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NOTE ON SAFETY

Before attempting any of the procedures described in this book, please
be sure to familiarize yourself thoroughly with the “Hints on Using Power
Tools and Other Admonitions™ on page 292, When working with tools,
always observe shop safety practices: the safe oolmaker and blacksmith
is always careful, systematic, and in control of his tools and materials,
avoiding injury to himself, other people, and his tools.

The publisher, copyright holder, and estate of Alexander G. Wevgers
are not liable for accidents or injury caused by unsafe use of the tools and
techniques described in The Complete Modern Blacksmith.
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[ntroduction

This book teaches the artist and craftsman how to make his own
tools: how to design, sharpen, and temper them.

Having made tools (for myself and for others) for most of my life,
1 have also enjoyed teaching this very rewarding craft, finding that
anyone who is naturally handy can readily succeed in toolmaking. The
student can begin with a minimum of equipment, -at little expense.
Using scrap steel (often available at no cost), he can start by making
the simplest tools and gradually progress to more and more difficult
ones. Once a student has learned to make his own tools, he will be
forever independent of having to buy those not specifically designed
for his purpose.

Many students, after three weeks of intensive training under my
guidance, have produced sets of wood- and stonecarving tools as fine
as my own. And, over the years, the students invariably observe that
the value of the fine wols they have made dudng the shor course
exceeds the cost of their tuition. One might say they were taught for
free, emerging as full-fledged toolmakers, each one camying home 2
beautiful set of tools to boot

The guidelines to toolmaking in this book are identical to the informa-
tion and explanations 1 give in class. The drawings are *‘picture transla-
tions'* of my personal demonstrations to students, showing the step-
by-step progression from the raw material to the finished product — the
handmade tool




A quenching bucker
A coal bin

1. A Beginners Workshop

A beginner’s workshop ought 1o include the following basic equip-

ment:
4 sturdy workbench, onto which are bolted:

| sed on 2 %4 hp motor grinder

j press (% hp; %-inch-diameter drill capacity)

Side grinder ( pi

Rubber abrasive wheel (% hp: can of water adjacent, to cool work-
peces)

Buffer (% hp)

Vise (35-pound, or heavier)

Anvil (25-pound, of heavier; preferably mounted separately, on a
freestanding wood stump)

A large drawer under bench, in which to store a cumulative collection

of accessory tools: wrenches, files, drills, hammers, center punch,
cold chisels, hacksaw, assorted grinding wheels, sanding discs, drill
vise, and chuck key, etc

A small forge, in which to shape and temper your tools (a forge is

preferred, though a charcoal brazier will doy. To draw temper color,
use cither 2 gas flame (as in a kitchen stove), a Bunsen bumer,
or the blue flame of a plumber's blowtorch fueled with gasoline.

jl"m\ migimum workshop can be equipped very satisfactorily with
s_cumuhand_ articles, provided they are in good working order, There-
1mem i;;m "-‘f discarded w ashing-machine motors. surplus-store grind-
qugcr:l ‘Jsl.l namnjlcﬁ. hies, etc. Flea markets and garage sales fre-
¥ will provide surprisingly / hich to c

s posingly useful items with which to complete

INSTALLATION OF EQUIPMENT
The Workbench
| ot of o
:h:? ?;:j'zml—h;r tn hobby shops, workbenches are too flimsy. Instead,
3 D a5 i .
: >1O%E. 10 support equipment which is
verything fastened 1o a heavy warkbench
NW“‘“‘“S_ mass and rigidity. Obviously, for instance,
Wasted if hammer blows are delivered onto work-
wobbly or lightweight bench.
mainly to guide those who have

Put under great sirmin
benefits from its sy
much energy will
Pieces heid i

Basic Bquspoment
. Ao
LMaking Tools

sowal] forpre

utilizing the wall as additional reinforcement, (Make sure though, that
noise will not carry through the wall and disturb neighbors.)

The Bench Vise

The vise shown is not adjustable at its base, but those that are — ones
that can be turned around and clamped at any angle — ought to be
balted at the exact comer of the bench

Bench vises should not weigh less than twenty-five pounds — and
the heavier, the better; with luck, you may even find a good secondhand
seventy-five-pound monster. Large vises, with wider jaws, can hold
b:gger-unrkpw:cs. a great advantage when woodcarvings are to be
clamped in them

The Drill Press

As the most important piece of equipment in your shop, the dnll
press should not be smaller than that shown here. Bolied onto the
bench, its swivel table should be adjustable in every position, and
high enough in its lowest position to clear all permanent bench machin-
ery when a long workpiece is clamped om it.
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. can do routing, filing, raspin
ine, the drill press can €¢ sl between washers and nuts. (I have threaded my motor shafis to

A versatile mach mn is designed to do. It
the drilling it is GESIE 0. C .
on to the £ e climinate the need for adapters, using washers and nuts to lock wheels.

grinding, W additi

and %
Is0 janted to function as & wood lathe (see Chapter 10). Once 430N
als0 be alap. -:n b the drill press, your own inventiveness will As both ends of the shaft have right-hand threads, the left-hand wheel
yos Docexie L : ' must be locked with two nuts, since, when it rotates toward you during
find many uses for it s grinding, it tends to loosen itself. adjust g
. ust tvolres
Accessories 1o the Drill Press J\ ool Rests /
1 addition to assorted metal- and wood-cutling drills stored in the . 2 . ;
bench drawer, one major accessory 1S the drill-press vise (as shown), _30"‘-d se.par.ucl,\ on th_r bench below the .“bccls. tool rests are
i ey =T § adjustable simply by tapping the hammer against them to close the
Placed on the drill press s swivel base, it is used to hold a workpiece t
gt ha.-‘ 25 "i been marked by a center punch. Firmly held i gap that forms as the wheels are wom down (especially after redressing
R h;muf \\tan.d ring off theec maﬂg i the wheels). If it seems too difficult 10 make this tool rest, have a chuck.
the wise, it prevents U rom ering C se | welding shop do it LA
A speed-reduction attachment for your dnll press is very useful, l' - $
if you can afford one. For much heavy-duty work, large drills should
be slowed down, to save wear and tear on both drills and press. The Y% hp Grinder and Chuck Extension
Other small ols, such as routers, fotary files and rasps, drum sand- This grinding unit is used mainly to receive chuck inserts of small qﬁ maees
ers and grinding points, special woodcutters, chuck inserts for special 1 e £ . .y
: King § ; : s o caliber, which do the more refined grinding, sanding, and polishing,
tasks, and various others will gradually be added to your basic drill- especially of delicate tools.

press equipment.

As you will be leaming to make many of these accessory tools your-
self 25 you proceed, try o resist the temptation to buy them before
they are needed.

l| The ¥% hp Grinder

: This grinder is the next most important piece of equi

l. oo po pi equipment for your 1
| If you use a fast 3600 rpm electric motor, it is safest to have the ]

g?ﬁmg wheels not larger than 6 inches in diameter. A slower motor
of 1750 rpm may safely have wheels up 1o 8 inches in diameter and

' n:‘ﬁ&m&:;ﬁumkﬁ T:dsc safety factors are purposely more _S_in-:c % t?p electric motors of 1750 pm are standard in houschold

1 WEe s s ha: ustry because we shall eliminate the utility machines such as laundry- and dishwashers, these motors are

| Whoels, © maximum access o the fully exposed 1 | often discarded or available secondhand. As some have odd foundation

ke It should e noted that bolts through silencing nIJbbcr cushions, a litile inventiveness is called

i Nigh-spoed cloctric motor “r-:ur_;me caution 15 needed when using a for m mounting them. With the one shm:vn here, 1 su_npll)r tap a hammer

| it come your way, you .shouh; you may be tempted to use one should against the frame on which the motor is bolmli: this tightens the belt
i# with lk)\;.-:r_s{mi Bolss ho realize that it is much safer to work whenever necessary, even with the motor running.

S N o ek e :"‘ shops. Injury can oceur if instruments

el :
g force — greater & b utting, grinding, or rubbing. Centrifu
) Instruments to fly m:_[ghb:]x;ed than at low — may cause inaccmi.: The % hp Buffer
f harm. A little Jess spee nd, and whip around, causing serious bodil -
| s speed equals 2 fittle mo; g seno y Here, the % hp motor (one salvaged, without bolt holes or base)
it Progress fast enough, since the machi re safety, and you can still is cradled in two wooden blocks and strapped down with a piece of
k o ) Eugh work (requiring a large quu:“.“ ves time and muscle. band steel. The blocks, in turm, are screwed on & plywood bascboard,
M’I:h":f-g.l should be done on the 1 ';Y of metal removal by means and the entire assembly is then hinged onto the bench. This method A ¥
Whp electr; with & a4 ones. If you decide to by P unit, using coarse, hard, allows the motor's weight to “*hang” in the belt, thus automatically weight of motor
3 !.wi‘w_-r:; mokors sufficent g 2 double-shaft arbor fike e 0! a:w motor, choose a model e the bale st mgainss sl tightens Set
“ Ring tack Tive ne - 3 = | E £ ppag
e Fl-ﬁll gmm’“s wheel on each engd ofsu,:n' which is designed to Sometimes, a slight unevenness in the belt (or a slightly eccentric
iy &0 extension ad; shaft, pulley) can cause vibration. The motor baseboard can then be anchored
‘:u.ic:lm WO setscrews, wh‘..::n the shaft as shown. Secure it 1o the workbench with a long wood screw, which steadies it but still
~decp boles and tightened wigr - S O UEtly scated in allows some play.

th an Allen-wrench key. These

+In tum,
A % hold a 6-inch wheel, 2 inches thick. fixed

15




I'he Cotton Buffer

I 15 mounted on ¢

I-fashioned sewing machine,

rutoff wheel, thig
. m, i5 bolted
12 allows maximum

parts with hacksaw or at

t seems too much of an underak.
de buffer on
drill press chuck
hp grinding units

Suc are stores, mail-order

houses,

d tripoli,
1aking jobs.
> rapidly rotating
e mix and thus adheres
ted buffer becomes
2 mechanical sharpening strop. It will
mimor-smooth, and, in short, prove
peasable in your toolmaking

ogether i

The % hp Side Grinder and Sanding Discs

s grinder is built from a discarded motor and an industrial cutoff-
wheel remn
Steel-constro

tion plants use ff wheels that are made from an
1 mix, sometimes fiber-bonded o ¢ them shatterproof.
When new, they measure spproximately 24 inches in diameter and
% inch to %:e inch thick They are clamped between 6 w 8-
mch-diameter washers. When they become wom down to about 10
mches in diameter, so little remains outside the washer 1o cut with
that a new wheel mus replace it and the remnant becomes a waste

Ou can locate 2 stee]
method

\coreonstruction plant nearby that uses this
3% _'-u.l surely have some 8- 1o 10-inch discards to
. \c.. for little. (See Chapter 6 for making a side grinder. )
= u'-n g - [}‘c- >.«M. YOu can mount .\jd;;-bvrmdm‘c abrasive discs
ey of th saw h]aq.c First, remove all sawdust that mught
3 0 B sparks coming from the disc. Second, be sure 10 protect
Your machine fre ithry ! :
iy ":c om sbrasive dus thag might reach any bearings that
b =% C0 properly sealed Such discs are, as u-rul\: made of

“1e-inch-thick stee], 10
= K - 10 which ;
bine-grit abrasive 115 glued a tough sheet of coarse- or

b-\mm:nt‘k erinder
abrasy o
RIVE dise 25 3 chucy

e

The Abrasive Cutofl Wheel

an abrasive

0 cut hardened

cnable v

will

early
» be your major

becomes a great

ially if scrap steel

n vour

s mdispensablk

diameter wheel, Y-

& stan-
shaft and chuck
ools and their acces-

fler mountis
led. Both ex

dard Y2-inch auxil k., if ne

are available at hardware stores that handle pow

or underestimated (this is
zan be perfectly safely used once

ES Oulwe

Its careful

rstood, and

any consequent o
wluce wondrous rest
The Anvil

1 freestand-

, wnvil, forge, and water-

A smal

wood

comer of your

of heated st

The Forge

is excellent

L wWheTever

or riveti

ique tle o
Blacksmith ¢

eir trade, 15 the ideal

which

horseshoers st

in farmin mities usually cary blacksmith coal. Al

15 8 poc

for a begir
very noisy, since
|JT‘:. 2 opening of the fire grate (sbout | by 3 inches) lets small forgings
drop thron ghous rate in
such fires. In contrast, the regul cast-iron grating
ineeding only six to ten *-in
oxudization. Also, the “‘carbon
the steel rather than deteriorate it

Other acceptable means of heating steel include acetylene torches,
outdoor barbecue braziers, wood stoves, and fireplaces

# forced-air blast is used o

accidentally; and steel oxidizes
r coal-fired for,
ir holes),
character of coal fends to improve

S very




MATERIALS

}ﬁgh-Csrbon Steel
Most tools ane made of high-carbon steel This is temperable steel,

It can be bought cheaply at steel scrapyards and automobile junkyards,
> it, great amounts are found strewn

And, once you develop an eye for

aslong highways and in vacant lots 1o add 10 your own scrap pile,
5 anier how beat-up Of rusty a piece of discarded scrap may be,
add it to your supply Scrap is cheap, and as rusty, corroded surfaces
are usually only skin-decp, they can easily be ground clean

Your first trip for material should be to nearby dealers in scrap steel,
If they permit you {0 roam over their vard, search pf:ﬂicularl}- for
all kinds of spring steel: leaf springs and coil springs of cars, garage-
door springs, springs from garden swings, some heavy-gauge truck
cm_zmc‘» alve springs, broken starter Springs, (Orsian bars, and stick-shift
arms — any discarded machine parts that you suspect may be made
of high-carbon stee] — all contribute to your toolmaking supply.
{Chapter 2 explains how t0 “est™" steel for high-carbon quality.)

Notz that spring steel has a sufficiently high carbon content that
it can be tempered for hard cutting edges such as cold chisels, But
the temper hardness used in car springs, though not hard enough for
4 cold chisel, ofien is hard enough for wood lathe-turning tools and
wood chisels (if the wood to be worked is not too hard)

While many high-carbon steels have varying degrees of metals mixed
through them, such as molybdenum, vanadium, tungsten, or other alloy
additives, all ssch high-carbon steels are temperable, which is your
Mmam concem.

The guestion now is: Are all those different steels to be tempered
differently? The more experience you gain in toolmaking, the more
you come to realize that an *‘average’” lempering method is practical
for most of these steels, regardless of any scientificaliy prescribed tem-
pering chants which list exact procedures for heat-treating (tempering)
various alloy steels in industry
. If you decide at the outset to *‘make do™* with the endless, unknown
a;ih::;‘:m steel \'mc!f!cs oo piles, it is the empirical (trial-

= mmmcﬂbds set forth in this book that are to be followed. If
o dse o Bl o o st of ol
! ’ 1 you must speculate about and deal
‘.m:m"z"mmé:':‘ia: ‘:;::"E lfu fifty years that 1 have made tools

¥ gh-carbon steels, a very |
of these twols tumed out to be excellen Ty large e
. . m have

@mfhﬂug—mdufunubm; a.ndnll.or'lh‘c have stood
feel that you know othing about sicel, ok o dou’t v
work and practice, i you will leam enough as you

Mild Steel

Such steel is of a low-c.
arbon content i
e : and is not temperable, al
mg.s w::hl:}p;;:nah:hn Mhlnhrr\;wgh y be ::Ed C‘i:“ .‘:w@
e pplies m]l«ﬂecp ness (see Chapier 2). Some iool$

such as those th

or long-wearing pants (some garden tools o g b

. for instance).

From the same SOurces that produced high-carbon steel scrap can
be found mild-steel plates, rods, and bars. All can be made into useful
articles. In short, any and all steel parts you beliove might be valuable
in your metalworking activities are welcome, and tests in the shop
will distinguish one steel from the other.

THE QUENCHING BATH

This bath may consist of water, brine, oil, or fat. Plain water for
stecl-tempering has been my choice all these years, but others find
a salt brine, or other blacksmith-recormmended quenching liquids, mone
desirable. 1 simply offer my own expenence, recognizing, however,
that the other liquids work as well. The merits of each different one
are explained further when we discuss tempering (see Chapter 2).

Water

Water should be kept next 1o the forge. A water bucket will do,
but a rectangular metal container is better, It should not be smaller
than 10 by 24 inches and 15 to 20 inches deep, in order to guench
long workpieces

A tin can nailed 1o the end of 2 branch or stick makes & douser,
and twenty-five or more littic holes punched through its bottom with
a small, sharp nail tumns the dipper into a water sprinkler. This sprinkler
keeps the coal surrounding the fire wet, and holds it to just the size
of fire needed. Also, it is used occasionally 1o cool the steel workpiece
that extends outside the fire by dousing it while the rest remains in
the fire undisturbed. It is especially useful, then, o douse handheld
steel rods that are rather short and thus may heat up through conductiv-
1y

Because waier is always nearby, fires are seldom started by accident
in a blacksmith shop. The smith is always there when the forge is
fired up, and can dip wto the water trough in ¢ase a piece of hot
steel or coal should be dropped on sawdust, wood, or fabnc

Brine

Brine is made by saturating water with common rock salt. The right
amount of salt is determined by expenmentatios. The more salt-
saturated the water, the higher the temperature at its boiling point.
Some people have quenched a hot tool tip in powdered salf, with good
results; such pure salt melts st 3 temperature much higher than the
boiling point of brine or oil.

0il or Lamb’s Fat

Have some old motor oil on hand mn & five-gallon can {covered,
to avoid flash fires), for general use.

Rendered lamb's fat should be used to harden all very small, delicate
tools. If possible, have as much as one gallon handy, kept in 3 lidded
can to keep rodents away. This type of fat leaves the steel surface
remarkably clean, while old motor oil often deposits some biack carbon
scale on the quenched steel; though it requires extra work to remove
it, such deposits are otherwise harmiless. ,

Historically. blacksmiths have always had this choice of gquenching




caused many varied recommendations on how
many varied results.

h n'.:tumll_\ becomes convinced that, at long
Jast. he has found the **best™ way. Still, he often suspects that another
smith may jost have a secret recipe in his l\:chn!quc. that he is nog
sharing What could it be? It opens the doar fo mysiery for the romantie
.:mn_\r::.:.n. And there is romance in forming hot and malleable stee],
then changing it mto very hard steel. As makers of tools, we are bound
to enter into endless exploration: usmg all sorts of steel; forming it
into many shapes; tempering it in a variety of ways.

liquids: | behieve it has
to temper steel. with as
In dve time, each smut

WOOD FOR HANDLES

A straight-grained, hard (not too brittle), tough wood is best for
wool handles. Black and English walnut, hickory, ash, eucalyptus — all
respond favorably. And don't hesitate to test wood that grows locally
which you suspect might be suitable

Many other materials will be needed in your toolmaking, such as
gonding compounds, abrasive papers and grinding stones, steel tubing
for ferrules, etc. They can all be added from time to time as they
are peeded

de ¥ o . s Bk s

Q. Tempering Steel

Only high-carbon steels are temperable and can be hardened in the
process called tempenng, Mild, or low-carbon, stezl cannot be tem-
pered but may be case-hardened. Hardened tool edges must cut, shear,
punch, emboss, and do many other tasks demanding both hardness
and toughness, Such tools must not break or bend in normal use. The
aim should be that tool edges, in well-designed and well-tempered
tools, should stand up, even under momentary extra strain.

The methods for tempering recommended in this book are based
on what I believe are the most reliable and practical when you work
with scrap steel. Scrap piles are bound to contain a great variety of
high-carbon steels from different machine and car parts. Such varieties,
as a rule, react well to my tempering methods because of their high-
carbon content, nor because other metals have been added to produce
special alloy steels

Manufacturers’ precise tempering procedures vary somewhat from
mine because of the specialized industrial uses of alloy steels. Yet,
in leaming by trial and error, occasionally some high-carbon steels
respond less favorably to my recommended methods.

An example of this would occur when making a cutting tool out
of steel originally designed to remain fairly hard even under red-hot
heat (such as automobile exhaust valves). Generally. the hardness of
exhaust-valve steel remains below the hardness required for the cuiting
edges of our tools. Therefore, for any picce of steel, a test for tempera-
bility is always advised before you begin making a tool that must
have a hardened and tough cutting edge.

TESTS FOR TEMPERABILITY

Test |. From the scrap pile choose a steel rod that you suspect
may be of a high-carbon quality. Hold it on the power grinder and
examine the sparks; compare them with the sparks shown in the illustra-
tion, which distinguishes high- from low-carbon steel by spark charac-
teristics, The rule of thumb in the shop is that a dull spark is mild
steel, and a brilliant, sharply exploding spark is high-carbon steel.
Most libraries have books you can examine showing the spark charac-
teristics of various steels. If you still are not certain that the steel
sample is of high-carbon quality, you can resori to the following sure
and final west.
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DRAWING TEMPER COLORS

.T." “*draw
brittle, hard steel
steel heats,
indicates a change
specific hardness

Use a standard commercial propane torch or & plumber's gasoline
blowtorch. The blue flame ¢ 1 ga5 ra functions well, pro-
vided you fit a bent coffee can the burne ncentrate the
flame. as with a Bunsen bumer. Another method is to place two fire
bricks, spaced % to | inch apar.
heat escaping between the bricks becomes a

Now begin to heat the tool shank, holding &
Keep the mirmor-smooth, brittle blade safely ou
as the gradually increasing heat of the shank 1s
blade, the first oxidation color appears — 4
color chart)

As you heat the steel further

color is the term used for the process of reheating a

1 it for a specific hardne
color, and each color change
us “‘matches’

order o le

Specific color

top of the forge fire, so that
ocalized heat column
he blue flame
flame. Soon,
ed towand the

sou will see the whole color spectrum
appear as & full color band: & ncarest the flame, followed by the
full oxidation color spectrum as shown. 10, finally, the origmal sheen
When this full color band moves down the shank o the begmning
of the blade part, now hold that par guite high above the visible flame,
trying 1o visualize the invisible heat column nsing from

It is in this less-hot region that you should now bold the
blade — quite high at first ving it safe. Within about a minuie
in that position, an even change of oxids (temper) color is drawn
the total area of the shiny blade. It will be a faint straw color

If this change of color appears at the extreme outer edge first, it
means heat is entering that thin area too fast. Either move the blade
slightly off-center in the visualized heat column, or hold the tool higher
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< well as speed of heat transfer. Continue thuy
e, now there. This contmjy

ce heat a
hold it now
transfer ext a (o be tempered, and the
orecise moment for quenct er color
" The following guidelines will help you select correct temper colon
during the hardening of various to0is:
Peacock. For thin delicate wols, and tools with spring-action panty
hand-pushed
For heavier-gauge wix s that are struck with
hammer
Dark straw. For center punches Id chisels, etc.
Light straw, For blunt-edged sturdy tools, such as large cold chisels,
star drills, bush tools, etc
Unexpected things, aver which you may have little control, will
probably happen. For example, after a water quench, some steels
emerge brittle-hard with such great tension t if not tempered within
a short tir A pthwise all by themselves. Such steels
f‘:ll\l‘Jl‘l) were designed to be hardened in oil, and manufacturers’ man-
uals do refer w water-hardening and oil-hardening steels. Therefore
the unknown (and unknowable) elements in your ;L'r.i[‘ pile can 1:3\1'

v may crack |

you guessing somewhat

To summarize and underscore the tempering steps, reexamine the
aidation cob Spec E 1] i *
C \]imli. color spectrum and the annealing of a steel bar as shown
in the drawings, as well as the color ¢l (S : I

gs, | color chart, (See also the ¢t

e o the cover illustr-

From ¢ ce
0 | my experience in dealing with high-carbon scrap steel, mueh
al i et TEbe e X :
s is :nrd‘.ncu in oil shrinks less than that quenched in water of
rine. And. as i . itk L 5

nd. as the tension that weakens steel is still further reduced

during temper
i ng in oil, it is wisest
g il L 1 lor delicate t
dened in oil or lamb's far. Bl

The many varia ¥ e in fac
variables involve j
in) S - ere 1 fact u an
; . e allow u an endless
|;Ililrllhs.r of combinations o expenment o
13l expenmentation is what led many

with i the tempering process,
;r’r.:h‘ to the an of hardening and mrn;:crlg.l-t‘i-i;::wf :.3\1_rxrlc:rcd |h]':i:
ave o] - = i 2 e
DMCLL;‘:“F:;“:-.:.': -::T:,[ mx.:lhcxjf. In fact, they \i|1‘1;ll1.\'l ::n:dlnlmi:r
undT:m\;. they often ‘Uccf.:::s_.' 1o improve their results; through triil
hus, only through each individual's experience can he find for hime

seli — through
1 exploration, inw
. entive i 4
"E;I[\:_ what works best for him tveness, - discovery, and judgs
breakthron
. gh o s when al
that is a blend betw ::,m: When all guessing is replaced by an intuition
are bound to :']r:nunLn ;flmg and knowing. As maker of tools, you
= ¢ that m atif e

cd ¥ WSt pr - a

ge that, while making good o ifying of sensations: the knowl

one will be the best one yert 0" ¢ Probability is that the next

CASE HARDENING STEEL

Mild steel can be hardened by heating and applying to its yellow-hot
surface purest carbon powder or a proven commercial compound
By allowing carbon o penetrate the steel at its surface only, the skin,
or *“‘casing,”’ is hardened and thus becomes temperable. Commercial
at machine-supply stores

compounds can be
: dening method was 1o pack around the

An old-fas
steel a r of hom-shavings (hooves of horses, cows, goats,
deer — all a pure form of carbon) The whole was then wrapped in
cloth. To keep oxygen out, plaster or cement, mixed with firebrick
grit and reinforced w ith chicken wire, was cast three inches thick around
the cloth-swathed bundle and left 1o dry thoroughly

The whole package was then buried ovemnight in the glowing coals
of a boiler fire in a steam-engine plant The next day, the plaster was
knocked off and the clean, dark-yellow-hot piece quenched in a drum
of water. Its surface would then be brittle hard, but that hardness was
only skin-deep. The advantage was that the soft core made the interior
tough and resilient, while the hard surface ensured durability

Years ago, as a student, [ helped & blacksmith friend of mine case
harden just such a tool in his village shop: a thirty-pound hammer

head, with a *‘skin’" that must have been all of '/1e of an inch deep!

THE OXIDATION COLOR SPECTRUM

The illustrations here demonstrate what happens w hen & bar of highly
polished steel is held over a hot flume and heated gradually. The colors
that appear on the surface occur during the tempering of high-carbon
Is. The resulting oxidation color spectrum |5 a kind of temperature-

slee
art. In high-carbon steels, each specific color rep

color equivalency cb
resents a specific handness when a brittle-hard steel is being tempered
over an annealing flame, (Annealing is 4 process W hereby heated steel
is cooled very slowly rather than instantly as in quenching. It “softens’
most steels, )

The first color that appears in the spectrum is. fainf | ., It repre-
sents the coloration that steel takes on when it is hardest and farthest
removed from the flame; light blue 1S the last color that appears in
the spectrum, indicative of steel when it is softest and closest o the
fiame. and hottest. This color band now & els, through heat conductiv-
ity, outward until it reaches the end of the bar and disappears, leaving
the previously brittle-hard har annealed (soft), When such a high-carbon
stee] bar is allowed to cool slowly
as soft as it can become

The six-step demonstration of what happens to a steel bar held over
g flame should now make clear that if you choose o quench
of your choice reaches the end of

after heating. it leaves the steel

an anne
the steel when the specific color ¢
the bar, that color then maiches & specific hardness of the steel at
the end of the bar. Thus it has been tempered, just as if you had
tempered the cutting edge of & tool. Once these sequences anc under-
stood and this procedure applied to temperable scrap steels, you can
proceed with confidence 1o temper your oW n ool edges.
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te that only in brittie-hardened high-carbon sieel ig '.
graduated hardness indicator. Mild
stecl, though not temperable, will, however, show an identical oxida-
tion color spectrum if its polished surface 15 heated gradually. In that
situation all mild steels, regardiess of & color spectrum appearance, |
remain soft enough to file easily.

You might no
the full oxidation color spectrum &

THE COLOR RANGE OF HOT STEEL

Heat-Glow Colors

Heat-glow colors have a specific range, which the toolmaker should
Jearn thoroughly and then determine only in the semi-dark. Much as
a blacksmith constantly has to judge how hot he wants to heat steel
before forging or tempering it, so must you do the same in toolmaking.

If bending the steel is all that is required. use a yellow heat glow,
This makes steel malleable enough to bend easily. It is also a forging
heat.

A dark vellow heat glow makes the steel a little less malleable,

A light cherry red hear glow (not malleable enough for forging or
bending easily) is needed only when temperable steel is quenched to
harden it.

A dark cherry red heat glow (in some temperable sieels) is not
quite hot enough for hardening in a direct quench.

In sum, visible heat glow relates to color and temperature, and the
ability to judge these correctly is required when forging, bending, or
lempering steel

3. Making the First Tool:

A Screw Driver

No matter how clearly the first steps of the very first exercises may
be described — making the fire, heating the steel, hammering on the
steel to shape it — the beginner must actually perform these steps him-
self before they become familiar. Only through practice. after repeating
the steps again and again in routine sequence, will you gan the con-
fidence that leads to competence.

This book's written and illustrated guidelines will become easier
to follow because of your understanding as you read and experiment
Fewer detailed explanations will be needed since you can fill in the
more obvious minute detail with which you have already become famil-
iar.

The first lesson for the beginner is to make a screwdriver, because
in this exercise, nearly every major element of toolmaking is employed
with a minimum of complications.

If vou are a complete novice you should first read the rules for
grinding steel on motor grinders, and note all the rules on safety before
beginning your first tool (see pages 292-3). Then, you may proceed
with the following steps:

(1) Grinding a tapered point on the end of a rod.

From your scrap pile take a 10-inch-long engine push rod or other
piece of high-carbon steel, about */1s of an inch in diameter

Grind a point, as shown, using the dry motor grinder. This point
is to be the end of the screwdriver rang. which later will be driven
into the wooden handie.

Make certain the tool rest is barely touching the rotating grinding
wheel. Slide the tool back and forth as you grind, taking care not
to cut grooves in the wheel. (This can happen if the sharp end of
the rod is pushed hard against a single spot on the wheel face.

(2) Grinding four flat sides on the rod end.

While moving the tang back and forth, press it against the outer
face of the wheel, using the tool rest to hold and steady it. Grind.
without interruption, four fiat surfaces to make a square cross-section,
as shown.

Let the rod become as hot during sustained grinding as it can, 30
that the finished tang end can be forced hot into the handle. Use visegrip
pliers if the rod gets two hot to hold by hand.

(3) Burning the tang into the wooden handie.

As the next step must be taken without pause, always keep a supply
of standard commercial wooden file handles ready. They should have
steel ferrules and be predrilled with %- to */is-inch diameter, 3-
inch-deep holes to guide tangs into. Note that, at a /yg-inch diameter,
the tang is larger than the predrilled handie hole; this ensures a snug
fit once tang is bumed into the handle. !

Quickly, while it is at its hottest, clamp the rod in the vise, Hing
end up. Fit the handle hole over the tang point; then tap the handle
rapidly with the hammer, driving it down on the tang 10 its full 3-inch
depth. Smoke will indicate its *‘buming"" heat.

making & screwdriver




h sheen on bit end
S-over blue pas Flame
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1o these sleps without inferruplion, the hot lang bums n

thout charring the wood excessively. Heated wood momen.

Iy softens, yields, and (finally cooled) becomes hard once mom;

Tl\:,;_ the handle will not is semed 1o perfection, and is locksd
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Jd pow be ground into a flal tapered end

s shown. As you grind the taper fy

heat _.:l\‘\l..l[‘P(.ll' _ which is what you are after. The heat glow will
vepol’ 1o dark cherry red within one or two seconds after the toal
i withdrawn from the gnnd wheel. At that very moment, iﬂ-‘-lzmly
quench it in the can of wal

If the resulting tem wuld prove to be too hard (the edge of
the 00l would chip in use) it means the quench has made the sl
oo brittle

To repair, proceed as follows. Regrind the bit to an accurate taper
. ). Put a sheen on the bit end and draw
e color over a gas flame, as shown
,11,':lnf1:-m:r you have it: a well-tempered screwdriver in about fifteen
.rw | e ) -.l :hc same time, the beginner has been introduced to the
hhl‘ principies of oolmaking in the shop
\eep in d i1 !
a5 hr:l“‘mﬂllr:l'r.n.; '710\\ . that while this simple tempering method
piied 10 any small piece of steel (like a screw .jr'u.-c;:_ bigger

workpieces must be heated in MEe fire 1o reach the neces
heated 1 ssary temper
k & jorge fire o re b CCSSAry

4. Making a Cold Chisel
and Other SimpleTools .

A COLD CHISEL

1 from your scrap pile a %- to Ta-inch-diameter round or

1al bar, about 15 inches long. (Asa general rule, the steel indus-

. 15 to mill much high-carbon steel into octagonal profile, though
of course there are exceptions to this.)

Check, by holding the steel aganst the motor grinder, whether it

is of b arbon quality, as described in Chapter 2 (page 21). If in

doubt, can always resort to temperability test number 2, described
in detail in Chapter 2

SHAPING AND TEMPERING THE COLD CHISEL

(1) Shape the rod on the motor grinder, us shown, and cut off the
length you want for your chisel

(2) Build a medium-sized, clean, steady, sm eless fire

(%) Place on the anvil, or nearby, a serap of abrasive stone with
which to put a sheen on the end of the chisel in order to judge the
oxidation colors in the tempenng process

The quickest but least controlled tempering method 15 t0 hold the
rod in tongs and heat about % of an inch of its end in the forge fire
1o a cherry red. Quench it immediately in water and test for hardness

If you are not sure about judging the right moment af which 10
quench the . and if, in testing for handness, you find the edge
buckles or cracks, try the following, more controlled method

Heat 1% inches of the rod end to a dark yellow. Now, quench
only % of an inch of the end, as shown, and withdraw It when the
visible heat glow of the rest of the steel has disappeared. This in
sion step takes about ten to twenty seconds. Quickly transfer the st
rod 1o the vise or anvil and hold it fimly slanted downward over
the edge. Immediately rub the end with the broken abrasive stone 10
make the steel shine enough to observe the oxidation colors ray
through heat conductivity, Note W hen a dark yellow to bro color
reaches the cutting end, and at that moment quenc h the whole ool
This is then the right hardness for & cold chisel. (See also Chapter
2, on steel-tempering.) Whether you now harden the other end of the
rod or not is optional, the is sometimes done in order 1o keep the
steel from *“caulifliowering™ after long use

In any case, cut it to the length you desire. { ihe average cold chisel
is gbout 6 to B inches but special anes often have 1o be longer 10
cut steel in areas that are hard to get at.)

Finally, grind the bevels as shown, frequently dipping the tool in
water (o keep it cool dunng grinding so it will not lose its handness




A simple cold chisel is one of the most useful tools in the
lless tasks that cannot be accomplished without this mlllli: A CENTER PUNCH
center Punch

There are end
» tool p them 1
purpose tool, among { ! e LA - fal
To cut off the head a nail clamped in the vise (to make ping M“k.{' acenier purich odtof & -inch-diameter gh-carhon wisel
Y rod. Grind as shown. Harden just as with the cold chisel. Cut off p

rivets, nail drills, etc.) g \
To score & hammer-stem wedge. the length desired. L 7
To hack off a comer of 4 steel part 7 :
To cut a flat section on a round rod before trueing it up with'g

file
To free a nut so rust-frozen on to a bolt that no other tool will
budge it. A cold chisel can notch a toehold on the edge of the ny
and, with a few hard hammer blows. loosen it. A wrench can theg
finish the job. If all else fails o loosen a nut, then the cold chissl}
d as shown, can be driven in as a wedge, creating such enormous
: i 3 A NAIL SET
g a shearing action,

plac

strain on the bolt that it will break off. By usi

in time the chisel will ¢ » 78 o ; : z ;
ey ‘-.]f‘\'-‘: ] h|.]d_ ut the bolt off. No matter how fl‘g&lrahnx Use another length of a high-carbon steel rod, previously annealed,
‘:m.‘r.lh. :i\c\l“m A :‘: rusted nuts and bolts, the cold chisel will to make a nail set. Clamp it in the vise, as shown, and use a center
generally solve your problem. 1
et d,li:_” p]nd ||_r : punch to drive a crater-type depression in its center. Now grind, as
F. . delicate cold chisel c: . 11 . acte ? i
€ co nsel can be used to chip plaster from waste for a punch, leaving a sharp little crater in the end, and temper like

molds in the

ay-modeling and plaster-casting arts. a cold chisel

CHASING TOOLS

These tools are used to texture metal surfaces (such as the surface
of bronze-cast statuary) in a punching action that leaves tiny craters

as well as raised portions. Chasing tools may be made with a great
variety of texture pattems to suit the user. Each “business’” end is
i | tempered the same way as is a cold chisel.
¢ I chesing toels ~
PUNCHE at
'
1 Sheet-metal, leather, and paper punches are made to cut through 3
| 4 material (or indent it, s in embossing and repoussé) and to create
l‘"\' :_ 3 decorative designs, These punches also vary greatly mn shape of @
i ‘ cutting edges. according to the user's need and INVenveness. £ gamn. @
l they are tempered just like a cold chisel @ o ]
l 7 (
1 . = sheet metel, ||
I A PAINT MIXER [l teather &
A — @ pRper PUndL
Sometimes called an agitator, this tool can be cold-bent if it 15 mild r i )
It will function well if the rod is not less

steel, and filed as shown
than */1a inch in diameter and is used at the slower rpm (on the medium
pulley) of a drill press. However, if greater speed is needed or more
resistant paint is to be mixed, the rod should be high-carbon steel.
Such steel is inherently both stronger and more resilient in the annealed

Inint agitstior

state than is mild steel

DRILL BITS

= S

eaf springs

Indispensable as accessories, drill bits can be made from k
and shaped with the abrasive cutoff wheel. They can be heated, flat- l: !

-~

tened, annealed, filed, and ground into their final shapes.
Temper each cutting bit a peacock or purple color to prev

breaking under torsion strain =
Now that you have made these simple tools, you are ready 10 progress \
Your confidence will increase

ent it from r'

to more and more complicated ones.
as you work

drill bits for wood =




5. Making Stonecarving Too

one-point tecls

THE ONE-POINT TOOL B

This stonecarving tool is simple for the beginner to make and dogg
not need elaborate equipment. It looks like an elongated center p mch
and is the major tool used by sculptors working in stone. Ofher
craftsmen use it too, for carving stone birdbaths, for chipping ind
fitting garden stones, and for carving other roughhewn pieces (i}
stone softer than very hard granite).

Choose a %- to ‘2-inch-diameter high-carbon steel rod f .
square, or octagonal). Test the steel with a file tip to make cerai
it is not (0o hard to cut with a hacksaw blade. Use the file rip only
in order not to dull the file. If the file tip slides off, the stock. i
100 hard to saw and should be annealed. (To anneal steel is to sof
1:1. It is done simply by heating the steel to a red glow and ooling
it slowly in ashes.) 3

Cut off an B-inch length of the rod and grind or file its end int
4 pomnt, as shown 5

Heat % inch of this pointed end in the forge fire. As soon aS |
cherry red heat glow has been reached. quickly quench it in wales

Clamp the piece in the vise and test the pointed end for handne
:th the file tip. If it slides off, the point is hardened, But it coull
fmt.m 5 fan;‘:}'bc oo brittle. Therefore, probe with the file! ip
e £ in from the end until the file begins to grab the’
your too] jl..lh‘l rim|1!|m-)1'Ild happen At % inch from the tip, which mi
- e ENt 1or stonecutting. Should it occur as far in

s point would be too brittle and might break off in U
1 5 Case, Tepeat c\.-gr}. Slep since v 1
time, however, the heat glow h Sy F".SI heated the-took

soling. Thg: l Is ould be a litle darker than

of the too] sx II(_:P S ohee e bl

Way. (Various high-carbon s[m" i be hardened in exactly the S

Having finished this simpje aon- 2, /2P Pile respond vansy

foping gnoc!lj'e One-point. toal, you are now wel

. P BO0d judgment over the ial steps @
ing; shaplng the too § chulcnltn Sleph

ank i the o Tom raw stock into the tool b

shape; hardening the tool’s. el

Ecomme. 4
mpering | ended that the beginner carefully
o E llll:, aj.l steps become thoroughly
#SIC procedures are full del
Breater eqqp ok Y
vered i this h:::;,n’"bu.:y as you proceed o mis

THE CLAW TOOL

The stock used for a stonecarving claw could be a %- w0 %-
inch-diameter high-carbon steel bar, But you may also find other usable
stock: bars not less than *1s of an inch thick, about | inch wide,
and 10 inches long. Leaf springs from cars are often */1s of an inch
thick and of excellent steel; cut into smaller sections, one such leaf-
spring blade may yield stock for a dozen or more claw blanks. Even
though you find a type of scrap steel not mentioned here, it can be
just as good or better, so don't hesitate 10 experiment with it.

Although an abrasive cutoff wheel can be used to cut through the
leaf spring, you may prefer to have a welder do it for you with his
acetylene cutting torch. In this case, all you need do is mark off with
chalk the pattern of the various claws you want, just as a tailor marks
off clothing patterns,

Remember, however, that any piece of high-carbon steel cut with
the welder's torch is “*bumed’” along these cuts. All bumed edges
have to be ground back on the motor grinder (a file would quickly
dull on such hard edges) until unmarred steel is reached. The altemative
to the welder's torch is the abrasive cutoff wheel (see Chapter 1, on
cutting steel with an abrasive cutoff wheel), but it takes longer and
assumes that you either own, or have access 10, a table saw.

One end of the bar is now to be heated and flarened on the anvil
with a hammer to form the shape you have chosen. The cutting end
of the tool can now be annealed and the bevel either filed or ground
on the motor grinder.

Clamp the beveled blank in the vise. With a triangular file (I often
salvage some from a professional saw-filing shop), nick dividing marks
on the edge, spacing the number of teeth you want — 35, 6, 7, 8,
or more. Once you are satisfied that the division is accurate enough,
cut the spaces by bearing down firmly on the file in the stroke that
cuts away from you, idling lightly on the retum stroke (so as mot
to dull the file any more than necessary).

File one side of the tool until the triangular grooves meet in sharp
points on the tool edge; then do the other side. It is important to nole
that since the two outer teeth must remain as strong as those in between,
that is why the blank has its two outer side facets ground as shown.
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feaf spring of a car-
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Method 1

g:' \ H heat o light cherry
A, . 0ot hald 4% sec,

submerged

gi\tf.w'nfﬁ abresive, &
F _:]-:«_n en 2
“waZch for broure’
wlor toreach end
=

Lthen

=y Quench Fully.

C!‘mpc.r other end
the same way

The tool end that is struck with the h""””wr. \h‘.‘"!d o8l
just like the oné-point tool. But the delicate teeth of the L.‘l;l\-\' requis
a more cautious tempering method, W hich can be accomplished inone
of two ways: 1

(1) In the forge fire. heat 2% inches of the claw end 1o a [ight 8
cherry glow, Quench by immersing only the final % inch in the water,
iust long enough (sbout fificen seconds) to sce the hc.‘ar. glow disappegy
in the unsubmerged part. Al that moment, quickly withdraw the tool
g place .:m-c.--rhccdgr"' the bucket. Rub it with a piece of sandstang 8
ar scrap of abrasive stone, creating a bright metallic sheen on the
Y-inch quenched end. The heat stored in the tool will now mtu
the file-hard quenched end through conductivity. First, a light straw
color will appear, but as the stored heat travels on, the teeth becoms”
hotter and hotter and light straw yellow tums to dark straw vellow,
and next to bronze

At this moment, quench the whole tool, to arrest the tempering pro
cess; this ensures that the teeth are now of a hardness (o cut fairly
hard stone, yet not so brittle that they might break off. 3

(2) This tempering method is similar to the first but gives you mone
control. This time, when | inch of the cutting end is heated to Iiglﬂ' 1
cherry red, quench the whole 100l A

Once the tool has cooled, polish the claw end with an abrasive stong
or carborundum paper to a mirror sheen, Now use a blue flame (from
i g Lh:‘-lclnz \-}i‘ :r\ n{n l.hn_wr sequence as heat is conducted
quenching, so can it hcuéul:;d;:bhtnr]:ur .huml can:be Mrcsey N :

8 : ¥ moving the tool farther from the 8

hes 6. When the f
4l soure T eeth are drawr from a dark stra
[ souw t d traw )"2"0“" o
wronze, quench the tool 0nce more

This controlled method is always

important or delicate oo preferable when tempering an

THE BUSH TOOL

This tool with a serrated face is often referred to as a **nine-point."”
The bush tool actually crushes the stone, pulverizing its outer surface,
whereas one-points and claws chip stone. The bush tool requires a
steel stock about 1% inches in diameter or square cross-section. Such
heavy stock may be cut from a salvaged car axle, as shown.

When filing the teeth of a bush tool, make certain, as with the claw,
that the steel is annealed by burying the heated tool end in ashes to
cool the steel very slowly. This makes high-carbon steel as soft as
it will ever get — sufficiently softer than files used on it, which other-
wise would become dull quickly.

Once you are satisfied that the steel is properly annealed, clamp
the tool blank vertically in the vise, as shown. First, prepare the teeth
locations with a hacksaw. Follow up with a triangular file; and, finally,
file the side facets on each tooth by slanting the file, as d rated
in enlarged detail.

Once ground and filed, the points should be tempered as suggested
in the fisst method for claw-tempering. This time, however, draw
temper color to light straw yellow (harder than dark straw yellow).
The reason is that the bush points will not be unduly strained by side
tension, and thus can take a harder temper for longer wear.

Bush tools of a smaller caliber may be made from heavy-gauge
coil springs. These are often to be found as scrap steel from heavy
trucks. When a section of such a coil is cut on the abrasive cutoff
wheel and heated and straightened, it will be long enough to make
many sturdy stonecarving tools. The diameter of this steel is rarely
over % inch, just enough to file into its end-face a series of small
points for a bush tool used to texture the delicate detail of stone sculp-
tures.

annaal 5.
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6.Sharpening Tools

Sharpening tools should be done on machine grinders if your shop
is equipped for it, as power grinders not only save time and effort
but result in @ more perfect cutting edge as well. Sharpening tools
on hand stones, although described at the end of this chapter, will
prove your second choice once both methods have become familiar,
You may then join me in saying, *‘Throw all hand stones out of the
window'" if machine grinders and buffers are available.

MAKING A SIDE GRINDER

The materials needed to build this power grinder are: a % hp electric
molor, scrap plywood, a salvaged abrasive cutoff wheel disc, setscrews,
and some wood glue

Cut out one %-inch-thick plywood circle, about 10 inches in diameter
(approximately the size of the salvaged abrasive cutoff wheel), and
one Y-inch thick about 6 inches in diameter.

Also cut two that are 3 inches in diameter. Glue all four plywood
pieces together, concentrically, between wood clamps. :

Next, drill a Y2-inch-diameter hole in the exact center of this assembly
to receive the Ya-inch-diameter shaft of 3 standard % hp electric molor.

To secure this assembly on the shaft, the wooden hub part should
aufpﬂ'\modu:c a H-inch-diameter wood screw as a “setscrew.”" Drill
a %-inch-diameter hole in the hub, as shown (you can make ;he drill
from a %-inch-diameter mild-steel rod 7 inches lon its end filed to
resemble 4 drill tip). Then, forcibly screw a *;-incif. = ;“ ‘ its
threads rubbed in candle wax, into -thil. undurs;z od b ]won et

The motor shaft, as a rule, will hayve a key LI ["c-
on 1o which the setscrew can lock. I Iri ”.' o S ffmc{

- I not, drill a shallow hole into

the shaft &t a mea
sured distanc ‘
firmly, ance from its end, to seat the setscrew

your lathe-cuniy 1sed 100l rest, as shown, will assist
g

w.:.; :Lr:l::.u ;md\aus-ﬁed that the disc is
Wiria s ?a[:: }::1{}:@’\-: :l_u: assembly and apply contact cement
wheel. Once this crrncn‘:[::: i“ and one side of the abrasive cutoff
E;“‘um WO logether, (A g[‘_:mm;ri‘"‘mﬂh (in & minute or s0),
D e o e e e
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perfectly flat and round (check

P 16 1o remo
Cutoff wheel so that the g::t t::e

& piece of flat congrete
+ such
waste from building Projects ?:

:Ttaj"c coating from the face of the
irely exposed, For this purpose,

broken pie
ey i
usefyl, Pieces of sidewalk or cement

Place the cement slab horizontally, as shown, so that the abrasive
disc can be moved over it in a grinding action. Sprinkle the slab con-
stantly with coarse sand and a plentiful supply of water, The downward
pn:u-ﬁu- will grind off the plastic, exposing the grit on the cutoff disc.

Finally, lock the finished assembly on to the motor shaft: you now
have made one of the most useful machine tools in your shop — a
side grinder,

USE OF THE SIDE GRINDER

The advantages of a single-purpose side grinder over standard multi-
purpose grinding wheels are obvious. Because of the accessibility of
the disc surface, you have a full, uninterrupted view when grinding
specific bevel angles, cone shapes on blades, flat surfaces on long
chisels and knives, as well as the small, flat facets required in V-shaped
gouge uprights.

In short, all flat tool surfaces can now be safely and conveniently
ground, The composition of this cutoff wheel is so hard and durable
that 1 have found it to outlast every other stone for grinding purposes.

Salvaging Worn Stones

When grinding wheels become wom down and thin, and side pres-
sure would endanger their brittle structure to the point of breakage
(a break would make them then fly apart), they must be reinforced
Fit a standard extension shaft and cup washer precisely against the
shoulder of the motor extension. Between this washer and the thin
stone, place a disc of plywood that is | inch thick and 1 inch larger
in diameter than the worn stone. The side pressure will thus be absorbed
by the plywood backing during grinding

Anchor your now salvaged grinding unit 1o the shaft with washer
and nut; the stone will serve well, though the washer and nut somewhat
reduce the toral usable surface of the stone

As a double precaution, a protective wood ring can be nailed or
glued on 1o the backing disc; or, the stone itself can be glued to the
disc.

The Dressing Tool

A dressing tool is used to repair wom grinding wheels by smoothing
out grooves and cleaning off dini. The toothed wheels of the dresser
are strung on a shaft smaller than the wheels' holes, causing them
tw spin independently and “‘ratle’ against the revolving grinding
wheel. This *“*rattling" action results in hammer-like blows that break
down high spots on the stone's spinning surface

‘no interference
by whnt:imnrd.

phrwoed back
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Dressing Worn Grinding Wheels
hich normally almeogg
It must be far
¢ over the edge of the
ser wheels barely touch
notor and move the dressep
portant precaution
rples. Gopgles
¢s and stone particles,

Dress a wom stone by adjusting

touches the stone) so that it 1s |

enough away © allow the dre

tool rest, vet close en
the stone’s high spots
the tool rest, wearing down the wheel. An

during this operution is to u
are essential because of the dange !
But the mask will not be necessary if vou breathe properly: inhale
deeply before starting the action, hold your breath while the dresser
is curting; exhale when the dresser Let dust setile, and
repeat

If the stone’s surface is not sufficiently cleaned in the first operation,
tap the tool rest lightly with a hammer to bring it a little closer to
djustment permits the stone to be better dressed
and, in time, the surface will be dressed with great accurac

ot

stops cutting

the stone. Each such r

Dressing a Broken Gouge Edge

In dressing a wood gouge, be sure 10 cool its edge frequently with
wier to prevent the hard steel from losing its l.'cm[\'r on the coars
hard stone of the grinder ; . e
. Slant the blade against the stone ar the
for it. (See Chapter 12, on wood-goupe
can be accurately aligned on the side
forms must be scraped off the edge

angle originally designed
. lesign.) This slanted edge
side grinder. The slight burr that
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You are now ready to grind the beveled edge of the toal on the
various grinders, Take extra care against loss of lemper, because the
thinner the steel becomes, the sooner heal accumulates. To prevent
it, more frequent cooling and slower gnnding with less pressure ane

necessary.
The mirror-like reflection seen on the re-dressed edge must be
yOu in maintain-

watched during bevel grinding. That reflection guides
ing an even and gradual approach of the outside bevel plane to the
inside blade pline.

With continued grindis
appear. This is the sign that the outside bevel and the inside plane
of the blade have met, creating a minute burr, indicating that no further
grinding is needed.

Refine the texture of the ground surface of the bevel on the rubber
abrasive wheel and, finally, finish on the tripoli-treated buffer, This
will sharpen your wood gouge 10 perfection

the last little **sheen’” will eventually dis-

THE RUBBER ABRASIVE WHEEL

The rubber abrasive wheel is used for honing tools after they have
been sharpened on stones. Such wheels are very tricky o work with,
but their advantages are great. Because rubber is inherently softer than
stone, sharpened steel has a tendency to bite into — sometimes sctually
bite a hunk our of — the spinning rubber grinder Such an accident
can give one an expensive scare, since rubber abrasive wheels ure
costly, Nevertheless, it is worthwhile learning o use this tool safefy
s0 that you may enjoy its many benefits. It works much faster than
honing by hand. To hand-hone a tool edge to a refined fexture tukes
at least ten to twenty minutes; an abrasive rubber wheel produces an
enty seconds.

g. For instance,

identical, or even smoother, result in ten to

No wonder this modem honing method is a blessi
I can quickly prepare a dozen or more woodcarving gouges 1o star
the day's carving by honing their edges on the rubber abrasive wheel,
then adding a final finish on the buffing wheel. Such tool edges need
or stropping on the buffer for days on end, even

no further honi
when one is using the tools uninterruptedly on clean wood of various
hardnesses.

These 1wo wheels — the rubber abrasive wheel and the cotton
buffing wheel (treated with tripoli compound) — will prove indispens-
able in your shop.

If you have never used a rubber wheel before, | suggest you ke
a sharp-pointed thin wire or a comman pin and touch its point 1o the
motating wheel lightly, as shown, to cxpenence which angle is the
safest between wheel and thin probe. In position |, it grabs somewhat;
in position 3, the probe is grabbed strongly: in position 2, the probe
seems to stay on the spinning surf as if sliding over it (which is
safe). Now, try o imagine how a razor-sharp tool would behave if
pressed on the rubber wheel in any save one of these three tool posi
tions:

S .

rubber- abrasive
wheels




Position 1 is dangerous because any slight change of angle between
o0l edge and oncoming rubber surface will cause the ol to bite jmg
the wheel, The soft rubber must slide under the steel edge unimpeded,
1o avoid accident.

Position 3 shows the sharp cdge actually biting into the wheel. 4
strip of rubber is sliced off and the wheel thus badly damaged.

Position 2 is safe, as shown, because the whole tool bevel, in rocking
motion, is pressed on the surface in the same direction that the whee]
revolves. This ensures that the tool will not be "“going against the
grain,"”

Once in a while, the surface of the rubber becomes shiny with metal
pulp, which reduces the effectiveness of its honing action. To clean
the rubber, hold the sharp end of a broad flat file very firmly at a
right angle to the surface of the wheel rim. This breaks through the
outer rubber layer slightly, exposing a fresh, unused surface. As with
all abrasive wheels, avoid breathing the pulp dust that is thrown off,

Rubber abrasive wheels are expensive, but should you accidentally
slice a chunk out of one, it can be salvaged. Dismount the wheel
and lay it on your workbench or the end of a wood stump. Cut off
:hc_: uneven surface on the outside of the wheel with a chisel. After
this new, smaller diameter has been cut, remount the wheel and use
a file to refine it, with a scraping-cuting action, as was done in cleaning
the metal residue from the wheel rim.
m!;tl:?cé:;;fr:::‘sws:?:fIhoccu:;:]perhap..\ by a heavy ux:l. such as
tions, and cut them mto-d' : “f ? 'Rmm{m. SaI\-:‘?F oy l_m]e PeEs
o K iscs 0 \qrmu? diameters. These pieces can

ed through their centers (with a sharpened little tube) 1o
receive stove-bolt arbors and washers. Such units will then serve excel
lently 1o refine the insides of your various woodcarvi .x T

] 5 ¥ L carving gouges. (Such
gouges require smooth and even surfaces so that wood chips will i
off casily) chips will slide

The rubber ; i ] o
Saoe Bl h::;:;":l;f‘:‘a:ﬁ: i‘l‘]: )‘:“I; a seare if there is an acci-
for honing cutting tools. ) Se Tmesihly ehl

THE BUFFING WHEEL

Afier honi i
ok Bui;;;ﬂ:—:,at:o;i a:rurfﬁnal_ly refined by polishing on the buffing
texture than that left by ]L;I &ﬁce 5 IP““".‘V polishing it to an even finer
v i + e Tinest-grit. grinding wheels and rubber ahra

Besides putting on a
: sheen for arance’
absolutely essenti Appedrance’s s; is
dog ﬂdgeji:“n;zzlniﬁ?rj Step in mechanical 100} x:.;;:rﬁn%? c:_,h:
is hand-stro cally stropped on the buffer much .
; PPed on leather. The 1o much as a razor blade
fim and pressed into iy (first the tool's el
s finished edge.

fast-spinning
: dnmnwnlunl,\- melt, with the
and adhere 1o it, transforming
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e 15 abrasive wi
Al created by the Spinning \I-'hv::l o
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the cotton into the finest abrasive surface. [ find that, for the buffing
of steel, tripoli compound in its coarsest grit works quickly. yet is
fine enough. During buffing action the wax-held granules are gradually
flung off the wheel, so more compound must be added repeatedly

Big industries, such as industrial plating companies, naturally have
leftover pieces of buffing compound for which they have no further
use. As such waste generally ends in the scrap bin, such shops are
usually quite generous once their interest and sympathy are aroused
by the work of the artist-hobbyist.

Some vears ago, | stepped into the office of one of those plating
companies. Showing the foreman some of my fine woodcarving tools,
and some photographs of my stone and wood sculptures, | explained
my need for buffing compound remnants. The boss took one look at
my work and led me directly to a thiny-gallon scrap barrel full of
fist-sized blocks of tripoli compound!

In industry, these pieces begin as large rectangular blocks, 10 inches
long and 2% by 1% inches in cross-section. When they are hand-held
against fast-spinning. 20-inch-diameter buffing wheels, the blocks wear
rapidly and soon become t0o small to handle with ease.

The foreman urged me to help myself to these discards (especially
since | had given him a picture of one of my sculptures!). He filled
a large paper bag with about twenty pounds of those remnants, and
for many years | was supplied — free — with the very best of buffing

compounds.

USE OF HAND STONES

Tool-sharpening by hand requires the use, in sequence, of: one
double-grit carborundum stone, one honing stone, one leather strop
with emery powder, and thin oil or kerosene.

If an extremely dull chisel (or one that has been badly nicked) is
to be sharpened, a coarse-grit stone must be used first, for guantity
steel-removal, But if an only slightly dull chisel is to be sharpened,
then begin with a fine-grit stone, and follow up by honing and strop-
ping.
Submerge a double-grit (one side coarse, the other, fine) carborun-
dum stone in thin oil until it is ed. (The standard household
brand, 3-in-One oil, will do fine and is available everywhere.) Car-
borundum stones absorb oil like a sponge, and still more oil must
be added to act as a flushing agent to carry off the ground metal during
tool-sharpening. The excess oil thus keeps the stone’s pores open :!.rrd
its cutting granules exposed the steel, (Kerosene, instcad ul‘_ thin
oil, will also do.) Cradle the stone in some sheet steel or aluminum
foil, leaving the top exposed, to keep the oil from draining out. Then,
in onder to have both hands free to handle the tool, clamp the stone
to your workbench (or on a block of wood in your vise) with four
little wood cleats, as shown.

Keep in mind that a dry, unsoaked stone will only cause :i?c gruund
steel particles to clog up the slone’s open pores. rr_ndenn;_: it, in due
time, completely ineffective. Therefore, keep f_lushmg the steel pulp
Use additional oil and a small rag w0
wipe the steel-pulp-laden il off before adding fresh oil_. These are
good habits to practice when hand-sharpening tools. lIncnd_enmJ_ly. if
the stone is of n type where water is recommended as a cutting liquid.
the same procedure holds true.)

with oil, from time 1o time.

wood ﬂCé!J'—IE]A' tnched

saturate stones
with thin oil

Fine .@

-
coarsc

aing stone 3
honing stone -
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SHARPENING A CARPENT ER'S CHISEIL
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SHARPENING ROUND GOUGES

| move.
A% shown,
t hand rotates the
he rocking move.
to maintain the angle of

lipt
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hands aim

be moved in a rotary action
remain flat, in order not ig
yo! then would fight your hand instesd
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USE OF THE DRY GRINDER

r shop can be ground on a standard ¥ hp
t. the other fine,)
3 is adjusted simply
to close the gap between tool rest and
e tool should hang between the two
ing is possible should the ol edge

nder with two wheels (one coarse-

yvour workbe:

ol rest, preferably boltec

A can of water to coo0
so that instanl guenc

yme 00 hat 1o touch.

In sharpening a fat carpenter’s chisel, for example, bold the blade
at the correct angle to the wheel; then move the chisel back and forth
over the wheel-rim surface, while maintaining the angle. This back-
and-forth movement is comective; it tends 1o keep an initially accurately
dressed wheel aligned, and makes a less accurate wheel more accurate
¢ wheel should be badly grooved, first re-dress it

Should a badly abused tool into your posse
the flar side of the chisel on the side of the whee on the side
grinder, Do not grind the bevel | a flat surface has been restored

Grinding new bevels can be tricky, and if, somehow, they tum out
less than perfect, a gentle and carefu 1p of the bevel facet on
the side of the wheel may save the Avoid, however, using the
wheel's side if there is & reasonable chance that the wheel's nm can
do the job. Tt is far more difficult to repair a groove in a wheel's

T

side than on its rim




TESTING FOR SHARPNESS

e oo e 7 Making CarpenterS Chisels

it instantly, even if you cannot see it withoy
&

j‘_\ 3 h.L"‘pﬂCSS

a burr has formed if you scrape or rub your H“E!!
ross the tool edge
Running g the edge also is not satisfactory because
vou are likely 1o cut yours elf. Burrs are razor sharp, with jagged cdgey,
Once 3 stablished that a burr has formed 2venly owe
the whole tool edge, strop it off, cribed earlier. The only g THE NARROW CHISEL
now left is th sharpness
f the tool edge, gently placed on the fingemail, as shown, wems
8 the n k I . that paricular spot of
the tool edge is sk Any part of the e that slides off the nail
; the edge “picks"
at your nail at every local spot slong its entire width (while the tool
is balanced in your other hand at a barely “*cutting"" slant). Your tool 3 : A o ; o
is now truly sharp

needs further sharpening. Grind, hone, and strop unti

Note from the enlarged microscopic diagram of an ideally sharp
tool that the edge is actually rounded y

15 thicker 1h
oWar e cutting edge
the surface with progress:
sive discs. Finy

Next
Finally. t
in Chapter 11

A wide ch
one exception:

in oil instead

cal, horizontal,
way to maintain its

The next step is W clean and po
order to draw its temper color, Here
you must be extremely care
over the annealing flame. Aim for 3
color over the full hlade

Once the desired temper ¢

0y
4 & etharpen wip
stroe or, : ’

draw the blade he flame
The tension developed durin
released by this slow cooling process,
overall
*-L.""}?“i Caution must also be exercised when sharpemng
gl chisels. It is best to let them cool slowly from
sharpen. Or, if you grind slowly enough. the biade will be ;.mlfd
by the air that is centrifugally blown along he wheel rim us you work
Don't sttempt to cool the blade during g inding by quenching ¥

water, for that, wo, can warp it
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FILES AS STOCK FOR CHISELS AND LATHE-TURNING

TOOLS

Oid fiat files lend themselves excellently to making flar chisels (and

Jathe-tuming tools) because the carbon content of files 1s much highee
than that of spring steel ;
First, be sure to grind the old file clean of all traces of corrugations,
because any reMmaining grooves can cause the steel © “erack” during
quenching in the lempering process (the same principle as cracking
glass with a glass cuter)
" During grinding, do not lose the file's brittle hardness through over
heating (the color blue would appear). Assuming that the steel hag
not lost its handness, the cuttin nd can now be drawn a dark brogzs
to peacock color for a hard cutting edge. The remainder of the tool
should be annealed, and the tang heated and burmed into the handle,
Finish the chisel by grinding and sharpening a beveled edge, taking
great care not to overheat and S0 anneal it
The variously shaped cutting ends of lathe-turning tools. which can
also be made from old files, ground clean, may be drawn 1o a straw
yellow, if the steel is not thy than % inch. Anneal the remamdes
If leaf springs of cars are used, choose a section 2 inches wide
and cut it 18 inches long. The cutting ends may be ground (be careful
not to Jose hardness by overheating during grinding) and shaped inta
various profiles for special wood-tuming projects. No handle is needed
on such 18-inch-long tools. Tuming & wood sphere. as shown, 188
one-movement operation.

1_!hha\e_mam_v sections of car leaf springs (most retain the original
slight spring curve) whose ends have been ground into various profiles
useful for cutting lathe-tumed curves in woods

e —
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8. Making Cutting Tools

KNIFE FOR CARDBOARD AND PAPER

nifie is invaluable when you are working with card-
board and paper. It can be used to make all soris of articles: boxes,
mobiles, art constructions, commercial displays and decorations, mats
for watercolors, prints, photographs, and the like.

This tool's design grew out of a Swedish system of manual truining
called slovd. Taught in many Scandinavian countnes, the sloyd-knife
ant extends to a variety of cardboard and woodcarving crafts The knife
i especially to fit the hand as you bear down

A small cutting

shown here is des
on the wol during cuthing

‘here are many kinds of scrap steel suitable as stock for this sloyd
knife (as well as for many other cutting tools). The following are sug-
gested: heavy-gauge industrial hacksaw blades, discanded lawn-mower
blades, industrial band and circular-saw blades, old butcher knives or
cleavers. and — since the advent of the power chain saw — old hand-
saws, which are often found either secondhand or abandoned around
farmyands or bams. All such steel is high-carbon, hard-tempered, and
therefore highly suitable for cutting tools

Step I, Cut the blank, as shown, on vour abrasive cutoff wheel.
Keep the steel cool, in order to preserve is hardened state, frequently

quenching in water, particularly the part intended for the knife blade.

Step 2. The wooden pieces of the handle will be attached to th
steel with rivets, but first the two holes in the steel must be carefully
prepared. On hard-tempered steel, vour drill will be ruined in short
order, so the spots where the holes will be drilled must be annealed.

Mark off the two locations on the blade. Now, make 2 simple mild-
steel drill from a nail by cutting off s hesd and grinding its end
flat. as shown. Put it in the drill press, and af high speed, press this
drill on your hole mark until the friction heats the spot. When it tums
blue, it is annealed. Do the same for the second hole mark.

Srep 3. Next, use a high-speed-stee] twist drill (the size of the rivets
you plan to use), but run it at slow speed. It should have no difficulty
in cutting through the annealed area 10 make the holes.

Step 4. Choose a picce of hardwood for the handie. selecting
whichever grain or color suits your tasie Cut two pieces, a little larger
than the desired handle size

The two holes in the steel can be marked off on each wood piece
and drilled. To seat the washer in the handle, drill a slight depression
with a blunt-ended bit, the diameter of the washer, or rout-countersink
n the wood
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trim excesswood & polish

cherry pitter

Aivet the wood sections on to the metal handle with smal] |
] 1 ; |
hrass or steel w ashers that have countersunk holes. You can countersink
s . s o
the washers on the drill press (using » regular large drill) by '””ding

ars. A guicker way 15 to put the washer on a hapde

them in visegrip plie ;
wood stump and hammer It once with a blunt center punch. This wilj

spread the wher hole into a litde conical depression wide en |

to fit the rivet head. gh
If you have no flatheaded store rivets on hand, improvise by ‘:“Pﬂng 1

: that will fit the holes snugly. Clipped sections of

off nails to a size t
brass welding rod will do as well. Allow a little excess length,

Ne

form the rivet heads |
Step 5. After inserting rivel sections into washers, and washers intg
the wood-steel-wood handle assembly, tape it all together with masking. .
tape and place it on your anvil. |
Strike the rivet first with the flat side of a lightweight ball-pesg 8
hammer, The mild steel spreads outward as you hammer, l-'-'fﬂning 2 Jl
little burr edge, which now begins 1o act as a rivet head so that you 8
]

|

can tumn the knife handle over without the washer dropping out. The
other end of the rivet, backed by the hard anvil, will also have been 8
compacted and spread somewhat. |
Hammering with ball-peen and flar face alternately on both sides
of the handle, the forming river heads soon fill the washers’ countess t
sinks completely, leaving little to be trimmed off {
Step 6. Using either a rasp, a flexible rubber-hacked sanding dise, :
or & chisel, trim all excess wood and shape the handle, as shown. {
Hold it against your side grinder so that the rivet heads can be ground
flush with the wood. Take care not 1o grind the heads more tﬁan neces
sary, !caung enough to secure the handle assembly 1
Refine and polish the wood finish as described in Chapter 10. {

A CHERRY PITTER
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GARDEN TOOLS

The fishhook-like tool is designed to cut plant roots. By forcing
carth next to the root, the hook, which 15 sharpened

it down into the
on the inside. cuts the root on the up stroke

Use a piece of a car bumper as stock. This steel is of high-carbon
quality and should be about % to ¥/:e of an inch thick

Scribe the pattern of the blade on a properly annealed and flattened
section. Drill the two holes where the rivets will attach the two wooden
pieces to the handle.

Next, sharpen and temper the whole blade a peacock color and nivet
the wood picces, as with the sloyd knife handle.

If you prefer, you can seat the tool in a one-piece wooden handle.
In that case, the tang should be ground to a slight taper, then heated
and burmned into the handle, as is done with woodcarving tools (sce
Chapter 10). Leave a Y%-inch space between handle and tool-shank
shoulder and let the whole unit cool somewhat; then drive the handle
down flush with the shoulder. This still warm, yet resilient. wood
grasps the tapered tang and, once fully cooled. locks in securely.

In tools such as these, which exen a pulling rather than pushing
action, tangs should extend a little beyond the wood handles; the ¥
to % inch of steel that protrudes can then be hooked over the end,
locking handle and blade together permanently.

Try to avoid accidental overheating during grinding since it might
require retempering the knife blade, If this does become necessary,
be careful, if the handle is already attached, that the wood does not
overheat and scorch. To prevent this, bind the handle with a soaking-
wet cloth and thin wire.

Tempering procedures for garden tools will vary according to the
amount of stress you expect & given tool to undergo. For example,
to ensure resilience at a location apt to break under heavy strain (where
handle and blade meet), anneal such arcas locally or else temper the
steel to purple to avoid brittleness.

The harvesting tool, which cuts with a downward stroke, is useful
in harvesting thick-rooted vegetables like lettuce, cabbage, and
asparagus. It is easily made from a scrap industrial hacksaw blade
Make the wooden handle as for the fishhook tool, and grind the steel
blade cautiously so that it does not lose its temper

A small, narrow scoop shovel, useful in trunsplanting seedlings, can
be made from an old handsaw. Cut the section desired with your abra-
sive cutoff wheel. Next. heat the shank and tang portion to a yellow
glow and transfer it immediately 1o your vise. Fold the hot steel between
the vise-jaws (as described in Chapter 12 on making woodcarving
gouges)

Taper the tang and bum it into the wooden handle. If the handle
has a reinforcement ferrule and a slightly smaller predrilled hole. the
tang can probably be driven in cold without splitting the handle.

A small garden hand hoe can be cut out of u scrap plow disc
Heat the blank and fold it “*hot'’ over the edge of the anvil. Then,
while the toal's cutting edge is <till dark red hot, guench % meh of
it in water. That part of it is now hardened, while the unsubmerged
portion, which will not suffer strain in use, rEmains soft,

The little hand rake is identical to the hand hoe except for its teeth,
which should first be slotted on the abrasive cutoff wheel, then bent
hot over the anvil. Harden the teeth tips in the same way as the hoe
edge,

culking tough reoks
in garcen

harvestin 4

vegetabies

cut tool steck from discarded
tractor plowdises
I

hand hoe

hand reke l'

heat Flathen & bend aver

anvi] or between vise jmws

cut teeth on abrmsive wheel
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KITCHEN CLEAVER

| mmes ol O Making Eyebolts and Hooks

bones, and frozen foods of all sons

Often

- rine un meal
< i ing up med : i
Wi " .'. plow discs are useful, both m their shape and h]ghﬂ;m
= nded P s SR = '
- o dE = uality, as stock for cleavers. (These plow discs come in Various size
e o good 1o have on hand in your scrap pile for other tools, &
. and good 1o b ) I
il well.)

have in mind on the disc Cut out the
or use a welder’s torch, In thi§
trace of steel residue left by the melting action
rou will now have a “clean’ disc section; ]
will form the cleaver’s blade. and whoss
r's spine and tang

blank on

\-_/ event, grind off ¢

of the welder's torch. Y
¢ SR whose thinner outer edge
thicker center portion becomes the ¢

Heat the blank in the forge fire, and hammer out the disc’s cirwe
on the anvil. Let it cool slowly, then file, drill, or grind this annealed i
blank into its final shape ']

Now heat the blade, in an elongated fire, as shown. Temper thesS
cleaver just like a broad-blade wood chisel (see Chapter 8) but use ¥
a long quenching trough and a propane torch for local annealing. Eitherss
burn the tang into the handle. as described in Chapter 10, or rivet
it between two wood pieces, as with the sloyd knife

Next, close th

mp the eye in the v
1% inches of the eyebolt

1
- 4 "he hook starts out as an eyebol threading the shank.
g ! t into o hook, just as } eye — only
] i leave the end open, as shown
| To link the ok one of the eyes open,
| he it inio the closed eye, then closed again,
Ii a hammer or the vise
(! A standard latching assembly requires [wQ €
The eyebolt through which the hook falls m
i longer than the eyebolt W which the hook t
| ]
1
“

lone
Brebricks: clay shased
art 5\;‘-7"'-- cisy placed
&3 O¥eT forgeprute




10. Making Tool Handleg

A standard wood lathe is always horizontal, and more con venien,
easily to a “ver
t lathe to cut The drill press e
be converted into such a vertical g on which to tum wooden tool
es, Once you 2d 10 this vertical, instead of horizontal. lathe.
. you will find it satisfactory. (For lathe tools, follow the miethod

ed in Chapter 7.)

t having one perhaps you can adjust your
wood for vour handles

CONVERTING THE DRILL PRESS INTO A LATHE

The fir step i making a vertical wood lathe is to Improvise a
tool rest 1o guide your lathe tool. Rivet together a section of heavye
5 won and 4 piece of %- to %-inch-thick angle iron, ;1

Then drill a %-inch hole at the base angle u-\n- 0 receive

at anchors this tool rest on the drill base
ke the lathe centers, two %-inch cap screws (or tap balts)
used. With a *f1-inch drill, center -inch-deep hole in the head
eack -cap screw, These holes will later receive snug-fitting pointed
.m: ‘\x h mll[ul-: the wooden handle stock at either end ran stable
: 1|‘1-‘.Iu!-n| iL-Jw‘:’-a;r L.|r! J1I.1-}u.' these pins by cutting off the pointed ends
: 1 n-diameter nails,
€ the butterfly headstock, as shown
Then lamp this
Now counte

« and tamp in its Y-inch center

assembly in the drill-press chuck.

e o r~mIL the tailstock, using a %-inch drill; then, either

il rlrxw.ulgrrndur. grind the square head round until it forms

& knifelike edge with the countersunk depression Tamp in the second
T pin and seap this assembly in the base of the drill press.

ir converted wood | 15 now *d 1o tum whate
1 athe v
; prepared oty hatever han

It is perhap:

“2-inch cente

s worth noting that,
the comers off 4 square-headed
come n handy, since
e ground successfyl|

Stand rot
oy

tor this very operation — grinding
: C3p serew — this vertical lathe would
‘-!f \l'..cudﬂ” Press’s lowest speed, even steel can
ating cap -‘;l‘m; lh:l“_‘l"_\ brace a file between vertical ol
inds off the scrpy head — o action quickly and accurately
be tumed, pravideg the hi T any other piece of metal thar must
the approximate Part has first been previously ground by hand
I sequired Once 1 realized how well this works:

T Just such improvised metal-uming

“filing*

diameter needed

by hang g Nmmt'l'l‘?\‘d ol fg

STOCK FOR TOOL HANDLES

Now that your ¢ d lnthe s ready, it is time to select

handle stock 1 . librous wood, such as black or English

wall ptus, ash, hickory, g maple. and comparable woods

The wood fibers should always be straight, in

ammer blows effectively. When

been plied by hammer extensively,

¥, hke the end of a rope; if, instead, the butt

pulverizes, that type of wood should be avoided in the future

Never use burled wood for handle stock; such wood is “rubbery"”
and tends to disperse force and thus waste it

SHAPING THE HANDLE

First, cut the stock to the desired length and thickness. Then drill,
in each end, a centered ¥/is-inch-diameter hole to a depth of % inch

The end that is to be anchored by the butterfly headstock should
have a %-inch-deep X cut in it in which to set the four wing edges
This is made with a saw bisecting the leading hole at right angles

Adjust your drill head and 1ol rest to sccommodate the handle blank
Rub candle wax on the bottom of the blank to lubricate it, then center
it on the drill press. Next, set drill speed at aboot 2000 rpm (somewhat
faster than the standard 1750 rpm electric motor speed). Place wood
between centers. Before switching on the motor, carefully align but-
terfly headstock with the prepared center hole and saw slots in the
wood blank. Press the tail end firmly onto the center. Release
the pressure shightly, and switch on the motor

Once the wood is spinnin enitly lower the drill-press head enough
50 it countersinks the wood on the tail center: then lock the dnill b
at thar position

You are now ready 1o um a wood handle, using the lathe tools
as shown in the standard horizontal wood-lathe setup. Whether you
use the latter, or the vertical drill-press conversion, the principles of
wood-lathe-tuming apply equally and the steps ane the same

The proper angle, or stance, of wood-lathe 1ol to handle stock is
one you must gauge for yourself; only experience, after your nirst ines
can tell you which tool position works best for you. Obviously, the
sharper the tool edge, the smoother the wood surface becomes
However, a major rule of thumb is to keep the gap between tool rest
and spinning wood to a minimum. And, whether the tool rest is horizon-
tal or vertical, press the lathe tool down onto the tool rest firmly and
hold it steadily as vou move your hands along the tool rest

The shape of a tool handle is a matter of personal preference, '.1:1.\I
can vary in Jength. slendemess, or stubbiness, depending on the tool's
size .m;l i|1||:l1(|_nl use. The handle shown here (some 5 to 6 inches
long) has proved to be both practical and all-purpase. But once you
have chosen a design and tumed the handle accordingly, you are ready
to tackle the other tool parts

? hardwood

the making of
5

tool- 'nst.:lee

horizontal
standard wood iathe
setup
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ASSEMBLING H ANDLE AND TOOL
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11. Making Hammers

HAMMER DESIGN

In toolmaking, the hammer is an all-important tool. In order to design

one that r its function perfectly, you must first understand the

principle of MEerng.

A hammer's prime purpose is to release stored energy, on impact
A hammer that strikes a chisel 1o cut wood must deliver the night
rergy 1o make the cut without overloading the chisel so
it bends or breaks. The size of the chisel, the hardness of the
wood, and the weight of the hammer must all be correlated. The
craftsman should leam to **feel” the ideal relationship, or harmony,
between the three elements, Choosing the right weight of hammer
(whether it is made of steel, plastic, wood, or rawhide) for the job
at hand can prevent frustration, and save time and energy when work

is to continue hour after hour
This same ““feel’ applies in choosing any tool for a given task,
even if you simply want to hammer a nail into wood.

Hammer Weight

If you try to drive a thin nail into hard wood, many light taps with
a lightweight hammer works best; a heavy hammer would collapse
such a thin nail.

To drive a sturdy nail into hard wood, deliver several well-directed
medium blows with a medium-weight hammer; too heavy 2 hammer
might collapse such a nail if the wood is very hard

To drive a heavy spike into hard wood. a heavy hammer, delivering
many well-directed blows, will be needed.

Of course, there is 4 pomnt when even the sturdiest nail or spike
will collapse under heavy blows with a heavy hammer if the wood
is too hard. Then, only predrilling a slightly undersized hole to receive
the nail or spike will work.

hammer '.-.'zig:'*,:

hardness
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THE CROSS PEEN HAMMER

mmer with a
the other, a

all-purpose, lightweight
s @ shightly mounded fac

simple

one end

many shop activities — driving nails and

ts, bending light-gauge metal paris in the

ch m diameter

yield these.)

F the rod into the drill vise and make two center-
ch apart; then drill two bholes, ¥ of an inch
bar at these marks. If the steel is too hard
the forge and cool it slowly in ashes to anneal

made by a M-inch drill, should be close together but
ne another. Be sure that they are exactly centered (not
the bar
t & %-inch-diameter mild-steel rod and saw off two sec-
tions 1-i ng to be used as plugs. Dent them with a few hammer
blows on the anvil so that they will *'grab’” when pounded into the
two prepared holes. Once the plugs are in place, grind off any excess
5o their heads are flush with the rod surface
Drill a third hole. midway between the first two, then drive out
will end up with a roughly oval hole,
d file
inding

he last

oles

mer
as shown. Smooth out the inside with a |

Now fashion the cross peen, either |
or cuming it with a hacksaw. Cut off
with a hacksaw to form the hammer head

wo plug remnants. Yo

a motor grinder,

inches of the rod
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Now anneal the sides of the hole 1o prevent the hammer head from
breaking there during severe use
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permg the hamm,
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Onee it is quenched and cool, hold the blank at right angles 1o
your rubber-backed abrasive disc to true up the hammer face (check
with vour square for accuracy, as shown).

__.\_"_ ou proceed to grind, rotating the blank over the spinning disc,

will find that the natural limitations of hand work result in concen.
naccuracies. Instead of a perfectly flat surface, the hammer fiace
will become just shightly rounded — but symmetrically so, and there-
fore exactly what you need!

Now prepare a 10- to 12-inch hammer stem made of ash, hickory,
eucalyptus, or any hard-fiber wood of your choice. Drive it into the
smaller opening of the conical oval hole

Make a steel wedge out of a thick nail by cold-hammering its end
into a taper on the anvil. Score it with a cold chisel to make sure
it holds tightly when driven into the wood. Drive the nail wedge in
diagonally, as far as it will go, thereby spreading the wooden stem
to fill the cone-shaped hole. Cut the nal excess off with a hacksaw
and grind it flush with the hammer head

Check to make sure that the stem is comectly aligned with the
hammer head, from all angles. If stem alignment is off, but the wood
is thick enough, reshape it with a wood rasp or sanding disc, as shown.
If the stem is askew (as shown in profile), nothing can be done but
1 cut it off where it enters the hammer and punch out the wasted
piece. You will lose that length when refitting the stem, but enough
may remain to be refitted accurately

You have now completed a well-tempered, all-purpose hammer fior
your collection, and, at the same time, leamed the principles to apply
in making future hammers of different design




The illustration shows how the cutting edge should be tailored so

W r
19. Making Sculptors T lsin s e ot etk e

that the outer grain (fiber) of the wood is cut first, thus freeing and

releasing the woodchip without binding B G

= Conventional chisels have the lower pan of their cutting edpe ground
dcaerng Ouges 1 to protrude forward. This results in a *“*wedge" action, in which chips gk 2 - Ny
OO can be released only after forced driving. That same force will often asic design principle
tear the outer fibers, instead of cutting them, especially in a hard or p“w“dm“? gouges
brittle wood. Soft wood can be cut well enough if the conventional

chisel is thin, since the wedge action of the tool hardly compacts the
wood. But the hard mallet or hammer blows required 1o free chips

DESIGN OF THE SCULPTORS' WOODCARVING GOUGE tend to bend or break such a thin tool, making it a liability at best
y \ All woodcarving gouges that are hand-held can profit from the coni-
This chapter is concemed mainly with & ulptors’  woodcarving cal design. When modified by the inventive craftsman, they can serve
gouges, '-::I:hx‘ design principles are basic to almost any wood gouge the most unexpected woodcarving needs (bowl- and scroll-carving, cut-
or chisel ting letters in signboards, marking measuring scales, for instance).
Other crafts may require particular features in woodcarving tool§ It may interest the reader to know that this cone blade design, though
that are not present in sculptors” gouges. For instance, certuin crafiy probably not “‘new"* in a historical sense, came to me many years
use chisels 10 pry with (as in making mortise-joint seats); (0 scrape-cit ago when 1 began to design woodcarving tools for my own use. |
(deep wooden bowls); or 1o plane (a millwright's slick). had found that commercial chisels were not adequate for wood sculp-
The function of the sculp woodcarving gouge is simply fa ture. and so began to design my own. The cone blade quickly caught
remove chips of wood, much as a beaver does when felling a tree. on with other sculptors, who saw it as the ideal answer to their particular - -1 upper grain
¢ ol design, as shown, becomes self-explanatory. If a chisel has needs. A=+ | iscut Firat

the conventional “*cylindrical’” type blade, it cannot help but hind a8
it cuts a deep groove, especially in a curve. Note, then, the difference
of the “cone™ type blade, and how, without resisting sideways guids
ance, the cone design allows the blade to follow the carver's manipula:

tion =

therefore all lower grain
is cut next , Freeing chip

to come loose easil

Fellows curves

without

| SMALL WOODCARVING GOUGES

The hand-pushed engraver's-style small woodcarving gouge, as
shown, is adapted from the wood-engraver’s burin. Thus, the wood-
carver can utilize the engraver's flexible hand and tool manipulation
when he works with a small gouge

The most distinctive feature of the engraver's-style gouge is its flat
- upright shank, traditionally designed so that the thumb, braced firmly
b against it, acts as an anchor as well as a guide along which the tool
t slides as it cuts. The tool is held by the fingers, while the handle
i 1s cushioned against the heel of the hand and is pushed by contraction
;: of the hand muscles. For increased stability and reduced danger of
y the 1ol shooting forward, which so ofien happens in conventional

handling of carving tools, the thumb is securely anchored down on the
wood by the other thumb (sec photographs, pages 90-91). Applying
the traditional wood-engraving ool design and manipulation to small
o - sculpture carving gouges gives magnificent control as well as flexibility
m straightforward or curved-form wood cutting. In addition, the flat
upright shank sliding against the thumb cannot cut into it. wheneas
the standard commercial tool, with its small sharp-edged square shank,

<an
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drill may accioen

become lodged , y )
Keep small drills razor-sharp and symmetrically ground to avoid
; trains and breaks. Progress a little

wandering action tha Se5 SN
a - hdrawir e drill often to remove steel pulp. Use land : ; ey
at a tme, withdrawi dri 0 re puip the gouge blad T o ity it Bl does g

L :;umng 8 r':_ bk - Refi i A cool so fast a vs m ble | 2 work in reshaping
o i or file the o0l bilank, as shown ehne its e .
e i . - Wi do g ';L: it may be done in one beating period, after some expenience. (If the
backed abrasive discs, and grind an outside bevel to S ; =
ked abrasive discs. and grind an outside bevel 1o form saddle is icy cold, a thin hot blade placed on it will be **hardened

e

Curves you s

It is best to preheat saddle a little with a propane torch before

plac

’(\-\“ :ml_\cumrrcdg: I—(m.l.ll\ by ol :Il're tool blade - as if quenched. Preheating the saddle 1o abow 300° C. (577 F.) is
grmd i If all has gone well, the drill track should have a smooth final and sod habit.)
ol ] habi
vk fni etk { the R ) i Gibaa - -
Form with ) nm':h"‘d S blank is now ready to be joined 1o a h‘md‘_lt' the tool blade in the forge to a yellow glow and place it over
.:IEE"‘ h:'l:_mr ! Al 'q'“’(f- ; Note that from now on the razor-sharp and hard-tempered cufting eated saddle. Using
s 3 g = foe of the pocie & o ; k ¥ 5 g pr s ) ;
\ , ; edge of the gouge is a present danger at cach step during the assembly lightly on the blade blank, starting with the thicker curved portion
£ & of tool and handle. Therefore, be careful of the gouge when it & (where the material resists reshaping most) and working progressively

clamped in the vise for further work, and never leave its blade expased outward toward the thinner end (c of the biade. Rapid,
when you are away from it, even temporarily. You, or someone else even, and gentle strokes over the whole surface will shape the blade
m the shop, could be severely injured by bumping into that lethal accurately over the saddle curve. Reheat the blade periodically if it
edge becomes too cool
Somewhat wider deey nade in the same way Try to keep the tool’s shank and blade well aligned while hammerng:
if the blank *‘twists,’ ke sure it is hot, then wrench it back with
tongs or pliers.
Complete the blank as with the other small gouges.

w7y grind, i

Finishing Gouges

s we have discussed,
y are almost flat;

Unlike the engraver's-style and V-shaped goug:
small finishing gouges are sometimes so shallow the
thus, they can be made from flar steel stock. A broken starter SPrIng.
a heavy-gauge clock spring, Or 4 Section of a handsaw are all good
stock

Heat the shank section of the stock to a yellow glow and .:l.?mp
its Jower pan in the vise. Then, with tongs, twist the exposed upright
portion 90°, as shown. Align the shank and blade on the anvil face
with a hammer. 5

This shaping method applies to all flor small gouges the -#!U‘fd
1 width of blade can be ground or filed later on, at the time you fashion
the tang. Making these flat gouge blanks can be the first steps in making
deeper curved rt-’ughmg out _m;Jg::s as well as shallow curved finishing
gouges

Once gouge blanks have been shaped, aligned, filed.
ished, the = finished by tempering and sharpening. Final
can be burned into wooden handles as described on page 68

ground, and pol-
1ly, the 1angs




hambing

Fpe

engraver-3tyle gouge

* ——sbout Sko6" —

- .

Made by Folding

red on to @ curved saddle, as shown, it
in the vise as the first step in makip i

A Vishaped Gouge
If a fla blade is BATVAS
can be reheated and folded

a V gouge the hot folded blade, use & flat cold chisel with doubjy
b.cf:o:;;‘::ze s a wedge, as shown. If no one is available 1o '.
vou hold the blank on the flat anvil face, you can put u-p, cold chisel
in the vise (cutting edge up). Hold the heated blank with tongs, ang
place the folded blade on the chisel. Hammer the blade open w
a flat wooden stick (so as not 10 dent the outside of the V-shape
biade). ; ,
Reheat the blank ance more, and again place it over the cold chis
in the vise. Now refine the blade alignment and the final angle of

the V a

With practice, you can use this method for making V-shaped tools
with very small angles. By filing down the excess of the blade uprights,
the ol will become fine enough to cut lines of hairline widths on
wood blocks.

An important feature here is that the strains involved in cutting
minute lines are so small that you can afford an almost **brittle"" hard-
ness in tempering the very end of the blade, and if not abused, such
tools never need to be resharpened.

Small-Tool Handles

LE
Fruitwood makes excellent handles for small tools, but the wood
gcr:tdbe loo_hanﬁ. From your garden, or orchard (or even a friend's
e supply), select straight, dead branches about 1 to 1% inches
and at least 10 inches long. Fruitwood prunings salvaged from
Sucpali;;mards are a fine source of supply.
wm;l‘:;l:smﬁ:m};mﬂle should have a small ferrule reinforcing it
P, (se¢ pages 56-57, on ferrules). Suitable stock for
_ includes small brass tubing, or empty .22 pistol or fifle

e, crucally in the vise and lightly tap (with a %= 5

*he of an inch of its base exposedl_mgu:h;ffbrl:?ch. as st.mm. leaving

Wﬂmﬁ:fmk‘uﬂmwm‘ﬂ!wm is base with a hacksaw

d:i-.lrl?:i;ﬁh 2 "ha-inch-diameter nail stem 1o make a wire drill, Then
i wire into the 2 a wire i

cartidge, The improvised g o . 2, 062 ceater of the 22

hot tang and tap it down as far as you think necessary. Whichever
method vou choose, keep both tool and branch aligned throughout.

Now, with the tool well secured, reclamp the branch horizontally
in the vise, allowing a 2%- to 3-inch overhang, as shown.

Use a flat carpenter’s chisel (or a larger wood gouge, if you've
made one) with a half-pound mallet or hammer, to carve the branch
as shown. Once the handle has been shaped, use a hacksaw or coping
saw to incise the branch where it meets the handle to % of an inch
all around. Use a l-inch cone-blade gouge, as shown, to round off
the handle; when only a core of wood remains, cut the handle off
with @ hacksaw. Now refine the whole handle, with rasp, abrasive
paper. or on your rubber-backed abrasive wheel.

The experience gained in making the small woodcarving gouge
should enable you now to make a whole set of small gouges, as simple
or elaborate as your talent allows and vour needs dictate. They will
prove ideal for the carving of small sculptures, low-relief work,
cameos. linoleum blocks, side-grain wood blocks, and many other jobs
requiring only small tools.

A Small V-shaped Gouge

The V-shaped cutting edge of a veining tool will prove more difficult
to make than the previous gouge design.The very bottom of the V
seems to resist most efforts to create a truly sharp meeting place of
the two upright sides of the tool. I believe the most direct way to
make this tool by hand is to use a triangular file and a steel cutting
chisel ground to the same angle as the file.

Stock for this gouge can be a straightened %-inch-diameter coil
spring. Heat it in the forge and bend 1 inch of the hot end to a 45°
angle, as shown. Then let the hot metal anneal by placing it in ashes
for twenty minutes. If still too hot to handle, quench the blank in
water and clamp it firmly in the vise. Usc the small triangular file
and in the bent section file a groove as even as your skill allows.
Reheat in fire to yellow glow; then straighien, align, and anneal.

The natural limitation in sharpness of any file will prevent you from
making the bottom of the groove really sharp. Thus it is time o fum
10 a triangular cold-chisel-type tool.

Grindzhechjselmtiridemicdmﬂcofﬂ:uimguhrﬁh:h'ﬂ
sharpen only its very bottom cutting edge. &s shown. Leave the chisel's
upright edges dull but polished: this ensures a perfect alignment of
chisel in groove, and protects the gouge’s filed uprights against sconng
by chisel and hammer action.
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Removing the Burr

Then refipe

finishing up i i

! the bevel-
it the cotton

g edge) bevel by fig
at the blade-end: take
brasive disc as you
der wheel. Ag
burr that hag
s ip. You will Tempering and Assembiy
rlv the exact thieks
temper the finished tool blank either now, or afier its
t handle. In the latter case, the
pped in a2 wet rag (o prevent g:‘:;:;'. -

¢ blade is tempered and blank and handle assembled, test
the wood you plan to carve, allowing the tool full
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The tiniest remaining
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13. Making a Seating Cutter
and Hinge Jomts

THE SEATING CUTTER
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Making A Strong and Ace urate Hinge Joint

IS representative of
as rough blanks
- COMBCT sy

as follows
s mk or lamphige}
W 1o be perfectly fig
surface of the blank
e it for blackened
ke a scraper from
ake razor-shamp

ace accurate is to place
lank on the flat face of a hard,
i with a piece of flat-surfaced %-

fectly

hole with a ‘4-inch dnll Tcaution
bores through the steel)
. This wood “‘c

mngle to the drill. Place the hinge joint

over the wood and dnill the pn

the %-inch hol one of them
hole with a */1e-inch threading
ameter pin. (In threading holes with

ic or less, | nnd pro SIZES ane per-

y adequate as long as one proceeds cau sly, little by lirtle, clock-
ter-clockwise. taps are a little dull. use plenty

as a cutting agent and steady, alig ywwements during the
If a tap should break off. heat that part in the forge fire,

1, and drill out the broken tap
ou are now ready to assemble the hinge mes ism. Insert the
¢ pin and screw into the threaded half. It can now be locked by

3 s 3da ' ou are satisfied the fit is exact and there is no binding friction
le a2 surfs -- t 5 hard with a very heavy hammer: one 3 3 Y
\ cmsice 1 gt bs ’ the bearing surfaces of the hinge joint
| e L 1 il maccuracies. A well-annealed stpe} - - = b
will respond 1 The locknut and cap-screw system may be improved still further
Wi espond ve . - .
P ery well by placing a smooth washer between the cap-screw head and the blank.
Lubricated, the hinging action will prove more ¢ven, and mon: Iasting
in accuracy, with the washer
Sometimes smooth, unthreaded hinge pins may be riveted on just

vour side grinder or with a file
: make a jig by nailing two
; _h"" apart (on cither enough w0 eliminate any play in the hinge joint. However, in time
oL seri ‘:\I._:EMI hL_I]‘;,C. will %u[ﬂ: ;:-;g the rivet head will wear down as it rubs against the blank a< the pin
across the blank’s bearing surface. As soon 25 the rl|:hh?l-mL ol . R e
both strips it has cut awy I1| {he I.t\. S Sl R s inge joi
ay all the excess steel of the The above procedures apply to all tools that have similar hinge joints
suriace has become accurate and flat :

hmge-j
More elaborate setups are found in carefully machined combination

as the

* bearing surface flat is to recess the
irdwood jig, dispensing with the steel

or flat bearing surfaces
asingly less important
comes adequate to do the job
Assembling Hinge Joing
When i t 1 3
M . s have beep Sccurately refined, clamp them
Punch-mark a dead-center loca-

pliers and wire cutters. But all aim at hinging actions that remain
smooth, strong, and without play. Play, or slack, casses wobbling
and malfunction of the waol.

Depending upon your skill, you can now extend your projects I

the making of various hinging tools
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wood to hold blank

aking Tinsnips

. the keystone of a superior
1 F!.‘n'.- this, all else follows
mind as you make
smooth bearing
or friction. (2) The hings
itself loose under stres
in should be large enough
not bind. (4) The proper
-pin diameter and thickness of
From time to time, the whole

I echan
or i tme

dimensi
Deanng

LIGHT-GAUGE TINSNIPS

The stock fo

OF Sk

bumper. As a rule

1 insaips can be cut from a salvaged automobile
: il bumper steel is shout % of an inch thick (Y%-inch
Ts;m;: ;.;br;.sw . n heavy trucks). Cut out the section you need

wasive cutoff wheel, then hear it evenly in your forge fire.

While it is hot, pound
. & hot, pound it flat on the anvil ¢
i POURC.IE Hat on the anvil face and bury it in ashes

Cut a cardboard jem
snips *rm:hhh:! lemplate (pattem), as shown. For symmetrical tin-
ps. make 3 duplicars ¢ 1
T ii')L:"':N = o Tum the one over onto the other,
= HIEMACK a5 hinp
2 simulaied cuiting o NEe pin, move the cardboard blades in
This allows

fion

€x
amine the feasibility of your design, and alter
ou ar satisfied with it, scribe the templates
51 Use i
ock. Use cither a hacksaw or the abrasive

Lt

‘ 10 cut out the pwp bl
Brps, use a '-inch high-speed
5 shown. They knock :;1“'“ L esntboley around grip “P‘“m’p
and out, 5o hogh Blanks are e waste and file all jagged edges inside

. _ ‘-“l"‘[‘d.u.h smooth -
2 )0g betwes

s ;!ca.:.nl;:: o A A e RO g
. file strokes during the filing of the
filed flar. Fije i-‘t-l-l.. ¥ bearing surface and blade must be
s and, if you have developed that skill,

W, if necessary. O
on the annealed p
cutoff wheel,

i anks
ings i
stee drill ot o ‘m; in the handle

€5 You more

& texre s romn, confidence
12 With 2 trigg, r:Jl\:d ®Y @rinding gently on the side
. gula

arface guyge *raper. Use the test for flamess (on

2 described gy page 76),

liers, in m-n.L assem-

MPOTEry
the phers {see also page
1l bending. Clamp
lignment between
nto that same align-

w grinding.

your ¥2 hp grinder, usmg
inding, make sure
there is a gap, the blade
into the opening.) Place the blade gently
its spine is on the tool rest and its cutting
the spinning whee! face. This position
inst the grindstone, so that a hollow
impression is { in the inner surface of the blade, all _along it
but stopping */1s of an inch short of the cutting edge, and just short
of the hinge bearing surface (see illustrations). Similar results can be
obtained by filing at a slight slant, as shown. Hollow grinding ensures
that only the actual cutting edges (instead of the flats) of the blades
are in contact once the twol is assembled

Please note that extreme care should be taken while grinding, o
vou do not “‘run over.” into either the hinge area or the Yis-inch
cutting edge. If you overgrind in either direction, vou will destroy
the accuracy of the hinge bearing surface or the accuracy of the :unmg
se — or both. In either case, the blades will not properly **
hence cannot cut or shear at that pomnt

Since the sizel has been annealed, you can cold-bend a slight curve
in each blade after hollow-grinding or filing. This curve dictates the
amount of pressure exerted by the blade’s cutting edge. but only experi-
ence can tell you just how muci h of a curve is needed. In gcn:rl]
however, the degree of curve is determined by thickness and hanrdness
of the metal to be cut, as well as length und springiness of the tinsnip
blade itself
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Dl‘iqirr‘: thacimes
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Curving the Blades 1 annealed, place it on the wood stump, wigh
: ¢ s still an . - y

W .mh.: the _'hl;:'i"ui and the hinge area free, as shown F’“‘_S a il
i ”tmialli;r pound fairly heavily on the biade, working g
i wees nm.uﬁ the tip. Sight the gradually formmg_ Curve
the hinge area 10 il vou believe it to be sufficient.

from time to time, udl L itto :
rhen-h :::c,m[ is oo thin around the hinge point, it may produce tog

This can be partially corrected by use of a hings

s blade. s
Springy a o-diameter washers that fit snugly.

screw and sturdy, larg

Tempering the Blade

Temper the blade and hinge area. heating evenly to a light-cherry-reg
heat glow, and quench.

It is at this point that we encounter the endless controversy on how
best 1o quench a delicate, thin. and long stee! part so that its original
shape will be least affected by the uneven shrinkage that causes warp-
ing.

hShou]d the curve in the blade warp radically after the quench, all
you can do is reheat, reestablish the intended curve, and try slanting
the blade at a different angle in the quenching bath. A lopsided slant

may compensate for an unsymmetrical blade, so that the surfaces that
shrink first can achieve the curve origmally intended

Hcr_: experience is not always reliable, since you are probably work-
ing with unknown types of steel from your scrap pile. One piece may
z: :‘i“:l “:;“jhmﬂ'"g steel. another, an oil-hardening type. The
o ?m“\.:, experiment, hoping that an undistorted brittle-hard
o cachlly poiih, s oy JUc7ch: Only then can you proceed

¥ polish, clean, and temper the blade for specific hardness.

e 8 Tenyper Colors '
J L ming )
For cutti tiom: Begin by holdi i
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it 0 the heat ¢

m,ss:iumg hot. hold it by the blade and reeum
will heat 1 Pant bordering the hinge area !
. “-'_hEn this color spreads over
Tom hm:ci hicved a *“spring™* hardness. |
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3 0 be btlongemuy.wdiov
ther blme_‘m for 3 fig, ;‘xh"""%ncdm s between cap-screw head and

ddded 10 the outside of the

HEAVY-DUTY TINSNIPS

The only difference between light and heavy tinsnips is the gange
of stock used to make them. More rigid blades and hinge joints that
will stay in contact while cutting heavier sheet metal require heavier-
gauge steel. Such snips can be used to cut small nails and thin wiie,
as well as heavier sheet metal. As stock, use car leaf springs no less
than % of an inch thick. If you do not use the abrasive cutoff wheel,
the blank can be cut by a welder with a cutting torch.

The thicker the sheet metal to be cut, the sturdier and longer the
handles will have to be, in order to provide enough leverage 1o cut
comfortably by hand.

Curving such thick blades will be difficult unless you heat them
first, but take great care not to distort the flatness of the hinge bearin g
surface

Draw the cutting edges of heavy tinsnips 1o a light straw temper
color (after brittle quenching), and the rest of the tool to peacock.

The Hinge

The thicker steel involved here may require a countersunk cap-screw

type of hinge pin.
This flat, thin, screw-driver slotted head can be sunk flush in one
blade, as in the illustration on page 77; but it may instead bear o
the outer surface of the blade, without being countersunk, if you feel
that the head of the cap-screw will not be in the way.

The second blade has a threaded hinge hole into which the threaded
end of the cap screw fits, adjusted so that the blades will bear on
one another but not bind. Enough threaded section must protrude 10
be riveted flush with the countersunk hole on the outer surface of the
blade.

One advantage of this adjustable hinge pin is that fomre slack.
through wear, may be taken up by tightening the screw g little, and
riveting the protruding thread-end flatter. When properly adjusted. there
should be just enough clearance between the bearing surfaces o prevent
any hinge wobble or faulty alignment during cutring. And ﬁ“"’
remember that occasional lubrication will extend the life of your hinge
mechanism.

Should you find that *‘naked"* handle grips are rough when you
are cutting great amounts of heavy metal, try winding them with soft
leather thong. S

Having successfully completed a pair of heavy-gauge tinsnips, you
are thoroughly prepared for making the many other tools that employ
a hinging, cuting, or gripping action. Now try your hand af making
scissors, nail- and wire cutters, shears, pliers, or tongs.




NARROW-JAWED CUTTERS

Use as stock a leaf spring from a heavy-duty truck; such steel
apt to be % to % inch thick. After the leaf spring has been hesed
flatiened, and annealed in ashes, make a cardboard template (followisy
the symmetnical design shown) and scribe it on the steel stock.

Use a %-inch high-speed drill, run at slow speed. to cut out e
tool blank (a Weinch drill breaks two easily should it bend). The wa
pieces can simply be knocked off if only paper thin sections are
between the holes. For greater accuracy, mark off all hole locatins
Wﬂhmmkmmmu. The drill then does not wak
der and interfere with the previous hole, If it should, swithdraw &
::n“! H-lﬁk over, and pnnchmuk that side accurately. Then dil

that side, to meet the opposite hole halfway. (Another way &
:;:“'I-";‘I a drill that tends 10 wander is 1o plug the ndjacent hok.

@ tight-iting pin, flush with the blank surface. Then readjsé
the punch mark and redrill accurately, usi :
i*ﬂﬂuhuerﬂmmgug rately, using lard as o cufting agee

1 e il boles wer machine oil.)

o e 10 b cop not Mchm-ly_emgh. the steel in betwees
through Partwaty with u cold chisel. The was

s SCEMS 100 much work, try the abrasive culth
whee| thick w‘:mo Flll 100 may take more effort h’
. welder's cutting torch would then be B8

the temporary b hm““‘-mtﬂaﬁges smooth and o
P of the mzxm match the diameter of the Je#
ﬂh"n:.nmmufnuum:“;ﬁ;:ﬂlxr on instead o

® ho with 3 snug-fitting temporary "‘?

(nce more assemble the two blanks, with the holes ;i.p;m:.]_ and
firmly clamp them in viscgrip pliers (as shown with the light-gauge
unsnips, page T8). Place the assembly on the sccurate wood prop
on the drill press table, and drill the final hinge hole

The remaining steps in finishing nail- and wire cutters follow the
procedure described for making tinsnips: tempering, making 2 per-
manent hinge pin, fitung the hinge mechanism in exact adjustment
with a locknut (see page 77}

WIDE-JAWED CUTTERS

For wide-jawed nail- and wire cutters use the same stock, but leave
the blank end wider. This end of the blank, where the jaws are 1o
be, can be twisted hot, as the illustration shows. Reheat the twisted
jaw and hammer it over a forming rod held in the vise to make the
]\I‘l\FEf curve.

Once both blanks have been identically curved, the remaining steps
duplicate those for making the narrow-jawed cutter: assemble with tem-
porary hinge pin; beat, clamp in vise, align hinging part, jaws, and
handles with the two-hammer and vise action: file cutting edges on
the jaws where they must meet precisely; disassemble and mill clean
each hinge bearing surface with the seating cufter.

Reassemble, between visegrip pliers, and drill final hinge hole 10
receive a nvel-type hinge pin, as shown on page T7.

With washer-size seating cutter, countersink each hinge hole about
W inch to receive washers. Each washer should be countersunk to
receive a sturdy rivet head, These heads can be cold-riveted with the
hammer peen, then evened out flush with the blade surface with the
hammer face. Using a few drops of kerosene as a flushing ageat, open
and close the hinge forcefully to wear down any unevenness that may
cause hinding. Flush out any metal pulp with more kerosene.

Continue this riveting and **wearing™” until the hinge action is Snug
but easy-moving. All bearing surfaces should be seated without undue
shack

This hand-fitting will prove w be as good —or better — than
elaborate machine-fitting, and it will approximate the accuracy of hand-
seating engine valves with abrasive compounds, Du not, however, use
abrasive compounds in these particular hinge since they
would wear down the pin itself, and so uin the fine fit between pin
and hole.

Ao



16. Making Large Shears

Ordinary houschold scissors are made in the same way as fap
<hears. Use & portion of a salvaged car bumper about */16-inch-thick
25 stock, or & section cut from a plow disc. Heat the stock and straightes
out its curve on the anvil, then anneal slowly. in ashes.

v As these shear blades will be symmetrical, make two candbosd
templates and assemble them with o thumbtack to see whether the
= design needs comection or improvement.

Scribe the outlines for the two blanks on the annealed, flattened
stock. (A discarded dental tool or ice pick makes a good scribe.) Cat
out the blanks on your abrasive cutoff wheel, or use a hacksaw. Tne
up the blanks on the grinder, or with a file, until all edges are smooth
and exact. Cut out the handle grips and smooth them as described on
page 78.

Now heat the handle grip to a dark yellow heat glow and plae
it, a shown, over the tbe (a plumbing-pipe forming bar. reinforced
with 2 wood plug) clamped in the vise. Using the ball end of a oo
pound hammer, bend the parts of the steel over the tube rim so tha
:ﬂﬂ:ﬂ& will ot have to encounter sharp cdges when Yo

Hollow-grind and curve the blades as with the tinsnips (page 79
mmﬁmwm«m than tinsnips. they Wil
even greater observation and corrective manipulation dunig
10 prevent warping. Distortion is probably bes

color as evenly as .
2 possible over the whole
'ﬁh::z? bearing surface locally, to purple, to €15
; h&.,:;_ For this localized drawing of m
e of & propane torch, held about
effective,

The only difference in procedure between the hinge design of these
shears and that of light-gauge unsnips is in the size of the hinge pin
and the type of washer used. For the shears, the hinge pin shank acts
as & bearmg in both blanks instead of only the one. Just enough thread
should protrude at its far end for a flat locknut to be added. as shown.

Instead of the struight, flat washers of the tinsmips, shears should
use “spring-action” washers (see page 77). These exert an inheremt
spring pressure between the flat hinge surfaces. Once correct pressure
is established, the protruding thread is riveted flush with the nut. locking
the pin to prevent its working loose. As always, lubricate all hm_;n;
bearing surfaces.

Poorly made sheanng tools ofien suffer from shorn-lived hinging
mechanisms, generally because the cap screw is too small in diameter.
This requires the threaded part of the screw, riveted into the blank,
o be frequently adjusted to take up the slack between blades. Such
blades tend to wobble and cut poorly at best, and their thin hinge
pin often bends under strain.

So, at the risk of repetition, bear in mind that, if the steel is sound
and not too thin, if the steel is tempered cormectly, if the blades are
curved and hollow-ground to the proper degree, then only the hinge
mechanism can be at fault, if the tool malfunctions.




There is @ wide choice of possible designs for pliers, but as your
first project make a simple pair of symmetrical ones.

You will need a speed-reducing transmission device for your dril
Fﬂmm some mail-order houses that feature power-tool
‘accessories). Just as the lowest gear in a truck transmission exeny
maximum pull, so will this reduction device slow down even the lowest
speed in 2 standard 32 hp drill press. This slow, powerful action i
needed when a hinge seating has to be milled in steel as thick as
‘plier blanks. (It is also essential m other shop projects, such as when
using large drills, which would quickly dull if run at high speed in
heavy gomg.)

PLIER BLANKS

. For pliers 1o be of high quality, the all-important consideration, of
; course, s a hinge mechanism that fits snugly, without wobble. The
Mameter > - of your seating cutter (one inch, for instance) determines the
i size of the hinge and. in tum. the size of the pliers. '
“Méﬁﬁm steel, about % of an inch thick and 2%
s a0t s an 8-inch length, flatten it on the anvil, and anneal
Setibe #l"": uﬁ:;hﬂ slowly, while buried in ashes). %
beforchand, eing from the cardboard template you designed
. Sure 1o allow @ 1%1e- to 1%-inch diameter in e

’ e
I- Mm.meﬁh.inlhmﬁunsmw

&
1 i

If you want to relieve your seating cutter of some of the work in
cutting, pre-scribe the exact one-inch circle around the pilot hole.
Within that circle, drill (with a %-inch drill) as many %-inch-deep
depressions as you can fit. By thus “pitting™ the arca. only a small
amount of steel remains to be milled away by the seating cutier to
reach a ¥is-inch depth.

Search in your scrap pile for a l-inch-diameter md to match the
1-inch-di ing depression of the plier blank. Cut a inch
fength of that rod and file or grind its end fiat. o form a precise
right angle with its length.

Seat the rod in the plier hinge depression, and clamp it in the vise.
Then, using this jig a a file rest and guide, file off any steel in excess
of the 1-inch hinge diameter.

Now assemble both blanks with a temporary %-inch bolt, and, with
some abrasive valve-grinding compound (available in automobile-parts
stores) smeared on the flat bearing surfaces only. gnind in the hinge
surfaces precisely. When you are satisfied with their seating, disassem-
ble the plier blanks and clean all abrasive remnants away with a little
cleaning solvent. Countersink the hinge holes slightly in their outer
surface, to later receive riveted hinge-pin heads.

TEMPERING THE JAWS

Temper the plier jaws as with tinsnips: the jaws, hard: the hinge,
springy. Assemble the plier halves once more and insent the permancnt
hinge pin; this pin should be 2 section of annealed, high-carbon %-
inch-diameter rod, long enough so that its ends can be riveted into
heads on the outside of the pliers. ,

Place the nsscmhlyonﬂlzmvilfmmdtim:h:wdof&ph
with the ball end of & ball-peen hammer, striking in the center l:f
thcpinlnsptﬁitaliﬂk:lfﬂmlh!ﬂﬂofﬂthﬂ”?ﬂ"@
the outer rim of the pin still further. Altemate hammering with the
ball and the ﬂat—mmmcndofth:ph.mm@e'm.
In due time, mummmmms:mam?su
will fill the counter sunk depression m - Any excess
swclmbeﬁhdoﬁ.ﬂmbwihdwﬂirw-m_ﬂmhm
open mdcbwthepiimwmu:mdu_wﬁ.nﬁ

{he countersunk holes, also acts s an impornt bearig surface. But
hsﬁeﬁahpﬁdmﬂhh‘fkmm”“mmm
mﬂmmtumm-mﬂ'm‘m.i“
mﬁns;thpwciseﬁtoflﬂwmm' .
makes one pair of pliers better than another. .
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ALIGNING JAWS AND HANDLES
hat the hinge assembly functions correctly, by
pily misaligned, correct this by cold bending. Fig

he hinge area 15 tempered **springy" ( n
are o be tempered hard (bronze) purple

Once you find !
and handie are Shig
make certain that !
biuc). o.wmp::lri:::unamculcd high-carbon steel that is tempeng

B_m = . break during bending. Therefore, if significant :

m’“ is betier to anneal the tool first, bend it comectly, they

"edi; afierward. Major realignment should only be done by
refemper the hinge m‘ﬂanl in the vise, then use a large pipe n..
;ﬂp:gw jaw or handle into line, if you are certain that the sieed
next to the hinge will “‘give”” a little without breaking

If the tool parts are only slightly off-line. or if you are afraid of
breaking the tool dunng bending, try grinding the excess off on the
side grinder when the pliers are permanently assembled

If you have 2 saw table, an excellent way to align jaws 1s to substitme
athin plastic abrasive disc for the circular saw blade. Lay the assembled
pliers, fastened with a temporary hinge pin, flat on the saw table
Check to see if the two plier elements are flush with one another.
If they are not, it means that the hinge seating depressions were ast
cut to-exactly half the thickness of the plier blanks

True up the difference by grinding the temporarily assembled pliess
on the side grinder, as shown.

When they are accurately aligned, place the pliers open and flst
on the saw table. While the thin plastic abrasive disc tums at ful
speed, the opened plier jaws are now gently closed on the spinning
abrasive disc. Any remaining inaccuracy of juw alignment will in ths
manner be ground off both jaws simultaneousiv

0“: the whole tool is polished again, you can restore color and
&ive it & beautiful finish as described in Chapter 18

18. Applying Color Patina

to Steel Surfaces

Oxidation 4.'—_1|(.I_h that appear on steel surfaces during the tempering
process are, in effect, color patinas Their he.wty, no doubt, has already
impressed you during the foregoing tempering exercises; it may e
occurred to you that such colors can be restored to the finished tool,
Mild-steel tools as well as high-carbon ones can be colored this way

Suppose, for example. that a long-used, well-tempered tool has lost
its surface color through wear, and become a bit rusty here and there,
Simply rebuff the whole surface to the mirror sheen it had before tem-
pering, making sure you do not overbeat it so as to destroy its temper.

Now, holding it over a gas flame, you can actually “color™ the
whole tool just to please the eve. But here be wamed rhat the hand
pant of the tool must be colored only within the yvellow range (matching
the critical temperature for that handness), in order not to lose its cormect
temper. All other ancas may be patinated to your taste, again and again,
without harm to either tool or cuttimg edge.

The steel handles of pliers, shears, scissors, and tinsnips may, if
you fee! like it, have graduated colors: light yellow at the jaw or cutting
ends; darker yellow at the hinge (the mild-steel pin will become bluelk;
peacock at the midway point on the handles: purple, farther along
the handles to, finally, blue at their very tip.

These patina colors, breathtakingly beautiful as they are, are only
mildly functional: the patina is a slight protection against rust

In olden days, the steel of gun bamels was often colored n this
way. But nowadays color-patina chemicals in liguid form have become
commercially available and can be applied “'cold” by gun fanciers.
I do not practice this, since | prefer the nutural drawing of colors
through heating the steel, with end results that have always proved
very satisfying. 3

It is here that the good craftsman, the “artisan,” blends craft with
art; when pleasure in aesthetics is & bonus added to the pleasure of
making things.




The small woodcerving pouge i1 manipulated in the
sime way s the enpraver's hurine. The flot upripht
stides glong thumb during each stroke of the ool

Mother and Child Java feakwood, lifesize. The
winndcarving gouges described in Chapter |12 were
waed to carve this sculpture
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Introduction

The art of blacksmithing. beginning before recorded history, has By 3 -
changed very little over the centuries. In the recent past it reached such -l
a peak of perfection that it will be difficult to attain that excellence W 1t
again. But the very fact that our present society has entered into a LA
renaissance of handerafts now places the skill of working at the forge in i 3 -
a most promising light, Rl

Modemn equipment and trends have introduced new elements into this g Zhy
age-old art of h ing iron into various shapes on an anvil. For ANt T

instance, that very useful new device. the visegrip pliers, is a very
welcome additional tool in the modern blacksmith shop. not replacing
traditional tongs, but supplementing them. - "‘ k

The utilization of salvaged steel material is a modern phenomenon. i
The present “‘economy of waste™ has created an abundance of dis- .
carded. high-quality steel from scrapped sutomobiles and a vanety of
mechanical and industrial equipment. This gives the contemporary
blacksmith excellent material at almost no cost. In addition, modem
power-tool equipment (secondhand or new) can be repaired or con- .
verted to meet specific tasks. Soon, an ideally equipped workshop oy ¥
comes about. No matter how “‘junky’" it may seem in the eyes of .
others, it enables the modem blacksmith 1o forge useful and beautiful
things from 2 seemingly endless variety of salvaged scrap.

Some years ago | set up a good, but simple, blacksmith shop in my
second-story sculpture studio in Berkeley, California. AILT had was a
100-pound wmmvﬂmmdmlluﬂuwaﬂ-&nhu
ondinary wood-buming stove: 4 standard household hammer; & pair of 2
visegrip pliers: and a 1/4 hp motor, salvaged from a d washing
machine, with which | drove my grinding and buffing wheel unit.

Limited though it was, 1 had sufficient equipment to make my own




sveral methods of welding, | haye
taught the severa € pur
Although | was Taug

’ ofal work because, as | see .
sely eliminated this aspect b ‘: T the **m . Tr: -Ir ik rods fo be used mstead. And 5o, in the same amount of time it would tel dement
g j ding of any SO, 15 - - ‘Orgung, | taken me in & modern shop, | had sy
ing. without welding A oF the cral shos m shop. | had soom finished my tool blanks e forge iFacts
ls::lllchvcilm, Jike good wine the pure flavor of 1t should remgjy strafion shows how the native blacksmith ->hn1-| sctually s = -
o025 of shown is the feeling of kinship the Javanese smith, his litile e s

e mastered, becomes wo readily the easy wy

Forge-welding. on<e
cut. |

out, like 2 short cut .
elements together, and in 1

41 had while working side by side a5 we shared the common
basic craft. The final result was the nesded large wols
2 of the lifesize wood sculpture shown on page 180,

¢ is used primarily when joming two or More
he necent past was overdone py

tacking on this or that endlessly. For those who w ant 10 leam 1|Jrg:.. ter | again had to improvise a way 10 make some

welding, there arc ample sources 10 encourage and teach this crafy of small woodcarving gouges and some engravers’ burms. | il

(Unfortanately for the forge-welding punst. the ficld has had recently n & small cabin in the woods in California where, as yet, ““

contend with the acetylene torch and electric arc, which have made t .k~|:N.'| _.md m: !.‘JrLL.ﬂL'II_‘ | was limited 1o a few implements: | pin el

s ! . : wchinist’s \!-g._ A pair of pliers s tongs; a table-clamped | can to
The mechanical welding fichd is a thing apart. and | leave it to others - & heavy bulldozer part on a stump as my anvil; a regular | chimacy
Decorative wrotight-imn work is simply an offshoot of blacksmith. e i carpenter's hammer. and a bucket of water for quenching. i £

ing. S0 is harseshoeing. Doing either one does not make a blacksmith Charcoal from  the 'doused embers ‘of the * fircplace was ‘my :

Omamental work and sheet-metal practices are rouched upon i “*blacksmith’s™ fucl

shis book in order 1o ound out the gencral activities in the shop and iy I made my forge from a coffee can with an opening cut in the side and

air holes punched in the bottom. This | attached 10 the lower end of &

acquaint the reader with therr possibilities

The illustrations in this book are meant (0 represent. as nearly s
possible, live demonstrations in the shop. They are intended to show
how something can be done: not the onlv way. but one of many possible
ways, They therefore are not fo be considered as inflexible blueprints;
instead, the craftsman is encouraged to improvise, using these basie
guidelines for his constantly expanding skill as he works at the forge.
Above ind beyond showing how something can be done. why we do small tools easily forged in
what we do is stressed as of overriding impontance above sebup

The student of pure blacksmithing will find this to be a no-nonsense
book. Practicing the progressive steps will result in an independent
craftsman, able to make “‘things"" out of **nothing™” in his simple shop.
The promise of success, then. is limited only by the talent and enterprise
of the bcg:mm!m necessarily by the lack of expensive or ¢labo-
Tate equipment and materials

12-foc . S-inch-diameter steel imgation pipe, given W me by a
riend. | hung it from a tnee branch, and the draft up the pipe
i the charcoal fire in the can, giving me my forging heat

With this setup, | forged the litthe tools which made it possible for me
to do the sculpture carving and the engraving on wood shown in the el e it ceals enuffed ot
photographs on page 180

far

fanmn

TWO MAKESHIFT FORGES

Moy years ago, in Lawang. Java, | had an opportunity to try out
:nmm [ur;m'mg The forestry department there had given
20 ;fl;lﬂym section of podocarpus wood (about 24 inches long by
very fine b Mt_ﬂ which | had selected from their samples for its

: hsnm and iory color. But | was wamed that the wood W83

m;;:'“‘."’“‘ during drying, and | hoped fo meet the

the core, hviu,:mﬂ'm‘ out the composition and then hollowing out
check insign uniform thickness so that the remaining layers would f
Gr E .
Jgﬂhgm' e Mmm 10 mike the tools for the carving and
o filey a5 metal for 10 purchase, for a few pennies, some old,
tage of Porong Mmlmn'bﬁ native marketplace in the nearby
*ﬁhmmhw’ Hlocated there a blacksmith shop wher®
Wi primitive, m::d&"" forging the tool blunks, The shop o

e ! - forging is main fined to the simpke j \
%"'hmmml_ O i !

The anyil hag the fire. There few wom hammers:
180 hom, bk there were 5 fe o, m:;.'mmm seel



1. The Blacksmith Shop
and its Equipment

THE FORGE

Blacksmith forges. with hand-cranked air blowers. are siill being
smade and can be ordered new through some hardware stores. If vou ae
lucky. you may find a very useful old one secondhand. However, &
stfr;:k E"‘F 1 not difficult 10 make from available salvaged material
The examples shown here are only a few of a great variety. You may
very well invent your own selup, just as long as it sccomplishes its basic
function.

The basin holds in its center a sufficient mound of glowing coal in
which 1o heat the sieel. The flow of ceninfugally fanned air entering
from below can be controlled for a fire of less, or more, heat

A hand-cranked centrifugal fan ts good. One driven by an electne
motor, controlled by a foot-pedal rhcostat switch, functions well, Esen
;nkl hair-dryer fan, without the heating element, can be adapted to do

job

It is here that the guestion comes up: which is preferred, o hand-
cranked blower or 3 machine-driven one? My preference has always
been for the hand-cranked blower. It has the self-govemning feature of
the wir flow stopping metomatically when you stop cranking

If you e m electric fan, make certain to mstall a foot-operated
m.“h“h shuts bc!f:-[!'m the foot is removed. Such a switch
m‘;::;;ﬂw the air flow, and the fire remains dormant while the
w“.m u?‘ll’:mcﬂ blowers without a.l'mn‘npcratcd rheostat,
ically “' m‘uﬁ i Jr::)uid have a spring action that automat:
el A mechan Nid the hx.)l is removed |ru_rn the MP“
quies I“uiu muﬁ:);:ﬂ?l without such a safety d!\'II:E re-
10 begin. To m'g o air flow manually cach time forging
¢ your back while you § adangerous situation: an ever-growing fire
Beat that it could s orge. In your shsence it may radiate so much

tended in the fire uﬂhm paper or cloth, or bum steel left unat:
3 certain your forge is of a type to prevent

L
rheating of o femporarily unattended fire.

W y
-
T'he modern improvement of & hinging smoke-cutcher i an additional
4 ature for a forge. It is similar to the antipollutant device in

whiles. In cars it catches oil smoke and leads it into the
hambers of the engine. In the forge, the smoke emission,
surrounding oxygen when starting up the fire, s led by the
tcher back into the fire by way of the ar mtake. Once the fire flames
s the smoke by itself and the smoke-catcher. no longer
nged out of the way. A relatively smokeless fire is main-
fier

it cons

d ther
v student days in Holland, we had the old-fashioned, overhead

bellows. The lower chamber pumped air inio the 1op chamber.

ed it under pressure. This still remams a good svstem, as are

all types of blowers that accumulate air in storage bags or chambers, to

be released under even pressure. If you plan to make or restore one.

note that such bellows should not be less than four by five feet.

' shop, keep the forge, anvil. water trough and dipper,

k er racks, etc. so spaced that simply by taking a single
ste an pick up what you need while working between the forge
anvil. No time 1s lost then, and forging can begin within one or
two seconds after the hot steel has been pulled out of the fire.

The forge and tools should be located m the darkest part of the shop.
<o that the heat of the sieel can be judged correctly, in & semi-dark
In broad daylight oo bot a steel can hardly be seen, and over-
heating may then ruin it structurally. This is why the outdoor rivet-
heating forges. used in bridge building, always have & shading hood to
shield the fire from sunhight. These litte forges, if you can find them,
are ideal in @ hobby shop. They are completely adequate for the size of
most forgings described in this book. Only when large pieces are to be
forged will a more sturdy and roomy forge be needed. Then the whole
setup will require a more specialized type of shop, with a more elabo-

which

rate amray of sccessory tools

THE BLACKSMITH'S FIRE

Keeping a medium-sized fire clean and cffective all day long is one of
the more difficult skills for the novice to acquire Strange 1o say, what
scems at first the least of our problems i the blacksmith's craft —
starting and maintaining the fire — often proves to be a stumbling t:rloci
for the beginner. But in due time it becomes routing. and expenence
will cancel out the initial frustration.

In the day-to-day work of blacksmithing, cach previous coal fire
leaves a remnant of coke, small ¢inders, and ashes. Smoke and yellow
flame indicate the buming of unwanted clements Tl arc not purs car-
hon

Coke is what coal becomes after it is heated. Like :h-u_:ld. coke
lights easily and gives off a biue flame. It makes a “clean” fire. A
“dirty”* fire (one which still srml.ts‘l,rsi:lbﬂ nlol be used in hesting
sieel. since it harms the composition of the steel.

Stag 15 a melied mix of noncombusiible matter 0 coal. It h:p‘;
together a the air grate below the fire, ofien pluggiag up the holes .
obstructing the flow of w.mmstmﬂum
time. before starting a fresh fire, remove the slag from the aif-grate
holes with the point of the "

Ashes and mmlcnmwﬁ:rmmmshm airp-mwhl:‘z
below the forge. This built-in ash pit should have an easy-releast

smoke-catcher ii
' hinged outcf theway

fire brick o
Pire c'uy

outdoor riveting Furgr.



so that its contents can be emptied into a metal bucket below., or fall ip a
heap on the dint or stone floor. (In these accumulated ashes | ofien poke
a piece of hot steel that needs 1o be very slowly annealed. )

To start the fire. use 2 handful of wood chips, or some coke lefi from
a previous fire. Fill the sumounding spaces with ample fresh coal. ([f it
55 in large Jumps, break it up into pea-sized pieces.) This surrounding

coal is the supply which will be raked into the going fire from time 1
7 time to replenish whatever has been consumed. It should be kept wet

weapons, making it almost impossible to find one secondhand today .,
_-\ir::.xJ_\_ however, the blacksmith had practically been replaced by
mechanized industry. } The limited number of available used anvils ane
often quite womn, or severely damaged, and have 1o be refaced. Conse-
quently. you may have to make do with any hunk of scrap steel (35
pounds or more) that is suitable to forge on. The illustrations show the
shapes of makeshift anvils that | have used quite satisfactorily. It is also
T‘"I"l"‘k to make an anvil from a section of large-gauge milmad rail
A with the sprinkler can so that the fire will not spread out larger than is {how to do this is shown in Chaper 25), Thcm{pm. the I_nck oila
spranklingean needed. Blacksmith coal is expensive, sa be economical with it! professional anvil is no reason to postpone vour first experiences in

i Crumple half a sheet of newspaper into a fairly tight ball. Light it, blacksmithing ) .
and place the buming wad on the cleared firegrate, holding it flame Secure the anvil, or a substitute, with bolts or spikes, on a block of
downward with the poker. Genrly crank the air fan with the “free hand wood or tree stump. The heigit ofithe blomk pifis SiS SHEHRUIERE
until the flame is buming well, then ¢rank vigorously. Now let go of the such that the knuckles of your fist, with arm hanging ﬁ'l:u\!l}‘.jl.lsl touch
fan and, with the freed hand, rake the ready coke or w the Tace of the anvil. At this height a hsmmer blow can strike the steel at

: ood chips (but not
the fresh coal) over the flaming wad of paper, The fan meanf-h.l: idles the end of a full-length arm stroke. __
by its own momentum; when cranking is resumed, the paper wad is Always keep in mind that whatever is used to “pound™ on can never

fanned %rm still more vigorous flame.
: Al 1{:;&: mlgl:: greater amount of smoke can now be caught by the
ged in position over the fire. Some smoke is bound to

escape. but will soon change ;
: BS mto flame. When the f
through, hinge the smoke-catcher hood out of the way, o

; twice as large as
» inherit, or purchase a large. old
ld do Is reduce the space

Made a
4lc (sl tee branch i o <Offee can nailed onto
busary ﬁmw ke pick or u3z.£|$‘- The bottom is

s used | : - with hoes Ry
wmthm“h'ﬂ!hh s about 1/2 inch

steel is held

'I'lemm
Some hardware B i
m_ﬂmhigh_ Muwﬂlmlluhw “Sutdery
fmr-dimdohm“m"’m‘““uihm
ﬂmmmmuu‘pw muemh
mielted into

be too heavy. An anvil must never be so light that 2 hammer blow can

move it

THE BLACKSMITH'S VISE

The gradual abandonment of equipment from old blacksmith shops
has Icfthfc\\-e_-r and fewer used post vises available. New ones can still be
ordered. of course, but at great expense. j

A heavy machinist's bench vise (35 pounds or over) will do mﬁ
for a simple shop. If you should be lucky and find :’ ‘“‘ uﬂinning
100-pound monster (even a somewhat damaged but s{ miﬂnh
one), do not hesitate to acquire it. The beavy mass ofa \nebla w e
anvil) must be great enough that each blow on the hot steel in

be fully effective.




3.peen blacksmith
S hammers

From 4lb
to

Visegrip (slflocking) pliers

HAMMERS

Blacksmiths' hammers are available through hardware stores. ang
mail-order houses. They have changed linle in design, although the
steel composition may have improved through modemn metallurgy,

The cross-peen-iype hammer is the most useful. One end of the
hammer has the cross peen, which is used to draw out steel, while the
other end has a flar, octagonal face, slightly rounded off at its edges 1o
leave an almost circular face. The face itself is very slightly convex, so
that any minor inaccurate blows by the hammer's edge, not paralle] 1o
the anvil face, will not leave deep local markings in the stee].

Several hammer sizes (weights) and designs are used, but the begin-
ner will not need more than a few at the outset

The flar and cross peen, and the flar
blacksmiths’ hammers, Sizes of L3,

The heavier hammers, as a tule, are the sledgehammers, In olden
times the smith had his apprentice helper 1o swing the sledge when
heavy stock was to be forged. There is a limit, therefore. 1o the weight
of hammer you can use by yourself. If you can acquire a small-caliber

e it will do the heavy sledging for you (see chapter

TONGSs
You ean see old collections of

I museum towns such a¢ Willi longs disp!ayed in blacksmitns:

10, California, m"""""or E. Vn-sinif. and Sutter's Fort in
revealing how the smith woulg make g conceivable size ynq

problem. The jaws gre made in infinjie 'wl':?'ln;fmmh Bl

mlwnl‘kpieczﬁmijmlyd ¥ ¥. 10 hold
Ppast, there is no limit to
a8 you work. You will learn to

the usefulness of havi .

make a pajr any designs at hand
a of 1 £
did, and thus Ongs in the

gradual Same way thgy
1
uwTr;;e: exactly as yoy wang it. ¥ be able to

old smith did not have our moderp visegri
:ﬁ welcome, practical addition Erip self.]

e f the old type of

clamping ring that held (he S Ype
hold the widest range
casily and better than the old tongs

build up Your

ocking pliers
10 the blacksmith" A
successfully in place o s g,n:h :;hc;:db:
x . Vi .

of sizes and shapes of stock d"‘“mﬁ:nm::
« Frecommend them higily:

STEEL FOR THE BLACKSMITH

¢ llent steel can be found in the vast
his book stresses the fact that excel 0 ]

Tm iles across the country. The salvageable m in lh::zg
M‘rfp T:hup;'!e. and qualities seem endless: waste is one of 4
H_w:.:.-‘n'“u natural by-products. Gmheml g such waste can mﬁr o
c:;;l.pilcab«urt. because finding anything one has good use for,

g 2 v £
athers away. is like finding treasure. :
luh::.r."t:f.l:r:mn steels are the choice items. In cars, all wmd ane ut_'

fi %k:riﬂ\. high-carbon content (over 0.2%) 1o mﬂ:ﬁ:ln:;d l“unpu.u 23
\u] -\ this means of & hardness to cut wood and mi h.g oot
Jh:; 1;1;:: | have made tools of such steel, | have never
vears
e f steel is the auto-wrecking yard where

A wt imporant source of stee . s

r:pm:x parts are fo be found: the useful ones :ﬁlhuﬁ:mk:f::::s o
8 les, valve springs, .

5] gs, starter pr'l'ﬂgs. ax : . ; ‘w 'M
'-::':.‘. steering cross-arms, linkage mt :;ﬁ::}:lnsm audwﬂupe o
;m\ and all items vou suspect may

ph;uts)graph-., pages 182 and 183).

i i replacement
The local auto wrecker is generally :l:;!sm s;ltv;f:dm gt
arts from cars. He eams a greater marg et s
F:.'!n the dealer in scrap steel !:":'i:rclf;x‘: ;mms ym S
caler who sells scrap steel aniy. e through
1':: t{:’ml. you can gather an incredible van:: :.o S
Bars and rods in all sizes lﬂpd ltm&dbc presne mw mﬁl‘!ﬂd‘“
items. Coil springs can cnsﬂ?' - mw[_ pugridlpagios
described on page 147). Sontt;?‘ll:ow R g e
curved, also offers me_pmrmsc S ot g
blades (straight and cu‘?ulm' m:rm‘ s g7
tractor plow di.v.:.-es.oi mﬂw =
ial for your € tion. i
m:ig nistr_'d) tools, such as cold chmls‘;ﬂ“:n:rs d’cmmm-

use

punches, crowbars, and clcnwr;::t i unche m:
forcement steel and wa!.te‘ pluf:d m:mlq.- from f‘““m punched

of plates a boiler factories plants.

farm machinery will prove rich in high-c: : Bigm”‘”u
Look also along highways and i‘ummm?ﬁnmgl creel waste Srewn around
as individuals, often seem 10 preier it I this way. somewhat
rather than carrying it off to the dﬁm ic poles. overgrown
bent steel braces. bolts, bars. and i m:'w" R
with weeds. have found their way oy —‘—‘blll‘ bearings {
Additional useful items to salvage s . garages. s m- :
full are thrown out by electric-mater shops instruments and

& o w
lend themselves to making tools and jigs and hesvy

a great vanety of forgings. bﬂdbﬁm 5 hot sicel into.
items make good forming which t0 pound

curves .= o
¥ which might be useful o

Use your imagination h*lﬂﬂﬂ“::;m_ . T
something or other. But be e_.usmedi s "W‘w '.“’. ut _‘\_
m.umm.mﬁkdwmﬂ%m Wu_. m
sights and you will find that mm‘w“m‘
you make out of the things that once:




e o e
] %
-
e = ¥
»

4 -
auxiliary tools,swages
A . puniches, etc.
fullers, hot p

cutoff bardy hotchise

il NN e X ) e s S
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BLACKSMITHS' COAL

The coal we use 15 always called *blacksmiths’ coal’™” 1o distinguish
it from household coal. It s more expensive, but with correct use it lasts
longer. It also burns hotter. It leaves clinkers (slag) instead of ashes and
is therefore cleaner. releasing less ash dust mto the mir. Whatever its
composition in scientific terms, the farmer's feed-and-fuel stomes
throughout rural arcas that sell this coal always call it **blacksmiths'
coal."" As arule it is sold m 100-pound sacks. It s this coal that is used
by horseshoers (farriers).

CONTAINERS FOR QUENCHING LIQUIDS

The Water Trough or Bucket, This is for the quenching of hot steel 1o
cool it or temper it. It should hold not less than five gallons of water,
and should be deep enough so thar a long, hot section of «
casily be quenched

The Oil Container. This too should be eenemusly large, holding not
less than five gallons. It must have a hinging lid that can be closed
quickly to snuff out any flash fire (Sometimes, through misjudgment,
100 large a piece of hot siee] js quenched in 1o small a qu:nm\..ﬂ oil,
which could bring the oil smoke up o its flash point.) g

The oil-quenching container should remain either out-of-doors or in a
sc;:ﬂm: maloi the shop, away from wood or other combustible ob-
Jects. A metal, or metal with asbestos, sheet should surmo org
and oil bucket, berween them and the wall. If the rlml:-‘:j::’u::c 1:1:\&:1.
sheet should cover it where hat steel or coal might fall ac id:n!.;lll\- An

earth or stone floor and walls are ideq) for this area of fhe shop. )

teel bar can

AUXILIARY TOOLS

Cutoff hardies, hot chisels, top and bottom W
top and bottom fullers, heading plates, hot pung|

225 of various sizes,
all are useful and often DECEssary tools,

hes, and forming dies

RECOMMENDED POWER TOOLS

hanical Steel-culting Saw
11‘;;:::;;1 steel-cutting bandsaws and reciprocating hacksaws m:;
bu.m:rn fairly cheap new. the hobbyist may be challenged 1o make
LI\"]ﬂn:;-\:'nnw:n.l. converting & salvaged lz.m_dm woodworking
handsaw by first reducing the sav.‘spccd_ following the scheme h”,:'
ucration. Bandsaw blades with fine teeth serve best. 'n.: hardness
|Ilu~r.r:1_“ is the same for the cutting of wood or mild steel; hnrd:nedme]
i ‘.“- ;\.er be cut on such saws. (For hardened su_sel, use the ﬂj‘lﬁ_[\g
- 'nLv« heel.) You will find that these womn, dn:m-dnd mnm,;{.[
::::.\:I found in secondhand shops, geneml!_.}' have all E:“,;dﬂum:
good condition: the motor, nm;;mm;f:yhm“h“l—
p arts requinin
:m:nh,:]\":‘: 1\: h:;::n\h:ciqhandf ride, the drive or w:-g,hd“' and the
-I\.‘:n small brass guides between which the bandsaw ;imw e
‘ The Rubber Wheel-Linings nge:;mwg:h' : desc
scrap can and salvage a ]::ig: rulhtt;rm:w “_,m‘ me i
er bands the width of A : :
&:Ir!!::r::h::rr :‘.:‘\n: wheel, Forcibly stretch these m];:t:;hu:::l rim. lf
tight-fitting. they do not need 1o bc,:_bnnded tfp&e; e y cement
and the wheels do not need to be di e ;W s -
Drive Belrs. Belts that are not 100 wom T i
ards. Keep a co :
provisations for driving odd transmis-

strewn around auto-wrecking ¥
and adapt them to your shop iy

on setups RN l{,‘m
. Adjustable Brass Band-Guides. Rﬂmwﬂ!aﬁ;‘lﬂs A e
see that hardly anything is left to warmant pn::lm S ol‘
brass is available o you, S.‘II!"B# Whﬂdﬂ];’mslﬁ' metal parts
cast mstruments and machine housings W_ i um.muﬂ, “‘:w!"w‘k‘
They can easily be hand-sawed into the size ﬁﬂiﬂﬂw g 3
Ihatllhcy wear down too fast, look for scrap gram from
which to saw out the parts.

The Abrasive Cutoff Machine

=l wol for
make this indispensable :

Follow the illustration exactly "-’*g of many discarded

cutting steel of great hardness. The m::' mm‘ﬁ .wlﬂd

the
home utility machines (dishwasher ge. In combination with
refrigerators) can be adapted for this will meet all of your P‘“’:;
converted bandsaw, the two %‘ as well as your back
cutting needs. saving a great deal

energy.

CutofT Discs

Th:secmbﬂomusuwmgm!mmhﬁ'w‘m_m ‘l'lw
that use discs 18 10 24 imhumw-dh i ﬂ‘.&. k‘. -
washers that clamp these large, high-s qup:tofﬂl::ﬂh‘u ide
mately 6 to 8 inches in diameter. In time ot : m
washer becomes worn down 1o the WRSDRF THEs M’::;m-dhﬂ
useless in those plants, Barrels hﬂ.dm giveyou
therefore become waste. The = cither 3
them 1o you for much less than dy;ln
These ndustrial wheels, being -
easily, Use 1750 rpm wheel speed
dents. however.




Although high-speed machines may save time. they arc als
dangerous. Aficr all, we are not in that much of a hurry |"k‘rt‘: e
4 o
ane-to-one drive by a secondhand 1750 1pm. 1/4 hp motor will e, a
fine and be safer tl work

ml““nlnr(mr

Seriously consider

S havin,

will 2 one lary g

n]lll give you great satisfaction. Y & power grinder in your sh
ustrated setups, whiche - You might choose wop, it
First Elwfw'r. ‘l‘m:' h:“ fits your personal cln. SN o of (g
] 3 . i "

V. 1750 mpm motor e:;.;“fl wiring must be ahlcl::.""r“

grinding wheels, il 's¢ secondhand “mm[‘“ la | hp, 110

The setup shown § Pﬂ-t‘ 3 imches thick, § 10 12 mﬂ: of industrial

Once you have it, you _Nl‘)ﬁc a very great 5 % in diameter

You will wonder asset around my shop
how you could ever ba y
ve done

the old motor hous
usIng is cut in izontal! by
e e e 7 e
X e cutofl
the -~ o
‘mll‘wn belts from the driver m':f s cnmm::emt o
sturd within the old motor housin mkumw < i : :
0: :.;hm that one could wish 'I'n: ot R :“I;l':
ol [rfn?al-uunmg lathe. tum a shaft
sy mhmhwmuxhw&mm“ T
e e o s
center of the shaft. s Y0 Vel P“'H"I'tullummm.
unted on fhe

rAnge
used ot the cnd

the ¢

we Cotton Buffer and the Rotary Steel Brush

you will find that these arc invaluable mechanical devices. The at-
wown is constructed from scrap pipe. with a ball bearing
is. The buffer or steel brush i mounted on one end, and

sther holds the driven pulley.

ment st

The Double-ended Arbor

A drill chuck 1% mounted on one
grinding wheel 1 needed, (The table drill press can be adapied for this

putpose, but it s preferable to have ¢
The arbor will accommidate (he endless

dnill press from averwork. )

variety of small auxiliary insert grinding points. sanding discs, and

deeves. With it, the widest Fange of grinding problems can be met-
blunks from the

Tool blades or odd-shaped freeform articles that start as
forge are rough-ground, then refined, on the double-ended arbor insers.

and finally polished on the buffer.

Arbors can be bought ready made through mall-onder houses. Be
warned, though, 1w avoid the types with plastic bearing sloeves that
wear down in short order when abrasie dust gets inw them ANR
rule, sleeve bearings lack # good seal agaimt abrasive matter Make

sure 1o choose only arbors with well-s
afford them. 1f a bronze slceve bearing cumes your Wiy, improvise l;
simple seal with otled felt wrapping. hinding it around bearings W
string. This will be cffective even i it Jooks junky. Always be sure
keep oiling holes closed aganst abrasive dust.
Using II\tD!‘H.IPﬂII-nWw‘LI‘Ik

Temporarily converting the drill press inte 3 wood lathe is & dﬂ:

useful for those interested

arrangement, particularty -
expanding their projects with the wmaking of carving tools,
the illustration, the parts needed are not Y0 difficult to make
Wiih this setup, tool handles can e e without a horizontal

However, well-functioning wooden handles also can b freely shaped
with m.dﬁuh.uﬂdmmﬂ.daﬂ*““mu
lathe-tumed ones.

given v this syt

ot vy Dok The Muking of Tosslt (pages 7.1, prester detall 1



principles in use of
hamerer & body metions,
& body stance
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* Shoulder is down L. stutianazy
= 81l mwscles £ Joinks are o
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Hammer and Body
Motions in Forging

Y oz rmast try b m cach hammer Biow & effect i poniibbe wth
» minemuen cxpendituee of body energy The wa N { hu
no s obvions 1o the begmner . o may wem. but 1 be

theough practce, until € hecomes mmomate Any effort e s

ates mtum m the whousder gone whenakd be o ded, a1 17 at e
chearly aberes

You stand o the & wih gt wread oo - e lf
fmdy. ome foot o Jmtle back md aher for 3

recrtany Bend your sead dwectly

the wde 1o make (et thae fhe b

ecal dinger et the har

mer, bowncing back

mused stroke d it your head. At the tame time keer

one i the k. m order 1o kave a clear view of ever o
the bt steel by the hammer The

nerl

b allormy you 1o gudge where srike

Cantion. Durmyg wach

Close wexlk & o wine & tgurnt wil ¢
PErecy 'h'-r': from ricochey g sterl paticies of ouade w aley Ceneta
Pxice anc cipericece will poove that, thos protected (he e it
e sl Homever Bosting crmders and ash dust .I s
T wabey Bymg off me veel dormg frpmg. somes ,m. - .‘,
ome's eyen. The logxal question Windd you wear .|
aovwer o do so f you feel spperbencive 'u-rnf u. h B .
bt read e 1
probatly do et woar poggies Juting frpng wmd would uth
w gh .\-,n-n-f"v( and secamaonal cye & mbingy W theng > -.r.
& full 180 -degree view of e hop. | mywl ont i~
motor- grindl ey dee! Mot taice warming” Yo st we o
ment wed bedd sy soursel] sl i “_m'lt yOour o pudy
Bave been svouded R

_ T

while

L

FRACTICING CORRECT HAMMERpyG

Use » e
hand. of wegs. or «

ol ngam 0 kosen iy rwkwardoe
Tabe spevial maie of the exac fnper and hand

locmety” hold the harmmes o the very start of the
should farvt be held cradied in the cronch betmoen thamh

whie the wther fmgen sanding o Intle ontmaed I.n‘ y

bawremaer wem The Sawmmmer 1 angled b kw ard n.. rn.::“' the

:mur.a ;:z fagers, gving the hammer s gl M;:'
llcrmed an tn, ™ hamteengy

o ry i puth of the arm unti] the -...

« R he v
e weight

Wik s scrlersting force . all me aher mus e,
p 1 e of e
Ublera that twst bmprer grsil rikhmphmmm-
- e

-

e —

ke = sl the d e when g
wermg delose ntnects wich s lightweight neils

| help the stadert vovsitze @ five demnonatyaton

- rl. ' rernf o ala derwn
1 SE OF FORGING HAMMERS

’ i ok the wnth, hagc)- Rammering ey lew

“- -- n o e - hamamer g Therefore ﬂ‘:&\lprﬂt&‘
s f- -;,"s r.mmrtxe-mllwuutdmd

i35 r o dents and ridpes W ith contimued W:I.
g & will he g to caf] oveT Jaftike pormons whikh.
T Wlan mg AW gm (%

howe mmnm

f the wech be
i - + i a completely chewed-op wrfxe The
owy compietely grosimg off or filisg ¥wEy

comven (croaned). with ity edpes
4 ity commers heveled o a8 appen vimnale :ﬂﬂ
M‘-';—. + eudemted] wihoot whaep cdges erves

mpression (valleyd) i gentle, o nir;
- s with (his same et
Al A cuifled smak.

JSrghtty

allcrme COMCEWE

Contineed  hammer

an almost U

precine blows until fimally
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combination peening &
Ty
Fhﬂ‘mmg

'y |
¥

drews oub steel Fastest

Pﬂmr;g one side only

““""&!m—

d-l"\w‘;ng o
t stee
‘“’Nlthlne thick intp o l‘hl)

On thin steel the flat but not sharp-edged
safely draw out (stretch) steel. On phick \ls-.-l-l the cr il -
;:t“,::::‘ r:':z;;::‘.::ur an even surface with firmly |‘|I'I'\|1\'llﬂ‘}‘:.:!" o
et [h.u'n:l:!gr\‘ left by using a sharp-edped |I.|1‘hmm
ke v |:nur. m umnterrupted movement, s ':"'"I'Irr
with the flat face on rhc"“.‘j -JlIr 50 that the next series of blows ar .I' o
steel surface becomes .:1 ges left by the cross peen, until yra\btl;u‘ I.I"‘mi
treatment i repeated as Fi‘m:uml.["h flat once more, This Ir-.1 o

Ong as enough heat s left in the ll ;mmn‘

he stee

Since ds

fawng out steel

edge of a flat bar toevitibly ans stretching 1, hammer e

edge outward. Further \lrv,-'lq:l|ur\':‘I the bar, with the resul; "6 00 Ges

M - 3 L1 ng

surface with the hammer fuc ing that side. by fatteniy ‘!“‘ thinees
ce. will cury g the ndged

€ the bar sill o

more

There are se
veral methog
- : 5 of dry .
ATTOW 10 wide, and \anou\cnrn:l oo ot wee! from thick 1o th
0 thin,

al 3
| directions while n Nations, such g

k "
18 1t thinner Widening a piece in

place the
steel on the any f,
flat. Continue % anvil face as shoy, e of the hammer. Next
reached Awing out the steel i this ‘;“ T the Hd;n. ex
kil he ot

desired length is

Another way
¥ of draw
hole and b Mg out is 1o plag
il L o
on the anvil l'm‘“lh' bar out on it inse .d“t M fulley
il face, e cad of on the III“" "
"™ ey

gidewayd W
as described before, using the flat face 10 drive down the ndges

v widen @ bar, use the peen end of the hammer spreading the sieel

I
v While there is still enough heut, flip hammer over in

mad-anr.
jeft by the peen
heat

s stretches the workpiece sideways once more

within one

first use the ball end of the
1 outward from

steel in all directions,
then the flat end, to spread the stee

To sprecd the
ball-peen hammer

the center

It is now logical to add 1 the variety of hammers in your shop o
choice: sharp- and obtuse -angled peEns; small:
peens; shaflow or more convex face, etc. Stll
d by adding hammers in different weights.
th two different peen sties, is one of
ks for woodcarving gouges (35

allow yoursell a wider
and wide-diameter ball

greater variety can be obtamne
The double ball-peen hammer, wi

the most useful ones for making the blan!

described in Chapier 22)

Flat & ball end of hammer
spreads steel in all divections




corvect useof the
afaﬁ.gc hammer

sition of featmay be
2 reversed

USE OF THE SLEDGEHAMMER

The use of a heavy (4 pounds or over) sledgehammer simply speeds
up the work of forging large volumes of steel. In all hammering, body
.u;..1,..n. should combine a maximum precision of aim with the stored
energy in the hammer blow

The stroke begins with the right hand fairly close to the left hand
then sliding toward the hammer head us the stroke progresses, The
¢ hammer s path
and body motions during one cycle. This lets the hammer head enter

drawings (steps | through 5) show the progression of

into a spiral curve instead of a more or less circular arc. It is done by a

very skilled sledger if he feels certain that by thus mcreasing the energy
\‘l';.lp.' {the hammer head moves into a larger outer-diameter curve and
therefore a longer path) he will not sacrifice the accuracy of the hammer
stroke. It is this sort of combmation of body movements that create a
whiplash effect to increase energy storage

Various combinations are possible, depending on the skill of the
sledger. He can lift the hammer with right hand held close to the
hammer head and then, leting the hammer head slide outward, b ng
both hands together at the end of the hammer stem. Or he can hold this
final position for the maximum path of the hammer. The only danger is
that the sledger might miss in his aim m this large swing.

A yet grester sledgehammer swing (not shown, since rarely needed)
was practiced in olden times when the blacksmith had helpers _This was
the overhead, full 36(0-degree swing. In my training vears | ofien used
skilled fellow student helpers, sometimes three of them simultaneously,
cach meshing his own cyele into the uninterrupted overhead sledging of
the others during the period of one heat, It was an exhilurating expen
e o o o et sty e
wooden (often $ltcl--ui‘lghlfd| malls when d::l‘l,ﬂ s g
ground. You can practice heavy sledging simil "tlll s T e
stake into the ground. Once Ilhn Is ugct! I B Yy

- camed, practice also the
360-degree overbead swing on such a stuake you might ot some time
have 1o use this skill in helping a smith at the anvil

al neat step s o wie the cross peen of the sledge 10 draw out

v this only after you have Jeamed controfled use of the

o flat tace. Cunnion. 1 you should miss, and the comer of the
trikes the anvil Tace or s edge. itmay be dented or broken.
mistise Can cause rmeparable damage W the
o vor. You will not regret having a 6 1o 8- pound
v, bt do not underestunate the necessity of knowing
Naturally only heavy anvils can take the powerful

sledge hammers

¢orrect use of bh‘c
sledge hammer s

Cross-peen wh dml:w']
ﬁut.wig b'd..:tond»
a hesvy bar
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cerrecting a parallelogram

into & square — or

. ends be
% o2 times b,qc:;ne

the correct position. ) Just before the piece falls off with the fing
gently strike it a linde ounvard from the hardy edge, and it hb"
sheared off. This prevents striking the hardy and dulling it or um‘.mp-?
the hammer -
Another way 1o cut off a section of steel is to
y 5 e place it on
m.tl cutoff table using & hold-fast tool which frees both h.u:d - mlm-.r;
with a chise] head s
I you have ended up with a parall
A elogram instead of nitended
syuare, comect the emmor as follows: e
If top and bottom swages in the co
. ” Wages rect size are available, the s
al_cxt way i 10 " push’™ the hot workpiece into a square hluéer':elmm
ithout the swages, however, sim
hammer and anvil as shown in sleps
the size of the square somewhat

ply use corrective blows usin,
g the
Ib through 4b. But this will reduce

TAPERING THE END OF A SQUARED ROD

Begin with 2 squared section of rod
:
the anvil hom. With the flat of the ha Heat t and place it on the end of

“pinches’’ the tod end, as one mi
U;smm. s me;ug:uuzn::; similar section of clay o
flat 53 :
. : '::‘t;:;izimm« femove any corrugated hammer
apmn mﬂ:: S mm summits flush with the valleys. This
R m m“:fm“ longer still, Continue hurﬁmcrm;
graduall the square cross section is fimally

: hot n the f 5
nmmwhﬂWw m“hmzmml :.lT::

s smple muscle and lungs.

4. Upsetting Steel

UPSETTING A ROD END TO FORM A BOLT HEAD

Use 8 W-imch round sod, 17 inches long. Taper % inch of both endsa

litthe, which will tend 1 keep hammer contact at the exact center of the

mod

Heat 2 inches of one end and hold it down verically on the anvil.
With a 2-pound hammer, strike the cold end with rapid, medium-heavy
blows. Aim the blows in the exact vertical direction of the bar o prevent
side-glancing and consequent bending of the hot section. If it does begin
1o bend. immediarely place it hotizontal o the anvil face and straighten
i, taking care not 10 strike too hard, thenshy losing the incrensed thick-
ness you have just gained. Caution: Never it the anvil face with the
hammer edge of the peen. Such misdirected Blows will leave scars on
the amvil that will show as texture on your workpieces

Hammer the flared-out edge back into u slight taper hefore returming
it 1o the fire for every next heat. This brings the hat end-face into closer
the center of the rod, and lessens the chance of bending

alignment with
pply this comective trestment

it again dunng the next upsemng achion. A
throughout the upsetting procedure

During the third heat, enough solume of steel should be upset W
make the size of holt head desired. If three heals have not accomplished
this. however, four or five may be required.

To form the bolt head, place over the hardy hole a heading plsie that
fits the Y-inch rod (see the heading plates illustrated i Chapeee 1), Take
care that inaccurate blows do not tend to **pull™ the mallcable mass
sideways as you hammer. This danger 5 real, because you cannot see
the resulting rod and head alignment until after the damage may have
been done. It is therefore a good practice o Jook for the shighest sign af
eccentricity of the visible part you are shaping. making surs it stays
aligned with the visible shape of the heading plate. As soon a8 you
notice the head wandering out of line, slant vour blows in the oppouite

direction to put it back in center

A slight cccentricity between head and shank will pot mn:‘b:l
head's holding strength appreciably. 1f the hesd memlhe rod s
slight curved edge you can reforge the hewd back into line.




USE OF THE UPSETTING BLOCK TO FORM A BAR Tooy

The ends of long and heavy bars can be upset withouye hi
using the weight of the bar itself as a hammer. Dropping it vertically jy
a free-fall onto & heavy cast-iron flange upsetting or " stomping"* biock
will in due time compact and thicken the end. Adding muscle behind the
free-fall makes this upsetting technique very effective and often proveg
less tiring than the hammer-upsetting of much smaller workpieces,

If sideways bending of the heated end occurs, realign it by hammer.
ing it, using the upsetting block as an anvil

When enough steel volume has been upset on the end of the bar o
make a wide, sturdy blade, peen it into the needed width on the amvil
with a sledgehammer (see Chapter 2, page 113),

a brittle quench. If the blade is

without gravel or rocks, it can be

temipered brittie hard (as hard s 5 file). In this case, the cutting angle of
the bevel must be somewhat wider 10 keep the edge from cracking if it
ccidentally hit a rock. Under constant use, tools that dig in earth

L. such as this bar end. the oil container must
from becoming too hot and causing a
further details on tempering steel.

FORGING A HEXAGON BOLT HEAD

iously forged,
] hexagon bolt head freehand, wse a previo
Tn_f:::;d-‘_ round-headed bolt. Follow su:ps_ l,_ 1.Iand i :"Ih‘
“Jl-::mm heats, all angles, if kept correct, will in time result in a
pn.g -edged hexagon. . ; AN A -
i -orrect angles do begin to form, immediately pl.al: :ormctm
1n I-n;- shown E’ustmmng corrective measures results in the hexagon
blows as sho .
¢ > smaller and smaller. / :
t-cxom'_:a:; if a small, accurate, but too-high h:r.lapm I:ub“lrulﬁnidu:
o f nl;:ed shorter and wider again by dmpm_g the 1§ o
may .be r]’;ﬁc and hammering the head down 1o its mundefl sm.i‘m:;
: w
m.f‘;m:l;mn widens the head as u-e_ll and may u?:d Q:YTETW‘“ .
mdakzmng the bolt to speak of, provided no fol
have formed. 1 ‘
Thin“:’\ event, final accuracy can be realized fl:;:!ht::nﬂcly radm;i
the bolt-head height in the heading plate and a hammering

i the bolt head
hexagon sides on the anvil, until an exact wrench size for

has been reached.
thread the bolt sl ank, clamp t n vise . With a
To he hi 1 he head the and, with

hreading die (us 5 . € a5 n.
g de ing lard as cutting agent). cut the thread as show
t

ifincorrectly &lfg!.“a'

)



upseitang ¢

Comwetive hammer);

[

| ——
ﬁ)r

orFile every

eeming fold oyt
e ﬁmt‘lnuin‘.

r

~F

CORRECTING UPSETTING ERRORS

If the emd of 2 bar s oot ot a8 ¢xact nght

lenigth, fhe

heate] sectme will mmavoidably bead o ¥ upscttng
Therelore, U mist fost be ground of fged mite 2 YWdegree end

You can meet the difficalty haitway by munding e rod endy o

harty them imdo & sdight taper. Such ends wil eive hammer

Blows closer to the md's true center o that even hand-held
wighth maccurste hammer bows will reduce the dany
bemding Y
Shoukd the bot end bend. it will abo stan 1o 4
comected al once. The fold must be filed of groun
been strauphiened and befose any further upsetting s n
B0 other way w0 mest ths defficulny
h
:. shoukd be noted that, because of natural human emor, all hand held
n -] |
\..-‘ &%, W some degree, placed out of ling with the anvil And, of
;:.u'\ han.irh-‘:-rumuq also mever s precise a5 mac »N.n,
A ™y . ) . I
.;.wm ; refore, all upsetimg actions that rely on hand and eye
wahout the aid of machines. g, dwes, ot
miermupted wath LMTOCtive =
safcly be continued

rods and
! sidewayy

and this mug be
he end hay

must constantly be

hammenng before further

upsetiing can

5. Upsetting with
the Aid of an
Upsetting Matrix

MAKING AN UPSETTING MATRIX

OMten the smith wishes to use 1ools which serve as ““shor culs”” when
a seres of identical anticles s 10 be forged

The upsetting of steel into bolt heads is a typical operation which uses
such a special wol. called a header-matrix or upsetring mairix. [t fits
mto the hardy hole of the anvil, Mustrations 3 and 1a on page 124 show
i place and in sechion.

To make o large matrix, a heavy truck axle 15 good. (Salvaged car
andes in all sizes have proven to be excellent material for the making of
hammers, swages, fullers, hot punches, as well & matrives. ) A section
can be cul, to place in the anwil’s l-inch-square hardy hole for the
forming of steel, with a mechanical cutting saw, provided the test with
a file (see page 126) shows that the stecl is not tempered oo hard. High-
carbon-steel car andes come in 4 semi-annealed state and have an inher-
ent resilience that resists breaking, (Only the splines at the end of the
avde may have been hardened somewhat to prevent wear by the gear
differential movements)

If the car-axle section has a diameter equal 10 the diagonal of the
hardy-hole square, grind the axie to fit the square using the largest
grinding wheel

If vou prefer to forge the section into 3 square as the ilhustrations
show, then the kot w!nmcmtwdnwaimmmyhkhm!?h
begins to fit. Whatever does not precisely fit will yield (the steel heimg
malleablé) under precise hammer blows. It is pow that a 4 to T-pound
sledgehammer should be used (if the mnvil weighs 100 pounds or more)
1o drive the slightly oversized hot metal into the hole o make the best
possible fit

It is good planning to let the square secton protrude below the anvil
lh*\muwﬁm&wwwlswaﬂhhwtﬂ”
During the making of the matrix, however, when the square section i
vellow-bot, it may insdvertently be upset locaily showld you iy whak
i out from below. That is, the end woukd be made shicler, & in
nveting. thus locking the matriv into the hardy hole. To avokd this.

bcwlﬂn:ndﬁlhqmmalﬂh“hﬁ-wﬂ-ﬁ& 5t

Me-inch bar (smaller than the handy hole) against the locally
protruding marrix blank, 4 a driver o knock out the blank.
Assuming all has gooe well so far. reheat the piece. Drive it once.
more into the handy hole, using 3 3% 1o 4 pound hammet 10 Upsst &
Luttle shoulder on the matrix blank where it meets the anvil fae.
will prevent the matrix blank from later wedging so tighey
hardy hole that it mighs chup the edges of the hole The mal
snugly without undue strain.

Remove and slowly anneal the picce by placing it i ashes.
takes about an hour, working on another project will
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6. HOW TO Temp e r SECOND METHOD OF TEMPERING

This method intrrsduces more claborate controls, using the temper
d colors of the oxidation cokor spectrum as a gauge for degrees of hand-
an Harden I_|,, the forge fire, heat 24 inches of the bevel end of the cold chisel 0
4 dark yellow heat glow (again as judged in & semi-dark shop, ot the
Hi moment the seel i withdrawn from the fire)

_— Now hold only | inchof the end mn the water or brine (m this case nof
gh Carbon Steel in oil because if the hot seel is notcompletely submerged, the ol would
fiame up). Within a few scconds you will see the visible hest glow of

the unguenched pan disappear Only then withdraw the wol
1 the chisel, slanted downwand, over the anvil s edge,

of time, rub the bevel vigorously with an abrasive
ts @ silvery sheen on the sieel. (Only on & shiny weel

2%Method

hold 1" in weter 13082,

Immediatel

oo and without
s g l:h:,:hm Meel can be *“chance” -hardened | e, This
9 <an ncdb-, comtroll ened in one quick AT i’

m ;;ms of stepn ed tlempering for specific hardness surface will the oxidation color spectrum become clearly visible when
g held to catch the light.)
ng which are ‘mﬂa‘l:;:.":vln\[ methods of hardening and temper The remaining heat in the 1001 DOW ACIS B & PERCTVE, spreading
cutlery we of { [ : : .
:mm, » woodcarving wols "Fﬂth:r “::‘”\ml talists who make delicate gradually lirough conductivity, urilk;;:;}h:ﬁ:ﬂ ‘Mb;h:: p‘::’:,r
il ques. You must, of course. bu,.,,:r:“]“ needing more precise color that appears 15 .1llurn1 siraw, : - ,,I,:( . p“;h:d Pw_.
er&.:‘mmm‘ can be done, and then amiliar with all the ways purple, and finally blie . This color mqnhlm ;ul
: S - . : g - 0
hl;::zw[-mculu Purpose apply whatever method s most r.,;, never .,Jm ‘l‘::“;:f:.ﬂt“luu s 2
g nce the color you wi v . mrest m‘
":::"0 more elaborage :mlxwm One, a simple and direct way by quenching the whole ol in water, At this point the reserve heat still
Ciples 5 Ways e ¥e i T e e e y
applicable 10 all oihe methods of These include the busic prin- in the tool will be cooled enoug :h‘l . ..m,h, ey i
¥l ‘rm[tnup In observing the color scale. note that cach ¢
ETHO)| o a hardness indicator :
method % Doy TEMPERING Caution: |f the wol is withdrawn foo Sood after the first |-inch
by YU can handen " quench, the reserve heat could still be o great, with the color muRmnE
hw{ww,ﬂh‘ Y s Shisel witho 100 fast, In this case, amest it by 8 sudden quench. The danget i,
e o eveled cus s owlom however, tht this may britle harden the wo-hot :n;tumo[rrmhul.
mament it Blow (a4 jug EHtting end of a chisel 1o a . ! s ey s e 0 et ey
i w i Bed 0w semidurk causing the chiscl 10 break there g i :
" e ¥l gy ek never deviate from this rule Hold the hot wol end | mch m yuench

glow hats disappeured belore proceeding.
o fomg betore withdrawal, vinee then the
y make the full color spectrum

. A Al th
This first methog | = i moment, quench the

ing bath until the visible heat
that can be devisey. aad m‘i;‘tm way of g

other harden, . ! Another mistake is walting
2 . “"'Fm!hm. | have k:"“:'l-h-umhm el reserve heat |In..3. not be greal enough 0
2t ;:,wm o sy d.‘d’ i, the "'"lller"L‘ SR visible, and it then would be PCCesSAry
AR o this "xmm'-m ey e lacger, If the color-run on the bevel should come slowly w 4 sop
Method,

File-tip 3 tin ool slowly . This
The ot 8 and for most e A ‘th'mm“‘mmmu y
. Test for Hardnes ang oy urah e ; Lum s m'mmh_mm
This tess § 'rw’ as an amage. p ; tempe wheteas aBy ldmcamh
Assume -‘*""M cooling creates the Jeast amount of tension. aciar b
MY 10 tes) A i shrinka, _‘ﬂmm-dlﬂlpw s
heat glow Wity thh of stee] always causes sudden £
: g . : . :
:M'“‘““ﬂwm%mm, """’ﬂch:nnaﬁ"*"‘"nrd lhs::ﬂ ﬁfrmwumm”uwx-ﬂ"","“ Y
lfmmmildnulu g the s JEched end of 1 slm,m.‘.p,ku:mlwmu.mmmofm.nmﬂ
h“-w--m" h’lﬂmmah A : " that the {-'I'Ctlﬂh. Wter
h‘m.mh A ::::M' . the Mee], h'm“‘,.:*'m‘lh l::!
red hewt chise] Hace, jt iy “eracks steel scross. P 1 the bk
- ""“m T Py ‘“l?m’::{um Assuming that all has gon¢ ek, 30u m“md_.upauusd-
chonty il o0ce again, iy gt e Guen principles of 1 more controlled firss iethod, allows
W hm hing, ed ing. This, combined with the simpler
nynu.,u‘.'w g o "w l(mr 'S 9 i ink nﬂﬂil'ﬂw
comect tesults. However o Mee], the smith, as & rule, all the leeway necds
Josited i suspecrn o ™ S0k Sl Iy gy Buld b ing steel.
tng that 5 mild seeq) “""'-m.. 8
omEnt 10 make i temperabi " € Reded 0.3




THIRD METHOD OF TEMPERING

This refined method of irmpermeg (a0t illusrated) s 2pplied 1 fighy.
caliber forgmgs. and = the method wsed by maken of delicate tools ug
ESTENeSls.

Use bere 3 very skender thin cold chsel

Farst hemt the tool end 3 light cherry red. With this 1ol the whole goof
s quenched. This lexves the 100l brattle-hard where the visible lighy
chery od was, while the rest of the steel remams sofier

Casefully clean showt | mch of the brittle 1ol end 00 & fine-grig
rubber-backed. shrasive desc msen. Polish 1 10 8 murmor sheen m order
10 reveal the oxdation color spectram prommently . This redoces empr
» 2 mmEmmn when judpmng color

DRAWING TEMPER COLOR

Flﬂ‘l:hl‘& sofier pant of the ol over the blue flame of » pag
::.Hﬁq&mmsdd}'wmr‘lr:hca core of the fiame.
the soft part becomes bt cnough o that the hear ravels outward
:ngﬂgmdbgm,m--ﬂ!umgtm\ﬁmdmmd
“!::-g.lihouhmuiurmnm This time, however,
¥ou hase control over the speed of the process. mamipulating the twol by
fodfing 2 in the S=me, or ahove @ Depending on the type of sieel
c:’:m‘md#mhsm&h‘ﬂmorfm When the color
specific required hardness reaches the bevel end,

whole toed guench the
QUENCHING LIQUIDS
The theee mos
i-.-uairddm&? med geenching baquids are water, salt

will do)
I water the sieed s cook g 'd""ﬂnmdam,mwwu(
oil. 2t its slowest = Guickest: in salt brine, 2 fintle slower: in

- hat
w%-umhh?'ﬂ-smm'-;
o o keeps the ol

'ﬂr“lmc 21 Fy
"hm-“"’hﬂ"ﬂﬂl*.“ﬂ.im
e Dol semperatise: 3 e higher

m‘l"hﬁu*m“‘ water

WEI. grving the

urside Rardoess "”’*“m“ﬁ-mw.i the
tiic tougher and less britle.

2 about three trmes the boilng point of water. Therefore the
ooled siowest, will be softer sill, while the o 2o bl
.—C‘ 1« the same as wols quenched is water o brine. The oil
ore will give the wughest bevel end.

._-- g steel. you should read the foregomg procedures agsm and sgam 0
endersiand clearty what takes place.
xds of hardenmg steel have been undersiood and
v, you can expand on them | your own way You
o ?:;-}gmuzﬁn‘ﬂzwmﬁm
lands produce many effective sesuits. The vances
machetss. etc. that they muke not only keep thewr sharp
edees, but their fine blades defy breaking under severe STmm

1 once wimessed a Philippine smith brng hus bolo knife 0 an even
heat in 2n clongaied charcosl fire. then sink % inch of the curved kmife
edge into the matching cmda&tﬁqﬂtﬂmiﬂwaﬂ.
It gave the edge the :mmummmﬁdwbm
ment #s 10 the proper heat of the steel when sticking it ni the squash).
The softness in the 1e der of the blade grad “fmdﬂhik'dg
1o the back I'-m:mﬂthalrmhﬁﬂ“pm.“ih
prun s!mhmrmmdkw:imuﬂndm-um.ﬂ
of using a cold chisel The soft siect of the back edge by now has
;u!r,‘\.-‘mc.-ed over from hammering on it :
Another tume | saw szlneudhnpudh-hdb}'ml-a

stuck mao a potato! s
All over the world we can find endless sxamples of m.j,ﬂ.

hardening and tempering seel. All of them, when comectly

== based on the mgﬂn)wmmw:rm




Making a right-angle bend is like a warming-up €xeTcise. Juh!. as the
pianist practices his scales preparatory 0 giving & concert. w '_lh this
particular exercise, the smith sharpens his judgment, hand skill, timing,
and coordination. In short. his accumulated know-how is brought into
play. After these exercises he will be better prepared 10 undertake the
x_l:t forging tasks more successfully.

When a rod is clamped in the vise and bent over with a hammer mto a
right angle, the inside will be sharp but the outside of the bend will have
a rounded curve.

To bend the rod under a right angle and make both inside and outside
angles sharp is the problem, and one difficult to master. At first this
seems easy 1o do, but the major effort must be to accomplish the task in
a minimum number of heats.

Try to visualize what the hammer blows must accomplish. They must
upset the steel at the bend while not opening the curve further. Use 2
light hammer with high-velocity blows, pushing the malleable steel
together Iocally while at the same time reducing the curve of the bend
somewhat. Too heavy a hammer used with driving blows will not
increase :e upsetting much and tends to open the curve (which you
must avoid),

To make & right-angle bend. use a %-inch-diameter rod and a light,
13- 10 2-pound hammer and proceed as follows:
wnsf: :m Heat the rod locally where the right-angle bend must ocour.
inch of the ﬁ on the bend, do not stray from that location. Cool %

end in water, leaving hot and malleable only the bend

mh:;mu: thwswil} strike, Now bend the rod on the
mi_:; 2 Wkﬁ a lightweight hammer, yse rapid blows in alternate
M-‘wm ston one end of the rod and next on the other.
. mfﬁ-’!:ll} ‘- tmsmmgha'smultu:l.asshown.andlhfmd
ﬂyﬂ!bﬂumbcan :eﬂc:ml'& times thicker, it is time to hammer
ing the edge m!'“n bend. Flace the bend on the anvil, over-
bmh et away from it, as illustrated,
lﬁehhnmm hammer, allowing the **mass’ of the rod ©
mhw._ m':uufmmnmbemmswwunimngﬂ
U of the e frans Y 4m 10 keep the smal nside
pushed" _b‘kzmmmsﬁbup.muulimmuﬂ““
22T 40 8 fold. I that small inside curve becomes oI

+1€ corrective blows to prevent further damage-

'e'.-h"“‘m!l\tl!tpmject.hsmon“'

Step 4. When the outside curve has b LE
oversize, the whole bend can be safely mﬁred’:ﬂth:n:num;ﬁ;
the illustrations show. Be wamed, however, that the atmost-fini
right-angle bend flush with the anvil's edge Sy i) ﬁmih:
hammered bevond that edge. This would drive the m_ Mﬁk“
the bend down, while flaticning the part on the anvil face. All your
previous work then is beyond repair.

Examine the common errors closely, as these are shown in the illus-
trations, so you will be able to avoid mistakes as you work.



.) I hammer down
) hot cvervise jaws

KING A JIG TO FORGE A RIGHT-ANGLE BEND
MAKING /

. 2-inch leal spring of a ¢
- o choose & ¥- by 2-IRC F Car, Cy
saock for the g

0 inches in length
b - I"ﬂ':fuj:c““::m middle and bend it. as shown. clamped betweey
Hest e

jaws with & ya-inch-thick spacer
ise

As

i yw heat and clamp 1t once more in the
Heat the ends of the jig to yellow F .
vise with spacer hetween. Next, quickly hammer the | %2-inch protrad-
msmn‘nuuﬁ over the vise jaws, as shown. This results in %- by
2-inch lips with well-rounded edges
Next, cut a shot at the bend of the jig for the rod bypass. This canbe
done on the abrasive cutoff wheel. or with dnll and hacksaw

Reheat the ends yellow hot and place the jig once more in the vise.
This time. instead of the spacer. imsert a %- by %-inch hot punch, clamp
all firmly together and quickly hammer the hot punch down. This forces
& tapered depression into each jaw, The depression can be enlarged by
squeczing the vise a fitle tighter at cach repeated heating and furthet

ing down the punch. Thus enlarged, the tapered depression will
take & %-inch-dismeter round rod. Round off (grind) the sharp cdges &
hwﬂhh&nmwngﬁ:&nﬂ;{m&cmins marred darog
o -

g Open just enough to insert the rod and then be tght-
ened fimly m the vise before upsetting.

A RIGHT-ANGLE BEND USING VISE AND JIG

Upsctting using & vise alone, 25 in illustrafions 14 and 23 s speeds.
ning of 3 nght-angle bend, bug often leaves scarred
es when the hot steel s hammered over the sharp edges of the vise

rechand fo

uf
surtac

aws. Lsing the special jig. & in b and 2b. prevents such scarting, and
the upsctung s donc as fast
Once enough

volume of steel has accumulsted around the bend,
refine and sharpen the piece os shown in illustrations 34 and5
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refine all gides L angles

e ~HT-ANGLE BEND IN A MILD-STEEL ANGLE
MAKING A RIGH TRON E

Before you begin, make certain that .lht angle iron is mild steel, Tey
it with the file tip after a quench (scc Chaprer 6). Heat the center of (he
bar to vellow hot and clamp one flange side of the hot section betweey
\.M ;.;u\ Hammer it into & precise 90-degree angle with the Vise
During the bending the other flange will bulge outward

Reheat the bulge only and quickly quench the flange with the finished
right angle halfway in the water, leaving the bulge hot “"“lcdm:l_\
place the finished angle over the anvil's 90-degree comer, as shown,
with the hot bulge resting on the anvil face. Hold down firmly with
visegrip pliers. Using a 1%4- 1o 2-pound hammer, pound the bulge down
with rapid, high-velocity blows wherever smaller bulges keep forming

Even though you have cooled the finished right-angle flange, it will
not be rigid enough to resist some bending under the strain of Hattening
the bulge. Therefore, reheat the whaole bend and clamp once more in the
vise and comect that right angle should it have opened up somewhat.
Again, dip-quench that flange only and replace as before on the anvil fo
further compress und flatien the hot bulge as necded

When you bave arrived at step 4 you will notice a slight curve
remaining where the two inside flanges meet, This can be forged into a
sharp right angle over the anvil's edge if your plan requires it

Bending the angle iron over the anvil only, withous using the vise,
;:il m‘mh both sides bulge out, but only half as much. One half-size
ll'e::.md ":ll :hg_d': flattened, however, and the other hammered
el cm“::‘ angle. It can be done, but it is o struggle
oy comective hammering necessary to realign the

I s therefore good practice 1o cool one bulge first in order to keep it

rigid while y in
carrecting H-:M:u:a-‘g fi “"‘ onc. Then altemate the procedure when

MAKING
A RIGHT-ANGLE BEND IN A HIGH-CARBON-
STEEL ANGLE IRON

If the angle-iron .
4. the cooling of l: e:::hllhcm stecl, and the vise is used s an

second 1n- \ flange should be restricted 108 %
sl sgainscracyimg o SEERTSEd hotbrine instcad of wate. |
This very b Since in hot brine the steel cools more slowly-

brief :

mu""ldnm. m;ﬁl Stiffen that side considerably without
Noke; Do not coo| hi ish up as in Steps | through 4.

making anght-angle hz-c;bw steed by a prolonged quenching while

EIven spot. anneat it befo m'ﬂfﬂ'ﬂ brittleness has resulted at any

Inches distant from hammen o a8, If a brittle section is & few

Off ike glass. Blows during forging, the steel will break

8. Some Tools that are Simple
to Forge and Temper

A COLD CHISEL

One of the most useful tools to have in & metal-crafts shop, the cold
chisel is one of the easiest to forge

Use as stock @ %- 10 |-inch-diameter high-carbon-steel bar, round,
hexagon, octagon, Or square

Heat % inch of the end 1o a dark yellow glow. Hold it on the anvil
face at the angle you want the chisel's bevel to be (a blunt angle for
heavy-duty work and the cutting of hard metals; a sharp angle for
lighter, delicate work and the cutting of soft metal)

In finishing the tapered cutting end, move it to the anvil's edge (1),
This allows the flat face of the hammer to bypass the anvil's face while
refining the almost knife-sharp beveled end with Tight tapping and pre-
vents damage to the anvil should the hammer miss

Cut off the desired length of the chisel (see use of cutoff hardy, page
106). Next, grind the bevel to a finished sue (2), and temper both ends
as described in Chapter 6.

THE CAPE CHISEL

This is acrually a very aamow cold chisel. The clll“.-ﬂlmﬂ‘] design
allows the cutting edge to be wider than the ﬂ.mena_! hnly.'_ Ill:mﬂu:;.
when cutting with this chisel (a key slot in 3 shaft, for instancel. =
cutting edge will not bind. The strength uf the chisel 1s great because
flat bridge preceding the culting edge s wide. =

Cape chisels arc tempered in the same Wy a cold chisels.




the hardened T
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Soft steel

ammer & Svprend o el

Flush with ‘“P-Gﬂ“&gl-mf

A CROWBAR
¢ theend of 2 %.inch. h;gh-cuh'ﬂ*h‘fl bar o a slender bevel
Forge :

1% inches long
‘h;c‘ml ;m split % inch of this end on the cutoff hardy, and grind the

forked end as shown Reheat again for 2 length of about 4 inches ang
‘ i ] i » ~la

bend that section imto a curved claw over the anvil hom. The claw end s
used 1o pull nails out of wood, but

strain when used o pry with as well
The other end of the crowbar is forged in the same way as the cold

chisel bit and bent oaly a little so that it can be used to pry with, Each
end is to be drawn to a dark bronze temper color, while the remainder of
the bar 1s kept annealed

it can also withstand the maximum

A CENTER PUNCH

Although this tol is easily forged. it can instead be ground into its
final shape if your motor grinder has a large coarse stone which cuts
steel rapwdly. Temper as a cold chisel

A ONE-POINT STONECARVING TOOL

This tool resembles a center punch and is made similarly. However,
the end that is strock with a mild-steel hammer can be forged with 2
sharp-edged “‘cup™ shape. This sharp. hardened edge bies into the
hammer and prevents it from glancing off

To make the cup-shape, stand at the anvil as shown. using the ham-
mer and tongs as the ammows indicate. Temper both ends as a cold chisel

@ Decorative Treatment:
Rosettes and Wallhooks

DECORATIVE ROSETTES

Decorative roseties can be made from all sorts of small steel-scrap
items. The examples shown here are discs (slugs) ol sieel like thousands
ejected by presses that punch holes in steel plates.

When these slugs are heated singly in'the forge. they too easily slip
down 1o the fire grate: to tetrieve them will upset the fire. Therefore. 10
heat such small items. put them in § one-pint tin can and place it in the
middle of the forge fire, deep enough to have hot coals come up fo half
the height of the can. All of the slugs will then become egually hot. Do
a whole batch at a time if you plan 1o make several msettes

With %-inch thin tongs. pick a hot slug out of the can and place it on
the anvil. Heavy pounding with the flat of a 3%-pound hammer thins
and flattens it. The slog's d IS NOW ¢ ferably larger. Place it
in the little mound of ashes and cinders below the forge to anneal. Treat
all hot slugs in this way if they are of high-carbon steel (anncaling is not
necessary if slugs are mild steel),

After annealing, drill & hole in the center of each disc to fit the
thickness of the nail to be used in it

Next, make a heading die for the texturing of the mseste, as shown.
{See also illustrations in Chapter 5)

In this case only the small hole to fit the nail and the latger clearing
hole below are drilled.

Place the dic in the hardy hole. The heated flat dise first receives the
cold nail, which nail in turn is held by a pair of tongs. Together they an
placed in the die hole. Once nail and ot dise are in position, use the
special large double-ball hammer to deliver well-aimed, forceful blows
to shape s well as texiure the rosetie

Flip the hammer over in mid-air, using either the small or large ball 0
give the rosette the desired fexture. In this action the nail m:lbwnmu
embedded in the hot center, automatically seating it to perfection;
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simple decorative forgings
from ready scrap-stecd items

Patination

Prepare the Tosetics

With the power sander, gently smoot
small, flexible. rubber:backed fine-grit paper or cloth disc abrasive. A
rubber abrasive will do also. Once the outer ridges shine like a mirror.
polish them lightly on the puffer. In this process 1.hc “valleys™ ate
hardly touched, so the natural black forging oxidation is kept intact
Finaliy, clean the rosette with & solvent to remove all wax residue and
dry with a clean rag .

To draw the oxidation colors, hold the rosette w ith the thin tongs and
heat it in the hot core of a gas flame, as shown. Soon the first color
appears — a light sTaw vellow. If color moves too fast, hold the rosette
higher above the flame. For variety, you can hold only the edge in the
heat core. It will become dark bronze. then purple, and finally blue
Each rosette then can be variously colored to suit your taste.

Color the textured nail head separately, or simply polish it on the
buffer to remove the forge-black. It will then look like a silver button in
the darker-colored rosette. Or, if the nail head 15 patinated a straw
yellow, it will shine like gold surrounded by rainbow colors. Such
roseties can be made into drawer pulls and other artifacts.

¢ with oxidation colors as follows;:

for patinatin
h all textured ridges with

Other Simple Decorative Forgings Made from Scrap Steel

Discarded automobile-engine valves are ideally shaped for making
rosetie spikes, as the illustrations show.

Although this steel is very hard. it is not temperable or hard enough
::makmg cutting tools. For small decorative items, these valves must
mt‘:r:t:l‘““?&“' light-yellow-to-white before this special composi-
o “;u] ome malleable enough to yield to heavy hammer
o hot s ling here with a type of steel that is made to stay hard
e gines in which they are used create such heat). This is

why you must heat valves to white heat for forging.

Us' o 1 1 : "
P ﬁx:’ Wn imagination, you can make many other articles from

Small rosettes + ‘
O mm:‘p::]:'“:;* in quantity from rectangular bars and
the middle of cach one. € off a series of squares and drill a hole in
the first one 1o yellow h:‘mh square section almost through. Heat
quickly place the asscambly fi o P * <014 nail into the hole, thed
it ¥ flush with the heading plate with the nail in

Tear off the cold bar
out the rosette o w:“:::ll _::M square and immediately hammer
textured. Patinae the whole finished e "o becomes

The old-fashioned wood stove lid-lifter made from a bolt is another
example of how many ready-shaped items on the scrap pile can be
ranstated into entirely different forged forms, oo

The same bolt, used inventively, can undergo an entirely different
treatment and become a wall bracket for hanging a flower pot or a hight
fixture — or something else you may need or wish to create.
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FREEHAND CURVING OF STEEL

The frechand technigue of curving sieel is 3 .niilr::;:; .nnu: 2 pleasure
for the smith. By this means he shapes bars of hot or cold malleabe
seel into beautiful curves. In contrast when fi
2 machine-fike character 15 impected: the ©
this. Such pre-ammanged jigs are used 10 ber ‘ :
hars. In the modem gates, gnlls. and pancls sold as
work, the mechanical quality becomes evident

wrought-jron ™

and tspered at the ends, #8
variety of beautiful designs. In
by several factors: the weight of

A DECORATIVE WALL HOOK

make a decorative wall hook.
¥%-inch-diameter rod and forge the
istep 11}

“ut & nches from 2 round square
‘m"““"iwlbmnim:;nkng

insets (step 2), bending and upsetiing the hot section

Ur. you may use an upsetting die (made as illustrased in Chapter 5),
which speeds up the shaping of the hook (see drawimngs 3 and 4) and
setting 2 “head™ on top of the tapered end. Hold this head in tongs
while drawing out the rod end (step 5).

Heat | inch next 1o the taper Clmmngvmbummm

Further forging of this portion can be varied 1o suit the taste of the
smith, who must now visualize the final product he has in mind. -

If the hook end is 1o be curved, as shown, it calls for gradusl widen-
g while at the same time thinning it toward the end. You will start
with a ught curve which progressively becomes 2 more open curve
toward the thicker steel (7 and 8).
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making ahinge joint'
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The more skilled you become in blacksmithing. the more you will
realize that there are several ways to forge an article. A hinge, in
particular, lends itself to inventive design and forging once you have
understood how it must work and how to make it

To describe all the possible types of hinges would fill 2 book. There.
fiore, only a few of the most frequently used kinds are offered here as
examples. Once you have made these, you will be prepared 10 mest
successfully whatever hinge problem comes your way

MAKING A HINGE WITHOUT MACHINING

- s Select a 16-inch-long bar 2% inches wide by % inch thick. Hear 3
beid toget - it e o ;
8_!;;;:: gether inches at the end and make a split 2% inches long with the chisel head
4 I 1P 6 (1), curting 1t on the soft anvil table (or on the anvil face aft covering it
with 2 protective mild-steel jacket). The bar can also be split, as shown
123, on the cutoff hardy
Rchca_: yellow bot and spread the branches. Round off the sharp
croich. first on  bottom fuller (3), and further on the anvil horn (4)
After the fork has been opened wide, bend the first branch (5). Bend
the second b_rm:h parallel to the first, With the aid of a spacer, adjust
::“"D precisely (6). If the thickness, width, and length of the branches
Ome somewhat uneven, refine them freehand on the anvil face. Once
ﬂm':.ﬂchc:i. for correct spacing between the two.
one branch and cud it freehand (7). Then curl the second
v oy hinge pin that will serve for forming. select a piece
B in diameter. Curl both branches completely around
Mg 1 done on the anvil face or over its edge 10
‘“mh‘ hinge-pin seating (%) and (9)_ i
sec i 1
ond hinge half and forge it 10 fit the space between the
one. Curve it hot over the round rod also (10).

0 €nd 30 keep it from falling out of the assembled

malleable o Ihecnme somewhat unaligned. the
: pens will yicld easily o many rapid blows; the self

hnpn:v:::e::;:pi."_‘m "'se1"’ the two hinge elements.
ERRUTE eagy mg Visibly hot, work the hinge blades back

e
m‘vn.i”i -
Pind spacing plaks for fik

ORNAMENTAL HINGE DESIGNS

Once the hinge halves have been assembled and work property, the
hinge blades can be forged decoratively wo suit the particular areas they
must fit (doors, lids, gates, eic ). These hinges are made fiat 2nd wre
bolted onto fiat wood

W visegrip pliers. clamp the binge blade onto the adjustable
steady-rest bolted 1o the anvil stump. Use 2 cold-chisel head to cut the
hot steel. The soft anvil table allows the chisel 1o cut clear through the
bar as shown. [fmild steel (not more than ¥ 16- to %-inch thick yis used,
it can be held between the bench-vise jaws and cut cold in a shearing

action with a sturdy cold chisel

Heat the pointed prongs locally and bend them temporarily mkn]ﬂ
so that you can reach them easily with the hammer. Forge the desired
curves and decorative pattern you have in mind, using as many heats as

you need

You may have a preconceived design il:muxl.lmﬁﬂ!&rm
that result naturally durmg bending. peening. and flaticning become
unexpectedly more anractive, and you should feel free o improvise
during the successive sieps. The surface iextures h also result au-
tomatically during the forging of the hinges are atiractive in themselves.
If you wish to apply added texture on the finished piece, you can
deliberately do so using hammers with crose peen or ball, or cross peen
and ball. It :;mmtnowm.uhmmuhﬂw

appeal
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A GATE HINGE

can also be used o hang rustic doors and is both

sign
This hinge desig acts as both bolt part and hinge-

strong and practical The bolt head
bearing socket

Upsetting the he
10 shape the shoulder, the hinge-bearnn
head end as well.

After this part has been forged, as illustrated, draw uul.[hc remaining
section of the rod into a %- 1o -inch-diameter bolt shank. Thread it wm
the end so that, with a nut and washer, it can be used to tie wall and post

together also
Drill the hinge-pin hole, either partly or all the way through the bolt

hﬂsi.\-gral greased washers placed underncath the hinge shoulders make
smooth bearing surfaces. Adding, or removing. 2 washer makes it easy
to adjust the hanging of the door accurately

To locate the exact hinge-bolt positions, hang a plumb line along the
door post and scribe off the correct heights, one above the other, for
drilling the bolt holes.

Adjust the hinge bolts inward or outward to hang the door accurately,
relative 1o the true vertical alignment.

Next, assemble top and bottom hinges, place door in its alloted
space, and scribe off on it the exact hinge-bolt locations for the fasten-
ing of the door hinges.

I have installed several such hinge arrangememts. fiing irregular
wood-slab doors 10 slab posts and walls, and have found them 1o be
about as easy to place as conventional door hinges. If it becomes neces-
sary 1o remove such a hung door, it is easily accomplished by lifting it
in an upward movement out of the bolt head sockets when the door is in
open position,

ad on a l-inch-diameter rod will give enough volume
¢ socket hole. and the decorative

A HINGE MADE FROM A LEAFSPRING

Thﬁhmg mmﬂfﬂ‘n:sinjn .

= g calibrated and curled-over hinge

cn:;:f: main leafspring of a car.
short sod o:‘fm h““ it. Anneal and cut it into two sections, one
; long. s illustrated. Make a headed hinge pin that slides

e e o i

the 1wo arms of the hmge.v. ha 5

assemble the . : ave been forged decoratively,
W0 panss with the hinge pin. Place in position over doot

and post and i
e g “m n_:rl the location of the bolt holes. The fastening bolts,

heads as well, hinges, can have decorative hammering on the
In 3 variation -
ﬁl‘pllbﬁtm:uu:g foregaing gate-hinge design, one clement is
s wall 1 post g e 51N Used with a e bolt

You have o - is an ex i
1o design wmnwﬁmwe_oflhowuy
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Hold-Down Tools

Using a hold-down (or hold-fast) tool to steady a workpiece on the
anvil leaves both of the smith’s hands free 1o work. This tool replaces
the apprentice assistant whe was the standby helper in former times.

Hold-down tools are based on a combination of bending (leverage),
friction (locking), and twisting (torsion). A careful analysis of the illus-
trations will reveal that the fit of the three parts in the hold-fast shown is
purposely made loose. Once their contact points bite in during the
wisting action, the tool and workpiece will be Jocked together. There-
fore, a few light taps of a |%-pound hammer will hold the workpiese
firmly down on the anvil

HOW TO USE THE HOLD-DOWN TOOL

L]

1. Slip the anchor-bar footing halfway into the pritchel hole.

2. Slide the junction piece out of the way from the hot part of the
workpiece

3. Hand-lower the yoke and bit onto the workpiece while driving it
down further through the junction piece with a | %-pound hammer, as
much as the tension in the assembly will allow L

4. In this position, the anchor footing in the pritchel hole s rammed
down flush with the anvil in a final cinching.

With a little practice these adjustments will ke only 8 few senml&
And now all forging on the workpiece can be carried out durng one
heat. The smith, with both hands free, cmwinsuld;ormplw
a hot punch, a hot chisel, a flatter, a set hammer, and so on.

To loosen the assembly, tap dawm;d on ﬂtlw piece, ortap
upward on the anchor footing below pritche ¥ s

Prhe locking points in Hlustration 6 show clearly the principles in the

foregoing




HOW TO MAKE AN M}jl'.‘iTABI,E HOLD-DOWN TOOL
square punch-pin rapered at one end from a piece of

{ prepare L]
o x 100 inches

_carbon steel, 13 % "
h.ﬂ:‘ off the J-inch-long jupction piece of the hold-down from a sal.
vaged car axle 144 inches in digmeter Anneal it and make a square hole
in it as follows

Dirill a %-inch-diameter

Now heat the junction ph
aver the hardy hole of the pritchel hole of the anvil, and quickly drive

the square punch-pin through with a 4-pound hammer. Without ¢
moment's loss, use a 2.pound hammer &0 pound around the inserted pin
1o bring the hot steel in closer contact with the pin’s square sides

I')lm"ng this action, to prevent the pin from heating up (o the point of
malleability, hammer it down progressively further through the hot
junction piece and. without stopping, refine the hit of the pin mnto the
square hole (3) Affer the junction plece has lost its forging heat. knock
the punch-pin out with one of a smaller size kept handy for this purpose

Al right angles with the square hole, drill a 17/32-inch-dinmeter
round hole, as shown, The %-inch-diameter yoke bar (4) must fit into it
Jooscly when assembled The yoke bar is bent hot and left annealed 1o
remain "“springy.

hole through it as shown (1)
ece yellow hot around the hole (2). Place jt

‘I;imikc the ﬂ;\chur bar (5}, cut a %-inch-square cross section high-
C\ h:t;'d bar 28 inches long. Upset it 5 inches from the end 1o forma
th:::ld-d‘mmum "lﬂﬂldt.l‘- This shoulder functions as a *"stop”” when

o nmmhly is hammered down flush with the anvil surface
”O“'::r workpiece in place.

s lﬂ\nI:T rest of the square anchor bar 2 inches in order to overhang
il e, well out of the way of most workpicces held fast by the

The i -

v Ww bit £ be made with a flat serruted surface or with a
M ustrated in drawing 6) (0 sraddle a workpiece. Use a

e m;mm it 1o the yoke end.
imensians for the hold-fast wol are approximate, to fit an aver-

age |00-pound anvi
stiop. anvil. You may have to adjust them 1o the anvil in your

Note that the fit of the
: s ml;q::;:wx bar into the square hole of the

All three o fits
Positions before the 9f the locking points permit easily adjusted wol

Tt is Jocked in w’ = "‘mw tightly onto the workpiece.

bite into each other dyr; the twisting action of the tools” parts which

10 it prectsely, the ook < ¥ISKINg. 1f the hold-down’s parts were

undone instead ufhumsmmdmt occur and all would become
ing the workpiece fast onto the anvil

A Fireplace Poker

The stock used for this lightweight poker comes from a leafspring of
acar. Such a poker can be used easily by those who find many fireplace
1ools 1o heavy and unwieldy, Made from this tough steel, it is strong
enough to move and pry heavy logs in the fire. The tempered and
knife-edged lip 15 useful for scaling charred wood off burning logs.

Start by making the hole for hanging the poker. With a section of
leafspring cut by a welder and held with the hold-fast tool, drive a
tapered hot punch through the hot end of the steel, enlarging the hole 4s
much as the taper allows. Enlurge it further by drawing it out over the
anvil hom until & thin ring about 2 inches in diameter has been formed
(illustrations 14}, The round ring may be reheated and bent into free-
form pattern if you prefer

Caution: Always stop forging high-carbon stec] a5 soon as its visible
heat glow disappears. Coming in contact with the cold anvil, the thin,
hot, high-carbon steel quickly cools down. This process resembles
quenching, leaving the steel hritile. Therefore, you must heat the sicel
often and for as many heats gs you may need 1o finish the blank. At the
same time you must be careful never 10 overheat the steel because if
brought 1o white heat, the metal wall burm.

Next, draw out the handgrip section, Later, two handwood hand
pieces will be fitted 1o 1

Bend the end lip as shown. If instead you prefer a point and prong at
the end, proceed as i the pext i

The lip or prong of the poker s
wood handle sections are riveted 1o the steel (see
place shovel, page 172).

Fire
hi

place pokers From

Chrihers 208} WIS




13. Fire Place Tongs

14. A Spatula Made From a
Section of Coil Spring

fock with center pmch
orto thng &rm o

To make & pair of fireplace tangs without hinges, cut a 60-inch length
of %- to %-inch-diameter high-carbon steel stock. At vellow heat, forge
the middle 8-inch section, peening it out to a width of 1% inches. This
will leave you about I/16-inch thickness there

Smooth and hollow the full 8 inches lengthwise at a radius of about |
inch. This will stiffen its spring-action when in use. This spring-action
allows the tongs to open and close, thus replacing the conventional
hinge

Flatten the ends of the rod and forge them spoon-shaped. File teeth
along the rims so they will grip charcoal or wood in the fireplace or
stove. Flatien the remaining parts of the rod 1o a 90-degree angle with
the middle and end sections. The Y%-inch-diameter rod should now
become approximately % x s inches. (Or, if you are using ‘s-inch
rod. it should become | x */is inches,) This stiffens the tong arms to
prevent their bending

Next, at dark yellow heat, forge the curve of the tong arms as sug-
gested by the illustration. Bend the hot middle section into & 1%-inch
radius hollow swage, using a ball-peen hammer. Then curve the same
section progressively until an evenly smooth bend results

Without a guide strap, the ends of the tongs would spread open too
wide. With the slotted guide strap, the jaws are restricted to a certain
maximum opening. It also prevents them from bypassing each other
when squeezed together. Examine the illustration carefully 1o make and
ussemble this strap. -

To make 'k hardwood handles. cut the wood pieces 4 inch wider
than the sieel it will attach 1o, Make
of the steel over which it is slipped.
three -inch rivets and coumersun
make the wooden handle in
the poker handles, page 147

Lightweight bragier
wide band

in it a slot only as deep as the width
Fasten the wood piece in place with
k brass washers. Or, if you prefer,
TWO picces as with the shovel, page 174, or

longer they are, the deeper the stiffening
he arms 10 prevent them from bending in

A thin. flexible spatula is very wseful for work in plaster casting,
paint mixing, spreading gloe, and many other jobs

Spatulas and similar light-gauge tools can be made from stock of
approximately % to ¥is inch diameter. Good temperable sieel of this
size can be salvaged from discarded coil springs used in garage doors,
garden swings, and many other items. The springs can be handled best
when cut into 5-inch sections on the cutoff wheel.

| have invented a practical gadget to unwind these coil sections into
straight stock. (See illustration, and also see photograph of this device
on page 183). Bring the S-inch section cut from the spring 1o 2 yellow
heat in not-too-hot a fire. [t is very important that during the heating you
keep turmuing this short section over in the fire to make sure the heat is
evenly spread. Lock a visegrip pliers firmly on % inch of the end of the
coil. and slip that hot coil over the reel. With one quick and forceful
pull, the limp steel will unwind into & straight piece. (If the coil has
been heated unevenly, it will unwind as 2 wavy rod and will have to be
straightened later.}

A simpler coil-straightening device can be made by using & %- x
10-inch-long well-greased bolt clamped in the vise. Over the bolt, place
a section of I-inch plumbing pipe. The easy turning pipe will function
as a reel when a section of hot coil spring is slipped over it and then
pulled off
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To make the spatula use %e-inch-diameter stock from an uncoileq
spring.

l. Saw 0
1o Yye-inch thick
and accurate blows. Do it

2 and 3. Grind the l'i:\r_:j e s

c| ‘ the blade to fre-
t&: ;:::::t|;ext[:|3dc 10 dark cherry red. then, holding it vertically,
If the blade is an even * ws-inch thick, it should emerge
If it is imegular in thickness, or is paper thin, warping
may result, requiring reheating and realigning. This time grind very
careflly to maintain an even thickness. Measure for accuracy with the
L.,]mem'jnm is any doubt, before brittle-guenching once more. Now
the blade should emerge from the quench perfectly aligned and britile-
hard.

IMustrations 5 and 6 show the blade being ground thinner. Try not to
Jase the brittleness through overheating. Hold a finger lightly on the
blade while grinding; if it becomes too hot to touch, interrupt grinding
momentarily, holding the blade '/1a inch from the stone to allow it to
cool in the air thrown off by the stone as it revolves. Repeat this
finger-testing and cooling method as often as necessary until blade isas
thin as you want it. (This is one time you could wish to have an

Id-fashioned i grind moving at slow speed. Such a stone
will never heat up the steel.)

Once the blade is thin enough (experience will tell you later how
flexible you can make it), it can be tempered as shown in illustrations 7,
8, and 9.

¥ a 12-inch length and heat 2% inches at the end. Flatten i
ness with a 4-;wund hammer, using rapid, forcefy),
in one heat if possible

d blade to the shape you want. Clean-gring
inch even thickness

quench it m oil
without warping.

15. A Door Latch

This door latch calls for the forging of three keepers that are riveted
onto the base plates, and a latch bolt which shides through the keepers.

To make a keeper without a jig is possible, but cumbersome. With o
jig. several of them can be made quickly. Two types of jigs are de-
scribed here. The third method described is a compromise,

Keepers, in one shape or another, are required for many different
projects. Therefore, the time taken to make these jigs for them is not
wasted, since they are welcome accessories for the shop.

FIRST METHOD: A SLOTTED JIG

Use a secuion of steel salvaged from a leafspring of a heavy muck,
approximately % inch thick, 3 inches wide. and 18 inches long.
Straighten und anneal the spring

With the abrasive cutoff wheel, make two lengthwise slots in the bar,
leaving a middle strip as shown. (The thickness of the keeper stock must
be equal to the thickness of the cutoff wheel that cuts the slots. ) This
section is bent out (hot or cold) to nake space for the heated keeper to
be inserted under it

The keepers are partially forged into a decorative shape Hold the jig
down on the anvil and insert the yellow-hot keeper Immediately press
down the set hammer on the center of the jig above the keeper and
deliver a hard blow with a 4-pound hammer. This forces the keeper’s
center uprights and sides into its final shape in onc stroke.

The jig's inherent spring-steel resilience makes il umnCCESSary o
harden or temper its “*working'” end. The only possible wouble it might
give is if the stock for the keeper is 100 thick, which could force the jig's

sides outward

SECOND METHOD: A SPRING-ACTION DIE SET

) is cut out with a saw from &
forge it into the desired shape.
rivet it onto the end of a

In this method a separate small die fa
solid, high-carbon steel bar. Or you may
File it 1o the exact size of the latch bolt and

leafspring of a car. As a rule these g about imlt!:“':,“:-
wide and % 1o e inch thick. Cut the jig e
wide enough to leave room

At the other end of the spring make a slot i :
for the thickness of the keeper on cach ;ﬁﬂ_of ﬂu' die's :lﬂ. m&mc‘i_:
middle section of the leafspring. prepared in this way, heated about
inches in its center and bent over, as shown.




on the anvil face when vou are using 3
er down on the end of the jig, forcing
fore striking it with a 4-poung

This die set can be placed free
<ot hammer. Press the set hamm
the die down onto the hiot keeper blank, be
hﬁl?n::u do not want to use the set hammer, clamp the hot keeper
bmwc:u the jaws of the jig as if the jig were & pair of wngs, and place it

Iy over the middle of the anvil. Hammer the dic ends together

with the flat face of 2 4-pound hammer.

THIRD METHOD: A VISE AND A BAR

Open the vise jaws to the width of the bolt plus rwice the thickness of
the keeper stock. Use a bar as thick as the bolt 1o force the keeper blank
down onto a prop below. Once the hot keeper is forced down in this
way, remove and reheat it. Clamp the now folded keeper firmly on the
bar in the vise to the depth of the keeper. Both your hands are now free
to spread the two ends of the keeper outward with a chisel wedge.
Hammer the ends down flush with the top of the vise jaws.

An alternate method is to replace the bar used in the above descrip-
tion with the same stock as that used for making the latch bolt. Place
that bar over the hot keeper which straddles the open vise jaws. and
simply hammer it down. This action automatically results in the corect
final shape of the finished keeper.

Many other methods are possible, depending on your available
equipment and your ingenuity. The guidelines to improvisation should
be 10 consider many methods instead of only the suggested ones

MAKING THE BUTTON ON THE DOO} :

Using a bar that fits the size of the keeper -
much volume as possible. Several m:mﬂb:“mm?oﬂ“
enough material to commence the !hapiug of the Z .li iy ;':
the jig and the hom. Use a fairly light ml (% to 2 )
alternating the strokes between the flat face and ball-peen mm’ s

The knob end of the bolt may be curved outward 1o suit Your taste.
Keep in mind that it should be easy to operate.



16. Making an
Offset Bend
In a Bar

(Often offsets mual be Torged i spes fal hings
oln bowsds of different thiokness, and w0 on

s, doorboll receptaclos,

wall hangers, stiaps thal )
To towge an olfuet beml proceed as fillows. He
Tl el place the bar oo the cutoll table so tha

il the portion of the
10 e offsel 1o yollivw
[tion overhangs the table  Fasten the « ald prart i thie anvil with a
Palk-dhovwn Tl

Place & vet hamimer or a flatter on (he hot overbanging par Wik, wsing
& A-poanid hammer, strike [ with one oF fwa heavy Blows This offseis
Ihat portion acuately amb simply P increase on decrease the mmount
of oftwel of pog, huikd u,nh" anvil Tace or the cutolf table wiih plates of
various thickness

Another methosd of offserting 15 W use o g, as Hlusated, which
allows you 1 shape the plece withoul using the anvil. Clamp the Jig in
e viwe. Hiold the cold ssetion of the bar with tongs am) place the hot
part 0 the fig slot. Hammer successively cach side of the offset %
degroes, Mush againat the fig's side, 10 complete the oftsetl

Neat, rehest and troe i up by squeezing the whole assembly betwean
Uhe jwws of the vike (assaming vour vise is heavy and strong enough o
exart the nesded pressure)

Sull wnother way of -lTI\;‘IIII‘ll.' Iy \mlp]\ o pl.u ¢ the combined 1] and
heated bar, held ogether with visegrip pliers, on the anvil fave, wnd
Naimer all down it proper alignmeont

Banding an offset in & rod or bar can slso be quickly and easily done
I specially made bending forks Mlaced in the anvil's hardy hole (see
ilestration). Those forks are designed in a variety of shapes 1 solve &
wile range of bending problems. Heated secuons of rods and bars held
0 the appropriate fork can eanily be twisted in s system. But your
anvil st be firmly balted down on o well-ane hired wossd stuinp of
Mivag hass wnd the fork must it sugly in the handy hole Additional
Fsing-ap i usually needod with hammer anil anvil or in vise jaws

17 Blacksmiths’
Tongs

Ihe maodern sminth faces o permanent pusele when he makes a pait of
tongs whthout resarting o welding. In tongs the thick, strong jaws and
itge st be combined with handles that are relatively thin 1o keep the
welght of the ongs down without losing the tool's strengih hwm
stock for this wol, therefore, you will have fo compromise and use an
i between sige o aviid having (o weld thin handies on 100 heavy jaws
(s old-umers afen did)

Lo make a paie of blacksmiths” wongs, use %-inch square or round
stock 1 can be either mild or high-carbon steel. For these symmetrical
fings, each halt i o be forged identical in shape to the other, Wusira:
Homs | through S show how 1o ready each hall

Ihie tinge pun should preferably be % inch in diameter for the sverage
Imediame sized ) longs The hinge-pin hole is hot-punched. Since the
aren around the hinge-pin hale is subjected to great steain, sid must be
sturdy, iyt leave about Vs inch of steel arownd the pin, The ol hings
area for such tongs then would be gpproximately 1% inches in diameter,

Heal the hinge area and place it over the hardy hole. Secure it with &
hold fast. Punch the pivot hole thiough with the M-inch hit punch
(Husteation &) X

Reheat and, with the same punch, widen the hale from the ather vide
over a section of plumbing pipe (llustration 7). This doex twa things.
Ihe bulge created when ihe holo was driven lhmuh s hent back in
place, while ai the same time the hot punch tapers thix end of the hole
and widens it 1 % inch. When assamblesd, the riveted hinge.pin ihen
fills the cane partion, with a holding sction. This, in addilion to the rivet
heads on the pin, tends 1© prevent & wobble (0 the wngs at ﬁ least
strain (1 venture to say that wobbly, loose hinges ae the sule in mast
blackamiths' shops, caused by undersized, i“'“'l-""""_“"'.';“:.

When the parts are permanently assembled, heat auiyllll::*;‘l: e
five, without taking the tongs apars. Each jaw &sil then -
reshaped s needed 1o fit any workpiess for which you may
special wigs.




}:?lacks'rﬂitl‘l {:ong’s o workpieces Jemand different 1aw shapes in the tongs used

. L
. : Specil yive an idea of the kinds of stock 8 Makl Iy
= aw byPes - simply aim to give an ea e ki stock
| i '-*“FUI ¢ et e hi:fﬂ.i:‘;cr 1o hold. For mstance, the woodcarving. 4 g 8 :l-ltwl S’

3 yngs are
diffisent S o :mrnm-\h\uu! tongs to match the

Ot - h
soupe blank shown required th e
" @ Znu_uc's upright shank. Thesc tongs can, of course, be used for other ﬁ rS | v .
PPRTET e
for flat stock i 54 ¢ things as well uge {4 an I )

It is always possible to reforge an old pair of tongs whenever & new

=~ siect demands & new shape. Bur whether fongs I reforged, it
- avis i advantage to increase the range of tong shapes und
d stock y_i "a"dia . is greatly to your E
\ for round S e sizes in your collection
~
' T Small hand-forged items in need of some machining can be speedil
| for round 2 s e : % B tly
R and accurately refined and finished without benefit of a true metal-
|' A turning lathe if you have a good power drill press, The makeshift
methods offered here will be completely sufficient for most " precision””
For square ends of forgings work around the modern blacksmith’s shop.
9 By resorting to positioning by sighting. you ¢an. as a rule, get accu-
. rate results without the often laborious instrument-measurings in 8
| B l “*make-ready’” procedure, Once understood. you can gain a new inde-
' pendence simply by making use of your body’s buili-in measurng
1 : instruments: the eves (sighting) and the fingers (calipers. eicz). com-
| @ hold thin Flat discs hined with judgment. know-how, and inventiveness.
‘ A MILLING CUTTER
l . > First, accurately forge a 3-inch-long round-headed boli from
k bmf“““ehhdz inend 5-inch-diameter round high-carbon steel rod, as described in Chapter
4
Clamp it in the drill-press chuck and adjust the spindle speed to about
3000 rpm.

Next, tightly clamp, upside down and exactly vertical. a \-inch

= . tubes high-speed steel drill in the drill-press vise. The drill must be perfectly

Pt & sharpened for this function. and should only protride abnw rhelv&

[I e \:rnys jaws % inch. Align the drill point by sighting it with the drill-spindle

center.. after which, with a C clamp, secure the drill vise onto the locked
drill-press table

S\::lc h on the motor and lower the bolt head so that it barely fouches
the sharp drill point. This is done to clean the contact spot between the
bolt head and drill. It **shaves"" it evenly, ready tobegin the hole to be
drilled.

At this point, loosen the C clamp a :
central pulr(nn the drill point. Then, as you Iml‘ﬂﬂﬂmm- ﬂ"*’:;
will begin 1o “bite"” into the steel. Automatically it will be drawn
dead center of the bolt’s rotation.

Your previous sighting of the drill and chuck ﬂ?ﬁ“:ﬂmm:l;:
now off very slightly (but, as a rule, not more than ==y et
this slight inaccuracy that allows the drill to seek &

automarically, pulling the following vise with it. A );;:::m“ u!b;sl
of the holi-head position steady for 30 seconds at d&:ﬁlpﬂ
penetration, you will sce that initial slight N"m’; iy
CUmemastnp.LuckthtmmmﬂKCdﬂwﬂ el ST

and switch off the motor.




File 6 to8 teeth

- 1000 rpm o less, and drill the pilot hoje
e Mm‘r:i‘:::t‘l h‘::l‘::.'ui ;nm[:\ flush with the vise jaws. Rajge
‘I:e":rlt.‘r:fl “sm;l the motor, and remove the drill, but keep the vige
k - = .press table
tighty t'fi'“l"‘d‘;"':t:' ‘lj:ﬂlr:;ll it rests flush with the vise jaws. Thig
e k“";ht file tight in the vise, so its sharpened, squared-edge
55 17 UI“F,:I and touching the rim of bolt head. This file end will now
i “’:""M 1o reduce the balt head to proper size and to accurae
. hole and bolt shank
jor and adjust o [ 000 pm or

act as a e gt
t with the pilol
"’i’fﬂm spindle raised, switch on mok
fess. Pump the bolt head up and down along the file cutting edge. When
you are satisfied that all excess steel has been removed, with the file engd
at this position you may still judge that more has to be mimmed off B).
simply tapping with & 1-pound hammer on the side of the vise, it wil)
vield }Im enough for you 10 se¢ & bit more steel being cut off the holg
ilﬂd As soon as it is clean, measure its diameter for size
Next, replace the vise with a flat abrasive stone clamped on the
drill-press table with a little wooden cleat as a cushioning block. Thiy
time adjust spindle speed to its highest and switch on the motor Gentfy
lower the bolt head onto the abrasive. This will grind its plane a 90
degrees to its length exactly and smoothly
This finishes the machining of the cutter blank. Now remove and
clamp it, head up, between the jaws of the workbench vise, in order to
file the 6 to 8 teeth. Temper to a dark bronze color
The illustration shows the end result, with the %-inch-diameter pilot
pin ready o be pressed into the cunter’s central hole. Should the pin fit
100 loosely, dent the portion to be inserted with the hammer peen so that
it can be forced in with a wooden mallet
You now have a milling cutter, a very useful 1ol. It will prove to be
one of your most valuable tools for seating hinge-joint surfaces for
pliers, shears, tinsnips, etc,
'WI‘IJI the pilot pin removed, such s cutter can become a rouser (pro-
vided each cutting toth is also sharpened on its upright side), Steel

sections then can be surfaced and deepened that must be exact and
smooth.,

AUGERS

Forge the auger blank {illustration 1} and ¥
and of an even thickness, with sharp 90-degree Bd;t?:‘ﬂ ;i&‘“ i
If it is mild steel, twist it cold for gn .

high-carbon steel, twist it when evenly hot. If it is noe heated rvenly, an
irregular screw pitch will result and you will have 1o MMM I
the alignment ""’"N:c incorrect, place the still-hot blank on a wood
stump and align it with 3 wooden maller. [ it wi
e i o done well, it will not distors
Bend and file the end of the auger s in illustrations 2 and 3. The
leading cutting poinis must be razor-sharp and on the suger's exact
diameter, plus 'fed inch over. Only the cutting end of the auger is to be
tempered and drawn a peacock 1o bronze colar ""m make the auger
of mild steel, the cutting end must be case-hardened. )

WOOD DRILLS

The simplest, but most effective wood-drill bit can be forged and
tempered in a shon time (illustration 4). For extra-wide cutting blades,
upset the stock first and peen it wide.

Temper wood-cutting edges between peacock and bronze color when
the bit 1s made of high-carbon steel. 1f made of mild sieel. it must be
case-hardened.

DRILLS FOR CUTTING STEEL

Thedlﬁemm:bmwmﬂﬁsﬂnddrﬂlb'b'ﬂlmi!dﬁl
above (4) is that it must have a thicker blade and a cylindrical pilot lead.
Tlmpllmmuﬂhcﬁhdprﬂ:h:lylﬂﬂttﬂn_lpﬁﬂlﬂlhkhnﬁ
workpicce 10 create an accurate seating (as in the making of the hinge-
bearing surface of pliers, page 170).

If the stock used is high-carbon steel. temper the last % inch of the
blade at the cutting edge -mwmm.@tﬂﬂﬁ.!“‘_ i
may be drawn purple to blue. gl

If the stock used is mild steel, case-harden the bit locally.

dull, will heat up and **bum’* es
practice which is frowned upon, but if you
accurscy is required, | see nothing against it.

P
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| B LR Ul




DRIFTS

19 Stonecarving Iools et e i

holes is drilled in the stone with star-drills or carbide-tipped drifls and
the tapered drifts are wedged into them. One after the other they are
driven gradually a little deeper until they exert the 1otal force necessary
to split the stone. They are made of high-carbon steel left in its annesled
state

CLEAVING CHISEL

The most commonly used stonecarving twols are simple tols, litle This stone-splitting tool is made by upsetting a %-inch round rod,

g ing the cross-peen hammer 1o widen it. It can also be
~ A 0 & atbriec Ee then using 1 ; an made by
PR e —————— changed in design from earliest urnncus _‘. ‘: :- rl: -Lh ‘;1 ‘*L':t‘\ :rlr 2: n;:i: beginning with a much thicker ( 1%-inch-diameter) har. upsetting and
% b 0 % inc
2 . — measure about 8 © 10 inches long. & widening one end and drawing out the other.

< from high-carbon steel The last % inch of the wide blade is tempered to & bronze color. The

other end may be hardened and somewhat crowned 1 keep hammer

¢ d ONE-POINT STONECARVING TOOL contact at the tool's center

;’ - The ane-point tool is made and tempered in the same way as a center
L punch (Chapter 8) except that the end that is struck by the hammer has a
small cup-shaped crater with a hardened knife-sharp rim. A mild-steel "
hammer, striking this end, will never glance off because the cup B 3

“bites”" into its face.

TWO-POINT, THREE-POINT, AND THE CLAWS

The tecth are filed into the tapered blade. To temper, heat % inch of =
the blade end and, after brittle-quenching, put a sheen on the blade with
an abrasive. Draw to bronze color over gas flame.

BUSH TOOLS

h‘:mm’ have fine points only, when used for shaping
mmwhm?mhfﬂwmpuim. Others can be ml.h

surface. fo creating smoother textures on the stone’s
w0 the stone, it
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00. Wrenches

s find yourself wempted to whip out a needed,

You will sometim i
jost or mistaid. 1 have often made a

0 al you have
casy-to-make tool that you ! =
du Jdicate wrench, screwdriver, hammer, garden tool, rather than spend
mcphrn: searching for it. The happy result is that wherever | happen to
be working — 0 ;hc shop, studio, bouse, o garden — there is always a

spare one nearby
OPEN WRENCHES

First Method

An open wrench is casily made. The blank is cut from a salvaged
leafspring of a car.

With & hot punch, make a hole and enlarge it 1o the size you need
{illustrations | and 2).

Cut away excess and file to exact size (3). Temper 1o purple color.

To make & two-step open wrench (4), simply forge a duplicate at the
other end, and bend them in the opposite direction to cach other. The
ends are cut open hot with chisel head and hammer, or they can be cut
by sawing them cold after annealing

Second Method

As shown in illustrations S and 6, cut the end of the hot piece and
spread it open over the anvil base where the angle measures approxi-
matcly 120 degrees. (It is practical to use any part of the anvil which
lends inself 10 the forming and bending of stec!, | frequently use the
holiows between the hom and base, or between the two anvil footings,
w0 shape articles matching the needed curves |
b!:u:dy the diagram (7) and choose the size at which 10 bend the jaws
i m;mwumm l;'t-‘c 5!\0‘!1 are the three locations that correspond
sizes (8), Bend one jaw while holding the wrench

harizontally on the anvil's edge. R,

at wi i Hammef
it I:;llm fush with the anvi} f:;m:m" e
hmmm,.. the must have a jog with its handle, bend the handle

Jaws (9 and 10,5 A spac. al an
exact F pacer is handy to arrive
“f;u'. with ““h_' Rfllu‘ng by filing the annealed jaws (11).
This brittle quenching in oil, draw temper color to bronze or purple-
example, n-:hw Works well 10 make an extra-wide wrench; for
gooseneck trap, the hexagon pipe-locking ring on a plumber’s

BOX WRENCHES

Draw out the center section cut from a pi
anvil hom or a snub-nosed hardy lilluu&tﬁno:l‘m\;ﬁ:ﬁehlu;em
length for the wrench has been reached, punch a hole in each end lurge
enough to receive a hexagon-sided hot punch made especially 10 convert
round holes to hexagonal ones. (You can make this punch b_\," grinding it
from a high-carbon steel bar.) Use it with or without a handle. This hot
punch is tapered and graduated for size 5o that it can be driven through
prepared smaller holes up to the marked size you need fillustration 2).

Knock out the punch and reheat the wrench head.

Next, use 3 case-hardened bolt head (4) instead of the punch. It too is
somewhat tapered at its end to act as a starter, which can seek a proper
seating with the prepared, but slightly undersized hexagon in the box-
wrench or head

If the bolt is long enough, it can be hand-held. Place the hot end of
the wrench on a section of pipe which has an opening large enough for
the bolt head to be driven through. This *“calibrates™ the wrench to a
perfect fit for that bolt size

Temper the wrench heads peacock to purple, leaving the center bar
annealed
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Q1. Accessory
Forging Tools

Worn hammers made of good steel may be saved and made usable
Such a hammer, if you find no deep cracks anywhere, can be forged into
any specially shaped hammer you may need

Most of the double-ball hammers that | have made to form the curves
of gouge blades are converted from secondhand hammer heads

Hammer a temporary steel plug into the hammer-stem hole (ilhustra
won 1), This allows you to squeese the hammer (heated yellow hot)
between the vise jaws without ;ulllup\m;; the thin-walled mddle sec
ton. A steel prop, placed below it and resting on the vise bar, takes up
the blows as you reshape the hot hammer head and relieves the stress on
the vise jaws. At the same time, the vise bar below also is protected by
the prop (2}

COmce the ball end (s shaped, heat the other end, and convert it also 10
the shape you need. These hammer shapes should maich the curves of
swages (1)

Swages can be modeled from secondhand ones (if you are lucky
and can find them). But you can also forge new ones from sections
of very-large-diameter salvaged truck axles, in shapes as shown on
page 106)

Having a choice of special hammer shapes. as shown in illustrations 4
through 7, s a greal advantage when curving steel, or when decorative
texturing of surfaces needs 1o be done

Ilustration & shows a forming swage used 10 forge a reinforcing rib
oo thin blades. This b down the center of the blade reinforces a light
tool to make it stromg

Bicks (9) resemble snvil homs.
call for bending
Jobs that canno

They are indispensable when projects

tubular parts, cone-shaped sheet metal, and many other

large. Bicky l-'llll':‘??:m the anvil horn if this part of the anvil is too

casy 1o make From e shapes, and lengths, and are quite

cone-shapes and “;J.u-re stock that fits the hardy hole, forge them into
n bend, Temper them pescock to purple color

22.Woodcarving

Gouges

A CONE-SHAPED GOUGE

The advantage of the cone-shaped gouge Blade shown here is that this
ol will not bind when cutting deep curves in wood, whereas the
conventional cvlindrical hiade will *

The steel that 1 have found 1o be quite satisfactory for the lorging of
pouges 15 the high-carbon round of square siock salvaged from coll
springs that have been cut and straightened (see Chapler 20)

Follow the steps in illustrations A, B, C, D, and E 10 make the
cone-shaped blmdes. You will find that the main difficulty in the forging
of waol blanks is to keep blade, shank, and tang in precise alignment

After the blank is formed, refine it by hand-filing and motor-grinding
with coarse. and fine-grit wheels, grinding points, and the rubber hon-
ing wheel, Finally, polish it with the motor buffer, temper peacock 1o
bronee, and attach the wooden handle.

Insteadd of using cobl springs s stock, you will find the work some-
what simplitied if your scrap pile has some high-catbon steel bars, U x
W inch or % v % Inch. llustrations 1, 2, and 3 show clearly the
advantages of using stock with dimensions already close w those of the
planned workpiece: this makes the forging easier and fews time-
consuming

Proceed as follows

| Forge the shank 1o *ie x ¥ x 4 inches 5

2 Peen the blade o | inch in wiidth and w exactly 90 degrees 1 the
shank. (in the anvil's face, “'set”" the blade &I:I:rilhﬂm. so that
the bottoms of blade and shank form & strafgAl Jine

3 Hold the blade in tongs or visegrip pliers and forge m
leaving a shoulder between shank and tang This shouhder i s
rest an the ferrule and washer whon the ool |5 assembled With
wooden handle a

In the making of conical blades for gouges of Wm’:‘:
find that a wide variety of bottom swages and wop fullers e
work easier, as will 4 choice of specially shaped hammers 3
swages. However, standard swages and m”x:mp\‘
liminary steps. the blade being finished frechand -

CTve———rTU L S
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align blacde with shank en
ce by striking
anvil face by SO
.-"‘"

hewvier blows where blsde
is ehickest ,until bettom o
shask & blede are Ltr-mght

‘c i hective focal
blowwith ﬁpof

clese or open bade curve when
needed during refining ever hora

XX1
tmporisnt steps in forging
comical blades of gouges

in gylindrically ground
Swage grooves.

Assume that you have forged the blank with a flat blade. Place this
blade i the nearcst-size SWage groove and gently [\'cn‘n down withoat
marring its smooth surface. You will motice that duning this forming of
the blade the thicker part becomes pumped wp relative to the shank,
because it resists the force of the hammer blows It s this thicker par
which now must be hammered down 10 restore the alignment with the

shank

If you have a hold-fast wol, your alignment task is simplified, as the
lustration shows.

Next. form the cone shape of the blade by opening or closing the
curves over the horn and in the swage, until, as you progress, the exact
curve and alignment have been reached.

The conical-blade gouge blank is now ready for refining

Shaping the Blade with a Standard Swage

If you do not have a
a0t special cone-grooved swage, you can use 8
m‘)‘;‘:‘xm)‘ shaped one by employing the special techniques

B ¥ how first ane side of the tool is placed parallel 0.
e 100t i ks the swage's upright side; then the other side of
Mmmwmmww?m hammer peen must be ground
ey cone shape in this way, 10 prevent sharp textures Of
However, s
mmm:‘:;ﬂﬂm logical the illusirations and text may seem.
advisable, F::“"b‘ a persisiently confusing procedure. [f s
B .Cw*it m"‘-‘h’- first make u pattern that resembles the gouge
?ﬂmuhmqm metal with tinsnips.
blade using 3 cylindr, M' flat mock-up, cold, into a conically shaped
mmuw“* Once the technique is mastered, you
! Tect procedure o follow in order making
wm"“"“%hwm_ in 0 avoid

CORRECTING COMMON ERRORS IN THE FOR:
GOUGES gl

L ,.[...nun‘m:l % it huppens again and again 1o the beginner that halfway
through -.';?c project. a g.ood start 1s rumed by a mistake. A hittle more
thoughtful planning before each move can save the day.

The .}h-_f[r.mnm show what happens if vou fail 10 aim your hammer
blows with precision at the very outset, or if you hold the ool blade
slightly slanted in the swage so that a precise central blow then bends it
askew

Apother serious emor 18 to use oo large a curved hammer with a
swage, resulting in the blade being marred by the sharp edges of the
swage

An incorrect alignment between blade and tool shank (an often re-
peated error) can be corrected by one of the following methods:

First Method

The more experienced smith can hold the tool diagonally over the
homn of the anvil in such a way that a few light but telling hammer blows
will twist the blade back into alignment.

Second Method

If the tool is very much out of line, use heavy tongs 1o hold the cooler
part of the blade so their mass acts like heavy vise. Locally heat the
area between the blade and the shank a dask yellow. I-Iukl the blade
vertically and hammer the incorrectly stanted shank fiush with Iil! anvil
facing while holding the biade and tong steady. This then untwists the
wast

Third Method

A similar counter-fwisting can be done withou the hammer. Clamp
the conl shank between the vise jaws, while hokling e coof bisde
firmly with the tongs. The yellow-hot part n ww’“”
twist and bring the blade © ﬂar-*ﬂ!'l‘l'-" &M;:"*M"F*“
In that comecicd aligament, quickly “t,” Wl FEENES
{using a light ball-peen hammer) the still hot part, which will have
b a little deformed im this twisting action: fot you

Whenever corrections oF in forging are called for.
will realize how fmportant it kn-qplywﬂ“w:ﬂm-‘
delivered on well-planned locations. It s here that #dwﬂ it
Ofevm-mnrdorm:parindwum»g# d l;m
Mmmmg_wmmmww ;

‘bal




VEINING GOUGE

The forging of a veining gouge can be done freehand, but is not as
v as it might seem. Therefore, | have devised a fairly simple way of

¢ L} 3 = e

:uimz this tool with the md of dies held in a spring clamp

Making a Die Assembly for the Veining Gouge

Use a salvaged car leafspring measunng about 3 inches by % inch in
cross section and 30 inches long

Forge 3 hole at one end with a square hot punch 10 match the shank of
aV -zr_\‘-tv\nl bottom swage. This end of the steel must be well annealed,

With the abrasive cutoff wheel, cut the other end of the spring clamp
lengthwise in half for a distance of 5 inches. Heat 1t and spread it 10
form 2 fork, as shown. This fork must be precisely made. so that its
arms are filed exactiv paraflel and evenly thick. Leave it annealed so
that the skoried male dic can be forced into the fork and held firmly by
Spring tEnsion

Install both dies in the prepared ends of the leafspring. Next, heat 6
inches of the exact middle of the spring 2nd, since the die ends remain
cool enough to hold by hand, simply bend the spring over, placing one
die mto the other.

In this position,, clamp the die ends firmly between the vise jaws, and
rapidiy hammer the heated bend mio the curve, as shown. The hammer-

sets”" the spring<lamp position, removing all tensions

Immediately — before the visible heat glow of the bend has
disappeared — transfer the assembiy to the anvil, and quickly fasten it
with ifs capscrew and its slanted pipe-spacer. {If it has cooled too much,
reheat the bend for this step. )

Now pull the upper arm of the clamp up. just enough so that the hot
steel ot the bend “gives™ a little. When released. the male die should
then be spaced about % inch from the female die. If vou have pulled it
up 1o much, bear down on it 10 reseat the male die properly. With a
1-pound hammer, tap with many very light blows all around the bend 1o
remove all tznsions

Release, and check if the %-inch spacing between the two die
has hmn carrectly established. Let all cool slowly. o

The %-inch spacing allows you 10 insert the hot 100l blank easily and
quickly. Also, because of the imherent spr of the Jed bend.
e 7 bigh enough 1o cxiractthe female dic (the swage) in

T is Teplace it w lﬂmhun_fmm_

i “?::Wﬁmw:dummyﬁmhmmumﬁ:my
N!-ﬁﬂahhmmmh the actual forging. To anchor the assem-
SWage shank, as shown, and thread it to fit 2

Forging the Gouge Blade

|. Firmly clamp the die assembly 10 the anvil.

2. Fold the hot blade of the tool blank, 25 shown. to make sure that
the fold and the shank are aligned. This prefi v fold will 3
cally seck an aligned seating in the bottom die, thus prevent
sided positioning between it and the top one "

3. Reheat and insert the hot folded blade while sighting the blank for
alignment with the die assembly

4. With 2 3- 10 4-pound hammer, defiver s few exactly verncal,
heavy blows, or many lighter rapid blows. depending on how thick the
steel of the blank is.

If all has been comstructed cormectly, and the forming action done
well, the V-gouge blank is ready to be filed, ground, and prepared for
tempering

Vote: As an advanced student, you will have noticed by now that if
the die surfaces are rough, pitted, or inaccurately matched, every such
mark is mansferred onto the blank. It means that much work in filing and
grinding will have to be done to make up for a poor set of dies. There-
fore, if you do decide to spend time making 2 die assembly. it will pay
to make a good one. The die surfaces must be accurse and smooth.
exactly aligned, and well tempered.

b i
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Q3. Forging a Pair
of Pliers

For this pair of W-inch-thick |»J"'u you can use a d-inchowide,
heavy-caliber leal of a truck spring

Cut off a 12-inch section, heat it and Manen i, and then anneal it
sowly, buried in ashes

Soribe off on the steel the curved pattern of the phiers. Along these
lines, make ¢venly spaced conter-punch marks for holes 10 be drilled
with a Yie-inch high-apeed drill at slowest speed. The holes must be
close enough to leave anly paper-thin divisions between them. Clamp
the core section in the vise and knock off the outer pieces. Use the core
section of these pliers. Tie the two outer pieces together with baling
wire, and hang them on a nall for future use

The sharp ridges resulting from the drilling must now be fled off If
they are not removed, they will fold down into the surface during
forging. Such fattencd ridges would later be revealed again durnng
fling and grinding

Draw out the stock 1o form the two plier handles. Then cut the plece
i half as shown, and forge the two identical blanks

Net forge the hinge sections locally into their approximate final
dimensions. leaving room for e full dian
1o mill the bearing sockets

When the blank for each plier half is finished, refine the 1
on the motor-driven side- grindes

heter of a hinge-scating culter

- it surfaces

' 1 trtowever, i your skill in flat-filing s

wlglsw. Ihrb:;lm surfaces can be filed perfectly flat by hand, )

" m:::‘::& lnhl on the drill table, Place a */ye-inch high speed drill
g Ic::m ‘marked cemter of the hinge arca, and drill the hole 1o

Bunde ng pilot of the seating cutter. Do the same with the other

Each
Plier half is now ready 1o be milied with the seating cutier 1o the
x!::!';: thickness of the plier blank
. VES together, the excess steel al the rim of
: ﬂ::rmf:’w s first be filed off smooth with the aid of
SOEHON OF & round bar having the same dimension

# the seating cutier
clamped in the mn::'h‘m“"“'ﬂ tight angle to its length) is

the plie half. File hue
bar fig, back and fonh flush with the
e ey Al excess wieel from the rim around the

. > ‘;"wnnr:mm At first they will bind
Pound > Coane-grit val inding com-
plier Hmm&rw the hﬂ"ﬂlmm: A seubie the
L]
m:::::""“ m“l{»:l-lr. Iu-lslt:h-dhnw
half up and down i - e of its handles and work the other
lapping tion, progressively tightening the
.‘:v:‘n'mmmnm.m
and ubrus . Rer
‘hhnmww“

Fimsh with a finer-grit abrasive and %in.-One oj) When & smooth
snug fit has been established without bind "
thl’: Jean thiwoughly 1A thka o plier hlh‘“

Neat clamp together with two visegrips
without the capscrew. Place it on an r‘zﬂhhmupm:
drill-press table. In this position you can enl'p he te hole
through the hinge area with a ¥isanch drill 1o take .| 3
fiweinch-dinmeter hinge pin

Each hole, on the outer side of the blanks, is now comwn sunk 10 8
depth ol W inch, as accurately and smwothly “Pmibk One of the
countersunk depressions acts as o bearing surface for the hinge pin,
while the other, as a rule, does not move,

Separate the plier halves and temper each one as follows:

I Heat the jaw and hinge section to a medium cherry red in & slow,
clean forge fire and quench in oif

2. Clean off all carbon scale left by the quench using fine-grit car-
borundum paper Polish the whole 100l, then draw color 1o dark straw
and gquench again, this time in witer

1 To adjust the temper of the hinge area, use a propune torch of
Bunsen burner gas Mame 0 locally draw the hinge area only, very
slowly, to peacock color, leaving the jaws & dark straw. Withdraw from
flame and let cool slowly

Assemble the pliers with a temporary hinge pin just long enough to
hold the two plier halves snugly her. All g i
can now be ground off on the side grinder, as shown, When all other
grinding, rehining, and polishing s done, knock out the lemporary pin.

Now permancntly assemble the pliers, using an accurately fitting
Yya-inch hinge pin long enough to cold-rivet both heads, (Now you will
realize that the better the countersink has been made, the better it will
function as a bearing surface.)

Place the assembly flush on the anvil face. The mmdﬂ
hinge pin is done with 4 %- to 1-pound ball-peen hammer, using the ball
and fMlat alternately. Fiest the ball strikes the whole surface of ihe pin
evenly. Then the flar forces down the ridge texture left by the ball.
Repeat alternate hammering with ball and flat l.lﬂﬂ complete counter-
sink depression has been filled. Treat the other side the same way.

Any slightly raised surplus material can now be gently ground off
without marring the finished surface of the Mﬂ"m
the appearance of raised, hand-riveted heads, don’t 'HM‘“‘
unless they are in the way during use ; o

If you want to refine the pliers still further, they “hW:
the buffer to miror smoothness (o propare them ‘*"'N""‘:u
oxidation color patina 1o suit your taste t-w‘“‘w
patina). Keep in mind that the jaw and hinge area must nol o
darker than straw color o ensure that um%“.
remain unchanged (n hardness. T:brw" i .
way from dark yellow 1o peacock b 8 1

Note that tae, kinds of pliers are illustraed here. The peefectly sy
metrical uhmympﬁml“““ﬂ“' b




94. Making a
Fireplace Shovel

BASIC PRINCIPLES OF FORMING HEAVY-GAUGE SHEET
METAL

Hammering spherxal shapes out of mik! sheet steel is casiest o do
when the metal is vellow hot

When it is heated locally and hammered over forming pieces Impro-
vised from opesings in heavy machine parts. such as steel rings, pul-
leys, cast-iron pipe seCtions, Of any other piece of massive scrap sieel,
the heated metal can be strerched without difficulty.

u must reheat
z will reach

As the steel vields more and more during stretching
and peen out progressively cach pext area so that hamm
every pant of it uniformly

The final shape of the project is reached by hamunering it over a

:mmd of w.,“h,m and scrap pans such as an sutomobile bumper.
There seems an endless variety of shapes in bumper parts, since
w annually change the ““sculptural” designs of car mod-
Trim off
Sk md;::rm surrounding sheet with a slender cold chisel
e T & wood stump — 3 good setup for cutting steel that
Note. i
Cﬂm;mu steel, used for cold “*die-stamping’” of auto-body
‘;: "': w:?-:; ﬂ::d of cold hammering before breaking. There-
fiech hm”:::nmrmappek can be shaped cold.
ng ¥ A
hammered parts 1o 3voy _."Lﬁh?;dklkalw.tmalthc\ﬂd

FORMING A SHOVEL BLADE

The torming of heated sheet metal into a shovel blade, as in the
illustrated steps | through 5. is a combination of siretching and folding
the stee! Sand of canh. & well as vanous shapes of heavy scrap sweel
paris, are used 1n shaping the blade, as described above. The anvil horn
and a choiwce of bicks placed in the hardy hole are used to hammer out
the curves of the handle socket of the shovel.

Both blade and handle socket are formed twgether. as shown, ina
step-by-siep process of h gand h g, ing and h
vg. Final touches can often be apphied by cold-hammering and occa-
onal annealing with intermediate reheating

The handle of this shovel is made of wood from 2 natural curved
section of a tree branch which you may find in piles of orchard prun-
own garden. First make it fit the handle
shape with 3w, wood chisel, rasps,

ings. or select and cut in your
socket approximately; cut and
plane, and sanding discs

Then fit it more exactly by buming the hot socket over the handle
end. Heat the socket just hot enough to
that the smoke will furn into fisme. This would char the wood severely.
Once it is fitted in. gently tap lheendm‘lhal_mn’wsﬂlhiﬂﬂ
evenly, Clamp it between the vise jaws 1 further pinch it together
While it is in the vise, drill 2 hole
countersink it to receive a steel pin. The pin should be long enough ©©
rivet shallow heads flush with the steel of the socket oo each cod.

Make a ferrule and ring. as shown, W hang the shavel on 3 wall book.

Apply a surface finish on the metal by and
or oiling it. Sand the wood handle down a5
and polish n

ugnpl:n.ﬁl'li
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A DECORATIVE STEEL SHOVEL HANDLE

iy the manned described on page 173
da suppesie of i he GCCORTIpRITY g lusirg

§ o provide the exir thicknesy
The square teson s forged and
This habe i drilled and

Pl make & shovel blade

Tis make the sieel hndle

fhan, first upset (he sieel har al one o0t

§ for @ short shoulder undd tenon
Iy 1oy @ Sgpiaaired hile
1 the final assembly, the handle

neeilen
fled into shape h DI sHug
Nied, o punched, i the shovel blade. 1t

in giveted cold onso the hlade

The decorutive devign of the handle begins with a right-angle bend
The portion that is W receive the wooden handle-grip is flattened and
widened somewhal, as in the Mustration. Between the handle and
shovel blade, the steel 1s forged into a fe tangular bar
in crons section 11 the metal s high carbon steel, this section |8 most
easdly twisted bt 11 it bs of mild steel, it may be twisted cold

Note that (he advantage in twisting steel ¢ uld is that the perfectly even
lemperature makes the screw lead evenly spaced. I the metal is heated,
the slightest unevenness of heat will make the screw lead unavoidably
unaven. However, sometimes such unevenness is desirable, as 1t gives a

4 inch by % inch

Fiand-renidered harater

I'he right-angle bend is cut on the anvil hardy ax shown, Tis two arms
are drawn out Info slender tapers and curved freehand

Dril) the handle-grip section for the rivets thit must hold the two
wooden handle sections. Scribe off the hole locations on two identical
pleces of hardwood of your cholce. With & wood rasp, make these
pleces Mt approximately on the steel handle. Furnther perfect the fit by
heating the steel, then quickly assembling wood and steel with short
pins and clamping these three elements between the vise jaws. The hot
sieel should soorch the wood, not burn it Left in the vise jaws to cool,
"“_,“ wond sections will fit to perfection without harming the wood

To permanently assemble the parts, follow the illustrations. The color
of the wood will be brought out when rubbed with beeswas and
tﬂmr x:“l surfaces can be finished 1o suit your taste. They can
e o tllullhludl ‘9:‘:'1 olled 1w preserve the natural forge black. Or

. ¥ buffed and color-patinated, then sprayed with ue-

rylic as un sdded rust-resistant

A LARGE FIREFLACE SHOVEL

8
m::’;‘:“;‘::':mvx«mumw the strains of & garden shovel, the
enslly, once the major dog ul'."“u“hl' type that can be cold-formed
Assone wall s lm'nudp pes are hammered oul hot
of paper i well e ad With the folding characteristics of cloth and
Soltened by Nﬂ,m 16 plan how 10 fold and bend sheet metal.
The one advantage ohol".::.l ylelds to shaping in much the same way.
stretched and will maingyj 1al has over paper and cloth is that it can be
1 the form given it. Therefore, the smith may

cambine the two possibilines, folding and s,
wechnngues and can make beautifully ‘:qlnd m::::[:l::;gm
10 you have made special hammens of vrious shapes to cirve the
o woodcarving gouges, these will now come o handy

First cut out a pattern that s Leger than the fnal binde is 1o be.

Form the handle socket over a sand or earth £ &t firsk, and
further fimish i1 over a bk

Neal, tum the pece over, heat one side of the blade nd } i
upward. Bo the same with the other upright of the blade. Form these
pwo uprigiis W meet the socket portion. Several more local m’
il be necded w0 biend all curves har Iy, as in the ill ion of
the final resull

Ihe scparate bottom section of the shovel i also hammered over
samd, forming the matching part bf the handle socket as well. It must fit
the contours of the top hall of the blade. Use as many heats as required
o make the final shape, as shown

Ihe wooden handle is made from o curved branch of fine-grained
fruit woend - Shape one end of it to fit the finished shovel socket

It you findd that the two shovel sections, placed over the wooden
pandle end, do ot meet precisely, you will now find the malleability of
ihe cold steel to your asdvantage. Clamp the lop and bottom handle
sections 1 ihe vise with the wooden hundle inserted in place.

With the slender crs peen of a lightweight hammer, tap along the
creases of the folds of both upper and lower parts, Follow up with
shallow rounded ball hammers and smaller flat-faced (slightly crowned)
anes. Use these 1o bend the 1op and bottom sections together in a tight fit
around the wood

Drill the holes for riveting the two shovel paris together. With a
rotary file, trim off the burrs left by the drill, and countersink the holes
as deep as the thickness will allow without enlurging the holes. The
rivets will then hold fimily, without protruding too much on the outside
or inside of the blade

Short sections of annealed nalls that fit the diameter of the holes can
serve as rivets, Cold-rivet the shovel parts toﬁlhl’\l-lhik they rest on
the anvil face. No grinding or fling will be needed if the length of the
rivets is just enough to fill the countersunk holes. :

Wherever the bottom piece does not touch the top closely, it can be
hammered between the spaced rivets, bringing these sections flush to-
gether. This forced bending can be neatly done over a large-diameter
rounded end of o branch of wood clamped in the vhe-

Ihe end of the handle can now-be insered for the permnent it “::
he steat blade socket just hot enough 1 scorch the wood Hghtlys
hammer the handle into the socket with rapid light blows, using a1~
1%-pound hammer. The heated steel will scorch dows every imerfering
unevenness of the wood.

Nest, holding the whole assembly together by s handle socket.
clamp the uprights of the lower
the vise juws and drill the rivel hale a
holding rivet, which is now imstalled

Provide the handle end with a tght-Aiog ferrule and crimpe00 1A

" Cut the ring from & coil spring and
1o hang the shovel on & wall hook ring ferle holes. Heat
hape hot. Ben the ends out somewhat (© reach the FEEEC Uy
the middle section of the ring. th;:“.“ )
the fernile holes, close it between vious similat
All surtaces can now be smoothed and finiahed s i previcu 3

rajects
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25. Making a Small
Anvil froma
Railroad Rail

It is of first importance to determine if the salvaged section of a
heavy-gauge railroad rail is of temperable quality. Illustration 2 shows
where the welder must cut out the sections not needed. (Save these for
your scrap pile, however, so they can be used for future projects.) To
test the temperability of the steel, heat one of the waste sections to a
cherry red and quench in water. File-test it, and if it has become britile-
hard, you will know that you can make of the blank a fine, well-
mmpe;ea anvil large enough to hammer out most forgings made in the
average hobby shop

The design of the anvil in the illustration should be followed closely
The large. | hp motor-grinder with 12-inch-diameter hard, coarse-grit
wheel will enable you to grind the proper shape of the homn and fat
surfaces (3). instead of hand-filing them. The anvil face should be
smooth and polished

Since the steel comes more or less annealed, you can drill the pritchel
hole. Next, the larger hole for the hardies must first be drilled and then
filed into a square. The four holes, or notches, in the base are to bolt the
anvil down on a wood stump. Two small holes in the base are drilled for
s temporary handle with which it can be lifted when being tempered.

Since this anvil is too long to heat evenly for tempering in a small,
centrally heated forge fire, it will be necessary to convert the forge
temporarily (see illustration 4.)

To make a long air grate, | have found it practical to use a salvaged
broken 4-inch-diameter cast-iron plumbing pipe. Cut 2 14- to 16-inch
section lengthwise on the abrasive cutoff wheel o mechanical saw (if
you have one). Drill 3 dozen or more M-inch holes, evenly distributed,
1o form an clongated wir grate.

Surround this grate with firebrick, as shown. Dry. porous building
bricks could also be used for & temporary project such as this. But make
3 they might explode during heating if moist and not

“:I"?!‘“ Femaining air passages around the bricks with fire clay so that
- can reach only the long mound of coals over the grate.

10 handle the anvil upside domen by fastening a

i 10 the base a5 a.yoke. Thread the rod ends
L e P, v € en or
ﬁh&mﬂﬁmmﬁmblﬂm the base of the anvil.
{MJh:muimE:whmhmumrmuxm

Before you start the fire for temperin
$0-gallon .Jrur.rl full of water l'tadrw m:;u;m';‘“w':;;:
shallow tray with an inch of water to cool the anvil face

Make a clean fre with at least g 4-inch
Carefully place the anvil upside down on
the coals over its "*head.”" Cover the fire wi
cement sheet (see illustrations 5 and 6). This is a practical and effici
way to enclose the fire and these sheets are ofien available as waste
material at building-supply vards, Sheet metal, of course, would do, but
its heat radiation would be uncomfortable.

It may take an hour wim_ an even, slow, and low beat to bring this
bulky piece of steel to medium cherry red hear. From time to fime Tifi
and peer underneath the asbestos cement sheets to check how the heat-
ing of the steel has progressed. Rake a little added coal 10 keep up the
fire, when necessary, and continue the heating by cranking the air
steadily, but very slowly. If the blower is driven by an eleciric fan,
control the air flow to maintain this very slow, steady heat.

As soon as the moment arrives to quench, cool the top of the yoke
handle with a wet rag to be able to hand-hold it. Remove the asbestos
sheets and rake the coals away. Lift the hot anvil from the fire. (The
exposed fire now is radiating much heat and should be quickly covered
again with the asbestos sheets to make certain that nothing around it will
catch fire.

Plunge the anvil into the 50-gallon drum filled with water. Sink it as
deep as you can reach, while pumping the anvil up and down. This
cools the steel fastest and makes the hardness penetrate the anvil face as
deep as it can get (7).

Clean the anvil face of its scales and carbon, and restore the polish
until it shines like a muror, Replace the yoke handle by another one,
attached as shown in illustration 8. The anvil now stands right side up.

Clean the slag out of the fire and replenish it with fresh coal “"'_’b'
spread over its full length. You need a lesser fire this time; it must give
Just enough heat for the temper colors of light bronze or dark straw to
appear on the face of the anvil,

Wait for the fire to become clean and smokeless once Ime.l‘hceﬂl!
anvil, suspended right side up, on the bed of hot coals. Cover it with the
asbestos shields, leaving a %-inch space between the sheets and bridge
of the anvil (see illustration 8). This allows the fire’s heat to flow evenly
under and around the anvil head, which has remained free M direct
comtact with the fire. The anvil hom ma:f ignored for the time being
because it will be annealed separately on.

Since the heat flow should be even and very slow, fan the ma&
very gently. Watch for the slightest faint straw color to T’ 5
anvil face. It is now important to shift the hot coals with ’n:;m
any spat below the anvil where the polished anvil face “"mm
10 show the faint straw color. This is to try 1o even up the it
the heat flow. As long as the heating of the anvil body is very,
slow, such comrective measures will be effective.

-thick layer of hot coals.
and, with the poker, bank
th sections of dry asbestos

sheet ashestzs or

R ——




after torch flame snneals
hom to pake blue, Letadl cool
Sowdy.

When, at last, the color is drawn evenly over the whole anvil face 1 5
dark straw or light bronze, lift the anvil by its strap h;mdl_:, and with
fongs. catefully tummble it upside down Quickly, in this .p\lslllun‘ lift it,
with a tong in each hand, and place it in 2 shallow tray of water (9). The
anvil face is thus prevented from being further heated through conduc.-
tivity by the remaining stored heat 10 the anvil base and bridge

_\';w..ka\'c the whole to cool slowly. Once cooled, the hom, which
always is to remain soft. can be annealed separately, as shown in
illustration 10

I have made four small anvils in this way Each one was of high
quality with a hard. tough anvil face and softer annealed hom. They
have ;.um\td 10 be as good as any larger commercial anvils | have ever
had. [ bolt them firmly on a heavy wood stump and ignore their light
caliber, using them as if they were 100-pounders.

26. The Power
I—Iammer

The value gained in using a power hammer is mainty in drawing out
heavy-gauge steel from thick into thin, short into long, and narrow into
wide, without much physical effort.

Sometimes the power hammer can also help in upsenting thin steel
inte thick, but this is quite tricky to do because a heavy blow will buckle
thin upright parts, and a lighter blow will not penetrate 1o the center. As
a result. a caulifiowering of the edges of the thin upright takes place.
and this must be flattened immediately again if folding is to be avoided.

If a fold s detected, it must be ground or filed out before procesding.

Of course. repeated cauliflowering and flattening ot long last does
muke the total dimension a little thicker. But agam, the trickiness of this
operation will generally cause you 1o abandon the atternpt and 10 start all
over again with heavier stock. In time you will learn that there is & limit
to the upsetting of thin stock.

You can extend the uses of a power hammer by muking special
hammer and anvil inserts. With these you can form, with a few blows, &
gouge blade for instance, which otherwise would have taken you half an
hour or more 1o forge by hand

A whole book could be written for the hobbyist on the uee of the
small power hammer. But it is my belief that this elaboration is ot
called for here. The reason is that by the time the student has diligently
practiced the making of the projects offered in the foregoing pages, be
will be fully prepared to judge whether he will benefit from adding this
machine to his equipment. 3

My personal experience has been that the power whlﬂ
useful when 1 needed a siedger-helper. So my admonition remains
Learn first all that a blacksmith must know about freehand forging; only
after that will vou be able to mike the greatest use of the machine 253
time-and-muscle-saver while remaining in full control of it -

Do not underestimate the danger of machine-hypaosis. .I b:_:' v
mtuch‘\.'-:lurnusll:'ymulwiilfl!l-il"ilﬂl-c“ﬂ‘~ T
commercially orimwd.thenm—l‘lb-ﬂﬂ*w =
operator vield to this hypnosis. ) o

I recognize, however. that for the making of mass-produced
that lend th b ;

vou have learned 1o do in
hance your W‘ﬁﬁlﬂﬂsﬂm,_ﬂlﬂhl‘“
knowing you could do as good a job with the simplc
bammer, and an anvil. ) R
taken. You will discover, with pleasure and sat

become your own teacher-
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[ntroduction

The scrap steel yards across the country are full of every
-oncmivable metal object discarded for reasoms of wear, obsolescence,
or damage Much of this material can become useful stock for the v
beginner, as well as the skilled metal craftsman, who intends to B
“make do” with what can be gleaned from this so-called umik.

Those who must fabricate ilems that can be made only from new
bar and plate steel if they are to compete in the:
cannot afford to spend the time it takes to work with saivaged odds
and ends They will help to feed the scrap pile instead of being fed
by ' d
| have for many years practiced and enjoyed making something
out of nothing mmmna‘n;twdum

mrnmiwuamwlmlﬂm
information in such a way that the reader " i

me making things in the shop. e
That approach has been put to the test F
Making of Tools and The Modern Blacksmith.
tion a few years ago, readers have reported ¢
my conviction that the same guidelines 1@
continued here. | have do s



1. How to Repair
Broken Garden Tools

Most long-handled garden tools break where the wooden handle
enters the steel part of the tool. Not knowing how to replace a handle,
most people throw the whole tool away and buy a new one. Their loss
is our gain if we like to recycle waste, have a modest shop to make
such repairs, and have the time to do 1.

Removing the Handle Remnant from the Shovel Blade Socket

The wooden stub is held in the socket by two rivets. Clamp the
socket in the vise as illustrated, showing the countersunk depression
in the socket. With a 3/8-inch drill, or similar sized tool appropriate
to the task, clear the depression of the rivet head. Next, straddle the
rivet location over the partially opened vise and punch out the rivet
remnant. The handle stub can now be knocked out. If this provestoo
difficult to do, heat the shovel socket over a flame until the wood

begins to scorch. The stub can then easily be released and the new
handle installed,

Installing the New Handle

If you live near an orchard, the farmer
from his fruitwood prunings. Choose aﬁ:&?ﬁ:;;::::’:ﬂ
enough to make two handles. Saw the branch in half lengthwise,
After trimming, cach handle cross section will be oblong, which will
do just as well as handles that have round eross sections. In selectin,
the branch, try also to pick one with a natural curve ending :h:
approximates the curve in the shovel biade socket. Shape the end to
fit the curve closely.

Heat the handle socket to the point of scorching the wood, then
quickly clamp the shovel in the vise and hammer the handle home. If
you do not succeed on the first try because the handle does not match
the socket curve well enough, you may haveto preheat the end before
hammering it into place. You can easily accomplish this heating (not
shown) by dipping the curved end in waterand holding it in the flame
until the water has evaporated and wood begins to scorch. Repeat
this operation maybe four or five times. Between the steam of the
evaporating water and the heat of the fire, the entire curved end
becomes heated to the core, momentarily making the wood limp. At
the same time the handle socket should be heated to the point of
scorching wood. Then quickly clamp the blade in the vise and
hammer the limp handle into the socket. It will easily follow the
curvature of the socket under the hammerblows on the other end of
the handle. Following the curvature of the socket, the limp end flexes
as if it were made of rubber.

4to 5 Feet —

rectanguisr
cross sgct!;'m of
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ore taking the next step.
m;’:::::dizmiy mn:!. clamp the socket between the yige
1il the steel sides of the socket press firmly onta the woud

i “mm socket is raund and the new handle cross section jy
suwcup socket must be reshaped to hold the handle. Squeeze the
socket onto the handle between the vise jaws as forcefully as possible
Hammer the bulging upper part of the socket flush with the flat pary

le.
“A:;:rhtl: bulges on all four sides of the socket have beeq

hammered ¢ in this way, drill holes through the wood from
both sides, m halfway to secure ali;nmm_l, Choose a nail to fit
the hole and clip ofl pieces to be used as rivets. Hammer them
through the holes and, with the heads placed flush on the anyi)
facing, rivet them with a lightweight ball peen hammer.

Round off all sharp edges on the handle with rasps, abrasive
ribbons, or small, rubber-backed disc sanders rotating in a hand-held
electric dnll.

1 have used for years several shovels that have been recycled in this
way. | enjoy their extra-long, shightly curved handles, which scem to
lighten the work when | need to twist the shovel in levering action,

RECYCLING AN OLD WORN MATTOCK

Continued resharpening of the blades will in due time shorten
them to the point that the mattock will no longer do what it was
designed to do. All the same, the steel closest to the hundle socket will
remain thick enough to be peened out longer in the forge. This
festores & blade long enough to make the tool useful once more.

Lengthening and Widening Both Blades

Although hand-pecning the blades is not too big a job, you can do
khlmdﬁlﬁuﬁlhﬂumgnhrﬂll-l'uoedimuohtrip-
hammer. This not only saves your back, but improves the steel's
m-mmmemmmmummm
pack the steel most effectively.

Since ﬂmmmm.w coinel)
one, the old hs ' gauge than the original
. .:_.'Mﬂhmllrpuddnuy.Towﬁl

Mm narrower, but not

hot side compacts the steel in an upsetting
becomes

V- The new, more slender handle will be .
slender head. X

A

Dressing the Blank and “lldllhg the Blade ! f _ :

As always with tools of this size, the ) F .
driven grinding wheel will do (he H“;:’:“""‘Iﬂls |

Hardening the tool blade edges "'m.il:“ : LAl
mattock) both edges are far enough apary Mlm“‘.' -

not anneal the other
chr i Ao et g g et
this poin, quench the whole blank in il Treatthe other edge e
Plcmomsos sorsoni e fo severe et mack het wl
point where rehardening iy necessary, '“"*

Installing the New Handle

Make a mattock handle from a wmumm
described in the making of shovel handles, page 9), fashioned into &
shape to your own liking The top of the handle socket, being
somewhat larger than the bottom, allows the
to be wedged open and seated firmly by filling the entire socket
cavity, e e

This siender, lightweight mattock is a welcome addition to the
bulkier, heavyweight ones, and you will find it useful in many
different ways, el
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" v _:\,scm_hlc :rje t\.f-(, outer grill rods with wooden handies
- 2 Makinga Charcoal Brazier o e e e g

lustration. Their Arrangement creates 3
sell-locking hold bet
ween

- brazier and ash basin, spacing them i

: a

31 nd Screenln SCOOp I find that a brazier of this type worh.,p:;?::?;' tight fit.
AT a those that are made from heavy iron, C v M‘IW!MF
[ weighs only a fraction of most cast-iron braziers

- Jsing a charcoal brazier to cook food ona picnictable can be very

mbm nh‘:ﬁ{;i? wi‘:nim I have used the brazier described here for many years, on
housing & an ash basin from camping trips as well as at home.
& 1-9"9‘ huhcap In campgrounds where fires have been doused there is usually a
quantity of unburned charcoal to be found. The screening scoop is
simply used to separate the charcoal from the ashes, and in no time
the brazier is full and ready to use. Good charcoal can be scooped
from your home fireplace as well.

The brazier bowlis made from a car headlight, the ash basin froma
hubeap. To light the fire, place a wad of crumpled paper below the
perforated grate in the basin. If the charcoal is dry and the grate holes
not too small, the fire should start easily. Let the paper burn
completely before f g the glowing coals with a piece of
cardboard 1o speed up the spread of the flames. There will soon be a
steady, smokeless, safe fire giving fifteen to twenty-five minutes of
cooking time.

THE CHARCOAL SCOOP

A piece of salvaged galvanized sheet metal that can be cut with
tnsnips is easily shaped and folded asillustrated. [t acts asa retaining
fence while the charcoal is shoveled up. Small remnants of guy wire
cable, often thrown away by electrical companies, can be used for the
tines of the scoop. Untwist the cable section and hammer each wire
straight on the anvil. Curve a mild steel bar slightly, asshown, for the
L ToMm assembly of the tines. About sixteen tines is a suitable number. Drill

MAKE THE BRAZIER the holes into which they will fit snugly, then Mm-lﬂtk them
tight. The hammering actually squeezes the steel bar sections onto
the tine endings.

\lr‘::x: t;::fﬂ:‘ h‘;geh:;;gk headlight housing as you can in auto
dﬂl?mr than the headlight housing.

3 the h::ddm cooling holes are too small, enlarge them to at least
u: inch fmmmm - Place them close together to make it casier for

T g"‘“‘mh - _ul’llrr below 10 ignite the charcoal.

evenly lln?gthem the l‘.harma_l fire, drill 5/16-inch holes
e wlmlhd sides nm;"l’ of the housing to take the § / 16-inch grill
holes, them as shown and lace them through the




bend 3 mildsteel bard nies” 5,
drilitbeoles § dia. v spoced
riveted £

e
[ tace wircends thraholesLeinch

heavy he !
A T e

3o same theet siock .

er ypacing strip N

bend each tine with s sli,
EUrVe to ease scooping action

dle holder, which
J steel stock to bend a small han
LI: ::b: :;:cu":;dkim it onto the curved bar. The wooden handle
SeTV -
to the tang.

m:‘:‘.‘ubc b:"m”fpaman strip of the same sheet metal '_*"d for the scoop
wall lI;:umh through it evenly spaced small holes like the ones in the
steel bar. Fold the metal strip along the row of holes and lace the tines
through them.

Once thestripisint
a rubber hammer, using t

he correct position, flatten it over the tines with
he anvil facing as a base. The sheet metal
strip casily yiclds under the hammerblows ‘_(),mat itis prﬁfcd ou
between the tines, This locks them in position 50 they will not
obstruct the scooping up of the charcoal, yet the whole assembly is

held firmly together.

The round disc cutouts used here were cut from heavy plate steel
on a factory milling machine. The plate out of which the discs were
cut was used to reinforce a cylinder that was subjected to enormous
pressure from within. | was fortunate to come by a great quantity of
these waste discs. It proved very much worth my while to make
special trip-hammer insets to md me in making various articles from
this excellent scrap material. The base and drip cup of a candlestick
were made of these, as decribed in Chapter 26. The candlestick
shown here makes use of these discs.

Drill a hole in the center of the large rosette that acts as the base.
Tap into it a 1/2-inch thread to take the threaded candlestick
column. Thread a similar hole in the drip cup to fit the threaded 1op
of the candlestick

Make the twist in the column of the candlestick by heating one half
of the rod, twisting it, and cooling it. Then heat the other hailf and
twist it counter to the first, giving variety to the design.

Cold forge the candle socket from asection of pipe and thread it to
fit the little extra protruding thread in the center of the drip cup.

Mild steel conduit pipe can be cold forged to a remarkable extent,
but because these pipes are bonded with a welded seam it is anly by
compacting that they can be made into cones as shown. Expanding
the diameter of the pipe, however, cannot be done by cold stretching.
Hammering the pipe ending over a cone would only break the weld.
A very small amount of stretching can be done by m‘h“
very carefully over a bick or an anvil horn in & peeming m

If you are lucky enough to find on a scrap pile some scamless
tubing, it can be stretched outward by foree 1o & cortain extent with-
out pecning. The illustrations clarify this further,



‘: | 4. Making Tool Handle
i Ferrules and Shoulders

d gperuted die Sﬂ‘ls‘tfo Tool handle ferrules are made in the same way as the candle
Em::&zdwwﬂg:: sockets described in Chapter 3, The only difference is that many tool
ﬁrrwmd'm-\nng handies do need 1o have the small diameter cone endings if toal
r todls shoulders are fairly small

MAKING A JIG FOR STRAIGHT FERRULES

Straight ferrules witk cone endings are required for tools with
large di houlders. Attempts 10 make such wide shoulders
without a jig will prove to be not only very frustrating, but time-
consuming as well. Thus it will be worthwhile to construet a jig, as
shown in the illustrations

E'.m’ during the upsetting of the rod to make the shoulder will
fequire constant straightening up of the bends that are formed. The
Jig prevents this by acting as a guide during hammering and makes it
possible to correctly distribute the upset rod section. Once any
danger of bending has been eliminated, the male part of the die can be

hammered down with a heavy sledgehammer 1o spread the shoulder

enough to take a wide diameter ferrule.

TOOL SHOULDERS

The combination of ferrule and shoulder in one forging ives the
handle a streamlined look but does not necessarily make it any more
functional. The tool serves just as well if it has only a very small
shoulder pressed onto a tight-fitting heavy washer, which in turn
reaches the nm of a ferrule that has been pressed on the wood of the
handle. 50 it 15 up to the craftsman who makes his own tools if he
wants to spend extra time and effort sumply to make his 100! more
attractive with such a combination of shoulder and cup washer.
Shoulders can also be formed into cup shapes in a set of hand dies
made for that purpose

Once the jig has been made for the wide shoulders and ferrule cups,
making the whole tool would not take much longer. It is making the
jig. not making the tool itself, that takes the time,




5. A Pump to Recycle

e 0 \AN3ste VWater

gallon can,

tl.“!"k.1 #
rmma seat bylls

To make such a pump | followed 3 very simple design used
throughout the Orient, where people pump kerosene from a five-
galion can into the little lamps they use every night

1t was in Java, Indonesta, that | saw such a little pump made before
my own eyes. In the marketplace the tinsmith soldered together the
vanous parts be had cut out with tinsnips from flattened five-gallon
cans. None of the moving parts had been machined or put together in
2 machine-precisioned way

The pumping is done by quick, short up-and-down movements of
the plunger. There is some backflow leaking between the plunger and
the cylinder, but it somehow does not reduce the pump's effec-
tiveness. The liquid nises quickly to fill the open top part of the pump
body so that the kerosene gently flows by gravity through the small
spout into the lamp bowl.

It is this design, 2 | adapted i1, that we are now following in the
making of a larger pump to recycle waste water during a drought
year,

It must be remembered that mmwwmgw.
pump must do it from the odds and ends be has actumulated snd
that hus supply s bound to differ immmﬁmmd
s product, therefore, will probably be quite unltke the one § -
showing here

Fint note that the waste water from the bathtnom tub and
washhowl i collected in a fifty-gallon drum. The ides 8 10 pump the
water high up into some kind of a bolding tank (38) and to make =
bottom va rrangement (6=7) to hold the column of water above
it—without leaking, if possible. In this way the water can flow by

gravity the holding tank for as long as it takes the hose 1o
dstribute € waler
Place the top holding tank a few feet above the garden level 16 the

water will flow easily to it by gravity. Hand-pumping from time 10
time will distnbute the water, saving on the use of clectrc energy at
the same ime

SELECTING THE MATERIAL FOR THE PUMP

Sections of ABS plastic drainpipes can often be found on house
construction site scrap piles. This sahvaged section was 4 inches in
dameter.

The storage can is a fifty-gallon oil drum. often discarded or
available a1 minimum cost in w':o{m Coat it on the inside with
hot roofing tar to make 1t rustprogi. : p _

Large d . 1 electnical conduit mlmhm
yards at very little cost or from heaps of waste thrown out during
reconstruction of old buildngs.

The three-gallon tank at the top happened to be on my pwa STap
pile. It was originally used in a mmik scparstor machine. Anything
else —a galvanized drum or small
do.

froman

heat and
unrecied coilspring hested at yellow k). Hammer .
described in my book The Modern vt M::
Mruight and remember that SpORg steel. e

remans resilient Wﬂ
(=311 “wu

Large strips of steel are forged brace the.
iy

assembly spaced f i
All in all, the various :
likely 1o ummhﬂwmu ;
gathering scrap steel, and especially by
activities to such shop pr _#. % ek
Once you have m“m

mmfﬂ'w:

The main pump rod l”:ll“mr*‘m’;*ﬁ‘.'
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THE PUMEP BODY

The plastio pipe sotion | used proved (o he smoath o the sutside
it ok o O dnwddde. Shivadid this happn b be a0 B0 Yol case ang
shaouibd you have mo other ehalee, you can imake the ke g Wiale gy
show in Dhe illusiratings

First turn & wooden mandiel on the woud lathe Cilue anto i 4
eloth strip of goarse abounive. 11 should barely it the inside diamete
of the pips section. With ihe mandiel clamped 0 the lathe ohuck,
rolate i &l novimal speed  Ship the pipe section back and Torth avey
the full length of this abrasive core. The pipe interior will thus he
simnoethed ou

THE INTAKE VALVE

16 1n hare Uit you sl apply some ingenuity 1o make do wilh Ithe
mterial that you have My own decision was to let the total pump
assembly rest upon the bottam of the fy-gallon devm. 1 his called
for dilling intake hobes | fneh from the rim of the pipe bottam Lo
allow (he waber to enter the pump chamber and placing the bottom
valve just above them, | used o rubber toller ball (6) for (he hottom
valve, To it | attached a strip of copper ending in a hook. | stiached o
rubiber bamd 10 the hook 1o hald the ball down for & Pinnd seating
Fach end of the rubiber band was anchored in shots cut in the pipe rim

wore The holes in the plastie pipe body that lei the water enited
must be drilled with & drill that cannot wander sldoways, A
wandening drill in soll material might riin the job
- Muke a special diill with s 2-inch length of 3/ 4-inch conduii pipe
File testh in W8 vim and erimp the other end on a lintle mandrel, which
I8 turned o & lnthe. |1 should have & provruding pilot pin as shown,
Which can uet as & Eilde 1o the drill 1o Prevent wandering. 1his
mandrel can then be elamped into the drifl chuck Naturally, such
special touls can serve for similar Jobs in the future

THE VALVESEATING BIAFHRAGMS

Cvar the years | have "'I“llﬂlllllll‘. ! Mu&pm mm“‘.

jab | ehose an obuilete Phatisengiaver's appes o s
make the valveseating diapliragng Plate tiichi

Fiaad bl plate wnd el ol i dise With & cold chisel. Nexl, tuin
fromn a3/ B inch thick scrnp steed dise @ base on which W (arm the
hall-seating dlaptiagm. The Wostration shows w1 hamimey
gradually the edigs ol the copper dise around the h'.m‘“‘l“
Onee anged over that base, the disphragm will fiz pertectly ap the
ihise-jaw chuck of the matab-turming lathe. Clagp iy on and 1urm sl
Bamiieded paits (o ah securate (i after diilling & 9/ B-ineh-diameter
hske 1 s vemier

MNext, el the diaphragm on the povil and Pace & 3 deinche
diameter, laige Dall-bearing ball on the smaller valve hole in the
diaphiagm heveral gentle hammerblows on the ball will foem
spherical seating i the copper, which yields readily 1o the biaws.

10 on an aperation like this one thal | never use up the chanee 1o
eorllect the lar ge steel balls from enormous ball hearings when | come
across them Mol electnie mator repair shops will have some 10
spare Weing of extieme hasdiess, (they take & hoavy hammerblow
withonit denting, but will themselves dent solier matenal an which
they aie hanvneied, thus creating perfecily surved EEaliiigs

Making the plunger valve is o liitle mare complicated, but i
sodiew hat simplified il we keep in mind that none ol its pars needs (o
be inashine-accurate, 1 there is some leakage through backflow of
the water it will prove 1o be insignificant. Up-and-down pumping will
apen the hottam valve # sach stroke and add more water (o the
calwinn abave it, filling the holding tank on top (o no lime whils the
Botiam vilve easily holds it there without leaking.

Carry out the step-hystep prosedure as .
the plunger digpheagn b the puimp qu'ﬁn
Trom tive (llustrations how the cappes st o the W0
with light hammering and then camped in Hhe
logether. Neat solder the e 2
saldering is done best It the
soldered are provicusly tinned
causes all (inned surfaves ta fuse
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THE PLUNGER ROD

Widen by peening the hot end of the high-carbon steg}
na fo.-!mé, action. Drill a hole in the end to receive the
I

fastens it to the plunger valve unit (5).

Illll.tnm
Tiver, which

The top end of the plunger rod is threaded to fit the yoke (28). Thi
voke has at each end a threaded stub to receive the two u“kag:m
(27), which in turn allow the forked unit (23) to fit the hooked-oyes
endings of these linkage rods with little nuts and washers. The ik
itself is riveted onto a bar (22). This bar is clamped with small bojy
between the split yoke parts.

The yoke is made with two bars of suitable size and could be angled
somewhat to suit the position of the operator in relation to the
pumping action.

Hot forge the bar ends into a swage on the anvil to fit the
roundness of the fork and handlebars. Depending on where you
think the hinging point should be, drill holes in the bars 1o receive the
hinge pins of the hinge body as shown in 29. Now all moving parts
can be assembled.

It seems unnecessary to elaborate how the -
i oy e kot
yoursell in the identical circumstances as | et St s
material to make those parts. The main thing is 10 u s
working of the pump, after which inventiveness is in order. You
should not hesitate to make the pump as shown; it is ety ki
within your reach to do so, if you use the ill jons simply as

idelines.

This chapter should have made clear that the crafi with
knowledge of machine-shop and blacksmith work never needsto shy
away from making everything that he needs.
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Although a simpler wood-turning lathe than the one here pre-
sented could be made, readers who already have o well-equipped
shop may want to make one that can he used for more than the sim-
plest wood-turning projects

The main difference between a wood-turming lathe and a metal-
turning lathe is in the rigidity of their structures. Turning the larger
and heavier pieces will call for a very sturdy lathe

The four main parts of a lathe are:

1} the headstock, which drives the workpiece
2) the railstock, which holds the workpiece aligned and secured
between headstock and tailstock
1) the ool rext, clasped in an adjustable socket that supports the
cutting tool dunng wood cutting

The tool rest assembly is made so that it can slide over the lathe
bed and reach the workpiece over its full length from a fixed posi-
tion on that bed.
4) the lathe bed and its wail end anchor block

MAKING THE HEADSTOCK

Use a piece of close-grained hardwood (pear or maple would do)
1o hold securely the two headstock ball be::np that I;m the head-
“n;:t shaft. The illustration shows how to accomplish it
Ma::lcl:rl:;l-h“r:;p lh'_m'lol‘k shaft mounts a step pulley
mounted onto : pulley i driven by a belt from a counter-step pulley
possible 1o mn tlectric motor shaft. This arrangement makes it
extension Lu-g::" # faceplate outside the lathe headstock shalt
stock lnd- I.ﬂlﬂnck“ MELET pieces, which would not fit between head-

I prefer ball bear, can then be turned outside the headstock.

since their :\..':i;wr.'h"“' bearings, and | use recycled ball

rical mator iy, as "““r:mm unlimited. In the trade, a noisy
ball bearing with & new rule, i simply by replacing the noisy
bin, Most of these olg :':'h old one being thrown in the scrap
PUIPOsE and are as Tings are completely adequate for our
Mumdlulheyhuvebungxuudlndfw

oiled. Locked . !
forever Ih““mml! in the bearing seatings, they scem to last

1 have made thyy l'tqw’h‘ & new ball bearing for any equipment
walvaged hmm““- Auto wrecking yards also have

accidents. We have oyp ars damaged heyond repair in highway
choice of the best if we need them, at hardly

THE HEADSTOCK SPINDLE

Since the threaded end of the headstock is to receive many lathe
accessories, | use pipe thread instead of the standard thread in order
to utihze much of my salvaged plumbing pipe parts.

You can cut pipe thread on the wood lathe headstock with & stan-
dard hand-operated pipe-threading unit. To do this accurately,
clamp the headstock spindle in the metal-turning lathe chuck and

slip over the free end the thread-cutting die unit. Hald! the tailstock
sleeve agamnst the die housing 1o keep all in perfect alignment dur-
ing cutting of the thread. The tailstock feeds the die during the
threading action

Using the metal lathe headstock in its slowest back-gear drive
and steadying the die handle under 90 deg) with axis of !
you will be able 10 cut the thread in ahgnment 1o the spindle. If you
do not have a metal-turming lathe, clamp the headstock spindle in
a vise between brass insets in a perfectly vertical position and cut
the thread bit by bit while keeping the path of g die hand
in an absolutely horizontal path at all times.

Once the dies have reached their end position against the spindle
shoulder, remove them and turn them upside down so that the small.
est diameter thread is now placed over the cone beginning of the
headstock thread. Remember that pipe threading dies leave cone
threaded pipe endings. Seated and guided by the thread already cut,
the same dies will then cut parallel to the axis of rotation leaving a
uniform diameter thread. :

Remember that cone-threaded pipes are necessary for seaung
accessories tightly to prevent leaking. The plumbing parts that are
to fit the headstock must be rethreaded in & similar way. Do this with
the tapering pipe tap by turning the accessory element around and
widening its narrow part so that it can be screwed onto the head-
stock without binding.

CONNECTING THE WOODEN HEADSTOCK BASE T0 THE
LATHE BED AND TAIL ANCHOR BLOCK

anchor block are connected with
plumbing pipes, which actas a mgmmu:amwx
tool post assembly to slide along its length, 1o buhuﬂ:lpel

spot you choose. One end of each pipe is threaded 1o correspond-

ing holes in the headstock, which are t ded with the pipe tap, If

can fashion a makeshift one (for
you do not have such a tap, you o

threading wood only) out of the threaded end lumbi
pipe. That end unhﬂﬂduﬁhlﬂkquﬁﬂﬂ%
1o resemble a professional tap. Made of mild !h‘m‘ldﬂ_ 23 of
the thread at the grooved pum-iumwwg - casily.
If you should be tempted to use such :.me mwm lllll“

The headstock base and tail

it may be useful to harden the
hardening compound, sold in
houses, Follow directions on the can.

it




pe holes will ahtllpjiln.— block ong
ah. Omce the lathe bed pipes ape
the pipes & g ..:l::lll;,n.l:::::::n::m'h eanter body baok and farty
thus anchored .:m;h rave sbrasive paper stuek 10 them o that the
oo ?:F:;: juilstouk body will become Gie urately seated
llmr:v;: wooden seating surface The oil will penetrate the wood
ml'l':.: ol future adjusting of the tailstock over the bed is eased,

so that & bolt placed between m

{ i E TAILSTOCK
MAKING AND FITHING lll_
ONTO THE LATHE HED

Fiest drill the two holes in the wailstock hlock o Bt the dimension
of the lathe bed pipe. Bisect these haoles with & saw over the full width
of the block, separating the two parts. e top part is made (o shide
along the pipes freely, as shown,

The tilsiock center spindle should be pipe-threaded over a con-
siderable langth so (hat maximum adjustments can be made. Fasten
w sulvaged whoel-shaped water faucet handle to the end of this center
v hand turn it Pasten a threaded flange with pipe thread 1o the block
and install the pipe-threaded center spind

If & scrap part is available 1o turn a little steel flange on a metal-
turning lathe, you can use standard thread taps and dies. This makes
it possible to use standard bolts and nuts when making the tailstock
center serew and spindle

MAKING AN ADJUSTABLE TOOL POST
AND TOOL POST BASE

A short section af channel iron serves as the tool post base. To
clamp this base on the lathe bed with 1/ 2-inch locking bolt, cut 4 slot
40 that the tool rest apron itself can be positioned forward, just free
from the rotating work piece,

To make the slot, drillll series of 9/ Iteinch holes so close together
that only & paper-thin thickness of steel is left between each of them
Next place the channel iron between the vise jaws Hush with the hole
edges and, with & cold chisel, hack in a shearing action through the

o'ﬂ:‘lil. T.h: resulting slot may then be filed clean and smonth,
o you hive an abrasive cutoff wheel, you can cut the slot with
m““*“ dise. First cut along one side of the slot and next the

--mmulh:wn;m a1 euch end with a drill. Clean
o cold ghisel, or grinding points,
°m“: 100l post sacket, heat the slotted channel iron at one

ol Vellow hot. Flatten it and, should you lack width 1o

section atound the ool - :
fest collar or a bick of that size,

£

S HT
it

&'““TMWM. It should fit around the

":::‘ml'mmehmphm:mhunlh
APran column s that the desired position of this

hh:ﬂ:hum.

1OMR I the clamp lips is mude into s square to it

small caringe bolt. This keeps he
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CUTTING TOOLS FOR A WOODTURNING LATHE

A lengihy yocabulary of names for jai
words tor special-purpose tools may :mm“ m“h:“m
(natance, the Lirst toal shown in lh.'th.m‘m‘..]“uwm“
silhouette shapes of o workpiece., When this teal is maved straight
anad puarallel 1o the lathe bed, the silhoueits line will be straight, bubif
ihe same 100l s moved in & combination ﬂf’m“ s
hackwurd moveimentis, & varistion "hilhﬂunmu,.mh;“ .
Ihis in not so with the second snd thisd 1eols shown (b & ¢), M'"“‘
have right-angle endings. This iype of Lol cuts 8 slot “Mm“
o wider slot i is moved (o right or left during cutting

The next tool (d) is simply & narrow cutolf teol to cut off a piece
entirely. Often it calls for stopping the lthe, cutting the plece off with
a saw just before it drops off, then sanding the cut smooth,

The shallow-curved contouring ool (e) is designed 1o be held in
such & way that only & portion of its width will shave off & thin stiver
of the workpiece surface when the refining of & rough surfuce is called
far

10 using all lathe tools you may combine forward motions with side
mations, using & pivol point slong the ol post spron close o the
cutting edge when making circular paths inward or oulwarnd (o create
hollows or spheres

The tools in the second series of illustrations immediately suggest
their uses when we visualize, for instance, what & i ool
can do and what round and flat tools cannot do. It is here that we
begin 1o realize that reading long, elaborate explanations is super:
fluous soon after the beginner finds out for himself the best use of
these tools. A little practice with a fow basic tools prepares him in &
short time to do justice 1o all the other Uﬂﬂd-tmilil*m
lar special jobs

Once skilled 1n working with wood-turning tools, the inventar-
craftsman will want to extend his tool collection with & stll wider
variety with special contours, These can, in one stroke, accomplish &
task that would otherwise tuke several cuts with narmower tools

T'o make wider tools, lat leafsprings of cars are ideal. Sumply grind
them into the nesded profiles, ukiumdudul#m
spring steel temper is not lost lhmﬂﬂm"b“”
trated can in one continued stroke shape @ spool, 4 sphere, @ linle

burin handle
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WOOD-TURNING LATHE ACCESSORIES
pru:rudmg cone at its work end or
have a protruding central pin surrounded by a W Id.r sharp crater rim,
The first type of center insert holds the “'t"kt'lﬂrl by the tip of Th.c
cone only In the other, the lead pin penetrales the wood entirely until
the paiu.hcd crater's cutting edge becomes imbedded in the wood,
thus holding the workpiece more securely than would the single point
O d
. :::ct:\:l:! :::rt'acc of the crater rim that is imbedded into the wood
should be greased somewhat to reduce friction during turning of the
wmlmcc:' The odor of scorched wood will soon tell you that the
tailstock needs attention If the wood should scorch around the
crater cup, a little candle wax rubbed over the groove created by the
crater edge often 1 sufficient to stop the scorching

The tailstock center can have a

Tailstock Centers

If you have a metal-turning lathe you can make a varicty of tail-
stock centers that have welcome {eatures.

One type is the open cup cenier 1t will hold a piece of wood that
may not be entirely round. The workpiece will seck its own center and
form its own seating in such a cup. Under friction an uncven wood
ending would wear somewhat under compression into an even fit
After a little lubrication, cutting can start right away

This system bypasses the need for an exact centenng of the
workpicce with a predrilled hole. When you use 4 deep cup center, the
workpiece cannot be pushed out of its seating during the full run of
the turning operation. The cup leaves no central hole, but some end
trimming may be required afterward.

The ball bearing center is a very useful design vou can make on the
metal-turning lathe. First forge onto the stock end a wide head, which
can be turned into an exact seating socket to hold a ball bearing very
ughu\ Next, turn asmall center insert with a little protruding seating
pin that fits snugly in the ball bearing hole. This system climinatesall
tail center friction during wood cutting. 1 find myself using this type
of center more than any other.

“::m:*: :::;nu;hh:l. sockFt with a locking screw, as illustrated. It
R i a ik :::fmmsﬂ? or a little crater center or & small
ey iy g pin. If the pin is left out entirely the
e y irregular workpicces in a self-centering
x:':;-"':‘“m‘: center arrangements are shown also; they are all

" [ the same principle and serve to hold the workpiece In
alignment with the heads : : e W

tock drive during the cutting action.

The Headstock Center

This must hold the workpiece firmly anch dto.ihe
spindic If the headstock spindle bas no Mors 1apet weadstock
cg.!m.lm‘.aluu.‘k:l must seat acylindrical Pelisginii ¥ ._"“

possible and be held in position by a set screw.

The butterfly, or four-wing. design of the center and its leading
pin will leave the wood workpiece marked with a small central hole
and four deep indentations, because the wing teeth must be pressed
deep enough into the wood to drive the workpiece. You can im-
prove this design w_uh u sliding pilot pin that retracts on a coiled
spring 50 that the pin slides back after its point has been placed on
a previously marked center of the workpiece. When the workpiece
is pressed onto the butterfly center, the pilot pin will be completely
depressed, leaving hardly any mark in the wood.

This refinement may seem to be gilding the lily, since the lntle
markings do no harm to a tool’s functioning, and, after some ham-
mering. the compacted wood closes up the remnants of such shallow
markings. All the same, any handle, and a tool handle especially,
{ooks better without markings of that sort.

Inventiveness leuds to the making of specialized tools. Not every-
one cares to spend the time to make them if they are not used often.
If. however, | intend to make large quantities of duplicate work-
picces, | can justify designing a special tool that will improve the
appearance of the picces over and above their usefulness.

When making many small antifacts, such as small burin handles,
{or instance, one can design 1 jig as described in Chapter 16, Another
special tool can be designed 10 hold & mﬂhlndkwh:bmmbd
ends are cleaned up. A long, square cross section pin holds the work-
picce while a blunt ball bcnhngllﬂunmkﬁwhfmmmﬂﬁw
pin during the run,

Adjustable Cutters

I have found it useful to reinforce heavy-duty tool handles with
steel ferrules to prevent the wood from splitting. To get the right
ferrule-seating dimension, you can make & Cutter gauge. Its first cut
establishes the needed dimension. Other tools can follow up the first
cut 1o the finished ferrule seating. In this m’?‘;ﬁ not necessary to
stop and start the lathe in order 10 measure
snupg: assures the correct diameter for & press fit of ferrule on wox
under great force. Since the gauge can be adjusted to m":
you need, the saving of time and effort when many handles are to
made will justify making this tool.

Using » Cutter Gauge

First cut cach end of the workpicee S
cone shape. This makes it possible to slip Mmmwm
cone. The clearance MMWW‘M'““ AR =R
a self-adjusting action during a first cul. After
cutting tool can follow up and finish the rest.

You may be tempted to use that cutter
tion you need for the ferrule
the culter edges in order to
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8. Making Carbon~Tipped
| Tools for Wood~ and

1 Metal-~Turning Lathes

Carbon-tipped steel cutting toals that are sold today 1o take the
Place of the high-carbon sieel ones have two advantages: (1) their
hardness will not diminish when the tool heats up and (2) their hard-
ness (8 80 great that they can cut even hardened high-carbon steel
Mur the disadvantages are that any undue shock on # carbon tip will,
s nrule, break it Also, if the shatp edge gets lodged during a cutting
Action it i almost impossible to extract the 1ol without breaking
Iy edge

m"'?:"l?' hﬁm?mu
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e Dnemy
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9% sibvere sedd Tool ban f

red b ool han Tor metal-turning should be made of high-carbon steel
:f;d lﬁ-lhnthhn messuring approximately 1/8 inch by Vid o | inch A bar s clamped
hand held nto the tool post of a fairly hesvy-duty metal-turning lathe and a

use mtﬂFmrmm

e

€arbon tip can then be soldered onto It Because of the great strain
ihat often oecur during metal trning. silver yolder i used instead
of tin salder 10 bond the Hips 1o the hars

Sections of mild o high-carhon Meel bary can be made into wood-
turning tools with tangs at one end 10 take long wooden handles
O, they can be kept short without tangs. 1o be clamped in 1ol posts
for metal-tirning

WoodAurming seldom fequires earbon-tipped lathe 1ools. Oceas
sonally, however, vou wi)| have to trim & metal part in & wood-
HUERINg project and will need » carban-tipped tool to do it. This hap-
pens, for example, when o finished toal handle with metal ferrules
m'm t::d:. m:: trimming on the lathe. Used as & wood-
vince the depth of li:o e ':'P.::‘.":.n:"“lpﬂ s

1 you 4o not have a metal-turning Inthe it is possible (n an emer-
BEnCY 10 cut steel on a Wood-turning lathe. Thers myst, however,

be & way 10 fasten the sioel warkpiece in the wood lathe headstock

on

¥ nsteel bay (F
n 3 oy P
nght‘h:" m'ﬁ

reduced in this wiy —tistle by fiyle
with hand-held carbon-t 1 oY Hittle 1o the wanted sizes
extensively in the i 1001 This method was practiced

h cen S :
steel cutting edges were used | (1Y, When hardened high-carbon

O Ul metal A
headstock was maintained 10 keep the lool\::l Trom

<OLDERING METALS TOGETHER

goldering metals rescmbles somewhat the technigue of welding.
h instances it s important that the oxygen i the air not resch
it can be accomplished by surrounding the melting aren
uhstance 1hit keeps the oxygen out but at the same time does
“IT‘.::I: rere with the fusimg of the solder on the surfaces to be bonded

(e melt This

iy

together
In silver soldering o borax flux keeps the oxygen away from the
n SHYE )

metals. Zinc-saturated muriatic acid applied to the metal surfaces

jegrenses all the pores, which will then, as a rule, accept the bonding
metal at the point of its melt, the zine element acts as a catalyst

" : the
: i flux keeps the oxygen away (rom
In silver soldering & borox | o4
surface as well as from the melted solder. At the mnmen:::mh o
flus will be pushed aside by the solder Mow. At the pom band

drawn together
it seems as though the two metal surfuces were

automatically AT
Failures usually can be traced to OXygen interference,

fer & failure,
introduces oxidation scales between the w!:::::g :umwia. e
you must scrape surfaces completely clean

dering again

e "
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It s often puzzling to the beginner why the best soldering jop
one for which oaly a minimum of solder is used. F.xccm':-g -
between two unmatched surfaces weakens the Joint markedpy,
Although brazing and welding pieces of steel 1o i

he
covered in this book, the same principies apply .

METAL-TURNING WITH CARBON-TIP
N-TIPPED TOOLS,
HIGH-SPEED TOOLS, AND HIGH-CARBON TOOLS

In spite of the advantages that carbon-ti I
eoft pped toals and high-speed
steel cutting tips have, they donot replace entirely correctly hardened
o steel cutting tnop in the home workshop ;
Pproves too difficult to silver-solder <arbon tips to bar stock. or

if youdo i
¥ not kave high-speed cuthing tips, you can always fall back

: n steel In my experi

e T penence it is quite sufficient
have hgbmbon steel tools withour special aIJo:‘s They Il!ﬂt

Excessive speed overheats

Adrmuttedly this knowledge is of limited use. There are several ways
to make square holes without drilling them and they are preferred by
industry, Drilling a square hole actually combines drilling with
milling, duning which the tool is gumided by a brttle-hard, sguare-
holed jig attached to the workpiece.

In woodworking, square holes are made with drills that rotaie
within a square, sharp-ended housing that acts as a chisel in the
downward thrust. This instrument is a combination dnil and broach.
In metalwork, a broach is the instrument that shears the steel in 2
downward thrust. The four corners around a predrilled hole are cut
this way without the use of the drill

DESIGN PRINCIPLE OF THE CUTTER

Asthc:llmu:uumsbow,!r:sidun(du_qnﬂmrlluﬂﬂ*‘?‘::
inlhcqwthawtkmkwhﬁm‘!d?dlhr_ e
can move within the square without H s ;‘A
Mmmnamnﬁyrmmmmmdm*
hw:ﬂtknmwwhmmmdlh:mmw‘:ﬂ
wmo(mmany;mmmmm n:"‘*‘i
Mumwmﬂlﬁsmﬁmmw.ﬂﬁl!l’
;mummnmmﬂﬁmmﬁtn‘ 90-degree =
corners and must bypass them hat It

uare with sk rounded comers. : ;

e 4mﬁumnwmg-@u:1-ﬁ-m
cutting-face, it will not act likea regular drill with cone-shaped
profile of its self-centening m’ug_edﬂ A‘cﬂw cutung
maﬁkmuﬁmg&:ﬂqﬁnw rotation BotoTEAL-

iece, i confine the drill's motions 108 WO
::hrmwmm\ﬂu-mh*!“*“
time 2s it cuts away the steel below i possible in order 10
1t i bestto ke the drill shanik a4 long 42 Jd--ﬁ:
the sides of the hole as paralle] as possible (o the by
Mim

pommmm————
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10. Making
HandHHeld PUI'lCheS

The punches are used to cut or indent thin sheets of meta
sheet material into various shapes and designs. Simple pa
be cut using steel tubes with sharpened ends. | 1bes are made
from !u_gh-mbnn steel, they will stand up better than those made
from mild steel, the edges of which are too soft Mild steel tubes have

:::;:ase-m.rdmcd at the cutting edge, which will last well when not

Once in a while one finds on the scrap pile a seamiess hig
steel tube. Seam-welded mild steel tubes, used in the piw:
and fm_‘ c!eclnclzll conduit tubes, are more readily availabl

The illustrations show how a seamless tube, heated in the forge fire,
:nmt:mfh:d ;:l‘::hla cutting edge at one end and a handle socket
s e o barden all punch ends to the hardness of &
) To use :uy:-funch designed as shown, prepare a wo
l‘msmman oﬁml::r.m(ilue :::lo it 2 piece of rubber blanket salvaged

e m:sa: o: As a base upon which to punch out
urm e m::u othcr thin material, it resists being cut
frblnmﬂmhmdapﬂming < d_\ pll-;du.s: for very little money, also

onthermmp :hc. lrscar ed aluminum sheets
Mokl m;ﬂ;otmnajca_nbemr with one fairly hard
O, a Sghtes bio wii’}.tll::\h making a clean hole through the
“‘."l i © an uncut indentation with a low
vtk x CeSign s ace can be raised still more, if desired.

T‘Ileuptwmhu - In & partial sphere,
T maketypﬁ Punches are rather casy 1o make,

od stump with

and it1s a good

o E= range of pu 1 OFder to extend the design possibilities.
j the opportunity for

inventing whateves nch designs shown provides

shapes ¥Ou may need.

USING SPRING STEEL FOR MAKING PUNCHES

Leaf springs and coil springs from cars are ideal for making
punches. Engine push rods, many linkage rods, and most car parts—
because they are inherently mtﬂt-—m el m P
emperable steel This makes it possible to harden the cutting edge
of tools made from them

Special Punches for Decorative Designs

For a 2-inch wide punch in the shape uilhu'l,thﬂthum‘
tage in making the pattern in two halves—one Hf‘ and one right-
hand punch, each the opposite of the other. Combined they makea
heart profile; individualiy they can be used 1o make many other
designs ] . 3

'I':'x: a 6 to 8-inch long section of 2 h!‘;p_nn; of acar. Heat n::
one cnd and peen it out to about 4 inches wide. Heat Maumm
and upset it into a head. Sharpen lh:_\qad:.ﬁ_nmdlln:mmn;:md
an outside bevel so that the hezd_ ponuon.awv;m e
gravity of the cutting pattern, will spread the force
blo: enly over the full cutting edge.

: ‘:l:\k: the reverse punch with a template cu_l by the first punch.
When this template is turned bo:T m‘}m?l“:imk e

Another punch design can o g

act as bicks. Theedge

the blade and shape it over rod ends that g et
punch will form a lhm—q!.unerc:mk In mbume“!-am uP‘l
endings can be shaped with curve designs hammered props
made especially for thcn'_L i

A serics of punches using simular g
quarter, hali, andf quﬁr :;wm, The p\mcbc-'o‘ = dﬂm_ g
especially suited for Ing intercos e =
them away from the sheet. Clnsedldnsr::::ﬁm i e
cut all the way through can be he used parually

through to form half circles. =5
P\I:-:i:lcs can be shaped to cut out squares, ’mm.

seties. stars—whatever figares

blanks make variations of three-




iF oild sheel tubes

arr used f
3 4
cum:Edgt —,
sre e cls:hamtmd é
'.—-'l--‘
upset rod ends are turned onthe
Craw

. f'u'gh-mhon tube ends are
i formed ;3‘""" hest over
! pre-shaped rod

with abr?siw wheel
cut end off car sxle &,
Bnﬂtrl. z‘i'vs.t turnonlathe
punich blsnk

W /g?,r- flange

You may be tempted to use plumbing pipes to make such Punche;
with case-hardened edges. Some of them. il not large cnough, eqp
be made larger by upsetting or spreading the end. For heavy work,
however, use only high-carbon steel pipe.
warsisG The galvanized surfaces of plumbing pipes around the
working ends of tools must be ground off. Heating the punch end
with the zinc coating left on will ruin the quality of the stee] and make
case hardening ineffective. I have successfully made cutting Punches
after grinding away the zinc coating. then beveling the edges 1o razor
sharpness before case hardening them

Remember that the cutting edges of all mild steel tools that haye
been case hardened should never be sharpened on bosk sides since the
case-hardening compound does not penetrate very deeply Sharpen-
ing both sides will leave a soft core edge, whereas sharpening one side
only will leave the other sharp edge hard.

The working ends of all high-carbon steel tools should be annealed
before they are filed into the endless variety of design contours, asthe
examples show,

Even if vour punches seem strong and well-tempered, do not use
them on a steel that may be too hard.

Using Car Axle Ends as Stock

Chapter 26 in this book explains how to free & car axle from its

fluous ma

acc the shank of the punch in the vise and file amyd_l super-
terial along the design outline until the bevel edge is aimost
< sharp as you finally want it. The very final m-'m be
B e casily with the aid of a small, rubber-backed abrasive disc
r:.‘itnns at high speed in a fixed g!‘llﬂlnllrbnl‘.‘l_ouu_nﬂn\m
“:-;Smc resulting fine burr or feather edge on a tripe
: 1ton buffer. This gives the punchmmun;edpnnu@mcﬂ
= rosette with one hard hammerblow. Or, usingalesser
simply indent a rosetie desip.m_th:nmnheitm
urning it over and, using 2 s_phmml tool, hammer-
tyle to accent the raised relief.

Pl

cutouta small
blow, you can
pronnunccd byt
ing it rcpu‘ll}b&t S

from Odds and Ends of Serap

often found
= totheendsof rods 8105 CRLL
The little pinion gears f”'::du used to make .1::::“’* A

-ards, and . 25
at scrap steel yar : ipment
odd machine parts from ﬂ”:“ﬁh’:": - 3y P
into punches to leave mﬁe O ambination, 10t i

A somewhat more 50_“‘ . endings
make, uses a cluster of engine push

Used singly, these endings can

Punches Made

serve as

h out
tered they can pune 4
these punches can make N
accentuated by relief




More complicated mactune parts may take a bitie
fabrcate, but they are weil within reach of the crafy

come this far m hus absiny to make jost about
from waste material The ill=strations here are

more Lime 4
Sman whe
EYETY 100l he neng,

selfcxplanatory

How 1o Make the Star Punch

Popch the cold, bard made die o the soft yellow-hor sexis
cids ke ciay. During hammering the scating begios to cool,
D¢ $4The LD i DEgins 10 heat up the cold male die. Do not
unus SAmMmEnng the Bot seating after it has cooked off too muck.
toe &z and cool it in the quenching liquid for & few tec-
m turn allows the £ (Ehould there b o
z5eat 1ne cooled off portien 1o forgable heat. Careiully
5! 1oz maic dic and defiver once more a fow heavy blows
1he szl 2gain has become too coid for contimued hammering:
Fosut (he temptation 10 kerp on hammening: reheat the scating
sart whenover necessary. Cool off the male e before the next round
of shaping the blank
Trat same die cao shape vanous sizes of star punches. Samply in-
crezsc the depth of penetration into the female hesd jeaving pro-
=wnely larger or smaller impressions as you wish. Havinga choioe
o ures of slar punches makes o possible 1o create the design s E
e instration They can be ssed to smprint a low-relief decorative
design on the sheel of 10 cuf s 3 medalbon-t¥pe sosette form.




5 ned dies when
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rerdened, will

How to Forge Other Decorative Punches

If you want to add still more varieties of punches, using forg,
techniques rather than machining them will simplify the work,

Design A, for example, can be made by upsetting a head ona rod
and dnlling it out to a certain depth. Then place the hollow ending
swage with the hammer peen folding a portion of it, as shown, To
finish the tool, simply sharpen the edge and harden it

In design B, the die head is fluted by filing. Hammer the die head
into the heated end of B, which has been shaped as in A. Once the
end is heated, many light hammerblows on the outside of the punch
will spread the heated steel and close the remaiming gaps between
the inner and outer die surfaces. It may takea few heatings to accom-
plish this, Be careful when you insert the male die that it
seated before additional hammering begins. If the seat
be incorrect, an overlapping of indentations would ruin a
that went before,

Design C is similar to the previous star pattern but, instead of
having a thick wall of material, it relies on the spreading of the thin
wall. Careful hammering with a narrow peen into the groove areas of
the design will close up the spaces between them.

Aftter finishing the shaping, sharpen the forged blanks, first with
smooth files, then with rolating abrasive discs. If the die has exact
nd smooth surfaces the blank will not require machine- or hand-

filing to improve it further. Temper the punch edges to the hardness
of a cold chisel.

1s correctly
ing should
1l the work

unches that are meant to

mﬁﬂllrpgd““m
i e that apply 10 cutting

punches to Cut through Soft Material

The illustration shows & machining technigue for making the
unch used to cut a clover-leaf design in soft material (felt, cloth,
gapcr. for example). The interior of the punch can be drilled out.

/hen a beginner sees an expert doing the drilling he gets the im-
pr::::-: ‘!’hulgh:, too, can do it easily. 'aul the expert :;:w
through experience how to foresee pombleetmnnd: repeal-
ing former mistakes. (Sce page 48, Notes onf;ﬁfm pec

The punch in the illustration must be d.ri'liadm a kn:n.[ o
prevents the drill from wandering. Slow down the rpm Lo prevent

ill from heating up. .
dn:!:r[:t anneal the high-urbut_! punch hu_dm its softest. Qnﬂ:“ﬁ
new hole after filling the previous hnh_mlh :' :;le ;l::- e
plug into the finished hole so that the drilling s
be affected by the previous one. If the plugis w-:m?hwd'“
mav be necessary to drive deep punch marks around

chor 1t !
ﬂml-:' successful in this operation, wmmnﬁlﬂﬂsm by mﬂm
filing, and sharpening as has been descn making

punches




Using Odds and Ends of Tubing for Punches ‘ 11. P ChriStmaS Tree Calﬂb o

| have found that the drive shaft of a car, between the transmission k.

and the differential, is made from & high-carbon steel tube welded 3 | - e \._."r'_: \
b | - Holders an rations

case 2 578 inches), they are well suited for our purpose. 5 - S E
After cutting off an end section and leaving the stub shaft attached, | " .

all 1 needed to do was to refine the cutting edge on the lathe, sharpenit |

and temper it. !

In tempering such a tool, see to it that | /4 inch at the rim gradually | -
and evenly becomes cherry red, At that point, holding the punch
blank horizontally, quench it deeply and directly in oil, being sure |
to keep that horizontal position to avoid any danger of oil fume |
combustion. The danger is real if the piece 18 quenched in a vertical
position, because if the air in the punch body is shut off from its
surrounding the locked-up fumes of 01l can become a combustible
mixture with the trapped oxygen residue. The cherry red heat at the
rim could possibly trigger an explosion just as a spark in a car engine
explodes 2 combustible mixture.

Salvaged shock absorber tubing is another possible scrap source
for punches. Unfortunately they are often made of mild steei, so it is
necessary 1o case harden the cutting rims. Also a cap must fit tightly
on the end of the tube 10 receive the hammerblows.

: decorations from thin
hes can be used to make Christmas
.h:";ﬂ: Tin cans that hveugdﬂuﬁvﬁ'!mnw'nd

i aw.uunwm.mmm o
1::5:@ lasted over thiny ym:dmumwdwu

| made them

CHRISTMAS TREE CANDLE HOLDERS

. . hen hooked over & tree branch

: These keep an upright position WA steel piug at the bottom.

NOTES ON DRILLING ! ocunte T 8 4 down by s little 8 PR L cendie the

: he decorative ¢
A drill press can feed a drill gently or forcefully; a1t low speed or x::::: “m um.il“pu&.ionwiﬂ be. Of course,

high speed; using a small drill, & medium one, or a large one. These s stwad e S ing b mh“ﬂh

::‘:b: mesl be "':‘_'ﬂ: together in the correct combination if The simplest way 1 fasten the weight plug posy = The
succeed in a drilling job. In addition, it rtant 10 know : jug with 8 heavy |
b:‘hd# T e itis important 10 ?m‘;:::n?mpi::bml_"m“m“h#w
odern industry demands higher and higher speeds (o cut most i St m' that comes in handy :w“ -

; 1al. including steel. This naturally calls for cutting tools that can because it does away with precision 7::, stact Willly_x e
S50k of '“‘h:ﬂ-::m& wrong positioning of the tool, and out if the hole has only & moderate for U#*

hat threaten (0 cause accidents or unsatis- After punching out the various all the critical past e
“““'h w’ 'mm i mbkmmimti#l’«.mw. e uld recome
ey o, have reduced setbacks by slowing down all - is is not much y
and greater flexibility with less danger, less heating-up of steel,
s —t N‘:::i alignment during these operations. In
oy m"“m:'h ' learning 1o make do with what we have, we
g Bethe tierei Gadersta ml‘:fd\:‘h:'n involved during drill-
1]
Ot 1 o e, A 04




OTHER DECORATIONS

These can be made with the same tin can mater ] D ]

sheet metal you may find appealing. Keepin ""I::""I"';:I"r‘:‘"‘_\' - 19 " Maklng eSI

cutting through steel do not need to be absolutely razor ‘}I:‘"'“ e

wre slightly dull, itintroduces an element of \I"ﬂl‘!\l‘ whenth e i eS

punched on the rubber blanket glued on a stump. If th e La OUtS f P

slightly dull it merely indents the metal, leaving an um-r: ll"“l'K'h o y Or unC

refief design. To make of this a high-relief pattern, turn H: — |

tion over and use the repoussé technique of huum.nrrmg “‘r:f““l‘l- i

m;:;: lll:m I_Iw depressions. These push the relief Turther -\ll:l:nr:lr:d

i ches can also be used to cut only partway through the sh . l
e cul section, bent outward, will catch and reflect light ndd'::: |

sparkle to the decorations [
Il you have enjoyed maki
') 3 ng the great variety ol d
Rl L ' ; punches descri : G BIGN
ek ;e::::‘ll:‘:n_sfu ma;: want to gather friends together for a {'hrT::’ ‘ A .
punching spree,” av .
g sp as | have often done. The partici 1} The design patierns for decarative g S

nis, s
pa itting i front of the wooden stumps on the floor, can create

beautiful designs s they share the variety of punches. The skill I e the el A e

needed 1o use those tools can be acquired | 3) Or. the paper on which the design {s drawn can be rubbed with
tions that result are well worth kee ST A MR, beeswirx on the reverse side, then rubbed down anto the metal with
v | 4 smooth, shallowly curved object (yuch s i tablespoon), If the metal
! is thin and soft, be careful not 1o bear down too hard, You triay ne n
| fingernail if the metal is fairly hard or heavy gRuge Following the
’ outlines, use the various pumh:l;n qut through tm and metal

10 [rec the piece. Finally, pull the paper rem )
1) Qr, the pattern can be punched out of & transparent matetial,
such as o sheet of acetate, USIng all the variety of punches you have.
This sheet is then used a8 template with which to
onto the metal. In this way, complete dewign can be luid out first
and then cut with the same punihes.

I'hese methods make it unnecessany o serateh s the destgn with »
sharp-pointed steel seribe, which can damage (he metal if you miss

the mark ‘-
- DI HEoeY
I offer here as cxamples several destgns, but (hey are Out AR
sarily to be copied. You will no doubr enjoy th,:'x
imagination, no matter how elabarate the design may Ao
your variety of punches.
Whather your design is elaboraté or simple, you
bine the silhousttes with Wmﬁﬂt‘nﬂ* e

nigue. Turning the sheet over, i that
sions on the original side, mmwuﬂ“ﬁﬂlm ]

purpose. These hollow designs are ww patteras

many shining buttons, The ; :
will give your design & IMM& a0
1t (s the leather worker, a8 & Tule. " e rubber blaket repounsé
chasing punches on mwﬁl‘mm N ageod pase wheth
on lhunmp{nmhwmw H :

\renting the metal in the same waY:
S
. a g
5 Py
o 5 .
Y
¥ H— :
=y
- ;- s




MAKING THE €L TTING BLADE SOCKET

+ an anneated Migh-carbon steel bar o¢ rod as shawn.

13. How toMake Miniature | ..~ s
Chisels and Punches e of he chivels ABEE D bt

1 to yiehd and weat the
chisel, causing the hot steel

n hammer the hot meval around mm::!up:
il ail sutfaces conact one another exaatly ok
i b a taper as a lathe wibstock fits @ Misrse tapet

The holder

on Yo

heavy pauge industrial Mimiature choels and punches are needed when making a matrix
Pighspeed steel hack saw and many small workpieces, for example, an escutcheon

w." used as “.“* for Used hacksaw blades can be very aselul ems that vou may find
making small chisels discarded by mdustrial plants. They are generally made of high-speed

£ ool steel Thoy are, as a rule, thick enough to

be uved as stock for

9 ~ She o
mm‘tﬁ“‘ T small cutting 100l yoch as mindature chisels and punches

MAKING THE CHISEL BLADES CHAPING THE CUTTING ENDS

e chisel
P a wood fence on the table of the abrasive 1o decide what shapes you -‘nh o give
180 cut six strips '8 inch wide from the blade I s up 0 Yo ing W done in s simple forBag MESRCC L
Hold the stack of ix small Pprces together with the visegrip plier cutting ends. The sha 1oo] steel, when heated yelle
Grind, a3 accurately as you can, a tapering end on this stack yo that Note that hnsh""l“:: Choice. But, wnlike hot-forged
each is exactly the same as the others. From these make miniature bent into curves of “““ cesist peening of
chisels with different cutting edges. Fit the apered end of cach into steel or mild steel, it

manlerable

Lo maintam oo

& chiscl-holder socket; it should be oasy to insert or knock out the steel has been devighed heat that it will y
0 you can

lght veliow
replace one with another when you want a different i Boakih B “\'I‘:l :‘nhmn quenching ot ¥
cutting edge. onee it % o0

onginal hardness

Tocut up the Made, clam:
cutoff wheel Space




| g sk chels and prineheg is e Jone on & ass of
f Ay gt s B . VP v piny e ¥

«m or

" el # the viee ot dhirw. The ihirpdr the ioal -

.U;’" Gl *'-'-",i‘f"'l. § Mok epasd (ae] ciot { Aty P FHANY AR S ETad ¢ oA driped i (D6 Ve ww
W e TGS < pre T P dtve WA wriiestad W gh-o8 kel

=M isd i oI ey
/ g, carhoh it apiredastiiite bh cohodes pacperee edmed pavterned somtaur ‘w;”,
* s Ay, v | ,I o omal dires soeh av Inckimithe o, Will eoree
f"‘ 4t ! rprid e j M p,-urfhﬂrﬂyl’l‘.‘:lﬁl’w_fﬁ‘lﬂwﬂ
7 1 ' ., i e (ee sapaciafly of you mies Aech Sl epiesy
’ " ’ g 4 1n A=vign you need

MARING AN rat-t- it iersy

fignites ima |,,.r. ]
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14. A Punch to Cut Small I =2
Washers froma Metal Strip o

= DU e
files. abrasve discs, and p o
n handle Thnngmumm da-al
.-.;..\:. washer, and rovet head

Brass washery cas be wsed 1o et wood onto 1h
kmives, clesvery wood-Carvimg 1oois
The color of the wood. e color of the washer 2
et wall a8 be different. enbancin, e appearance o

Tornthe ponch om 3 metaltormng athe and 1es
Se3s of 2 cold chusel Foliow the sequence in the

fully, the brass
mdhdm&:j’:;m&mpenchﬂ:-iuw} produce small



15. Makeshift Bearings T oo e ase I %
:ﬁfﬂ:.&.'.ﬂ".":""“

ihe caridboard. The tap part of the block is the bearing cap,
Dol the bl hales with some clearance, so thist you can make s

Jlight adjustment in the pl i ol the b @i v UM,
Jivg, you find that the shalt hole s still 1o tight, placing shin

ausemb

s Betwesen the bearing cap and bearing pillow will eliminate the

I' (rtion. Provide the bearing with & Jubrication hole and groove. il

| “mn n installing the beanag, spin the shalt freebund and you will Ll

| autioe (mmediately whether or not the bearing is well shigned and if fh.h o
adjustments are called lof

wuch @ bearing will stand up under regular use for & long time. |
' have used ane in My own shop lor yean.

['@ [l
e it

t in bearing

Adjustimenis

{ ihe bearing s too 10w, you may have 1o place below it strips of
lh|1|| metal in ufr pattern of its (ooting, with the holes Mupnmlm:
1o the bolts. Or if, on the other hand, it is Iwhl::.::'l;nll‘ndﬂ

ough wood Lo lower the bearing (o e cory
e i.;: ihickmess of the eardboard must be made up for Tt:l:.lx
shims of wood of metal of that same thickness. I that is & B e
\hick, try progressively thinner shims until I.I‘ll de:n:l:om
ot bind ofte the fotating shall. The shim's sdge should §

MAKING A BEARING OUT OF WoonD

I

u bea
s 1ing broaks down in (he shap and if you are located very

fom slores whete they are wold, you can make one oul of winind
Flrst Seep

the rotating shalt

b ofl the exact
» i the shan
ell aligned with

Ie o be drfliod thiough the wopg 1
hghily wndervized al lirat but gy w

possible 1 el SCARD P I
USING DISC RDED BALL .!‘“l‘tl‘

he axis aof ot
pale shops quite often dincard

: o ad autamaonive 1
. nnlnl\ .t::n:'l ‘Ilslf:: 1::. :ume are from hurned-oul rnu::r: h::‘: :; r)mmb
Use & steel rod ¢ orn at all, If proprietars of such shops are sym . o4
sl wiee of (e I::':m.“: the shafi and taper it gently so that the :lt.ln:\n“, |;¢\. will let you rummage lhmunl.:t::‘m“:;l:’l:ynh "
the hlook an the tabig of Ih:““ Pedrifled, undersized hole Place ofons, they i bt T8 SN X ur
Akl ehuek 10 yegy 1iye setup \::Ll'm‘ A0l put the tapered rod in the N il 1o the {hings yo0 818 aking 100 Teawuioh |
Femove (he tapored Fod wnd hoa YO are satisfied (hay all is ready, \

i will seoreh wong W0 the forge fire 10 the point that

Quickly irans
wond, -llln.::u'::::.:‘:::n the deill ehugk And burn it ihrough the
bitsty ingg fMlame. The heat is ot sy Mreat thit thesmaoke a
0L the wopg eating does (w om
1he hole exact L, while g WOrches, mak Iari!\- it
"ﬂlhn.‘, b o the finil surfuce of Bedvind dhatt Mm-ﬂlﬂ"’“‘"’
w0 woll ang the earing shafll holes
Hhe Bl andd oy iy Bloek barely 11y fhe whadl hut
shafi Onto the shafi, r e that fits over the
DORINR, will penetra the aer " IS Ughf1, The ,.':,...'.::,:: Olten you can I»ululli:; m s e, Stip the tube
o 4 iy B s ke o thick 1o % +od and W i ihe lathe
wontian ot & Hght-iung “‘""w o ot grind down @ sall yetion ol

ek or the drill pross chuek.
i, Teling he bearing
ﬁm&:?““m Lot somewnat it will ast 1 & wedge



bled in woeden
g /-f:r:lri:np'hmuing

il
collar &

held bushing
in place

How to install the ball bearing

The illustration shows the wooden pillow block that holds down
the ball bearing. Since the wood in this instance is not used as 5
bearing itself but simply as a seat for the ball bearing, the wood can be
hard-grained; it need not be close-grained. Oak, maple, or ash will do,

After the height of the bearing has been determined and the whole
assembly has been pasitioned, do not cinch the hold-down bolts untj
you are bena:n that the ball beaning itself is perfectly aligned with the
shaft. This will protect the ball races from weaning at their sides.

~or1e The outer ball races in self-aligning ball bearings have spheri-
cal outer surfaces representing the central section of a sphere measar-
ing the width of such an outer ball race. Examine a self-aligning ball
bearing in a ball bearing supply store, if the three-dimensional aspect
oilhe-\ph:ncaloutenu.rfaccofthchnringu:ood:[!iculrtu\uu.al.urg
from drawn illustration.

In the case of these you do not need to make the surface of the
bearing scat spherical The illustration shows that a two-part
cvlindrical seating can be clamped onto the approximate spherical
OUter race in a test run. This allows the spherical surface of the outer
race to seck its own aligned position just before the bearing seatingis
clamped down onto the ball bearing.

Grinding the Spherical Surface of the Outer Ball Race

_Cul 2 template with a creular opening the size of the outer
diameter of the outer ball race. Fi

> 1t a wooden rod tightly into the ball
bearing. Cut two cardboard discs with central holes to fit snugly on

down_.a\imioy-indlbeun:!whih'n
effectivencss by slanting it, as shown.

Th:_pindiu;jobm be called finished w
can slip through that hole, evenly 1
in the template.

rotates at maximum

hen the outer bearing race
uching the portion of the circle

16. Making Accessory Tools
for the Wood-Turning Lathe

of
our shop has 2 wood-turning lame. and glson_a muun:

mj\l;:‘: t-:‘.o'.?. you can eui_ly use this lsthe 10 drt\!m
designed for other uses. Grinding wheels ury;-.mm e
."r:--u-m:d on the lathe h:‘dnoflandmm e e
ideal adaptation because ibe siep pulley - wdmfurm.ﬂ
peeds; you should use the fastest e
for as big a wheel as the lathe !

allows for vanous
wheels, the slowest speed
A long grinding arbor_
ments as a reverse lathe u::.; e I
valves. But it also pro : e
shaped articles have to be ground. Et::ﬂ sturdy l’::“‘t? =
arbors must be securcly clamped in wmbﬂd“d preveat
vibration of high rpm small pmm‘f L onthe
e e
od-turming lathe when ¥oU : .
::l,a. Use |h:5me1hod shown in !beul;l:‘m hiands
Hand hold nnul.lrw;mllm ]ﬁmwmlih##@
against the lathe bed. Algn :h'-'bf\':he g job is finished in 2
face of the cutoff wheel I‘t‘-“-'ll"“"‘--"eh|= i a six-cylinder ar
fraction of & minute. In this way & in‘:mﬁﬂ—
engine can be reground to perfection

in my OWn
i arrangement made in
Note that the illustrations show an arm
shop to suit my pun.u:uhr ¥ Immw.nm_ II:HMM' s
play a major rolc in using mwﬂl_ from nﬁﬂ:uﬁpﬂ’

junk pile. This points n,“::::.ﬁww,ﬂwm

build up a stock "“"‘f"’
better and better equ
make tools™

@i‘;.‘:mm‘“f“‘»ww”m
B




culter iy mack on metal-turning

Frema ciraxle vection
=

» iding pin, there 15 a danger that the sock cndm'

wa::e':u::lliﬂwms:f engagement with the cutter’s teegh, Thisii
happen if you have extracted the guide pin because yoy dg Ot wapy
a tang hole in.a wood ending. In this case, hf.\g| the wood N“"‘“h
i will slip msde the jig about a quarter of an inch. The stock cay
then be safely fed frechand with the tailscrew

AN ADJUSTABLE CUTTER TO MAKE
SMALL WOODEN HANDLES

I contoured cutter elemen
mto 3 slot while the ri
in the jig avembly

Examine the illustration carefully. It clearly shows the locked-up
Position of D during the cutting action. Element C, though fitting
saugly on A, does not it 5o tightly that it could not be knocked off

YOu wish to make D interchan ble with a cutter element of
a differem o

t D in such a fashion that | could ship it
ng-guide B and cutter C would hold it snugly

ring C simply serve
is thrown out centrifugally

nt E is simply a cutting pin, which can be inserted nﬁ’.
Eleme ‘n hody A so that a tang hole can be cut mlhemll‘l
o he same time, that pim will 8ot 4 At Sl g
- -'\“ ;n\ wandering of the workpiece during the m‘;‘:
i illustrations show the jig and wood stock held :
t;l:ﬁ:‘:&"i center and kept from turning by the clamped-on visegrip

phers

4 - s i b
The craftsman who has become m:::gm‘ly ﬂ:l:d. mﬁu‘:
ngs to fill his needs is offered i 1 M:WI JWMM“

:;’:',,E_nmg and making a new tool In myo:mmm s

hat dexterous people seem to e endow: arn num".

tha ventiveness, which enables them |odmp|_ mlh” oo

& 'Mi:c“onn may be useful 1o them. In r.hl: way s

3::1; independence and freedom to carn their livehhood in 3 umque

and individual manner




17. Wire~Straightening Tools

when straight annealed
wire is bent arﬂia little
itwill spring back
straight

Ny
-

s LA

when bent too uch

w%u
s
5 u:ﬁ?;;t is 4

5 tened accurately

& less acc way is

St

Coils of old kinky wire can ck
AR 3 often be quickly and easily straight-

THE FIRST JIG

;hj\l:: li:e‘;:d;fthe twisted wire through a small copper tube bentas

e \_:;T‘::lmm' Cla_mp a short protruding end of the wire

S ety ah::ng :i-;:rfk:;)in ar:und afixed anchor point, and pull
- ull length of the wire. This w 2

ca?:,]_::uii-. Lh; i e il will straighten it

awkw, it i I

O m;l:;:ﬁ:l;t:b;bcca:s: it 15 difficult to manipulate
ng after it has bee - 5 reas

o T i i n bent. For this reason,

THE SECOND JIG

Cut three sections from a hexagonal bar and drill & small hole
each one. It is important to make the hole just barely |

through
s let the wire slide through.

enough L€

Round off the holes at both ends to allow the bent wires to slip by
without being cut on iis Way through. Ample lubrication during the
pulling will also smooth the process of unbending the wi S

The jig housing is made as illustrated to hold the three hexagonal

secions.

After the wire ending has been laced through each section sepa-
y, insert them in the housing in a staggered position. This casy
assembly eliminates the problem of threading the wire through as
must be donein the first method. The grip latch on the housing makes
it convenient for the instrument to be pulled with great foree, should
that be necessary.

Keep in mind that straighte
if the wire is not too thick or i

It should go without saying
only if the wire 1o be recycled 15 In good

ratel

ning wire can only be done in this way
fit isnoimadca!springmel

that & tool such as this one is useful
enough condition 1o be

salvaged at all




vy EQUIPMENT selled . T
omnee  B.FatFilingand | e SR

i -

of of Manne Enpmerring m Groninge= Holland . 1

S 5 - - | Y :f;w;ué‘rmm-um.&l&m 22lb m-
Rt Guring ! e was devoted to shop traimmg, Tkimm-h-mqu e oo 7

| i‘ifm ""”;::é'g Drl]llng ' e G et Next came blacksmithing Theremiit bgeinn

Ag( €3S hﬂ'{ or

hud’;"m pregres

: s spent on g,-?hmg‘imhﬁhﬂhudmnl_:“ :
f'- I = ore pertn Hend sholls were comibnned wizth lormng bow i )
mer forre | = cog —:‘ .

1
e : + aCenier punch
i school, all equip mdﬂtﬂﬁ-ﬂyw_ That ,=..§
i ore sinll on the part of the stodent if be was 10 carry .cmgm
assipnments and mmﬁﬂmwl:ﬁ :m .
racy. Inthose -.czﬁnm‘mm“kt.i-ht*w -M. ‘;
acean breakdown that the marne engineer on boand ship 2n inside calipe P

Leasardo da Viao desgned 3 machene 1o cut file serrations auto-
matically. This made #t pomibie [or others 1o improve filing tech-
sigues i the centunes that (ollowed. during the age of steam chgmes,

repair, in the ship's mﬁop.&@t'ﬂ-ﬁ:‘:; a divider (
craftsmen learned 1o file with a precision that matched the machine- ! know-how to allow the ,mpummg?nv?ﬂ = - of Files
tool sccuracy of later years. The stress was on learming 1o file fim steam for more permanent repairs. The g d“ﬂﬂmﬂﬂﬂ' ‘b’s
surfaces 19 a5 absolute perfection. One could say that the craft of flar years have been 2 boon to me ali my fife. Masy times s sne
filing s the balimark of the ¢ 106 of the machinist’s training 3t their best saved the situation when onlya S S 12%1 flst  ‘bastsrd
was avaulable 3
THE PROPER LUSE OF THE FILE

The diustration shews the proper stance for flat filing In this case,
& small, well-annealed anvil face is 10 be filed perfectly fiat

I'he worker's leading oot s placed in the direction of the file stroke
204 the uther foot is placed far enough away 1o steady his position.
This makes it possible for him 10 move his body backward and
forward through the hip, knee and ankde joints just enough to keep

pace witk the backward and forward movements of the hands
halding the fije

'bmﬂwﬂlﬂm|

© hold the file in a position perfectly
parallel with the horizonta)

surface to be flat filed. He must learn to

toke of the file and release all downward
Pressure an the retyurn wroke

Soun be will
By, not just

¥ 1o visualize what actually




flat Filing oercises
¥assignment

Fileall s

da bQ.r{E'Eess

8L surface
£l lst2 rallel.
Pers must | 1

¥ edges

HOW TO LEARN FLAT FILING

From the casiest assignment to the most difficult one, ‘h“‘\-lﬂm
will gradually develop increasing skill in flat filing l;'u1'nuI:nlu-gj_vﬂ,-uI
enables him 1o compete with the machine in accuracy P:"mﬂm:
and self-discipline will carry hum through. It did so forthe the
before us who had to make do with & minimum of machine help,

First Assignment

Cut from a hot-rolled mild steel bar a picce 3 inches wide, | inch
thick, and 4 inches long. Clamp it in the vise in a horizontal position
and proceed as shown. Sometimes a new piece of hot-rolled steel
has a hard scale that could possibly damage the sharp file teeth. If you
find that this is the case, it would be wise to hack off the scale witha
sharp chisel. Cut off onlv a thin sliver, being careful that at no time
does the chisel cut deeper than necessary. Once the surface has been
scaled, the file can be used without the danger of becoming dulled,

As soon a5 the cold chisel marks have been filed away, put the
surface to the first test for flatness on a surface gauge. A flat machined
part in the shop will serve well for a gauge,

Rub into its surface a little
off all excess Sliding the filed
spots left on it, the degree of a
indicate where corrections must be made.

Alfter total surface accuracy has been achieved and demonstrated
with the surface gauge, replace the bastard file with the smooth file.
The ﬁlﬂl “l_:locﬂ:l surface must pass the test for absolute accuracy.
sidlel, :;;LB‘LT:I that, with gained skill, you can file the opposite

T must be tested with the caliper instead of the surface
Bauge: The caliper, finely adjusted 1o barely touch the steel, will make

it possible for ¥ou to fee/ wher 1
i fe € corrective filing is needed.

_— accuracy, the remaining sides of the block can be
in ll_1|z same way. One additional 1st must then be made. The
square will show whether all sides meet at exactly 90 degrees.
e the Square over the edges of the block an
light. Any inaccuracy yiyf show
Corrective ﬁﬁ.ns must be done.
e 'I:;:Du&m has been completed, there is no doubt that
gt yo: Ite & few blisters on your hands to show for your
‘f’l now face more complicated assignments with

The ibed i
it h“lzl? u;::m;:bm the first assignment are all applicable in
o - ‘bsumm Project is designed to exercise and

lampblack and grease mixture, wiping
surface over it will show, by the black
ccuracy that has been reached and will

d hold it up against
P as a light leak, indicating

d<pth just Mthetlmwilhinthcmﬂwdlim: a
ﬂmmk':::‘hmwmgnAthpﬁﬁngimn
5 Accurately danger of overshoori

o a kev to fit the slot. Forge a key blank lam_cmmndod
B 1—:._-\.\ hat larger than would fit the slm_. Fﬁe_ it down to
.+ size. Probing will indicate where corrective ﬁlm:}mu;:
Cm‘f‘ i}unng corrective filing one must learn how to z ar
done e in such a way that local areas onlyc_mheﬁh:!m &:.mm
lh;'.luﬂ.,unmng areas in order to correct inaccuracics.
ng ¥

he tip of the file only will reduce local spots to needed size.
e &

design} 50

Third Assignment

i added fi-
ssig ats the second onc with the : compl
Ih“»::s-‘::::\c:fllt:l;l;;ur slots measured with the caliper mlfshuw
:J"‘,[-‘a‘;m;wcv.-uc slot bottom runs parall {and Mwﬁ‘“h:m -
m: -T.ur slots must furthermare fit the same kcywk e
:I\.l Pt 'I «d snugly through the slots with the 'mafmmtum.ﬂ_
K The key should sl hold the slot in the last | s;ﬂ i
1::211 'Ihc p;x;:c is held up against the light for that

slight glimmer, if an¥, should show evenly bctmnmnucmss‘ sides.
any
shght ghm .

Fourth Assignment: Drilling

s is used in this project. Flmd‘lfﬁkh Er:p:nud
Chmpilintbednl’l:::lj : mme.
o test it for perfect cen! W&nh
as far as it will go in order 1o

The drill pres: v
dnil for accurate n;lplml::; -
it momentarily under po e
Since most modern drill pms:ﬁ ha
that the drill shankb?u ::::e nserted s

cept any possibie Wi 3 i
Im:)rihdc-?u!h\oncd drills have ngzp:rum m?tmf
drill seatings. That system ehmina st havtm d;ﬂm:
Modern three-jawed drill chms-iindﬁal o been mm G
fected to such an extent that ¢y shanks sccus

vely. R
rately aligned and held fast ef!ccﬂw e

i h tor e
Since 1t is p
.mciI the three-jawed chuck can ur: ::: moldJ drills. modern
system has replaced almost eptircty ashioned taper shank

- its desired
Adjust the drill press able to I

i 1 its point

workpiece on it and Iuwerlhcdﬂ“:‘::# workpiece: Hold ll_h
reviously made cent:r]_)lll'lth mal S kl”’“'. iable,
fhal position momentarily .;:!l wil o h:“' e ad
clamp the workpiece 10 the wlommli! mﬂmﬂi !m_ rect -
Position the drill up and dﬂ!ﬂ; . - .@:mm#m
tering and aligning has not gof ‘“‘“ dﬂllﬂwl require o~

(The term mg};rudrisusﬂ_lﬂll _"‘d_ Al ’mm
before actual nuﬁn;:’mﬂ:oeﬁm “nluﬂlllm
first real cut with the dnll ’ wlmy.

height. Place the

heyto g E
heve & -
s T
S‘"asngmmt K



ﬁd‘mifnmmt

one 1
L

i

warsivg If a workpiece has been clamped on the drill Press tabje
so that the drill will be aligned with the hole in the table, (he final cu
will make the thin steel remaiming at the bottom bend Outwarnd the
moment the dnll beging to emerge below. The thin steel then bendsy
away and, instead of being cut by the dnll. the edges begin 1o bind
under progressively increasing strain, It 18 therefore necessary thay
you develop the ability to “feel”™ and “hear™ telliale signs of binding
Onee you notice them, immediately reduce the downward pressure of
the drill 1o refieve the strain on it should it be shightly dull Otherwige
its outside cutting edge will begin to rub instead of ey, RCnerating
heat and endangering the temper hardness of a high-carbon weel
drill

All this can be prevented if you clamp the work piece on a flat piece
of waste steel. This allows the drill to cut cleanly all the way through
solid steel

Fifth Assignment

Seribe off a hexagon around the hole and tangent to it Two of its
sides should run parallel to the sides of the workpiece. Make precise
center-punch marks on each corner of the wribed hexagon. Dus
plicate this procedure on the other side of the work prece

Next, file each side of the hexagon with a bastard file, keeping the
hexagon shghtly undersired Constant checking of each side with
calipers will reveal well in advance what corrective filing will be
required. Follow up with a smoath file to refine the surface textures,
||op.;||ng short of an absolute final dimension

When you reach this PeInt, stap and switch 1o making # hexagonal
bar, as illustrated in 1he sixth assignment. This bar must be made
::‘T!I:d::c hexagonal hole, Qnee made, return to where you left off
ek 1 Assignment and test the fit between the hexagonal bar and

ole. This will indicate whether the 120-degree angles at which the
sides must meet are exact. (A template can be cut with o single exact

1
I:l:d‘::r;:;:ftl It will serve duting the making and testing of the

As the final pest check that
maomen it by inserted into iy

that painy only & small glim
hexagon,

he bar has an even sliding fit from the
€ hole until the last 1 /8 inch of travel. At
mer of light should be visible at the sides

and tumble it 60
. ore] repear ¢
lln; has been lml-t:::d —
you
hl\':n‘ﬂmluﬂy Passed this tewt, the seventh and eighth
‘m""m“m = N reach of your ability. The illustrations of
"Bnments shoulg now be self-explanatory.

degrees. Insert it in the hole njgain
CRree turt until the original posi-

No .
additional ;.u:nnunu will be deseribed although my past
wu'z"l' Carried TOUgh many more. This Eave me the ability
Twh"h‘d&‘“‘_“““"' Projects with perfect sliding fity.
P most parts of r-anrmmnmldh bricate from the ground
i hm: mqru..mwmm beuring head;
a8 similag . sliding steam valves; speed regilator hinges;
! hope that not gqjy 4
will have the 4 mmmmmmuuhm
evive gld fashoned
iy ! m':lﬂllﬁhunmuu. methods in teaohing

ol

19. Files, Rasps,
and Grindstones

our way
for making high-quality gouges and ot

cracki
eliminate the danger of the steel

re toa worn, frequently come
ool steel can be :“‘d a3 tock
her cutting tools. :

grind off the teeth. This wall
ng where serrations remain.

cause they o
Old files, thrown out WH
‘ Their excellent high-carbon &

Before forging files into tool blanks,

RP FILES

HOW TO CLEAN DIRTY BUT SHA ¥
. i 1 be dislodied
If metal pulp clogs the file’s serrations, it ¢

| wire hrushes made for that
:::m 15 that its hard steel tines cnm:r:“
This tends to reduce the sharpness
1f you do use & brush, it shoul
not wear down the steel tmh_

elerence is 10 Use . pimeit
| I::r:i ;:v Rinches by 1/16 "”"'.'.e"':f:‘;.;:u
surface, moving it paraliel “:»i 1 it
cally cut teeth in the brass cl_ P et o
tom of the file grooves 10 dintodge

ACID SHARPENING

o, they can be
1f the file teeth are not 'wruuotd Saggltfp
by immersing the files in ll'::n
walls of the tooth seTra d.."
sharpens that edjge 10 m“ d
I have successfully nu:‘
purpose. mwml:!wm i e
batteries, which he sel W
for the acid. | bring lloul;i”.‘ . W”W
me have all the acid | ma oy #

To hold mmu.w.'“m’mm

e steel hax been etehed hack ENOWE (T Ly,
i e e ot e

(L] Le0e i
'm“uluwh““" ! g




dull files by
- .w«:hzm

hard
| wheels

If vou are satisfied with the sharpness, nnse all the files for Jo
“m,ih 10 leach out the last trace of acid (an hour or more), The
principle is the same as the rinsing of photoprints to leach out the
last trace of hypo so that no aftereffect of the chemical will spoil ghe
prints in the future. Any rust discoloration that shows on the fijey
later will not affect their use.

Over the vears | have restored dull files in this way at no cost
except the ime spent.

wote: Etching metal with acid need not be dangerous if safery
precautions are taken. The main thing to keep in mind is never 1o
handle the liquid with bare skin or breathe the fumes carelessly,

Keep your eyes well protected against splattering from files as
they are slid in the acid bath. Also, be aware that the gas emitted
by the bubbles is more or less explosive if lighted by flame.

If you have no photographic tray, plastic basins used for house-
hold purposes are, as a rule, acid-proof. You can also make a tray
from plywood. Coat the wood with beeswax or candlewax, heated
over a flame, to make it Jeak- and acid-proof

HOW TO KEEP FILES UNCLOGGED

Strange tosay, :h: file’s worst enemy, oil or grease, will also keep it
unclogged if 2 minimum coating is used on the serration walls only,
not on the sharp edges. A lidu!y ailed file may not bite into the steel
for the first few strokes, but if you bear down hard. and the steel
ge;:pm‘u soft mild aad. 1Iu file edges will soon be scraped fres

l'nbum'na_ad will bite into the steel better than before, at the
same time rejecting all filing pulp.

Asother approach 15 te rub into the file from time o time a chafk
Ppowder -Mmhmmkmmmg lodged in the

‘_‘&Mmmﬂ)‘ﬁlkm will not be ruined, as
h‘mmmmm“ . ﬁm&: excess oil with a solvent and

cutting on mild steel. A dozen
fmhmﬁn:pmhegin with. More
rte —— &ift such 3 supposedly “ruined” file. |

The round files used 10
i i esions b ool T g et "
o e These can be wsed 2y Ahieh
S T
mna e
:“..":-'-*hﬂ-: chain saw file “hhhm

When. many years ago, I showed my method 10 friend

s ino @l ¢ od, his gratitude vkt
his living at cutting wo grati was unbounded: doing it
way climinated a major parnt of his chores, e

GRINDING WHEELS

The surfaces of grinding wheels cut in the same way as files do.
When using soft, fine-grit wheels that go very slowly, you must oil-
saturate them to prevent the metal mmm*m
pores Do it the same way as you would m‘mlﬂﬁh
hand. Saturate with thin oil and wipe off the metal pulp from time
1o time before adding more ol

If a wheel rotates fast, the centrifugal force will throw off excess
oil. After that use a toothed steel dressing wheel 1o sharpen the cut-
ting surface somewhat. You will find that an oil-treated wheel grinds
the softer metals with much less tendency to clogging than an unoiled
one does.

Should mild or high-carbon steel be ground on very coane, hard,
dry wheels running at 1700 rpm or more, RO lubrication against
clogging is necded since the metal pulp will be thrown off by

centrifugal force.
MAKING FILES AND RASPS

It is not difficult to make a fairly crude file, but handmade files
cannot compete with machine-made industrial ones. In any critical
filing job, machine-made files should be used. If, however, youare in
emergency need of a particular file and the nearest supply house is
100 far away, you can make onc without too much difficulty.

Forge the file blank from high-carbon steel M‘Aﬂﬂlm
1o its softest. Fasten the blank on anend-grain piece ‘wood clamped
in the vise ‘

Any sharp-cdged cold chisel, held ina Hﬂ!#m

struck with a heavy hammer, can raisc a sharp cut ke the
of a file, The illustrations give an idea of what happens when

in
angles at which the bevels of cold M“ﬂﬂxﬁﬁ
various ways. They can form fine or blant fe€t - ’
lhmof‘h:chuelwmwhﬂ'dﬁ““‘\. il

s toe hai amy sharp,ised o 0% Py chexperetein
hardened correctly, cut steel like a file. But =f

"and which
file-making have taught manufacturert “*‘”
fomiation o6yt i in designing e




filemaking rig made
from waste materisls

& manuslly cm%

l..d:'sc seftings meas ure
Spac n File teeth
2-3cl e m& 7which
is readed
-5 rubber rell H?g
Sk chisel € e tracks
b-54 is

10 is T beamn sectien onto
which are riveted bridge-
s 11

8 Frame holds

A File-Cutting Jig

You can put together a file-cutting g in your home shop if yoy
wish to spend the tme. .

Examine the illustrated detail of an enlarged file tooth. Analyze
what takes place. A cold chisel can be used to raisc a sharp edge on the
file blank a few hundred times. If the tecth arc as evenly spaced ag
possible and uniformly struck by hand, a moderately useful file wil)
result. Only correct hardening is needed to finish the job.

A File Made from Mild Steel

File teeth can be cut in a short time without danger of dulling the
cold chisel. Once all teeth are cut, heat the whole piece evenly to
vellow hear and sprinkle case-hardening compound over the toothed
surface of the file.

When the workpicce is replaced in the forge fire, the hardening
compound will bubble and melt until all of it has been consumed. At
that moment, brittle guench the file in brine or water. Since the teeth
edges arc very thin, the hardening effect of the powder easily
penetrates all the way. )

It is remarkable how well such a tool will stand up inan emergency,
and the same can be said for a case-hardened mild steel rasp

Making Rasps

m:;:t:a;:::ll“mld chisel, a pmnled toolis used to form the teeth. The
pesriiisen ;:ﬂ:d by snfld:ng a small slanted oval facet on the
st mﬂ]::g - :;egm:li tool. Hold the tool at a slant to the
st ‘];u. nk and strike it with a one-pound

bent z
The next tooth can be pl - y’;u::tward from the surface.

a pattern with i oose. Theillustration shows
teeth as regular as mnglm' With practice, you will be able to cut
It is an inspiration f, *senin skillfully handmade Italian rasps.
make s o haturally dexterous person to learn h
sg;dwby b 0 learn how 1o
~OTE: Files and rasps -
heated a light cherry reg l::d: o1 high-carbon tool steel should be
the tecth a hardness tq c:t duenched in thin oil or brine. This gives
At the same time the softer ::: ;}m or annealed high-carbon steel.
ing uad_er strain, the file makes it resistant to break-

Rotary Files and Rasps

Blanks made for rotary files and rasps can first be turned ona
lathe. The profile can be cylindrical or any shape you like. The shanks
are finished to fit the chuck of a small hand-held electric drill ora
table-mounted arbor

Place its working part in a bed carved into the end-grain surface of
a block of wood. (Pear, maple, or a comparable fine-grained wood is
preferable.) Cut teeth serrations into its upper exposed surface, as in
a file, or individual scalloped teeth, as in a rasp.

After all the teeth have been cut in the exposed surface, lift the
blank out of its bed and turn it over, seating it with the textured sur-
face on the wood below. In this way the raised teeth will not be dam-
aged during the cutting of the rest of the tecth.

After the rotary files and rasps have been hardened, it is wise to
use a propane torch to locally anneal their tang stems witha pinpoint
flame. A protective shield made of asbestos or metal can be slipped
over the teeth to keep the flame away from the working end.

Making a Cylindrical Rotary Rasp

Although high-carbon steel is preferred for rotary rasps, they can
also be made from a section of plumbing pipe or fitting. Wbe'ﬂ using
plumbing material, grind off the outside galvanization or cut it oﬂ' on
the lathe, This climinates any interference with [ater case-hardening

treatment.
Cut a 2-inch length from a p g
N d pi f hardwood a core that
pipe. Next turn from a well piece @ !
fits tightly within the pipe and clamp the nslscmhi_v mn thehdtech:::
With a 3/8-inch diameter drill in the tailstock chm:k.b::l,].:*w
through the core to receive an arbor. When T‘hh: t:n I?ave‘ 7o A

bled, clamp the arbor in the lathe chuck. !
nized tube can now be turned to clean offevery trace of the galvanized

outer skin while aligning the picce aswell. The winmwrudﬂx
held in a hardwood bed where the tecth can be cut and. finally,

P

fard l-inch ga

hardened.

There is no limit to the number and varicty of ﬂb.::i rasps ?::
can be made once the craftsman has seen how qmei ﬂw-iuﬂ
to make them in his own shop. from smpmmpd.m S
when odd shaped tools that cannot be bought in stores

to fit specific needs.
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Q0. The Reverse
Lathe

The reverse lathe is the opposite of the conventional lathe, which
has a headstock that drives the workpiece while the hand-held cut-
ting tool, placed on a steady rest, cuts the driven workpiece. In a
reverse lathe, a small movable lathe is hand held and guides the work-
picce against a driven cutter. On contact, the work
cut at the same time. iy

fTh.: illustrations make clear the advantages of the setup. Instead
of using a ci ¢ ki
= ,,,;?fbk,mcmar saw, any kind of stationary rotary cutter would
) 3:(:: a reverse Lgthe must have two adjustable tail centers to allow
dm!; piece to spin freely when it is brought into contact with the
% ::elrl:r element. The workpiece will start to spin instantly,
o i: ::II cause the speed to be slightly less than the spce_d
b m:_ ltlehr teeth or blades; thatis why a cutting action takes
= < abllenf e workpiece back and forth ifi front of the cutter,

5 il]nstra:edoe ;::r]oﬁ the wood_ that is in the way of the cutter.
kot s (e for ple shows stationary profile rails along which

irect the movement of the reverse lathe assembly.

After ted
repeated back-and-forth movements have cut all materialin the

::;l*f'i path, these pilot pins contact the
R e oo cepted
o ) ¥
seconds for ;;f::;;';::'“ start to finish, can be done in a few
ﬁh:;, t:fid e Lt e tﬁ: as wood handles for carving tools,
o refine the :
s mun::;yﬂd r::::cc. transfer the reverse lathe and its work-
spining workpicce. 1o mﬂs aam_img disc with a rubber backing. The
» tact with the rotating sanding disc, can be

profile rail at every point,

APPLICATIONS FOR THE REVERSE LATHE

The illustrations +how an application of the reverse lathe principle
how 10 grind engine valves in a fraction of the time that it would take
on more complex grinding machinery.

with a machinist-blacksmith shop, it 18 fairly simple to make both
have done this with results that could not be improved

he remembered, however, that, as with all material
his book, each craftsman who aims to make things
i1l come up with an instrument that looks dif-
ks in the same way 1s the ones shown here.

instruments 1
upon. It must
prc~:|1tml int
from SCT
ferent, but which wor

ap material w

EXTENDED USE OF THE REVERSE LATHE

ried out the reverse lathe, you will be Iable 1o
visunlize many other applications that use a variety ofculungcln-
When the forms of the workpicces have been established
aces can be refined with stationary anchored rnury
or rubber-backed flexible sanding discs.
bination drivers and cutters.

Once you have E

ments
roughly, the surd
files, rasps, grindstones,
Sand-blasting tips can also act as com
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01. How toRecycleand
Operate a Metal~Turning
Lathe

+r 1880 in Holland, my father was taught how to apemate
a machim the as part of his training to become 3 manne engl
neer in “ast Indies navy

The difference between his training and mine, in Holland in 1915
1o 1923, made me realize that the lathe had come 3 long way since
the hand-held cutting 1ools used for rurning metal in his time. By m¥
time, they had been completely eliminated.

The lathe that 1 used in technical school in 1919, though old and
worn, scemed a fine pece of machinery. Overhead transmission
shafts connected all shop machines with idling and five pulley units
from which @ belt reacheda machine tool betow it. The machine tools
were driven by & one-cylinder. 25 hp, large bore horizontal steam
engine with a huge flywheel.

Standing at the lathe one could easily reach overhead 103 wooden
handle endingin a fork with which to move the belt from the idlerto
the live pulley, thus engaging the lathe. Onoe O it took &

split second before the back-geared lathe headstock would move.

This was because wear and tear had created so much piay in the

i i ing i slack
machine parts that in back gearing it ook a moment for the sl
& he well-oiled

to be taken up. But once the headstock was moving int
and accurate sieeve beanngs, remarkably precise work could be done
on the old lathe.

Visualize, then, a lathe of t

In the ye

hat vintage 10 be found in many home

the Metal Turning

I_at 1—] shops today. They are still being sold by families whoss
e grandfathers ran independent shops OF used such a lathe (0 pursue
their hobbies in retirement years.
With the nationwide revival of handcrafts today, many ﬂm
g craftsmen enhance their shops with these old ml‘hm:‘md“"h
’ dusted off, cleaned, oiled, and renovated. the “';n y s
i turning lathe will serve its present owner 238
1 head machine 1ool, . =
2 d e Seppulley  itinteschange | myself came by such a lathe, and 815% M:{o W:;;’;‘::_
3 main bellbeari 13interchange g - e e enabled me 10 doall the lathe “f“fk mdm P experinces
sback oy 14adjustable fram Ulender esring bine blacksmithing and machinist-1ype e
Stap ,f:’ a,‘;:‘; 15 head stock ch ,:f“‘ &1 a5, spirle may help you learn how (o ,xycmndh.muld. worn machin®
W ‘ﬂlﬂ'q .
Back gear 9 16tailstock locking hand! 26 handle "_msr,.,d Sandle that ygn can get by with wh;l'you Ve The bed mea
Fmain dydve i 17 kool iz « W oari lengituding] Feed “!h‘hhnl?l?m nﬂln-P“l._P‘_mM’. wereall
uw&mh gae  ntaifdeck L Py s cures 6 fect in length and | can cuta | cirele. Ww e
e e 19 47le positioning the gears for s well as the one gear (A
. lstock Feeding wheel 29 head stock, fock serew headstock that drives the ool
10 intermed! 8 B babis g whee 30 carni Gssemby 4 pinion gear with the gear an‘
: "&k 2 w;"”: :‘;‘TM s hckin‘ “tm if W:“‘um Lering :;“gk‘ but ¥ ’ﬂ;ﬁ' four-jaw chuck.
° feed handic self-cen was A ; :
22luthe bed not sh a faceplate, and a lathe dog. u.amwamm_mnﬂm"
I‘nd.a.mmlﬁ: PN , ‘an adapiable faceplate to wwhww%
feed. unity ‘x“l:k mummgmm?uumw ,
small gears w 1@&!’# unknown




recycing an
turning et

old metal-

he

ket A takes
mﬁ&? ‘:Bntonnchar the

transmission gear b

1
screw spindle

be dricen by belt
transmission if
gears aremissing

slot extension filed cut to

For .-

on strew spi

€ Ft t.'lt:hcr
oL 5
El: plit nut

vintage. Lo and behold, it turned out that the plt:h of the teeth oy
these narrower gears was the same as on the wider ones of my glg
lathe! All I had to do was to turn adapter slesves to make up for the
difference in shaft diameters. Once the keys, dowels, and idling
sleeves were installed, almost any lathe work could be handled very
well, with one exception: the cutting of all the different threads {
had to juggle my narrower little gearsaround to do thus, which would
take quite some Uime.

But in practice | found myself more often cutting thread by placing
a tap in the headstock and, with the lathe in back geaning, pushing the
workpiece into alignment against it with the tailstock center feeding-
SCTEW.
In a similar way, one can easily cut a thread on bars clamped tightly
in the headstock using one of the many threading dies one seems to
accumulate over the years. Keep the die from moving by clamping
a visegrip plier on the housing handle and push the die forward with
a suitable adapter placed in the taiistock. Let the visegrip or die-
housing handle follow by sliding over the toal post bed

The major gain these narrow compromise gears gave me was 10
permit the tool carriage to move antomatically again. For this 1 had
to i_orgea complicated bracket in order to bolt to it a steel stub shaft.
This shaft holds a transmission gear that connects the headstock
pinion gear with & large idling gear, which in turn moves the lead
screw spindle in the carriage. Thus I can cut long pieces of work auto-
matically and evenly.

The need for an automatic carriage drive must have been felt by
the previous owner of this machine tool. Not havi ng the gears, he
had installed on a bracket bolted to the lathe leg a quarter-horse
::‘d“x‘z- thl‘:‘n a step pulley on the motor and one on the lathe
e o yury the. moving speed of the tool carriage at will,

h_ﬁml Mg a gear dnve he did not have.
x This points up the fact that, if wo
I::’:)“;“}'“ arrangements will do well in a home shop. Do not hesi-
HAVERLIVE in these matters, There is a choice of the widest

vari i
e on8 the many kinds of transmission systems in salvaged
machinery, .chaintra !

S uding biles, Fori
of timing gears in cars would be ideal, since the parts can be expased
1 be made adjustable with an idler

Tse comes to worse, belt-driven

and center-to-center di
rolier. SRR

Another i i
the split lu:mm*u:m " this lathe that had to be reactivated was
carriage’s longitudi Dl;::fn: nieh engages or disengages the tool
wem 1 - i . This screw hy had
e 1 o o sbipped:s bont Yaking epart i corantric

scr:w spindle, that had worn,
Next came the inaccurate three-ja

accurate again. If an accurate round v

center. is clamped into a three-jaw chuck. i

i its

1::.““_“- especially when the workpiece hmg'f"“! shows a
!54 sign that the chuck jaws have worn at one M”"! rod. Often

other. This telitale sign means that regring more than the

if, after several tries, it continues to show .?.‘:::mmu foe

GRINDING CHUCK JAWS FOR ACCURACY

As the illustration shows, | made a wooden mount for my electric
grinder so that it could be clamped amomemolpmbu} By.lhgn-
ing the grinder unit with th_echuck center, | ensurcd that usgmdu:
oint could enter the opening between the chuck jaws and could

t back and forth between them over their full

made to move frecly
:rn;_i:-umg the headstock at slow rpm in dirg drive, !c:wil:lx
grinding point gently ourward toward meuntil the ﬁmqurk o
contact between the point and the steel of the l:tlnc:d)l[w. }
moving the lathe carmiage back anq forth evenly by had‘;.wm:gm“ e
the grinding point into contact with the ﬁsl_l jength eac v
aws. meum:mnmc[wmﬂdiumsclhehlt:nfug_mm
by 171000 of an inch. 1 could R.“ upon emtmi : ;hJ::
had been resurfaced by the grinding pam!.w:.:t;m

Any further grinding was unnecessary; it

lifetime of the jaws. ; .
. Wear and tear in :hec_huck yody ns;: l:bu:;a!so bemﬂ-uwonld
show up after forceful tightening of — jaws nmuhejwmme
rately round workpiece- lf!hc‘::s“ga : pmdmme e
ends and not at the jaw tp € some

free end of the workpiece. T0 compensate ?or

inding must be graduat D e
i: jawgbas: ends 1/1000 or 2/ Imui?{:::;l: farther outward
the tips. I'hismakaupom'hlt_‘f.:f:m!i RS
piece over their full length with € bearing
only.
Another improvement foran old, b B
el mhmﬂsflﬁmm' that each jaw is
Remove the jaws, but & &
with a stamped-in number 07 code :‘ﬁ . IR
tion on the chuck body. This assu ﬁsms:: Pﬂ*’ "ﬂ’: E i
chucks do have such maiching ma atheil e
Regrinding cach chuck jaw as shownin ustratto

jece 30
width of the contact area with S\'::;k:ﬂ 409
come centrally closer together. S o the

to hold fast to mild s:;el workpice
wear down under jaw slippage- o
the jaws, such slippage vn::l‘uur down the jaws
t that the contal groo_ el
pig!c:u:cﬁu be smaller than 3/ 16 inch for a lathe

diameter or over.




ttion of cutter held 7
?t:lt;:ant of Inth: to Cu,t:':‘at
mfhlsﬁﬂ!mlm' T umﬁ-ﬁ'm."

TURNING OPEN-ENDED WORKPIECES

This means that no tailstock i1s um_! when turning a iongpigwlh“
is ¢lamped in the three-jaw chuck. First ]Jlflcc the tool bit elevation
position at dead center so that no hnrkplcgc center remnamg will
force the tool bit below it during rotation. Otherwise Ereal strajpg
might pull the workpicce out of center in the chuck or break the too]
bit at its point. There is a real danger when using carbon-tipped tools
that such brittle bits will then break.

Another make-ready method isto center-punch the bare
position it onto the tailstock center before tightening its ot
the headstock chuck.

ndingangd
herend i

The Lathe Steady-rest

If the free end of a long bar must be fac
steady-rest can be placed at its end.

Clamp the bar in the chuck and test run it without the steady-rest.
If the end of the workpiece shows no significant wobble,
steady-rest assembly, as shown,

In this aligned position, with
the loosened steadying sliding s|
bar end until each gently
between sleeve ends and
drive. Now move each s}

ed or bored or shaped, a

position the
for a cutting action to come.

the workpiece at rest, hand screw
ceves, one after the other, onto the
touches its surface. Next oil the contact area
workpiece and run the headstock in direct
ceve Inward somewhat with the wrench and
One at the moment that a little dragging of
X between the sleeves takes place. At this point,
munutely retract the sleeyes just enough to stop the dragging, then
ghten them in their slogs 1o anchor them securely. In this way all

m::s::q it own best positions without binding after being
You may now begin cutti

ng without worrying about the work-
Picce moving ouy of . s

center, .
cutting tip, ©f. 115 outward face freely exposed to the
TOOL BIT SHARPENING
The beginner, taking b, g

lathe, m I8¢ Steps in working at the machinist's
ing m‘:;m learn the design Principles of shaping and sharpen-

it should be positioned in such a way that the steel will not
easily, but that the track it leaves on the steel surface

ot -+ almost polished at the same time. It ugnudpncucettlm
R .r.-- seems to cul properly, to lubricate it as well Lo insure
:Umn'l: “ of operation and to keep wotkpitmmdmmlulfd.
‘mmmt": many of us who do not care to purchase special lubrication
e Je‘\ s-;m: operation. Used motor oil will do; a small stiff brush
“q::‘i:: .-h-:.‘mi kept within arm's reach serves very well.

in -

d WC CUTTING TOOLS
DIFFERENCES BETWEE_N ;
FOR WOOD-TURNING AND METAL-TURNING

s -turning tools can have
use wood is softer than steel, wooq
h:—“'.-é;ml:rtp-mnicd edges. But toals for cuuan;melrmm“ “::Iwedp. "
thin, sha “ .
that are thicker and blunt-angled. The thicker adg: “mh -
therefore. do not slope away from the wzrkpmm‘mch]
edges of wood-cutting tools. (See Chnptui p:lge e s
1 suggest that, when tailonng mhc::::: ng s In;m' .
SURRES : ‘
hesitate 10 cxpcnmenl,_ cven a pensc mmdotm’i“m‘.‘llllﬂ'lh‘l
:i:n:’shH\: can gain from mistakes and therehy lea

thing at the nght time.

LATHE DOG
THE HEADSTOCK FACEPLATE AND THE

ou can duplicate its action by holding
Iilhl.' center points. First 'um-.d:':ﬁ
lamp it in the three-jaw chuck; et
chadogmbefm?dmthu x
*s walls, thus driving the workpicce
late-lathe dog setup.

If no faceplate is available
the workpicce between two
with a cylindrical shank fnd -
lathe dog onto the workpiece. $u
will reach between the chuck jaw
with it, This duplicates the facep

Muthtoolw

be
: the tailstock body can
The greatest value in this “’.“""d,,.,,“ %hwmu-m
adjusted horizontally “m;‘nfh: dstock and Iaihuk.h::ﬂ:“

qeen cenlers - work niece wﬁd
::z ?1:{:::;b:::owbk to cut 8 cylmddul,o the lathe bed. Another
one with the cutter travelling

ignored

chuck can be iia
advantage is that inaccuracics dmm the chuck s made to move
as long as the center inset clamped

true center i
This center, as well "-:rtm

a universal joint w;:lm piece :

fecaly ctnlrlll.i:ﬂ! T : et .

tensions. See 1o it lhliw‘:::l'd—'mwh "'"_

Advantages of Using

stional needed and re-
lubricated. An add "M"' _ e
piece can easily be i without nsking any
TAPER v
How TO CUT A er shank withs Morse
y--ﬁuu“sw”"“m_ using
taper we can do so without ABY
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 lathebed

) it inthis pevition

e tore

with

Nhﬁmkm
anly

& move

toe! bed serew,

First Method

Keep the tailstock center aligned to the headstock “enter. They,
post body, being adjustable, can be rotated hun.-onlall_\' o anyangje
you wish and locked at that new angle. Feeding the CULLET With the
tool post body only will then cut the workpiece at thap new a
while the lathe carriage is securely locked to the lathe bed The Maorge
taper, however, happens to be measured, not in degrees, b by offse
and distance—in this case 5/8 inch to the foot The measure isan
approximation because Mr. Morse, the inventor of this tool's d 1
found that the required taper angles had to differ a bit when these
center mserts were used to hold fast 10 large or small diameter work-
pieces. The design of the center’s taper shank is intended 10 giveita
holding capacity, as a clutch does, without freczing into its seat and
malking it difficult to extract,

Using your own center inset as a model, place it on & blackened,
flat, machined surface so that a black line rubs off on the inset, Ths
mark will enable you to hold the insct tangentially against the side of
the adjustable tool Post assembly with the horizontal black line fac-
ing vertically upward. Rotate the loosened tool post assembly while
sighting as accurately as possible until the black |
the lathe bed below. At that angle, lock

You can now begin cutting at
and the beginning of the tail-cent

ine runs parallel to
the tool post bed position.
the start of the cutter's travel span
er end of the workpiece. After sev-

9 rk " .

position, Its center ek i Plece in a reverse directed taper
it doesn’t, the tool

accordingly.
Stilt : y
:“'“"" ":!’ 13 10 estimate the amount of play by rocking the
the angle setting bymefee:“ ‘.“ﬂk unfinished taper shank and to adjust

i

e 3o ml’;;“:““' make a new cyy, which. as a rule, will prove to
needed, Tapp; fcurate thay only the tiniest adjustment. if any, is
of the slightly “Iow:” With 2 small hammer or mallet on the end
bed almogy .H"’"’ Post body will reposition the tool post
¥ 1 the teqt (sleeve aver taper) shows the
Proceed to duplicate the model for size and
sleeve shoyld show a perfect scating when

ance more, angd the Wﬂ.ﬂj“w up a little, locked on the lathe bed

Alterthe i continued where it way left off,
Vith e & R3LeR, refing the 1aper shank's texture further if needed
drill . abrasive disc held in a small elcctric

o surface of the taper as it rotates in the

hwnn m“m.ndmlh.cun.ﬂ
Nazhmwmm - This is the blank out of which the
Planned for iy FRIer piece can be wmed 1o u‘:‘d‘_ »

gecond Method

This method uses the faceplate |.nd, do‘!_ 5% size rod (not
longer than necessary) is ﬁm provided with deep drilled center seat-
= at both ends so that it can be held snugly between headstock
mg: g.-“]alnck centers. Again, the surface u[lkt.nndd‘m imset
anc J;xcd with a black line. With that hmmmlmmm
:::1 the model horizontally and tangentially against the rod (

-+ stock) .
Pm::ul ;:rn the adjusting screws on the tailstock buetonaﬂ::
P\!\llh‘f.\ until vou sight the black thwonihtmod:lhnw::m‘
lathe bed below it. In this way._{fsuundeterm tailstock:
yn. Secure it in that position : -

P“;::‘:: :::cumng with a shallow cut. F_ﬁd uwﬂhlbehlb:sm
back l.md forth along the rotating dog-dme?wm:n. mwﬂm
of the length of the ta]mtmhl.'ﬂtlr.urn_m“j’.mmk oty
the workpiece and slip it into the _empucd _ ﬂhmm w5
sarv. adjust the position of the tailstock setting i
§ ceuracy vou have observed., 1 .
rlh:tcmhnbmmm
and continue this procedure fnu.l a pcrlf:t ﬁl_.!tu-‘ S st

When the taper is finished, return

s
center with the tailstock offset adjusting m;mmt{u. x-
Whatever type head vou wish to turn on tailst

i 1 way.
center can now be done in the norma

E TOOL
POST BODY ON TH
iz SE TAPER ANGLE

screws to meet whatever ina
the setup for the next cut. Afte

HOW TO MARK
POST BED FOR A MOR

On the end of a flat-cnded punﬂ:ﬂ: |.-| >
Place it at a chosen spot mdsl::kc S tghe
post body and tool post bed. g st
punch. This leaves the ND_me_ﬂ .
horizontal metal parts, ln:hnntng“ i
body for .:u}:u:::o .: ::;T:i;::hl} ipiicte

ock bﬂd:w since o

tioning of :
lst

can be made on the tal i

with the length of the workpiece

in In
wvore Trial and ::::‘h:::hods in
ted industry met : :
Z:wo::anddiswdedmmm::dw&_ i
measuning instruments, 1 wo dy .
and outside caliper, & depﬂlr,:;dr ordinary
square, i straight edge, 8 pal ividers.
HARDENING TAIL-CENTER TIPS :
turn :
ﬁuwthannalmmporuu:zim lﬂ"‘. W."' i
tips in the same way that shafts hhﬂ&w Mn "f'-r"l“l .i la_.,l i
another, the center tip surface must be o & fiction '
iuwﬂwwm:guﬂﬂw&dmﬁ _ "
hel\'!fmmldewilhlhelooi. aer e v II_-.i_
Harden the tips by drawing & simaw Nl"m “‘I ‘i“i_a_“hhl -

.It_upimd&ulhnipm:.m —_— o
ow teacing h::::uuw gradually, through the 3¢




ductivity, while not beat:
cal degree. A sudden que
soft. wiach will pive it 2
haghiy pobshed shank would A
bess a3 a clutch does to keep its opposite member {7
letting it go canly when necessary

T sEppng while

STANDARD AND SPECIAL METAL-TURNING
LATHE CUTTING TOOLS

Almost all metal-turming athes are provided wath
tool post. The slot in the tool post can bold the sta
up holders. It is adwvisable to have inone's ¢
and 2 efthanded and nghthanded one. A b
cut-off biade insent is recommended. The sa
bandmade cutters forged from high-carbon
suil. In this instance the correct dimensions of ber
which such a sphere maght fit, can be used 10 make
yhfun in Chapter 26. The preliminary shaping of such s
sphere seatings with standard lathe cutting tools can be followed
up with the special tools for a last refined cut

These special tools are very convenient and. as a rule, any machin-
st who is 2 blacksmith as well can easily and quickly make all lathe
cutiers from scrap steel. Boring tools for small hole diamet
5920_1:')' myd:nd quick 10 forge. That goes for
#ize anll as well. If a workpicce can be clamped in
mﬁ;ﬂ:xngm with the tailstock center at siow rpm,

hes 2 ample matter

Another tool, the night-angle cutter, des:
Projects on the lathe, is readil
in complicated setups,

gned to cut open-faced
readily forged. It can reach close quarters
simphifying make-readics.

USING THE LATHE IN PREFERENCE
TO THE DRILL PRESS

les larger than 12 inch n diameter on a2
Pmlbcumn us slowest speed is often 100
means 1o reduce the g

s e o peed, the metal-turning

= o TS 2 metal-turning lathe
= “dm: ‘st with a Morse taper shank that fits
lathe tailstock, or should adapt one by having it welded onto &

Sometimes the drill tip must be steadied :
ing the drill tip a little more sideways. mm'&:’rwmb
thml::uulhthmm—bityhmdinmmn the drill tip
“'Whmmhmmrmw = mw

e drill tip. Gradually nacemg off the tool-bolder puide while
! with the tadstock will soon cstablish comect
a1 the took-holder guide can be moved out of theway,
s especially convenent should you wish 10 dnill very
high speed without having 10 make a cemterpunch
mece beforehand. Soch small boles are needed
large drill with 2 leading pin. The leading pin fits
and is fed into the workpicos 2t the slowest speed
back-gearing. A common difficulty = that drilkng
Jll make the drill shank siip in the chuck, which ofica
hiened sufficently topremifmummhﬁl
plier clamped firmly omto 2 small, fiat facer ground

pi

‘. | shank will keep the shank from slipping under such

drill chuck, the tailstock ceater inset can hold the dnil
e drll shankmmldhnrad:wmﬁmwm
the tip of the mmukmw.&ﬂﬁhﬂ
omto the shank so thata -tuﬂ_nrmphs

i here is danger that the drill shank .
st ter tip if the feeding of the drﬂluw'ﬁrudrhf._
Th id make the drill “grab” the workp ¥
breaking 1t
i jobscanbe
tis rkal f[ecﬁ\-ti_\'m:hmaﬂ!ﬂw
It is remarkablec how e ke = pi

carried out, especiallyif one of the
1 t ock chuck. large

can be clamped into the headsto e 2 nter.

plify a much larger dnm‘#ﬂﬂlﬂl}* doae

hole will sime

Drill
Using the Headstock Chuck to Hold the

- ; be
T}:;smus:bedomri_thtwrtpmﬂunm i--iidlvlﬂ“‘
headstock chuck. The ill sctup

the workpiece rests on @c_lop
it during drilling. In this instancs,

i wooden
moved and the slecve pushes aguﬂl 2 wos o
the hole to be drilled all the wa¥ through instead partway.

It is easy to see that r.-n_d J
besoivedmingnhlh:wthdll_ﬁ_ﬂ‘“;‘ the tools offer a0

within the range of pmhh“?u* ) “M”

overreach ourselves 10 mcnﬂ‘;;

loohlumokﬂllndnmﬂd ; <.




and Its Use

- not woeD & inp-hammes 10 action shoc
nt {uli-prge ilumratons of the one shown pers

s @1 BCUVESD
and fall o the Gammer cloment comes b
v lower L DEMme! PUSTIOT Whet 1he Sammer

mmer weight s balanced by the fiywhediczant

it athiustment, wheh maies the chmcd

ph
o spc-:crurms.ui:’w:

L et action U
S e ke WMeCRBSIE TR Teicayes OF Rope the

¢ tammer dove shalt

ations are miended o furthes

yrpunyng Llusts
4 the Lnp-hemmect




my lowers hammer

looyer ™ -
& Spring ™Rises

ham

mer
whes spring s looser, hammer
lﬁ m’&“,;...a down .,
R WEhe
:memm sher at &
maximutn hamumer 1t

WHY THE INSET SLOTS ARE OFFSET

The stots are receptacles for the hammer and anvil insety. The
offset gives the smith a chowe of vanous inset placements

The first diagram shows a center-towcenter alignment of Innety
It calls for placing the locking wedges in opposite positons. |f Ihe
insets are symmetncal it makes the hammer action on the hot Work.
piece central and symmetrical

In the second diagram the insets are set wmalipned, with Both
wedges placed nearest to the smith. In this placement. the workpiece
will be indented at the bottom but not at the top when its end i kept
Mush with the edge of the hammer inset farthest from the wnitly

In the third diagram the same takes place an in the sed ond, bt
shortens the indentation on the workpiece a little. This wedge pouis
tioning gives the smith a chance to forge a local lip ut one side of the
bar end

In the fourth diagram both wedges are placed on the far side of the
smith. The insets” positions, in relation to one
a3 in the second diagram

The fifth diagram shows that if the smith wanis to offset one side
of the workpiece longitudinally, he will need an inset with an
extended apron so that the hammer will sty
workpicce that rests on the spot directly below the hammer path
The apron then serves as a convemient steady-rest while keeping the
bottom of the workpiece unaflected by 1he hammerhlows

The five diagrams for inset pasitioning should make it clear that

the smith can choose aAmong many inset designs
suit his plans

another, m the sane

ke that portion of the

and positionings te

THE FORGING

The illustrations shiow 1
tap view of the anvil,
Notice that when 1

he positioning of 1he workpiece, lirst in the
|:l‘nd then in the side view between the two inseis
two insets are ¢ P
nu.mt o the smith are cuned“mm:;:l:wlh e
’o::l:h:lll::.::;:n a :;mg workpiece the portion that protrudes be
i e h:g: hhy‘p.n the trip-hammer (rame because the
"mw”mu pbmd AL an angle 1o the main frame
4 |  bar, its heated portigy can
orward during the uninterrupted hammeriy
out portion without leaving
section is moved buckwarg "
Nattened portians become

the edpes

be steadily pushed

0 the siesl If that
nd forward during the hammering, the
hitiner, longes, nnd widey

MoOsT FREQUENTLY USED INSETS

Ipes
hen huma Va8 el lees wivail.
o trip-hammer

L hamiiers Al A reasofable cost, many & umith leoked et the
e :.h.-‘. ol one ax g new lease on ife He no Inger wae
. .]“.h('H‘!(l wr e sledping Besides relieving him of the brutal pan of
'm.‘\ sk e could alee make more intheate forgings by designing
Ih‘. ‘m‘l imacts to meet special shapes. Such inarts are referred o s
“": ar mtrives Tk that particaler aspect of triphamiser die that
- ves st uselul b the modern smith
i.I‘|‘1 e T thie shit] (or o acgiire 0 te make et himeell, they oill
el him 1o make multiples of asingle type of workpieoe ol aill mh:
short of mass-production. Making fultiples often holds sut §
promise that the nith can improve lis esrsings by doing everything

single-handediy
USING FLATFACED INSETS WITH ROUNDED EDGES

Ihe most Treguent use of the trip-hamimer is Tor tnl‘lirm::
weed 1o he fattened ot deavwe out in R |mlchinur|h;‘nm‘lm"n
ate perfectly parallel to ane nm.vlhﬂl."lwwrllrlv el

wit i b i thick to thin
g7 Ial-'lellru--ie spatuln can be made in seeonds and it o
out uaing (he eronspeen. Resist ihé lmptl\h.:‘n;
yi hamimeriig when the visible heat plow
‘ hange its lormn furiher

For example
hewting and with
however, (o keep
disappeated. The steel is II:en v eold o e

dthout the danger of erneking ' ot
. R‘: r'l'lf'lll,!f'l that the inkets e guite cold :nml:l::i::mw o 13
and tht the thinner the steel hen:lun:ﬂm."l::‘:r‘f:m:mm g

r the

are rapidly it cools despite pl ol B
:lr:\ y hammer pours into it 1 |.Iw steel hecomes by
mering, rehent it before eontinning e R

One unexpected advantage of the rn|1|1'|“. - 'mm:'.“ prege
trip-hammer is thai they inerease the 43" e Ui " epe
cinlly true in the making of cutting oo b =1 :h"ﬂ'“‘ the g
by the compicing of the moleculad lghtet e wauld
hammer's heavier hiows dio hettet ihai i it mnlml;nl. {he
o | wteps in the frsrging ol w cAr Sosws, Belols
: sately by Tetting the e i -
1 and fusiest. This js petesred

Dhuiring the Tin
Winde can be compneted delibe -1
ihe blade gets (oo coul, be the ey

ws paching the seel

MAKING WEDGES
4 car axle will do

of the aeke The MM“
“'u:::nhﬂ“" e it

"
o make 8 henvy wedge, (b stk of

wiry well
First et off the huh and 118
lengih, aboiut 14 inches, can then
1her fergging . it
uaing
1}0 fivnt wkill 100 !_ull"l'?:' e Ao o

in ennct Al enener: Acerate b
prasprprpied ,,,,,,..m.n.m:;",,mm

insecurmisty snd ot 0
foormbtng. (11 the par o be fergedt 4 ot vellow el S
bande 1 ot ol e ‘tiwt e sl om he R

MILB LS 8 v
e =




Begin forging the wedge with medium blows, increasing them :
foree while gradually drawing the workpiece toward you, Whgzm =
have reached the very tip, commence all over again where thay P
is thick h ing with med blows and mcrcuin:?m
gradually to forceful ones, again drawing the workpicce mwardl;em
1o its very tip. In this way you forge the graduated thickn =
for a wedge. e

By working steadily and quickly with forceful blows, z

y i \ You wi
able to keep the workpiece at forging heat. Much of the heat I::.b:
cnmpmsmcd for by heavy hammerblows converted into heat, th .
slowing the rate at which the workpiece cools off. Keep in mind. w:;
any forging you do that forceful ha ]
= mmerblows add heat to the work-
When making wedges, the thinner [
ma dges, part of the wedge beco
b1:oader m time, making it necessary to forge its sides together tnn::t
x:muuy if a parallel wedge is wanted. If the slope of the insets s not
steep, you can forge the sides of the wedge approximately with-
out ha\ngg to change the insets. Or you can parallel the sides from
time to time by hand-forging on the anvil.

HAMMER TEXTURE ON THE WORKPIECE

m]f “t)l: ;u:;r;;::ze n:::s:dbe smooth_am! free from indentations left by
i TE: pfthe insets, the inset design will have to
sty thesl o is done hy s.ft_:pmg upward the hammer
s hmwnm‘ D:T‘:;ing‘:;::;d'ms it slightly. If the anvil inset
e e tions will result,

= wl:t::pmml:f:::dtt::sam_elnyas before, at right angles with
s h'msmith. S s y a_m-‘l] inset face slopes downward toward

1 lower his hands somewhat, holding the work-

CORRECTIVE HAMMERING

Watching closely
) how the yellow
s _ hot stee| shapes i
|rnm::::l:‘l: :{here and how you ;imni :::
::0::; In spite of the accuracy of i ok s
W up if the workpiece i v :
ri o b “: held a fitgle o{';n‘d:::e::?l:f“ﬁs
of the hammer inset it " e e
e seems as though the enti Aasl
: ‘hummmum O g entire machine structure
mer is an old, worn on fferences
= s one, these di i
- Wilhbutt rm tosay, gmdmembem:;e ot
. only the ns_Ju or the left pary ul'th:‘mmmgh el
aving worked with worp u-ip-hu;‘,mm|s
h:j ACUon becomes almost a
ice of Workpiece Pllcvmm:

VAKING INSETS TO FORM TAPER ENDINGS ON RODS

C!HmpNumselbl.nnkjlogﬂhuanddrilllbnleﬂﬂumm
the two faces meet. Next grind cach inset separately, as shown, 10
form an approximate cone shape. It must end up well-rounded atthe
end edges Both insets are centrally aligned to receive the round stock
a1 the larger part of the cone that faces the smith.

During the hammering, feed the yellow hot stock forward
eradually between the insets, rotating the rod continuously. This
squeczes the steel so that it develops a circuiar, rather than an oval,
profile as each hammerblow counteracts somewhat the oval profile
created by the previous blow. Toward the end the force of the blows
“hould be tapered off while the piece is worked backward and for-
ward, and rotated all the while. The result will be S
accurate as your manipulation becomes more and more o

VARIATIONS

The illustration shows how to position  round rod. heated locally
about one or two inches from the end. Continuously rotate th_e rod
during the hammering, when it m}ct;:;::e desired m;uul dimen-

ion, gradually pushthe workpiece fo to position hammenng
:!I mf while; end up finally with position 3, rotating the rod nmu.nd
its own axis all the while. A taper
results. This shape is the first step in making a wood gouge blmlL

The untouched end can be widened for the gouge blade, fllj:-ti ﬁ
the peen of the hammer, and then flatiencd between the btedme'

insets of the trip-hammer. It isupto ynu_wh:n pa'qms_lrmﬂ - m&
you may choose instead to spend the time changing ':"“ or o
purpose and afterwards replace the flat-faced insets &0 smooth

widened blade section. ’ o
Making a wide blade from 2 a st

hammer eliminates the need to u?scl lighter sl?:hk hf:‘r vl_::hdt.ni !

saving time and effort. It is practical to start mfwmmmw

the drawing-out and peening of steel with the tr

a little time and the least physical effort.

jameter stock with & trip-

Two- and Three-step Insets

The illustrations show insets that httl:‘mmg
seating profiles instead of ane. This allows ot .
slender tapers more easily. The first profile i uﬁw- g
seating, which permits forging of 2 shortef. mimht
reheating. the taper can be made more slender smalier profile

next to it.

Special Insets must be
If specific blanks are needed for QALY -utﬁl::‘"“ 3

made that can shape various cross that the time spent 0%

than iru.eymufovﬁﬂ‘”"“.d'h“

making special insets mﬂﬂl'f"m'nmaﬁnékﬁw 2
The most frequent cross Section 08 SEL o nered out into &

rotind. With the insets shown, a round i BT 0l S,
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forging, whven reheated, is placed in the nevt vhallower "
Farmver M'ﬁ'mﬂshﬁgl then fill it completely, producing a triangulary n.". Ll::, ::.:{Ilr Hwily X .
i knives or engraver's burins. With a hittle practice, you \M]‘I hl:hmﬂ“ 93 Makl n a P
i Tt forge such stock without curving it, (Curving being a natural o, > alr O nsets
when & bat is stretched on one side more than the other) tendency

CUTOFF INSETS tO Forge a Gouge Blade "'.?

These can do what cutofl herdies do on the anvil. The po ‘
trip-hammet makes i possible to cut heavy-gauge “‘r"'\:"”“ht 7
great effort. The insets must do the cutting without :u o= £
sharpened knife edge To do this, each knife section m.lu"m“l o
Mat-faced and at the same level as the knife edge. The fin I‘:mu“h .
cuts the stock in two will fall at the point where the flat !af:r\fl;:tith“

L ngs

meet and the knife edge o
Anoiher muthod is :::t::‘::;chl:l.::,::‘:;::Nhn ost of the difficulties encountered in hand-lorging a wood :
purposes, 1n this instance, & hardened hamm _:”I‘"f-'“"‘ for cutting carving gouge can be overcome with & trip-hammer. In the design |
stock the moment it Marts cutting into ”-‘ er invet edge cuts the of the gouge shown here, the shank and the bottom of the biade farm |
anvil mset 0 the annealed surface of the 4 straight line. In hand-forging it i difficult 1o force the thicker part |
WARNING of the blade down 1o the point at which it meets the shank without |
WilL, &t that '::em':;:.:l:_"::l"::l';ll:;lhi‘l‘lut lihr severed part of the stock distorting that part. There is the dangﬂthntlhﬂhmn«amofl‘lht !
start a fire shoudd it tand in \‘“I\'Ihu::;: Tt could hit a bystander or steel will give way under hammerblows much sooner than the stiffer,
y e material thicker parts
In order to curve the blade at the point where it & narrowest, yet A
thickest, a heavy blow must be struck on that spot with a matching i
curved hammer forcing it down onto the fiat facing of the anvil 3
Failing to do %o correctly causes the bottom profile of the ool hlank 1
1o hump up at that thickest point. To meet this difficulty when hand- #
forging. place the heated blank with the bottom profile on the flar | .
anvil face. Hold the ball of an appropriate iz ball peen hammer on i
the hump and strike its face with a hammer to force the hump down !
flush with the anvil face As o rule, one of two sich treatments will
correct the discrepancy. Only after the blank s correctly aligned can fs

Third W, the shape of the blade ending be refined
4 Way of Cutting Stoek “Humping up” can be avoided from the start '_“h 5
designed trip-hammer insets that shape a gOUEe blank with the peof oamel s

alignment. The bortom inser can be ¥
steel as shown for insets A and B Should you I‘Nﬂﬂ:n‘

by
large enough to make the U ;
by | the hammer's path, very litle

Culter dnsely
Sarsd __l st hﬂ%

2
7
-
2
ot ¢
£
&
2
3
=2
2
-2
=
z
7
g
3
F
2
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4

with that same slope. M, with ha
sloping ake these f mmer insets mad But since the inset apron falls out
well Plancs meet 50 that they c:a! ;: :;: :"‘“’Wﬂ edge wh:“, th: ! force is transplanted by the wﬂ::dtﬂm‘i‘::lhw o g
) or o . Jeus as a steady- sanith ) ]
..,:., ,m, of car axbes are cut with e sy ; ?:l:u: ‘::f;gm!‘:r‘g:g and allowing him 1o keep ‘:. ! : f N
part firmly in position why this pair of insets, k perfect alignment, holding it firmly seated I8 that -
mrhl:“ bring the curved endi "‘:“"h hardest ang r.;m::::h‘ l ing hammering
Very thin connect the insety ol - o bitwil
stop the action lnd“k ::II::; holds the stock tn.,::::‘llu. leaving a % Waorking the I:Ian: mm:nm ned
with tongs. In this wa the end piece over the an Atthat point, fecl when the most omd " e shank. A oW
Imiulhhm'»:' the hﬂlmwmn’ anvil or pry it off ! which the thickest part t‘“M“mMm*Mm
on my own tri for making hammer ofl uncontrolled. wmmnnl""‘:‘ rd y0u AghS nti) the .'
. with wip-hammer. It has saved much With good results You can now pull the blank o agsin Bladeis
. hand-hamsmeting a cross peen effort and time compared i renches the very edge of the gouge ending 1fthe
N : *eparately on the anvil, f %mmudupmmmﬂ
L WAGES pack 3 I
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use temnplates
tie shape tone
surfuce that (s
o fit inside
wall
ation, YERL
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Making the rop inset s an entirely different matter ] Suggesy thag
you avoid making hammer insets with horizontal extensiony, The
exXlension can cause cnormous strains on the machinery as g Wha&g.
particularly if the extreme outward part of it hits the bottom insey
unintentionally with full force, The effect would be 1o wrench (he
moving parts of the machinery to the breaking point. Do not undeg.
estimate the enormous forces that come into play when a tapidly
moving hammer mass releases its stored ENErgy upon impact With the
anvil inset. The hammer inset must, therefore, be allowed to distrip.
ute its energy within the range for which it is designed. It must not faf]
beyand the projected area of the hammer body itself
:lhc hammer inset should be designed to fill the inner spice of the
finished blade of the gouge so that, in the end, a full contact I8 extah.
lished between the workpiece and both inset walls. The illustrations
show how to accomplish this. Examine the cross sections of the
hammer insets, they rmlchthrcunannrul\r\cm!m

llphli\:\_\.nu can
make

Use a hand-forged finished ool as a maodel 10 make the insels.
First, fit the botrom inyes depressions exactly along the curves of the
templates, (As shown in the tlustration us profiles | -5 ) Next, use the
! I nset curves

I to fit the &
I made well, the two insets will
to shape the blank correctly at the
contact in. Make certain that the
inset are rounded off so that
blade bl nk beyond repair

After both insets have been installed, pe

allow sufficient steel between them
moment the surfaces of both insets
edges at each end of the hammer
Al no time can local depressions mar the

wition the hammer at its
m allows you 1o check the

ly result in sideways forg-
hen become much thinner on one side than

line. The location of the

section of a kouge, and go on 1o hand-

(.l‘h;*nk. sht_nudu and tang)? Or shoylg You ane
Ho:n‘l insety :erh:he trip-hammer with which
Parts of € tool? It is a critical decision 1o make. The
“‘!:.P:l:n 10 mechanirze further is great Weall fall prey 14 i1 a one
e, dﬂqmw. rOverreaching Ourselves withous being awpre that we

forge the rest
mpt 1o make

LML out to dot to make multip& shiy
production. b " *hort of mass
1 time limity thag are acceprable to the ndependent,

-

24. Making Trip~Hammer
Insets From Trolley Rail

Once you have learned 1o operate the lnp-hammefrm ;::;1:5 sfmph
insets, the next step is to make 'ddmm:.n;; o mmbk“ﬂ.imhk
varicties of scrap steel. Small-gauge trolles e
that can often be found. Is T-shlupcd mu“ﬂ;mumqﬂ‘m
built up from below solsl:nt the finished inset

: nvil slots.
thchP::‘lI::rh:n:v:m“hins to try to fill r.hg I:lp‘:itll] ss::u: “::::]IIL w:‘::
sections, especially since hxrdwmx!mmc:;o:\;em i Al
excessive heat ever reaches the wood, S Skt i e
burning. Using hardwood props m!l::lﬂ ety it "
insets from odd-profiled bulky scrap paed s mllﬂ'ﬂl“
is a high-carbon steel that can be tem| hardness

i way of
e -by-step procedure illustrated shnu:‘.:k t;:ll‘::am ; 2
e '*1=I:‘ <c inscts. Treat them as if they were =
promyer - cl Thc only difficulty is making the e s
fagen (:--‘[lc: .ng me!ht;ds. It is possible that you:: s
‘_"'-""5 -‘“t‘;l::cr way of doing what mhmﬂwjudb e
bh:lr:-c: .rcsulls that 1 have n_btajned doi: e fcu;.l!: ars of thes
\I:-':Ial |laborious task of making the mal

insets.




THE INSET DIES

The plun for ety 3 CEPINE POUET h:ﬁl:s that anl The 1o

lq;-ﬂ and shawi ¥rFT 30 B¢ shaped an the T9-h -3:.

" Farse hand-fongea modl 10052 e copnd i meking the e diny
::ﬂ sipde ané shank Fosh all pans of the toal umel yoy

_;"-“:. sacaiiod with the shape 30l asmEn

Mskmy the Top bmset Doe

{-mmﬂ»‘lﬂﬂ OOl SR$ ER DRPTESEROE IS Aiow part of the
Siipdie und shask 52 plasees of Pans Thr form San then he duplcamd
@ s 1 make the o el

woTE Wher Two OfoSi PRTIS. &S T RIS AOC
e made. we tunk of S0t ks DEME Mg and e ¢ nepoTve. or
s Semg sobd Bad the ather haliow The opposates 11t together bkeg
pefitoy pnd 1he pRdSEE T B we Jook a1 the parts separaeiy, b
mes wemanicr the two Srnmg togeIheT. B O
ofirs rescits @ our makimg the forms the
shomid be & = the sarror that makes of
when we ook mio 2 Be op guard agams? thss Tor swiich. Making
a plesier cest = 3 good wuy to avoed the difficulty. If vou duphcate
the cax of the tood procsely, the resull wall be the correct mser shape.

Te make thet mect use 25 00l snyilung m the shop that s
somable Filmg backimg gindmg and hammenng are all
pormmsible 83 long a5 you cam reach the narrow reossses wathowt
bresinng fragle 1ok

i dih. mu

¥ what they

side » leht side

The gnndmg points should be exaciiy cemtered and exacth round
before 2 grnding op-::mr._h:gm Iif they are cocentnc, the
procedeTt 1o Trslore accomacy i simpie: Hold the rotating grinding
pomnt dnves by the high-specd grinding unit (geatly but steadily)
mﬂ! Totatmg suriace of the large, coarse, hard grinding whed

the rotation of both tends 10 grind away every trace of
iy of the small point i
*:!““”mmwmmy be further shaped by
Siiing m“h‘o whatever profile vou may want. Small wheels and
are - =
h‘;m_ presy B¢ expensive and all of them can be reshaped
that r
riaders m"“"':ﬁ":“:" bigh rpm in hand-held, motor-driven
w..‘ﬁ"““ -.mhhﬂdwmmlmm

®arvnc Hy .
overioaded m":‘m‘mhw instruments il
e i‘m' Ht:"?“ﬂm or lack of skill in controlling
Brinding point grabs the steel, it may Iy

madel hesr hdicane where mare M e
o grond and 109 antil an overall cven I'%-d Some. Conmue

< achoevod T his shows that the form surd s a
shapang the Boftam bt

Heat the amvul part of the meey mh’.
nh vise and hlmlwm“w::“”m:‘mtm

prwors wih & blunt-endod bar in the appranm *'F’ d' -
gouge bisde contous Anneal :km”mmﬁﬂb-n
saftest

e 4o the machiming by cvery mesm available — Sing Yk
ng hand-ETIndIng me,mm;kmn —
the ol has beon dome accurately

Tempening

Harden the inp-hammer nsets in oil. The resulting soft core &
desirable hecause it will cushion the hardened curfaces agamst
brea And o hardencd surfaces should crack. the outer part will
not shatter because the softer center holds the brokon pars ongether

As a Tule, such cracks are shallow and remam imsignificant during
further use of The tool Nonetheless, the cracks may show that you
save hargened the peece more than necessary of that the inset wad
metioadad W acordent when & powerful hammerblow strock the
hard amvil inset Tace without any soft-heated steel between the twe,
This also makes 3 good case for reheating steel that hascooled off oo
much. simce heavy hammering of cold, hard stoel hasa similar effect

on the mssts 1o striking the empty anvil face wsell.

TROUBLESHOOTING

There are various types and makes of trip-RAMERGES m
owners have to develop a skill to w@_ﬂ-t”
their designs and capabibity. Using tny hams and
for them sometimes introduces unforesees difficulies. s
up i faulty end mlummmﬂ.‘m‘m
ate, in my experience, the most frequent mishaps Heps
be taken to avoid troubie.

The Insets Become Loosened

During forceful hammering the insets may
quently is not noticed in lime
GNWnWIMtdth.:;‘“,““«“
drop out of the hammer 3ot .
fall free onto the lower inset. mm_:w _
Mmmw-wmu-umm “.“
great danger that something will be irTepar ably -
impact,

AT




The Wedges Become Loosened

- - i lant to ma
ide the seatings with a correct 5 tatch the
Be sulr: to sz‘; not have the right wedge scatmgls. thereisa greay
“;:18*. tha“l thI: wedges will loosen during hammering. Do not gop,
:id::clch!l vou have finished making an insct until you have ensureg
that the wedges anchor it securely.

Tips for Aligning Insets

Insets must be correctly a]ignnq Ibcfnrc good results can be
expected. If your sighting ability is inadequate and you require
measuring instruments, use calipers or any mI:;er measuring devige
to make certain that both insets are perfectly aligned when they haye
to be, and accurately offset when the design calls for that.

If the position of the insets should be misaiignedl sideways due o
excessive clearance between the centering dowel pin and the inset's
own seating slot, a little trick can often correct it. Install the male and
female insets but leave the wedges slightly /oose during the first two or

three hammerblows. Hold a strip of thick, stiff cardboard, instead of
hot steel, between the inscts. The sideways forces during the blows
will tend to automatically move the two insets into alignment. If
indentations left on the cardboard by these hammerblows show an
even bearing right and left, it means that the trick succeeded, and the
wedges can then be tightened.

If the indentations show only on one side, the inset position must
be examined and relocated somewhat. Do this by making more room
to one side of the seating, using a rotary file as a milling cutter; make
up for the excess clearance on the other side with a filler strip. If you

_Imt the use of an acetylene torch, a few blobs of melted metal will do
instead of a filler strip.

Pocking of Inset Facings

Mfmsslhlthlwmlbmhmlmedcormly will in due time
&w Potkmu'knd surfaces, which in turn leave uneven surfaces on
mf:;::d workpiece. Regrinding and smoothing all contact areas

correctly them should solve the problem.

(ol Yo%
“""-\..-..-t - b -
T

Upsetting stecl with the trip-hammer offers an improvement over
upsetting by hand only if the machine can eliminate the human errors
in hand-hammering and hand-holding.

Since hand-holding must be done in either case, trip-hammer
manipulation can meet the probhmwlgmm_wwa
and hammer insets can be made and used to center the workpiece
automatically. The illustrations show how it is accomplished. .

In practice, however, even the slightest wwm
requires that the smith continually move the -wkp_w!m.m
own vertical axis in order to compensate for mm
positioning. The illustrations show how to prevent bending the work-

iece during upsetting. ‘ - _
a To prevent further sideways bend.ma. the mmhh:
cooled by a quick immersion of la_dmf‘-b ufe_ultwdmugx .
second or more before placing the pmmmlh::m
trip-hammer insets. Rapid hammering, combined Wit circular
holding movements, will then upset mmlﬁl‘:‘:ﬁ* ends.

Once that midsection WWMM 'lh!w' s
bending, replace both mpimm?ﬂﬂn-ﬁwﬂwﬂ- N the piece il
can easily be upset into a short, thick cylinderto
hammer blank, as shown. AL A

Making a Hammer Head

you made by upsetting the axle section as AR =
guide for the cone-head fullers, which will be
enlarge it loﬁttbciiﬂw% .
CAUTION Th:guﬂﬂmmmm et 3
blank, not to cither side, Otherwise -
metal on the thinner side more
weaken that side as well as placin,
out of center. . ;
If you intend to locate the center




M-oﬁwuamuoh

In the event that the guide hole is drilled off center, the
mended method of correction is a5 follows: “com-
Keep the thinner side as cool as pambkshonu{bm&hm“”
ml-mmmmbuin:rodwm;m]mmﬁn*“
not stretch as much as the thicker, hot sade will
Mhadﬂﬁcuhwncudurtand there is a danger of ruining the
workpiece. Care should, therefore, be t2ken to drill accurately g
begin with

Finishing the Blank for Final Shaping

After the cone-head fullers have widened the hole sufficiently a
top and b a narrower ch ] is left between the two. This i
desirable since it will hold the hammer stem securely at the point it
most needs to be. A steel wedpe driven into the top end of the hammer
stem will spread the wood, locking the stem into place.

At yellow heat forge the blank between flat-faced hammer insets,
s shown. This automatically reshapes the hole into an oval

It is now up to the smith to decide the type of hammer head he
wishes to make. He can end up with a cross aball

shapes useful to hm. s e
The surfaces can then be refined by grinding. filing, turning ona
lathe. Finally, suchz b head should be tempered as explained
n Chapter 7.

Sometimes certain types of scrap steel parts come our way in such.

quantity that it is a challenge to the imagmation to create somethng
from such a windfall That was the case when 1 fell heir to several
hundred pounds of fine quality steef discs, 3/Bimch thick by 2.3, and

4 inches in diameter.

The first idea thuvnme to my-liuwhpm
which, in turn, could be forged inte roscties. Large, heavy-gange
roseties can be used as muﬂmhb&hﬁ-ﬁhﬁ

rods used 10 keep building walls m#‘{k___—s”‘d:
rosette, being heavy, caa ais0 serve s 2 base for 2 lamp or candiestick

(see Chapter 3) or a column that holds an arm with 3 magnifying
mmy shop and

glass. In short, the discs have become valuable stock & s

have been put to many other uscs also.

]

MAKING mmmwm ik
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Making the Bowl-shaped Anvil Inset

n the gquickest method when using items
crap articles are too light 1o wigp.
take under forging, they muss S

Trial and error is ofte !
available from the scrap pile. I s
stand the great strains insets must
reinforced to prevent distortion.

Heat a second car axle hub. from which the bowl-shaped lower

inset is to be made, to yellow heat. Clamp it in the vise _‘m_d- with the
heavy ball peen hammer, enlarge .lhe depression until it becomes
round and bowl-shaped. Its small diameter below the bowl needs 1o
rest ona |/ 2-inch-thick washer to bridge the slot opening in the anyj)
and to cushion the inset base against distortion during haml‘ncring_
The washer may have to be turned on the lathe.

Cut off the excess axle section and cut the inset base into a profjle
to fit the standard wedging arrangement. The illustrations show the
two assemblies ready to be installed for making cup shapes out of the
flat round discs.

Examine the illustration in which an inset rim is reinforced by a
crimped-on rim around it.

FORGING A CUP SHAPE OUT OF A FLAT DISC

Instead of trying to hold the heated disc centered over the inset
bowl with tong-type tools, you may find the system I have devised a
better solution.

The Hold-down Tool

Use a bar 1/4 inch by 3 inches by 10 inches. Heat one end vellow
hot and place it over the center of the bowl-shaped anvil inset. A few
blows with the ball inset hammer will shape the end of the flat bar into
a cup.

Tjh_ls cold hold-down tool is intended to be held on a centrally
positioned, flat, hot disc over the bowl anvil inset and to he
iumm_crr.d into the hot disc. It forms the disc into a
Examine the illustrations carefu
these cup shapes.

th:"l::th;id—do\-_vn_ tnr.rl shpuld be firmly pressed down by hand onto
position :;? Buiding it this way and that, slanting and correcting its
mnipuhu:l:i nes mering. You will quickly develop a skill in
1l the & 2 the tool until it scems to center itself as the cup begins to
s ::mmon of the bowl inset.
deanvtel:e bEnmo: l:(w;.?‘r @ second heating, before which you should
and coal dust. The fina| hmgmmh‘,:v wl of accumulated oxidation scales
cleaned bowl inset will yield ring on the reheated shaped cup inthe
i &n accurate and smooth finish if the ball
= 18 smooth and accurate
© machine the outside of the ¢y

; cup shape.
lly, noting the sequence for making

that is placed over he ; Hlustration on page 268,

center poi o::: tt::a Hold it in that position with the tail-

chined, ilﬁlllhe CUP’s center. After the cup rim is ma-

with the large, . "u“m"““ﬂl the chuck jaws and finished further
cireular cutter shown in the illustration on page 86,

MAKING LARGE ROSETTES WITH
' THE TRIP-HAMM
ER
Locate a heavy, solid piece of scrap fro !
inset. Turn it on the lathe into a mm—:‘k“;:l:h!omkg another
forged blanks. Its diameter should be half that ;_“hrf the already
On the lathe turn an outside ring that can he Lm;::‘ the
over

circular inset, as shown, to act asa guide to kee
wandering sideways, P the cup blank from

The next item needed is a flar ser-h

onto two 3/8-inch-thick scrap discs o m;?‘d;’b:;ded ;’;_head
This is intended to slip easily inside the guide ring and rmonlm
the heated, open-faced cup blank. op.of

With the heated cup blank in position i E
then hammered down with the 1rip-ham:r:,w;;§ih|§;:::m:
portion of the cup blank onto the flat, marginal, circular face of the
anvil inset

The workpiece is now a circular base with a marginal flange and &
high, curved hump in the middle. It is around this hump that deep
scallops are forged to make a decorative rosetie.

The scallops can be made with hand-held ball heads that are
hammered down with the trip-hammer while the heated marginal
flange is held with tongs between the flat-faced top and bottom inset.

The illustration also shows a tool to create toe-holds for the ball
head on the flange surface. These preliminary indentations are made
with the same hammerblows that make the marginal flange. You
next use ball heads to create an end result that looks entirely
handmade. This is because that last hand-directed placement of
various sizes of ball heads removes every trace of a mass-produced
machine-made article.

Surface Treatments for the Finished Rosette

The appearance of such a rosette can be enhanced through dif-
ferent surface finishes. It can be s!eel-bmbcd.l.hmhw?!fdu?iﬂﬂ‘k
before applying warm linseed oil, which will ﬁ!! the tinicst pores in
the surface. This produces the black finish typical of forged steel.

Another surface treatment is to move the rosette narfm‘ma k
rotating rubber-backed, fine grit, abrasive disc, allowing this mm :
disc to rub over the prmrusinnsoftllernuluﬂ{-fﬁﬁ_mmwwm W W
its valleys. The result isthat theridgusbuwssnh:rmmnm

black, bringing out the texture sharply face against & .

Follow up this treatment by holding the ighly polished, .
tripoli-impregnated buffer. The silver ridges become highly POIS L W
but the black depressions are left unaffected. {ro the surface Witk i i

It is now important to clean the wax residue whole over the bl \&or -_:-’?
turpentine or comparable solvent. Next heat the will do, Wait for X ! 1 e
flame of a gas burner: the kﬂdﬂ‘-'!' stove burner qu % ) : !
oxidation colors to appear. stopping O v vl
whole in water when the ‘;:dk’f ‘::::wr m&ﬁwu extend the AT =t

The rosette can be sprayed With a"llt erosion. B -
lifetime of the patinated surface and to % and Ty

Once you have become :_f“fg’::.t M pearance : Fot
coloring, your end results Will Y€ © § for a varie of uses. F¢
The completed rosetie 1S M. ﬁ“:‘: m m
instance, it can be used asa th‘?.wpm
°hmp-orumr°bi¢¢w“mm‘ Grnamoatt
also, of course, be used as deco i



micrescopic view of final edge  zero. It means that its cut &
i i il i . is absent

anything thimer than@will dimension; hence, strength

bend or break,ne mutter how

perlect the temper

Q7 Sharpening Tool Edges

J@) resharpen with
styop only.

®= thickness It is necessary that the student first visualize what takes place at a

of bure tool's edge when it 15 ground for sharpness y
N ‘-"_“.i The angle at that edge where the :\h\.-uhh"‘ “-“‘L.‘T is @ hine of inter-
BUTERES  cection of two planes. Mathematically the dimension at that point is
ting edge would have in actuality no
This visualization 15 at first

difficult to comprehend. But in geometry, when two lines are shown

intersecting on paper, il 1S easily understood
It is the microscopic size ol the sharp edge, then, that we must deal

hs'tinf for Sharpness with—a size that approaches zero. At the same time it must remain

right strong enough to withstand the strain during the cutting action. This
waytedeteck burr o Uy o concern in sharpening all cutting tool edges.

Therefore, if that microscopic edge is made slightly rounded it will
mean that its final size is more than absolute zero, giving it enough
strength to withstand bending while cutting smoothly

If vou find it difficult to visualize this minuteness, consider the
potion of engraving the Lord’s Prayer on the head of a pin. Minute-
ness is somewhat easier to comprehend thanks to electron micro-
scope photography. It can show us the gigantic-looking forms of hair
on the surface of the almost invisible eyes of insects; it can show us
body cells, bactena, viruses, atoms

The illustration shows the enlarged portion of a tool edge. When,
during grinding, zero dimension is approached, the thin steel will
bend away under the pressure of the grinding stone. Then the grit no
longer cuts, but slides off the steel, forming a feather edge

That feather or burr must be removed. If it were not. it would fold
over during cutting, and would buckle, break or tear off, leav ing a
row of microscopic, jagged teeth. In use, the tool would drag and tear,
instead of shearing the material, leaving a ruptured texture instead of
a smooth one. The solution is to strop the edge ona leather strop like
the ones barbers used to sharpen their razors.

r,.d\,.‘-' A MODERN METHOD OF “STROPPING™ TOOL EDGES

Limal Bened sha

lh:“b:}:::"‘ :m“f buffing wheel replaces the strop. The rim of

hﬂﬂuﬁhﬂo:cd Wwith a tripoli abrasive compound and the final

e e v, et e
iy :f a thousand times faster.

€ “leather” of a freshly ground tool edge with such

a buffer ;
turn mtct:‘:'l;::::,wmopm"lf rounded and smooth edge that will
Any future (microscopie) dume -~ 274 strongest edge possible.

use needs only this lnpur‘hm“ to that edge caused by prolonged

fora time. “Hgn

mhuﬂ::x s u‘:::z: time, a dragging is felt during cutting it

will, of course, resuly; mﬂ:‘d the edge on stone. A feathered edge

the burr with the tripgji.; t will again call for the rapid removal of
No modern shop .Muﬁnpn‘““‘-‘d buffer as described.

wheel if knifelike ed be without a simple motor-driven buffing

B e to be sharpened at their best

weod carving ?oug'e design

;=; AL-
—

h—@cﬁ

adapter tu.r-ned onlathe tofiy
“ wood f_}ar-wng gouge | &, pistolgrip airhammer
hn:ndpiece

for use wit

hout adaptep -— J

@\

straig'm‘:’ airhammer hand piece

“
may be used with ) )

hand hammer or with=—" adaptﬂ} & air hammer

three-piece asszlmbly

ed csrm_forcoiisﬁgs.-
woodcarving gouges Fm‘fed mg[vaé ,mpa.l. car S
adapters are curned onathe from sf:i;nr’e:lf in & 1oogal tankda
airhammer uses from go to120 3 ssor*S : 5
1to2 hp moter driving one or mﬁaﬂ” &rw -
above hammer hﬂ.ﬂdF‘;‘c&‘}m &5
stone carving tools , steeleutting
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; : Lifexsre lndisna bmeuone carving of garden siatoe by Alexandes G. Weygers made with

e forged from serap sevet

The Embrace, by Alexander (. Weygers, carved from u“’l":
Wmsewecd when orchards were destroyed to make way for houst
Sevtlopments. Tools used made from scrap wteel of coil sprin@
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~ Hints on Using Power T00ls
~ and Other Admonitions

s at all times, especially since you will be usj
'tfser mwg:gizm wheelguands, in order to have full m“:lg
them. If you use prescription glasses, wear goggles over them to avoid
their being pitted or broken. For long. sustained grinding, also use
a nose filter.

- Test the grinding wheel for flaws. When balanced in your hand,
e the stone should **ring’* when tapped with a light hammer. If, instead,
~ the sound is **dull,”" the stone may be cracked and should be discarded.

Any wheel being used for the first time should be run for a full minute

(while you stand aside) before you accept it as sound.
x If grinding wheels are used without wheelguards and mounted
& directly on a % to % hp 1750 rpm motor, use wheels not more than
= 8 inches in diameter and % of an inch thick, for safety; on a % to
[-:. N r ¥2 hp 3600 rpm motor, use for safety reasons wheels 6 inches in diame-
i‘ ter or less and preferably not less than % of an inch thick.

y xgepmemumnwm:oo:mndom.wmnunm
e rest is bolted to the table beneath the stone, as shown in this book,
s m.i'wmilmﬂt&eMuﬂﬁ] contact produces a few

o i
4 The wheel should roate so that the upper surface revolves towand
=4 -:Nm“.ms,ﬂ:mmgmwmbemumssedm

If you use the sides of the wheel, do it sparingly, with very light

'Uwﬂwm:b&m
% cedrse-grain stomes (1 inch thick or more) for removing.
N “‘M:%ﬁ?yﬁnm: for delicate, more precise
and for refining texture preparatory to honing and

wﬁwﬂhﬁhmﬁunmmwm
<l back and forth (short of slowing

. MOt yet been tempered or if it is mild

i "h"'ﬂmmu L P
ot lose its hardness through oy ;s the steel doe h S
::::i frequently by quenching, mwm w?. t\b"{ J 1)

course, may be overheated since hardenin tools,
follow. ) i lﬂhlﬁﬁ

|

"3 4 .y

for cooling workpieces. Your grinder at all times, - B
Remember that should oxidation P , % s e i1 5 ¥

cutting part of a tool, the color spectrum ‘ﬁmhﬁ:l r qu b "_"‘."T 3 1

temper loss: Yellow (when cooled j

r:mz‘itns sufficiently hard; bronze is a litte Jess m‘:‘?ﬂ - h i i
Jarkpurpreisﬂmtoowﬁhm“m;ﬂ.ﬁ* . R o
have lost your tool hardness at that spot. means you ) -

If hardness remains unaffected behind : Lo O
grind the tool bmk:nmpimofmtmmm.mx v i '*;1—.
losing some of the lifetime of the tool, but 10 retempering is o i (o

Be careful, th-:;elirm‘ to cool the tool ﬁw, in order not to 2 L 4 '. i
overheat again. new cutting should be ground entirely 5
of the soft portion. i : e

Should accidental overheating anneal too much of the biade, it is L
best to retemper the tool to ensure its longevity, g f

Keep adding useful equipment 1o your shop (once you leam which e e -
articles really help save time and muscle). Instead of buying tools, - i e
always consider making them yourself. It may be less difficult than - . Ri
you think, and while you will derive pleasure in their making, you ; < [S-=)
will simultaneously improve your skills and gain confidence forsill !‘:1 ¥
more challenging projects. = - g it

Files will often remove steel as efficiently as grindstones — geper-
ally as quickly, and with greater control. Don't neglect leaming how o
to file accurately. Make yourself carry out, at least once, the exercises

recommended in dealing with hinged tools like tinsnips, shears, pliers. ﬁ___‘r e ]
etc. Try 1o master the filing technique, for it will bencfitall youplan
to accomplish in toolmaking. ';ii ws i K ]

For the serious student, who wants fo perfect his filing. write
file manufacturers for their instructive booklets. =
Munlwasastudenlin}hﬂnﬂ.ﬁw_lﬂ shop hours d
our whole first year learning only flar ling, S %
like precision. Only after we had acquired
permitted to leam blacksmithing, lathe-tuming.
so forth. R
Never walk away from a live fire (forge,
a very real awareness of the pof:'b
for a sharp tool left clamped in & vise.
The sound toolmaker is always in absolute
to accidents — to yourself, to others,
and concentration will go a long Wity ;
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GLOSSARY

m—ammmwmmw{mmmmmm

[q (%1, and another fype (size) at the other end-

Sl AGITATOR—See Paint mixer

E;;:;'J _The state of being in line with another element, rather than
“E._: _ askew in relation to it

t-*’ N ALLOY—A compound of fusion of two or more metals.

1 4'r I ANGLE IRON—Steel bars that have a cross section of an angle (usually 907).

The iron, in this term, is a holdover from the days before iron was made into
steel. Now all angle iron is actually steel, either mild or high-carbon steel.

) ANNEAL—To soften steel through slow cooling after enough heat has made the
I steel lose its hardness,

APRON—In mechanics, an extended platform.

ARBOR—A wheel, axle, or shaft rotating in one or more bearings held by a
frame that is bolted down,

AUGUR—A wood drill, as a rule over 1'/; inches in diameter. (Also may refer to
augers 1o drill holes in carth.)

mmdnummmwm~m."
BASTARD FILE—A file with tecth coarser than a smooth file and less coarse
than a coarse file,

LI e

SUBR—RMmmﬁ“'.-l e

BUSH HAMMER—A 1001 wigh
which, on impact, crush or
boucher: to crush, o eat,
points which, when

CAPE CHISEL—A narrow chisel
in steel.

CARBIDE-TIP—An extremely hard wmm
ummwmwmmwmg.*.\
mnnuczsou'—aunuu;ww e

his it square section under the head to keep the bolt from turni
CASE HARDENING—The process of appl
surface of mild steel in & forge fire. X

CENTER-PUNCH—Tool used to make & “center” mark for
drilled. or to mark off pattem outlines on sieel.

CHASING TOOLS—Tools used hﬂhﬁm

surfaces (o create texture. TN TV




| B wﬂqmmd on 2 shaft with a set screw.

mll.ﬂm_w:mdpqugﬁ which electricians install ejec.
5K wwes
mm—Amhchmmdexmpd
WMMRMIMManw
w.ﬂ;mmmmhnkmm
CUTOFF WHEEL—A thiz sbrasive wheel that cuts steel too hard 10 cut with »
hacisaw.
DEE—A two-part moid (male and female) used for making and reproducing 2
ﬁ-uu“mmmlﬁhcubﬂwm&edmﬁﬂmh
fiored together to produce the form or shape that the dies have at their con-
’bnnunuedwnhrwmmbawma
ﬂu-wwbmmtybyhmdt-\bo 2 matrix.)

DOG—A tool clamped on the workpiece to engage the lathe headstock so that
et the workpiece can form.

! 'DRAWING TEMPER COLOR—Reheating brittle-quenched steel that has been
polished to see the oxidation color spectrum (temper colors) clearly. Once
this color spectrum appears and the wanted color, which corresponds to its
hardness, has been “drawn.” the tool is quenched.

DRAWING-OUT STEEL—Streiching steel, making it longer or wider or both.
The opposite s to upset steel, making it thicker and/or shorter.

¥ 'DRESSER—A 100l that cuts or wears down the surface of grindstones.

DRESSING—Making an inaccuraie grinding wheel accurate with a dresser by

A . wearing the wheel surface down to cxact shape.

N H—:&dﬁph-mmah&mmwmmm

i e together two slightly unmatched holes in two plates to align

: e called a drill, but generally this term refers to a local bif
Mﬁﬂnummudmmwmw—

-machine for drilling holes in metal or other material.
Mmmmm is a form of die which.

_!leﬁnhmounﬁ:.mdnsuﬂﬂ"
> sheet.

in a round, flattened end insiead of the hexa-

e e e A e S S O S 2l

FORGE—A fumace in which steel is heated,

FREEZING—The bonding together of two ¢
:mm&dmmmw,w.& .
qmuchuewhﬂ-gmlﬂ-ﬁuy“ i & TR

FULLER—A blacksmith's tool that fits in the hardy hole of the am

fuller), uﬁwmlhwﬁuh
steel, dmntm:_w"ﬂ"ﬂ'_ ers. Comes in

GAUGE—A specific size inreference 105

HACKSAW—A hand saw with namow Muunnﬂw
metal 471 i



. Hmu“uaww o 2 e the
g handicaps the worker in makin
: m.mg;ﬂﬁﬁane time in mass production of
m—mmd.mmw-wmmmwdes
mmm.m.mwuwumg
m-ﬂmﬁ.aﬁmhﬁpﬂdwﬂ-—v grind th
into one another. _
Ww&mmuwﬁxbemwmlw while act-
ing upon a cutting tool.

mww-mmh
-aﬂs:ﬂamhﬂuasuﬂemmhspnﬂgsswslyormgﬂmm

mm—amummmozsm and is not
temperable.

1 MALL—A larger hammer with wooden head, sometimes steel-weighted, used to
drive stakes in the ground.

WMWUWMWMQ etc.

mmmhdmammwmmmm
“mmhlﬂlﬂhﬂdsn&dnm plastic, or
hard rubber.

_au:m—aww;uwmnmmumimm
'MATRIX—A female dic in which 2 mallesble substance may be formed by
pressing to fll it. A cavity in which anything is formed or cast.
A MILD STEEL—A low-carbon steel. It is not temperable.
mmsﬁm
'MORSE TAPER—A type of taper, named after it inventor, Mr. Morse, that holds

fast 10 its seating in a clutch-like
L% m;muh:':ﬂ action without freezing to its surface and
',_,Ii “,“iﬁmi  center-punch bt with 3 hadened-cup-shaped

53

. ‘“"‘wh e
s 2 rule, parallel with it original alignment into

il

PATINA—The colored oxid:
of tempering the metal. (On b Sl

PEARL GRAY—A typical file
quench. pearl gray indi “h“& When M

PEEN END—A hammer with a .
ball end used to strengthen stee] steel by
mmdodedscormepma!rmmw

PUSH-ROD—The rod in and engine which *
for the intake or expulsion of its gases. Pen
QUENCH—To cool hot steel in a liquid. Brinile
high-carbon steel at its critical huuh,ﬁam', s the
hard. m

QUENCHING BATH—The liquid into which
to cool it. W

RASP—A coarse file used mostly to grate or tear soft ]
horn, plaster of Paris, and soft stones that are not abrasive.

RELIEF—A projection of a design or figure upward from a plane s

below a sheet the portions to be raised.

RHEOSTAT—An instrument th.M'
current pass; for instance, to regulate the speed of an
or brighten a light bulb.

ROUT—To cut or scoop out material with ;
SADDLE—A rounded piece of steel on which




SLEDGING—Striking with a sledge hammet.

mmum-w
shaft it bears.

SOCKET—An open part into which another part it

ug;hmypnnu{stc:l when it is
" heated for tempering; similar 10 the rinbow

colors seen through a prism.
mmwuwwwﬂwﬂ-ﬂmspﬂm
 STEEL PLATE—Refers sheets of steel thicker than /s of an inch. It is
WIMM:I::UWM may be called sheet metal.
mmmmm&mmwm

made of sheet metal.
mm—mmumlmmmmimmwwmm
" machine or grind the workpiece to be made.
‘m—mwmhM|mﬁn§e@wa leather strop.

-MW‘MhWanﬂmﬂﬁs into the anvil's
~ hardy hole (bottom swage), and a similar tool. fasiened to a long wooden
stem, placed over steel to form it (top swage).

TAILSTOCK—The center pin in the stationary end of the lathe that holds the
rotating metal, wood, or other material between the two lathe centers.

TANG—The pat of the tool blank that is locked into the tool handic.
' TEMPERABLE STEEL—A steel of a higher than 0.2% carbon quality. which
- canbe tempered.

forging metal, the process to arrive at a specific hardness of

honed bronze tube that fits the

'. pattern, often made from cardboard or sheet metal, to serve as
.,*muuud-uuu

rule, those parts on machines onto which
10 be ground down. Also may refer 1o the clamp

d by a foot control.
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21 BUILDING YOUR OWN HOUSE

i . and hundreds of pho-
Iy illustrated with diagrams. drawings, u

3 "‘fx’m‘ of;:h Self Sufficiency Book Club and the Popular

AL “.Scimne Book Club presents a wealth of solid information in a concise

§ 12 x 11 inches, 448 pages, 1SBN 0-89815-110-4

g BUILDING YOUR OWN HOUSE If
pel . " Interiors
4 is hands-on gui where the first volume left off, guiding
L rmmﬁmlmmmMng is done. A
b= selection of the Popular Science Book Club.

' 8 172 x 11 inches, 288 pages, ISBN 0-89815-358-1

COHOUSING (REVISED)
Aww»amm

by Kathryn McCamant and Charles Durrett

' Expanded to include the exciting new communities being lived in and

developed in the United States, COHOUSING is an invaluable guide
‘and resource for those looking for affordable, neighborly, and safe
housing solutions. Hlustrated.

B 1/2x9 1/2 inches, 288 pages, ISBN 0-89815-539-8

'REHAB RIGHT
- How to Realize the Full Value of Your Old H,
- A highly illustrated, sensible guidebook for rehabbers who

ser u-mm:mormmb:m.m
style of just about any house built since

s, ISBN 0-89815-1724
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BLACKSMI

sssortes with master #
craftsman and seacher Alexander GV vr\Tmanf Mo
Making of Tools, The Modern Blacks d Repair of Thots sy
;l.;ss:c; in their field—an< 1D HE CO : ' \CESMITES Shey s

brought together in their entiret) . 1 :\m‘_k'\- cunltlin‘dcar. e
by-step instructions snd hundreds of the author's own detal ol drawings, bringing scoresof  §
time-honored techmiques 0 modern artisans—experienced o ftsmen and beginners alike.

D=, Tl\!g.':-.'\ Al

»

THE MAKING OF TOOLS reaches the artist and craftsman how K make exactly the tool he
or she needs: how to design, sharpen, and temper them, using only basic shop equipment
and scrap steel. Dozens of tips and techniques are covered, from setting up & beginner’s
workshop and learning to temper steel to making simple tools suc h as screwdrivers and

carving, cutting, and sharpening tools.

THE MODERN BLACKSMITH demonstrates, with lucid text and beautifully clear illustra-
tions. the basic tools and techniques that are available to the modern blacksmith. This
fascinating book covers everything from developing the correct hammer and body motions
for forging to creating tools such as pliers and shovels and hardware such as hinges and
door latches. Alexander Weygers explains the hows and whys of inventing, improvising, & {
and constructing “things” out of “nothing.”

THE RECYCLING, USE, AND REPAIR OF TOOLS stresses the creative reuse of old

materials, and features a wealth of easy-to-follow procedures for making, repairingsand
maintaining a great variety of equipment and parts, from shovels and chisels to washersand o
bearings. Alexander Weygers leads you step by step through making everything from a watef o]
pump to cutting tools to candlesticks and Christmas decorations out of scrap metal. In :

d‘_‘“ pages, artists and craftsmen will learn to exploit the modern abundance of scrap steel
with creativity and skill.

A truly unusual and unique resource, THE COMPLETE MODERN BLACKSMITH isan’ )
essential volume in any serious artist’s or craftsman’s library. »

1san 0-89813-896-8
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