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Introduction

The urt of blacksmithing, beginning before recorded history, has
changed very litle over the centures. In the recent past it reached soch
o peak of perfection that 10 will be difficull 1o sttain that excellence
pgam, But the very fact that our present society has- entenad inio s
renaissanee of handorafts now ploces the skill of working af the forge in
o mest promising light.

Modem equipment and treads have introduced new elements anfo thas
age-old am of hammering iron o varous shapes onoan anvil, For
instance, thot very useful new device, the visegnp phiers. s a very
wileome additional (ool in the modem blacksmith shop, not replacing
irndivicnal tongs, bar-supplamenting them,

The uiilization of salvaged steel materinl s a modem phenomeno.
The present “economy of waste” has created #n shundance of dis-
carded, high-guality steel from scrapped automobiles and o variety of
mechanbcal ond industrial equipment. This gives the comemposary
blacksmith excellent matersal af nlmost no cost. In addimon, modem
power-ton] eguipment {secondhand or new) can be repaired or con-
verled 1o meet specific tasks. Soon, a deally equpped workshop
comes gbout. No mudter how “'junky” It may séem i the eyes of
olhers, it enables the modemn blacksmith o forge wseful and beauriful
things from 3 seemingly endless varsety of salvapged scrap.

Some vears ago Dset up g good, but simple, hlacksmith shop in my
second-story sculpture studio in Berkeley, Californin. All | had was a
- pound borrowed anvil mounied on o wood soermpe a cogl fise inoan
ordinary wood-burning stove; a standard household hammer; a pair of
visegrip pliers; and & 1/4 hp motor, sulvaged from a discarded washing
machioe, with which 1 drmove my grinding and bufling wheel wnl
Limited though it was, | hed sufficient equipment to moke my own
sculpture tools for wood- and stonecarving,

The modem Blacksmith must leam to do by himself thal which the
okl-time blacksmith and his helper did as o team, 5o it is this 1 am
proposing to teach here: how o resort to whitever we may invent,
improvise, and constrect in order 1 reduce the handicap of not haviog
an upprentice hetper.

In all of these petivitbes, the mechine plus modem hand wools become
our assistants. Hand-filing,  band-driliing. and sledging  can casily
be replsced with the power grinder, mhle power driil, and power
hemmmer. Mevertheless the forgings do not necessarily need (o isume o
mechanized look, 1f the machine remaims strictly the helper, the overall
results remam hand-rendered inowppearince. The modern biack=mith
whe truly loves his cralt will scrupulowsly want to perfect his skills in
pisre forging. Machine ““hypoosis'” must always be held of bay so that
the craftsman will remun in full control of the machine and not the
other way anound,



Although | was taught the severnl methods of welding, | have par-
posely eliminsted this aspect of metal work because, as | see it, hlick-
smithing, without welding of any sor, s the “*mother an” in forging. |
believe that, |dee good wing, the pure lavor of the craft should remain
unlilsted.

Forge-welding, once mastered, becomes 100 readily the easy way
oiid, like & shom cut. 1 is used primarily when jolning two or mone
separate elements wgether, and in the recem past was overdone by
tacking on this or that endlessly, For thoss who want o leamn foroe-
welding, there are ample sources o encourage and teach thi=s craf
{ Unfortunaiely for the forge-welding punist, the field has had recently 1o
comend with the acetylene torch and eleciric arc, which hive musde it
obsobete.

The mechunicsl welding field 54 thing apart. and 1 beave it wo others.

Decorative wrought-iron work s simply an offshoot of blacksmath-
ing. 5015 horseshoeing, Doing either one does nof make o hlucksmith,
Ormamentsl work snd sheet-metal practices are only ouched upon m
this book in order (o round oul the general setivities m the shop and 10
aoquaint the reader with their possibilities.

The illustrations in this book are meant 1o represent, s nearly as

WIE-?E Hlacksmith EhnF possible, Ei.'-rc demonstrations m the shop. They e intended to Hl‘![l'l-l-'

o0 J.ﬂ_va. I egic 515, 1555 fuiay M‘a:IMIhMF cin be done; not the anly way. I:|ul. anc nf. many possible

ways. They therefore are nof 1o be considered a3 inflexible blusprints,

insfesd, the crafisman is encouraged fo improvise, using these basic

Em*‘“ ;nah:::],kr_ri:;ﬂ“ pubdelings for his constantly expanding skill us he works at the forge.

e Above and bevond showing how something can be done, wiy we do
- what we do iz stressed as of overniding imponance,

The student of pure blacksmuthmg will find this 1o be a no-monsense
book, Pructicing the progressive skeps will result in an independent
craftsmaon, sble to make “things®" out of “*nothing"™" in has simple shop,
The promise of success, then, is limited only by the talent and enterprise
of the beginner. and not necessarily by the lock of expensive or elabo-
rate gquipment and maoterials

TWO MAKESHIFT FORGES

Many vears ago. in Lowang. Juva, | had an opportunity o Iry Out

Faals e { daroond SO mr-e wiond for carving. The forestry dr:pamnr:n: t‘r.u:n_- had given
smvil: broken shaft of sugesmill me a freshiy cot section of podocarpus wood {shout 24 mehes |ur_'|[: by
erusher, ek in woed shum ) inches in diameter) which 1 had selected from their samples for its
Forge: basink air duets in 2lay very fine grain and vory color, But | was wamed that the wood was
Tnm"if“ g bub: -““Ih“'d*"“ subject to severe checking during drving, and 1 hoped to meet the
i 2 “hmwh‘“"‘d‘w“‘" problem by fisst roughing ot the composition and then hollowing out
'!' 1" fm| ]I '1‘ the core, leaving a uniform theckness so that the remammg lavers wonld

Fied 4o reeds check insignificantly
My problem. however, was how o make the 1ools for the carving and
uFﬂ_-.-..‘... ko hollowing out, I was oble to purchose, for o few penndes, some old,

worn files as meral for my twols &t the native markeplace in the nearhy

., villnge of Porong. And, luckily, | located there a blacksmith shop where

15Y | the smith allowed me to spend the day forging the ool blanks, The shop

the bae] was f.prE'gd a,mq?m was primitive, but, after all, forging is mainky confined o the smmple
inthe abowe shop requirements of fire, hammer, and anvil

Charcoal was the fuel for the fire. There were o few wom hommers.
The pnvil had no hom, but there were 3 few round, heavy, broken sieel



rods to be used instead. And so, in the same amount of time it would
have taken me ina modem shop, 1 had soon finished my ool Manks,

The illusiration shows how the native Blacksmith shop actally
looked. Not shown s the feeling of kinship the Javanese smith, his littke
bovy, and [ had while working side by side as we shared the common
language of this hasic craft. The final result was the needed large tools
and the carving of the litesize wood scolptwre shown oo pege 90,

Ten vears later § again had o improvise s way o make some nesded
fools: ooset of small woodcarving pouges and some engravers” baring

I hiael seitled in & small cabin in the woods in Califomia where, as yet,
I had no workshop and no electriciy, [ was limited 1o a few implements:
a smiall machinist’s  vise; o pair of pliers as tongs; a toble-clomped
hund-grinder; o heavy bulldoser par on a stump as my anvil, a regular
rwo-pound carpenter’s hammer: and a bucket of water for quenching,
Charcoal from the doused embers of the fireplace was my
“'lacksmith’s™" fuel.

| made my forge from d coffee can with an opening cut in the side and
air holes punched in the bottom., Thiz 1 ottsched to the lower end of a
12-foot-long, S-inch-dimmeter steel irvigation pipe. given to me by a
farmer friend. | hung it fromn a tree branch, and the deaft up the pipe
{anned the charcoal fire in the can, giving me my forging heat.

With this setup | forged the littke tools srhich made it possibile. for me
1 dor the sculpiure carving and the engraving on wood shown o the
photogruphs on page 91,
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1. The Blacksmith Shop
and 1ts Equipment

THE FORGE

Blacksmith forges, with hand-cranked air blowers, are sill being
made and can be ordered new through some hordware stores. I vouans
lcky, you moy find a very useful old one secondhand. However, i
simple forge is mot difficult to-make from available selvaged material,
The examples shown here are only o few of a great variety. You may
very well mvent vour ooamn setup, just as long o it sccomplishes s basis
function,

The basin bolds in s cepter 4 sufficient mound of glowing coal in
which to heat the steel, The fow of centrifugully fonned air-enteting
from below can be controlled for & fire of less, or more, heat

A hond-cronked centrifugal fan is good. Ooe doven by onoelectn
mntor, controlled by a toot-pedal rheostat swiich, functions well. Even
an old hair-drver Fan, without the heating element, can be adapied w do

the job.
"x It 15 here that the guestion comes-upe which is preferred, o hond-
X T ermidarte crinked blower or o machine-driven one? My preference has alwavs
blacksmith ;‘.I;DP been for the hand-cranked biower. It has the self-governing feature of

the air fow stoppimg auomatically when you stop cranking

It wou use an elecimc fun, make cemain o install & foot-opersted
rheostat which shuts isell of § once it foot is removed. Suach a switch
auiomatically stops the dir Aow, and the fire remans dommant while the
smith is forging,

IT you use mschine-driven blowers withoul o food-operated rheostat,

iy LN T use @ damper in the air feed. It should heve @ spring-action that automat-

' — T wally shuts off the wir flow when the foor 8 removed from the damper

— =&T_ # Il'-'- " pedal. A mechonically doven svstem without such o safety device re-
prac Hieal home mede FtlrErz quires remembering o shot off the air fow mansally each tme forging

i b0 e, To forget myvites o dangerous situation: on 2ver-growing fire
al your back while vou forge. In vour absence it may radiate o much
heat that i could ignie nearby paper or cloth, or bum steéel lefl unat-
tended in the fire. Make cernain vour forge i of @ nvpe e prevent
averfecring of g demiperaridy unaiended fire,



The modern improvement of a hinging smoke-catcher s an additional smicke-catcher- ig
desirable feature for o forge. It is stmilar to the antipolutint device in [ '.,j-,'mfgd P P the iy
some pwtomobiles, In cars it catches oil smoke and beads H ointo the i
combustion chambers of the engine. In the Torge, the smoke amission.
mixed with surrounding oxveen when stirting up the fire, is led by the
catcher back into the fire by way of the aur intake. Once the fire fames
up. it consumes the smoke by ieelf and the smoke-catcher, mo lomaer
needed, is hinged oot of the way. A relanvely smokebess [ is main-
tained thereafier.

In miy student days in Hollungd, we bad the old-fashioned, overhead
leather bellows. The lower chamber pumped air into the top chimber,
which stored it under pressure. This sill remains a good sysem, as e
all types of blowers that accumulote air m storape baes or chumbers, (o
be relessed under even pressure, I voo plan o make or mesore one.
note that such bellows shoukd not be less than four by five feel

In arrunging the shop, keep the forge, anvil, waier trough and dipper,
twng und hammer racks, el 20 apaced that =imply by taking a single
step you can pick up what vou need while working between the forge
and the anvil. Mo time i Tost then, and lorging can begim within one or
two seconds after the hot steel has been pulled oug of the fire,

The forge and tools should be located in the darkest part of the shop,
wy that the heat of the sieel can be judged correctly, in & semi-dark
space. In brosd daylight tos hot u steel can hardly be seen, il over-
heating may then nuin it strocouradly. This s why the owtdoor rivet-
heuting forges, used in bridge building, always have o shoading hood 1o
shield the fire from samlight, These Linle forges, iT vos-can find tham,
are fdeal in o hobby shop. They are completely adeguate for the s10e of outdoor rive Eit'l.f Fe rge
il forgings described in this book. Only when [arge pieces are o be
forged will 8 more sturdy und roomy foree be needed, Then the whaols
s2tup will require a more specialized type of shop, with & more elabo-
rate wrray of accessory ks

Fire ':.'11_','

THE BLACKSMITH'S FIRE

Keeping a mediom-sired fire clean and effective all duy long 148 one of
the more diffieolt skills for the novice 1o acquire. Strangs 1o say, whi
spemis i first the least of our problems inothe blocksmith's croft —
starting and mamtaining the fre — affen proves tobe a stumbling block
for the beginner. But in due time it becomes rougine, and experience
will cumeel out the initial frostration.

In the doy-to-dey work of blacksmithing, each previows coal fine
leaves u remnant of coke, small cinders, and ashes. Smake and yellow
Aame ndicate the buming of unwanted elements that are not pure car-
hiom,

Coke 15 what conl Becomes alter it = beatesd. Like charcoul, coke
lights castly and gives off a blue flime. To makes o “clean™ fire. A
“dimy™ fire {one which still smokes) should not be used in heating
steed, since ot harms the composition of the sieel,

Slag 5 o meled mix of noncombustible matter in coal. It lomps
together at the air grate below the fire. often plugging up the holes and
obsiructing the Aow of air, thus lowering the fire’s required heat, Each
timee, before starting a fresh fire, remove the slag from e dic-grate
holes with the point of the poker.

Ashes and small cmders will deop throwgh e air grae ingo the ash pit
below the forge, This built-in ash pit should have an easy-release door




.mfrmk]fﬂiff-lﬂ

&0 That itz contems can be empiied mio o metal bucket below, or fall ina
heap on the dirt or stone floor, (In these accumulated ashes | often poke
a picce of hot steel that needs 1o be very slowly annealed. )

T stant the fire, use o handful of wood chips, or spme coke left from
& previons fire. Fill the surrounding spaces with ample fresh coal, (17 it
i in large lumps, break it up mto pea-sized picces. ) This surmounding
coal is the supply which will be raked into the going fire from time 10
time to replenish whatever has been consumed. Tt should be kept wet
with the sprinkler can so that the fire will not spread oul lerger than s
needed. Blacksmiuth coal 15 expensive, so be economical with 1t!

Crumple half u sheet of newspaper into a Takrly tight ball. Light it,
and place the bummg wad on the cleared firegrate, hobding it Aame
downward with the poler. Genrly crank the atr fan with the free hond
until the Aame 15 buming well, then crank vigoroosly. Now let goof the
fam and., with the freed hand, rake the ready coke or wood chips (bat not
the frésh conly over the faming wad of paper. The fan meanwhile idies
by its own momentum; when cranking is resumed, the paper wad Is
fanned into-still more vigomsus fams,

At this stage the grester amount of smoke can now be caughrt by the
smoke-catcher hinged in position over the fire. Some smoke s bound 0
escape, but will soon change into flame. When the. Qame breaks
through, hinge the smoke-caicher hood out of the way

Mow let the fire become evenly hot before raking in some of the
surrounding fresh coal. It 15 best to rake in only o little of the fresh coal
from time o time o avoid smoke emission; o yellow Aame thal com-
busts the smoks s preferable to having to use the smoke-catcher (oo
often.

Throughout the many vears that 1 have forged tools end arifacts, [
have rarely needed abig fire. In old blacksmith shops, however, | have
experienced entirely different situations, where the blacksmith had to
weld and repair heavy equipment, His forge had o fire twice as lorge as
we meed. Therefore, if you should find, inherit, or purchase a large. oid
blacksmith luyout, the first thing vou should do s reduce the: space
around the wir grate by about one-half. The economical way is to stan
with a small fire, enlarging it only when specially required.

Gas-fired forges have several disadvantages: noise, excessive steel
oxidation and a large fire-grate opening through which small work-
pieces become easily lost. [ alwoys avoid them in favor of the simple
coal and coke fired forges.

THE WATER DIFFER

A water dipper can be made from a one-pound coffee can nailed onto
a wooden handle (a small tree branch will doj, The bottom 15 punctured,
with i fing-pointed ce pick or 1/32-inch nail, with holes about 172 inch
apart, The dipper i used like a sieve for sprinkling water slowfy. As a
wirler quencher it can wet down coal, or the part of the sieel thar sticks
out of the fire, o keep it from overhesting, espectally when steel 15 held
by hand instead of with tongs.



THE ANVIL

Some hardware stores will still 1ake special onders for anvils, but
prices run high,

During patriotic freney in past wars, anvils that had been neglectad n
Farmyards and old shops were given (o the government to be melted into
weapons, making it almost impossible 1o find one secondhand wday.
i Adready, however, the Macksmith had practically besen replaced by
mechanized industry. ) The lmited number of available vsed anviks pe
often quite worn, or severely damaged, and have o be refaced. Conse-
quently, you may have o make &0 with any honk of scrop steel (35
pounds or more) that 15 switable 1o forge on, The illestrations show the
shiapes of makeshift anvils that [ have used quite s#tisfactorily, Tt is also
possible 0 make an anvil from a section of laoge-gauge milroad il
(how f do this is-shown in Chapeer 259, Therefore, the lack of a
professional anvil 15 no reason 1o postpone your firsl expenences in
biscksmithing.

Secure the anvil, ora substitue, with bolts or apikes, on a block of
wood or tree stump. The height of the block plus the anvil should be
such that the knuckles of your fist, with arm hanging freely, just touch
the face of the unvil. At this height 8 hammer blow can strike the steel at
the end of & full-lemgih arm stroke

Always keep in mind thil whistever v wsed 10 ' pousd’ on can never
be too heavy. An anvil must never be so light that a hommer blow can
moke it

THE BLACKSMITH'S VISE

The gradual abandonment of equipment from old backsmith shops
has left fewer and fewer used post vises availuble. New ones can atill be
ordered, of course, bul at great expense,

A heavy machinist' s beach vise (35 pounds or overt will do very well
for a4 simple shop. I vou should be lucky apd find a secondhand
|00-pound monster {even a somewhat damaged bt sl Tnctioning
oneh, do not hesitate to acguire it, The heavy mass of a vise (s with the
anvil} must be great enough thas each blow on the hot steel held in it will
be fully effective.

=T

anvil made From scrap
railread 1ail

4

correct height of anvil
an ﬁtu-m'[:

standard
blacksmiths

al
standard machinisty
bench vise
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HAMMERS

Blocksmiths' hammers are available throwgh hardware siores and
mail-order houses. They have chinged little i design, afthough the
steel composition may have mproved through modem metallurgy

The cross-peen-tvpe hammer is the most useful. One end of the
haimmer has the cross peen, which 5 used o draw out steel, while the
other end has o flat, octagonal face, slightly rounded off ot ity edges 10
leove an almost cocular Face, The foce iself o very slipghtly conves, o
that sy minor insccuruie blows by the hammer’s edge, not parallel to
the anvil face. will nod beave deep local markings mn the steel.

Several hammer stzes (weights) and designs are used, but the begin-
ner will mol need more than o few at the outset,

The far and cross peen, and the foav ard ball peen are the wll-rownsd
blacksmiths” hommers, Sizes of 12,3, and 4 pounds are preferred. Any
specially shaped hammers: you will leam w make Inter on (see chapler
Fi} A

The heavier hammers, as a rulbe, are the sledgelampniers, Tnoolden
fimes the smith had his apprentice helper to swing the sledpe when
heavy stock was o be forged. There s a limit, thenefore, 1o the weighs
of harmnmer you con wse by yourself, If you can acquire a smidl-catiber
mechonical hammer, it will do the heavy sledging for vou (see chapeer
Xl

TONGS

You can see old collections of tongs dizplayed in blacksmiths® shops
in musewn towns such ws Williamsburg, Virginia, and Suiter’s Fort in
Sacramenty, California, They are of every conceivable size and shape,
revealing how the smith would make g special pair for euch new [orging
problem. The jaws are made in infinite variety, to hold each pasticular
sieel workpiece firmly and easily during forging. And today, as in the
past, there is no limit to the usefulness of having many designs of hand
as you work. You will learn 10 make & pair of 1ongs in the same way thi
the carly blacksmith did; and thus grodeally be able o baild up your
aWR et exactly & you want ir.

The old smith did not have our modern visegrip self-locking pliers. o
very welcome; pracucal addimion o the blacksmuh’s shop. It can be
osed most successfully in place of the old type of tongs which hid o
clamping ring thot held the jaws firmly ogether. Visegrip pliers can
hold the widest range of sizes and shapes of stock during forging, more
casily and better than the old rongs. | recommend them highly



STEEL FOR THE BLACKSMITH

This book stresses the fact that excellent steel can be found in the vast
serap piles woross the country, The sulvagewble items 1 their varied
sizes, shapes, and qualitics seem emdless; waste & one of the U5,
economy s natural by-products. Gathering such waste can beoome 4
great pleasure. because finding anything one has gond use for, that
ofhers throsw oway, 15 like finding ireasune,

High-coarbin- steels are the choice dems. In cars, all springs: e of

sufficiently high-carbon content (over 0.2% ) to mike such sieel temper-
abler thys nwans of a hordoess to cob wood and mobd steel; In all the
years that | have made tools of such sizel, | have never hed one thar
disappointed me.

A most important - source of steel = the awie-wrecking vard where
serap caf parts areg 1w be found; the useiul onds include leal springs, coil
springs. sturter springs. axles, valve springs. push rods, valves, stick
shifts, steering cross-arms, finkage rods, torsion bars, and bumpers, wid
any dind ol tems vou sagrect muy beoof useful size nd shape (soe
photograph, pages 92and 901,

The kool auto wrecker b penerally -selling sulvaged replacement
parts from cars. He eams o gheter margin of profit per pound of steel
than the deader in scrap steel. [f.- therefone, economy. 5 vour wim, o b
the dealer who sells scrap steel ovndv, 1T he allows vou to noam throwgh
hiz vard, you can gather un incredible variety of ferms,

Bars and rods in all sizes lend themselves o making many forged
items, Coil springs can easily be straightened under heat (as described
on page 59 |, Sometimes fla steel, even if it has been-curved. also offers
the promise of good stock. Heavy-gauge old sww blades, (straight and
circuler saws and heavy indusirial hacksaws), mactor plow discs,
chati-naw bars, obd files — all are excellent matesial for your collec-
tiom.

Oid rusted fools, such as cold chisels, carpenters’ chiscls, center
punches, crowbars; smd cleavers are wsefol, as are remmants of nein-
forcemem steel and wasie plugs that come from rivet holes punched ouwt
il plates ot boiler faciories and steel-construction plunis, Abandoned
farm machinery will prove rich in high-carbon steel.

Look also along highways and country moads, Big companies, & well
= individuals, often seem fo prefer loaving steel waste stretam aroumd
rather than carrying i ofl o the salvige yands. In this way, somewhat
bent ‘steel braces. bolts. bars. und plute from electric poles. overgrown
with weeds, hove found ther way o0 my steel scrap pike,

Additional oseful items o selvage are discarded ball bearings (burrels
full mre thrown out by electric-mator reparrshops, garages, etc, ). These
lend themselves 1o making tools and jigs and makeshifi instrimmeants wmd
o great variely of forgings. Old cast-iron pulleys. gears, and heavy
fems make. good formmg bBlocks on which to pound hol sizel mbo
CUrVEs.

Use your imagination m selectmg iems which right be uselul for
spmiething or other. Bul be cautkoned: sore them inconspicuously. To
vour neighbor, vour pile of scrap steel may be an evesare, Keep it out of
sipht: and vou will find that evervone will enjoy the finished treasures
wioul minke out of the things that once were just junk.
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BLACKSMITHS COAL

The coal we use iz always called **bBlacksmiths” coal™ 10 distmguish
it from household coal. [t is more expensive, but with correct wse it Losts
tonger. It also bums hotter, It keaves clinkers (slag) instedd of ashes and
i therefore cleaner, releasing less ash dust inip the air. "Whatever its
composition in scientific terms, the farmer's [eed-and-fuel - stores
throughout rural areas that sell thiz coal always call it *“blacksmiths®
cioal.” As e rle it is sold in 100-pound sacks, Iis this coal that is usad
by homseshoers (Tarmiers)

CONTAINERS FOR QUENCHING LIQUIDS

The Warer Trowugh or Bicker. This iz for the guenchmg of hot steel 1o
codl it or temper it 1t should hold ot less than five gallons of water,
and should be deep enough so that a long, hot section of siee] bar can
easily be guenched

The O/ Condainer. This too should be generoasly large, holding not
less than five gallops. T must have & hinging Hd that can be closed
quickly to snuff out any fash fire. (Sometimes, through misjudgment.
oo large o piece of hot steel 15 quenched in oo small a guantity of oil,
which could bring the oil smoke up to s fash poini.)

The oil-guenching confainer should remain either out-of-doars or in a
separade ares of the shop, sway from wood or other combustible ob-
jects. A metal, or metal with asbestos, sheet should surmound the forge
and ofl bucket, between them and the wall, IF the foor is wood, metal
sheet should cover it where hot steel or coal might fall accidentally. An
canh or stone Aoor and walls sre ideal for this area of the shop,

AUXILIARY TOMLS

Cutoft hardies, hot chisels, top and bottom swages of varous sizes,
top and bottom fullers, heading plares, hot punches, and forming dies
ol pre useful and often necessary tools. These and others will be ntro-
duced in succeeding chapters as they are needed to make the things we
want. The blucksmith’s craft thus proves perfect for muking just abooe
any *'tod i make g iool,”"



RECOMMENDED POWER TOOLS

The Mechanical Steel-culting Saw

Although seel-cutting bandsaws i reciprociting hacksows can e
bought fuirly cheap new. the hobbyist muoy be challenged 1o make hiz
(WL,

I recommend converting a salvaged | 2-inch-diameier woodworking
bandsaw by brst redocmg the sow speed, tollowimg the scheme. n the
illustration. Bandsaw blades with fine teeth serve best. The hardness of
the deeth is the same for the cutting of woost or mild steel; hardened steel
miest never be cut on such saws. (For hardened steel, use the abrasive
cutofl wheel.) Yoo will find that these wom, discarded mechanical
saw's, found in secondhiand shops, generally have all their vital paris n
good -condition: the maotor, wheels, bearings. pulleys, and adjusting
mechanisms, The parts equiring fénewil wseilly ave the rubbar wheel.
linings on which the steel hands ride, the drive or pulley befts. and the
twn smaell brass guides between which the bandsow rides,

The Rubber Wheel-Linings, Bummage through o tire-repalr shop's
serap can and salvage o large rubber inner tube. With scissors, cut it into
large rubber bands the width of the bandsaw whesl, You may need two
or three for cach wheel, Porcibly stretch thess over the wheel rim. If
tighi-fitting, they do not need o be bonded topether with smy cement,
and the wheels do not need 1o be dismatnted for this operation,

Drive Belts, Belts that are not oo wom and fraved are often found
srewn around suto-wrecking vards, Keep a cnllection in various sizes
and sdipt them o vour shap mprovisitions for drving odd trinsmis-
siom setups.

Adjirsrable Brass Bond-Guided, Bemove the old ones (but only i you
see thaot hardly anyithing i left to warmint prolongmg theo usel. [0 oo
brass iz available to you, salvape some harder varicty pot-metal parts of
cast instruments-and machine howsings found lving arsund scrap vards.
They cun easily be hand-siwed mito the siee of these insets: I you find
thar they wear down too fast, look for sceap fine-grain cast iron from
which o saw out the parts,

The Abrasive Cutoff Machine

Follow the ilustration exactly o make thi= indispensable ool for
cuiting steel of great handness. The skeleton frames of many discarded
home wiility machines {dishwashers, washing machines, bench-lavel
refrigergtors) can be pdapted for this purpose, In combination with the
converted bandsaw, the two machmes will meet all of your power-
cuttimg needs, soving a greal deal of tme, w5 well as vour back and
CRErLy.

Cotoff Dhscs

These can be located a5 waste items in large steel construction plants
that wse discs 18 to 24 inches in digmeter, Y- to % is-inch thick. The
wishers that clamp these large, high-speed discs securely are approxi-
mately 6 to B inches in diameter. In time the part of the disc ourside. the
wishgr becomes wom down o the washer rim, therefore becoming
useless in those plants, Barmels. full of the remaining & o B-inch discs
therefore become waste, The compamy will either give vou some, or 5211
them 5o you for much Tess than i you had to buy them new' in that sioe.
These mdustrinl whesls, being of the highest quadity, will nog shatter
gasily. Use 1750 pm wheel speed as further precuutson agatnst acci-
dents, however.

s d, —
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Alihough high-speed machines may save time, they are also mive
dangerons. After all, we are ool in that moch of o oy, Therefore, o
ong-i-one drive by a secondhamd | 7500 rpm, 114 hp motor will sk
fine and be safer.

The Large Motor Grinder

serivusly consider having one large power. grinder in your shop; it
will give vou prest safisfuction.  You might choose either one of the
illustrated setups, whichever fits your personal circumsiances,

First Example. Your electrical wirmg must be able to pulla | hp, 110
W, 1750 rpm motor easily, Use secondhand remmanms of imdustrial
grinding wheels, about 2 tp 3 inches thick, B w |2 inches in diameter,
The setop-shown hos proved 1o be o very greal asset around my shop,
e you have it you will wonder how you could ever have done
without,

Second Exampie. | have also used this system very satisfactorily.
although in is somewhat more complicated o %1 up. The center pary of
the old motor howsing 15 cut inhalf horizontally on the sbrasive cutoff
machine after discarding the moior’'s “innards'" Both bearing side-
frames are kept intact. Cut an opening in the rear center, for passage of
the fwo belts from the drver motor 10 the pulleys mounted on the arbor
shaft within the old motor housing. Reassembled, this is the finest
sturdy arbor thit one could wish for,

Oo the metal-tuming lathe, turn a sheft @ fit the salvaged motor
bearings, (M vou have no such lathe, you may need o get help on this, §
Thread both ends of the shaft to réceive a fine-gram wheel on one and a
very coarse-grain on the other, Two YW-beli pulleys are mounted om the
cenier of the shafi.



The Cotten Bulfer and the Rotary Steel Brush

Yo will find that these are invaluable mechanical devices, The ar-
romgement shown s consiructed from serap pipe. with a ball bearing
wsed ot the ends. The butfer or steel brush is mounted on one end, omd
the other holds the driven pulley.

The Double-ended Arhor

A dnll chuck is moamed on one end and e other may hold whatever
grindimg wheel 15 needed. (The table drill press can be adapted for this
purpaose, but it is preferable o have the double-ended arbor (o save the
drill press from overwork. ) The arbor will sccommodage the endless
viriedy of small susibary insed prinding points, sanding discs. and
sleeves. With i, the widest range of grinding problems ¢an be met.
Tool blades or odd-shoped freeform ertscles thot start as blunks from the
foage are mugh-ground, then refined, on the double-ended arbor insens,
und finally polished on the bufter,

Arhors can be bought resdy mule through mail-onder houses. He
warned, thoogh, o avosd the types with plastic bearing skeeves that
wizar down in shon onder when abrasive et dust gets inio them, As a
rule, skeeve bearings lack a gooed sedl against abrasive marer, Make
sure to choose only arbors. with well-sealed ball bearings, if vou can
afford them, IF a bronze sheeve bearing comes vour wiey, Imprvise a
simple seal with otled felt wrapping., bimding it arcund the bearings with
string, This will be effective even T it looks junky. Always be sure o
keep oiling hibes closed against abrasive dusi.

U'sing the Drill Press as a Wood Lathe

Temporanty converting the drill press into a wood lathe is & simple
arrangement, particularly useful for those crafismen keenly mienested in
expanding their projects with the making of carving toals, As shown in
the illustration, the parts needed are not very difficult o make_*

With this setup, 1ol hamdles can be made withcut o hoseontal lathe,
However, well-functioning wooden hendles also can be freely shaped
with saws, chisels, and disc sanders, and often Took more attractive than
lathe-tumed ones.

*In my hook “The Making of Tonls,
prven oo this sabgect.
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2. Hammer and Body
Motions in Forging

?ri“ E'-"i.l:lli‘ﬁ in use of You mostiry i make each hammer blow as effective as possible with
$ ] . a minimum expendiiure of body eneray. The way 1o accomplish this is
;,m}:rmr&!tg_ mations, A s obwious o the beginner as it may seem, bat must be leamed
"_"'d:"‘ statice through practice, until it becomes sutomate. Any effon that concen-

trates action n the shoulder alome should be avaided., s the illustration
h:m mer 15

"“‘- clearly shows

T:W& You stond a1 the anvil with legs spread enowgh to broce vourself

w firmly, one foot-a linde back snd the other foreard under the anvil
@ shoulder overhung. Bend your head directly over the anvil, but hold it a bnle o
the side 10 make certain that the hammer swings safely pastic. There is 4
real. donger that the hammer, bouncmg back from an accidentally
missed stroke, could hit vour head, At the same time, keep vour head
close o the work, in order 1o have a clear view of every mark made on
the hot steel by the hammer. This allows you 1o judoe whers 1o sirike
next,

Cantton: During such close work it 15 wise o sguinf vour cves to
protect them from ncocheting steel particles or oxide scales. General
practice and experience will prove that, thus protected., the eves are
seldom injored, However, Anaring cindérs and ash dust, or litcle oxida-
tion scales Hying off the steel during forging, sometimes do get mto
one's eyes, The logical guestion is; should you wear goggles” My
apswer % 0 do so i vou feel apprehensive, but realiee that most smiths
probably do not wear pogples during forging and woold rather put wp
with squinting and occasonal eyve-washings, Without gopgles we have
i full 180-degree view of the shop. | myself only use them while
motc-grinding steel. But take warning! You must use vour own judg-
ment. and hold only yourself responsible if sccdents occur which might
Ehw\dn- is ﬂﬂ*n 5. stabienary have been avoided,
all muscles ﬂjmnt’l are BT

maximum use. PRACTICING CORRECT HAMMERING

Use o piece of cold mild steel a5 @ practice piece. Held it in your
hand, or iongs, or visegrp pliers, and strike it with the hammer a= if i
were hot, Go through the phases of the hammering movemeants again
and again 1 loosen up any awkwirdness,

Toke special motice of the exact foger and hond pasitions, as these
“loosely™ hold the hammer af the very start of the stroke, [ts weight
should first be:held crsdled in the crotch between thumb and forefinger,
while the other fingers, standing a litle outwand, ling up along the
hammer stem, The hammer is angled backward. The first motion 5 the
contraction of the fingers, giving the hammer its mitinl movement,
iollowed by the drching path of the srm until the hammer meets the

toerreck movement s when
using light weight hammer

- . steel,
5::{:'! - hlﬂh 'H"Elﬂt‘l{‘g}‘ With an accelersting force, all the other moscles of the body now
PP}?. follow that first ngec-pall, {The finger-pull on the hammer siem at the
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sdari of the harmmer siroke 15 also the reguired techmgae when riveting
smull riveds, or hammening delicate objects such as hghteeight nuils
into foirly hard wood. )

The drawings aim g help the student visualize a live demonstration
The wrong wey of hamumering is also sikwn,

USE OF FORGING HAMMERS

Mo matter how skilled the smith, hand-hammenng 15 always less
gccurate than machine-hammering. Therofore, the design of the ham-
mer will affect the results

A sharp-edged. perfectly flat hammer fece will damage the surface of
hot steel, making shorp dents and ridges. With continued hammering.
the stunding edges will begim to curl over in kadlike: portions which,
tuirn, are pressed down inte the steel below. The damzage s mulnplied
progressively, resulting finally in a compleely chewad-up surface, The
only way to repair it then s by completely grmdmg oft or filing swiy
the domaged surface,

If the hanmier foce o shightly conves (erownead), with s edges
somewhnt munded and its cormers beveled to an approximate oclagon,
then the hammersd surface is indented witheut sharp edges. It leaves
only - shallow concave mmpressions (valleyvsh and pentle, low ridges
(summital. Continwed hamimer blows with this same hammer will
copmprress The sumimits inte succeeding shallesr valleys. A skilled smith,
working o rebine that mearly fat surfece, will apply gentler and gentler
precize blows until finally an almose sccurately smooth fa plane re-
wilis,

shoulder is rajsed highd.

hemmer i3 below
tead at skart -
o | =
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w Om thin stes] the Aat — but not sharp-edged — hammer. face can
safely drow our (sireich) steel, On thick steel, the cross peen s mime
N —— effective. It drows out an even surfoce with firmily promounced ridges.
but not a8 sharp a5 the ridges left by vsing a sharpeedgped il hammer
foce. CHT and on, the hammer, 0 unmtermopled movement, is fipped
into reverse position in mid-air 5o that the next series of bbows are strick
with the flat face on the ridges lefi by the cross peen, until gradually the
steel surface becomes spproxmmately flat once more. This altermating
treatment s repesied as long as enough heat is left in the sieel.

combination peening &

Flattening

=

ik =
draws gut shee]l Pastest

Since drowing out steel medns stretching it hammer-peening &n ane
cdge of a flat bar inevitably curves the bar, with the resulting thinner
edge vuiward, Further sireiching that side, by fAaening the ricdged
surfuce with the hammer face. will curve the bar still more,

g There are several methods of drawing out steel from thick to thin,

d-f'ﬂ‘l'ﬂﬂﬁ out steel narrow to wide, wd various combingtions, such as widening a piece m
(stretching thick inte thin Eh'!l] all directions while making it thinner.

T fengthen a bar without use of hammer peen. place the heated bar
over the anvil horm, and pound with the fat face of the hammer. Next
place the steel on the anvil face as shown, and hammer the mdges ou
flat. Continise drawing oul the sizel in this way until the desired length i<
reached,

Amnother way of drawing out is fo place the bottom fuller in the hardy
Iswide and hammer the bar out on it instead of on the korn. Flatten ndges
on the anvil face, ic.

2



To widen a bar, use the peen end of the hammer spreading the steal
sideways only. While there is still enough heat, flip hammer over in
imid-mir. a8 described before, using the flat face 1o drive down the ridges
left by the peen. This stretches the workpiece sidewiays once more
within one Hhear.

To spread the sreel in all directions, first use the ball end of the
ball-pegn hammer, then the fag and, o spread the sieel owtward from
the center.

Iv iz now Jogical o add o the variety of hammers in your shap o
wlow yourself a wider choice: sharp- and obtuss-unghed peens: small-
aed wide-diameter ball peens; shallow or more convex face, etc. 5till
preater varety can be obtained by adding hammers in different weighis,
The doubie ball-peen hommer. with two different peen sizes. 1% one of
the most useful ones for making the hlanks for woodcarving gouges (as
deseribed in Chapter 22).

Towridern s bar: @*__
4 usE : pewn ened
I - of hamneer

oF Flnt end Rprralai.
| of hammer gt ©1Z8 =3
| en behire

befare
riddes af
ure
Hat Facg_ | { before
- —afeer

Flat & ball end of hammer
spreads steel inall directions
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correct ise of the
Bledge hammer

position of Feetmay be
reve rsed

USE OF THE SLEDGEHAMMER

The use of a heavy (4 pounds or over) sledgehsmmer simply speeds
up the work of forging large volumes of seel, In gl hommering, body
motions should combime & maximum precision of aim with the stored
energy 0 the hammer blow,

The stroke begins with the right hand fairly close 1o the left hand,
then sliding oward the hammer bead os the stroke progresses. The
drawings (steps [ through 5) show the progression of the hammer's path
and- body mobions during one cvcle, This leis the hammer bead encer
into 4 spirad cierve instead of 3 more of less cmeular wre. 1t s done by a
very skilled sledpger if he feels cerain that by thus incressing the encrgy
siorage (the hammer head moves into a larger outer-diameter curye and
therefore a longer path) e will nof sacrifice the accaracy of the hammer
siroke, I8 this sort of combination of body movemenis that create a
whiplash effect o increase encrgy storage.

Warious combinations are possible, depending on the skill of the
sledger. He can [ift the hammer with right hand held close o the
hammer head and then, letting the hammer head slide ourward, bring
both hands wgether ot the end of the hammer stem. Or he can hobd this
final position for the maximum path of the hammer. The onky danger is
that the sledger might miss in his aim in this large swing.

Aovet greater sledpehammer swing (not shown, since mrely needed)
wis pructiced in olden times when the blacksmith had helpers. This was
the overhead, full 3n0-degree swing. In my training years | often used
skilled Fellow studént helpers, sometimes three of them simulianeously,
each meshimg his own cyele mbo the uninterrupted overhead sledging of
the others during the period of one heat, It was an exhilacating expeart-
ence a5 well as o proctical way of drawing out or upsetting heavy-gauge
steel pants. Circus gangs use the overhead swing with large diameter
winden (often steel-weighted) malls when drving tent stakes into the
ground. You can practice heavy sledging similarly. by driving a heavy
siske mto the ground. Ooce this 5 well leamed, practice also the
I60-degree overhead swing on such a stake! vou mught ot some time
have (o use this skill in helping & smith af the anvil.



The Iogical nexi step is 1o use the cooss peen of the sledge o draw ol
steel. But iry this only after vou have leiwmisd controlled use of the
sledpe’s flor face. Caurion: I yoo should miss, ond the comer of the
oross peen strikes the anvil face ar its edge, 10 may be dented or broken,
o very serous sethack. Such misuse can coase irreparghle damage o the
anvil, vour work, or tovou, You will not regret having a &- to 8-pognd
sledge in the shop, bat do not underestimupte the pecessity of knowing
hivw By use it zafely, Maturally only ey anvils can tuke the powerful
blovas of heavy sledgehammers.

¢orrect use of the
sledge hammer’s

Cross-peen when dr-a.w:'npg
sut s wide bit at end o

a hesvy bar

e -;-_ :ﬁ
heavier sledges to be used on
heavier anvils




3. First Blacksmithing
Exercises

How does the smith judge quickly each next move when he must
**forpe while. the o is bot™' 7

The student blacksmith will leam that when steel has reached forging
heat, success depends on three things: precise fudgment, perfected skill,
andd on instinctive feeling for what is right or wrong. Combaned, these
enable him to wct degisively ot the right time. When the moment has
come i apply his knowledge and skill, be cannod afford o hesitae,
doubt, or ler the time 1o act pass by. He must do then and there what
nesds o be done,

A blacksmith works with hot steel that is as malleable a5 clay. Steel,
minde 20ft, can be pushed together (called upseiting) to make a pece
sharter and thicker. Or 1t can be stretched out (called drawing out) 10
make a picce diimner and longer or wider. Thereiore, both a Macksmith
and a <lay modeler think in somewhat similar terms when it comes 1o
judging how to change a given volume of muterial from one shape nto
another shape, The only difference is that the potter’s hands are re-
placed by tongs, hammer, anvil. and the other 1ools of the blacksmith.

It would be wishful thinking 1 hope that evervone could become a
oood blacksmith, My experience tells me that in this, o in other crafis,
gveryone: has his own degree of skill. One may have great tabent,
another less, and still another hardly any at all. A simple and good test,
which you may apply to yoursclf, is this: Can vou drive a nail mito the
willl easily? Do wou have a natural feel for choosing the correct weight
of hammer to pound o sturdy, & slender. or a very thin nail mo soft,
medium, o hard wood? If you have the combination of dexterity,
mental judgment, and feeling 10 hammer the nail well, it may indscate w
whai degree you may be successful as a blacksmith,

The following exercises acquaint the beginning student with the tech-
niques and results of hammering hot steel so that m tme be alsa will
experignce a feel for what can and cannot be dome in the forging pro-
OESs,

STRAIGHTENING A ROUND BAR

Fromm the scrap pile choose a Y%-inch round rod about 15 mches long
that 55 nal quite strafght and 15 benta linde,

Start o0 small, clean fire as described m Chapier 1. Place the bent
section of the rad m the ¢enter of the fire-moond. With tight-fitting
tongs or visegrip pliers, withdraw it when the bent section s dark
vedfow for. (I the bar i long enough. and the end has remained cool, it
can be hand-held. ) Place i, humped up, on the anvil face,

With & 2-pound hammer. straighten the rod with gentle taps on the
bt eurve. Leam o check for sccuracy by molling the rod over the anvil
face and watching for spots that are still unaligred. Tap with the ham-



pier o0 those humped-vp areas until the rod rolls on e anvil Tece n
even contact all around,

This simple straightening exercise will give vou the feel of the hot
steel’s malleability, and show you how o sirike sccurately

SOUARING A ROUND BAR

Steps | through & in the ilusiration show how by o |BO-degres
mmbling method, 4 round rod progressively becomes a squdamre one.
First ane side of the rod is hammered to create a fiat face. At the spme
tnmie the undbersade of the Tod which contacts the anil will also become
a littde flat. But becouse the cold anmvil cools the steel on contact, tha
sicle will be less mallzable, This is why the mod is tumbled owver fre-
queently i that heat period, Then the hammering can even ol the litle
differences to maimain the symmetry.

Each time the steel cools bevond n visible bear glow (o5 seen in o
semi-dik shoph, the sieel should be reheated,

Azzume now that you hove sucoeeded n making two evenby Hat faces
on the round mod in one heat pericd (referred 0 a5 a *Theat™ ), The
critical point is that each tme the rod a2 heated and replaced on the
anvil, it must contipue 0 be kept accwrars, During the next step, the
already Aat, parallel Faces must be Kept at an exact H-degres angle io
the anvil face. The hammer blovs thus must also be accurite, stnking
the remaining round sections exactly parallel to the anvil facing. An
imnccurate stomse, mosd positon, hammer stiooke, or anval placed @ &
slunt can easily create o parallefogram insicad of a squase 16 cross
section,

It i therefore necessary, I this s vour st experience, o check
quickly the resole of the first Blows. Look at the end of the rod *“head
on'" to see in what wy it may be pecessary 10 adjuse the position on the
anvil, and what comective biows must be applied to square the od
properly.

IF & first v seems that much is made of limle, rervember thag you mst
learn comective actions now in order 1o apply the. gained skill fnsarly
listesr om,

The pride of the good =mith is to do o piece of work 0 a minimum of
heats. Endless fussing with steel with many reheatings and ineffective
motions  indicate  the novice's  heshant  beginnings. Wihh  sell-
confidence, the faster W-degree tumbling method, &5 shown, will seon
Empt you o speed up the squarmg of & rod end, Quick corrective blows
during uninterrupted hammerng wall peevent the fooming of a paral-
lelogram cross section. You will soon improve your skill bere,-and end
up deoimg perfect square ends,

Sieel] can undergo many reheatings before its essential properties ans
affected, provided it mever reaches o wiine bear, or brms. T shoukd nog
he worked after the visible heat glow has disappeared. (It can still be
safely benr, however, after the stzel has become too conl for forging. ) 1
the steel should bum in too hot a fire, vou will unmestokobly see sporks
fly from it looking exactly like sparklers on the Fourth of July. As
nothing cun be done to restare steel guality when burning has occurred,
make sure o cil & every race of i, as follows:

Hewt the spot wherd it s to be cul to yeliow hot, Place the coioff
hardy in the anvil hardy hole. Lay the hot steel on the hardy. With o
wirlimed hapumer blow, the hasfy's Enife edee will make its first
mirk on the steel, Replace ot in the exact groove for the second blow.
{In a-quick rolling movement over the hardy you will **feel™ that it i in

squaring the end
af & round bar

inapprox. ¢ tod heats

s
18" tumbling method
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the comect position, ) Just before the prece Falls off with the finol hlow,
gently strike it a litthe ewerwared from the hardy edge, and it will be
sheared off, This prevents siriking the hordy ond duilmg it or demaging
the hummer.

Ancther way o cof off a section of steel 15 10 ploce it on the anvil's
sooft cunoff iable using & hold-fast ool which frees both hands for cutting
with a chisel head,

If you have ended up with o paralielogram instead of the misnded
sguate, correct 1he error as follows!

If top and bottom swages in the comect size are available, the sim-
plest way is o "'push’™ the hot warkpiece info a sguare between then,
Without the swages, however, simply tse corrective bliws using the
hammer and anvil &5 shown mn steps 1b through 4b. But this will reduce
the size of the squane somewhat,

TAPERING THE END OF A SQUARED ROD

Begin with u squored section of mod. Heat it and place i0on the emnd of
the anvil horn. With the fat of the hammer, deliver strong blows, first
oo one side, then ul ¥ degrees on the next sude, e, wmbling the rod
Of} degrees for each succeeding blow', Deliver these blows as the rod 15
oradunlly polled fowand you until the end i reached. This action
**pinches”™ the mod end. as one might pinch 4 similar section of clay 1o
make it longer. This is draiving our the steel

Using the flat side of the hammer, remove any comugated hammer
marks i make the sorface exiure summits fiush with the vallevs. This
ppain. pinches the steel, makimg i1 bonger sl Conninie hammening
graduaily toward the end so thot the square cross section is finadly
shaped mto o tager,

The blacksmith’s craft is so flexible that there are, &s o mole, several
wavs of doing such things ss making a taper, For instance, instead of
using the end of the wnwil hom, you can use & hardy-type tool with
rounded rdge called a oo fuller

Another way 15 to hold the mod away from yoursell, over the anvil
face, and hammer with the cross peen. which is cagier than with arms
positioned over each other (see also Chapter 123, O tumble the mod in
90-degree sequence using very heavy blows of the hammer-fat without
letup ot the angle of the wper, The skilled smith will aften use this las
miethod for tapering rod ends in sizes up 1o Y-inch diameter. These very
eapid, beavy blows put so much epergy in the forrn of heat ek into the
steel that it stays hot loog enough 1o finish the task in one heat. All that
is needed besides skill, in such an operation, is ample moscle and lungs,

SHAPING THE END OF A SQUARE ROD INTO A ROUND
CHOSS SECTION

The procedure (not illustrated) always works best if the square is first
hammered inio on octagon, Next the octagon ndges are hammered with
rapid gentle blows. one ridge ofter another, into an approximation of o
smooth round surface. (Follow asimilar method to make 8 hexagon bar
into & round bar or 0 shape a square taper into a round teper, 21c,)

While doing these first exercises in blacksmithing you will have
become awore of one of the most outstanding charocteristics of the crafl
the rest period during reheatings of the steel is in fact an active time,
You must plan, dedoct, decide, mvent, remember, conclude, and keep
all “‘thinking-pistons®" firing before the steel hos become hot once
more. Then the hand ond eve must proceed to tramslode this thimking mio
the actual forging activity.



4. Upsetting Steel

UPSETTING A ROD END TO FORM A BOLT HEAD

Lisz a 3-inch round md, 17 inches long, Tapes & inch of both ends a
linde, which will 1end to keep hammer contact at the exact cender of the
mi,

Heat 2 inches of ooz end and hobd it down vertically on the anvil.
With a 2-pound hammer, strike the coll end with rapid, medium-heavy
hlows. Aim the blows in the exact vertical directson of the bar to prevent
side-plancing and consequant bemling of the hog section. IT it does begin
to bend . fmmediarely pluce it horrzontal on the anvil face and straiehten
i, taking core not o sirike o0 hord, thereby losing the increased thick-
ness you have just geined. Canmion: Never hit the anvil face with the
homrmer edge or the peen, Such misdirected biows will leave sciigs on
the mnvil that will show as texture on vour workpieces.

Hammer the flared-out edge back into & slight taper before returning
it to the fre for every next beat. This brings the hot end-face mto closer
alignment with the center of the rod, 2nd lessens the chance of bending
it again during the rex? upsetting action, Apply this correciive treatmenl
throughout the upseiting procedure.

During the third heat, enough volome of steel shoald be upset o
mike the size of bolt head desired. I three heats have not accomplished
this, however, four or five may be reguined,

Tao form the bolt head, place aver the hardy hole & heading plate that
fits the *-imch rod (see the heading plates lusteated in Chogaer 1), Take
carg thut inaccurate blows do nod tend to pull™ the malleahle mass
fideways ox you hammer. This danger is real. bacwese vou cannog s
the resulting rod and head alignment until after the damage may have
been done. It is therefore & good practice 1o look for the slighest sign of
ceoentricity of the visible par vou are shaping, making sure i stays
sligned with the visible shape of the heading plate, As soom & vou
nofice the head wandering out of line, slant vour bbows in the opposite
direction fy put it back in center,

A slight eccentricity between head and shank will not weaken the bolt
head s holding strength appeectably, 1T the head meets the md with &
slight curved edge vou can reforge the head ‘back mio line
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LUSE OF THE UPSETTING BLOCK TO FORM A BAR TOOL

The ends of long and beavy bars con be upset without hammers. by
using the weight of the bar itself as a hammer. Dropping it vertcally m
i free-full onto g heavy cast-iron Hunge upsetting or *“stomping” " block
will in due time compact ond thicken the end. Adding miusele behind the
free-(all makes this upsetiing technique very effective and often proves
less tiring than the haommer-upseiting of much smaller workpicces,

If sidewaws bending of the heated end occurs, realign it by hanmer-
ing it, using the vpseting block ns an amvil

When encugh steel volume has been upset on the: end of the: bar to
mike o wide, sturdy blade, peen it s the needad widih on the anvil
with a sledpehammer [sce Chapter I, page 23).

The blade can be fardered by heating one inch ar the end to 3 dark
cherry red glow and quenching in oil of brine, or it can be tempered by
drawing to & straw oxidation color ofter o bnttle guenche If the blade s
by b used for cutting irenches in earth without gravel or mocks, it can be
tempered brittle hard (s hard as a file). In this case, the cutting angle of
the beviel must be somewhat wider to keep the edge from cracking if it
should secwdentally ot o rock, Under constant wse, tools that dig mearth
wear better when thiey are as hard a5 possible. IF yvou plan topry with the
tosol, the quenchiog liquid should be oil, o weghen the blade, For a
large beated volume of steel, such as this bar end, the o1l confainer musi
b deep enough o prevent the oil from becoming too bt and causing i
flash fire, Refer to Chapter 6 for further details on tempering steel.



FORGING A HEXAGON BOLT HEAD

To forge o bexogon bolt head frechund, use o previcusly Torped.
witll-centered, mound-headed bolt. Follow steps 1, 2. snd 3. In the
progressive hears, all angles, iT kept correct, will in time resull ina
sharp-edged hexagon.

If imcorrect angles do hegin to form. dmmediarely place comective
blows as shown, Postponing comective measures results in the lexagon
beconung smaller pnd smalier.

Heovwever, if a small, accurate, but roo-figh hexagon has resulted, o
iy be forped shomer and wider agam by droppimg the bolt into the
heading plate and hommering the head down to its intended size, This
manipulation widens the bead ns well and may save the project without
wedkening the bolr o speak of, provided no folds and nvisibie cracksin
the steel have formed,

In apy event, final accuracy can be realized by-aliemately reducing
the boli-head height in the heading plate and afier thar hammering the
hexegon sides on the anvil, until wn exact wrench size for the bolt head
his been reached,

To thread the bolt shank. clamp the bead m the vise ond, with o
threading die {using lard as cutting agentl, cot the thread ns shown.
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CORRECTING UPSETTING ERRORS

IF the end of & bor is not at an exact right angle o s length, the
beated section will unavoudably bend out of line during upsetting.
Therefore. it must first be ground or forged into & 90-degree end.

You can meet the difficulty halfway by mounding the mod ends or
hammerng them o o shight wper. Such énds will receive hommer
blivws closer to the rod’s tree center 50 that even hand-held rods and
slightly impgcurate haommer blows will reduce the danger of sidewuys
bending,

Should the hot end bend, it will also start o fold, and this muost be
comected af onee. The fold mist be filed or ground cut-afier the end has
been straightencd and before any further upsetting is resumed, There is
no other way io mees this difficuliy,

It shoulid be noted that, because of natural human ermor, all hand-held
mids are; o some degree, placed oot of line with the anvil. And. of
course, hond-hammerng also npever 15 as  precise as  machine-
hammering. Therefore, all upsetting actions that rely on hand and eye
along, without the mid of machires, jigs, dies, etc,, must constantly be
interrupted - with comective hammering before further upseétting cam
safely be continued.



5. Upsetting with
the Aid of an
Upsetting Matrix

MAKING AN UPSETTING MATRIX

Often the smith wishes o wse lools which serve as “short cuts” when
a series of identical amicles is o be forged.

The upsetting of see] o bol heads 15 a tvpecal operaton whsch uses
such a special tood, colled a beader-maririy or ppsernng marriy. It s
into the hardy hole of the savil. Hlusiratsons 2 und 3a on page 34 show it
in place and in section,

To make a large mofrin, & heavy truck axle 55 pood, (Salviped car
ixbzs im all sizes have proven o be excellent materinl for the making of
hammeers, swages, fullers, hil punches; as well & matrises. ) A section
can be cut, to place in the anvil’s [-inch-squaene hardy hole for the
forming of seeel, with 8 mechanical cutiing saw . provided the test with a
file (s2e page 360 shows that the steel s ot tempered oo hard. High-
carbon-stee] car axbes come In @ semi-annealed state and have an nher-
enl resilence that resists breaking, (Only the splines ot the end of the
ixle muy hove been hardenad somewhat 1o prevent wear by the gear
differential movements)

If the car-axle section has o diameter equal w the disgonal of the
hardy-hole squars, grind the axle to [t the sguare psing the lrgest
grinding wheel.

IT you prefer o forge the section into a square -as the illustrations
show _ then the hot section can be driven into the hardy hole as soon as it
begins to fit. Whatever dogs not precisely fit will yield (the steel being
malleable) under precise hammer blows, 1t is now that & 4- to 7-pound
sledgehpmmer should e used (if the anvil weiphs 100 pownds or maore
1o drive the shightly oversized hot metal into the hole o make the best
possible b,

It is gond planning to let the square section protrude below the anvil
thickness s that the finishad marrix can easily be knocked our later.
Dwring the makng of the matris, however, when the squeane section =
vellow-hot. 3t misy madveriently be upser locally should yow try toknock
it out from below. That s, the emd would be made mhicker, as in
riveting, thus locking the matrix nto the hardy hole, To avold this,
bevel the end of the square seceion a licthe. To be doubly: safe; place o
#-inch bor {smnller thin the hardy holed agatpst the locally beveled and
protrisding marriy blank, as a driver o knock out the biank.

Assuming all has gone well 5o far, rebeat the piece. Dinve 10 once
more inio the hardy hole, using a 3% o L-pound hammer o wpser o
littie shoulder on the mutrix blank where it meets the anvil face, This
will prevent the matns blank from laer wedging so tightly ino the
hardy hode thet it maght chip the sdges-of the hole, The matrix muse fit
snugly without undse strain.

Remove and slowly anpeal the piece by placing it in ashes. Since this
fakes phout an hour, working on another project will overcome your
impaticnee.
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upsetting
with aid

Chice it s anmealed, tes) the matnx with the file for hordness to make
very sure if i sofi enough for dolling.

Place it in the deill vise and drill o hole through the Tull length of the
mairta. Begin with a small drill; the size of the final dnfl should be the
size oof the mds you plan in ose in the twhre

Assume that Y2-inch rods are to be used: Clamp the drilled blank
upside down m the dnll vise, and enlarge the Y-mch hole with a
Vaz-inch oversize drill i o depth which stops just % inch ghove the
anvil face when the matrix is placed in position inthe hardy hole, Now
heat in the forge the section of the matrix that extiends above the anvil,
The shoulder where 1t touches the anvil should be a dork cherry red
while the resi. above it, shows o vellow heat,

Cuickly now, inseri the taper of a hot punch. With heavy, preciss
Blovws, drive it i until it reaches the Yeinch-diameter end of the matrix
section | % mch above the anvil face ). It may be necessary o use bwo ar
minre heats 1o arrive at this exact position, checking meemwhile with a
-inch-dinmeter rod whether it is about 1o slip through or not, and o
what point it does so.

Unce you are satisfied that the matrix blank is a5 the drawing shows,
the next and final step is to harden it

String a length of baling wire through the matrix and then heat the
whole matrix to o dark cherry red. Holding the wine m tongs as shiam,
imimerse the blank quickly o the deepest part of the 5-gallon bucket of
oil. The ol shoold be st mwom tempersure or a litlle cooler, The odl
bocket shoold have o hinging hid 1o snoft oot any possible flash fire.
Agitating the Blank sideways a1 that depsh may promaote the process of
hirdenmg the ouizide laver of the steel o bittle deeper, The nner core
will remain & litthe bess hard, just the seme, thus preventing it from
breaking in ase.

UPSETTING STEEL INTO BOLT HEADS WITH
AN UPSETTING MATRIX

To upsst steel into bolt heads, first hear & Y-inch-diameater rod for
about 22 inches from i end. Then quickly dip the emd % mch in water
before upseiting. The resulting Iocal bulge formed st 2 inches from the
rod’s end should measure % inch greater than the rod dinmeter (see
Hustration 1), Place the matrix in the anvil hardy hole.

Reheat the rod end 2 inches to a light vellow heat, leaving the hulge a
durk cherry red. Drop the rod, in this siate, into the masriz, where the
bulge will be hung up by the cone’s numow throat (see ustraton 21,
For once, yvou need not feel too rushed, becouse yoo want i let the
bulge cool a litle on contact with the cold matrix. The purpose i 10
iadge the bulge here, mor drive it through the narrow thioat,

While lodged firmby, the upper lighi-vellow-hot portion of the rod i
very malleable and will respond fully to upsetting, soon Alling the cone
space (soe illustrations % andd 4).

Farceful lhammering thickens the “‘locked-up™ steel, doving it into
whatever spoce within the cone 1551l not filled. 1t calls for keen, tnstant
Judgment g5 o how you must redirect the hammer, blow by blow, o
avoid too much sideways bending of the mod end.

[Thastration 5 shows the end result of the symmetrically upset rod-
hewd. It is now ready for heading with the heading plage {see illustrarion
).

Cautlpin; Bead caréfully how to prevent ecceniric wandering of the
head durmg this operation as described in Chapter 4, page 29,



MARING A CARRIAGE BOLT HEADMNG PLATE
and DECORATIVE BOLT HEADS

A cormimee bolt 15 used 1o e wooden members in structures together,
These bolts have square cross sections just below the head, so that the
corners of the square, pressed ino the wood, will “lock™ the balt
ugainst lurning when the oot is tightened on it

To make the headmg plate as illustrated, vse & sgeeere hol punch,
which leaves a sguare tapered hole. You may use o ronnd hof punch 1o
make a rodind tapered hale first, amd follow with the sguore one. This
makes it essier 1o obtin a more precise plicement and lessens: the
danger of tearing the steel at the punch®s cxit.

Both square and mound-holed heading plates can be wsed with the
smail'end of the hole either wpordown., Usad with the small end down,
as illustrarzd, the bole head 15 formed after the tapered hole is filled, If
the small end is up, then the hot upset steel is driven partly through
while "shearing of " some excess steel bafore the head begins o form.,
This makes g paralle] square section bebow the bolt head instead of o
tapered one. In either case the forging can be knocked our easily,

The shape of the bolt head may be forged as the illostratéons shosw,
but the head must be sturdy encugh to match the holding strength of the
bolt shank. Then it can be decoratively fextured to suit your taste. For
further detnils on decorative trestment, see Chapter 9.
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6. How To Temper

and Harden
High~Carbon Steel

A piece of high-corbon steel can be ““chapce” -hardened in one quick
siep; of it can be hurdened by controlled tempering for specific hardness
in i seres of $eps,

The blacksmith, as o rule, prefers methods of hardening and temper-
ing which are simplér than those of the specinlists who make delicate
cutlery, woodcarving tools, or other small articles needing more precise
techniques. You must, of course, become familiar with all the ways
steel-tempering can be done, and then apply whatever method &5 most
effective for your particular purpose,

In this chaprer | present thres methods: one, o smmple and dwect way;
and fwo more elaborate, controlled ways, These include the basic prin-
ciples applicable 1 all other methads of tempering

FIRST METHOD OF TEMPERING

By thiz method you can harden a cold chisel withouwt empening,

In the forge fire heat '3 nch of the beveled cutting end of a chisel to o
dark cherry red heat glow fas judged in a semi-dark shop, at the
moment i is withdrawn from the fAre), At this moment, quench the
whole tool in water,

This first method is the guickest way of hardening high-carbon steel
that can be devised, and most smiths that [ have known rarely resor to
any other way, In his average daily practice, the amith forges larger,
heavier-culiber articles than o specioalist 10 cutlerv-making ond for most
of his work he will use this ““one-shot”” method,

The File-tip Test for Hardness and Temperability

This fest is always a reliable way o fest the hardness of sieel

Assume that vou have quenched the cold chisel at a dark cherry red
heat glow . With a sharpened file-tip, press down on the guénched énd of
the chizel. IF it slides off like a needle on glass, the steel s hord enough
and can cut mild steel or annealed high-carbon steel,

If the file-tp **grabs™ or can “'pick™ i the surface, i s too soft. In
that case, rehent the ¥ inch of the chisel end, this time o a2 medium
cherry red heat glow, IF i is still not hard enough afier quenching,
repent the same procedure once sgain. this tme guenching st light
cherry red,

When you are dealing with high-corbon steel, this last shoold bring
comect results, However, if the steel siill i nod hard, you e then
justified in suspecting that it 5 mild sieel, lacking the needed 0.2%
high-carbon content o make it temperable,



SECOND METHOD OF TEMPERING

This method mtroduces more elisborate contnols, using the temper
cobors of the oxidoion color specrum 25 a gaoge for degrees of hard-
nEss

In the forge fire. heat 2% inches of the bevel end of the cold chizel to
o dark vellow heat ghow {again as jedged moa semi-dark ahop, al the
moment the sieel 5 withdrown from the firel.

Mow hold only | inch of the end in the water or brine {in this case noy
in oil because if the hot steel s not completely submerged. the ail would
fame up), Within a few seconds vou will see the visibbe heat glow of
the unguenched part dizappear. Cnly then withdraw e ol

Imimiediately rest the chizel, slanted dowraard, over the anvil’s edge,
ond without [oss of tme, rub the bevel vigorously with an abeoisive
stone. This puts o silvery sheen on the steel. (Only on o shiny steel
surfisce will the oxidanion color spectrurm become clearly visible when
held 1o coich the light. |

The remaining hear i the ool oow a0t as o reserve, spreading
graduaily, through conductivity, to the bevel end of the chisel. The first
color that appears 15 a foainr stronwe, followed by steaw, Bronze, pracaeck,
prerple, und finally, e, This color sequence, for wll practical pur-
poses, never varies in the average high-carbon seel,

Unee the color you want arives ot the cutting edge, arest the proscess
by quenching the swhale tool in water. At this point the reserve heat sall
in the ool will be coolad enough not to brale-handen it

In observing the color scale, node that each color must be thooght o
a5 o fardress mdicakor

Cantion; 1f the ool s withdrawn foo soom after the first 1-inch
quench, the reserve heat could still be o great, with the color running
foo fost. In this case. wrest it by a sudden guench. The danger is,
hoswever, that this may brinde-haeden the too-hot section of reserve heat,
causing the chiszl to break there during use. To avoad ths mistake,
never deviate from this rule: Hold the hot ool end | inch in the gquench-
ing bath unel the visitle fear plow has dizappeared belone proceeding,

Another mistake is- wabting fev fovg before withdrawal, since then the
reserve heat may ot be preal enough to make the: Tull cokor spectrum
visible, and it then would be necessary o start all over again,

IF the color-run on the beved should come siowdy fo o srap ag the colar
of your choice, do pod quench, bt Ietit continee to-cool slowly. This
hes on advantage, particularly when tempering slender toals. The slow
eooling creates the Jeast amount of tension, whereas mny sudden quench
always couses sudden shrinkage, with undvoriable greater tensions in
the steel’s structare.

Some seels are misde 10 be hardened in ol avely and others in warer
anly, Since a scrap pile of steel will be a mixture of these. it sometimes
happens — though rarely — that the faster cooling water quench
“eracks’" the steel scross.

Assuming that all has gone well, you have now leamed the hasic
principles of a more controtled hardening method — the process is call-
ed fempering, This, combined with the singler (s meshod, allows
the amith, a5 a rule, all the leewny he needs in hordenmg and temper-
ing steel,
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THIRD METHOD OF TEMPERING

This refined method of empening (no1 illusteaeed) 15 applied o light-
caliber forgings, and i5 the method vsed by makers of delicate waols and
mstrimEnis,

Use here a very slender thin cold chisel.

First heat the fool end a light cheery red. With this wol, the wheole foo!
- gquenched, This leaves the ool brittle-hard where the vis:ble ligh
cherry red was, while the rest of the steg] remains softer.

Carefilly clean about 1 mch of the brttle tool end on a fine-grit
rubber-backed, abrasive dise insert, Polish it o o mirror sheen in onder
to reveal the oxidation cobor spectrum prominently, This reduces etror
o & miminum when judging color,

DRAWING TEMPER COLOR

Firss, reheat the softer part of the wol over the blue Rame of a gas
bumer, holding the brittle part safely owrside the heat core of the Aame,
When the soft part becomes hot enough so that the hear travels owtward
through the steel by conductivity, you will see {as in the second method
of empering) the oxidation color spectrum appear, This time, however,
you have controd over the speed of the process, manipulating the tool by
holding i Jn the Aame, or above it Depending on the type aof sieel
compasition, oxidation cobors can be brilliant or faint. When the color
for the specific required herdness reaches the bevel end, quench Hhe
whe tool |

QUENCHING LIQUIDS

The three most frequently used guenching Hgueds ame water, zalt
brine. and oil (0ld motor oil will do}, always weed af room femperatnre.

In weater the steel is conled quickest; in salt brine. o hitthe skower;
obl, af its slowest,

In all three quenching liguids the hot sizel, meeting the identical
moom temperature, end up with the same ourside hardness. However,
since the boilmg pomts of these bguids vary, the hot steel cools towards
its oore af different rates of speed. The guicker the core is cocled, the
harder it becomes. The slower it 8 cooled. the softer it will be.

A softer core makes the ool wugh. The explanation s simply that an
opuistde hardness may be kept from bresking under struin when
cushioned by an inside sofiness, which combination keeps the tool
tough,

In addition it should be recognized that one kind of steel copls faster
of slower than another dunng quenching. Each ong thus has s gwn
eowtficiens of conductivity which must be aken into account. Tt 15 the
combination of these variables which you must be aware of during the

tempering proceduncs.
Effect of Quenching Liquids on Hot Steel

Werrer boils at 1P T, (2127 F.). This cools the core relwtively [ast
and 1he heated chisel bevel will have an almost pnidfores hardness; it will
be britthe all the way through after quenching.

Brine boils at 4 temperature a little higher than water (depending on
zalt concentration). Therefore the core cools a little slower, giving the



same sidside hardness whike the core itsell, somewiat soffter, leaves the
bevel end a little tougher and less britde.

{31 boils at about three times the boiling point of water, Therefore the
core, being conled: showest, will be sofrer sull, while the outside Eard-
ness remains the same as toals quenched o witer o brine, The Gl
quensh therefore will give the oughest bevel end.

Since it is alwayvs difficult to grasp the underlying principles of hard-
ening steel, you should read the foregoing procedures again and again in
order to understand clearly what takes place.

Once the three methods of hardenmg steel have been undersiood and
practiced suecessfully, you can expund oo them movour own way. You
will then alsos begin fo recognize how the ingenices methods of smiths
in many forcign lands produce manv effective rosulis. The various
swords, krisses, machetes, elc, that they make not only kegp their sharp
edges, bul therr fine blades defy breakimg under sevene siraimn.

I once witnessed a Philippine smith bring his boko knife o an cven
hedt in an elongated charcoal fire, then sink Y- mch ot the curved knife
edge into the matching curve of a fresh squash and beave it there to cool,
It gave the edge the exact hardness he was after (based upon his judg-
ment a5 to the proper heat of the steel when sticking it into the squash).
The softness in the remamder of the blade gradusted from the knife edpe
o the bBack. 1 have owned that very knife all these years, using it tor
priming tree hranches and for clipping ofT nail heads in the vise instead
of vsing & cold chisel. The soft sicel of the back edpe by pow has
cauliflowered over from hammering on .

Another time | suw o sofi needle-point hardened by heating 1t m oo
candle fame. When the very point had a soft glow, it was immediately
stck inic o potatn!

Al pver the world we can find endless examples of inventive ways of
herdening and tempering seel. All of them, when cormectly anilyzed,
are based on the priveiples voo have now leamed 1o understand,
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7 Making a
Right-Angle
Bend

Making a right-angle bend is like o warming-up exercise, Just s the
pranist practices his scales preparatory to giving a concert, with this
particular exercise, the smith sharpens his judgment, kand skill, timing,
and coordination; In short, his sccumulated know-how 15 brought it
play. Afier these exercises he will be better prepared 1o underiake the
st forging tasks more successfully.

When a rod is clamped kn the vise and bent over with o hammer into &
right angle, the fexide will be shorp bt the ouiside of the bend will hove
i roumded curve.

To bend the rod under u right angle and make both inside and tanside
angles sharp s the problem, snd one difficult to master. At tirst this
seefns easy 1o do, bur the mapor effort must be o accomplish the task in
a minimum number of heats,

Try to visualize what the hammer hlows must accomplish. They mus
spsel the sieel o the bend while nol openmg the curve furher. Use a
light hammer with high-velecity: blows, pushing the malleabla steel
together locally while b the same time reducing the curve of the bend
somewhat, Too heavy & bammer used with driving hlows will o
increase the wpsening much and teénds 105 open the curve {which yoo
st avoad

To make a right-angle bend, wse a %N-inch-diameter rod and a light,
142 o 2epound hammier and proceed: as follows:

Sty [, Heat the rod locally where the right-angle bend must occur,
While working on the bend. do not stray from that location. Coal
mch of the hot end in water, leaving hot and malleable only the bend
Ication where the hammer Blows will =irtke, Now bend the rod on the
anvil kom es llostrated.

Siep 2, With a lightweight hammer, vse rapid hlows in aliemaie
semies. hammering first on one end of the md and next on the other,

Srep 3. After sufficient upsetting has resulted. as shown, and the rod
at-the bend location has become V5 times thicker, it is fime w hamimer
only the bulge locally o the bend, Place the bend om the anvil, over-
hanging the edge but well away from it. as illustrated.

Mow dse g l-pound bommer, allowing the ““mass™ of the mod to
counter the blows. The mass of the rod can be increased when it is held
in well-fitting heavy tongs, Constantly aim 1o kesp the small msade
curve of the bend from becoming sharp, At oo tme must it be
“pushed’” together into a fold, 1F that small inside curve becomes @ fold
il the bend, not much con be dope o save the project. As soom as
mistakes arc observed, use corrdciive blones 10 prevent further damage,



Siep 4, When the outside curve has become sharp, but sill s shyghtly
owersize, the whole bend cun be safely refined, as the following steps in
the llusirations shoswy. Be wamed, however, thot the almost-finished
right-angle bend flush with the anvil's edge may still accidentally be
hammered bevond that edge. This would drive the overhanging side of
the bend down, while Manening the part on the wnvil Tace, All vour
previous work then bs beyvond repiir.

Examine the common errars closely, as these are shown in the illus
trutions, s vou will be abke 1o avoid mistakes ws you wark.
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MAKING A JIG TO FORGE A RIGHT-ANGLE BEND

A stock Tor the pg, choose & %= by X-inch leaf spring of o ¢ar, Cut
off 5 picce 20 inches in length,

Hear 4 inches in the middle snd bend it. as shawn, clamped between
vise jaws with i W-ihch-thick spacer,

Hear the ends of the jig to vellow hest and clamp it opce more in the
vise with spacer berween, Next, guickly hammer the |'%-inch protred-
ng ends outward over the vise jaws, s shown, This resules m Y- by
2-imch lips with well-rounded edges.

Mext, cot a skot af the bend of the jig for the rod hypass. This can be
done on the abrasive cutoll wheel, or with drill and hacksaw

Reheat the ends yellow hot and place the jig once more in the vise.
This time, instesd of the spacer, inser a %- by H-inch hat punch, clomp
all firmly fogether and quickly hammer the hot punch down, Thes forces
4 mepered depression into each jaw, The depressicn can be enlarged by
squeezing the vise a limle tighter at each repeated heating and Turther
hammering down the punch. Thus enlarged, the @mpered depressson will
take o Ya-inch-dimeter round rod. Round oft {grind) the sharp edpes at
the top of the hole to prevent angle bends from becoming marred during
upseiling

The jig should open just enough to msent the rod wnd then be tight-
ened firmly in the vise before upsetting,



A RIGHT-ANGLE BEND USING VISE AND JIG

Upsetting using a vise wone, as in illustratons. Ta and 2, also speeds
up frechand -forming of a right-anghe bend. bt often leaves scorred
surfaces when the hot steg] s hammered over the sharp edges of the v
Jaws, Lisimg the special jig, as in Iboand 2b, prevents such scarring. and
the upseiting is done ax fasi,

Onece encugh volume of stieel e aceumplsted. aroamad the bend,
refine and sharpen the piece as shown o illustrations 3, 4, and 5
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MAKING A RIGHT-ANGLE BEND TN A MILD-STEEL ANGLE
[RON

Before vou begin, moke certaim that the angle tron 15 mibd steel. Test
it with the file tip after a quench (see Chapler 6), Hear the center of the
bar to vellow hot and clump one fange side of the hot section betwesn
vise jaws. Hammer it inip & precise 90-degree angle. with the: wvise.
Durmg the bending the other flange will bulge ourvward.

RBeheat the bifge only and quickly quench the flange with the Anished
right angle halfway m the water, leaving the bulge hot. Immediately
place the finished angle over the anvil's 90-degres comer, as shown,
with the hot bulge resting on the anvil face, Hold down firmly with
viseprip phers, Using & 142+ to 2-pound hammer, pound the bulge down
with rapid, high-velocity blows wherever smnller bulges keep forming.

Even though vou have cooled the fnished night-angle Range, it will
not be rigid enough to resist soome bending under the strain of fottening
the bulge. Therefore, reheat the whobe bend and clamp once more in the
vise ond correct thot right angle should 1t have opened up somewhat.
Again, dip-quench that flange only and replace as before on the-anvil o
further compress and Hatten the hot bulge as needed.

When vou have arrived at step 4 you will notice a shight curve
remaining where the two inside flanges meet, This can be forged mio a
shorp night ungle over the anvil’s edge if vour plan requires it

Bending the angle iron over the anvil only, withont using the vise,
will make both sides bulge out, but only half as mach, Ooe half-size
bulge must then be flatiened, however, and the other hammered
frechand ot a 90-degree angle, It can be donpe, but 10 15 a stoople
because of the constant comective hammering necessary 1o realign the
workpiece,

It is therelore good practice to cool one bulge first inoordar 1o keep it
rigid while upseiting the hot one, Then alternae the procedure when
correcting the other bulge.

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

[T the angle-iron bir is of high-carbon steel, and the vise i wsed o an
aid, the cooling of the exact %-degres flange should be restricted toa ‘s
second in-and-out quench in concentrated hot brine instead of water, It
15 safer pgainst cracking, since in hot brine the steel conls mare slowly,
This very brief cooling will stiffen thar side considerably without
brittle-hardenimg it. Then Anish up as in sieps | through 4,

Nore: Do nd cool high-carbon steel by a prolonged quenching while
making a nght-angle bend. If you fear that brittleness has resulted at oy
given spot, anneal it before proceeding. 11 a brittle saction is & fow
inches distant from hammer blows during forging, the steel will break
off like plass,



8. SomeTools that are Simple
to Forge and Temper

A COLD CHISEL

e of the most useful tooks o have in a metal-crafis shop, the cold
chisel 15 one of the easiest to forge.

Lise as stock a %- to |-inch-diameser high-carbon-sieel hor, rownd,
hexagon, oclagon, Or Square

Heat % mch of the end to o dark vellow glow. Hold it on the anvil
face al the angle vou waml the chisel’s bevel o be (a blung angle for
heavy-duty work and the cuotiing of hard metais: & sharp angle for
lighter, delicate work and the cutting of soft meal)

In finishing the tapered cutting end, move it to the aovil's edge (11,
This allows the fiat face of the hammer 1o hypass the anvil’s face while
refining the almost kmife-sharp beveled end with light tapping sl pee-
vents damage to the anvil should the hammer miss.

Cut off the desired length of the chise] (see wse of culodT hardy, page
16). Neat. prnd the bevel o o finished state (21, and temper both ends
as described in Chapter &

THE CAPE CHISEL

Thiz is-actually a wery norrow cold chisel, The conventiomal design
nliows the cutting edge 1o be wider than the flattened bridee. Theretore,
when cutting with this chisel {a key slot in & shaft, for instance), the
curting edge will not bind, The streapth of the chisel 15 preat becose the
flat bridge preceding the cutting edge 15 wide.

Cape chisels are tempered in the same way a5 cobd chisels
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A CROWBAR

Forge the end of & %-inch, high-carbon-sieel bar o o slender bevel
abhout 1% mches bong,

Hebeat and split % inch of this énd on the cutofl hundy, and grind the
forked end as shevan, Bohest agom for o lenpth of about 4 inches ancd
bend that section into a curved claw over the anvil home. The cluw end is
ased o pull nails oun of wood, bul i can also withstand the maximum
strain when used to pry with os well

The other end of the crowbar s forged in the same way as the cold
chisel bit and bent only a liitle =0 that it can be used o pry with. Each
end 15 10 be drown o a dark bronze temper color, while the remainder of
the bar 1 kept annealed,

A CENTER PUNCH

Although this ol is exsily forged, it can insteml be ground o i
finud shape - if vour mofor grinder has a large coarse sione which cuis
steel rapidly. Temper a5 a cold chisel

A ONE-POINT STONECARVING TOHO.

This wol regembles a center punch and is made similarly. However,
the end thai is struck with o mild-steel hammer can be forged with a
sharp-edged '“cup’’ shape, This shorp, hardened edge bimes inio the
hammer and prevenis it from glancing off,

To make the cup-shape, stand ‘af the anvil as shown, using the hom-
mer and tongs as the arrows indicate, Temper both ends a5 a cold chisel,



Q Decorative Treatment:
Rosettes and Wallhooks

DECORATIVE ROSETTES

Decorative rosefies can be made from all sorts of soall seel-scrap
items. The exomples shown here are discs (slugs) of steel like thousands
ejected by presses that punch holes in steel plages

When these slugs are heated singdy o the forge, they too easily slip
dovwn to the fire grate; to rerrigve them will upset the fire. Thenefare, to
heot such small sems, put them inaone-pint tm can and place 1t m the
middle of the forge fire, deep enough to have hot coals come up (o half
the height of the can. All of the slugs will then become aqually fot, Do
& whole batch wt a time i you plan to make severn] mosetbes.

With Y-inch thin rongs, pick a ot slug ot of the can amd place 11 on
the anvil. Heavy pounding with the st of & 3%-pound hammer thins
wid fattens i, The slug's diameter is now considerably Larger, Place it
in the little mound of ashes and cindens helow the forge to anneal, Treat
all hit stugs in this way if they are of high-carbon steel (annealing is not
necessary if shogs ure mild steeld,

After annedaling, drill a hole in the center of cach disc w fit the
thackness of the nail ro be wsed in it

MNest, make g hesding die for the texturing of the rmosete, os shown.
i See also illustrations in Chapter 33,

In this case only the small hobe to @it the nail and the larger clearing
hiole below are drilked.

Place the die in the hardy hole. The heared flat disc brst receves the
cobd sail, which nail in ten is held by a paie of ongs. Together they are
ploced in the die hole, Once ol and hot disc are mposition, wse the
special large double-ball kammer w deliver well-aimed, forceful hlows
to shape us well as texture the rosetie.

Flip the hammer over in mid-air, using cither the small or large ball 1o
give the roseite the desired textizne. In this action the nail head becomes
embedded in the hot center, auomatically. seating it i perfection.

industrial scrap
punched out of thick
plate steel
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Patination

Prepare the roseites for patinating with oxidation colors as Tolkows:

With the power sander, gently smooth all textured ridges with a
small. flexible, rubber-backed fine-grit paper or cloth dis: abrasive. A
nibber abrasive will do plso. Once the outer odges shine like a micror,
polish them lightly on the buffer. In this process the “wvallevs™ ane
hardly touched, 5o the natural black forging oxidation is kept mitact
Finally, clean the rosette with a solvent to remowve all was residuz and
dry with a clean rag.

Tor drow the oxidation colors; hold the rosere with the thin tonges and
heat 1 in the hot core of o gas flame, a5 shown. Soon the brst color
appears — o light straw vellow . If color moves too fast, hold the mosetis
higher above the flame. For varety, you can hold only the edge in the
heat core. [t will become dark -bronze, then purpbe, amd finally blue
Each rosette then can be variously colored o suin your tasie,

Color the textured nail head separately. or simply polish it on the
busffer o remove the forge-black. It will then look like & silver bution in
the darker-colored rosette, Or, if the nail head Is patinated a straw
vellow, it will shine like gold sumounded by rainbow colors. Such
rosettes can be made intg drawer pulls and other amifacts:

Other Simple Decorative Forgings Made from Scrap Steel

Discarded nutomobile-engine valves are ideally shaped for making
rosctte spikes, as the illosirations show,

Although this sieel is very hard, it is not remperable or hard enough
for making cutting toels. For small decorative items, these valves must
be heated o a very bat hghi-vellow-to-white before this special composi-
tion of steel will become malleable enough 1o yield o heavy hammer
blows: We are dealing here with a tvpe of stieel that is made o stay ord
while hot (the engines in which they are used create such heat). This is
the reason why vou most heat valves 1o white haot for forging.

Using your own imagination, you can make many other articles from
such valves,

amall roseiies are easily made in quantity from rectangular bars and
nails. Om a 20-inch picce mark off a series of squares and drill a hole in
the middle of each one, Cut each square section afmest through. Heat
the first one to vellow heat and slip a cold pail imo the bole, then
quickly place the assembly flush with the heading plate with the nail in
it.

Tear off the cold bar from the heated square and immediately hammer
ol the roseme 1o vour taste, The nail hesd automatically becomes
textured. Patinate the whole finished piece.
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The same bolt, used inventively, can undergo an entirely different
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FREEHAND CURVING OF STEEL

The frechand echnigue of curving steel is o challenge snd a pleasure
for the smith, By this means. be shopes bars of hot or cold maolleable
stee] mito beautiful curves. In contrasy, when fixed patbern jigs are used,
a machine-like character is mpected: the true Macksminth wants o gviod
this, Such pre-arranged jigs wre used o bend cold, evenly milled steel
bars. In the modemn gates, grills, and panels sold-as “wrought-iron'”
work, the mechanical guality becomes evident

Mo two hand-rendered curves are guite so precisely alike that they are
exact duplicates, When burs. are heated and tapered at the ends, as
shown, they con be corved into a great variety of beautiful designs. In
cach step, the curving metal i= affected by several fwctors: the weight of
the hammer, the direction of the blows, the cross section of the siee]
where it bends. and how malleable thot or cold) it is at a particular spog.
With freshand skill, then, you can mim for 8 combimation of these
variables, learning as you work just which will give the most satisfving
resulis, Examine and analyze the (lusoations: they are guides 1o the
endless possibilities i this type of workmanship,



A DECORATIVE WALL HOOK

To muke 4 decorative wall hook, coté mches from o rownd or sguans
ta-inch-diameter rod and forge the end into a taper abour 3 inches long
{step 11,

Heml | inch next bo the taper, Clamp in the vise between round-edged
insets (step 1), bending and upsetting the hot section.

O, wou may wse an wpseiring die (made as llustroted in Chapter 5),
which speeds up the shaping of the hook (see drawings 3 and 4) and
seining & ““head™ onowop of the wpered end. Hold this head in ongs
while drawing oui the rod end (step 51.

Further forging of this portion can be varied 1o sait the taste of the
arnith, whi inus pow visualize the final prodoct he has in mind,

If the hook end is o be curved, as shown, 1t calls for gradual widen-
ing while &t the same time thinning it toward the end. You will start
with & Hght curve which progressively becomes a more open curve
toward the thicker steel (7 and &)

Texture the spike heod with the ball peen (6).

The final surfoce finish con vary from a simple steel brushing and
rubbing in of linszed oil 1o any combination of treatments for patination
(see Chapter 20,
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10. Hinges

The more skilled vou become m blacksmisthing, the more vou will
realize that there sre several ways 1o forge an article. A hinge, in
particular, lends itself to inventive design and forging once you have
understond how it must work and bow 1o make it

To deacribe all the possible tvpes of hinges would fill a book. There-
fore, only o few of the mest fregquently used kinds are offered here as
examples. Once vou have made these, you will be prepared 1o meet
successfully whatever hinge problem conves your way.

MAKING A HINGE WITHOUT MACHINING

Select o 16-inch-long bar 2% inches wide by % inch thick. Heat 3
inches al the end and make o =plit 215 mches long with the chisel head
(1), cutting it on the soft anvil table (or on the anvil face after covering it
with s protective mild-steel jacket), The bar can also be split, as shown
(2), on the cutoff hardy.

Reheat vellow hot and spread the branches, Round off the sharp
crorch, first on & botom fuller (33, and further an the anvil horn (4).

After the fork has been opened wide. bend the first brunch (5], Bensd
the second branch paralle] 1o the first, With the aid of a spacer, adjust
the two precisely (6}, IF the thickness, width, and Eength of the branches
become somewhat uneven, refine them frechand on the anvil face. Cince
mere, check for correct spacing betwean the two.

Hedt one bronch and cud it freehand €73, Then cusl the second
branch.

For a temporary hinge pin that will serve for foomimg, select a pece
of round rod % inch in diameter, Curl both branches completely around
it (E). Further fitting is: done on the anvil face or over itz edge o
complete the hinge-pin seating (8} and {9,

Heat the second hinge half and forge it 1o fit the space berween the
branches of the ficst one. Cuorve it hot over the round rod also i 11},

Cut the correct length from the rod for a permanent hinge pin. Rivet a
small head on one end 1o keep it from falling out of the assembled
hinge,

Heat both finsshed hinge halves and assemble with the permanem,
headed hinge pin. If the assembly has become somewhat unnligned, the
still-hot malleable parts will yield easily 1o many rapid blows; the self.
seeking alisnment over the cold pin will **set”” the two hinge elements

While the hinging area is still visibly hot, work the hinge blades back
und forth to epsure casy movement.



ODENAMENTAL HINGE DESIGNS

Oince the hinge holves hove been assembled and work propery, the
hinge blades can be forged decoratively 1w st the partscitlor areas they
miaesl fit (dosors, lids, gates, eic:). These hinpes sre made. flag znd e
balied onto Aat wood.

With visegrip pliers, c¢lamp the hinge blasde omto the adjustable
stewdy-resi bolted to the anvil stump. Use g cold-chisel head to cut the
ot seeel. The soft anvil table wllows the chisel i cut clear throagh the
bar as alvowi, If meildd steel {nod more than 3716- to Y%-inch thick)is used,
it can be held between the bench-vise jaws and cot cold in a shearing
action with & stundy cold chisel.

Heat the pointed prones locally and hend them temporanly spleways
0 that you can reach them easily with the hammer. Forge the desined
curves and decorative pattern vou have tnomimd. usang as many hears as
ol nieed.

You riay have a preconceived design in mimd, but often the curves
that result nanerally during bending, peening, and fatiening become
unespectsdly more attractive, and you should feel free o improyiss
during the successive sieps. The surface textures that also result au-
terminbically durmg the forging of the linges are attroctive 1o themseives,
If you wish to apply added textuse on the finished piece. you can
deliberately do so using hommers with cross peen or ball, of cross peen
amel ball. It 15 best not 1o overdo this, as it may then lose sts origimal

appeal
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A GATE HINGE

This hinge design can also be used o hang rustic doors and is both
pirong and practical. The bolt head acis ax both boli part and hinge-
bearing sockes

Upsetting ihe head on a -inch-dizmeter rod will give encugh volume
to shape the shoulder, the hinge-béaring socker hole, and the decorative
head end as well.

After this part has been forged, us illustrated, drow out the remaining
secton of the rod mio a %- w Y-inch-diameter bolt shank. Thread it at
the end so that, with o nui and washer, it can be used o te wall and post
topgether also

Drill the hinge-pin hole, either partly or all the way through the boli
Iread,

Severil greosed washers placed underneath the hinge shoulders make
smooth bearing surfaces. Adding, or removing, a washer makes il casy
tor mdjust the honging of the door sccurstely,

To locate the exact hinge-bolt positions; hang a plumb hine along the
door post and scribe off the comect beights, one sbove the other, for
drilling the boli holes.

Adjust the hinge bolts imward or outward (o hang the door sccurarely,
relative 1o the true vertical alipnment.

Mext, -assemble 1op and bomom hinges, place doos in s allotted
space, and scribe off on it the exact hinge-bolt locations for the fasten:
ing of the door hinges.

I have insizlled several such hinge arrangements, fitting sregulor
wind-slab doors 1o slab posts and walls, and have found them to be
about as easy to place as conventional door hinges. IF it becomes neces:
sary o remove such & hung door, it is easily sccomplished by lifting it
in wn upward movement out of the boli head sockets when the door s in
Open posiiio,

A HINGE MADE FROM A LEAFSPRING

This hinge makes vse of the existing calibraied and curled-over hinge
ends of the main leafspring of o car.

Heat the leaf and flatten it. Anneal and cut it into two sections. one
shorl and one long, as illustrated, Make o beaded hinge pin that slides
easily in the leafapring hinge sockers,

After the wo arms of the hinges have been forged decoratively,
assemble the two parts with the hinge pin. Place in position over door
and post and mark off the location of the balt hales. The fastening bolts.
used for such special hinges, con have decorntive hammering on the
heads-as wielil,

In a varintion of the foregoing gate-hinge design, one element is
forged o At arvemd the post (s2e the cross section), Used with a tie bolt,
it clamps wall and post together, This is an exemple of the opporiunity
you have o design hinges to wuit special sinations,

HINGE FOR A WOODBOX BENCH

This pracocal hinge design s vsed on a woodbox bench, as illus-
trated. A long hinge pin, driven into the wood of the bench, secures the
hinge arm at the back of the bench o the end of the other hinge arm: that
binds the box lid together. The opposite hinge of the lid is placed in
approximate alignment with the first hinge pin. This box lid acis-as &
bench seut @s well



1. Hold-Down Tools
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Using & hold-dewn (or hold-Tast) ool 1o steady a workpiece on the this lacking achion Isapplied
anvil leaves both of the smith’s hands free (o waork, Thes ool replsces
the apprentice assistunt who was the standby belper in former times,

Hold-down tools are based on a combinstion of bending (leverage),
friction (locking), and twisting (torsion), A careful analysis of the illus-
irutions will reveal that the fit of the three pants in the hold-fast shown is
purpssely made Joose, Once their contact points bite in during the
twisting action, the tool and workpiece will be locked 1ogether. There-
fore, a few light tups of a 1 ¥-poond hammer will hold the workpiece
firmiy down on the anvil.

HOW TO USE THE HOLD-DOWN TOOL

1. Slip the anchor-bar footing faffvay into the pritchel hole.
2, Shide the junciion pece ool of the way from the hot part of the
wirkpioce

3, Hand-lower the yoke and bil onto the workpiece while driving it
down further through the juncion piece with a 1Va-poand hammer, as
miach as the tension in the assembly wall allow,

4. In this position, the anchor fonting in the pricchel hole is rammed
down flush with the anvil o a finol cimching,

With o little practice these adjustments will ake oplv o few secomds.
And now all forging on the workpiece can be carried out during one
heat, The smith, with both hands free, can swing a sledge or manipuelae
o hot punch, a hot chisel, a ftatter, o set hammer, and 50 00,

To loosen the assembly, tap dovwenvard on the junciion piece, or tap
agrwarral on the anchor footing below the pritche] hole.

The locking points in ilustration 6 show clearly the principles m the
foregoing.,
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HOW TO MAKE AN ADJUSTABLE HOLD-DOWN TOOL

First prepare o square punch-pin tapered at one end from o piece of
high-corbon-steel, 22 x Y2 x 1M inches,

Cut off the 3-inch-long junction prece of the hold-down from o sal-
vaped cer axle 1% inches in diometer, Anncal it and make & square hole
in it us follows:

Drill a %-inch-diameter bole through it as shows (1)

Mow heat the junction piece véllow hot around the hole (2). Place i
over the hurdy hole or the pritchel hole of the anvil, and quickly drive
the squore punch-pin through with o 4-pound hammer. Withoul a
mosment’s loss, use i 2-pound hammer 10 pound around the inserted pin
to bring the hot steel in closer contact with the pin's square sides,

Druring this action, to prevent the pin from heating up to the point of
malleabality, hommer it down progressively forher through the hot
Jumetion piece and, withouwr stopping. refine the fit of the pin into the
syuare hole (3}, After the junction piece has lost its forging beat, knock
the punch-pin out with one of @ smaller size Kept handy for this purpose,

At might sngles. with the square hole. drll o [ 7/32-inch-diameter
round hole, as shown, The Y-inch-diameter voke bar (45 must (i ipto i
Inosely when assembled. The voke bar is bent bot ond left annealed to
remain Vspringy.

To make the anchor bar (5), cut a Y-inch-square cross aection high-
carbon steel bar 28 inches long. Upset it § inches from the end 1o form a
Y-inch-diameter shoulder. This shoulder functions s a **stop’ when
the hold-down assembly is hammered down Alush with the anvil surface
to lock the workpiece in plece.

Offset the rest of the square anchor bar 2 inches in order 10 overhang
the anvil edge, well oot of the way of mos workpieces held fast by the
tool.

The hold-down bit can be made with a flat serrited surface or with i
Y oslod (as illustrated in drawing &) to straddle o workpiece, Use o
1n-inch setscrew To secure it o the yoke end.

All dimensions for the hold-fast ol are approximate, to fit an wver-
age [D0-pound anvil, You may bave o adjust them bo the anvil i your
shop,

Mote that the fit of the square anchor bar into the squere hale of the
junction piece is purposely i logse ane

All three loose fits of the locking points permit easily adjosted ool
positions before the assembly 15 hammered tightly onto the workplece.
It is locked in position by the twisting sction of the toofs” parts which
bite into each miher during such twisting. I the hold-down’s parts were
v fit precisely, the locking sction could not occur and all would become
undone instesd of holding the workpiece fast onto the anvil
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12. A Fireplace Poker "=

The stock used for this lighiweight poker comes from a keafspring of
g car, Such o poker can be used easily by those who find many fireplace
tocls too heavy and onwieldy, Made from this tough steel, i @5 sirong
enciigh o move and pry heavy logs in the fire. The empered and
knife-edged hp s useful for scaling charred wood off burming lops.

Start by muking the bole for hanging the poker. With & section of
leafspring cut by 4 welder and held with the hold-fast tool, drive &
tapered ot punch through the hot end of the steel, énlarging the hole as
miich a5 the waper allows. Enlorge ot forther by drawing it out over the
anvil hom until & thin ring about 2 inches in diometer has been formed
fillustrations [=4). The round niong may be reheated and bent into free-
form pattern if you prefer

Canrion: Always siop forging high-carbon steel as soon as its vistble
hewt glow disappears. Coming in contact with the cold anvil, the thin,
hot, high-corbon steel quickly cools down. This process resembles
cpuenching, leaving the seel brimle. Therefore, vou mis heat the seel
often mnd for as may heais as vou may necd to finish the biank. At the
same fime voo must be careful never 1o overhest the steel because of
broughi o white heat, the metal will bamn,

Mext, draw out the hamdgrip section. Later, mwo hardwood hand
pieces will be Aited o it

Bend the end lip as shown, If instead vou prefer & poimt snd prong at
the end. proceed as in the next illustration.

The lip or prong of the poker is tempered o bronze color, The two
wirnnd handle sections are riveted 1o the sigel (see procedure for the
tireplace shovel. pape E2).
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13. Fire Place Tongs

To make a pair of fireplace tongs without hinges, cut a &-inch length
of ¥e- o Y2-inch-diameter high-carbon sieel stock. At vellow heat, forpe
the muddle 8-inch section, peening it out o 8 width of 1% inches. This
will leave you about 1/]6-inch thickness there.

Smiooth and hellone the full B inches leagthwise at a radius of about |
inch. This will stiffen its spring-action when in use. This spring-action
allows the tongs (o open and close. thus replacing the ciomventional
hinge

Flutien the ends of the rod and forge them spoon-shaped, File eeth
nlong the rims so they will grip charcoal or wood 0 the fireplace or
stove, Flanen the remaining parts of the rod to a Y0-degree angle with
the middle and end sections. The Y%-inch-diameter rod should  now
become approsimstely % % Yo inches. (Or, if vou are using Y-inch
rowl, it should become | x *i inches. ) This stiffens the tong arms Lo
prevent their bending.

Mexr, a dark vellow hemt, forge the curve of the tong arms as sug-
pested by the illoswation. Bend the hot middie section into a 1%-inch
radius hollow swage, using u ball-peen hammer, Then curve the sume
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 restricied 1o a cenlain
maximum opening. It also prevents them from bypassing each other
when squeered topether. Examing the ilusiration carefully to make and
aszemible this strap.

Tor muke the hurdwood handles, cut the wood pleces W inch wider
than the steel it will anach 10, Make in it a skot only a5 deep as the width
of the steel over which it is slipped. Fasten the wood piece in place with
three Y-inch rivers and countérsunk brass washers. Oy, of vou prefer,
migke the wooden kandle in two pieces as with the shovel, page 84, or
the poker handles. page 57.

Lightweight bragier tongs {without hinges) can be made from the
wide band sigel of the 1ype used 10 package stacks of lumber of ather
extra-heavy merchandise for shipping. Literally, miles of this stee] are
discorded dmly at destination points. These tongs should not measure
more than 18 inches in length (unless they are 1o be tsed to reach Tor hod
conls in o freplace). The longer they are, the decper the snuffening
prooves must be forged into the urms to prevent them from bending in
use.




14. A Spatula Made From a
Section of Coll Spring

A thin, flexible spatula is very useful for work in plaster casting,
paint musing, spresding glee, and many other jobs,

Spatulzs and similar light-gauge tools can be made from stock of
spproximately 4 to ¥is inch diameter. Good temperable steel of this
size can be salvaged from discarded coil springs used in gurage doors,
garden swings,-and many other fems. The springs can be handied best
when cut into S-inch sections on the cutoff wheel

I have invented & practical gadget o unwind these coil sections inbo
sirmight stock. {See tllustration, und aleo see photograph of this device
on page 93 1, Bring the 5-inch section cut from the spring to o vellow heat
in pot-too-hot a fire. 11 s very important that durmg the heating you
keep tuming this short section over in the fire io make sure ihe heal s
evendy spresd. Lock a viserrip pliers firmly on % inch of the end of the
coil, and slip that hot coll over the reel. With one quick and forceful
pull. the limp steel will unwind into o straight piece. (If the coil has
been heated unevenly, it will wnwind a3 a wavy rod and will have 1o be
sirightened later.)

A simpler coil-straightening device can be made by using o M- x
|0«inch-long well-greased bolt clamped in the vise. Owver the bolt, place
asection of |-inch plumbing pipe, The essy wrning pipe will function
as 1 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 M-inch-diameter stock from an ancoiled
SPrINE.

|. Suw off 4 1 2-inch length and keat 2% inches af the end. Flatlen it
to Yip-inch thikness with a d-pound hammer, vsng rapid, forceful,
piid sccurate blows. Do it inone feal §F possible.

Zand 3. Grind the forged blade 1o the shape you want. Clean-grind
each side but keep the blade to thar 'Vye-inch even thickness.

4. Rebeat the blade 10 dark cherry red, then, holding it verncally,
guench it in oil. 1f the blade is an even '/ie-inch thick. it should emerge
without worping. If it 55 iregular in thickness. or is poper thin, warping
may fesult, reqguiring rcheating and realigning. This time grind very
carefully o maintwin an even thickness. Measure for socurasy with the
calipers if there is sny doubd, before brinle-quenching once morne, Now
the hlpde should emerge from the quench perfectiy aligned and brittle-
hard,

IMlustrations 5 and & show the blade being ground thinner, Try not to
fose the britileness through overheating. Hold o finger highily on the
blpde winle grinding: if it becomes oo hot o tooch, mermopt grmdimg
miomentarily, holding the blade "Yia mch from the stone o allow it o
cool in the air thrown off by the stone os it revolves, Repeat this
finger-testing and cooling method a8 often ss necessary unthl blade s a5
thin as you want it. (This is one time you could wish o howve an
old-Tashioned watéred grindsione moving at slow. spesd, Such u stone
will mever heat op the sieel. )

Once the blude is thin enough (experience will 12l vou laler how
flexible yoo can make ith. it can be iempered as shown in illesrrstions 7,
B, and 9



15. A Door Latch

Thus door laich culls Tor the forging of three keepers that are mivéted
ot the base plakes, and a laich boll which slides through the keepers.

To make n keeper without a jig is possible. but cumbersome. With o
T, several of them can be mode guickly, Two tvpes of jigs are de-
scribed here. The third method described s a compromise

Keapers, in one ahupe or another, are reguired [or many ifferen serew assembly
projecis. Theretore, the time taken to make these jigs for them is nod e peil & dooe
wasted, since they are welcome accgssaries for the shop

FIRST METHOD: A SLOTTED JIG

Usze a section of steel selvaged from a leafspring of 8 beavy truck,
approximately % dnch thick, 3 inches wide, wnd 18 nches long.
Straighten and anneal the sprng,

With the abrasive cutafl wheel, make two lengthwise slots in the bar,
fewving o middbe stripoas shown. (The thickness of the Keeper stock mus
be equal to the thickness af the cutodf wheel that cuts the slods, | This
section is bent out (hod or codd) to make space for the hemted keeper (o
be inserted under it

The keepers are partially Togped into o decorative shape. Holbd the jiy
down on the anvil snd insert the yvellow-hot keeper, [mimedioiely press
down the sedf hammer on the center of the g above the keeper and
deliver o hard blow with o 4-pound hummeer. This forces the: keeper's
center uprighis and sides inbo its final shape in one siroke.

The pg's inherent sprmg-steel restlience mokes i unnecessary 1o
harden or emper it working ' end. The only possible trouble it might
give is if the stock for the keeper is oo thick, which could force the jig's

sides ourwirnd
SECOND METHOD: A SPRING-ACTION DIE SET vt dmomed o % [
bent far leaf spring
In this method & separate small die (o) Booot out with b sew from a ===

solud, high-corbon steel bar, Or vou may forge it into the desired shape, - S
File it to the exmon size of the latkch boll and fvet it onto the end of o ——— =
leafspring of a car, As a rule these springs menswre abowt 21 1o 3 mches
wide and % to *a tnch thick, Cut the jig about 30 inchies long

At the other end of the spring make o slof wide enough to leave room
for the thickness of the keeper on each side of the die’s boss, The f-inch
middie section of the leafspring. prepared in this way. s heated about 4 Bl het pre-
inches in its center and bent over, & shown

i
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Thos die set con be placed iree on the anvil fuce when you are usmz g
sef hammer. Press the set hammer down on the end of the jiz, fomcing
ihe die down aono the hot keeper Blank, before siriking it with a 4-pouwnd
hmmmer.

If you do ot want 1o use the et hammer, clamp the haot keeper
between the juws of the jig usif the jig were o pair of tongs, and place it
suarely over the middle of the anvil. Hammer the die ends together
with the Hat fuce of a 4-pound hummer

THIRD METHOD: A VISE AND A BAR

Open thie vise pows o the width of the boli plas fwice the thickness of
the keeper siock. Use & bar as thick g the bolt 1o force the keeper blank
down omfo a4 prop below, Once the hot keeper is forced down in this
wiy, remove ond rekeat it Clamp the now folded keeper firmly on the
bar in the vise to the depth of the kecper. Both vour 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 altemate method is o reploce the bur used in the above descrip-
tion with the same stock os that wsed for making the laich bolr. Place
that bar over the hot keeper which straddles the open vise jaws, snd
simply hammer it down. This action automatscally results in the correct
final shape of the finished keeper.

Many other methods are possible, depending on vour awvailable
dopipment and Your ingenuity, The guidelines to improvisation should
b wy consider vrany methods insfead of only the supgested ones,



AAKING THE BUTTON ON THE DOOR-LATCH BOLT

Using a bar that fits the size of the keeper. upset it ot one end o get as
misch volume as possible. Several heats will be necessary o gamn
enough material to commence the shaping of the spherical button over
the jig mnd the hom. Use a fairly light hammer (% to 2 pounds),
slicrmating the strokes between the flat face and ball-peen ends:

The knob end of the bolt may be curved ogtward 10 50l your faste,
Keep in mind that it should be easy 10 operate.

E!.!.mp- hot bar end In vise
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16. Making an
Oftset Bend

In a Bar

C¥ien offsets must be forged in special hinges, door-ball receplaches.,
will hangers. sirgps that join boards of different thickness, and =0 on.
To forge in offset bend, proceed as follows, Heat the portion of the bir
to be offsed to yellow hot and place the bar on the cutoff table 0 that
portion overhangs the table. Fasten the cold part to the anvil with a
hold-down fiool

Place a sef hommer or a fAatter on the hot overhanging part gnd, using
4 4-pound hammer, strike it with one or two heavy blows. This offzers
that portion accurstely: and simply. To increase or decrease the amoant
of offset or jog, build up the unvil face or the cutofl table with plates of
various thickness.

Another method of offssiting s to use o jig, as illustrated, which
allows you th shape the piece without using the anvil. Clamp the jig in
the vise. Hold the cold section of the bar with tongs and place the hat
part in the jig slot, Hemmer successively each side of the offser %)
degrees, Hush agoinst the iz s side, to compleie the offset.

Mext, rebeat and rue it up by squeezing the whole asambly barween
the jaws of the vise (assuming your vise 15 heavy end strong enoach to
exert the needed pressure},

Still another way of offsefting 15 simply 10 place (he combined jig amd
heated bar. held together with visegrip pliers, on the anvil face, and
hammer afl down into proper alignment.

Bending an offset in a rod or bar can also be quickly and gasily done
in specially made bending forks placed in the anvil's hardy hole (see
illustration), These forks are designed in a variety of shapes o solve a
wide range of bending problems. Heated sections of mids and bars held
in the appropriate fork can casily be owisted in this system. But yoor
anvil must be firmly bolied down on o well-anchored wood stump or
strong base and the fork must 6t snugly in the hordy bole. Additional
truging-up 15 wsually needed with hammer and anvil or in vise jows.



17 Blacksmiths’
Tongs

The modem smith faces a permanent puzzie when he makes a pair of
tongs withour resorting 1o welding, In tongs the thick . stromg jaws ancd
hinge must be combined with handles thot wre relatively thin to keep the
weight of the tongs down withoat fosing the 1oal s siength. In selecting
stonk for this tool, therelore, you will have © compromise and use an
in-between size o avoid having io weld thin handies an oo heavy juws
s old-timers often did)

To make a pair of blacksmiths™ tongs, se ¥-inth square or round
sk, Incan be either mild ar high-corbon steel. For these symmetrical
tongs. each half is to be forged identival in shape 1o the other. [lustra.
tioms | through 5 show bow o ready each half

The hinge pin should preferably be 3 inch in diameter for the averaze
(medium-sized) 1pngs. The hinge-pin hole is hot-punched. Since the
ared around the hinge-pin hole is subjected 10 grew strain, and muoss be
sturdy, iry o leave aboait Y2 inch of steel oround the pin, The total hinge
ared for such wnags then would be approximately 1% inches in diameter,

Heut the hinge ares and place it-over the hardy hole, Secure it with a
hesld-Tast, Pupch the pivit hale throdgh with the %-ireh hal panch
{ ilustration 6.

Reheat and, with the same punch, widen the hole from the other side
over @ section of plumbing pipe (illustration 7). This does twi things,
The bulge created when ihe hole wos derven through @ bent back i
place, while ot the same time the hot punch tapers this end of the hole
and widens it o % inch. When assembled, the riveted hinge-pin then
fills the cone portion, with 4 holding action, This. in addition o the rivet
heads on the pin, tends 0 prevent a wobble o the tongs al the least
strain. (1 venture to say that wobhly, loose hinges are the rale n most
biacksmiths" shops, cavsed by undersized, ill-Atting, and weak hinges:)

When the parts are permanently assembled, heat only the jaws in the
fire, withour taking the tongs apart, Each jaw can then be beni or
reshaped o5 needed 1 A0 any workpiece for which you may oot have
spocial ongs

prips te clear jaws of F amil Face
botpin is rivebed on & -T2
En‘l‘.’ h}:nding =3 e

8
bt{::ljms & handles to nult need
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Specific workpieces demand different jaw shapes in the tongs used.
The shupes shown here simply aim to pive an wled of the kinds of sk
different fongs are suitable 1o hold, For instance. the woosdcarving-
pouige blank shown required the narmw-slotted tongs [0 maich the
gouge’s wpright shank. These tongs can, of coarse; be-osed for-other
things as well.

[t is always possible o reforge an old pair of tongs whenever a oew
project demamds o new shape, Bul whether tongs are new or reforged. il
is greatly o vour sdvantage (o increwse the range of tong shapes and
sizes n vour coflecion,



18. Making Milling Cutters,

Augers, and Drills

Small hand-forged items in need of some machining can be speedily
and sccurstely refined and Anished withoutl benefit of a roe metal-
mrning lathe if you have a good power drill press. The makeshifi
miethods offerad here will be complately sufficient Tor most ' precision”
work around the modern Blacksmith’s shop.

By resoriing o posiiioning by sighting, vou cun, a5 a rule, get wcu-
rate resulis without the often lzborious instrument-measurings 1 o
“make-ready”’ procedure. Once understaod . you cin giin i new inde-
pendence simply by making Gse of your hody’s built-in measuring
instrumenis: the eves (sighting) and the hngers (calipers. ete. b, com-
bined with judgmeni, know-how, and inventiveness.

A MILLING CUTTER

First, accurately forge a 3-inch-long round-headed bolt from
Y-inch-diameter round high-carbon steel o, s descrbed n Chiper
4,

Clamip it in the drili-press chock and adjust the spindle speed to about
0K rpny.

Mest, tightly clamp, upside down and exactly wertical, & %-inch
high-speed steel drill in the drill-press vise. The drill must be perfectly
sharpened for this function, and shoald only protrade above. the vise
jaws Y2 inch. Align the drill point by sighting it with the drill-spindle
center. after which, with a C clamp, secere the drill vise onto the locked
drill-press table.

Switch on the motor and lower the boll head o that i barely toaches
the sharp drill point, This is dome (o clean the comact spat between the
balt hesd and deill. [ shaves™ itevenly. ready to begin the hoke 10 be
drilled,

Al this point, loosen the C clump o Dkthe 1o let the vise follow the
central pull on the drill point. Then. as you lower the bolt head. the drill
will begn o *bire™ Imo the stesl, Automatically it will be drawn o
dead center of the bolt’s naation.

Youur previous sighting of the doll and chuck spindle most likely is
oy off very slightly (bat, s a rule, not more than e of an inch). Ttis
this slight inaccuracy that allows the drll 10 seek & center position
autnmaticallv, pulling the following vise with it. As vou hold the height
of the bolt-head posstion steady for 30 secomds at about Ya-inch dtl
penetration, vou will see that initial slight movement of the dnll point
come to w stop. Lock the vise with the C clamp on the drill-press table,
and switch off the mator,

F.
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steel bolt [
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File & nBteeth

eutter mills bearing seat
for plier hinge 2 1

Mow redoce speed to whoot 1000 rpmy or less, and drill the pilot hole
pr that speed until the boli head comes Aush with the vise jaws, Eaise
the bolt head, swop the modor, and remove the drill, but keep the vise
tightly clomped on the drill-press mble.

Again lower the bolt heod wntil i resis flush with the vise jaws, This
time clamip g fiat-file tght in the vise, so its shorpened. sguared-edge
end i vertcal and wouching the rim of ol head. This file end will naow
oot g5 i cutter o reduce the boll head o proper siee and 10 securine
phignment with the pilot hole and Bolt shank

With drill spindle roised, switch on motor end adjust to G0 rpm or
less: Fump the bolr head up and down along the file cutting edge. When
voul are sstisfied that all excess sivel has been removed, with the file @nd
of thas position vou moy sl judge tha more bas oobe rimmed off. By
simiply tapping with & 1-pound hummer on the side of the vise, it will
yield just enough Tor vou to 2e-a bil mone steel Being cot off the bolt
head, As soon as it is clean, measure its diameter for size.

Mext. reploce the vise with o fat pbrasive stone clamped on the
drill-press iable with a limle wooden cleat us g cushioning block, This
thve mdjust spindle speed o is highest and switch on the motor, Gently
lower the. boli hesd onio the obrasive, This will grind s plane s 90
degreis to s length expctly omd smoothly,

This finishes the machining of the curer blank, Now remove and
clamp i, head up, between the jaws of the workbench vise, in order 1o
filz the & &z B teeth. Temper o a dark bronee color.

The illusteption shows the end result, with the YSomch-duameter pilol
pin ready o be pressed into the cutter’s central hole, Should the pin fit
ton loosely, dent the portion 1o be inserted with the hammer peen so that
it can be forced in with a wooden malled,

You now have a milling eutter, a very useful rool, 1t will prove w be
ong of vour most valusble tools for seating hinge-foint surfaces for
pliers, sheurs, linspips, ek,

With the pilot pin removed, soch o cotter cim become o rourer | pro-
vided each cuming tooth 15 also shorpened on s upright side), Sreel
seciions then can be: surficed and deepened that must, be exocr and
smainsth,



ALGERS

Forge the suger blunk {ilusirution §jand anneal ic Grind it smooth
aived of an-even thiekness, with shasp S0-degree edpes and sides,

If it is mild steel, twist it cold for an even. screw pitch. If it is
high-carbin steel, toisy it when évenly hot, I s nob heated Fvenly, an
irrepulor screw pitch will result und vou will have o start over agamn. If
the alignment should be incorrect, place the still-hot blank on o wood
stampoand align & with o wooden mualler. IF dope well, i1 will sor disvor
the screw shape,

Bend and file the end of the peger as i illustronons 2 oand 3, The
leading cutting points must be razor-sharp and on the suger's exact
dinmeter, plus Yas inch over, Owly S crniting end of the aiiger i fo b
rempered and drawn a peacock o bronge color, (I you moke the auger
of milid seeel, the coming end must be case-hardencd. )

WD DRILLS

The simplest, but most effective wood-deill b con be forged and
tempered in o short time {illostration 43, For extra-wide cutting blades,
upset the stock first and peen it wide,

Temper wood-cutting edges between peacock and bromze colar when
e bit is made of high-carbon steel. I made of mild sweel, it most be
case-hirdened

DRILLS FOR CUTTING STEEL

The difference batween this steel dnlling bit (illustrafion 57 and the
above (4) is that 1t must have a thicker Blade and a cylindrical pilot lead.
This pilot must be filed precisely 1o fit into o prednfled hole in o steel
wirkpiece (o creale an socurde seuing ras in the making of the hinge-
besiring surfice of pliers, page 81

If the stock wsed is high-carbon steel, remper the fast % ioch of the
blade at the coming edge a bronze o durk strow, The rest of the blode
miy be drown purple o blue,

IF the stock wsed s mild steel, cose-bharden the bit locally.

All kinds of makeshift wood drills can be misde Trom varioos sizes of
nils (illustration &), (Remember that nails are mild steel. Soch drtts, if
dull, will heat up and ““burn”* themselves through wood. ) It is perhaps a
practive which is frowned upon, bot il you are s bueey and if no greal
aocuracy is reguired, | see nedhing against it

il = ;
wood drill

a £ J

bit to drill steed —

g\l
Flakben nail hesd
F&lrwﬂz Bt o
elip of [ nail hesd £
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12 Stonecarving Tools
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The most commonly used stonecarving tools are simiple: tools, lictke
changed in design from earliest times. As o nule, stonecarving foals
measure about B o 10 inches long, and 3 to 3% inch thick. Allare made
from high-carbon steel,

ONE-POINT STONECARVING TOOL

The ope-point o0 is made and empered in the ame way i 2 center
punch (Chapter 8) except that the end that is struck by the hammier has.a
small cup-shaped erater with o hardened knife-sharp rom. A mild-stez]
hammer, sinking this end, will never glance off becaose the cup
"hites™ inio iy face,

TWO-POINT, THREE-POINT, AND THE CLAWS

The teeth are filed nto the tapered blade. To temper, heat % mch of
the blade end and, afer brinle-guenching, put o sheen on the Bade with
an abrasive. Draw to bronze color over gay flame.

BUSH TOOLS

These tools generally have nine poinds only, when used for shaping
the first forms in stone oo hard for the one-point. Others can be made
with many very fine feeth for creating smoother texiures on the stone's
final surface. Held und struck sf o 90-degree sngle to the stone. it
crushes the hard surface, The end of the bush ool that is struck with the
hamimer is slightly crowned and then hardened. These jools are espe-
cially effective when used with air hammers. A bush hammer bas a face
with nine points and functons as bush (ool and himmer combinsd,



DRIFTS

These tapered mound rods are used for splitting stone, A serws of
holes is drilled in the stone with star-dritls or carhide-tipped drills and
the tapersd drifis are wedged into. them, Chne afler the other they are
driven gradually a linle deeper until they exert the total force necessary
tex splin the stone. They are mode of igh-carbon steal lefi in s anngaled
siate.

CLEAVING CHISEL

This stone-splitting tool 13 made by upsetting a $-inch round rod,
then using the cross-peen hammer o widen it Ir can also be made by
beginming with & much thicker (1% -inch-dimmeter) bar, upsetiing and
widening one end and drawing out the other,

The lust % inch of the wide blade is tempered (oo bronge color, The
other end may be hardened and somewhst crowned o Eeep hammer
contoct at the ool s center,

drift
bighenrbon stee left annealed

c'w:dgnt pin to drive in pre-

drilled hele(2) to splik stone

d]f!'l'.u'in?' chisel to crack of F
segment’s slong precut groove,
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20. Wrenches

You will sometimes find vourself tempted o whip oul o needed,
easy-to-make tood that you have lost or mishod, 1 have often made o
duplicaie wrench, screwdrniver, hommer, garden iool, rather than spend
the time seurching for it. The happy tesult is that wherever | happen to
be working — in the shop, stodio, hoose, or sarden — there is always a
spaire oo pEarby

OFEN WRENCHES

First Method

An open wrench is easily made: The blonk i cut from o salvaged
keafspring of & car

With & hot punch, make a hole and enlarge it 1o the siee vou need
(illustrugions 1 and 2)

Cut away excess wnd file tooexact size (3], Temper e purpbe color

To migke a twoestep open wrench (41, smply forge a duplicate ar the
other end, and bend them in the opposite direction 1o cach other. The
erds are cot open hot with chisel head and hommer, or they can be cut
by suwing them cold after annealing.

Secomd Method

As shown in illustrations § and 6, cul the end of the hot piece and
spread it open over the anvil base where the angle measures approxi-
mately 1M degrees, (I is proctical 1o use any part of the anvil which
lends iself to the forming and bending of sicel. T frequently use the
hollows between the hom and base, or between the two anvil footings,
i shape anichkes matching the needed curves. §

Study the diggran (T) and chooss the siee al which o bend the jaws
to o 120-degree angbe. Shown wre the three locations thel correspond
with three wrench sizes (8). Bend ome jaw while lwolding the wrench
horizontally on the anvil’s edge. Repeat with the opposite jaw, Hammer
it down flush with the anvil fecing,

Il the wrench bead must have & jog with its handle, bend the handle
kot just beleww the javws (%and 10,) A spocer-1s bandy o arfive a1 on
exact size, with further refining by filing the annealed jaws (11,

After brittle-guenching in oil, drow emper color w bronge or purple.

This second method works well to make an extra-wige wrench; for
example, one that fits the hexagon pipe-locking ring on o plumber’s
gooseneck trap



BOX WRENCHES

Prrow odin the center section cut from a piece of spring stee] over the
anvil hom or & snob-nosed herdy (ilustratson 1), When the desired
lengih for the wrench has been reached, punch ahale in each end large
encugh i receive a hexagon-sided hot punch made especially to convert
round holes wy hexagonal ones. (You can make this punch by grinding it
from a high-carbon steel bar, § Lse ot with or without a handle, This hot
punch 15 tpered and graduated for size 50 that it can be driven throogh
prepared smialler holes up to the marked siee vou need (il lustration 25,

Knock out the punch and reheat the wrench head.

Mexl, use o case-hardened balt heod (4 instead of the poech. It too s
somewhat tapered af its end toowct soa staner, which can seek a proper
seating with the prepared, hut slightly undersized hexagon in the box-
wrench or heod.

IF the bl is long emough, i can be hand-hefd. Place the hot end of
the wrench on g section of pipe which has an opening lorge enough for
the boli head to beé driven through, This “'calibeates’™ the wrench (o 4
perfect fit for thot bolt stze.

Temper the wrench heads pescock 10 purple, leaving the center bar

annealed.
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21. Accessory
Forging Tools

Wom hammers made of good steel may be saved and mode usable,
Such a hammier, if you find no deep cracks anywhere, can be forged into
any speoially shoped hammer you may need,

Meost of the double-ball hammers that | have made to form the curves
of gouge blades are converted from secondband hammer heads;

Hammer & lemporary sieel plug into the hammer-stem hole (illusira-
ton 1} This allows vou o sgueess the honmer (heared vellow hot)
between the vise jaws withool collapsing the thin-walled middle sec-
tion. A& steel prop, placed below it ond resting on the vise bar, takes up
the blows as you reshape the hot hamnver head and relievies the stress on
the vise jows, At the same tme, the vise bar below also is protected by
the prap (2).

Onice the ball end is shaped, hewt the other end, and convert 1 also 1o
the shape vou need. These hammer shapes should maich the curves of
swages (3},

Swages con be modeled from secondhand ones (if you ore lucky and
cani find them). Bur vou can alss forge new ones from sections of
very-large-diameter salvaged truck axles. in shapes as shown on page
163

Huving a choice of special hammer shapes, as shown in ilfustrations 4
through 7. is & great advantage when curving steel, or when decorative
texturing of surfaces needs to be done.

Mustration 8 shows a forming swape used o forge a reinforcing b
on thin blades. This nib downs the center of the blade reinforces & light
el oo make it srong.

Bicks (%) resemble anvil horns, They are indispensable when projects
call for bending tubular purts, cone-shoped sheet metal, and many other
Jobs that cannat be done on the anvil born if this pant of the anvil 5 100
large. Bicks can be of several sires. shapes, and lengths, and are quite
easy to make. From sguare siock that fits the hardy bole, forge them info
cone-shapes and then bend. Temper them peacock o purple color



22.Woodcarving
Gouges

A CONE-SHAPED GOUGE

The advantage of the cone-zhaped gouge biade shown here is that this
il will pod bind when culting deep curves in wood, whereas the
conventonal cylindrical blade will.®

The sieel that T have Tound o be quite satisfaciory for the forging of
gouges s the high-carbon round or sguare stock salvaged from coil
springs that have been cot and serajghtened (see Chapter 240},

Follow the steps in illustrations A, B, C, D, and E o miake the
cone-shaped blades. Y ou will find that the moin difficulty in the forging
of tool blanks is 10 keep blade, shank, and tang in precise alignment.

After the blank 15 formed. refine it by hand-fAling and motor-grnding
with coarse- and fine-grit wheels. grinding points, und the rubber hon-
ing wheel. Finally, polish it with the motor buffer, iemper peacock 1o
bronze, and attach the wooden handle.

Instead of using coil springs as stock, vou will find the work some-
what simplified if your scrap pile has some high-carbon stes] bars, % %
¥ inch or 3% x % inch. Mpsirations |, 2, and 3 show clearly the
advantages of using stock with dimensions alrendy close to those of the
planned workpiece: this makes the forging easier and less: time-
CONEUmIng.

Proceed as follows:

1. Forge the shank fo e x % x 4 inches.

2, Peen the blade o | inch in wideh and at exacily 9 degrees to the
shank. Om the anvil's face, “'set’” the blade flush with the shank, 2o that
the botiooms of blade and shank form & sieaight fine

3. Hold the blode in tonpgs or viseprp plers and forge the ang,
leaving a shoulder between shank and tang. This shoolder is made 1o
rest on the ferrule and washer when the tool is assembled with its
wiaden handle.

Ini the making of conical blades for gouges of varkons sizes, vou will
findd that o wide varsety of bottom swages und top fullers will make your
work easier, as will a choice of specially shaped hammers that fit the
swiges, However, standord swages and fullers can be used during pre-
lminary sieps, the blade being findshed freehand afier that,

#*| have dscoised the cone design im my Book The Mabing of Tods, Van Nosmramd
Rpinhok], 1973
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Assume that you hove forged the blank with & fat Blade. Place this
blwde in the nearest-size swage groove and gently peen it down without
marring its smooth surface. You will notice that during this forming of
the Bade the thicker pant becomes humped op relative 1o the shank.
because it resists the force of the hammer blows. It |5 this thicker par
which now mst be hammersd down to restore the alignment with the
shank.

If your have o hold-Fast ool, your alignment task is simplified. as the
Hlustration shows

Mexl, form the cone shape of the blade by opening of closing the
curves over the horn and in the swage, until, a5 you progress. the exuct
curve ond slignment have been reached.

The conical-blade gouge blank is now peady for refining.

Shaping the Blade with a Standard Swage

If vou do nod have a speckil cone-prooved swage, you G dse a
stundard ¢ylindricaily shaped one by emploving the special techniques
ilhestrared here

Mote particularly how first one side of the ool 15 placed parallel w,
and hammered agninst, the swage's upright side; then the other side of
the tool agamst the opposie upright. The hummer peen must be: ground
dull to peen ool the cone shape in this way, to prevent sharp iextures on
the siezl,

However, no matter how fogical the illustrations and text may secm,
in proctice this will prove to be o persistently confusing procedure, It is
aelvisable, thevefore, o first ke @ paitern that resembles the gouge
blode, Cut it oul of sheel metul with tinsoips.

Practice hammering this fat mock-up, cold, into o conically shaped
Made using a cylindrical swage, Once the technigue 15 mastered, you
will understand the correct procedune 1o follow in onder o svoid miking
tvpcal errors and having to cormect them.



CORRECTING COMMOMN ERRORS IN THE FORGING OF
GOUGES

Unfortunately it happens again and again (o the beginner thot halfway
through the project, o good start is ruined by o mistake: A limle more
thoughtful planning before ench move can save the duy

The sllustrations shooer what happens iT vou fail o aim your hommer
blovws with precision @ the very outset, or if you hold the tool blade
slightly slanted in the swage so that a precise central blow then bends it
askew,

Another serious erfor is 0 use too large o curved hammer with a
swige, resulting in the blade being marred by the sharp edpes of the
Wi,

An incorrect alignment between blade and tool shank (an often re-
peated ervor) can be corrected by one of the following methods;

First Method

The more experenced smith can hold the tool dmgonally over the
horn of the anvil in such a way that a few hght bug elling bammer blows
will pwist the blade back o uligmment.

Second Method

11 the 100l 15 very much out of line. use heavy tongs to hold the cooler
part of the blade so their mass acts like a heavy vise, Locally hewt the
arga between the blade and the shank a dark vellow. Haold the blade
vertioallyv and hammer the imcomrectly shimed shank flush with the anvil
facing while halding the blade and 1ong steady, This then untwists the
Twisl.

Third Method

A stmilar counter-twisting can be dome without the hammer, Clamp
the cool shank berween the vise jaws, whike holding the cool blade
firmly with the tongs. The yellow-hot part in between permiis you (o
twist and bring the blade to exacily 90 degrees with the shank upright.
In that corrected alignment, gquickly ““set.’” and re-shope somewhi
{using & light ball-peen hammer) the ‘seill kot part, which will haove
become a littke deformed i this twisting action

Whenever corrections or refinements in forging are called for, vou
will realize how important it is o apply very exect hammer blows,
delivered on well-planmed locations. 1t is here that you should make wse
of every second of the perind between beats (o judge and plan your next
moves. This, combined with skill. mnkes the good smith. Bad judgment
will =1 vou bock, no matter hiva strenuoes vour hammering may b,
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VEINNG GOLGE

The forging of a vewning gouge con be done freekand, burt is nol as
edsy as it might seem. Therefore, Fhave devised a fairly simple way of
misking this ool with the ad of dies held in a spring clamg.

Making & Die Assembly for the Velning Googe
complete assembly

e Use-a salvuged cor leofspring messuring about 3 inches by 4 mch n
cross section and 40 inches long,

Forge o hole ar one end with a square bot punch w match the shank of
o ¥-grooved bottom swape, This end of the sieel must be well annealed,

With the abrasive cutoft wheel, cut the cther end of the spring clamp
lengthwise in half for & distance of 5 inches. Heat it and spread in o
form a fock, @5 shown, This fork must be precisely made, so that s
arms are filed evaedy parallel and evendy fhick, Leave i annealed so
that the slotted male die can be forced inte the fork and held firmly by
spring tenswon,

[nstall both dies in the prepared ends of the leafspring. Next, heat 6
inches of the exact middle of the spring and, since the die ends remain
cool enough e hold by hond, simply bend the spring over, placing one
die intir the other,

Ini thes position, clomp the dis ends Grmly between the vise javws, and
rapidly hammer the heated bend into the curve, a8 shown, The hammes-
ing “‘eels’” the spring-clamp position, removing all renstons

Immedigtely — before ihe wisible heat glow of the bend hos
disappeared — transfer the assembly 1o the anvil, and guickly fasten it
with its copscrew and its-stanted pipe-spacer. (1f it hos cooled too much.
reheat the bend for this step. )

Mow pull the wpper arm of the clamp up. just encugh so that the hot
steel af the bend “‘pives’” a linle. When released, the male die should
then be spuced about 'S inch from the female die, IT you have pulled it
up too much, bear down on it o reseat the male die properly. With a
I-pound hamimer, tap with many very bght blows all around the bend to
remove all tensions,

Release, and check if the Y-inch spacing between the two die paris
has been correcily established. Let all cool slowly.

The 'G-inch spacing allows ou o insert the hot ol blank casily and
quickly., Also, because of the inherent springiness of the anneeled bend,
vou can pull it up high enough to extract the female die (the swagel in
order o replace it with another if needed.

It is important to secure the die sssembly frmdy onto the anvil; any
bpoaeness might interfere with the actual forging. To anchor the nssémi-
bly, drill o hole inte the swape shank. as shown, ond thread it to fit &
H-inch capscrew. The capscrew holds the swage on the anvil with a
washer and slanted pipe section. This V-grooved swipe acts as the
female part of the die set. The male die is made t match it as follows:

Use & section of & car axle (round or syuare) measuring ebout 1%
tiches in crods section. [ts working end can be ground to fit the groove
to F1 Capscrew of the swage exactly. Stot the die as shown 1o fit snugly info the forked
end of the spring clamp. This errangement makes it easy to change dies.
should it be necessary in making other shapes of gouge blades.
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Forging the Gouge Blade

I. Firmly elomp the die assembly o the anvil.

2, Fold the hot blade of the ool blank, s shown, o moke sure that
the fold wnd the shank are-aligned, This preliminory fold will automati-
collv seek an aligned seating in the bodtom die, thus preventing a lop-
sided positioning between it and the top one,

1. Reheat and insert the hot folded blgde while sighting the blank for
alignmient with the dig assembly

4, With a 3- i 4-pound hemmer, defiver a few exactly wertical,
hewvy blows, or many lghter rapid blows, depending on how thick the
stse] of the blank is.

If ull has begen constructed correcily, ond the formmg sction done
well, the V-gouge blank is ready to be filed, geound, snd prepared for
Empering

Mewer As iin odvanced student, youo will hove noticed by noow that if
the die surfaces are rough, pitted, or insccurniely marched, every such
mark 15 fronsferred onto the blank. It means thot moch work in filing and
grinding will have o be done to make up for 4 poor set of digs, There-
fore, If you do decide o spend time making 4 die sssembly, it will pay
iy mioke o good one. The dee surfaces must be eccorate and smooth,
exactly aligned, and well rempered,
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Q3. Forging a Pair
of Pliers

For this pair of Y2-inch-thick pliers vou can use o 4-inch-wide,
heasy-caliber leal of a 1ruck spring,

Cut off o [2-inch section, beat it and fistten it, and then anneal it
slowly. buried in ashes.

Scribe off on the steel the curved patiern of the pliers. Along these
lines, make evenly spaced center-punch marks for hales 10 be dnlbed
with o ¥1s-inch high-speed drill at slowest speed. The holes must be
close enough o leave only paper-thin divisions between them. Clamp
the core section in the vise and knock off the outer pieces. Use the ¢one
section of these pliers. Tie the two outer pieces together with: baling
wire, wnd hang them on a nol for future use,

The sharp ridges resulting from the drilling must now be fled off, If
they are nor removed, (hey will fold down antg ke surface during
forging. Such flafiened ridges would later be revenled again during
filing and grinding

Diraw out the stock o form the two plier handles, Then cut the piocs
in half a5 shown, and forge the two identical blanks.

Mext forge the hinge sections locally into their approximate final
dimensions, beaving room for the full dipmeter of a hinge-seating cutier
tx mill the bearing sockets.

When the blank for each plier half is finished, refine the Mar surfaces
o the motor-driven side-grinder, (However, i vourskill in flas-filing is
sufficient. the pliers’ surfaces can be filed perfectly flat by hand. )

Clamp one Blank on the drill tble. Place & Vs-inch high-speed drill
in the exact punch-marked center of the hinge ared, and drill the haole o
guide the leading pilot-of the seating cutier, Do the same with the other
blank.

Each plier half is now ready to be milbed with the seating cuer o the
depth of exactly one-half the thickness of the plier blank.

In order (o fil the two halves topether, the excess steel ol the rw of
the hinge-bearing diameter must first be filed off smooth with the aid of
a file-jig. The jig is a section of a round bar having the same dimension
a5 the =eating cutter. This bar {cut at an exact right angle to s length) is
clumped in the vise onto the plier half. File back and forth Aush with the
brar-jig, removing precisely all excess steel from the rim aroond the
hinge-bearing surface,

Trimy the other plier half accurately in the same way. The two halves
should now fit together in o temporary assembly, At first they will bind
somewhat. To remedy this, smedr & coarse-grit valve-grinding com-
pound and some 3-in-Cine oil over the bearing surfaces. Assemble the
plier halves with o lemporary hinge pin (use o Yis-inch-diwmeter
capscrew and nut) holding the two halves Lightly 1ogether,

Clamp the plier in the vise by one of its handles and work the ather
half up und down in a *‘lapping’’ action, progressively tightening the
capscrew a little, The abrasive wears down all minute maccuracies. Use
some kerodene b0 flush out the metal pulp and abrasive residoe. Re-
plenish with fresh abrasive and oil from time W e



Finish with o finer-griv abrasive and 3-in-One ail. When a smooth,
s fit has been establishad without binding, t2ke the plier halves apar
and clean thoroozhly.

Neat clamp together with two visegrips the assembled plier, but
without the capscrew. Place it on an accurate hardwood prop on the
drill-press table. In this position you can enlasge the tamporary hole
through the hinge area with a “a-inch drill 10 mke a permanent
4 yg-inch-dinmeter hinge pin.

Each hole, on the outer side of the blanks. is now coumrersund to a
depth of % inch, as accurmtely and smoothly as possible. One of the
countersunk depressions acts a5 a-bearing surface for the hinge pin,
while the other, as a rule, does nod move

Seporate the plier halves. and temper cach one as follows:

|. Heat the paw and hinge section to w mediem cherry red noa slow,
clean forge fire and quench in mil.

2. Cleéan off all carbon scale feft by the quench using Ane-grif car-
borundum paper. Polish the whale tonl, then draw color to dask siraw
and quench again, this time in water,

1. To adjust the temper of the hinge area. use a propane torch or a
Bunsen burner gas fame to locally draw the kinge areq ondv, very
slowly, W peacock color, leaving the jows a dark stravw. Withdraw from
flame and ket cool slowly.

Assemble the pliers with o temporary hinge pin just long enough to
hold the two plier habves snugly topather, All remaining insecuracies
can now be pround off on the side grinder, as shown. When all ather
grinding, refining, and polishing is done, knock out the temporary pin.

Mow permunently assemble the pliers. using an sccurptely fiting
*/1s-inch hinge pin long enough 1© cold-rivet both heads. (Now you will
realize that the berter the countersink has been made, the beter it wall
function as & bearing surface. )

Piace the assembly flush on the anvil foce. The cold-riveting of the
hinge pin is done with 4 %2- 1o |-poond ball-peen hammier, using the ball
and fAat alrernately, Fist the ball sirikes the whole serfoce of the pin
gvenly. Then the flat forces down the ridge texture left by the ball.
Repeat alternate hammering with ball and flat until complete counter-
sink depreszion has besn filled. Treat the other side the same way.

Any shghtly raised surplus material can now be pently ground off
without marring the findshed surface of the surroondimg =teel, 1§ vou like
the appearance of raised, hand-riveted heads, don't grind them off fat,
uniess they are in the way during use.

If you want o refine the pliees <ill further, they can be répolished on
the buffer to mirmor smoothness to prepare them for an -application of
axtdation color pating b s vour faste (see Chapler 9 on apgdying color
patina}. Keep in mind that the jaw and hinge area must not be drown
darker than straw color to enaure that this previously emnpered area will
remuin unchanged in hordness, The kandles mav vary o colar all the
way from dark vellow o peacock (o hlue.

Mote that two kinds of phiers are ilfustrated bere. The perfactly gvin-
meetrical pair may fook good bart it does not necessanly week batter than
the asymmetrical pair. You will recopnize, thoogh, that symmeirical
pliers are simpler to make, having identical halves; while the pliers with
offser jaws calls for two Jifferent blanks,
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24. Making a
Fireplace Shovel

BASIC PRINCIPLES OF FORMING HEAVY-GAUGE SHEET
METAL

Hommering spherical shapes our of mild sheer sieel s eastest 10 do
when the metal is vellow hod,

When 1t 15 heated locally and hammered over fonmung preces tmpro-
vised from openings in beavy machine paris, such as steel rings. pal-
leys, cast-iron pipe sections, or any other pigce of massive serap sigel,
the heated metal can be sretched without difficulty.

As the steel vields more and more during stretching; vou must rebeal
and peen oul progressively each next area so that hammenng will reach
every pert of i1 uniformly,

The final shape of the project is reached by hommering 10 over i

misund of sund or ¢arth and scrip pans such as an awtomobile bumper.
{There seems i be on endless variety of shapes in bumper ports, sie
manuficiurers annually change the ““sculpura]’” designs of car mod-
els}

Trim off all superfluous surrounding sheet with a slender cold chisel
on the endgrain of o wood stump — a good sstup for cutting steel thot
is too thick for metal sheas

Note: Modern mild steel, used for cold “die-stamping”* of auto-body
paris, can siand & great deal of cold kommering before breaking, There-
forg, much of the mild steel from vour scrop mle con be shuped cald
Mewertheless, from time @0 time vou should heat-and anneal the cold-
hammared pars 1o avoid breaking the steel



FORMING A SHOVEL RLADE

The forming of heated shegt metal inlo o shovel blmde, b5 in the
illustrated steps. | throogh 5, is o combination of strefching and folding
the steel. Sand or earth, as well a varous shapes of heavye scrap sieel
paarts, are used in shaping the blude, as described above. The anvil horm
ind a choice of hicks placed in ithe hardy hole are used o hsuner ol
the curves of the handle socket of the showvel.

Both blude and handle socket are formed wgether, as shown, in a
step-by-step process of heming and hammering. reheating and hammer-
ing. Final touches can often be applied by cold-hammering and occa-
sjonal annealing with intermediate rehenating

The handle of this shovel 15 made of wood from a natoral corved
section of a free branch which vou may find in piles of orchord prun-
ings, or select and cur in your own garden, Faest o make it fin the handbe
sockel approsimately; cut and shope with saw, wood chisel, rasps,
plane, and sanding discs.

Then fit it more exactly by buming the kot socket over the handle
end. Heat thie socker just hot enough to scorch the wood, bt not =0 hol
thar the srooke will term into flame, This would char the wond severely.
Onee if is filed in. gently tap the end with a hammer 10 el the woosd
evenly. Clamp it between the vise jews o furiker pinch it together.
While i1 s in the vize, dnll a hole through both socket and wood and
countersink it 10 receive a steel pin. The pin shouid be [oog enough 1o
tivel shalliow heads flush with the steel of the socket on each end.

Make g ferrule and ring, a5 shown, to hang the shovel ona wall kook,

Apply a surface finish on the metal by steel-brushing and then waxing
or otling i, Sand the wood handle devwn ws fine a8 you can, then was
and polish it.
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A DECORATIVE STEEL SHOVEL HANDLE

First muke a shovel blade in the: manner described on page B3,

T moke the steel hanidle as sugpested in the sccompanyving illustra-
Tion, first upset the stee] bar ot one epd o provide the extra thickness
needed for i short shoulder und tenoi. The square tenon is forged and
filed into sheape o i snugly into @ sguare fode, This hole is drilhed and
filed, or punched, in the shovel blode. In the final assembly, the hamdlé
is riveied cold onto the blade:

The decorative design of the handle begins with a right-angle bend.
The portion thai is to receive the wooden hondle-grip = Aattensd and
widamed somewhat, os in the illusration. Between the handle and
shovel blade, the steel is forged into o rectangulor bar % inch by Y% inch
i crogs section. I the meal is high-carbon sweel, this section is most
easily twisted hod, I it s of mild steel, it may be twisted cold,

Meste that the advantage in twisting steel cold is that the perfecily even
iemperature mokes the screw lead evenly spaced, IF the metal = heated,
the slightest unevenness of hent will make the screw lead unovordably
uneven. However, sometimes such unevenness is desirable, s it gives a
hand-rendered character.

The right-arigle bend s cui on the anvil hardy as shown, [i5 two arms
are drawn out into slender tapers and curved Ireehand

Drill the handle-grip section for the rivets thot must hold the two
wisslen handle sections. Scrbe off the hole Iocations on two wentical
pieces of hardwood of vour choice. With 4 wood rasp, make these
pieces fit approximarely on the steel bandle. Further perfiect the fit by
heating the steel, then guickly sssembling wood and steel with short
pins and chanping these three elements between the vise jaws. The hot
steel should scorch the wood, not buom i Left in the vise jows tocool,
these wond sections will it 1o perfection without barming the wood

To permunenily assemble the purts. follow the illustrations. The color
of the wood will be brought outl when rubbed with beeswax and
polished, The steel surfuces can be finished to suit vour taste. They con
be lightly steel-brushed and oiled 1o preserve the notural forge bluck, Or
they can be slightly buffed and color-patinaied, then spraved with ac-
rylic as on added rusi-resistant

A LARGE FIREPLACE SHOVEL

Sinee these shovels never undergo the strains of 8 garden shovel, the
steel stock can b of & modérn, malleable type that can be cold-formed
eusily. once the major deep shapes are hammered out hot.

Anvone well scquainted with the folding characteristics of cloth and
of paper is well prepared o plan how o fold and bend sheet metal.
Softened by heat. sheet metal viclds to shaping io much the same way
The one advantage sheet metal has over puper and cloth is that i1 can be

streteled and will muwintain the form given it Therefore, the smith may



combine the o possibilites, folding and stretching, in his fommmg
iechnigues and can moke beautifully shaped articles of fairdy thick sheet
metal. I you hove msde special hammers of various slapes toocurve the
blades of woodearving goupes, thése will mow come in hondy.

First cut out @ pathern thae |5 larger than the final blade s 1o be,

Form the hondle socket over a sund or earth mound ol frst, snd
further Anish it over o bick.

Mext, turn the piece over, heat one side of the Blade and hammer it
upwird, Do the same with the other upright of the blade. Form these
twis uprights to meet the socker portion, Severnl more local heatings
will be needed to blend all curves harmoniously, s in the iflustcaton of
the final result,

The separate bottom section of the shovel is also hammered over
sand, forming the matching part of the hanmdle socket as well. Tt must fit
the contours OF the 1op hall of the blade. Use as many heats as cequired
1o make the iinal shape, as shown

The wooden handle 1= made from o curved hranch of fing-grained
frunt wond, Shape one end of it to fic the finished showvel socket

If vou find thar the two shovel sections, placed over the wonden
handle end; do pot meet precisely, yoo will now find the malleability of
the cold seel o your wivantuge, Clamp the top and bottom handle
sections in the vise with the wooden handle inserted in place.

With the slendsr cross peen of a hightweight hammer, tap along the
cresses of the folds of both upper and lower parts. Follow up with
shallow roundsd ball hammers ond smaller flni-faced (slightly crowned)
ones, Use these to bemd the 1op and botom sechions together ina ki fit
around the wood.

Dnill the holes for riveting the two shovel purts topether. With a
rdary file, trim off the burrs left by the drill, and countersink the holes
us decp us the thickness will allow without enlarging the hnles, The
rivers will then hold frmiy. without prodruding (oo much on the owtside
or imside of the blade.

Short sections of annealed nails that i the diameter of the holes can
serve as rivets: Cold-river the shovel parts together while they resr on
the anvil face, Mo grinding or filing will be necded if the length of the
rivets is just enough to Al the countersunk holes,

Wherever the bottom piece does not touch the top closely, it can be
bammered befween the spaced rivers, bringimg thess secticas Mash 1o-
gether, This forced bending can be neatly done over a lirge-diameter
rounded end of a branch of wood clamped in the vise.

The end of the handie con now be inserted for the permanent [, Heat
the sieel blade socket just hot enough o scorch the wood lightly, and
hammer the handle mio the socket with rapid light blows. asing o 1- to
3 -pounad hammer. The heated sieel will scorch down every interfering
umevenness of the wiood,

MNext, holding the whole assembly together by its handle socket.
ciamp the uprights of the Jower blade section onto the handle berween
the vise juws and drill the rivet hole through metal and wood for the
hobding river, which s now mstalled and headed,

Provide the handle end with o tight-fitting ferrule and crimped-on ring
to hung the shovel on o wall heok, Cut the ring Tromm a coll spring and
shape hot. Bend the ends oot somewhat (o reach the ferrule holes. Heat
the middle section of the ring, open it, and, after inserting the onds in
the fernide holes, close it betwesn tong jaws,

All surfaces can now be smothed and finlshed as in previoos similar
pripECis,
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25. Making a Sm
Anvil £
Railroad Rail

It &5 of first importage to determine il the salvaged section of o
heavy-gauge railroad rail is of temperable quality. [llustration 2 shows
where the welder rmust cut out the seetions not needed. {Save these for
yosr scrap pile, however, so they can be used for future projects.) To
test the temperabsfity of the steel, heat ane of the waste séctions 1o 4
cherry red and guench in water. File-test it, ond if it has become brittle-
hard, you will kpow that you can muke of the blank o fine. well-
iempered anvil large enough to hemmer out most Torgings made-in the
average hobby shop,

The design of the anvil in the illustraton should be followed closely.
The large, 1 hp motor-grinder with 12-inch-diameter hard. coarse-grit
wheel will enable you to grind the proper shape of the horn and fln
surfaces {3}, insicod of hand-filing them. The anvil face should be
smioaith and polished,

Since the steel comes more or kess annealed, vou can drill the pricchel
hobe, Mexi, the larger hole for the hardies must fiest be drilled and then
filed into o square. The four holes, or notches, in the haze are- 10 balo the
anvil down on o wood stump. Two small holes in the base ure deilléd [or
a temporary handle with which it can be lifted when being tempered.

Since this anvil 15 too long o beat evenly for temperimg noa somall,
centrally hewed forge fire, it will be necessary to convert the focge
remporarly (see illustrotion 4.}

To make & leveg air graze, | have found it practical o use a salvaged
broken d-inch-dismeter cost-iron plumbing pipe. Cut a 14- 1o 18inch
section lengthwise on the abrasive cutoff wheel or mechanical saw (if
vou have onel. Dol & dozen or more 3-inch holes, evenly distribined,
o form an elongated air grute.

Surround this grate with firebrick, &s shown, Dry. porous building
bricks could also be used for o temporary project such as this. But maks
sure they are dry, as they might explods during heiting i moist and not
porows enodgh.

Flug all remaining air passages around the bricks with fire cluy so that
e air con reach only the long mound of coals aver the grte.

Prepare fo handle the anvil spilde doww by fasiening o
Y-inch-dinmeter bent rod to the base s a yoke. Thread the rod emds (o
S-inch nuts and slip them through the holes in the base of the anvil.

Muke the handle long énough so thot vour hand s fur from the fire
fabout 2 feet obove the anvill.



Before you start the fire for témpering the anvil, be sure o have a
HM)-gallon drum full of water ready to guench it. Also have resdy o
shollow fray with an inch of water to conl the anvil face,

Make a olean fire with gl leust w d-inch-thick layer of hot coals
Carefully piace the anvil upside down on it and, with the poker, bank
the coals over its “head " Cover the fire with sections of dry asbestos
cement sheet {see illustrations 3 and ), This is a practical and efficient
wity to enclose the fire and these sheets are ofien avallable s waste
mterinl ot butlding-supply vards. Sheest metal. of course. would do. bl
its heat redinion would be ancomionable

It imay 1ake an hour with an even, slow, and low heat to bring this
bulky piece of steel to medium cherry red heat. From time to time 1
and peer underneath the ashesios cement sheets o check how the hept-
ing of the steel kas progressed. Rake a little added coal o keep up the
firg, when necessary. and continug the henting by cranking the air
steiilily, but very slowly, If the blower is driven by an electric fan.
control the sir Aow o maimain this very slow, steady heat

As w000 @5 the moment arrives to quench. cool the top of the yoke
handle with o wet rog to be able w hand-hold it Remove the ashestos
sheets and rake the coals away, Lift the hot anvil from the fice. (The
exposed fire now is radiating much heat and should be quickly covered
again with the asbesios sheets o make certuin that nothang aroond it will
catch fire

Plunge the anvil into the 30-gallon doom Alled with water. Sink it us
deep @5 you cun reach, while pomping the anvil up and. down, This
cools the steel fastest and makes the hirdness penetrate the anvil face as
deep az it can gat (7L

Clean the anvil face of its scales and carbon, sl restare the polsh
until it shines like n mirror. Replace the yoke handle by another one,
mizached as shown in ilustcation 8. The arvil now stands cight side up

Clean the slag out of the fire and replenish it with fresh coal evenly
spread over its full length, You need a lesser fire this tirme; io must give
just enoigh heat for the temper colors of light hronee or dark stras 10
appear on ihe face of the anvil,

Wait for ihe fire 1o become clean and smokeless once more, Place the
anvil. suspended right side up. on the bed of hot coals. Cover it with the
asbesios shields, leaving a Y-inch space hefween the shests and bridps
of the anvil {see illustration 5. This allows the fire"s heat o flow evesdy
wvialyr aived o the gl ead, which bas remined free from dimect
contact with the fire. The anvil horn may be ignored for the time being
because it will e annealed sepuraely luter on,

Since the heat fiow shoald be even und very slow, fan the fre only
very gently. Warch for the shightest Tuint straw cobor 1o appear on the
anvil foce. [t is now important to shift the hor coals with the poker to
sy spol below the anvil where the polished anvil face has nol vet bégin
to show the funt stiraw color. This &5 0ty (o even wp the distribotion of
the heat flow, As Jong as the hedting of the anvll Body 5 overy, very
show, such comective measures will be effective.

Eiuf'-'i aJTnFu: spaces

bloeked-in Fire shown with
sheet pabes bos o ash.
p o

feove L SpRCE

sreund il bridda

aviry slowiemen heat 15 hept .
at m{m ent thatanvil body has

become cherey red,

b | B\ Hockad-in
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Y he sheady Jowhsat: drachsally
rasches anvil Facing | shewing
temper celors. When steaw
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in Ehiﬂfﬁ' waterd lak socl

B7



BE

aFker torch Flame anneals
hora to pale Blue, Let a1l dool
slowly.

When, at last, tee codor ks drawn evenly over the whole anvil face o a
dark straw or light bronze, ift the anvil by its strap handle, and with
tongs, carefully tumble it upside down. Quickly, inthis position, Tift it,
with 4 tong in each hand, and place it ina shallow tray of water (9). The
snvil face is thus prevenied from being further heated through conduc-
tivity by the remaining stored heéat in the anvil base and bridge.

Mow lesve the whoele to cool slowly. Once coaled, the horm, which
always is to remain soft, can be annecaled separatelv, as shown in
illustration 10.

I hove mpde four small anvils in this wey. Esch one wos of high
quality with a hard, tough envil face and sof@r annealed hormn, They
have proved to be as good as any larger commercial anvils | have ever
hiad, I boli them firmly on a heavy wood stump and 1gnore their ligh
caliber. using them as if they were 100-pounders.



26. The Power
Hammer

The value gamed o vsing o power hammer is mainly in drawing out
heavy-gaupe steed from thick into thin, short inig long, and narmosw indo
wide, without much physical effort,

Sometimes the power hammer can also help in upsetting thin steel
info thick, Bat this s quite rricky odo becowse a heavy blow will buckle
thin upright parts, and a lighter blow will not peneirate o the center, As
a result, & couliflowering of the edges of the thin upright takes place,
and this must be Aattened immediately sgain if folding is to be avoided,
If a fold is detected, it must be ground or filed out before proceeding.

(M course, repeated cauliflowermg and Hattening a long last does
mizke the toial dimension 4 little thicker: But again, the trickiness of this
operation will geneeally cause you b abandon the attempd snd 1o start-all
over again with beavier stodk. In time voo will learn that thers s o Limi
to the wpseting of thin stock.

You cun extend the uses of a power hammer by making specil
hammer and anvil inseris. With these vou can form. with a few blows,_ 3
gouge blade for instance, which otherwise would have taken you half sn
hour or mone o forge by hand.

A whole book could be written for the hobbyist on the use of the
sl power hammer, Bot o 5 my bellel that this elaboration is o
called for here. The rezson is that by the time the siident has diligently
praciiced the making of the projects offered in the fopegoing puges, he
will be fully prepared to judge whether be will bepefit from adding this
miaching o his eguipment.

My personol experience bag been thit the power hammer bas been
useful when I needed a sledger-helper. 50 my admomition remains:
Learn first all that a blacksmith must know about freehand forging. only
after that will you be able io make the gresiest use of the moching us 2
timie-and-musche-saver while remoining (n fll conmral of i

Do oot underestimate the danger: of machine-hypoozis, It is a wap
which you must iry o gvoid falling into. Ofien the less-talented, the
commercially oruented, the sop-artist, ond the vocational machine
uperator yield 1o this hypnosis.

[ recognize, however, that for the making of mass-produced items
thit kend themselves o pover-hnmmer treatment, ¥ou Con msrease Your
chances of eaming a livelthood with ji. Should this come abowt, all that
vou have learned to do in blacksmithing withows the mochine will £n-
hence your work, At the same time, you will have the satisfaction of
kEnpwing vou could do as good a job with the simple use of o fire, 3
hammes. uod an anil,

Logic, skill, and- commmcen sense, which sre a good blocksmith’s
utirshutes, will guide you from now op when untoed seps muost be
taken, You will discover, with pleasure and satisfaction, that you have
Become your own lgacher,
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Glossary

APAFTER. A driven ssirumen made w1 ane type (iaed ol eal g one end
i apother (vpe daiie) a1 the oeher emd

anTaTon, See Palar Miker,

wimiusgst, I bine with anothes element; noe askow = relabon b L

slioy . A compound or foson of two or more metals

ANGLE TR Stec] by which bave & cross-section of an sagle |usually W55,
The imn, in this weem. 8 & holdover fram the days befors aron was made
inie stegl Mow all sngle low i sctually el citer mikd or high-carbon
wiel.

annpal. To sofiem degl throoph skiw cimlmg aller emough hes e mcke
the steel lose s hedleness

ARSOR, A whesl, pile, or sheft maming in one of mare hearings hedd by @
Frame thae s boded down,

atien. A wred <l s 6onile sver 1% inches i dismetze (Al may refer o
wapars 1o abrill holes o earth. )

BadTakD FLE. A e wih feeth cosrser than 3 smooth Sle and l=ss coone
than o coarse ke

BvEL, In cuming tools, the feen that Bas been ground m the cuttmp edpe
(inakide mnd cutiide fuvads |

neank. The rough shape of & wol bedoes filmg, gresding, ¢ has peepard
the o0l for tempering and sssembly with the handle.

moss. A locelly mised pan of seel,

BAITTLE QUERCH. See !

surrER. A coiins wheel used oo podish surfsces.

RAUFFENG WHEEL. & motor-driven colios wheel ihal moastes gl high speed. A
bulfing cxmmpiimd mibbed miv e cotion buffs (polishes) the sioed beld agains
the wheel:

BUNSEN BURNER A gas bumer with a single e Ao used s [shomiories
b B Higuids mmd imects.

wrars. The coming wol of & engraver

wuns. A& small rotary file, ofien med o mke off 8 derr deft on the edpe of
sieel by previous cuitmp. A baer may alss be the “Peather-edge™ left on
2 wol"s culting edge (n the fiml step of sharpening the ool

BUEE MAMWER, A iood with & himmer Tae having 9 or mofe faiss] poms
which, om impact, crush e pulverize the surfacs of sane. From the Freach
tucker. o chash, 10 g, I b, The bush ol Klsa has 9 or mone ralscd
poims which, when hammered upon, crush or pulvenze the sarface of sne
BUTTERFLY CEMTER. A lake<enier insen placed in hemboiock thar has four
sharp wimgs and a cenfer pin which prese mso the wood ithat & o be mumed
o | woud fatke.

CAP SCREW {OR TAP-ROLTE, A Bull (withost s null scoewisd into @ threaded
hode: af coe part, a0 hald anotter pan claiped omo (he fird,

CATE CHIREL. & narrow’ chisel it o deep groves, spreifically key sios,
aeel,

CARRINE-TIP, An eatremely hend mp soldered on % the end of & regolar hagh
carbon siezl har wsed 10 Him woond or steel a6 lithe

CARRIAGE BOLT, A balt which tes togetser wosnden inembers in straciures. B
Fas s sgubre kection undes the Bead to keep ths boll (rois luming

CASE HARDEMING, The process of applying @ skin-deep taminess v the oser
st of mik] sl in s Forge fine.

CENTER-PLRCE, Tood ued w0 make a cenies™ mark For il 1 be drilied,
or 10 merk off ponen ourlings on el

cHasNG Tools. Tools used o meke marks (mised or depressed) in metal
sarimien 0. comle et

CHECERG (0f woasl), The splwimg of wood damng drying.

CHISEL. A meial foil wits o hinde having o sharp-edged eod; =ed for culting
weinnl, stome, mertal, o vther mserial

CHIEEL, CARPERTER'S wiran. A [lal chase] for culting wossd,

el rocn, A chisel that may be oked on o annesled  stel o cut o
ciesel, mor. A chiel sed o oul velfow hor misel. The sref b cin with
the bt chixel on the sofi anvil while or o mild-siee] plate placed over che
bard aevil face, The chisel is eitfer o banid-held long cold chisel or o sherdy
chisel hesl Tastened & a long woskn sliem

cuuck, Aclamp sorewed on o moesting shafl o Gesen dnlls, small grinders,
L1

ciaw. A muliple-ipotied sonecarvimg oo used 10 refine the muogh sexbme
fefll hy the one-poimt feol

COEFFICHNT OF CONDLCTINITY . A number thall indicabe the degree of speed
Al winkch hest b conduced From o spot 0 he sest in a Gpe of sl

ColL FFRiMGE Spenps madi of bmp, high-carbon steel mods than o wound
ot around & bar and sferaand remperdd the hantnews far which such springs
are designed,

C0KE, The substance fresh coal becomes afer hear Bas driven oul il ehanens
thal give off smoke mnd yellow Hame, Coks ressmbles chareoal in thst i
gves off o Blue Ao and ights easily.

ooll s A siesl meg, aftes moisied on & shalt with o set screw.

cusiUT P, Gadvanieed sres) pipe thiouigh w kich eleciricians imitall elecenc
WETES

COLUSTERSINE. & cone-shaped. lange arilf dir used o bevel ihe cdpe of & shep-
lgad eylimirieal hole kefi by @ smaller drill: a shallow exfindrical depression
amesd o Bode, langer than the bede in dinmeter.

CUTorr wiERL. A thin sheasise wheel the culs decl wo haed 80 o wirh
a hocksaw

e, A teg-part okl (nale and femaled used for pakang and epreducing &
fapm one o moee linss. Tha masral @ held between the Jar Sar are then
farced together m pendice the fonm or shaps that ke daes have gl thelr eoniact:
ing planes. D¥es are used sirictly 0 mess-peoduce siches of 10 make an anicls
thrt is joo compleaed o make esslly by hand. ([ Also, & mairis.

FIFT. A tapered sienl prm which = deoven ineo a hole in sioee e splicie, Another
i i 10 pull snpefher o shpntly semaic bed bodes mofwo ploies o oaligs them
perzaily,

powl (FTEEL]L. A hockisg-pas tha bolds parts amf keeps them from shifling
their posatinns,

PRAWING TEWFEM ol Rebeming bnmle-geenched sizel that hos bess
pealisled o sep the onidation color specium (lemper color) clesrly . Onee
this cidor spocenem appeass and the wanted codor, which comesponds - i
Dardnesy , has been drawm,'" the 100d b guenched,



CRAWTSG OUT ITEEL. Sinedohig seel, making o longer or wider ar bonh. The

cgposite 5w mpeet sieed, mekmg it incker andior shorter.

[FRESSER. A o] that cen or wears down the serface of grindsinnes

purssing, Making s inscvuraie grinding wheed accuraly with s deesr by

wearing the wheel sirface daws e exact skape.

eIl BT, Coudd be callied a @i, but penerally this peem refers 1002 bogal

tar ot end of a plain &l Fod, Sech Bl may Be ol vared desaprs 1 meel

warims drilling problems.

URILL PRESS. A& meching Sor drilling hiles in meial o mher mamerial.

suposs. To rmee sneel locully with bosses. The boas iv a form of die which,

eezsad or hammered woo the sl plote fom one side, raises the sieel srface

o the mher ade of the shest.

rvemait. A bolf which has a hole iz o moond, Aatiened end matend of the

Fonagnn, or mund. or scuare-hall head.

rach_ Generally refers ooa fla surfeace on e safes o 109 ol @ kol of meckin

part: am anvil Tsce. Side-Teoe, (e Tace of & dise, Voo fage™ & wface, when

grindinig, millmg, and onting szel mirfacds.

FERRCLE, A meal fng, cop, of twhe-section placed on the end of o hoedle

o keepdr fenm apliming,

FEERICKE. A Brick which withstands high empennones & in brck-lined kit

o fireplaces.

mapcLay. & clay which will oot omek when fired.

FLasel FiRn. A fine thol smns soddenty whes an inflammahle liquid reaches a

ot correspanding o fs ' fash”' poine sening e ligoed aflame

TLATTER. A o0l shaped B 3 homsmer hewd bol with an sccurnie, squom, fai

face 2 one and and a cpommed end o the ciser tho can be struck with ' heavy

tammer. The Astier’s face. placed on a beared maccurste A section of a

siripiecs lying on the anval. can Anllen & oa accuraiely

gt A fumece ia which sieal s hesied.

rareris. The honding wopether of two clmmped-ingether seel pamt thar have

rroded or Bave been forcefully locied mgether, To beesk ths bomd is a

Trequnnt chore whes taking msted machinery apan.,

ruiei. A blackemmith™s oo dhat fits in che bandy bale of the anvil (Botom

falleri, or i fasiened on 2 long wooden siem {oop fuller ) s order o gremo sieel,

ilrew o o, o “tset” rounded comers. Comey in various sixds.

iatice. A specific sirp in reférence po stenl sheel or ber thickness. nail sizs,

v,

iackEaw, & hand sps with s hlede sct in metl freve. med 0 cn

frietal -

MARDY, A ol et thi acts as 3 culter of el steed, Ao gafled hasdes arz

herdy-type toals that 61 in the handy Holg, Bul buve oiher specil names, s g

ke, |2, Seliers.

HAEDY pOLE, The squae lalé s he anyll hat e |'II-|"|J:|' ik Wiy,

nEADsG PLATE, A thick. far plece of seel with a slightly mpersd hole i the

mididle whick rceiven o md St s been apan @i theend. The bot end can then

be hammered inan & head.

ieansTeeR, The netaring driver amd of & laibe.

:I”LA t. The perind that the bot steel, remavesd from the fire, mulniaing s forging
ul

siEATT. The perind of heatmg the soed|

meat TREATING, The provess of rewpering siesi for o specife Banimss: can
slso reder o dreating w2l w being shour & specific sofiness,

PIG-CARBON STREL, A wmperable steel, pramarily ssed in Surden suck seely
for specific haminess in the process colled ““tlempering " I mdesry, sreel
of aver 0.2% carbon.

DL EF DN N o HOLT-FAYT, & contrivance Fov holding the beaed workpeece i
he h‘pdhhﬂﬂ‘.:hﬁh’hmmhﬂdl free wy mamipulme his poods. One end
ol fhe hold-dinkes & remmed wmn the mvil s handy or priichel hole so that fis
nrher gmd will hold down (or hold fag) the workpioce.

nocLes caesn, To grind the bevel of o ceiing 100 corceve

tioxeen. Grinding 8 sieel serface with & Aoming vome. Thix sione lsaves s
almeat-polished suface.

W ENCERWERL A unit of prwer. wsed in slaimg ke power required 1o
drive machinery.

1. A deviee which s @ 8 puide 10 accuraiely machine-file, fold. bend,
oo forn & weekpiede. This bs wed (F lack of skl kandicaps the worker im
makong the workplece, Sach jigs guide him sand also syee 1 (0 mass produe-
rion of sly

®EEPER. The part of o door laich through whick tee lech ball slides

LAPFISG, An abrashoe action | which 3 grindisg compound §s med bemween meg
s thal, whes held pressed ogether m movement, grind themsehaes inio
ot aiipher

LatTme. A miching far shaging articks which couses them g revolve while
scied upon by 8 cuting ool

1enE spmsc, A spring wath un oblong cross-section and 9@ safficiem kzngih
5o bl msa sping . Avinamahilies i3 rule wse such spregs singly or in gradussed
lovers b suspied the cir hody over the axies.

LOW-CARB0N STERL. A szl that is no tempemahle. which contaiss les than
0,2% eashon

stall, & larpe hammer with wooden newd. semeilms szel-welghied . veed o
drive atakes in the ground.

siariranti. Copsble af bemg shaped or worked by hammering. vic.

WALLET . A wiides hammerhead on & shot handle used 1o hamssser an wood-
carvimg - goages. Sometimes the mallei head in made of mawhide or plastic
or hasd mubber

wafmix A femafe die 0 wikck o0 mallesble sobetsce may be fonned by
pressimg v fill it. & covety in which anything i formed or cal,

LD STREL. A low-carbin @zel It Js nol ensperable.

MELLENG CUTTER. See Spaing Carer,

sl ser. A inof raemblig 0 cesterpunch i with o hardened. cup-skaped
endd matcad of o groend pomnt. This cupsshaped end, placed on the nul head
cenier, keepy the wndl from slippmg sidewayy while *“setiing™ the nail.
OFFET. The dkep dowm (or upi ima baf or plale i s original alignmem sio
anodier alignmeni, ag & rale, parsifed wits i

ONE-FEINT TO0L. The Basic sionecarang il tha “chife'’ shane in fe B
roaghing-oul ssthm al sinacorsg,
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AKIDA TN COLOK SFECTAL M, The calor spectrum Thal nesults from he oxklation
of cold steel 8 @ podually peis hot, The pofished menl sheen chows 1he
euskrrs e clesty as the color specoiem b minhows,

PRINT wixER facaratoml A rod with o croobed eved whach. rotaied in the
paind,. mines .

paTinA. The colored auklation om meial surfaces. 11 fecules dusing the prodess
af tempeniag the metal, {On hronee mod many othwr metals, a patiia comes
about after long cvpasan: to ouygen of the wir and chemicsls |

PEARL GRaY A Evpical e color, When high-carhon wiecl emerges fom a
wuench, pearl gray mdicaies **file haniness."'

PEES FND, A hammer with & wedge-shaped, round-edged end or 2 kal{-sphere
hall end wsed i stretch steel by imdeniation. & crosr peeo hammer has the
rounded edpe of the peen at W W he hemmes sbem

PeaTCHEL none. The roasd hode neid 80 the square handy hode in the anvil.
PFUSH-ROD, The nsd (i an engee which Ypuastes’™ @ viled wopen e cylinder
Bor the intake ar expulsion of 1= gass,

giexoat To cool hot meel in @ lgoid. ey gaenoking i e wot of cooding
higk-carbon sieed o iis critical Beal ol ds fastest so that it will emerge brinde-
hind,

QUERCHISG BATH. The biguid s which the hal sieed n dipped or immemaed
[ERESS 1N

mask, A courss file used mastly do e oF wear sofier mareriaki such as wood,
on. pleseer of Paris, and soft siones thar are mof abrasive.

EREOSTAT, AR iHsrument which may be sifjuced o len mode, or less. electre
cuarent pass, for instanog, o regalate e speed of an eladiie mlos or 1o i or
brightes a light bulks

moarT. Toocm or scoop cen material wizh a roeter tool.

sanmlr. A munded plece of sieel on which w fomm anothes piece in s shape.
scarar. A sharp-poimssd sieel marking pin used to seraich a line oo to a wok-
piece

SEaTinG CUTTER. Tool ised to ol o rea? oo pan onle which snother par
s exactly, The cullisg alsn may be callad miliing. and the cuner then woslkd
e & wallifelf cilter

SET HakiviEs. A hemmer bead fasiened oo & bosg wooden swem reseenbling a
faiter. Flaced on o parly fomeed seciion of o workpiece. £ o o inio i final
periition when s repalar hammmer delivers o blow on o

ST ORERW, A screw lun climgn o 505 one pan anm asecher part
sieawk. The pam of a ool berween rang ad blads.

sHouipes. [nocrafi ape. an abrept wider or thcker dimemakon in psd or
skaft agiinsi which another part . resl

sEac. A melhdl min of con-combustible maner inooal. B lamps legeiher.
SLEMMGE. A heavy (8-ponnd or moseh hammer on & mp s, usied by the
Biagksmith’s Belper usimg both his hamds. For heavy haimiisiring of héavy sieel
SEFEVE, In Eearings, the bpshing: & precssely honed hmeee tube that fes the
shait ® Benrs.

SFECTRLM, A divison of colom coomming o the shing parl of siee] wben
i Bomoed for tlemperitg: stmilar oo the ralnbow colors sesn theough o prism
SFRING STEEL. A high-carbon seeel cemmpered so that it will scr s o spring
sTemt. reate. Refess 1o fa shests of sie2d chicker tham e of an inch. h
= opminnal ar what thickness or themess meial may be called sheet memal
Exampde: boilers sre made of plaie seel: stovepipes e made of shert metal

stoee. yrock. The supply of sieel from which an (rem s seleceed w0 focpe,
or machine, or grind the workpieoe 10 be mule.

STROPFISNG. The final siep in shaspeaing & coning edge om 3 leather strop
swate The “saddle™ that in prooned po form sieel aml fite fsea the anvil’s
hanty kol {bomom swaged, and o simvilar onl, faskesed 10a loag wooden spem,
ploced over steel 10 Tommm i g swapei.

Tapiarock. The cemer pin in the stionary end ol ibe latke tha holds the
roeating metal, wood or other material betwesn 1he mwo lathe cener

1anc. The pan af the ool hlank thal i locked inin the nod handle.
TEMPERABLE STEEE. A& wiggl od o higher than (L 7% carbon quality which can
B femypgsed

Temprmig, In forging metal, the process i armive @l o spechfic heedness of
tngh:carbon sieel.

TEMPLATE. A patiern, often made From canfboand or stes metl, o osene
as & model, the ouiling af which i sgribad on the seei oo be cot.

Tiessars. Spanly. sbort-bladed shears that cul sheel mesad

TOHM. REST (08 1000 POsT), A% g rubke, thoss pamfs on machmes omdo which
o o is held down fiemly o be groond down, Also may refer o the clamp
on & maching o hald & cviing ook,

TRIPILL An sbrasive-imgpregnated was compound (Bal, when mubbed imo 4
mobiing cotion: buffing wheel, acis as the foest sieel polsher

UPRETTIMG. The process of making & piece of sieel shorer sl thacker.
vieisiniG ook, A Vesheped goupe that osts V' prooves refermed o as ©veins.
wisk, A twoe awed soew clemp bolbed 10 the werkbench i Eold ifings steady
while being workel

VISEGRIP PLERS, Belf-lociking pliers

wirLt. To fese mesads together under heat.

wanUGHT mak, Iron shes has been aorked im e~ peddiing ™ process o paridy it
It pomining fo carhon end is least subject o nesting. 11 s garehy eeed aoday, anil
hemce not fousd in scrap pees. [t can be welded easily and will oot bum during
melimg as does shewl



The ancient urt of hlacksmithing Inkes on o new imleras
in the light of woday's renaissance of handicrafts, Modern
cquipment has introduced new clements inte this ape-old
ari of hammeriag ron nto varnoos shapes on an anvil
and today's "economy of wasie” presents craftsmen with
an abundonce of SCTAp cteel Irom which fo forge useful
and beautiful things.

The modern hlacksmith nst kearn to do by himself whai
the ald-time blacksmith and his helper did oy a trade, 0
15 this thod Alexander Weypers teaches here! how to use
the basic technigues and tools available and resord fo
whatever can be invenled, improvised, and construcied
1o make “things" out of “nothing "

The GO0 lustrutions represent, os nearly as p-::q.'u-i:".!-h.' hve
demonstrations in the shop, They are iniended to show
few something con be done: nmot the onfy way, but one
ol many possible ways, Above and beyond showing how,
the why iz stressed a5 of overriding importanse

B Alexander (. Weygers, born in Javi and edocated
in Holland, was schooled as n professicnal mechanizal
cn[:i:m::e‘.r ansd ﬁhiphl_lill_'-r:r His traiming reguired madvanced
skill in all erafis praciced in the machine shop, including

L

light yellow

medinm yellow

dark yellow

light cherry red

medmm cherry red

cherry red

dark cherry red (visible heat glow)

and

excellence in old-fashiomed hiacksmithing,

Afrer practicing engineering in Indonesia and the Unlied
Sates for some wvears, Mr, Weypers then turned to
the Fine Arts. He hug.m a5 apprentice 0 Locade Taft
in Chicago, where he learned classical scnlpture, In Pans
he studied the nineteenth-century eraft of endgrain wood
engraving, then marble carving in Florence, Iisly, and
amatomy at the Fine Ars Academy in The Hague, Hol-
lnd,

For the pest thirty years Mr, Wevgers and his wile
have lived in Carmel Yalkey, California, in the unigue
studio-hodme he d.l:".'t-igl'lﬂd andd butll single-handedly, Here
he begin moking his own (ools 1o suit his specific require-
menls {6r slope- and m:-c:-cE::l.rl.':lng and wood i.-ngra.'.'ing_
Artists and craftsmen from far and wide have purchased
his custom-made hand-forged tools, and have sought him
out a3 teacher.

Mr. Weygers believes that anyone who is dexterous by
alute can become his own leacher by following difi-
gently the guidelines in THE MODERMN BLACKSMITH
and Mr., Weygers' earlier book, THE MAKIMNG OF
TO0LS
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