and accurately with less
effort.

The portable belt sanders use endless sand-
ing belts that can be obtained in many different
grades (grits). The belts are usually 2, 3, or 4
inches wide and can be easily changed whenthey
become worn or when yvou want to use a differ-
ent grade of sanding paper.

The first thing {o do when preparing to use
the sander is {v be sure that the object to be
sanded is firmly secur?d. Then, after the
motor has been started verify that the beit is
tracking on center. Any adjustment o make it
track centrally is wusupally made by aligning
SCrews.

The moving belt is then placed on the sur-
face of the object to be sanded with the rear
part of the belt touching first. The machine is
then leveled as it is moved forward. When you
use the sander, don't press down or "ride" it,
because the weight of the machine exerts enough
pressure for proper cutting, (Excessive
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Figure 2-8,—0Orbital sander,

pressure also causes the abrasive belt to clog
and the motor to overheat). Adiust the machine
over the surface with overlapping strokes, al-
ways in a direction parallel to the grain.

By working over a fairly wide area, and
avoiding any machine tilting or pausing inany
one spot, an even surface will result. Upon
completion of the sanding process, Iift the ma-
chine off the work and then stop the motor.

Some types of sanders are provided with a
bag that takes up the dust that ig produced, Use
it if available.

Crbital Sander

The orbital sander {{ig. 2-8) is so named be-
cause of the action of the sanding pad. The pad
moves in a tiny orbit, with a motion that is
hardly discernible, so that it actually sands in

......... Thig mofion is so small and so
fast that, with fine paper mounted on the pad, it
is nearly impossible to see any scraiches on
the finished suriace.

The pad, around which the abrasive sheet is
wrapped, usually extends beyond the frame of
the machine so it is possible to work in tight
corners and against vertical surfaces.

Some models of the orbital sanders have a
bag attached to catch zll dust that is made from
the sanding operation. Orbital sanders (pad
sanders) do nof remove as much material as
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Figure 2-2,—Portable grinder.

fast as the belt sander or disk sander butdoe a
better job on smoothing a surface for finishing.
If both a belt or disk sander and an orbital
sander are available you should use the belt or
disk sander f{or rough,preliminary work and the
orbital sander for finishing. The sandpaper
used on the sander may be cut to size from a
buik sheet of paper or may be available in the
correct sizefor the sander you have, The paper
is wrapped around a pad on the sander and is
fastened to the pad by means of levers on the
front and rear of the sander. The lever action
fasteners make changing the paper easy and
quick.

PORTABLE GRINDERS

Portable grinders are power tools that are
used for rough grinding and finishing of metal-
lic surfaces. They are made in several sizes;
however, the one used most in the Navy uses a
grinding wheel with a maximum diameter of 6
inches. (See fig. 2-9.)

The abrasive wheels are easily replaceable
grain size and grades of
abrasives can be used for the 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 in-
valuable for grinding surfaces in hard to reach
places.
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Figure 2-10,.—Portable electric
circular saw.

The wheel guard on the grinder should be
positioned 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.

PORTABLE CIRCULAR SAW

The portable circular saw is becoming more
and more popular as a woodworking tool be-
cause of the time and labor it saves, the pre-
cision with which it works, and its ease of han-
dling and maneuverability.

Because of the many types of portable cir-
cular saws in the Navy supply system, and the
changes being made inthe design of these saws,
only generz! information wiil be given in this
section. Information concerning a particular
saw can be found by checking the manufacturer's
manual,

The sizes of portable electric saws range
from one-sixth horsepower with a 4-inch blade
to one-and-ohe half horsepower with a 14-inch
blade. They are so constructed that they may
be used as a carpenter's handsaw, both at the
job site or on a bench in the woodworking shop.
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The portable electric saw (fig. 2-10) is
started by pressing a trigger inserted in the
handle and stopped by releasing it. The saw
will run only when uhe trigger is held.

Most saws may be adjusted for cross-
cutting or for ripping. The ripsaw guide shown
in figure 2-10 is adjusted by the two small
knuried nuts at the base of the saw. When the
guide is inserted in the rip gaide slot to the de-
sired dimensions, the nuts are then tightened to
hold it

In crosscutting, a cguideline is generally
marked across the board to be cut, Place the
front of the saw base on the work so that the
cuide mark on the front plate and the guide line
on the work are aligned. Be sure the blade is
clear of the work. Start the saw and allow the
cutting blade to attain [ull speed., Then advance
the saw, keeping the guide mark amd guide line
aligned. If the saw stalls, back the saw out,
DO NOT RELEASE the starting trigger. When
the saw resumes cutting speed, start cutting
apgain,

Additional adjustments include a depth knob
and a bevel thumbscirew. The depth of the cut
iz regulated by adjusting the depth knob. The
bevel adjusting thumbscrew is used for adjust-
ing ihe angle of the cut. This permits the bage
to be tilted isi retation to the saw. The gradu-
ated scale marked in deerees on the quadrant
(fig. 2-10) enables the operator to measure his
adjusiments and angles of cut.

The bottom plate of the saw is wide enough
to provide the saw with a firm support on the
lumber being cut. The blade of the saw is pro-
tected by a spring guard which opens when
lumber is being cut but snaps back into place
when the cut is finished. Many different saw
blades maybe placed on the machine for special
kinds of sawing. By changing blades almost any
building mafterial from slate and corrugated
metal sheets to fiberglass can be cut.

To change saw blades, first disconnect the
power. Remove the blade by taking off the saw
clamp screw and flange, using the wrench pro-
vided for this purpose. Attach the new saw
blade making certainthe teeth are in the proper
cutting direction (pointing upward toward the
front of the saw) and tighten the flange and
ciamp screw with the wrench.

CAUTION: Do not put the saw blade on back-
wards; most blades have instructions stamped
on them with the werds "This Side Out."”

THE PORTABLE ELECTRIC SAW IS ONE
OF THE MOST DANGERCUS POWER TOOLS

firmly in nlace
irmiy in pl
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Figure 2-1i.—8Saker.nr kayonet
saw operaiions.

IN EXISTENCE WHEN IT IS NOT PROPERLY
USED. Make sure the board you are sawing is
properly secured so it will not slip or turn.
After making 2 cut be sure the saw blade has
come to a standstill beiorelaying the saw down.

.When using an electric saw remember that
all the blade you can normally see is covered;
the portion of the blade that projects under the
board being cut is not covered. The exposed
teeth under the work are dangerous and can
cause serious injury if any part of your body
shouid come into contact with them.

Make sure the blade of a poriable circular
saw is kept sharp at all times. The saw blade
will function most efficiently when the rate of
feed matches the blade's capacity to cut. You
will not have to figure this out—you will be able
to feel it, With a little practice you will know
when the cut is smooth and you will know when
you are forcing it. Let the blade do its own
cutting. The tool will last longer and you will
work easier because it is less fatiguing.




TOOLS AND THEIR USES

REVERSING RING

HANDLE g~ i

FLEXIBLE CORD

Figure 2-12.—Reversible electric impact wrench.

SABER SAW

The saber saw (fig. 2-11) is a power driven
jigsaw that will let you cut smooth and decora-
tive curves in wood and light metal. Most
saber saws are light duty machines and are not
designed for extremely fast cutting.

There are several different blades designed
to operate 1n the saber saw and they are easily
interchangeable. For fast cutting of wocd, a
blade with coarse tzeth may be used. A blade
with fine teeth is designed for cutting metal.

The best way to learn how to handle this type
of tool is to use it. Before trying to do a fin-
ished job with the saber saw, clamp down a
piece of scrap nlywood and draw some curved
as well as straignt lines to follow. You will de-
velop your own way of gripping the tool, and
this will be affected somewhat by the particular
tool you are using. On some tools, for exam-
ple, you will find guiding easier if you apply
some downward pressure on the tgol 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

BRUSH HOLDER COVER

oM AND OFF
’ TRIGGER SwITCH

68

MOTOR HOUSING

GEAR HDUSING

|
SOCKET

RETAINER

IWPACT DRIVING ANVIL

CLUTCH HOUSING

44,53

cutting faster than the design of the blade al-
lows or you will break the blade,

ELECTRIC IMPACT WRENCH

The electric impact wrench (fig. 2-12) is a
portable hand-type reversible wrench. The one
shown has a 1/2-inch square impact driving

can be fitted. Wrenches also can be obtained
that have impact driving anvils ranging from
3/8 inch to 1inch. The driving anvils are not
interchangeable, however, from one wrench to
another.

The electric wrench with its accompanying
equipment is primarily intended ifor appiying
and removing nuts, bolts, and screws. It may
also be used to drili and tap metal, wood, plas-
tics, etc., and drive and remove socket-head,
Phillips-head, or slotted-head wood, machine,
or gelf-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,
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Fipure 2-13.-—-Pneumatic chipping hammer.

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 bythe current direction of
rotation), Depress the on-and-off trigger again
to start the eleciric 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 iea-
tures are functioning correctly. When you are
sure the wrench operates properly, place the
suitable equipment on the impact driving anvil
and go ahead with the job at hand.

PORTABLE PNEUMATIC
POWER TOOLS

Portable pneumatic power tools are¢ tools
that look much the same aselectric power toocls
but use the energy of compressed air instead of
electricity. Because of the limited outlets for
compressed air aboard ship and shore stations,
the use of pneumatic power tools is not as wide-
spread as electric tools. Portable pneumatic
tools are used most around a shop where com-
pressed air outlets are readily accessible.
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SAFETY

In operating or maintaining air-driven tcols,
take the following precautionary measures to
protect yourself and others from the damaging
effects of compressed air,

e Inspect the air hose for cracks or other
defects; replace the hose if found defective.

& Before connecting an air hose to the com-
pressed air outlet, open the control valve mo-
mentarily. Then, make sure the hose is clear
of water and other foreign material by connect-
ing it to the putlet and again opening the valve
momentarily.

CAUTION: Before opening the control valve,
see that nearby personnel are not in the path of
the air flow. Never point the hose at another
person.

@ Stop the flow of air to a pneumatic tool by
closing the control valve at the compressed air
outlet before connecting, disconnecting, adjust-
ing, or repairing a pneumatic tool.
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Figure 2-14,Needle impact scaler.

3,209
Figure 2-15.—Rotary impact scaler,

PNEUMATIC CHIPPING HAMMER

The pneumatic chipping hammer (fig. 2-13)
consists basically of a steel piston which is
reciprocated {moved backward and forward al-
ternately) 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 bya valve lo~
cated on the rear end of the barrel. Located on
the rear end of the barrel is a grip handle, con-
taining a throttle valve,

The throttle valve is actuated by a throttle
lever which protrudes from the upper rear of
the grip handle for thumb operation. Projecting
from the butt of the handle is an air inlet. The
handle is threaded onto the barrel and is pre-
vented from unscrewing by a locking ring. Sur-
rounding and retaining the locking ripng is an

14,214X

exhaust deftector. This deflector may be lo-
cated s any of four positions around the barrel
in order to throw the stream of exhaust air in
the desired direction.

The pneumatic hammer may be used for
beveling, calking or bdading operations, and for
drilling in brick, concrete, and other masonry.

Chipping hammers should not be operated
without safety goggles and all other persons in
the immediate vicinity of the work should wear
goggles.

While working never point the chipping ham-
mer in such a direction that other personnel
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 lu-
bricating oil about every 6 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 off on
the throttle lever to reduce the intensity of the
blows. This will avoid any possibility of the
chip or tool flying.

If for any reasonyou have to lay the chipping
hammer down, always remove the attachment
tool from the nozzle. Should the chipping ham-
mer be accidentally started when the tool is
free, the blow of the piston will drive the tool
out of the nozzle with great force and maydam-
age equipment or injure personnel.

NEEDLE AND ROTARY
IMPACT SCALERS

Needle and rotary scalers (figs. 2-14 and
2-15) 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 anything in their

T0

path. Avoid getting the power line or any part
of your body in their way.
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Figure 2-16.—Needle scaler operations.

Needle scalers accomplish their task with an
assembly of individual needles impacting on a
surface hundreds of times a minute. The ad-
vantage of using individual needles is that ir-
regular surfaces can be cleaned readily. See
the operations and how the needle scaler self-
adjusts to the contour of various surfaces in
figure 2-16.

The rotary scaling and chipping tool, some-
times called a "jitterbug," has a bundle of cut-
ters or chippers for scaling or chipping (fig.
2-15), In use, the tool is pushed along the sur-
face to be scaled and the rotating chippers do
the work. Replacement bundles of cutters are
available when the old ones are worn.

BE SURE YOU ARE NOT DAYDREAMING
when you use the rotary scaler.

PORTABLE PNEUMATIC
IMPACT WRENCH

The portable pneumatic impact wrench (fig.
2-17) 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 sccket lock which provides positive
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locking of the socket wrenches or attachments.
The wrench has a built-in oil reservoir and an
adjustable air valve regulator which adjusts the
torque output of the wrench. The torgue regula-
tor reduces the possibility of shearing or dam-
aging threads when installing nuts and bolts to
their required tension.

Nearly all pneumatic wrenches operate most
efficiently on an air pressure range of 80 to 50
psi. A variation in excess of plus or minus 5
pounds is serious. 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
pneumatic wrench provides the meansior start-
ing 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 go 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
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Figure 2-17.—Portable pneumatic impact wrench,

valve stem to indicate the forward (clockwise)
and reverse {counterclockwise) rotation of the
anvil, To change from forward to reverse ro-
tation, or vice versa, turn the valve stem 180°
until the desired 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 under side of the valve
stem, preventing accidentzl turning of the stem.

The air valve regulator is located at the bot-
tom and towards the rear of the wrench, Using
a gerewdriver andaltering the setting of the air
regulator up to 90°, either to the right or leit,
reduces the torque from full power to zero
power.

Before operating the pneumatic impact
wrench make sure the socket or other attach-
ment you are using is properly secured to the
anvil. It is always a good idea to operate the
wrench free of load in both forward and re-
verse directions to see that it operates prop-
erly. Check the installation of the air hose to
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make sure it is in accordance with the manu-
facturer’s recommendation.

COMMON POWER MACHINE TGCOLS

Small power machine tools are, generally
speaking, not portable. All work that is to be
done must be brought to the shop where the
machine is set up, Only the most common types
of power machine tools will be discussed in this
chapter. The drill press and the bench grinder
may be found in several shops aboard ship or
on shore stations. They are tools that are not
confined to operation by men of any one par-
ticular rating but may be used by men of sev-
eral ratings.

DRILL PRESS
The drill press {fig. 2-18) is an electrically

operated power machine that was originally de-
sipned as a metal-working tool. Available
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Figure 2-18.—-Drill press. 4,29

accessories, plus jigs and special techniques,
now make it a versatile wood-working tool as
well.

There are two basic types of drill presses
used in the Navy; the bench-type and the
upright-type. These are basically the same,
the difference being in the mounting. As the
names suggest, the bench-type drill press is
mounted on a work bench and the upright-type
drill press is mounted on a rsedestal on the
floor.

Drill presses are manufac-ured in a number
of sizes. Only the small size drill press will
be discussed in this text. The drill presses
most commonly found in shops in the Navy have
a ¢apacity to drill holes in metal up to 1 inch in
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diameter. The driving motors range in size
from 1/3 hpto 3 hp.

The motor is mounted to a bracket at the
rear of the head assembly and designed to
permit V-belt changing for desired spindie
speed without removing the motor from its
mounting bracket., Four spindle speeds are
obtained by locating the V-belt on any one of
the four steps of the spindle-driven and motor-
driven pulleys.

The controls of drill presses are all similar.
The terms "righi” and "left" are relative to the
operator's positior standing in front of and
facing the drill press. Forward applies to
movement toward the operator. Rearward ap-
plies to movement away from the operator.

The power switch (fig. 2-18} is located on
the right side of the head assembly. The power
cord is placed in the power receptacle and the
motor started by placing the switch in the "ON"
position.

The spindle and quill feed handle (fig. 2-19)
is located on the lower right-front side of the
head assembly., Pulling forward and down on
any one of the three spindle and quill feed
handles, which point upward at the time, moves
the spindle and quill assembly downward. Re-
lease the feed handle and the spindle and quill
assembly will return fo the retracied or upper
position by spring action.

The quiil lock handle {fig. 2-20) enables the
drill press to be used as a milling tcol and is
located at the lower left-front side of the head
assembly., Turn the quill lock handle clock-
wise to lock the quill at a desired operating
position. Release the quill by turning the quill
lock handle counterclockwise. However, in
most cases, the gquill lock handle will be in the
released position.

The head lock handle {fig. 2-20) is located at
the left-rear side of the head assembly. Turn
the head lock handie clockwise to lock the head
assembly at a desired vertical height on the
bench column, Turn the headlock handle coun-
terclockwise to release the head assembly.
When operating the drill press, the head lock
handle must be tight at all times.

The head collar support lock handle ({fig.
2-19) is located at the right side of the head
collar support and below the head assembly.
The handle locks the head collar support, which
secures the head vertically on the bench col-
umn, and prevents the head from dropping when
the head lock handle is released. Turn the head
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Figure 2-19.—Drill press controis—right side view.

collar support lock handle clockwise to lock
the support to the bench column and counter-
clockwise to release the support. When op-
erating the drill press, the head collar support
loek handle must be tight at all times.

The tilting table lock handle (fig. 2-19) is
located at the left-rear side of the tilting table
bracket. Turn the tilting table lock handle
counterclockwise to release the tilting table
bracket s¢ it can be moved up and down or
around the bench colurn, Lock the tilting tabie
assembly at desired height by turning the lock
handie clockwise. When operating the drill
press, the tilting table lock handle must be
tight at all times.

The tilting table lockpin (S, fig. 2-21} is lo-
cated below the tilting tabie assembly (T, fig.
2-21). The lockpin secures the table at a hori-
zontal or 45° left or right from the horizontal
position. To tilt the table left or right from its
horizontal position, remove the lockpin and turn
the tabie to align the lockpin holes. Insert the
lockpin through the table and bracket holes
after desired position is obtained.
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The depth gage rod adjusting and locknuts
(BB and CC, fig. 2-21}) are located on the depth
gage rod (Z, fig. 2-21), The purpose of the
adjusting and locknuts isto regulate depth drill-
ing. Turn the adjusting and locknut clockwise
to decreage the dcwnward travel of the spindle.
The locknut must be securedagainst the adjust-
ing nut when operating the drill press.

When operating a drill press make sure the
drill is properly secured in the chuck and that
the work you are drilling is properly secured in
position. Do not remove the work from the
tilting table ¢r mounting device until the drill
press has stopped.

Operate the spindle and quill and feed han-
dles with a slow, steady pressure, If too much
pressure is applied, the V-belt may slip in the
pulleys, the twist drill may break, or the start-
ing switch in the motor may open and stop the
drill press. K the motor should stop because of
overheating, the contacts of the starting switch
wili remain open long enough for the motor to
cool,then automatically close to resume normal
operation, Always turn the toggle switch to
"OFF'" position while the motor is cooling.
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SPINDLE AND GUiILL
RETURN SPRING HOUSING

QUL LOCK HANDLE

MD QUILL RETUR
SPRING RATCHET SCREW

i

44,60

Figure 2-20.—Drill press controls—Iefl side view.

Check occasionally to make sure all locking
handles are tight, and that the V-belt is not
slipping and adjust as necessary in accordance
with the manufacturer's manpal.

Before operating any drill press, visually
inspect the drill press to determine if all parts
are in the proper place, secure, and in good
operating condition, Check all assemblies,
such as the motor, head, pulieys, and bench for
loose mountings.

While the drill press is operating, be alert
for any sounds that may be signs of trouble,
such ag sgueaks or unusual noise. Report any
unusual or unsatisfactory performance to the
petty officer in charge of the shop.

After operating a drill press, wipe off all
dirt, »il, and metal particles. Inspect the V-
belt to make sure no metal chips are imbedded
in the driving surfaces.

BENCH GRINDER

The electric bench grinder (fig. 2-22) is
designed for hand grinding operations, such as
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sharpening chisels or screw drivers, grinding
drills, removing excess metal from work, and
smoothing metal surfaces. It is usually fitted
with both a medium grain and fine grain abra-
sive wheel; the medium wheel is satisfactory
for rough grinding where a considerable quan-
tity of metal has to be removed, or where a
smooth finish is not important. For sharpen-
ing tools or grinding to close limits of size, the
fine wheel should be used as it removes metal
slower, gives the work a smooth finish and
does not generate enoughheat to anneal the cut-
ting edges.

When a deep cut is to be taken on work or a
considerable quantity of metal removed, it is
often practical to grind with the medium wheel
first and finish up with the fine wheel. Most
bench grinders are so made that wire brushes,
polisking wheels, or buffing wheels can be sub-
stituted for the removable grinding wheels.

To protect the operator during the grinding
operaticn, an eye shield and wheel guard are
provided for each grinding wheel. A tonl rest
is provided in front of each wheel to rest and

T S R TR S
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Figure 2-21,—Drill press nomenclature.

guide the work during 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 possibiiity
that a wheel may {ly to pieces when cominy up
to full speed. Never force work against a ccld
wheel; apply work gradually to give the wheel
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an opportunity to warm. You thereby minimize
the possibility of breakage.

Handle grinding wheels carefully. DBefore
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 re-
taining washer, Tighten the spindle nut just
enough to hold the wheel firmly; if the nut is
tightened toc much the clamping strain may
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sHail

BEARING
SURFACE

CORHECTLY MCUNTED
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4.3
Figure 2-22.—Bench grinder and wheel.

SAFETY - TYPE BENCH GRIMNDER

damage the wheel. When selecting a replace-
ment wheel, ascertain that the grinder will not
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exceed the manufacturer's recommended speed
for the wheel.

When grinding, always keep the work moving
acrcss 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. Keep
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 accidental jamming of
work between tool rest and wheel,

Wear goggles, even if eye shields are at-
tached to the grinder. Keep your thumbs and
fingers out of the wheel.




CHAPTER 3
MEASURING TOOLS AND TECHNIGUES

In performing many jobs during your Navy
career, you wili be required to take accurate
measurements of materials and objects. It is
common practice in the Navy to fabricate ma-
terial for installation on a ship or in the field.
For example, suppese you need a box of certain
gize to fit a space in & compartment. You would
have to take measurements of the space and
send them to a shop where the box would be
built, This example suggests that the measure-
ments yow took and those taken in the process
of building the box must be accurate. How-
ever, the accuracy 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 product or partly finished product.
Inspection operations include testing or check-
ing a piece of work by comparing dimensions
of the workpiece to the required dimensions
given on a drawing or sketch. Again, the meas-
urements taken must be accurate and accuracy
depends on one's ability to use measuring tools
correctly.

After studying this chapter, you should be
able to select the appropriate measuring tool to
use in doing a job and be able to operate prop-
erly a variety of measuring instruments.

RULES AND TAPES

There are many different types of measuring
tools in use in the Navy. Where exact measure-
ments are vteguired, a micrometer caliper
(mike} is used. Such a caliper, when properly
used, gives measurements to within 001 of an
inch accuracy., On the other hand, where ac-
curacy is not extremely critical, the common
rule or tape will suffice for most measurements,

Figure 3-1 shows some of the types of rules
and tapes commonly used in the Navy. Of all
measuring tools, the simplest and most common
is the steel rule. This rule is usually 6 or 12
inches in length, although other lengths are
available. Steel rules may be flexible or non-
flexible, but the thinner the rule, the easier it
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is to measure accurately because the division
marks are closer to the work.

Generally a rule has four sets of gradua-
tions, one on each edge of ea’h side. The
longest lines represent the inch marks. On one
each inch is divided into 8 equal spaces;
so each space represents 1/8 in. The other
edge of this side is divided into sixteenths. The
1/4-in. and 1/2-in. marks are commonly made
longer than the smaller division marks to fa-
cilitate counting, but the graduations are not, as
a rule, numbered individually, as they are suf-
ficiently far apart to be counted without diffi-
culty. The opposite side is similarly divided
into 32 and 64 spaces per inch, and it is com-
mon 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 di-
vided into 64ths, with the remaining inches di-
vided into 32nds and 16ths,

A metal or wood folding rule may be used
for measuring purposes. These folding rules
are usually 2 to 6 feet long. The folding rules
canngt 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 OR FIBERGLASS
RULE

TAFE RULE

HOUK RULE

STEEL RULE STEEL OR FIBERGLASS FOLDING
WITH HOLDER TAFE RULE
44,24

Figure 3-1.—Some common types of rules.
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44,66
Figure 3-2.—Measuring with and reading
a common rule.

29.124A
Figure 3-3.—Measuring the length
of a bolt or screw.

44.67
Fipgure 3-4.—Measuring the outside
diameter of a pipe.

Steel tapes are made from 6 to about 300 ft.
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

n
[

) lIIlIT'II Ill!lﬂlllllﬁ }

READ
MEASUREMENT
HERE

44,88

Figure 3-5.—Measuring the inside
diameter of a pipe.

ReAD 10Yg"
ACTUAL GCIRCUM.
1oVg-2 =8Ve"

44,69
Figure 3-6.—Measuring the circum-
iference of a pipe with a tape.

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 {apes are usually con-
tained in metal cases into which they wind
themselves when a button is pressed, or into
which they can be easily pushed. A hock is pro-
vided at one end to hook over the object being
measured so one man can handle it without as-
sistance. On some models, the outside of the
case can be used as one end of the tape when
measuring inside dimensions.

MEASURING PROCEDURES

To take a measurement with a common rule,
hold the rule with its edge on the surface of the
object being measurad. This will elirminate
parallax and other errors which might result
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44 _26.6
Fipure 3-7.—Using a folding rule to
measure an inside dimension.

44,24,1A

Figure 3-8.—~Measuring an inside
dimension with a tape rule.

due to the thickness of the rule. Read the meas-
urement at the graduation which coincides with
the distance to be measured, and state it as be-
ing so many inches and fractions of an inch.
(Fig. 3-2.) Always reduce fractions to their
lowest terms, for example, 6/8 inch would be
called 3/4 inch. A hook or eye at the end of a
tape or rule is normally part of the first meas-
ured inch.

Bolts or Screws

The length of bolts or screws is best meas-
ured by holding ihem up against a rigid rule or
tape. Hold both the bolt or screw to be meas-
ured and the rule up to your eye level so that
your line of sight will not be in error in reading
the measurement. As shown in figure 3-3, the
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44,70
Figure 3-9.—Measur~
ing the thickness of
stock through a
hole,

44,2418
Figure 3-10.—Measuring an outside
dimension using a tape rule.

bolts or screws with countersink type heads are
measured from the top of the head to the op-
posite end, while those with other type heads
are measured from the bottom of the head,

Outside Pipe Diameters

To measure the outside diameter of a pipe,
it is best to use some kind of rigid rule. A
folding wooden rule or a steel rule is satis-
factory for this purpose. As shown in figure
3-4, line up the end of the rule with one side of
the pipe, using your thumb as a stop. Then with
the one end held in place with your thumb, swing
the rule through an arc and take the maximum
reading at the other side of the pipe. For most
practical purposes, the measurement obtained
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FIRM, JOINT

e DUTS:CE CALIPERS

TRANSFER
FIRM JOINT

ADJUSTABLE
FIRM JOINT

FiRM JOINT

Figure 3-11.—Simple calipers—noncalibrated.

by using this method is satisfactory. It is nee-
essary that you know how to take this measure-
ment as the outside diameter of pipe is some-
times the only dimension gwen on pipe
specifications.

Inside Pipe Diameters

To measure the ingide diameter of a pipe
with a rule, as shown in figure 3-5, hold the
rule so that one corner of the rule just rests
on the inside of one side of the pipe. Then, with
one end thus held in place, swing the rule

81

TRANSFER ) [ ! FAIE:&USJE&LTE
FIRM JOINT ) LY
3
IINCHES Izl [ l
HERMAPHRODITE
CALFERS —

S5PRING SOLID POINT

ADJUSTABLE POINT

4,174

through an arc and read the diameter across
the maximum inside distance. This method
is satisfactory for an approximate inside
measurement.

Pipe Circumferences

To measure the circumference of a pipe, a
flexible type rulethat will confoerm to the cylin-
drical 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 squarely around the axis of the
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pipe (i.e., measurement should be taken in a
plane perpendicular to the axis} to ensure that
the reading will not be more than the actual
circumference ot the pipe. This is extremely
important when measuring large diameter pipe.

Hold the rule or tape as shown in figure
3-6. Take the reading, using the 2-inch gradu-
ation, for example, as the reference point. In
this case the correct reading is found by sub-
tracting 2 inches from the actual reading. In
this way the first 2 inches of the tape, serving
as a handle, will enable you to hold the tape
securely.

Inside Dimensions

To take an inside measurement, such as the
inside of a box, a folding rule that incorporates
a 6- or 7-inch sliding extension is one of the
best measuring tools for this job. To take the
inside measurement, first unfold the folding
rule to the approximate dimension. Then ex-
tend 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.
3-7.) In this illustration the length of the main
body of the rule is 13 inches and the extension
is pulled out 3 3/16 inches. In this case the
total inside dimension being measured is
16 3/16 inches.

In fipure 3-8 notice in the circled insert that
the hook at the end of the particular rule shown
is atfached to the rule so that it is free to move
slightly. When an outside dimension is taken by
hooking the end of the rule over an edge, the
hook will locate the end of the rule even with the
surface from which the measurement is being
taken. By being free to move, the hook will re-
tract away from the end of the rule when an in-
side dimension is taken. To measure an inside
dimension using a tape rule, extend the rule be-
tween the surfaces as shown, take a reading at
the point on the scale where the rule enters the
case, and add 2 inches. The 2 inches are the
width of the case. The total is the inside di-
mension being taken,

To measure the thickness of stock through a
hole with a hook rule, insert the rule through
the hole, hold the hook against one face of the
stock, and read the thickness at the other face,
(Fig. 3-9.)

Qutside Dimensions

To measure an outside dimension using a
tape rule, hook the rule over the edge of the
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stock. Pull the tape out until it projects far
enocugh 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 meas-
urement is being taken. (Fig. 3-10.} When tak-
ing 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 dimension of the rule
exactly atthe edge of the piece being measured.

It may 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 taken.

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 overcume sagging. At the same time make
sure the tape is parallel to an edge or the sur-
face being measured. Read the graduation on
the tape by noting which line on the tape coin-
cides with the measurement being taken.

CARE

Rules and tapes should be handled carefully
and kept lightly oiled to prevent rust. Never
allow the edges of measuring devices to be-
come nicked by strikingthem with hard objects.
They should preferably 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, always turn the crank
clockwise~turning it backward will Kink or
break the tape. With the spring-wind type, guide
the tape by hand., I it is allowed to snap back,
it may be kinked, twisted, or otherwise dam-
aged. Do not use the hook as a stop. Slow down
as you reach the end.

SIMPLE CALIPERS

Simple calipers are used in conjunction with
a scale to measure diameters, The calipers
most commonly used in the Navy are shown in
figure 3-11,
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+17B
Figure 3-12.—Using an outside caliper.
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LOCK JOINT
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4.17C
Figure 3-13.—Measuring the thickness
of the bottom of a cup.

Qutside calipers for measuring outside di-
ameters 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 leglightly 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 adjusting nut. For measuring cham-
{fered cavities {(grooves), or for use over
flanges, transfer calipers are available. They
are equipped with a small auxiliary leaf at-
tached to one of the l2gs by a screw. (Fig.
3-11,) The measurement is made as with ordi-
nary calipers; then the leaf is locked to the leg.
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FIRM JOINT

QINOING NUT

A a8

4.17D
Figure 3-14.—Measuring a hard to reach
inside dimension with an inside caliper.

4,17E

Figure 3-15.—~Mei.suring the distance
between two surfaces with an
inside caliper.

The legs may then be opened or closed as
needed to clear the obstruction, then brought
back and locked to the leaf again,thus restoring
them to the original setting.

A different type of caliper is the hermaphro-
dite, sometimes called odd-leg caliper. This
caliper has one straight leg ending ina sharp
point, sometimes remeovable, and one bow leg.
The hermaphrodite 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 ona scale and the
work machined until it checks with the dimen-
sion set up on the caliper. To adjust & caliper
to a scale dimension, one leg of the caliper
should be held firmly against one end of the
scale and the other leg adjusied 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 a2 machine.
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417F

Figure 3-16,—Measuring an inside
diameter with an inside caliper.

Figure 3-17.—Setting a combination firm

joint caliper. 44,97

Measuring The Diameter of Round or
The Thickness of Flat Stock

To measure the diameter of round stock,
or the thickness of flat stock, adjust the out-
side caliper so that you feel a slight drag as
you pass it over the stock. (See fig. 3-12.)
After the proper "feel" has been attained,
measure the setting of the caliper with a rule.
In reading the measurement, sight over the leg
of the caliper after making sure the caliper is
set squarely with the face of the rule.

Measuring Hard to Reach
Dimensions

To measure an almost inaccessible outside
dimension, such as the thickness of the bottom
of a cup, use an outside transfer firm-joint
caliper as shown in figure 3-13. When the
proper "feel' is obtained, tighten the lock joint.
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44.97A
Figure 3-18,—Decreasing and increasing
the setting of a flrm joint caliper.

1

e

44.97B

Figure 3-19.--Setting a com-
bination firm joint caliper
for inside measurements.

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, repre-
senting 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 dimen-
sion, such as the internal groove shown in fig-
ure 3-14, a lock-joint inside caliper should be
used, The procedure followed for measuring
a hard to reach outside dimension is used.

Measuring The Distance
Between Two Surfaces

To .acasure the distance between two sur-
fares withan inside caliper,first set the caliper
to the approximate distance being measured.
Hold the caliper with oneleg in contact with one
of the surfaces being measured. {See fig. 3-15.)
Then as you increase the setting of the caliper,
move the other leg from left to right. Feel for
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117G
Figure 2-20.-Setting an outside
spring caliper.

4.17H
Figure 3-21.—Setting an inside
spring caliper.

the slight drag indicating the proper setting of
the caliper. Then remove the caliper and
measure the setting with a rule.

Measuring Hole Diameters

To measure the diameter of a hole with an
inside caliper, hold the caliper with cne leg in
contact with one side of the hole (fig. 3-16} and,
as you 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 cali-
per setiing with a rule,

Setting A Combination
Firm Joint Caliper

To set a combination firm joint caliper with
a rule, when the legs are in posiiion for cutside
measurements, grasp the caliper with both
hande, as shown in figure 3-17A, and adjust

&5

QUTSIDE GALPER

INSIDE GALIPER

4,17TK
Figure 3-22,—Transferring a meas-
urement from an outside to an
inside caliper,
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Figure 3-23.—Caliper square
{slide caliper).

both legs to the approximate setting, By adjust-
ing both legs, the shape of the tocl will be ap-
proximately symmetrical. Thus it will maintain
its balance and be easier to handle.

Check this approximate setting as shown in
figure 3-17B. Sight squarely across the leg at
the graduations on the rule to get the exact set-
ting required.

If it is necessaryto decrease or increase the
setting, tap one leg of the caliper, as shown in
figure 3-18. The arrow indicates the change in
setiing that will take place.

When the caliper is set for ir.side measure-
ments, the same directions for adjusting the
setting apply. Figure 3-19 shows how the end
of the rule and one leg of the caliper are rested
on the bench top so that they are exactly even
with each other when the reading is taken.

Setting Outside And Inside
Spring Calipers

To set a particular reading on an outside
spring caliper, first open the caliper to the ap-
proximate setting. Then, as shown in figure
3-20, place one leg over the end of the rule,
steadying il with index finger. Make the final
setting by sighting over the other leg of the
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44,71

Figure 3-24.—Measuring an outside
dimension with a pocket slide
caliper.

caliper, squarely with the face of the rule at
the reading, and turning the knurled adjusting
nut until the desired setting is obtained.

To set an inside spring caliper to a particu-
lar reading, place bcth caliper and rule on a
flat surface as showrn in figure 3-21, The rule
must be held squarely or normal {90° in both
directions) to the surface to ensure accuracy.
Adjust the knurled adjusting nut, reading the
setting on the rule with line of sight normal to
the face of the rule at the reading.

Transferring Measurements From
One Caliper To Another

To transfer a measurement from one spring
caliper to another, hold the calipers as shown
in figure 3-22. Note that one of the man's
fingers is extended to steady the point of con-
tact of the two lower caliper legs. In this figure
the inside caliper is being adjusted to the size
of the outside caliper. As careful measure-
ments with calipers depend on one's sense of
touch, which is spoken of as "feel,” calipers
are best held lightly. When you notice a slight
drag, the caliper is at the proper setting.

CARE

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 thai other
measurements made withit are never accurate.
Remember they are measuring instruments and
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44,72

Figure 3-25.—Measuring an inside
dimension with a slide caliper.

must be used only for the purpose for which
they are intended.

SLIDE CALIPER

The main disadvantage of using ordinary
calipers is that they do not give a direct read-
ing of a caliper setting. As explained earlier,
you must measure a caliper setting with a rule.
To overcome this disadvantage, uss slide cali-
pers (fig. 3-23). This instrument is occasion-
ally called a caliper rule.

Slide calipers can be used for measuring
outside, inside, and other dimensions. One side
of the caliper 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 incor-
porated to hold the slide caliper jaws in position
during use. Stamped on the frame arc two
words, "IN" and "OUT." These are used in
reading the scale while making inside and out-
side measurements, respectively.

To measure the outside diameter of round
stock, or the thickness of 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. (See fig.
3-24))

When measuring the inside diameter of a
hole, or the distance between two surfaces, in-
sert only the rounded tips of the caliper jaws
into the hole or between the two surfaces. (See
fig. 3-25.) Read the measurement on the ref-
erence line stamped IN.

Note that two reference lines are needed if
the ~aliper is to measure both outside and in-
side dimensions, and that they are separated
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Figure 3-27.—Vernier scale principle.

by an amount equal to the outside dimension of
the rounded tips when the caliper is closed.

Pocket models of slide calipers are com-
monly made in 3-in. and 5-in. sizes and are
graduated to read in 32nds and 64ths. Pocket
slide calipers are valuable when extreme pre-
cision is not required. They are frequently used
for duplicating work when the expense of fixed
gages is not warranted.

VERNIER CALIPER

A vernier caliper (fig. 3-26) consists cf an
L-shaped member with a scale engraved on the
long shank. A sliding member is free to move
on the bar and -arries a jaw which matches the
arm of the L. " he vernier scale is engraved on
a small plate that is attached to the sliding
member,

Perhaps the most distinet advantage of the
vernier caliper, over other types of calipec, is
the ability to provide very accurate measure-
ments over a large range. it can be used for

BT

both internal and external surfaces. Pocket
model s usually measure from zero to 3 in., but
sizes are available al! the way fo 4 ft. In using
the vernier caliper, you must be able to meas-
ure with a slide caliper and be able to read a
vernier scale.

PRINCIPLES OF THE
VERNIER SCALE

It would be possible to eich graduations
1/1000 inch (0.001) in, apart on a steel rule or
sliding caliper as shown in figure 3-27. This
enlarged illustration shows two graduated
scales. The top scale has divisions which are
0.025 inches apart. The small siiding lower
scale hag 25 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 "O" on this small scale aligns with a
gracuation on the main scale, the last, or 25th
will also align with a graduation on the main
scale ag shown. Consequently, the small 0.00
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Figure 3-28,—Expanded view of the vernier scale.
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Figure 3-29.—English-measure
vernier scale.

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 graduation by count-
ing 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 gradu-
ation from which the reading is made, it must
be added. This illusirates the simple arrange-
ment to increase the accuracy of a common
scale. Unfortunately,the 0.001 inch graduations
are not too legible and so the system is not
practical. A vernier arrangement overcomes
this problem.

VERNIER SCALE ARRANGEMENT

The main difference between the vernier
scale and the arrangement shown in fig. 3-27 is
the spacing of the 25 divisions. Instead of 25
graduations crowdec within the space of one
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main scale division, the vernier graduations
are arranged at intervals exactly 0.001 inch
less than the main scale graduations, as shown
in fig. 3-28. This arrangement results in an
accumulation of misalignments starting with
the first vernier graduv.tion past the zero so
that each may be marked as shown with a num-
ber representing the space in thousandths to
the next upper scale graduation. For example,
if the zero index linre would be moved past the
8 inch graduation until the vernier graduation
number 5 aligned with the next main scale
graduation, the exact reading would be 8 inches
plus 0.005 or 8.005 inches.

READING A VERNIER CALIPER

Figure 3-29 shows a bar 1 inch long divided
by graduations into 40 parts so that each gradu-
ation indicates one-fortieth of an inch (0.025
inch). Every fourth graduation is numbered;
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 to-
gether, 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 explained are known
as English-measure verniers. The metric-
measure vernier is read the same, except that
the units of measurement are in millimeters.

In figure 3-30, insert A illustrates the Eng-
lish measure vernier caliper. Ingert B shows
an enlarged view of the vernier section. As you
can see in this figure, when the zero on the
vernier coincides with the 1-inch mark, no
other lines coincide until the 25th mark on the
vernier,
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Fipure 3-30.—Vernier caliper.
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