





WRENCHES

you pull on the wrench, a light
flashes the instant that amount of
force is applied.

Nuts such as those used on the
cylinder head, or main or connecting
rod bearing caps, should be tight-
ened to within certain limits. The
amount of torque or twisting force
to be applied is usually specified in
the manufacturer's service manual.
A torque wrench enables you to tell
how much torque or twisting force
is being applied.

The accuracy of torque-measuring
depends a lot on how accurately the
threads are cut, the amount of lubri-
cation applied to the threads and the
type of lubrication. Readings shown
by the wrench are much more ac-
curate when the threads are lubri-
cated. Therefore, threads in cylinder
head nuts and bearing belt or stud
nuts always should be lubricated be-

fore they are replaced and tightened.

All of the well-known makes of
socket wrench sets are made of high
quality materials, and if not misused
they can be depended upon to give
long service. The important thing to

MNEVER USE PIPE TO INCREASE
LEVERAGE

the handles never should be over-
stressed. Never use a bar on a socket
wrench handle to increase the lever-
age. Keep the set clean. Socket
wrenches and all the other tools you
use will get dirty, especially when
working on transmissions, differen-
tials and crankcases, When they do,
wipe off the grease and the dirt—
give the sockets an occasional bath.
Grit, no matter how fine it may be,
is an enemy of the working parts of

socket wrenches or any other mech-
anism. Keeping your tools clean and
your hands wiped off helps keep grit
out.

Socket wrench sets are made in
four sizes which are designated by
the size of the square on the drive
end of the handle. Sets with one
quarter inch drive ends are for light
work. For average general work %4,
14 or 14 inch drives are used, the 74
inch being usually preferred for all-
around work. Heavy-duty series
sockets are made for 34§ inch drive
and for extra heavy duty work socket
wrench sets are made with a 1-inch
drive. If possible, always use a size
big enough for the job. This will
avoid danger of overstraining either
the sockets or the handles.

SET-SCREW WRENCHES

ON RARE occasions, you may have
need for a headless set screw wrench
so you should know about the dif-
ferent types. All of them are L-
shaped bars of tool steel. The most
common type is hexagonal to fit the
hexagon socket in the set screw.
The trade name for this type is an
Allen wrench. The other two types
are made from round bar stock and
each end is fluted to fit the flutes or
little splinea in that type set screw.

ALLEN WRENCH
AND SET SCREW WC_-}\
=

WRENCHES

These set screw wrenches vary in
size according to the size of the
socket in the set screw. Where such
special set screw wrenches are re-
quired, they are sometimes furnished
in a special tool kit which accom-
panies the eguipment.

SPANNER WRENCHES

TrE British call most any wrench a
“apanner.” However, spanner
wrenches, as we know them, are
special wrenches for special jobs and
do not come under the classification
of tools for the mechanic's kit. They
are supplied as special wrenches in
the tool equipment furnished to
service certain units.
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HOOK SPANMER WRENCH

ADJUSTABLE HOOK SPANNER WRENCH

There are a number of types. The
“hook spanner” is for a round nut
which has a series of notches cut in
the outer edge. The hook or lug is
placed. in one of the notches with the
handle pointing toward the direction
in which the nut is to be turned.
Some hook spanner wrenches are ad-
justable and will fit nuts of various
diameters.

U-ghaped hook spanners have two
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lugs on the face of the wrench to
fit notches cut in the face of the nut
or screw plug.

End spanners resemble a socket
wrench but have a series of lugs on
the end that fit into corresponding
notches in the nut or plug.

END SPANMNER WRENCH

Pin spanners have a pin in place of
a lug and the pin fits into a round
hole in the edge of the nut.

-1 PIN SPANMER

Face pin spanners are similar to
the U-shaped hook spanners except
that they have pins instead of lugs.

WHICH WRENCH TO USE?

Now that we have talked about all
of the wrenches ordinarily used by
mechanics, you may wonder how
you are to find out which is the best
type of wrench to use for the par-
ticular work you are doing. Shall it
be an open wrench, an adjustable
wrench, a socket wrench, a box
wrench or a combination box and
open end wrench? This is something
that is best learned by actual ex-
perience, but there are a few simple
rules which will be helpful. The type
of job to be done, the location and
number of nuts or capscrews are the
things to consider when selecting
the wrench. Usually, if there are a
number of nuts to be taken off or
put on, the socket wrench set is what
you should use. In removing the
cylinder head from an engine, for
example, you would first break the
nuts loose by using a socket on a
hinged offset handle with the handle
bent over at an angle of practically
90 degrees to provide the necessary
leverage. Then after the nuts were
broken loose, the hinged handle
would be held in the vertical posi-
tion and twisted with the fingers to
run them off. If the engine is in-
stalled in a wehicle and there is
plenty of room to operate a speed
handle, then after breaking the nuts
loose with the offset handle, transfer
the socket to a speed handle and use
this combination to spin the nuts off.
In replacing and tightening the nuts,
the wrenches would be used in the
reverse order.

For such jobs as removing and in-
stalling engine oil pans, timing gear
cases, and differential case covers,
the right size of socket on speeder

handle would be the best wrench to
use. It can be used to loosen or
tighten these capscrews because no
great amount of force is required.

There are many nuts on various
types of vehicles, particularly those
on some intake and exhaust mani-
folds, where box socket or combina-
tion box socket and open-end
wrenches can be used to good ad-
vantage.

For the nuts on fuel and oil lines,
hydraulic brake lines, clutch and
transmission control rods, brake rods
and cable ends, open-end wrenches
usually are the only wrenches that
can be used.

With a little actual experience in
a shop, and after using each type of
wrench in the tool kit a few times,
you will find that with a little
THINKING it is not at all difficult
to select the tvpe best suited for the
job and to pick the right size wrench.
A good mechanie is the man who can
use his head as well as his hands—
who can coordinate his brain and
muscles.

For instance, in replacing cylinder
head nuts you will find you can get
the job done in about half the time
if you use both hands simultane-
ously instead of just one. It is some-

CHISELS

thing like learning to use a type-
fingers but the experienced typist
uses all ten. It is just a matter of
practice.

CHISELS

CoLp chisels are used for cutting
metal. The one most generally used
is the flat cold chisel. The mechanic
has need for this tool to cut rivets,
cut thin metal sheets, chip metal and
to split nuts.

Chisels are made from tough, high
carbon steel. Usually the bar stock
from which the chisel is forged is
octagonal (eight-sided) but may be
hexagonal (six-sided), round, square
or rectangular. The width of the
cutting edge of a cold chisel denotes
its size.

In addition to flat cold chisels,
there are several other types which
somatimes are very useful in general
repair work.

The cape chisel which is quite nar-
row in width is used to cut key-
ways, narrow grooves and sguare
COrners.

The round nose chisel is used for
cutting semi-circular grooves and
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CHISELS

COLD CHISEL

chipping inside corners which have
a fillet or radius.

The diamond point chisel is made
square at the point, then ground on
an angle across diagonal corners
which makes the cutting face dia-
mond-shaped. It is used for cutting
V' grooves and square corners.

After the cutting edge of a cold
chisel is correctly formed by grind-

CAPE CHISEL

ing, it is hardened and then tem-
pered. Hardening the chisel gives it
the property of being able to cut
metal. But after it is hardened, it
must be tempered. Otherwise, the
cutting edge would be so brittle that
it would probably break the first
time it was used.

There are a number of important
things to remember about chisels—

—_—

ROUND NOSE CHISEL

Always use a chisel that is big
enough for the job.

Use a hammer that is heavy
enough for the size of the chisel—
the larger the chisel, the heavier the
hammer,

Ordinarily a chisel should be held
in the left hand with the thumb and
first finger about an inch from upper
end of the chisel. Hold the chisel

DIAMOND POINT CHISEL
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with a steady but rather loose grip
with finger muscles relaxed. That
way, if you miss the chisel with the
hammer and strike your hand it will
slide down the chisel and lessen the
effect of the hammer blow on your
hand. The best thing to do, of course,
is to not miss hitting the chisel.

When chipping metal, the depth
of the cut is controlled by the angle
at which you hold the chisel. Don't
try to take too deep a cut. For rough
cuts, one-sixteenth of an inch is
enough, with half that much or less
for finishing cuts.

SPLITTING A NUT

Keep your eyes on the cutting
edge of the chisel. Swing the ham-
mer in the same plane as the body
of the chisel. Strike one or two light

TO CUT OFF A LARGE RIVET HWEAD, FIRST CUT
GROOVE THROUGH CENTER OF RIVET HEAD WITH
CAPE CHISEL AS SHOWM IN A. THEM CUT OFF
HEAD WITH FLAT CHISEL AS SHOWHN IN B

blows to check your “swing,”" then
increase the force as required.
When using a chisel for chipping,
always wear goggles to protect your
eyes. If there are other men close

by, see that they wear goggles or are
protected from flying chips, or else
put up a screen or shield to keep
the chips from hitting anyone. These
two precautions can save many a
man from losing the sight of an eye.
Remember that the time to take
these precautions is before you start
the job. After a person is injured,
it's too late.

If you are using a chisel on a small
piece, clamp it rigidly in a vise. Chip
toward the solid or stationary jaw of
the vise. Chip in a direction away
from, never toward, yourself,

To avoid marring or otherwise
damaging finished surfaces on a piece
which has to be clamped in a vise
with roughened jaws, use copper jaw
covers. These are frequently called
“soft jaws' or “‘caps.”

The cutting edge of a chisel must
be sharp in order to cut. It is sharp-
ened by dressing it on an emery
wheel. When sharpening a chisel, try
to maintain the original angle of the
cutting edge by grinding only a
small amount at a time from each
side. Hold the chisel against the
wheel with very little pressure to

CHISELS

et

BEFORE AND AFTER DRESSING
— R

avoid overheating and dip the cut-
ting end of the chisel in water often
enough to keep it cool. Otherwise
you will draw the temper and the
cutting edge will be soft and the
chisel useless until it is rehardened
and tempered. This is a job that can
be done only by an experienced heat-
treater. The cutting edge should be
ground on a slight radius—higher
in the center than at the ends.

After dressing the cutting edge of
a chisel on an emery wheel, inspect
the other end. Sometimes it becomes
upset or “‘mushroomed’’ —spread out
like an umbrella—as a result of
hammering. It's dangerous to ham-
mer on a chisel or punch which has
been upset. Pieces may fly off and
cause injury. Grind off the upset
metal so the end of the chisel will be
slightly tapering and comparatively
flat across the top.

Flat cold chisels are the ones most
frequently used by mechanics but
the other types mentioned have
helped many a mechanic out of a
“tight spot” when the right tools to
do the job were not at hand.

For example, there are several
types of extractors for removing
broken studs—the portion of the
stud remaining in the part after the
stud has been twisted in two. If you
have to remove a broken stud and
have a set of these extractors, the
job will be comparatively simple. If
vou don't have the extractor, the
broken stud can be removed with
the aid of a chisel.
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PUNCHES

USING A DIAMOND POINT
CHISEL TO REMOVE BROKEN
STUD IN EMERGENCY

Here are two methods— “tricks of
the trade’ —which are useful in such
cases.

In either cass, you put a center
punch mark exactly in the center of
the stud, then drill a small hole
down into the stud. Follow with one
or two larger size drills so that prac-
tically all that remains of the stud
is a thin sleeve with the threads on
it. Do not use a drill so large that it
will cut into the threads. Next use a
diamond point chisel and lightly tap
it into the hole. Put an adjustable
wrench on the square of the chisel
and back out the broken stud.

If a diamond point chisel of the
correct size is not available, you can

COLLAPSING REMAINING
PART OF BROKEN 5TUD

use a round nose chisel and start
breaking the stud threads out of the
tapped hole and thus collapse the
remaining portion of the stud so that
it can be removed.

The diamond point chisel isn't
intended for use as a stud extractor,
but like many other instances that
might be considered as misuse of a
tool, it's a way to get the job done
if the right tool is not available.
There are always some occasions
when the proper tool is lacking, or
when you do not have the replace-
ment parts necessary to make re-
pairs the way they should be done.
Then it is a question of ingenuity.
You must use what is available. But
you should always be sure that the
tool being used as a substitute is
used carefully so as not to damage or
destroy it.

“STARTING PUNCHES', sometimes
called drifts, are made with a long,
gentle taper which extends from the
tip to the body of the punch. They

—d)

STARTING PUNCH

are made that way to stand heavy
shock blows. This type punch is
used to knock out rivets after the
heads have been cut off. It also is
used to start driving out straight or
tapered pins because it can with-
stand the heavy hammer blows re-
quired to break loose the pin and
start it moving.

)

PIN PUNCH

After the pin has been driven par-
tially out of the hole, the starting
punch can no longer be used. The
increasing taper on the punch be-
comes too large for the hole. Then
the punch to use is a “pin punch.”
The pin punch is made with a straight
shank—no taper—so that it fits into
the hole. Always use the largest size
of starting and pin punches that will
fit the hole. Never use a pin punch
to start a pin because, since it has a
glim shank, a hard blow on the punch
may cause it to bend or break. Start-
ing punches and pin punches usually
come in sets of various sizes with 3
to 5 punches in a set.

Every tool kit should contain an
“aligning” or “lining-up'’ punch
which is from 12 to 16 inches long,
made from %§ or 3§ inch bar stock.
This punch has a long taper and is
useful in shifting parts so corre-
sponding holes “line-up".The punch
is especially handy when making

PUNCHES

engine installations, replacing chassis
springs, fenders and running boards,
and many other jobs.

Another punch which is very valu-
able to the mechanic is the center
purnich. The center punch always is
used to mark the location of a hole
that is to be drilled. When the drill
is placed in the center punch mark,
it starts drilling the hole at that par-
ticular point. If you try to drill a
hole without first locating it with a
center punch mark, the drill usually
will start to move all around on the
piece. Thizs is called “wandering”
and when a drill starts to wander,
the mechanic hasn't any control of
the exact location of the hole.

CENTER PUNCH

Frequently, the cautious mechanic
will use a center punch to make some
corresponding punch marks on two

CENTER
PUMNCH
MARK

KEEPS

THE DRILL
FROM
WANDERING

or more parts in an assembly before
he starts taking it apart. This will

g. - - 5'___.__.—:-

ALIGNING PUNCH



FILES

PUNCH MARKS MAKE IT EASY TO
ASSEMBLE TWO PARTS IN ORIGINAL
POSITION

enable him to reassemble the parts
in their original positions.

The point on a center punch is ac-
curately ground to a true taper point
which is central with the shank.
The included angle is usually 60°. It
requires considerable experience to
grind a center punch point by hand

CENTER PUNCH POINT

with any degree of accuracy. For
this reason, you should take good
care of your center punch. Don't use
a center punch on metal which is so
hard that it may dull the point.
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FILES

A MECHANIC'S tool kit would not be
complete without an assortment of
files. In automotive repair work,
there are occasions when a file is a
very necessary tool. There are more
than 20 types of files. Sizes for each
type may range from 3 to 18 inches.
They may be either single or double
cut and are further classified accord-

SINGLE-CUT

BASTARD SMOOTH
DOUBLE-CUT
ing to different grades of coarseness

or fineness, depending on the size
and spacing of the teeth. It would
take a long time to learn about all
the various types of files.

The portion of the file on which
the teeth are cut is called the “*face”.
The tapered end that fits into the
handle is called the “tang™. The part
of the file where the tang begins is
the “heel”. The length of a file is
the distance from the point or tip to
the heel and does not include the
tang. In other words, it is the total
length of the file minus the length of
the tang.

The teeth of the file do the cut-
ting. These teeth are set at an angle

LENGTH i

FACE

DOUBLE-CUT FILE
across the face of the file. A file with
a single row of parallel teeth is called
a single-cut file. The teeth are cut
at an angle of 65 to 85 degrees to
the centerline, depending on the in-
tended use of the file,

Files which have one row of teeth
crossing another row in a criss-cross
pattern are called double-cut files.
The angle of the first set usually is
40 to 50 degrees and that of the
croasing teeth 70 to B0 degrees. Criss-
crossing produces a surface which
has a wvery large number of little
teeth all slanting toward the tip of
the file, each little tooth like the end
of a dinmond-pointed cold chisel.

Files are graded according to the
tooth spacing—a coarse file has a
small number of large teeth and a
smooth file has a large number of
fine teeth. The coarser the teeth, the
more metal will be removed on each
stroke of the file. The terms used to
indicate the coarseness or fineness of
a file are: Hough, coarse, bastard,
second-cut, smooth and dead-
smooth. And the file may be either
single-cut or double cut.

Files further are classified accord-
ing to their shapes and, as previously
mentioned, there are more than 20
different shapes. To keep the subject
of files from becoming too compli-
cated and talking about many files
you will never see or use, we shall

FILES

limit the discussion to 8 files which
will be satisfactory for most filing
jobs required in maintenance work.




We have been talking about con-
cave and convex surfaces and some
of you may not understand which is
which. A curved surface that is hol-
low—one which “caves in'"" is “con-
cave". A curved surface which arches
outward is convex. The front face of
a headlamp lens is convex, the rear
face is concave.

THE USE AND CARE
OF FILES

BeroRE attempting to use any file,
it should be equipped with a tight
fitting handle. It is dangerous to
use a file without a handle. Often the

my—

end of the tang is quite sharp and if
you are using a file without a handle
and the file meets an obstruction and
is suddenly stopped, the pressure of
your hand against the end of the
tang may result in a bad cut. Re-
member, the real mechanic—the

IT IS DANGEROUS TO USE A FILE
WITHOUT HAMDLE
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man who is careful in the way he
goes about his work and uses tools
—never has need for a first aid kit.

To put a handle on a file, first
make sure the handle is tl'r right

size and that the hole is large enough
for the tang. Insert the tang of the
file into the hole in the handle, then
tap the back end of the handle on
the bench or a flat surface on the
vise. Make sure the handle is on
straight.

To remove a file handle, hold the
handle in your right hand and hold
the file with your left hand and give
the ferrule end of the handle a sharp
rap against the edge of the bench or
the side of a vise jaw. The ferrule is
the metal sleeve on the hole end of
the handle to keep the handle from
splitting when the tang of the file is
forced into the hole.

Whenever possible, the part to be
filed should be clamped rigidly in a
vise. To prevent rough vise jaws
from damaging finished surfaces, use
copper caps or other soft material.

In using a file, remember that the
teeth are made to cut in one direc-
tion only—when the file is being
pushed forward. All pressure of the

file npainst the work should be re-
lieved on the back stroke. Holding a
file ngainst the work on the back
stroke serves only to help dull the
cutting edges of the teeth. The pre-
furred method of using a file is to
raise it off the work before drawing
it back. Files stay sharper longer
when used that way.

In some shops they call a me-
chanic who drags a file on the back-
stroke a “shuffler”, because he is like
a man who is too lazy to pick up his
feet when he walks.

However, there are exceptions to
this rule, as there are to many others
for the use of tools. When draw-
filing, for example, the file rests on
the work at all times. The file is
pushed across the work crosswise and
very little metal is removed. Draw-
filing is a finishing-up operation
when filing an accurate flat surface.

Beginners frequently have diffi-
culty in knowing how much pressure
to use on a file. They usually are told
to “bear-down' on the file without
being told that using too much pres-
sure is almost as bad as using too
little pressure. The point to remem-
ber is to USE ONLY SUFFICIENT
PRESSURE TO KEEP THE FILE
CUTTING. Different metals and
different files call for a difference in
the amount of pressure you should
apply to the file.

MNever use a file after the teeth
become “choked” or clogged with
particles of metal. The experienced
filer will bump the tip of the file or
the end of the handle on the bench
every now and then while filing to
jar loose the filings which stick in
the teeth., This won't always get all
the chips out though, so the thing

FILES

to do when the file gets “loaded" is
to clean the teeth with a file card.
This is a brush with short, stiff wire
bristles. If there are any chips re-
maining after using the file card,
these should be dug out with a
pointed or flattened cleaning wire
called a “scorer'. Usually a file card
has a scorer attached to the handle.

A file which is loaded with chips
is apt to roughen a surface which
you are trying to file smooth, es-
pecially if the material you are filing
is steel,

Files must be sharp to do their
best work. Metals which are soft
and tough, such as copper and some
of the brass alloys, require the use
of very sharp files.

To keep files sharp, see that their
surfaces are protected when not in
use. The best way to protect files in
the shop is to hang them in a rack
which has a series of slots. Files
which are carried in a tool box should
be wrapped in cloth, paper or other
material which will protect them
from other tools. Don't throw files
around on a bench or into a drawer
with other tools and expect them to
stay sharp. Keep files away from
maoisture and water to prevent rust-
ing.




HACKSAWS

FILES ARE NOT PRY BARS

Never use a file for prying. The
tang end is soft and bends easily.
The body of the file is hard and very
brittle. A light bending force will
snap it in two.

A final and very important pre-
caution is—never hammer on a file.
This is positively dangerous because
it may shatter with chips flying in
every direction.

HACKSAWS

THE hacksaw is used to saw metal.
There are two parts to a hacksaw—
the frame and the blade. Practically
all hacksaws now are made with an
adjustable frame designed to take
blades which are 8, 10 or 12 inches
long. The better frames are made
with a pistol grip handle. Recently,
several manufacturers have devel-
oped frames with the handle in an
inverted position. The theory of this
design is that the force applied on
the forward stroke of the saw is de-
livered in a direct line with the blade.

All adjustable hacksaw frames are
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made so the blade can be installed
in a vertical or horizontal position.
In some of the more expensive, bet-
ter designed frames, the saw blade
can be positioned at various angles
between the vertical and horizontal
positions. Often there is an advan-
tage in having a hacksaw of this
type because it enables the me-
chanic to use the saw in places where
there would not be sufficient clear-
ance for the conventional saw with
only two pesitions for the blade.

When placing a blade in a hack-
saw frame, first see that the frame
is correctly adjusted for the length
of the blade with sufficient adjust-
ment remaining to permit the blade
to be tightly stretched.

Place the blade on the pins so that
the teeth point toward the front of
the frame—away from the handle.
Occasionally a beginner gets a saw
blade in backwards and then won-
ders why the saw doesn't cut. Al-
ways screw up the adjustment so
that the blade is rigid in the frame.

In starting a cut which is being
made to a marked line it usually is
a good idea, especially for the ap-
prentice, to use the thumb of the
left hand to guide the blade until
the cut is started at the desired
location. Use sufficient pressure in
starting the cut so that the saw im-

ON SOME FRAMES
BLADE CAMN BE
SET AT ANY ANGLE

mediately begins to bite into the
metal. The cuiting action of a hack-
saw blade and a file are similar—if
you don’t use sufficient pressure so
that the teeth actually bite into and
cut the metal, the rubbing action
helps dull the teeth. When sawing,
relieve the pressure on the return
stroke of the blade in the same man-
ner as is done when filing. It is not
necessary to lift the blade off the
work when the saw is being started.
But when the kerf—that's the term
for the slot made by the saw—be-
comes deep enough to guide the
blade, the saw blade can be raised
slightly off the bottom of the kerf on
each back stroke.

For efficient cutting in metals of
average hardness the saw should be
worked at the rate of 40 to 50
strokes per minute. If the saw is
worked too fast, there may be suf-
ficient heat generated by the cutting
action of the teeth to draw the tem-

HACKSAWS

per and ruin the blade. In cutting
harder metals, the number of strokes
per minute should be reduced.
There's a limit to the hardness of
metal that can be sawed. Before
ruining all the teeth on a blade, test
the metal with the very front or
rear teeth or with the tip of a file to
see if it can be cut.

Always use practically the entire
length of the hacksaw blade on every
stroke except when you are getting
the saw started. Keep the blade
moving in a straight line to avoid
any twisting or binding action. And
again, use enough pressure to keep

KEEF BLADE FROM JAMMING
the blade from getting pinched or
jammed as this often breaks some

of the teeth or breaks the blade.
If a blade breaks and you have to
finish the operation with a new blade,
always start a new cut with the new
blade if possible. If you are sawing
a round piece, rotate it and start a
new cut in line with the first one. If
you are sawing a flat piece, start the
cut from the other edge. The reason
for this is that a new blade has more
“got™ than a worn blade and usually
will jam the saw. The “set” in a saw
refers to how much the teeth are
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FEELER CGAGES

g, |8

SET OF TEETH PROVIDES CLEARAMNCE

FOR BLADE

pushed out in opposite directions
from the sides of the blade. Set is
necessary so that the saw kerf or slot
will be slightly wider than the thick-
ness of the blade and thus provide
clearance to prevent the blade from
sticking in the kerf. Unless extreme
care is used starting a new blade in
a cut which was made by a used
blade, it will jam and that usually
causes the blade to break.

Blades for hand hacksaws are
made with 14, 18, 24 and 32 teeth
per inch. The 18 and 32-tooth blades
are suitable for all automotive main-
tenance work. The 18-tooth blade is
used for all sawing except thin metal
such as sheets or tubing which is
sawed with a 32-tooth blade.

Two or more saw teeth should be
in contact with the work at all times.
On very thin sheet stock, this is not
possible even with the 32-tooth
blade. If you have occasion to saw
thin sheet metal, clamp it in a vise
between two pieces of wood.

Regarding the care of a hacksaw,
see that the blade is properly pro-
tected when not in use. In the shop,
a hacksaw should be hung up. If a
hacksaw is carried in a tool kit, it
should be placed in the box so that
tools and other metal objects do not
rub against the blade tecth. Wiping
a blade occasionally with an oily
cloth will keep it from rusting.
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FEELER GAGES

ToeE performance of gasoline en-
gines largely depends upon the ac-
curacy of various adjustments on
the engine such as valve lifter clear-
ances, the spacing of the ignition
points and the spark plug gaps.
These adjustments require extreme
precision—the mechanic must work
to the thousandths of an inch. To
give you an idea of how much one
thousandth of an inch is, it is about
one-third the thickness of the aver-
age human hair. Most of you men
may think, especially if you examine
one of the hairs in your head, that
working to the thousandths of an
inch would be doing extremely ac-
curate work, but men in the ma-
chine tool industry work to one ten-
thousandth and even one one-
hundred-thousandth of an inch.
The feeler gage is the tool which
enables the automotive mechanic
to work to thousandths of an inch.
There are several types of fecler or
thickness gages but all have a num-
ber of blades of various thicknesses
hinged in a holder. Some “feelers”
have short blades, as many as 23,
starting with a blade one and one-
half thousandths of an inch in
thickness and including blades up
to 35 or 40 thousandths of an inch
thick. “Stepped feelers” have each
blade made in two thicknesses.
About the first half inch of the tip

of the blade is two thousandths of
of the blade. If, for example, the
tip of a blade measures 4 thou-
sandths of an inch thick, then the
other portion would measure 2
thousandths thicker or 6 thou-
sandths of an inch. This type fecler
gage is convenient in adjusting
valve clearances. Suppose the clear-
ance for intake valves was specified
at 6 to 8 thousandths. You would
use the 6 to 8 thousandths blade
and make the adjustment so that
the 6 thousandths end of the blade
would go through the clearance gap
and the 8 thousandths portion would
not, Thus, you would know the
clearance was between 6 and 8 thou-
sandths, A stepped feeler is called
n I‘E‘Jll u'ﬂ ‘lnu E.o"' Eﬂﬂﬂ.

Fecler gages for adjusting the
clearances hetween brake shoes and
brake drums are made with long,
narrow hlades which can be inserted
through the inspection slots in the
brake backing plates or brake drums.

Some feeler gages made for ad-
justing spark plug gaps have L-
shaped wires of various diameters
mounted on the blades. A spark
plug which has been in service for

FEELER GAGE FOR BRAKE WORK

FEELER CAGES

any length of time usually has a
glight hollow burned into one of
the electrodes by the sparks. Such
a plug can be set much more ac-
curately by using a round wire
feeler instead of the conventional
type.

Concerning the care and use of
feeler gages—remember that they
are precision measuring tools, and
therefore deserve the best of care,
In the better quality feeler gages,
the blades are high quality tem-
pered steel accurately ground to the

NEVER EXERT FORCE ON A FEELER
GAGE

thickness marked on the blade. Un-
less the blade is used carefully, it
may become bent, torn or broken.
When you use a feeler gage to check
valve clearances or the clearance
between other parts such as the
thrust surfaces on crankshafts and
main bearings, never get the blade
wedged in the clearance space. When
adjusting valves, if you can't slide
the feeler used to measure the mini-
mum clearance through the space
without exerting force, there is not
enough clearance and the adjust-
ment should be changed. A feeler
gage should always be moved in
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the same plane as the blade so
there is never any twisting or bend-
ing of the blade. The good me-
chanic, the man who wvalues his
tools, will occasionally wipe the
blades of his feeler gage with a
clean oily cloth to remove any dirt
and prevent the blades from rusting.

OTHER MEASURING TOOLS

In apprrion to the feeler gage,
there are some other measuring
tools often used by mechanics.

THE 6-INCH STEEL RULE

For small measurements which do
not have to be accurate to more
than 10 thousandths of an inch, the
6-inch steel rule is used. Usually it
is called a 6-inch scale and many
men in the shop refer to it simply as
a scale. There are flexible and non-

flexible types. The thinner the rule
the easier it is to measure with ac-
curacy because the division lines
are closer to the work. For this
reason, the thin flexible rule or scale
is preferred.

Ordinarily there are four sets of
graduations on steel rules, one on
each edge of each face or side.
Graduations are the lines which
mark off the divisions. The longest
lines represent the inch marks, On
one edge each inch is divided into
8 equal spaces and each space there-
fore represents one-eighth of an
inch. The other edge on this face of
the rule has each inch divided into
16 spaces and thus each division
represents one-sixteenth of an inch.

On the other side of the rule, one
edge has the inches divided into 32
spaces. One edge measures in thirty-
seconds and the other in sixty-fourths
of an inch. One sixty-fourth of an
inch is slightly less than 16 thou-
sandths.

For measuring dimensions greater
than 6 inches and up to 12 inches,
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the 12-inch steel rule is used. This
rule is graduated the same as the
6-inch rule just described.

There are times when the me-
chanic has to measure dimensions
much longer than 12 inches. One
example of this would be when
straightening a truck frame. For
such measuring the flexible steel
tape rule is very convenient.

The blade of this rule rolls up
in the case when not in use, mak-
ing the rule very convenient to
stow in the tool kit. Ordinarily
these rules are long enough to
measure 72 inches or 6 feet, The
inches are divided into sixteenths,
with the first inch and often the
first six inches graduated in thirty-
seconds of an inch.

IncuEes, feet and yards, the com-
mon units of linear measure used
in the United States, are units of
an English system of measurement.

The metric system, used in many
foreign countries such as France,

MEASURING UNITS

entirely on multiples of ten. The
units are divisions of, or multiples
of, the meter.

10 millimeters (mm.}) = 1 cantimater (em.)

10 centimators = 1 decimater (dm.)
10 decimeters = 1 maler (m.)
1000 meters = 1 kilometer (km.)

METRIC AND ENGLISH
CONVERSION TABLE

Linear Measure
I kilometer = 06214 mile
1 mater = (39.37 inches
(3.2808 feat
(1.093& yords
1 contimater = 0.3937 inch
1 millimater = 0.03937 inch
1 mile = 1.50% kilometer
1 yord = 0.9144 mater
1 foot = D.3048 meler
1 foal = 304.8 millimaters
1 inch = 7,534 centimeters
1 inch = 254 millimeters

The only standard of measure-
ment that has been legalized by the
United States Government (in 1866)
is the meter. The United States
vard is defined by its relation to the

meter. One yard aqunla : nfa
meter.

Germany, Italy and Spain, is based ™
INCHES
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MICROMETERS

THE micrometer caliper, more often
called a micrometer or & “mike”,
measures in the thousandths parts
of an inch.

Toolmakers and machinists use
micrometers almost continually.
The mechanic uses them chiefly for
measuring wear on engine parts such
as piston pins and valve stems to
determine whether the worn parts
should be replaced with new ones.

The cut-away illustration with
the parts named shows how a mi-
crometer is constructed. It makes
use of the principle of the screw
thread. The portion of the spindle
which extends through the hub is
threaded and works in the screw
nut which is pressed into the hub.
The part called the thimble is rig-
idly attached to the spindle. Turn-
ing the thimble clockwise screws
the spindle toward the anvil. Turn-
ing it counter-clockwise screws the
spindle away from the anvil. The
piece to be measured is placed be-

ANVIL

SPINDLE

tween the anvil and the spindle, or
the micrometer is held over and
around the piece, and the spindle
screwed down until it touches the
piece with only the lightest of pres-
sure. The spindle is screwed down
only enough to take up the clear-
ance and get an accurate reading,
You should be able to slide the
micrometer across the piece being
measured to indicate that there is
no amount of clamping action.
CLAMPING A MICROMETER
TIGHTLY ON THE PIECE WILL
QUICKLY RUIN THE MI-
CROMETER.

There are 25 equal spaces around
the tapered edge of the thimble,
Each space represents one thou-
gandth of an inch. Turning the
thimble one space changes the open-
ing between the end of the spindle
and the anvil by one thousandth of
an inch. The reason for this is
simple. The screw thread on the
spindle is cut with forty threads to
the inch. Starting with the spindle
down against the anvil, 40 complete

SCREW NUT

THIMBLE CAP

COMPRESSION NUT

turns of the thimble would move the
spindle away from the anvil exactly
one inch. Thus one complete turn
of the thimble would move the
spindle one-fortieth of an inch. And
one-fortieth of an inch is 25 thou-
sandths of an inch, which is why
there are 25 divisions around the
spindle, each representing one thou-
sandth of an inch,

There also are graduations on the
part called the hub. Through these
cross lines is a line running length-
wise of the hub called a reference
or datum line. The smallest divi-
sions on the hub graduations rep-
resent 25 thousandths of an inch
which is one complete turn of the
thimble. Every fourth cross line is
numbered and represents 4 complete
turns of the thimble or 4 times 25
thousandths which is 100 thou-
sandths. The figures on the hub
therefore represent one hundred
thousandths of an inch. Figure 1 is
one hundred thousandths, figure 2
is two hundred thousandths and so

MICROMETERS

To make all this more under-
standable, we will screw the spindle
down against the anvil very lightly.
There is no space between the
spindle and anvil. The zero line on
the thimble now lines up with the
zero line on the hub—the mi-
crometer reading is zero. Then we
unscrew the thimble one gradu-
ation mark. Now the opening be-
tween the spindle and the anwvil is
one thousandth of an inch—an
amount so0 small that it is barely
visible to the eye unless the mi-
crometer is held up to the light.
We continue to unscrew the thimble
until the line at the figure 5 on the
thimble is lined up with the ref-
erence line on the hub and the
opening between the spindle and
anvil now is § thousandths of an
inch. When we have unscrewed the
thimble one complete turn, the zero
line on the thimble is in line with
the reference line on the hub and
the thimble has uncovered the second
graduation mark or the first space
on the hub which represents 25
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SCREW EXTRACTORS

DECIMAL EQUIVALENTS

u.0156| #.2656) &.5156| #.7656
£.0312( $.2812 §.532| §.7812
4.0468( £.2969| .5469| 3.7969
b 06513 3I5|h S6|H 25
&.0781] #.3281| #.5781 &.8281
.0037) §.3437) §.5931) §.8437
%.1094| #.3594| .6094 8594
11511 .35 (3 6551 8715
b.uusl £.3906| §.6406 #.8906
$.1562| $.4062) 4.6562| %.9062
H.amo| H4no| §6m9| 3.97m9
i J18T5|% 4315(1 .6875(% 9375
Ho03| B.4531) &.703| §.9531
2.0181| 5.4607( 8.7187| $.9687
H2344| 4844 §7344| §.9043
15 45 (.5 1o

thousandths of an inch.

MNow for some actual measuring
with the micrometer—we adjust
the micrometer to this piece of round
bar stock.

The figure 2 on the hub repre-
sents two hundred thousandths,
The next graduation line on the
hub represents 25 thousandths more
—that makes 225 thousandths and
to this we add the thimble reading
which iz 24 thousandths, making a
total of 249 thousandths of an inch.
The piece measures 249 thousandths,
one thousandth less than 250 thou-

sandths or one-quarter inch.
42

With an understanding of the
principle and a little practice it is
as easy to read a micrometer as it
is to tell time with a watch.

The better grade of micrometers
usually carry a table of decimal
equivalents on the frame for con-
venience. It shows fractional parts
of an inch and their equivalent
decimals,

Micrometers have an adjustable
measuring range of only one inch.
Measurements of more than one
inch and less than two inches are
made with a micrometer which
measures from 1 to 2 inches—of
more than two inches with a mi-
crometer which measures from 2 to
3 inches, and so on.

The inside micrometer is used
to measure inside dimensions such
as cylinder bores. It is read in the
gsame manner as the micrometer
used for outside measuring.

SCREW EXTRACTORS

Screw extractors are used to
remove broken screws or studs
and often are called stud extract-
ors. When we talked about chisels,
methods were described for remov-
ing a broken stud with the aid of a

REMOVING
BROKEN
STUD

WITH
EXTRACTOR

diamond point chisel and with a
round nose chisel. They were emer-
gency methods to be used if a stud
extractor were not available. Using
an extractor is a much easier and
quicker method.

There are several types of ex-
tractors, all supplied in sets with
gsizes for screws of various diam-
eters. Perhaps the most commonly
uwsed type is the Ezy-Out which is
tapered and has a coarse spiral,
resembling a thread, with very sharp
ridges. To use this tool a hole is
drilled in the exact center of the
broken screw or stud. The size of
the hole should be a little less than
the small diameter of the screw
threads to avoid the danger of drill-
ing into and ruining the threads in
the tapped hole. Then an extractor
of the right size is inserted into the
hole and turned with a wrench in a
lefthand or counter-clockwise di-
rection. The sharp ridges on the
extractor “bite” into the sides of
the hole in the broken stud so that
it can be screwed out.

Another type of tapered extractor
is made with four straight flutes
which have sharp edges. This tool
is tapped into the drilled hole with
a hammer to force these sharp

SCREW EXTRACTORS

edges into the sides of the hole and
grip the broken stud so it can be
unscrewed.

A third type of extractor is per-
fectly straight, without any taper,
and has three sharp splines. Drills
are furnished with this set to drill
the right size hole for each extract-
tor, and pilots to center the drills
also are included. The extractor is
slightly larger than the hole made
by the drill. The extractor is driven
into the hole with a hammer and
gets sufficient grip on the broken
stud to permit screwing it out.

It requires mechanical judgment
to use extractors, especially the
smaller sizes. All of them are hard-
ened and therefore are brittle. Con-
sequently, after the extractor gets a
“bite’ on the broken screw or stud,
the force should be applied grad-
ually to prevent breaking the ex-
tractor.

In drilling a hole in a broken
stud for an extractor, it is a good
idea to drill a small hole first to
serve as a pilot hole for the larger
drill. It is important that the first
hole be drilled exactly in the center
of the broken stud. Check this at
the start of the drilling operation.
The advantage of starting the hole
with a amall drill is that if inspection
shows that the hole is not starting
exactly in the center, the drill can
be manipulated at the start to
slightly shift the location and center
the hole.

ANOTHER TYPE OF EXTRACTOR
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CARPENTER’S TOOLS

TrHis book is not intended to cover
carpenter's tools. Every mechanic
has to use some of them occasionally
however, so we are showing here a
few of the more common ones.

THE NAIL HAMMER

Tae nail hammer, often called a
claw hammer, is used for driving
and drawing or pulling nails. When

wrist, elbow and shoulder action are
used for a blow of maximum force.

To drive a nail, hold it between
the thumb and forefinger, rest the
hammer on the head of the nail,
then draw the hammer back and
give the nail a light tap to start it.

4

To use the hammer to pull or
draw a nail, the head of the nail
must be exposed. Slip the claw of
the hammer under the nail head and
pull until the hammer is almost
wvertical or straight up.

Then to relieve unnecessary strain
on the handle and to increase
leverage and make it easier to com-
pletely draw the nail, use a block
of wood under the head of the
hammer.

TrE wrecking bar, sometimes re-
ferred to as a ripping bar, is a useful

tool for uncrating and other prying

jobs. The tip of the hook or goose

neck end is shaped like the claw of
a hammer and can be used to pull
nails, the hook serving as the ful-
crum of the lever. T'o enter the claw

under a board on a box and thus
get a purchase to pry the board loose
the back of the hook can be struck
with a hammer.

HAND SAWS

THERE are two types of hand saws
used for sawing wood. One is used
to saw in the direction of the grain

CARPENTER’'S TOOLS

ham

of the wood, the other to saw cross-
wise of the grain. The grain always
runs with the length of the board.
The RIP SAW, used for cutting
with the grain or lengthwise of the
board, has teeth which are shaped
like chisels. The cutting edge of each
tooth extends the full width of the
tooth and is at right angles to the
saw blade. When sawing, the teeth
cut into the wood like a row of
chisels one in back of the other. The
rip saw should be held at an angle
of 60 degrees with the board. Hold-
ing the saw at this angle provides
sufficient force for the saw to cut
into the board and no additional
preasure in this direction should be
applied. Use long, easy strokes. If
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would be 90 degrees. Swinging the
handle back and downward through
one-third of the arc puts the saw in
correct position for ripping.

THE CROSS CUT SAW is used
for cutting across the grain or cross-
wise of the board. The front edges
of the teeth are filed with a bevel so
that the teeth actually are pointed
like the end of a knife blade. The
bevel slopes in one direction on one
tooth and in the opposite direction
on the next tooth. This provides
two parallel lines of sharp points to
cut the wood fibers like knives, and
the teeth force out the wood be-
tween the two cuts. The cross cut
saw should be held at an angle of

Sl SAYAYs
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RIP SAW TEETH CROSS CUT SAW TEETH

about 45 degrees with the board —
half-way between horizontal and
vertical. Keeping the index finger
along the side of the handle will help
guide the blade. Again, use long,
easy strokes.

Saws should be kept oiled to pre-
vent rusting. They should be hung
up by the handles or otherwise stored
so the teeth will be protected against
being dulled.

POSTSCRIPT

This completes the list of tools to be discussed in this book.
We have by no means covered all hand tools. Space does not
permit it. But we have included the more common ones, those
most useful to the average mechanic, particularly in the auto-
motive field. And much of the information about one type of
tool applies equally well to other types.

We wish to repeat here one fundamental requirement which
applies to all tools. TOOLS NEED CARE. No matter what
kind of tool it is, it should be kept in shape.

Keep vour hands and tools wiped clean while you are using
them. Be sure your tools are clean before you put them away.
Store them in such a manner that they will not suffer harm while
they are not in use. Such a procedure will pay dividends whether
applied to a complete set of expensive tools or to a dime store
screwdriver.

The type of information in this book is no substitute for
practical experience. The only way to find out about tools is to
use them. But we hope this book offers some new details to those
familiar with tools, and furnishes a certain background for those
unacquainted with them.

And we hope that it has given a new dignity to tools in your
eves. For hand tools are the beginning of industry, and without
them our present civilization and style of life would still be a
dream of the distant future.
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