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reface

Education eomes through experience. There are two kinds of experience—that
within the individual, the familiar; and that without the individual, the unfamiliar.
‘Thoge things with which he {8 familiar, which he knows or can do, we shall call “old”
experiences. These things with which he is not familiar, which he does not know or can-
not do, we ghall call “new’”” experiences,

We always use the “oid” with the “new” in a learning situation. A satisfactory learn-
ing situation is usually had when there is a balance between the old and the new—when
there i3 not too much new in preportion te the old. There must be interaction of the old
and the new if we are to learn. Teaching and learning is, therefore, a continvous process
of remaking expericnce,

One of the problems of the teacher, especially the shop teacher, is to delay =mctual
practice by the student inng encugh for him to develop an understanding through cbser-
vation and study of the correct procedure. The greatest weakmess in our shop instrae-
tion is allowing the student to “practice the doing™ before he is prepared to do it—before
he understands what he is to do, before he has buili up sufficient “new experience” to pro-
ceed with the doing intelligently.

The following cutline, “Total Experience Necesaary in Learning to File a Saw,” af-
fords an execellent illusiration of the necessity for building up “new experience’” before at-
tempting actually to do the job. Usually the student will go direct from his old experi-
ence (outiined under I) o the complex new experience (ontlined under fIId. He is hope-
lessly lost. He lacks the previous observation, and in this case, practice in cutting ocut saw
teeth (cutlined under EI) to enable him to proceed with filing the saw intelligently. The
reguired “new experience” for doing the job iz out of balance with his “old exparience.”

If we expect the boy to learn to fle the saw, we must first provide him with a way to
“see” and vnderstand what saw teeth are ke and just how they should be shaped to do
good cutiing. He must have a fixed patbern in mind toward which to work. Cutting out
larger tecth serves this purpose.

A job thoroughiy understood is usually very simpie. Doctors sometimes say, “Thia
man's case is hopeless. His disease is incurable.” What they should say is, “We do not
understand this disease. We cannof cure thiz man.” The method for the prevention of
typhoid fever was not understood many years ago. Today, the prevention of this disease
is & very simple nrocedure,




ToTaL Erpemience Necessary I Learning To Fie A Saw.
for 4 Given Farm Boy —

I.°0LDp" EXPERIENCE
SPECIFIC GENERAL
aw Has Teeth And Handle; How T Measure; Count Spaces;g,
uts And Bnds, ete. Mark: Angles: 907 45 ete. *
I “New’ LXPERIENCE
INFORMATION ArPLICATION
What, tow And Why OF Size, Shape, Lay Out, Cut Dut, Joint, File

Set: Jointing, Setting, eic. OF Jaw Teeth| And Set The Teeth On A Large
Model OF Saw Teetn.

II. “New” BxpeEriENCE Tor Skt DeveLorrenT

Setect A Saw Which Needs Filing And Joint It:
Shape, Set And File The Teath.

V. PracTice Por FurTHER Skiti DEVELOPMENT )
Repeat Practice Until A Reasonable Degree Of Skill Has Been Developed.

The correct methed for filing a saw is not ynderstoed by many beys or men. Many
atfempt to file before they understand and failure results. Study and observation must
prec=fe the practice—practice in accordance with tested metheds. Follow the correct
method and the job becomes very simple.

‘Bmphasie is given to the “why™ and the “how” in all the sharpening procedures set
ap in £uis book. The text materials should be studied before undertaking the practices.




Suggestions to the Student:

Thig Httle book has been prepared to help vou properly sharpen seme of the more
crmmon woodworking tools, The directions and methods of sharpening these tools were
developed especially for students in farm shop classes in rural scheols and in industrial
arts and woodworking classes. It should alse be equally helpful te home craftamen.

A& sharp tool is necessary in order to do any iype of woodwork with accuracy and sat-
isfaction. Tr sizrting the construction part of 2 woodworking job the first thing to do
iz to sharpen vour tools. Study these illustrations and directions carefully before trying
to sharpen the tgols. In some cases eonsiderable practice will be required to develep the
necessary skil's. Follow the full directions and aveid short cuts. Ask your teacher for
help on points you do net understand and om the skills you have difficulty developing.

REMEMBER IT IS A GOGD RULE NEVER TO WORK WITH A DULL TOOL.

\

Sugyestions to the Teacher:

Methods for properiy sharpening the common woodworking tools are given and illus-
trated step by step in this book. Hewever, the ieacher should not expeet these directions
to take his place ag instructor,

It is suggestsd that the methods be demonstrated as outlined, showing the student
each step in the sharpening process. This will aid the student to understand more clearly
the steps he is to take. The student must understand the new skills to be learned before
he can properly practice them and test his results. Careful demonstration by the teacher
prepares the student to do the job with understanding. The stedent should be constantly
supervised as he attempts the more difficult operaiions.

In using this book it is saggested that the teacher do the following:

1., Reaéd the full directions for sharpening the tool at hand.
Study the ilhvstrations of methods step by atep.
Practice the steps unti, he iz sure he can do the job according to the directions,

Demonstrate to the stedent the steps of sharpening the feol. Call attention to the
mare difficult operatione; repeat the demonstration of the .nore difficult steps for
emphasis in order that the student may mere elearly understand.

Supervise the student in his practice.
Stress the importanee of doing the job well.
Evaluzte the studert’s practice and give encouragement for progress made.

e RN
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HAND TOOLS

Why They Cut

i and tool iz one of ran's oldest implenments.  The first Ltosl was perhaps a stane
igenuity soon Jed to the develupment of cutting tools made from
Hint stone. Figure 1 shows some of
these early icols.  Their serrated
cdges would cut into a softer mate-
rial when savwed baek and forth. The
sharp edwes were formed by notches
chinped {rom the store. These sharp
odees would serateh out particles of
tne sofier materinl.  This action oc-
curred bhecause the sharp edge or
taniiv operated with a clearance angle
{Fig. 2). Tf the tooth is Jaid with 1ts
back flat on the material, it will not

caf.
Courtesy Henry Digat. & SBuope, ine., - ,
Eoiiadelonia, Pa. o Modern cutting tools, whether hand
Figure 1. or power, werk onl this same principle.

£

liowever, the edge of the modern ton)
Crdinariiy the toel 15 held
ing edge digs In instead ol
sliding over the materizl, Thus the
tooi cuts the fibers rather than
seratehies gr fears them out. Figure
3 shows this principle as applied to a
common wood chisel.
Metal in Hand Tools

(ireat sirides have been made in de-
veloping aur modern tools from the
e zrone tool.  The most nota- Figure 2.
biv advancement is in the use and
treatment of steel for particular jobs.
The following explanation does not
tell the complete stery of iron and
steel us known by the metal special-

Eﬁ&;\aﬂce Aﬁgae izts. The average shop worker does

not need tu know the technical details.

&EW&ys Undgg‘ gg@ Iron is a product of nature mined

from the earth. It is found in combi-

nation with various other elements,

oune of which is earbon. This mixture

is called iron ore. When these ele-

+ menws are removed the product is o

metal ol s made from iron by purifying it and changing the carbon

contont, BElemernts such as carbon, mangancse, tungsten and nickel are added 1o secure
degiraile nroperties denending upon the uss of the tool

primiiv

L7}




A good toot metal shouid be:
1. Hard: A hard metal will resist wear and the cutting edge will remain sharp.
2, Toungh: A fough metal will stand greater strains and shocks without breaking.

Steel, if properly treated, will be harder and tougher thanm iron. There are various
orades and gualities of wood. Likewise, there are various grades and qualities of steckh
However, the grades and quszlities of steel may be controlled by man. In general there
are two trpes of steel: (1) carbon steel and (2) alloy steel

Carbon steel owes its hardness and toughness to the amount of carbon it contains and
its treatment under heat. It is kmewn as “high carbon™ or “low carbon” depending upon
the amount present.

Alloy steef is a carbon steel with the addition of other elements such as mickel, chro-
miuw, copper, vanadiurn, ete. These elements affect the hardness and toughness of the
steel.

Up to a certain amount the more carbon in either type of steel the harder and more
hrittle ¢tess tough! it becomes. Any high ¢arbon stee] may be changed in hardness and
toughness by giving it @ heat treatment. It may be (1) hardened, (2} tempered, or {3)
annealed.

{1} Hardened:

Whan a high carbon steel is heated to a cherry red color and suddenly
eocied by plunging in waler it becomes hard and brittie,

€2y Tempered:
Thizs hardened steel would probably break if hit hecause it is too brittle,
To toeghen, it must be made less brittle. This process is called tempering. Un-
fortunately the process softens the metal. & small amount of heat is applied to
soften the metal. After it iz properly softened the steel is quickly cooled again.

€3) Annealed:
A steel that has been hardened may be softened back to its original condi-
tion by simply hesting the steel to a cherry red color and allowing it fo cool
slowly.

The addition of an element such as nickel {o the carbon steel permits the steel to be
hardered by slower cogling, As 8 result the metal is not as brittle and is less likely to
erack. Our best iools are made of alloy steel. They are harder and tougher. The first
cost of Zood tosls is greater but they will last much longer and in use will retain a sharp
edge longer.

Gerneral Priveiple of Sharpening a Band Tool

Al tools are sharpened by other curting tsols. The material in the sharpening tool
is harder than the material being sharpened. Various kinds of stone and files are the most
eommon sharpening tools. A stome is 5 mase of very small erystals called grit. Each
erystal has sharp edges (Fig, 4) that cat fike the stone saw of the early agea. The action

(83




of the file ig similar. The rate ai whieh these
tools eul depends wpon (i} coarseness and
sharpness of the grit or teeth, and (2} speed
at whieh the cutfing edge moves and (3)
amount of pressure applied.

In some stones fast cutting is secured by
a hugh rate of speed such as in the motor
erinder. The friction in this cutting aetion
causes heat. This heat if not controlled will
cause the tool to Lecome soft or annealed.
We say It has lost ifs {emper. Actually it
hus besn tempered becatise tempering is a
softening process. Exceasive heat will cause
the metal to become blue. We say it is
burned. Actially, this bine color is merely a
surface indication that the metal is soft.

When a fool ig sharpened on a whetstone or with a fils, the speed is not great encugh
to czuse excessive heat. Water (2 used on & slow speed revolving stone to keep the mets]
cocl. Slow sharpening is an idesl way to sharpen any cotting tool.

L9




GRINDING WOOD CHISEL
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GRINDING 4 WOOD CHISEL
Chart 1. Page 10
Prablem

To learn the diference hetween grinding and whetting.

To lzarn kow o grind.

Words to Look up in the Glossary
Toncave, canvex, bevel, whetting, grinding, nick, gap, wire edge, temper, jointing,
Leen,
Noter
The wond c vises mayv be sharpened either by
erriveli r1 ‘heiting or by whetting, depending

upoh ita condition, The Cb.t ing end of a wood chisef
hlas one id eveled side (Fig 3}. The & ﬁ@V@EEﬁ
[ S T ) e vt el e med L S

LAY ELEL Bl L : 2EAVe ana IS yuic (5371 ]‘:‘.‘ CIIIse 5pd
during ti inding opsration. ey G

When and Why te Grind: fé e
Grind & wood chisel when: g oncove

The edge 1s nicked (Chart 1, No. 1).* Bevel

The soncave hevel has been removed by

whetfing (No. 2}. Figure &.

3. The edge ig not square (No. 3}.

et

=

If the chisel is nieked or gaped, it does not erier wood easily and the gaps leave ridges
in the wood.

A chisel is whetted frequently in order to maintain a keen edye. This repeated
whetting tends to change the concave bevel to a straight or ever a convex bevel, thus
making the chizel blunt end dull. A comcave bevel forms a sharper wedge and enters
wond very easily.

A chizel which iz not reasonably square tends to move sideways whe forced into
weod, meking it impossible to do smooth and accurate work.

Haterials Meaded

Wood chzsa., try square, water for cooling, grinder. The grinder must be smooth and
round with its face clegn and parallel with the tool rest.

How to Grind
adjust the tool rest to the level of the center of the stone. Place the flat side of the
ehisel on the ool rest (Wo. 5) and grind the cutting edge until the nicks are removed and

®41] reference subsequertly to No. 1 or Ne. 2, ete., refors in each instance to the drawing of that
number in the chart sccompanying that chapier,

(11}




the edge is square. Move the chisel right and left to wear the stone and the chisel ani-
farmlby. Cool the edge frequently by dipping in water. Heat cawsed by frietion will re-
move the temper from the metal and seften i€.  Soft metal will not hold its edge. Blue
color appearing while grinding is proof that the tamper is damaged. Check the edge for
sguareness {Ng, 8.

The proper length of concave bevel is next ground on the blade (Neo, 9). If the ehisel
is alwayvs placed o the stone at exactly the same angle, the roundness of the stone will
produce the desired concave bevel. The angle at which the chisel contacts the stemne de-
termines the length of the bevel. A blunt bevel (No. §) less than 14 inch ir length ia bei-
fer for heavy work and hard wood where strengih in the culting odge iz reguirad. A long
bevel (No. &} greater than Y% inch in length gives an extremely keen cutting edge and
is better for tine paring work. A medium bevel {No. 7) about Y4 inch long i3 recom-
mended for the average shop job. This bevel should seldom be changed except for spe-
rial jobs.,

Adjust the tool rest so the chisel will make the proper angle with the stone. If the
tool rest eannot be adjusted. place the chisel against the rest to make the proper angle. Use
the fingers of the left hand sgainst the tool rest as a guide to replace the chisel at the
same angle after each cooling. With practice one can tell by the feel when the chise] is
replaced so that the concave bevel fits the roundness of the stone. The suggestion in No.
10 iz helpful with either kind of tool rest.

Grind the bevel by having the grinder turn towards the cotting edge (No. $}. There
will he less wire edge formed. Slowly move the chisel right and left to wesr the stone and
the chisal evenly. Do not bear o0 hard as this may remnve the temper,

Don’t Barry. Cool Frequently. Comtimus the grinding until 2 wire edge is produced
ot the flat side and the bevel is of the correct length.

Final Test

Check with trv square {No. 5) to determine if the edge of the chisel is square. Ren
the thumb zlong the edge on the flat side to determine if the wire edige extends the entire
length of the edge.

See page 18 for directions on whetting, the second and final step in sharpening a wood
chisel,

fiz}




GRINDING 4 PLANE IRON
Chart 2, Page 14
Preblem

To learn the difference between grinding and whetting.
To learn how t6 grind.

Words te Look ap in the lossary

Coneave, convex, bevel, whetting, jointing, keen, grinding, nick, gap, wire edge, tem-

per.
Noie:

The plane iron is simply 2 wood chisel which is held in a frame so the depth of cut
may be controlled. It may be sharpened either by grinding and whetting, or by whetting
alone, depending on its condition. The cutting end of
& plane iron has one flat side and one beveled side
(Fig. 6}, The beveled side is concave and is put on the
plane iron during the grinding operation.

BBl ne meead TE e #-~ Ohswwsae
FrARCND QRIEE PY MY WU JuLas (RCEH

Sharpen a plane iron when:
1. The edge is nicked (No, 1).
2. The cencave bevel has been removed by
whetting (No. 2),
3. The edge is rot square (No. 3). "Bevel
If the plane iren is nicked or gapped, it does not i
enter wood easily and the gaps leave ridges in the wood. Figore 6.
A plane iron is wheited frequently in order to maintain a keen edge. The repeated
whetting tends to change the concave bevel to a straight or even a convex level, thus
mzking the edge blunt and dull. A concave bevel forms a sharper wedge and enters
wood very easily.
If the plane irom is not reasonably square, it {s difficult to adjust it so that it will
make an even cut.

Material Needed

Plane iron, fry square, plane iron cap, water for cooling, grinder. ‘The grinder muat
bz smooth and round with its face clean and parallel with the tool rest.

How to Grind

Three shapes of the cutting edge are shown in No. 4. A slightly curved cutting edge
is best for fast and rough work. This edge when set deep cuts the wood fibres on the sides
instead of tearing them (Fig. 7). For general work, where a deep cut is unnecessary,
grind the edge sguare and rovnd the cormers slightly. This insures an even cut neces-
sary for a fine fit. The cutting edge shaped for general work shonid seldom be changed
except for & special job.

To produce any of these edges, adjust the tool rest to the level of the center of the
stone, Place the fat side of the plane iron on the tool rest and joint as shown in No. 5.

[18]




GRINDING PLANE IRON

GRIND:

0)

LT TR Lot TR VT ol NTY TP o e
SELIait T T i Eiat el
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— WHEN CONCAVE BEVEL HAS
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P e ljﬁ
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®

FORROUGH FOR GEMNERAL FOR
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SHAPE OF CUTTING EDGE

FOR JOINTING:
PLACE IRON AT LEVEL

MOVE 1RON
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TEST EDGE FREQUENTLY
FOR SQUARENESS,
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Grind until the desired shape of cutting edge is attained and the nicks are removed. Move
the plane iron right and left to wear the stone and the plane iron unifermly. Cool the
edge frequently by dipping it in water. Heat caused by friction will remove the temper
from the metal and soften it. Soft metal will not hold its edge. Blue color appearing
while grinding is proof that the temper is damaged. Check the edze for squareness (No. 5).

We are now ready to grind the bevel.

Different lengths of concave bevels
are shown in Nos. 6, 7 and 8. A blunt

bevel (No. 6) is better for heavy work
and hardwood where strength is re-
suired for cutting, Along boval (No, 22
gives an extromely keen cutting edge
and does fine work in soft wood where
strength is unnecessary. A medinm
bhevel {No. 7} is recommended for ordi-
nary work or average wood. This bevel
should seldom be changed except for
special jobs.

The angle at which the plane iron
coniacts the stone determines the length
of the bevel. If the plane iron is always
placed on the stone at exactly the same
angle, the roundness of the stone will
produce the desired comeave bevel

Adjust the tool rest so the plane iron
will make the proper angle with the
stone. If the tool rest cannot be ad-
justed, place the plane iron against the
tool rest to make the proper angle. Num-
ber 10 shows how the plane iron cap
may be used as a guide with any type
of tool rest.

Gringd the bevel by having the grinder
turn towards the cutting edge (No. 9).
There will be less wire edge formed.
Slowly move the plane iron right and

Plane iron
Or Chisel~

Fibers
Yorn - Not
Cut

Plane Iron
Or Chisel
oot ¢

S
/}}?}7{1{ #at

P ELEERE R o ey !M'IffﬂfﬂwﬂzWt)ﬂfﬂﬁgm
T kI L L ot Ei
I

S

Figure 7.

left to wear the stone and the plane iron evenly. Do not bear too hard as this may
remove the temper. Don’t Hurry. Cool Frequently. Continue the grinding until a wirae
edge is produced on the flat side and until the bevel is of the correct length.

Final Tesi

Check with try square (No. 5) to determine if {he edge of the plane iron ia square.
Run thumb along edge on flzi side to determine if wire edge extends entire length of edge.

See page 18 for directions on whetting, the second and final step in sharpening a plana

iron.

[(15]




WHETTING

PLANE IRON AND WOOD CHISEL

WHET

l.AFTER GRINDING
2. wHEN DULL BUT

DOES KOY
REQUIRE GRINDING

THORGUGHLY

CLEAN GQILSTONE

RAG.

WiTH

APPLY CLEAM LIGHT
@ QI TO STONE.

CUTTING
EDGE
2 /- HEEL

1 1

i l

PLACE (RON ON STONE
KEEPING CUTTING
EDGE IN CONTACT
HEEL LIGHTLY IN

CONTACT OR

@ SLIGHTLY RAISED,

WHET WITH CIRCULAR
MOTION=-

OR WITH

®

BACK AND FORTH
MOTION.

OiL AS HNEEDED,

BEGIN REMODVAL OQF
WIRE EDGE wWITH

UNBEVELED SIDE
FLAT OM STONE

REPEAT
QPERATIONS
SHOWN
N
FIGURES
5 AND 8.

UNTIL EDGE DOES WOT
REFLECT LIGHT =

©

OR UNTIL EDGE FEELS
SMOOTH AND KEEN
UNDER THUME TEST.

Chart 8




WHETTING A PLANE IRON AND A WOOD CHISEL
Chart 3, Page 16
Probiem
To learn how to whet a plane iron and a wood chisel.

Words te Look up in the Glessary
Whetting, wire edge, glazed, grit, edge tool.

When znd Why to Whet
Whet plane iren or chisel {No 1)
1. After grinding.
2. When it is dell but dees not require grinding.

After grinding, the cutting edge is left rough and is called & wire edge. A keen cut-
ting tool must have this wire edge removed by whetting.

When an edge tool becomes stightly dull, the edge wili
leok bright due to the fact that it is rounded rather than .
sharp (Fig. 8). This duliness may be removed by whetting. ﬁnght Here
Indicates A
Dull Edge

Materials Needed

Wood chisel or plane irom, oilstone, light ail, cotton
waste or rags.

Preparing the Stone

The oilstone should be thoroughly cleaned with a piece
of cotton waste or soft rag (No. 2). The use of gasoline is
he'sful. A stone saturated with oil will collect dust. If this :
dusi is not removed before whetting, it will be rubbed into ,
the stone. The whetting process is one of cutting away Figure 8.
metal. This cutting action depends upon the little sharp points of each small particle
in the stone. Dust mixed with oil will gum the pores of the stone and prevent the
sharp pariicles from doing their work.

Apply clean light oil to the stone (No. 3). The purpose of the oil is to float off par-
ticles of metal as they are cut from the blade. If these particles are not floated away, they
will become imbedded in the pores of the stone, producing a glazed surface that will not
cut. A penetrating oil or any light non-gumming il is very good for this purpose, Light
engine oil mixed half and half with kerosene is satisfactory.

(17]




How to Whet

Place the beve! of the tool on the stone so that the cutting edge is in contact and the
heel is in contact or is slightly raised. Maimtaining this position, use either & circular mo-

tion (No. 3} or a back and forth motion (Ne, 6). ONLY A FEW STROKES ARE NEC-
ESSARY.

Utilize as much of the stone as possible so as to prevent the stone’s becoming hollow
in the eenter. 1t is impossibie to keep a square cutting edge en a tool uniess the stone is
perfectly flat.

Keep plenty of oil on the stone (No. 7).

TEML. ok fle Acd =i10 of +h

Vnt tho Sgtogide of the Blade, Be certzin the blade iz haeld absolotely fat sn the
stone. If it is raised the slightest amount, a bevel will be produced on the flat side. ONLY
A FEW STROKES ARE NECESSARY. Afler a few strokes on the stone remove the ex-
cess wire edge by rubbing the cutting edge across the grain of a piece of hardwood. This
leaves fewer metal particles to clog the stone and shortens the process of whetting. Con-
tinue with a few whetting strokes to prodnuce a keen edge. Test the edge for sharpness
(No. 10 or 11}. If necessary, repeat the process of whetting on either or both sides to
produce a keen edge. Unnecessary whettins oil and metal particles.

Clean stone after using to remove excesg will remove the concave bevel.

Final Tesis
The edge may be tested for sharpiess by either of two metheds:
1. Look at the edge in a bright light (No. 10). If the edge is sharp, it will not re-
fleet light, that is, you cannot see the edgs. A dull edge will look bright.
2. Draw the thumb or finger lightly across the edge (No. 10}, TIf the edge is sharp,
it will feel smooth and stick to the finger. 1f the edge is smooth, it simply means
that some wire edge or some minute gaps are still present.
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CUTTING HAND RIP SAW

TEETH

WHEN HANDSAW TEETH
BEEN BROKEN OFF GRIND
DOWN TO BASE OF TEETH
AND CUT WNEW TEETH.
SUGGESTION . PEFCRE
WORKING ON A GOOD SAW
PRACTICE ON AN OLD SAW
BLADE OR FIiECE CF 12
GAUGE SHEET METAL.

HAVE

5 POINTS PER INCH
4 TEETH PER INCH

SELECT NUMBER OF POINTS
PER INCH WANTED.

bl

SPACE THE TEETH
ACCURATELY.

LAY OFF FRONT OF
@ TEETH ON BOTH SIDES.

SET T-BEVEL FOR 30°

L BY USE OF PROTRACTOR

~. 2 BY USE OF FRAMING
) SOUARE.

LAY OFF BACK OF TEETH

ON BOTH SIWDES.

®

REMOVE 3 oF METAL
BETWEEN MARKS FILING
FROM ONE SIDE.

REMOVE ACCURATELY
REMAINDER OF METAL FROM
EVERY OTHER GULLET
FILING FROM ONE S'DE.

REVERSE BLADE BN VISE
AND REMOVE REMAINING
METAL.

BRNG TEETH TO SHARP

POINT AT TOP LINE.

—t— HANDLE
POIN T

SUGGESTIONS

RETOUCH @7 T

WITH LIGHT i i

STROKES ~ -

TO o™ i | )

PRODUCE REMOVE WIRE EDGE BY

HEENNESS, | MAKING LIGHT STROKES TO  PREVENT IF NECESSARY
WITH AN OLSTONE OR SCREECHING, CLAMP DROP  FILE
MLLFLE TOWARD A FLE cuts N BLABE IN WISE HANDLE  SLIGHTLY.

@ HANDLE OF SAW

OMNE MRECTION
@ ONLY ~ FORWARD.

JAWS AS CLOSE TO
BASE OF TEETH
AS  POSSIBLE.

Chart 4




CUTTING
HAND CROSSCUT SAW TEETH

5 PDINT3 PER INCH
4 TEETH PER INCH
WHEN HANDSAW TEETH HAVE 1 . '

BEEN BROKEN OFF GRIND i t |
DOWN TG BASE OF TEETH |
AND CUT NEW TEETH.
SUGGCESTION. BEFORE
WORKING ON A GOOD SAW 1
FRACTICE ON AN QLD SAW
BLADE OR PIECE OF 12
GAUGE SHEET METAL.

SELECT NuUMBER OF POINTS
PER INCH WANTED.

SPACE THE TEETH
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LY |

1

SET T-BEVEL FOR 757
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LAY OFF FRONT OF

TEETH OM BOTH SIDES.
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2 BY USE OF FRAMING SQUARE.

3 CORNER FILE

LAY OFF BACK OF
TEETH ON BOTH SiDMES.

0
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BETWEEN MARKS FILING
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SDE VIEW ToP viEW

L FLACE SAW IN ViSE WITH
PONT TO LEFT
2 PLACE FILE N FIRST
GULLET FROM LEFT,
3 SWING FILE HANDLE
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4. FILE EVERY OTHER
TOOTH TO POINT
AT TOF LINE.

SDE VICW TOR VI!

1 REVERSE SAW IN VISE
POINT TO RIGHT.

2 PLACE FILE IN SEC—
OND GULLET FROM
RIGHT END,

3. SWING FILE HANDLE

45° TO RIGHT.
4, FILE EVERY OTHER
TOOTH TO POINT

AT TOP UNE.
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WITH LIGHT

L I1OKES
TO
PRODUCE
KEENNESS.

REMOVE WIRE EDGE BY
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WITH AN OILSTONE OR
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HANDLE OF SAW,
&

®

A FILE CUTS IN
ONE DIRECT!ON
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i

Lot

TO PREVENT

BLADE IN WVISE
JANS AS CLOSE
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BASE OF TEETH
AS POSSIBLE.

IF NECESSARY
OROP  FILE
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TO
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CUTTING HAND SAW TEETH
Chart 4, Page 19, and Chart 5, Page 20
Problem

To learn the proper shape of both rip and erossent saw teeth.
To Iearn how te cut new teeth.

Words to Look Up in the Glossary

Gullet, filing, crosseut, rip.
When and Why fo Cut Saw Teeth
1. A beginner can learn the shape of hand

saw teeth and can get clearly in mind what i Saw Teeth

he is to prodece when filing a saw if he
lays out and cuts a few teeth on a thin
piece of metal

2. Occasionally some saw teeth are broken. c
The remaining teeth need to be removed ™~
by grinding or filing. New teeth are then
laid out and ent.

Materiais Needed

1" x 4" piece of 12-zauge sheet metal, T-bevel, earpenter square, scratch awl, triangn-
lar file, saw clamp or vise, iry square.

Hew to Lay Qut the Teeth

Select the number of points per inch. For the beginner. it is suggested that this be
5 points (4 teeth) per inch or a spacing of 14 inch per tooth (No. 2}. These teeth will be
larger than those on the average saw and easier to work with. The smaller the teeth the
greater the skill required.

Locate the points of the teeth, using a rule and a scratch awl (No. 8). It is suggested
that the metal be coverad with ehalk so that the scratehes made by the awl may be easily
seen. The uniformity of the teeth in the finished job depends upon the accuracy with
which the teeth are laid out.

At each point lay off the front of the tooth on both sides of the blade. For rip saw
teeth see No. 4, Chart 4, and for crosscut saw teeth see No. 4 and No. 5, Chart 5.

From eath of these same points lay off the back of each tooth on both sides of the
biade. For rip saw teeth see Nos. 5 and 6, Chart 4, and for crosscut saw teeth see Nos. 6
and 7, Chart 5.

How o Cut the Teeth

Select a triangular file with uides slightly greater in width than the length of the back
of the tooth. If the file i3 too small, it will not cut the entire length of the tooth on each
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stroke. If the file is too large, it ia difficult to ob-
serve the work and the middle part of each side
of the file will nat be used.

Any fwo sides of a trizngular file will form
an angle of 60° (Fig. 9). Observe that the gullet
formed by the back of ome tcoth amd the fronot
of another is 60°, The file will therefore cut the
back of one tooth and the front of the other on
each stroke.

Clamp the metal az near the base of the out-
lined teeth as possible. (No. 12, Chart 4). Remove
approximately 34 of the metal between the ont-
lined marks of the {eeth. File from one side oniy
{No. 7, Chart 4, No. & Chart 5).

Figure 2.

The file iz held horizonially. ¥ this causes screeching lower the file handle slightly
{Neo. 12}. The file is held so that ene cutting side is parallel to the back of one tosth
and another cutting side is parallel to the front of the adjoining teoth. Remember that
a fle is simply & series of small chisels arranged to cut only on the forward stroke
(No. L2}. Therefore, do rot press on the file on the back stroke as this will dull the file.

The remaining metal is filed {rom every other gullet. File to the marks and stop.
If the point of the teeth are not sharp, retouch lLightly with the file. Be cautious, as too
much filing on any one tooth will shorten it below a straight top line.

Remove the wire edge on each side of the blade by making light strokes with an oil-
stone or mili file. If the stroke is made against the cutting edge of the teeth, the rule,

“Sharpen against the edge,” i3 ohserved.
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SHARPENING HAND gaw -,_
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SHARPENING
HAND CROSSCUT SAW
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SHARPENING HAND SAWS
Chart 6, Page 23, and Chart 7, Page 24

Probiem
To learn how to sharper 2 hand saw,

Words ko Look Up in the Glossary
Set, gullet, wire edge, kerf, jointing, crosscui, rip.

Note:
There are two processes in the sawing operation, first, cutting the small wood chips
and, seconsd, removirg them.
A saw is simpiy 2 series 2f small chisels called “teeth” shaped to cut on the forward
stroke {Fig. 10). It cuts smoothly when these teeth are even se¢ that the points are per-
fectly in line.

When and Why o Sharpen
A saw should be sharpened whan:

1. The teeth are dull (No. 1).
2. The teeth are irregular in shape (No. 3}.
3. The set is worn {No. 2}.

Like the cutting edge of the chisel the sharp edge of the saw teeth become rounded
and dult and do not enter wood easily.
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In & saw with feeth of irregular length and size, the longer teeth do all the work.
When in use, a saw with irregular teeth cuts with a jumpy effect causing a rough ragged
cut. This is because the longer teeth prevent the shorter teeth from touching the wood.
This condition also prevents fast eutting because the gullet quickly fills with sawdust. The
combined gullet capacity of the small teeth, when all are allowed {o cut, is greater than
the guilet capacity of a few long teeth {Fig.11).

When the feeth become dull, part of the set is worn off, cavsing the saw to bind. Qne
cannot steer or guide a saw that has no set.

Adequate Urniform Chip Capacity Chip Capacity Inequate And
No Bin&ing Due To Sﬂogg' ed Gullets !rregular- Bu|g’e\ﬂere Causes Bind”
Figurs 11,

Materizls Needed
Saw, vise, flat file, saw zet, triangular file,

How to Joint

If the teeth are not regular in size and shape {No. 3), the saw will require jointing.
The file is held with the thumbs on top and the index fingers under the file and snug
against the saw blade and pointing back. Hold the file level and make long strokes the
entire length of the blade, Don’t Hurry. Remember that s file cuts only in one direction.
A jointing tool may be used to hold the file in top jointing. Top joint until the shortest
teeth are lightly touched. Additional top jointing will mean more work in filing. If the
teeth are very uneven, file only the longer teeth to the same height during the first joint-
ing. Proceed with the vperation of shaping and repeat the operation of top jointing untii
all the teeth are in lne,

A properly sharpened saw must have all teeth the same height. The secret of accom-
plishing this in the fmished job is to always top joint previous te filing even though the
teeth are of the same height. In filing the saw, if each tooth is brought to a sharp point at
the top line, thep all teeth will be in a perfeet ine. Actually the teeth should not be in a
straight line bit slightly curved (Fig. 12).
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8" to V2"

Figure 12.

How io Shape the Teeth

The correct shape of the rip saw tooth is shown in Fig. 4, Chart 6, and the correct
shape of erosscut sa tooth is Fig, 5, Chart 7. The ir.nt or cuiting edge of teeth in a
rip saw is at right angles to the line of the points of the teeth. In the crosscut saw the
angle is fifteen degrees more than a right angle. This angle, often spoken of as the
“hook” or ‘‘pitch” of the saw, partly determines the speed at which the saw cuts. The
rip saw has more hook than the crosscut saw.

Ii the teeth are fairly uniform in shape this operation may be omitted. (See Fig.
4.) The teeth are brought to the correct shape by filing from one side and at right angles
to the blade (Fig. 5, Chart 6, and Fig. 6, Chart 7). Do not bevel the crosscut teeth at this
time. Adjust the pressure on the file so that the cutting will take place on the larger
tooth. Bring the teeth to a point at the top line. Additional filing means uneven teeth.
If all teeth are still not uniform in size and shape, repeat top jointing and shaping (Fig.
6, Chart 6, and Fig. 7, Chart 7).

How to Set the Teeth

Every other tooth is set to the right and the remainder to the left to produce a
“kerf.” All teeth must be at the same height or the set will never be uniform. Green
wood will require more set than dry wood. The amount of set is generally regulated by
the depth (Fig. 13) at which the tooth is bent. For average work the upper one-third to
one-half of the tooth is bent (Fig. 13). For crosscut saw teeth the depth of set may be
more than one-half, due to the bevel of the tooth causing the hammer of the saw set to
sHp off the tooth.

How to Point the Teeth

Suggestion: In order to keep the teeth at the same height, it is helpful to lightly top
joint previous to pointing. This is especially helpful with crosscut saws where shaping is
required.

Rip Saw

Lightly stroke every other tooth from one side (No. 9). Make the stroke so that the
wire edge will be left on the inside of the tooth. The file should cut against the front of
the tooth that is set toward you. Reverse the saw in the vise and point the remaining
teeth. Repeat this procedure if necessary.

Crosscut Saw
Place the aaw in the vise with the point to your left and the handle to your right
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(No. 10}. Place the file in the first pullet to the left of the first tooth set toward you.
This will be the correct filing position. Notice that the file will be cutting against the
front of the tsoth sef toward vou, and the back of the tootl set from yvou. The wire edpe
will be leff on the inside of the cutting edge of the tooth., We are uapplying the rule,
“Sharpen against the edpe.” Reverse the saw in the vise and file the remaining teeth with
the file, swinging the file 45° to the right. It will be observed that the file is always point-
ing toward the handle of the saw (No. 12}.

¢ Amount OF Set
. .

How to Side Joing

Remove the wire edge and tr;:-up the set by making light strokes with an oilstone or
mill file {(No. 10, Chart 6; No. 13, Chart 7). If the stroke is made against the cutting edge
of the teeth, the rule, “Sharpen against the edge,” is observed.
Final Test

Lay off 2 straight line on a board and iry the saw. If the saw does not easily follow
the lire, then side joint lighify on the side toward which it tende to ro.
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SHARPENING CROSSCUT TIMBER SAWS
Chart 8, Page 30

Probiem
To learn how to sharpen a erosseut timber saw.

Wordg tn Logk Up in the Glnasary
Set, pullet, wire edge, kerf, jointing, gumming, crosscut, flare,

Note:

There are three types of crosscut timber saws, Lanee tooth, Champion tooth and Peg
tooth (Fig. 14).

The iance tooth and champion tooth types are most widely used. Each has two kinds
of teeth, cutting teeth and raker teeth. The cutting teeth scratch two parallel marks.
The raker teeth remove the wood between these
marks,

‘The peg tooth type has cuiting teeth only. It
cuts much slower than the other types and is not
generally used. One who learns to sharpen the
first two types will have no difficulty in sharpen-
ing the peg tooth type.

When and Why to Sharpen

A timber saw should be sharpened when:

1. The teeth are dull or irregular in shape
{No. 2).

2. The set is worn (No. 3).

8. The rzker teeth are even or higher than
the entting teeth (No. 4).

Like the catting edge of the chisel the sharp
edges of the cntting teeth and of the raker teeth
become rounded and doll throngh nse and do not
enter wood easily.

In a saw with teeth of irregular length and
size, the longer teeth do all the work. When in
use a saw with irregular teeth cuts with a jumpy
effect, causing a rough ragged cut. This is be-
cause the longer teeth prevent the shorter teeth feeth from touching the wood.

If the set is worn the saw will bind. One cannot steer or guide a saw that has no set.

The raker teeth should be slightly shorter than the cutting teeth (No. 4). If of equal
length they prevent the shorter teeth from cutting into the wood. If longer they not only
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hold the cutting teeth away from the wood but they “dig in,” producing a rough ragged
ent and causing the saw to jump.

Material Needed
Timber saw vise, 10 flat file, zumming wheel, hamnmer and anvil, ecrosscut saw fit-
ting tool. A setiing geuge is desirable,

How te Gum the Saw

The gullets between the raker teeth and the cutting teeth should be deep enough to
carry all the saw dust cut out by the raker teeth during one stroke of the saw. Frequent
sharpening will shorten the teeth, thus reducing the gullet space. The smaller gullets be-
come filled with sawdust which packs against the sides of the kerf. The saw binds and
pulls hard.

Gum the saw by grinding the gullets until the teeth are the original length (No. 5).
Eold the saw at the level of the center of the stone. Use care in pressing the saw against
the side of the gumming wheel as the wheel is thin and will break easily. Change gullets
frequently to prevent overheating.

How to Flare the Haker Testh

The raker teoth is actually two small chisels arranged to cut in opposite direetions.
These teeth cut out and remove the wood between scratches made by the cutting teeth.
Like any good cutting tool, the raker teeth should operate with a clear-
ance angle of less than 90 degrees (Fig. 15). After many filings it is
sometimes necessary tc flare the two poinis in order to produce the
desired clearance angle. Clamp the saw in 2 metal vise with about
8/, inch of the tooth projecting above the jaw of the vise. Strike each
point & light blow with a smooth faced hammer. Deliver the blow at
an angle so as to produce as much flare as possible without battering
the point (No. ¢}.

How to Joint the Teeth
I the cutting teeth are not regular in size and shape (No. 2) the
saw will require jointing (No. 73. It is best that a erosscut saw fiiting Figure 15.

tool be used to hold the flat file for top jointing {Ne. 7). Make the
strokes the entire length of the saw. Remember the file cutz in one
direction only. ‘Top joint until the shortest cutting teeth are lightly touched.

A properly sharpened saw must have all cutting teeth of the same height. The secref
of aeccomplishiag this in the finished job is to always top joint previous to filing even
though the teeth are of the same height. In filing the saw, if each tooth is brought to a
sharp point at the top line, then all teeth will be in a line. The teeth should not actually
be in 2 straight line but in 2 convex curve called the crown.
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How to File the Cutting Teeth

File both bevels of every other tooth from one side of the saw. Reverse the saw and
file the remaining teeth (No. 9). File against the inside edge of the tooth that is set from
you. This is contrary to our rule, “Sharpen against the edge,” but is necessary to prevent
vibration. It will leave a wire edge on the outside {(cutting edge) of the tooth.

File a Iong pointed tooth if the saw is to be used in soft wood. File a short pointed
tooth if the saw is to be used in hard woed (No. 8). For general purpose worl, file a me-
dium peint. Bring the teeth to a point at the top line and stop filing when this point is
reached. Additional filing may not change the bevel, but will sherten the tooth. The tooth
cuts in both directions, therefore the point should be in the center of the tooth.

tHHow to Joini the Raker Teeth

File down the points of the raker teeth {(No. 11}. The file is held at right angles to
the saw blade. The crosscut saw fitting tool is used as a guide to insure uniform height
of the raker teeth. For hardwood set the fitting tool so the raker teeth will be 1/64 to
1/40 of an inch below the points of the cutting' teeth. For soft wood, the raker points
should be 1/40 to 1/32 of an inch below the points of the cutting teeth.

How to File the Raker Teeth

File the two points of each raker tooth to a sharp edge (No. 12). File only en the top
inside of the tooth to maintain the flare. File until the fat top is just brought to g point.
This will insure 3 uniform height to the teeth and the proper distance below the cutting
teeth. Stroke outside of tooth very lightly to produce a keen edge.

How to Set the Cutting Teeth

The cutting teeth are set. The raker teeth are not set. Every other tooch is sent
(bent) to the right and the remainder to the left to produce a kerf. The set is determined
by the depth at which the tooth is bent and the amount of the bend. Usually the tooth is
bent about 3/16 of an inch down from the point and about 1/32 of ar inch out. The dis-
tance between points properly set is about twice the thickness of the saw biade. For soft
green wood increase the set. A setting tool or beveled piece of heavy metal may be used.
A bevel may be filed on an anvil for this purpose. The tooth is extended over this bevel
and hit with a hammer (No. 13). To insure a more uniform set it is best to check with a
setting gauge (No. 14). ‘

How to Retouch the Teeth

After setting, file the cutting teeth and the raker teeth very lightly to prodace keen-
ness. It is best to re-check the points of the raker teeth for a uniform distance helow the
point of the cutting teeth.
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SHARPENING AUGER BIT
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SHARPENING AUGER BIT

Chart 9, Page 84
Problem
To learn how to sharpen an auger bit.
Words to Look Up in the Glossary
Spura.
Note:

An auger bit is simply two chisels, called cutting lips, arranged to cut in a eircle. The
feed screw guides and draws the chisels into the wood. The spurs, one on the outer end
of each chisel, cut a circle inside of which the chisels remove the wood. The twist deliv-
ers the shavings out of the hole.

When and Why to Sharpen

Sharpen an auger bit when:

1. The spurs are bent, dull, or nicked (Nos. 1 and 2).

2. The cutting lips are dull or nicked (No. 3).

If the spurs are bent outward, the diameter of the hole will be too large and will in-
clude more wood than the cutting lips can reach. If the spurs are bent inward, they will
cut too small a diameter which will cause the twist to bind. If the spurs are nicked or
dull, they will not cut a smooth circle and will cause the bit to turn hard.

If the cutting lips are nicked or dull, they will not cut smoothly and will not enter
wood easily, causing the bit to turn hard. If the spurs or cutting lips are dull, they may
canse the feed serew te tear out of the threaded grooves unless excessive pressure is ap-
plied to the bit.

The threads of the feed screw must be regular, amooth, and sharp in order to enter
wood easily and firmly and thus pull and regulate the cutting of the spurs and cutting lips.
Material Needed

Auger bit file, mill or flat file, and possibly a three-cornered file.

How to Sharpen

Spurs: If the spurs are bent outward, file them down to the same diameter as the
twist. Hold the bit as shown in No. 5. File the spurs with a flat file lying flat on the auger
bit. Use light strokes to bring the spur down to its correct diameter.

If the spurs are bent inward or are nicked or dull, file the front or cutting edge on the
inside, as if they were round edged chisels. File toward the cutting edge. Hold the bit
against the edge of the table with the feed screw up (No. 6).

Cutting Lips: File the flat side of the cutting lips. Make this side flat, not beveled
(No. 8). Now turn the kit and file the other side of the cutting lips to a bevel and a keen
edge (No. 9). Push the file against the cutting edge. Notice the arrow in No. 8. Filing
in the opposite direction produces too much wire edge which will quickly break off,
leaving the edge blunt

Feed Screw: If the threads of the feed screw are damaged, nicked, bent, or dull, run
a three-cornered file around the threads (No. 10). Roll the auger bit as you file the feed
SCrew.

Final Test

Try the bit in a piece of wood. If all three parts are properly sharpened, the bit en-

ters without pressure and cuts a clean smooth hole.
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SHARPENING KNIVES

WHEN NCHED
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LEATHER
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= WOOD BLOCK WHEN SHARP EDGE FEELS
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SHARPENING KNIVES
Chart 10, Page 36
Problem
To Iearn how to grind and whet lmives,

Words to Lock Up in the Glossary
Convex, nick, strop.

AL 1s B

When and W_lly to Grind and Whet

Knives are used more generally perhaps than any of the edge tools. They are sharp-
ened by grinding and whetting or by whetting, depending on the condition of the blade.
Unlike the chisel or plane iron, ordinary knives are ground and whetted the same on both
sides of the bilade.

1. The blade should be ground when nicked or when very dull (No. 2).

2. Whetting is sufficient if the blade is only slightly dull and not nicked.

Constant use and whetting reduce the bevel, thus making the edge blunt and duli.
Grinding is then necessary to restore the bevel. Whetting, of course, is always necessary
to produce a keen edge after prinding.

Materials Needed
Slow-speed water stone, oilstone, leather strop, oil, cotton waste or rags.

How o Grind

The length of the hevel is determined by the width and thickness of the blade. Gen-
erally, the thicker and wider the blade the longer the bevel to grind. One-eighth of an
inch or less is a general guide. An edge too thin will “turn” when cutting hard mate-
rials. Caution: Avoid excessive grinding.

In grinding, place the blade against the slow-speed water stone to obtain the desired
bevel {(Nos. 1 and 4). Turn the stone toward the cutting edge, and move the blade back
and forth across the face of the atone (No. 4). Grind until all nicks are removed and a
very slight wire edge is formed along the entire length of the blade.

How to Whet

Place the knife blade on a clean oilstone with the ground bevel of the blade flat on
the surface of the stone. Whet both sides with a circular or a back and forth motion, using
the entire surface of the stone (No. 6). Continue whetting until the wire edge is removed
or until the edge is keen (No. 7).

How to Sirop

For a very keen edge strop on leather after whetting. Pull or posh the knife across
the leather away from the cutting edge of the blade. Xeep the bevel flat on the surface
of the leather,

Final Test

Draw the thumb or finger lightly across the edge (No. 7). If the edge ia sharp, it
will feel smooth and will tend to stick to the thumb. If the edge is not amooth, some of
the wire edge or small gaps are sfill present.
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SHARPENING AXE AND HATCHET

CR WHEN NOT CORRECTLY HUNG
SO

(D WHEN BADLY NICKED —

JOINT BY PLACING HEAD AT,
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2. WHER SUIGHTLY NICKED
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& LEFT
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Local construction of equipment ¥or small farms in rural areas

is now being encouraged in many developing countries. To ensure
the proper fabrication and maintenance of tocally-built equipment
it is imperative that blacksmithing facilities are established in

these arezs.

This publication, How to make a metal-bending machine
describes a machine which has been specifically designed so that
it can be constructed locally at a tow cost. !t is fabricated from
mild steel flat, angle, bar and pipe materials, all of which are
usually available in deveioping countries.

Using simple plans and photographs the booklet describes the
construction and assembly of the machine. As its main feature is
the abiiity to form wheel rims from cold flat mild steel, there

is a special section on Building a Whee!, complete with plans:
this wheel can be used on farm carts and other basic agricultural
equipment. The metal-bending machine can also cend notched
angle iron and fiat mild steel to any required angle. Additionally,
the booklet contains a plan of an ox-cart, showing the wheel

and axle design in place.

Witn its clear plans and useful step-by-step photographs, this

publication should prove most usefui to all involved in rural
blacksmithing.
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