
MICROFICHE 
REFERENCE 
LIBRARY 

A project of Volunteers in Asia 

by: George Gentry, revised by E. Westbury 

Published by: 
Model and Allied Publications 
Argus Books Limited 
P.O. Box 35, Wolsey House 
Wolsey Rd., Hemel Hempstead 
Hertfordshire HP2 4SS England 

Paper copies are$ 3.75. 

Available from: 
META Publications 
P.O. Box 128 
Marblemount, WA 98267 USA 

Reproduced by permission of Model and Allied 
Publications. 

Reproduction of this microfiche document in any 
form is subject to the same restrictions as those 
of the original document. 

I 

J 





l:Iardening and Ten1pering 

Engineers~ Tools 

GEOHGE GENTRY 

REVISED BY 

EDGAH T. WESTBURY 

l'.10DEL & ALLIED PUBLICATIONS 
ARGUS BOOKS LIMITED 

14 St James Road, Watford, Hertfordshire, England 



F1rst Publ•shcd 1950 
Second Editior, 1960 
Third Edition 1966 
Second Impression 1971 

Third Impression 1973 

Fourth Impression 1975 
Fifth Impression 1977 
Sixth Impression 1978 

Seventh I mprf>ssion 1980 

@ Argus Books Ltd 1977 

ISBN 0 85344 054 9 

No part c· ·• publication may be 
reproduc • " ny form or by any 
mea1s w -' the permission of 

Argus Books Ltd. 

Model and Allied Publications 
Argus Books Limited 

14 StJames Road, Watford, 
Hertfordshire, England 

Printed in Great Britain 
By Unwin Brothers Limited 

The Gresham Press, Old Woking, Surrey, England 
A member of the Staples Printing Group 



PREFACE TO 

THIRD EDITION 

TuE dlicicncy uf cutting tools entploycd in. cngineer~ng and o~h.cr 
crafts dcp1·1Hb very larg-dy fJn ~heir oJrn·cl h(·at treatm.ent. The 
usc of carbon stc~·Is is still predominant and? although llw nu~thofls 
of hardening aud knqwrin~ such tools is rdatiw~ly sirnpie and 
straightfOnvard, there arc ni3.n.y users of these tools who run into 
difficulti('s when attetnpting- to harden and ternper them. 

In the past, the mdhods employed in these processes ha,·e often 
been governed mainly hy rule of !hurnb~ and experienced tool 
rnakers have often c\·olved indiddual methods which have been in 
some cases closely guar<h·d as trade s"crcts. Reliable practical 
information on the suhj<'rt has be<'n diflicult to obtain. Tht>re is, 
ho\vevcr, no reason whv e\Tll the novice should not be able to 
harden and tt·ntpcr to(,!s quite successfully by adopting simple 
methods which can be applied without the need for elaborate 
equipment. 

Since the original cditioh of this book by (;eorge Gentry \\"as 
publishe<l over :Jo )Tars ago, sewral later editions haw included 
information on curn nt trends in tool technique and metallurgy to 
keep it fully up to date with modern practice, while still concentrating 
on basic requirements of the small \vorkshop. In the present edition 
the chapter on case-hardening has been completely re-written, with 
more fully detailed description of the latest pcocesses, materials and 
equipment; also new information on gas hardening, nitriding and 
flame hardening. Other additions include reference to methods of 
measuring hardness, and details of gas and electric furnaces of a type 
suited to the small workshop, technical school, laboratory or factory. 

Although tool bits and welded tips have largely superseded forged 
tools for lathes and other machines, the chapter on forging has been 
retained, because it is very useful for every toolmaker to know how 
to shape sted by hot working under the hammer. It simplifies the 
production of many tools which do not conform with orthodox shape, 
and often effects considerable economy in costly tool steel. But the 
heat treatment of modern high-speed steel tools, and tipping of 
tools with super hard metals such as tungsten carbide, has not been 
neglected. In view of the increasing use of the Centigrade tempera
ture scale, this has been uoed, together with equivalent Fahrenheit 
figures in most heating statistics. 

Although the principles of hardening and tempering do not change, 
except in respect of such new materials as are introduced in the 
course of metallurgical progress, these processes may be simplified, 
and success is rendered more certain, by taking full advantage of 
the modern appliances for heat treatment. 



----------~··-· 
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CHAPTER I 

THE PRINCIPLES OF HARDENING 

h is diflicult to define an absolute standard of hardness, 
b•·cwse it is a purely relative property. The dairyman cuts 
IHmer with a wooden knift~, therd(Jre, rei<Hively to the 
matenai cut, wood is hard; but relatively to > Jft steel, wood 
(even so-called hardwood) is soft. Again, the hardes•. known 
material, diamond, will easily scratch dead-hard steel without 
any abrasion of its points; therefore the latter, relatively to 
the diamond, is soft. 

Taking a few materials in rough order of hardness, which 
are used in mechanics for cutting, we have diamond, other 
crystalline minerals (of which sand is an example in a 
pulverised form), corundum, emery, glass, hardened steel, 
chilled cast iron, hardened and tempered steel, and so on. 
We find that quite a lot of things are harder than hard steel, 
yet they are not suitable for cutting, because they are 
neither tough enough nor sufficiently strong. In a certain 
direction a diamond is easily sheared or cleaved into layers, 
and therefore, leaving alone the trouble in shaping it for 
cutting, it could not be used satisfactorily. Corundum, 
emery, and similar materials are used for a certain kind of 
cutting called "abrasion" or "grinding," wherein grains 
of the material presenting a multitude of cutting points 
scratch away the material; but these, if shaped and pre
sented to objects as a cutting tool, would not hold up for 
a minute. The weakness and instability in the matter of 



s1n·n.u;th uf gl1ss is ~;o \\·cH kno\\'111 tha~ i~. nn·ds n~o ~-li.~UH~'WHL. 

~·xn·p1 :~~ jH1in1 <l\l1 :hat. g:la.<.:.s cannol he nscd d\n·.o:dy ~o '.:~n 

1'\T!l Sid-~ \\'illld, ~P!d kn· f{ClHTd! :-.h~tping p~Djh 11~-~.':\ i'\-. onh, 

tl,:->t·d \() .~ri:1d \\'l;(ld\ ~WJUUtcd in stnaH g'rains h\· WJH~' un papn 
(Su-c:tikd •· sand" or" g'i:t,;s •· paper). Stcd in 11,; d<':id-h:ud 
I< >nn Sll!lii'W!tat tTsc·mhlcs the aboYe matniak 1n du;H lb 

s\!'('llg-th is lllll~-h in~p;un:d by its han.ltH'S~~ hut i!u ;tnodH·r 

n~spect il stands alorH' in the property it pos:wss{·s of bcUn~ 
tcniJWrcd <J\.('J ;t L11 gt· rang-e uf hardness~ ·wherll.'in dv· extn·n1~· 
h~tl drwss is reduced in onJcr !o bring about a corrcs.pnndtng 
1ough1.css and conscqtl<'llt !Tiurn l<l sln·ngth. :\pan il·om 

this, st"<'l in its amwakd sta!e (or soft sta.t is the strongest 

~d~ the· gctH-ral rnat1-rial~ used in tn~uud:t<~:turi1n~~ prun·sses in 

dw matt<T of t<·nsik stn·ngth; ;and its ctpa<·ity I{H· being 

shap<'d hy hamnH·ring \,·hen red !1<\! pb(·,·s it pracll<'alh· 
almw :ts a m.at•·rial suitable !(n· nlttmg neadv all others. 

Suitable Sttels 
Thr great majority of craftsmen's tnols arc made of high 

carbon steel, conunonly known as " cast " steel, though this 
term is indefmite and may apply aiso to certain types of 
sted which are not suitable for tools. The term " cast " 
steel, however, as used in this book will apply to carbon 
tool steel. The steels which contain not more than ab:mt 
0.4 per cent. of carbon arc termed mild or low-carbon steels; 
they arc useful lor a wide range of constructional and 
mechanical work, but cannot be hardened by nurmal heat 
treatment, except superficially by a " case-hardening " 
process. 

Too! steels capable of being hardent>d by heating to 
redness a,,d quenching rapidly in water or other coolant 
u··, , 1!/ contain from 0.5 to 1.5 per ct>nt. of carbon, with 
:..Jditional small traces of other dements such as silicon, 
manganese, phosphorus, etc., either as impurities or deliber
ately added for specific purposes. The hardening and 
tempt>ring processes may, therefore, be subject to some 
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.) 

v~.riation, according tn composition and quality. A '\en· 
popular gradt·· of ctrl)IHi st<·el! knrnvn in .. o\nw·rica :a.s ~· H 
rod., and in this ('uUntry as H silver SH~el q {thou~ H 

cont£·tins nn siln·rL is Vf•ry u.sd~tl {(n· rnaking stnaH aor~~s of 
;,.!! kimL: and is one ,,r the simplest steels to !mrd<'ll and 
u·mrwr su•·n·ssli!lly. 

Nearly all edge lools an· still made of carbon Sled, daough 
tiH' use of this !(H· nwcd-cuning tools, such as lathe tools, 
drills, etc., is now !imit<'d to light duties where little heat is 
gennatcd in the course ,f cutting action. For heavy duties, 
metal cntting tools arc much more commonly made of 
special high-speed st<~el or have hard metal tips, brazed or 
welded to mild st<·•·l shanks 

Hardening Cast Steel 
The first pnKcss in making a hardened steel tool is to make 

it dead hard, because it is only li·om that state that the 
hardness can be let down to a degree suitable for the work 
required. When ordinarv cast steel is heated to about 
1350° F. (750° C.), and is kept at that heat for a short period 
of time, it changes to a hardenable state. If it be allowed to 
cool in the ordinary way, it will have time to change back to 
its original condition, and will do so at a little lower 
temperature. If, however, it be cooled quickly from above 
the hardening temperature, it will remain hardened even 
when cold. The heating must be as even as possible all over 
the part to be hardened, and should shade off gradually to 
the black-hot portion. 

The most usual cooling method is by quenching in clean 
cold water, but thin oil, high-flash paraffin, and other oils 
will in some cases answer better. The various kinds of 
heavy grease, as lard, and waxes (as paraffin wax and sealing
wax), are sometimes used. l\1ercury can also be used, but is 
a drastic quenching medium. The presence of ordinary 
salt (sodium chloride) in the quenching water will increase 
the rate of cooling to such an extent that good-quality steel 
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will very likely crack h1dly. On the ot.her h<md, soap in 
1iw walt"r will •kLrr I he quem·hing, and tim~ t~ithcr modift· 
llw c<~ld hardlless -.Jr I"VI~ll allow the sted to soften again. 
T!w h;,nkning h•·:u slate·d U)IT<'sponds to a l1rig!H diciT\"· 

red lw.tl vi··~~·.-d in sh:ai<•W tiJ>H hy daylight) and it can be 
~~;uTied Hp to about qHo· F. i.Hoo" C.) or bright-red heat. 
vieW<C~l ttHd<T the same conditions. On no account caiT\· it 
higher, as at ydlow-red heat the steel is more likelv to crack 
"·hen quenched, and ,tt anything approaching white heat it 
will }ye spoiied, or " burned " as the smith calls it. 

Methods of Heating 
The most general method is hy 1lw smith's fi:.~rg<·. :\ man 

who em use a smith's l()nte at all can rcadih- fi>llnw dw " . 
h<'aling hints already given, but if he is inexperienced, other 
mcth{Jds will serve him be!ler. Bunsen gas burm·rs with 

I 
I 
I 
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''" I .. 
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· -AIR CoNTROL. 

L 
Sa.-

Fig. >.-An easily DUlde Bunsen burner for hardening 
and tempering sDUlil tools 
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Fig. 2.-Type of flame from Bunsen burner 

either natural or forced draught are convenient heating 
appliances. For small tools hardened only locally about the 
cutting edge the upright type of natural draught Bunsen 
burner (Fig. 1) is best. This is all brass except the base
piece of cast iron. The gas nipple is t in. long, screwed l in. X 

26 t.p.i. at b;,th ends. It screws into a tapped hole in the 
base, anJ into a similar tapped hole in 5-16ths in. tube, and 
is drilled through as shown, the larger bore being £ in. long. 
Air-control tube is of thin brass and slides over the 7-16ths in. 
diameter on the outside of the 5-16ths in. tube. It is saw cut 
down one side and half across, to spring in at top and grip the 
tube a friction sliding fit. The airhole is on both sides of the 
tube, and is oval, g-r6ths in. X 5-16ths in.; it can be entirely 
dosed by the air-control tube. The base-piece may be made 
much less ornamental if desired. Fig. 2 shows the kind of 
flame and the point where the greatest heat is obtained
that is, at the top of the inner green cone of flame. If the 
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Fig. 3• ·· A fletcher-Russell forced draught 
gas blowpipe 

fig. ta. .Power • 
driven rotary blower 
for use with blow· 

pipe 

fig. 4· foot bellows 
for use with blowpipe 
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tool he slop<·d as sh,wn, it will be heat<~d up a greater length 
than if held h(,riznntallv. 

l\ n- Ltq:;t-r io_H ;L; d 11' haud-npcrah:d forced draught hlo\\:

pip•·, as in Figs.:) a11d ·I· is qui I<· dli<,icnl. This shows:\!.·""''· 
Fktc!wr. R1t,:;dl atH! Co.'s Foot Blmn·r and air/gas Blow
pipe. Tlw first has a rubber disc reservoir on th<> under 
side, and i.s rn nmmcnded f<n· even pressure, but dw 

rubber shuuld be pn Jtc<:tf"d frorn flying piece~ of hot rn.etaL 

The Lh"'·pipe is supplied with taps on the air and gas 
pipf's; hut although :t gas regulator is handy, the air· is 
quite easily ;1djnswd by the nmtrol of the bellows, and a 

g;ts control u>Ck can he fitted to the gas supplv pipe. The 
lim·,·d drauglll is uwally obtained by l<>ot bellows, but a 
stt·adi<T flame is nuinuin:·d by laying on draught from a fan 

or blown. Tlw \\·ork '" b<' heated may, with ad\'antage, lw 
snpporu.·d on ;t lir•·lnick heanh or upon a bed of broken 
fir<'hrick " cub .. s. ,. Tll<' most useful kind of appliance us<'d 
in this connection is tlw light p<tttern brazing fiwge. 

Self-blowing Blowpipes 
Th" so-called self-blowing blowpipe is generally a form of 

Bunst'n burner in which the design is so arranged as to 

obtain the best possible injector effect and thereby increase 
the intensity of the flame. The efficiency will, however, 
depend very largely upon the quality and pressure of the 
local gas supply, and in the latter respect they may be found 
inadequate when the demand on the gas mains is high. Of 
the proprictaty types of burners in this class, one of the best 
known is the Davi-.Jet, which has multiple gas jets, each with 
its individual air mixing tube. 

Some types of blowpipes are fitted with an air supply 
adjustment, hut for maximum efficiency they should be 
designed to work with the air jet wide open. In any type of 
Bunsen burner, the proportion of air ta gas affects the 
temperature of the flame. If no air at all is in the mixing 
tube, a long yellow flame is produced, having relatively low 
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h1·ating en<·ct. Jt:; in!•·n~itv will dqwnd on llw g;~os pressure, 
and 1t will bum fairlv sikndy. \\'ill1 mod,·ratc air :mpph·. a 
long purpk-IJhw ILnn•~ is produn·d; hm, wii11 litH air supplv, 
a n<nsy llanw, ha-_•im; a has.· cone of ]Mk gl'!'t'll hurmng 
within tlw lart(<T pt!.rpk-hhw ibnw, is produced. Ex(~css ,,f 
air n·snlts in a pulsating and \'('ry noisy flarn~:, \dlich i$ 
less dllcietll, ;,nd there ma\· lw a risk of the ILurw str·iking 
h<H·k to 1hc gas _j~·t~ tnaking t~onsidt·rat.~le noise, hut producing 
,.,TV little lwat. Trw highest temperature in a burner of this 
tvpe is ohtaint·d at dw apex of thro inner cone of flame. Tht• 
work to lw hcal<'d should be hdd !>tirlv dose to this cone, 
but not within it,"' this results in impingement of free oxygen 
on the nwta!, which reduc•·s its l<'tnjWrature and tends lo 

c<tU.'i<' oxidi~ation. 

\Vith all open methods of heating, c.tn• should be taken tu 
subject th•· work to tlw most ellicient pan ,,f the flame, and 
avoid direct action nf the air supply or draug-!11. 

Forced-draught Blowpipes 
The supply of air under pressure to a gas l•urner increases 

the intensity of the flame and clllows ~. grt"ater quantity of 
gas to be burnt efficiently. The gas-ai.- type of blowpipe is 
one of the most useful appliances for rapid heating for either 
tool hardming or other processes. A specialised design of 
burner is employed and the air is supplied at a relatively 
luw pressure by means of bellows or some fi)rm of power
driven fan or blower. It is most conveniently applied in 
conjunction with a light forge or brazing hearth, consisting 
of a shallow shed-iron trough on a stand, containing 
rcfi·actory material, such as coke, asbestos, or broken fire 
bricks, to conserve the heat and also screen the work to some 
extent from the oxidising effect of the surrounding air. This 
material becomes incandescent, but is not consumed, and it 
may be employed to assist diffusion of heat and thus acquire 
a more uniform heat throughout the body of the work. 
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The F!e1clwr-Russell type of blowpipe is a wdl-cstab!ished 
appli:wc<', which Gill he relied upon for dliciency. Anoth<T 
,-,-ry •·ilwient typ<· ,,!' !ln·ccd-draught blow-pipe, whid1 has 
been introdun·d in recent years, is the Chance Flamemaster 
(Fig . .')). This is Gtpable of working either with low or high 
pressure, and can be supplied with a number of di!fer,ont sizes 

Fig. 5·-The Flame
master high - pres
sure gas blowpipe 

and types of jets to suit the class of work. It is also capable of 
being adapted to use liquid or " bottled " gas. The latter 
type of gas is now becoming increasingly popular, mainly 
by reason of its convenience In cases where mains gas is not 
readily available, the gases employed are usually propane 
or butane, compressed and liquefied in metal cylinders, which 
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arc portable and c,tn be used eidu·r wid1 nr "·idtom f<;rccd 
;,ir supply. Fig. () shows !lw Sicwn lOrch f.,r prop;m<~ gas, 
h!H·d as a hlowpipr·, and 7 sho\\·s tiw s;nw· burner flt~,·d as 
a h<'nch Buwwn bnr:wr. A sdf-cnntaiw·d bi<Jwbmp, with 
gas bottle, by Dex fndtl5trics, is shown in Fig. 8. 

Fig. 6. - The Sievert 
blowpipe for hottled 

gas 

v 
In the absence of either facility, a good paraffin blowlamp 

IS capable of doing quite useful work in hardening and 
tempering, but it is most essential that the burner should be 
kept in efficient condition so that it produces a clean and 
intense flame. Imperfect combustion in these burners results 
in a smoky flame which tends to oxidise the work and may 
not produce a sufficiently high temperature. 



Fig. 7· The Sievert burner ad.apte~ as a Lench Bunsen 
burner 

i I 

The oxy-ac!'lykne type of blowpipe can be employed for 
harckning and tempering in skilled hands, but it is less suited 
to producing the more diffused type of flame such as can be 
obtained ,,·ith Buns<'n burners or blowlamps, and, in the 
hands of a beginner, it rna~· do more harm than good until 
its proper adjustment and use can be mastered. 

Such tools as screw-taps, reamers, milling cutters, screw
plates and dies, and others that require to be heated evenly 
over their whole bulk and hardened without warping, are not 



I:• ,J.In\ m•.tfli< 

.\f H ( !,:.lh rn.td~ 

intt·::d~·d !(ll· 

I L.\RDE;..;I~G :\XD TE:'\.iPERI);f<. 

hllli,J!T. Sw\;~·J ;d ~ \ 1ws. nf :nnffk f~.urn~un· ;~n· 

i;·ir h;tnkning- pHrpjj:-.('S, i'u\ !h~·-~f' .;~H' ~~·tw!~lHy 

lwal. in~ Ltl"_!.!;i' lll.l!n1.HT~. <)f :-rnt.di t• u[s. "u ow· 

ilp('J.tlli>JL J.":!_!_". i! -.;.lJtJ\\ .. '>. ;1 S(Tlion uf ;t ;;nu.:-tn ~HHfik fnnt,tn·. 

"!'lw lllltfl"k (q· tJ\"< 11 i--. ;t ili!ind-:-:.h.:q)cd ![rn·Lay h• 1 \: ~i Fit:. [t.l, 

Fig. 8.-A Self-contained bottled gas blowla.m.p by 
Dex Industries Ltd. 
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CRO$S SECTION 
Fig. g.-A small gas-heated m.uffle furnace 

:.·.pen <'.1 one end, and sometimes pierced with a small airhnle 
at the other or closed end. For heating for hardt>ning, the 
airho!e is unnecessary, but for ternpering, in some cases, 
it is useful, as will be described. If such a furnace be fitted 
with a pyrometer (or high-reading thermometer), the effort 
of judgment ordinarily exerted to determine the right heat 
obtained is not required, the fumace being fired and kept 
at the necessary temperature. Tools put in the muffle for 
heating should be supported upon the edges of metal or 
firebrick bars, so that the heat pla;·s evealy all round under 
them, and such as are slender and liable in the heated state 
to bend are thus supported ail along. Larger types of gas and 
electric furnaces, as employed in small industrial workshops, 
are described in the conduding chapter. 

Fig. I o.-A small fireclay muffle for use in gas f111'Dace 
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Having so far briefly described the process of ha;·dening 
ordinary cast steel dead hard, with a view ~o C'nlarging on the 
subject in later chapters, it is as WPll to point out rhe inad
visability of rchardening already hardened steel, without 
fin,r annealing it. This is found to be one fruitful cause 
of hardening cracks, which in some cases render a tool, 
upon which much time nuy have been spt'nt, ll'wless for 
cutting purposes. 

lt should be clear also that dt'ad-ha.rd steel is seldom 
(practically never) used \\'ith cutting tools, on account of its 
extreme weakrwss. I ndeeJ, steel is only left dead hard \\·itll 
tools that scrape but do not cut. This opens up the principal 
art in prc-paring hardened tools, that of tempering, to ,,·hich 
potssing rcfn ,·nee unly has been made. This will be discussed 
in detail later. 



CHAPTER II 

ANNEALING BEFORE REmHARDENING 

\VHEN hardening cast c;teel in the manner described, during 
the heating process, and when the heat is being constantly 
appiied, the temperature rises in proportion to the rate of 
heating up to the point where the steel changes to the 
hardened state, This point is called the " absorption " 
point. Here, f(Jr a definite, though short time, although the 
heat is being just as constantly applied, a halt takes place 
in the rise of temperature, showing that in the change a 
certain quantity of heat becomes latent (that is, hidden) 
because it g(JeS into the metal to effect the change in its 
nature without in any way altering its temperature. 

'fhe rate at which the heat is applied does not appear, 
however, to alter much the nature of the hardness, although 
it may perhaps affect the ultimate strength of the hardened 
material. On the other hand, when cooling down from 
above the absorption point, the corresponding giving-out of 
the hardness accounts for a similar halt in the temperature 
drop, because the steel gives up the latent heat when effecting 
the change. This release of latent heat causes a slight rise of 
temperature in the immediate neighbourhood. The rate 
at which this change takes place does affect the ultimate 
softness. On the one hand, if we quench it suddenly, as in 
water, there is not time for the change, and the steel is 
locked up, as it were, in the hardened state. On the other, 
if it be allowed to cool at about the same rate as it was 

I5 

J 
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heated, 1L ''ill nf ~ourse be soft, but not as soft as if it were 
cooled very mud~ more slowly. 

If therefore it be desired to bring the steel to a condition 
suitable iiJr being machined, or cut in some manner, \\"ith 
hard stt>d tools sc that the tools will retain their edges to 
the best advantage, cooling must be pmlonged. This is 
callecl "annealing." The steel should be raised slmdy to a 
b1·ight che-rry-rc-d heat and, while in that state, buried eight 
or nine inch<"'s deep in slaked lime, which is better if first 
heated. This material, being a slm\· conductor of he> at, 
allows the red-hot steel to retain its heat for a long time, and 
then to effect thoroughly the change back to the softened 
slate. 

Methods of Annealing Steel 
To annt'al steel, so that it can be ITadily filed, without mort' 

ill effect to the file than that due to ordinary wear, the 
annealing can be achieved by heating as before described, 
and allowing the sted to cool, burird in ashes, or to cool upon 
the hot hearlh. Another method, not often used, is to bury 
the hot steel in dry sawdust, but this is probably not ach·is
able with tool steeL If time is important, and it is only 
required to file up a tool slightly, it may be sufficiently 
annealed if, after heating, it be allowed to cool to black hot 
lying on the cold ashes. Then that portion upon vvhich it is 
not intended to operate with the file may be quenched in cold 
water, thus extracting the heat by conduction more quickly 
from the other portion. A method of so quenching a tool 
with tongs is shown in Fig. 1 I. 

Steel which has been raised in temperature above the 
absorption point anr1 then cooled, reaches its point of least 
density when it changes back to the softened state. That is 
to say that at the temperature of the change it expands to 
its maximum. This is one of the principal causes of hardening 
cracks in the steel. vVhen tools that have comparatively 
thin and thick parts are being quenched, this expansion as 
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rt takes plae<' during the quenching, occurs first over the 
thin parts, and the surface of the thick, the inner portions 
of the lallcr rw1 lwing affected in this manner until slightly 
!attT. Tlw rf'sHlt of this, if fracture does not take plau-, is 
that internal stro.·ssc·, an· set up in the hardened steel, which 
naturally render it unstable and likely to fracture under 
cxt:·aorciirl.lry Jl!TSSUtT or when subjected to blows--as of a 
lumm•·r. 'f'h,·rdim·, when rehardening a tool that is already 
lt.11cL !mr is l\()l considered hard enough, or JS hard in the 

Hor E!VD ToNGS . ( 

\
-· ----\ij~L- --_ _ -t:iJZ------Icc 

-I - - ' 
------ -----· 

. ~--1: - ""· -

Fig. n.--A method of quenching" black hot" 
steel to ens-lili"e softness 

wrong place, it is found best to anneal it first. In annealing, 
the stresses mentioned above are, f()r the most part, taken 
out, and the steel brought into a state less likely to fracture 
in rehardcning, which will again of course put in a new set 

of stresses. 
A method of annealing where a considerable amount of 

cold cutting is to be done, and one used for such as ail-
hardening and self-hardening steels, is to enclose the tools 
or other articles in an airtight metal box, say of thin sheet 
steel, buried therein in lime. This is heated in a furnace 
and kept at a good red heat for a short time, and ailowed to 
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o><d wi1lr tlw furnace, being neither upcn·~d nor ren1oved 
du·n Cn•m till quite cold. In the case of special steel, how
r·yn, tlw ltc:tl to \dtich the box and its contents are raised 
is H'l\ nm,·h above a good red heat, approximating white 
);, :u i 11 Ltcl; but the treatment of special steel, referred to 
i;d,·l· .. \\"ill cxpLtln this. 

·\ tc:<•diticati"n of the abcve, which may be used for small 
,,, t H ],·,;. j, 1" cnd"sc thnn in a piece of wrought-iron or steel 
han•·! ',1.1'. Wr<>Ltglu-iron pipe; which is filled also with lime, 
ilw 'tt<L '.: dw tube being stopped either with screwed plugs 
sdt\,·,·d "' int<·rnal threads, or screwed caps screwed on 
<'xtnn;d t hrcads. Failing such fitments, which are regular 
:tcn·ss• rric·s in \l'rouglu-iron pipe work, the ends may be 
,;t<>pjwd ,,·itlt day plugged in tightly. This can be heated 
11iiltin the heart of an ordinary kitchen-range fire, or of a 
,;imi Lu '""king· ,;love, although care must be taken not to 
l\'t iltc· ttdl<' and contents get to anything approaching white 
heat if the· enclosed matnial is ordinary carbon steel. It is 
_g···n··, alh· best, however, to allow the tube to die down with 
dw fire ;t:-; ir JJ,"nes uut. 

;\ ''r. t':'"'d luting material- that is, a kind of refractory 
m"1 Lcr tbdtd for sc·aling boxes and tubes airtight during 
lw;lling-is made bv mixing powdered fireclay with sodium 
silicatt'. The latter is what is commonly known as water-glass, 
a compound of glass (silica) in solution, which can be thinned 

''itlt water. 

A voiding Superficial Oxide 
:\ nwt h"d .,ffinc ;umealing, which is also an oxide-reducing 

pron·ss, can \)(' used when it is required thoroughly to anneal 
steel without l(mning any oxide superficially. Fig. 12 shows 
1 he idea in diagrammatic form. A thin steel box A, nicely 
fitted tn be gastight, and having suitable joints for luting 
with a munar, is equipped with a feed tube B for gas supply, 
placed r:e<tr the bottom at one end, and with a gas overflow C 
at the top at the other end. Within this box the articles are 
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stood upon thin edges, to allow the surfaces to be well 
t"Xposed to the actJon of a gas. The box is placed in a cold 
muff1e furr;;tct·, and a hydrogen supply connected up to B; 
thus the bl•X is lwatcd with the articles surrounded by an 
atmosphere uf hvdrogen. Before heating, the gas is run 
through until all cxplosivl' mixture is expelled; the escaping 
gas is thn1 ignited at the outer end of C, which must be 
carried a\\<ty clear of the heat of the furnace. This forms a 
pilot light to indicate that the hydrogen is present, but the 
gas Sllpply may be turned down to give only a small flame 
at the orifice. It cannot light back, as there is no oxygen 
in the box. The furnace is now lighted, and the heat brought 
up to a suitable temperature for annealing the material, as 

Fig. 112.-Method of fine annealing and 
red11tcing oxide 

shcnn1 by pyrometer (a high-reading thermometer). This 
temperature is maintained for a greater or less time according 
to the superficial area of the content~ of the box, to effect 
the reduction of any oxide thereon. \'Vhen finished, the 
furnace is turned off, and the box and contents allowed to 
cool, the gas and pilot light being on until all is cold. A most 
beautiful silvery surface results from this, and a degree of 
annealing quite remarkable. The method works better with 
pure hydrogen than with ordinary coal gas. It is essential 
that great care be taken to ensure that the box is gastight, 
and remains so, or a dangerous explosion may result upon 
lighting back. 

The presence of oxides (such as carbon monoxide) in such 
gas is however a hindrance to the reducing action. For 
de-oxidising a number of articles, a box with baffle plates, as 
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Fig. 13.-Annealing and reducing box with 
baffle plates to increase effective length 

in Fig. r :3, gi\TS a long tunnel for the circulation oft he gas, and 
h,·ncr· mcreascs the efficiency of the space m the box. 

It should be dear from the foregoing remarks that the 
th< ,,., >Uf;h annealing nf steel 1s best effected bv dead-slow 
C<" •lin.g from abl\T the hardening or absorption P' >inL 

tng·c:iwr with some effective means of preventing oxidation 

1 
d the sttrCrcT. 'fhe latter, however, IS not absolutely neces-
sar\· n1 a general v.:av. 

Panicuh./c. "·hen heating cast stccl, either for annealing or 
hardening, Oi'' it:rs t<J anlid as far as possible free oxygen, as 
m the a1r blast, impinging on the sted. Free oxygen causes 
excess1ve oxidation of the surface and aids surface decar
bonisation of the str-d. "Lsing too short a blowpipe flame 1s 
bad practice. \\"hen working with an open fire, either by a 
smith's lire 01 with a blowpipe, the \,·ork should be housed 
m, to avoid, as far as possible, currents of air playing round 
the hot work with the same ill effect. This does not apply 
so much tu lathe and hand tods, which are subject to having 
their edges grcmnd, but to exact-size tools, such as milling 
cutters, dies, and reamers, unless it 1s intended that their 
cutting edges should be ground to s1ze or profile after 
hardening. 



CHAPTER III 

METHODS OF HARDENING 

1" ' ' . l' ' ' l h. ld HE . .. laru.entng <J l<10lS or otner stee cninponents s ou 
al\\·ays start fr"m the am1cakd state and the heat slwuld be 
applied gradually. 

It is lh·Ltt·r \dwn stcd is cold to bring it up ove:· the initial 
or black-hot stages comparatively slowly, sn that it can adapt 
itself to change of 1:.1rm. Once it begins to shm•· luminous 
ht>at the heating may be applied more vigorousl;·. Such a 
precaution has some effect in keeping down tlw ultimate 
stresses (which are the result of the hardening) ;:nd may help 
to prevent h:udcning cracks. Also ensure that tl.e heating 
is constant over the whole bulk where it is to be .\ardened. 
To effect this when a hearth is used, turn the vmrk over 
and about, so as to present all sides evenly to th: heating 
flame, or to the bottom heat of the fire where 1 smith's 
hearth is used. Et.Jeavour to heat it without a sharp l.ine 
of demarcation between the red-hot pa1 t and the black-hot. 

In other words, so dispose the heating Harne as gradually to 
change from black to red heat. At the same time arrange 
this position so that the result<mt change from hard to soft, 
which occurs about where the luminosity varies from bright 
to dull red, is at the best position for such a chang•~. This 
last, of course, refers to such tools as lathe tools and chisels, 
which only need to be hardened at and about their cutting 
edges, with a sufficient margm to allow for grinding away, 

21 
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and to provid.~ a spring tempered hardness to the over
hartg~n~_: portior.: Gf a lathe or shaper tool. 

'\Nhatever the medium for quenching, one particular point 
must always he observed-that is, when the liquid is not in 
motion, plunge the red-hot article well down, and move it 
rapid:.:: about in the liquid, both around and up and down. 
The reason f.,r this is that with anything of a fair bulk in 
pn,portinn to th!~ mass of the liquid, the generation of vapour 
( m the Gl:":' of water, steam) is so rapid that vapour cavities 
;ire Ji,rmed aroand the metal which protect it from the 
qnenching anion. The rapid movement breaks up these 
bubbles, and at the same time brings the hot metal con
tinual!\· in contact with the colder portions of the liquid, and 
thl'refurc enhances the rapidity of quenching. Do not remove 
the job permanently· from the quenching medium until it 
is practically cold, or cold enough to handle comfi)rtably. 

Temperatures 
It is not wise to carry carbon st<·cl or ordinary cast steel 

up to a yellow-red heat (about r6soc F. or gooo c.:i, because 
it is found that, although it does not burn at this, with water 
hardening it loses its toughness and becomes brittle and is more 
likely to develop cracks due to uneven quenching. On the 
other hand, carbon steels poorer in carbon may be carried to 
this heat (but not above) and water quenched. It is possible, 
however, to carry good cast sted to this heat and quench 
in oiL In any case, heating above this point results in 
burning almost any kind of cast steel with the exception of 
special steels. The best heat is the bright red ( 1480° F. or 
8ooo C.) when quenching in ·water, and to maintain the work 
at that temperature for perhaps a half-minute before quench
ing, to allow a thorough change. By this, and by further 
drawing the temper fairly far up to the cutting edges, the 
best results are obtained for tools which require strength. 
For tools to attain and maintain keenness, cherry-red heat, 
or a little above (about 1380° F. or 750° C.), is recognised as 
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thf' hest proctrlmf'. the quenching being done in water. and 
tc-mpering in a general mannn as describf'd in thf' nf'xt 
chapter. 

If an;· considcrabk hnlk requires heating all oYer, the fin·. 
in dw c;t3<' .,fa 'mith's J(,n::·•·, should be built to a Cl.Vity around 

it. "·hich acts '" a 'mall fitrnacc. If a brazing lwMth and 
l'l""·pipe lw li.'<'d, tlw culws of fin·clay on the heanh should 
lw iTinl\mnll!\· snnw Ltirk large piece~, sav about 2 in. culw. 
,f broken Iirr·hrick The last can he gronpt·d round tlw 

k~<:k and •·nd.-; nftfl<' \\'ork :mel \\'l'll above it, so that the ib.nw 
in heating tlwm acts by rdkction on the back; and aid,; the 
extra heating rcquirf'd. In this maltf'r the E)ot bello\\'s 
rcqui•T careli.d m;m:;gement 10 get the best rcsuhs. Thev 
shonld IH' filkd r:1pidlv and discharged steadilv, so as to keep 
:1 CtJllslanl pressure in th<> n'S<Tvoir. By this means dw blow
llanw is k< jH at a <"<>nstant length, and the hight·st he:tting 
point can lw stcadilv k<'pt right on to the wnrk. ff dw 

hlm,·ing lw spasmtJdic, dw fbme lengthens and shoncns. "" 
that, f<n· il ('01\Sidn«!Jk \ imc, the hot part of the name is <lf'f 

the work. r\s <I matter of rtct dw anion should bt· thilt 
natural to the {(H>t, which gi\'es :r rapid upstroke to ilw 
full extent. tn flll 1 he bdlows without !<,sing pressure in the 
resnv<>ir, ;md a slown steady dowm:rok· to maimain the 
resf'rvoir at constant dischargf', neither overb!owing nor 
losing pressure. In all good blowing, the idea is not to 
increase pressure nf wind, but to maintain quantity at a 
rcasonahl<· pressure. By increasing prcssurf', and making 
. ' l . " ' '' . ' d . II ttle D O\\'plpc cougn, · as 1t \\'ere, tne ten en.cy !S to JJnv 

the work cold rather than ilf'al it, and to oxidise the surf:tc<· 
if it is at luminom heat. 

!\Tore will be said about using a bimv-flame under Tem
pering, but there is a special point on heating tools having 
sharp cutting edgf's which should be observed always. 
Take care not to direct the hot ponion of the flame on to 
cutting edges and, particularly, on to sharp points for any 
length of time. It is much bettf'r for these parts to derive 
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their heat by conduction from the heavier pans of a tool 
than directly from the heating medium. Long hcforc the 
main bodv of the tool is hot enough, these sharp <'"dges and 
points may lw br ll\Trheated and burnt, so that tht· finished 
edge, aftn h<~nknin.t; and tempering, is so brilllc, due to 
"slwrtnt·ss," that quite a lot tnust ht> ground awaY before 
dwY will h<dd up against the cut without crumhlint;. as it \\"t'l"<'. 

~'' am,utJt of rdlardt·ning and tcmpning \1·ill S<"t right a 
t<H•l 1.hat has been overlwated at the thin edgt'S and points. 

1mnwdiatcly tht· correct temperature f<1r hardening has 
been reached. it should he quickly quenched in water or 
nthn cooling medium, as described dscwh<'"rt', and the object 
sh<>uld be to cool 1hc stcd rapidly and C\Tnly. a\·oiding the 
p<>ssihilitv of ste.un bubbles lwing ll>nned loclllv on the 
surb•·•· tor trapped in cavities and thus possibly emS<' irregular 
h<t.nlness, internal stresses, or even cracks. 

\V!wr•· the n;1turc of the \\"ork pcrmi1s, it is a good pulicv 
to plung<' it V<~rt ic;t\\y endwise into tlw conlant; and pn·
limin.try stirring \·ignruush· enom~h to f;,rm ;t \·oncx in the 
liquid, 1vill hdp I•> ensure that it re;tdws the entire surf:u-e 
of I he steel simul tam'otl:;h·. f ll S<H1l<.~ CaSl"S cnnsidcrahle 
distorti"n of the swel is liabk to occur through uneYen 
cooling, apart !i·om other disadvantages. 

The portion of the steel which has been heated to hardening 
tnnprTaturc should now be dead hard and definitely on the 
britt J,. sirlt·. "I'his rnay he verified by aHempting to scratch 
tlw nwtal with a fil<'. A tentative pressure of the file i~ all 
that is tli'C<'ssarv. and dwre should be no tendency· l<w it to 
bite at all. l\1orc exact methods of testing hardness arc 
available to cngiueers, the best. known being the Brinell 
nwthnd, in which a hardened steel ball is employed with a 
calibrated loading pressure to cause greater or less indentati•,m 
nf the surface. This is then measured visually by a gr·aticuled 
mKroscope. 

Although these methods are essential in industry, they are 
rather difficult to apply on the work envisaged within the 
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scop<' of this book, and the file test is generally satisfactory. 
Hardened steel als'l has a characteristic appearancf' which 

will bf' recognised by thf' experienced worker. The hardened 
part of the steel should appear a mottled grey and, generally 
speaking, the finer the mottling, the harder the sted i;. If 
it shows a more or less uniform dark grey or bluish-oxide 
surface, it may IJ(~ that it was insufficiently heated bd<•n· 
qnenching, hut more often it indicates that the stcd is too 
low in carbon to be suitable for cutting tools. 



CHAPTER IV 

TEMPERING PROCESSES 

"irEEL which has not been hardened does not undergo any 
plt\·sical change when heated, until it approaches red heat. 
On the other hand, reheating steel which has been hardened 
will produce considerable changes in its hardness at relatively 
low temperatures. It is, however, possible to modify or 
'· temper" the hardness of steel to any desired extent from 
dead hard to soft by suitable heat treatment. Generally 
speaking, it is impossible to use dead hard steel for cutting 
tools, owing to its extreme brittleness and lack of tenacity, 
which causes the edge to chip even on quite light duty. 

ft is only possible to keep a >atisfactory cutting edge on 
tools for any appreciable length <'f time by subjecting it to 
the secondary tempering process, so as to produce the state 
of hardness best suited to the class of work for which it is 
intended. 

The change of hardness caused by reheating hardened 
steel begins at a temperature of about 430° F. (220° C.) and, 
from there on upwards to 5i0° F. (300° C.), the steel is 
rendered progressively softer. Beyond this point the steel will 
generally be rendered too soft for use in cutting tools, though 
for other purposes such as springs, tempering may be carried 
out in temperatures of 6oo° F. or over. 

Tempering Colours 
Tools manufactured in quant1t1es are usually tempered 

by special methods in which temperatmes are indicated by 
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a high-rcad;ug thcrmome-tn or P'Tnme-tn and ar<', in man\· 
ca>t'S, autnmaticalk cnntroll!."d. 

Th:"sc facililies arc not, ho\\·l'v«er, .!:(l'tWrally a\·ailahil' in 

the small \HJrkshop, and it is usually nec«essarv to adopt 
methods "·hich depend on individual observation and control, 
but are equally efTenivc when properly used. In this respect 
a \cry useful prnpcn,· "f stt>rl is the alteration in its colour 
when lwated, due to tlw formation of a minoscopically thin 
film of oxide on the surface. This presents ,·arying shades of 
col<'ur, ranging from vnv pale vellow to briltiant dark blue 
through shadt>s of brmn1, brown red and purple, according 
t.o the temperature reached. These colours may be used as 
,lJ\ inclicuor to assess the hardness of the steel when tempered. 

Sfl!lH' idea of the relation bf'twt>en colours and temperature 
m<~Y be obtained as i()llows: pale ;·ellow corresponds to 

430 F. \2:20 .·C.) ,;ucceed.erl. hy a deeper Yellow with a tinge 
of reeL and a shade darker gi,·ing pale qraw colour. Thus, 
middle straw colour-~ {7')- F. 1,2')0-- C.,:; clark straw or dark 
reel hrnwn cc~ soo' F. ·,260° C.). Higher temperatures "·ill 
eliminate the wllnw, blue taking its place. which. "·ith the 
red, f(,rrns purple at 535' F. '280" C.'' and the red in tum 
dies offle<wing the blue at s;o· F., :~oo C ... Further heating 
prncluct>s blue with a tinge of green, succeeded by green greY 
up to 62o' F. 

These colours can only be relied upon if the hardened 
steel has a perfectly clean, bright surface, entirely free from 
grease or moisture, and, therefore, hardened steel should 
either be ground on a drY grinding wheel or thoroughly 
scoured with emerv cloth or other dry abrasive. 

The tempering should be done, not by raising the 
temperature of the actual cutting edge by any direct heat. 
but entirely by conduction, the heating being applied to thr
shank. If a blow-flame is used, turn it down to a compara
tin·ly fine flame, and direct this on to the shank, meanwhilr
turning the tool round to effect even heating. The actual 
direction of the flame should be backward, away fmm 
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the edge, the reason being that there is a good deal of diffused 
heat at tlw outfcr end of a blm,·flame, and it is better that 
dus be kept away fi·om the point of the tool, as it would 
very likeiy temper the point right out long before the main 
body of the cutting portion had reached the temper stage 
at «lL A tool of this sort is stronger if the temper shades off 
hardest at the point, and gradually softer backward towards 
tht shank. The brightened shank aids the operator in watching 
thf' colnur bands. 

Bef(,re dealing further with the actual process of the 
tempering of tools, there is a good deal to be said about the 
various temper temperatures for different kinds of tools. 

It should be clearly understood that, although the colour 
tt·st is universally employed by engineers and toolsmiths in 
ordinary workshop practice, the colours are ml'rely superficial 
and c2.n easily be ground or polished oii the surface. 
Furtrwrmorc, they are oniy indicators and not a definite 
gauge of temper. In other words, assuming that a tool has 
been tempered to a dark straw, and the surface repolished, 
heating it again tn a dark straw will not produce the 
temper whJCil would normally be indicated, but \Vi!! 
produce a further softening above anJ. beyond th::tt indicated. 
Nevertheless, when properly used, the colours give a good 
approximate indication of the temperature, and therefore the 
hardness, of the work. As soon as the correct temper colour 
is reached, the work should be immediately quenched out in 
cold water. 

Blacksmiths often succeed in hardening and tempering 
tools at one !teat by quenching only the tip of the tool, 
leaving the main body still at black heat. The edge is then 
cleaned up with a stone or abrasive stick and, as the heat 
is conducted back to the cutting edge, the colour indications 
are produced progressively, the tool then being requenched 
when the correct temper is reached. 

Generally speaking, however, the 
described enables the steel to be more 

method previously 
thoroughly cleaned, 
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Fig. 14.--Dl.agrarn of shading tints indicating various 
tempering colours 
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COLOUR SeAL£ DtAGRAM 
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ScRAPERS 

BURNISHERS. 

ScNIB£Rs. 

; ! ! ! ! i 

'. 

:I I 
1 I , I I 

I! ' 

ScA·Ew DmvERS 

5PRING5. 

:! : 

I. 
! : 

LANCETS. 

lvoR>' Tu!?NlNG 70oLS. 

HAND ?;nsr AuGERS. 

'TAKE CuTU£i?VANO SHEAR 
SuRGIC'L A.,·o DENTAL 

/.vsTRI/I'fENTS. 
(Nor KNtvEs) 

B.RA DAWLS AiVO G'tMLETS. 

W.:.o.o AvGEt~S ANO Ax£.s. 

CIRCULAR SAWS FOR 
80!V£ ANO /VORV. 

hRMER Ciit.S£L5 

SAws rOR Waco. 

Fig. 15.---Tempering diagram for various types of tools 
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and control more evenly exercised, and is recommended to 
workers with limited experience. 

The frontispiece, a colour diagram, gives a good idea of 
th•· colour range, together with a list of the various tools, 
which are printed approximately opposite their appropriate 
temper colours. Those to the left are mostly engineers' 
Innis, and tn t!w right wr;od- and stone-working tools, various 
knives, and general cutlery, ivory, and bone-turning tools, etc. 
The top of the diag•·am gives the colour which appears first, 
corresponding to the lowest temperature, and which if not 
•·;m·ir·d further leaves the tool the hardest. 

Te:mpers of Various Tools 
In the several examples of temper for toob now to lw 

givr·n, it is not practicable to reproduce them in actual 
c< >lour; it is then:ll >re proposed to represent each colour by 
rneans of differmt shading. Fig. 14 is a diagram showing the 
various shadings used, and Fig. 15 shows these shadings 
applied to the colour diagram. Fig. 16 illustrates d1r: tcmpt"r 
colour disposition for a cranked roughing-out lathe tool as 
used for steel and iron turning. Here the colours are pre
ferably so disposed that while blue and purple respectively 
occur on the cranked portion of the tool, the va1·ious straws 
are on the cutting portion, the actual cutting edge being left 

Fig. r6.-~Graded temper for a cranked lathe tool 
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Fig. 17. Most suitable temper for a >'ide-cutting o:r 
'' knif(~ tool " 

at about the commer•' <'mt·nt of middle straw. Remember, 
however, that the various lir.:,~s of eoiour have no sharp line 
of division as we are obliged t<) shuw in the shaded diagram, 
but shade niT into each other almost imperceptibly. 

Refnring again to the colour diagram, it should be par
ti •. :nlady noted that th(• general nm of cutting tools have 1heil· 
temper drawn to nne of 1 he shades of straw colour, whereas 
thos(· :1>ols which are 5Hbjcdt·d 111 blows have· dwir temper 
drawn mon· \()wards purpk. 

Fig. 1 7 shows tlw disposi' ion of !lw temp•-r on a side
cutting or knit(· tool mt•d fi>r sted and iron. Here the middle 
stra\\' is canil'd as far ;dong :lw sid,·-cu!!ing cdg1' as possible, 
whil<' the part kular 1 empn aimed. al wlwre 1 he knill· pun inn 
is shouldncd down from llw sh.mk is bhw. This tool often 
has to take a fairly broad sha\·ing \\ id1 the from ead of the 
side edge, ,,·hich puts a considerable strain on the weakest 
point at the shoulder. If this por1inn. tiwn, is kfi wo hard 
it may qnit<' casih· snap oiL and if ton soft (either by carrying 
tempering too Ctr, or by not hankning the tool !iu enough 

Fig. n8.--Most suitable ten~per for a brass-turning tool 
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alon,g in the first ·place) it is likelv to cret a pe:~tna:tent se: 
- ' ' b 

dnv .. 'H, t.P. bent d(J\\"H. Bt:ing- hardened, ho\\'ever, in thc-
first plact::, and ha'\'ing the temper dra\vn to that v.thich is 
trsual for· most sprir,gs. gi\·es it the br'st d1ance of standing 
a'\ainst ltV.' SIITSS. 

Fig. ; B shows a t ypic.d iJr;;ss-turning tool. Here the par
tint Jar thing 1" :tim :tt is the innper of th•· n.llting pnin1. 
This is left h.td!<-r 1 h.t:t if it WJ'i'C to be used f.Jr cutting 

'", :. ·<It huuglt brass is s.,ftcr than sted. The reason is that 
ail tools slv>uld be lf'iH!"" ,..:_ vu<. ,,, the ltardest that can he 
!dt, <<Jitsisu·nt witit the edge standing the stress of paning 
dw Iough materiaL A brass-cutting tool is stronger in thi:. 
;Tsjwct than onr~ lin· steel, b\'cause it is nonnalh· made \,·ith 

pr;tn i.-.dl\' no lop rak•· and clearance; hence rhe angle of tll<~ 
culling- •·•lg•· is great<'!'. In addition, brass is nul so tough, 
and pnts kss strain on 11~<· tool. The colour I(J!· dw edges of 
gcw·ral brass tools can be pale straw, almost vdlow. and in 

the case of planishill.l\ tools and scrapet·s can h-.· .in,.\ 1 int<'d 

y•·l!ow. 
Tlw only hrass-tarning tool that is temp•·rnl a! <ll' w·;tr as 

low as on,~ [;,r iron is .t parting w.,!, which is subj<TI<'d to a 

good tkal of slr.til<, .md ;,, bt.·t~.··•· i•·mpercd ~<• middk s<.raw 

and left blu(' ;rt 1 he shoulder; indl't'd, it only ditfers fmm om· 
made i(n· iron and stcd in th<' l~l.Ct that it is used with nn 
top rake, whereas a paning tool l~H' iron will nut work 

satisfi.tclnrily wirh•,u1 a !:tirh· ronsir!erabk top rake. 
In dealing wi1h h:md-nuning- :ool-;, •t p<~int shnwn ia Fig; 19 

is worth wlling, lkn· th,· part wlwn· the '""I is in cmnact 
with the hand n·,t is !nought to hhw tingnl with purple. a 

temper lwst adar>~cd t<> resist <·nm:ussiun am! \"<'t staild 
against abrasion. From 1his to the cutting cdg,· it shades 
evenly to the cutting temper a! the cdg<', nz. yd!m,·. Behind 
the line of the hand rest it is left blue. 

The principal hand turning tools used. nnw are planishcrs 
(square and angled), round-nose planishers, and gr<Jvers. A 
square planis:1er is similat· to a scrapeL The information 
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gJVf'rt above relating to hand tools applies to all these except 
a graver f(x steel, which should be tempered to middle. straw. 

Tempering Cold Chisels 
Fig. 20 shows a cold chisel temper. There are few tools 

wlwre the temper can be varied to such an extent as IS 

necessary m dealing with cold chisels. It JS practically Im

possible to harden and temper a cold chisel for doing fairly 
heavy chipping m steel, so that it will both keep a keen edge 

Fig. • g.---Han<'l-turniug tool or 
planisher as used for brass 

'J' '·""-~= ·-·~· ·-·-=· "=': 
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Fig. 2o.-Cold chisel 
texnper for fairly hea.vy 

work 

and stand up to the work. In this case the best thing to do 
IS to trmp<'r the chisel edge out to purple tinged with blue, 
wlwn ll will be !(mnd to stand up so far as strength 1s con
cerned; but as it will not keep a keen edge for any length of 
time, will requtre fairly frequent grinding. A cold chisel 
f(n· f1ne chipping m gun-metal can bt> hardened m thin oil, 
and tempen~d l<> dark stra':; tinged with purple, but this 
will not do heavy work without p1eces breaking out of the 
edge, although ;i. ket>ps a keen edge for a considerable time if 
applied to light •:hipping. The life of a fairly highly-tempered 
chisel dcpmds a good deal upon the thickness and angle 

'--------- ------ - ----------
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of the cutting edges, because if the edge is ground thin it is 
almost sure to break 

In hardening and tempering flat cold chisels, the black
smith's, rr one-heat, method of hardening can be adopted. 
Toolsmiths who are expert in the use of the forge choose this 
method because it saves time, and apply it successfully to 
the hardening and tempering of lathe tools. It is, however, 
easier tor the inexpert smith to use two reats, one for 
hardening <md one for tempering, as previously stated. 

The tool is heated to above absorption for a greater length 
up than is required for the final hardening. It is then dipped 
out, and quenched cold over· the portion to be hardened, 
and the heat remaining in the shank is allowed to do the 
tt'mpering by conduction. To deal with a chisel on these 
lines, suppose the hard part is required to extend up about~ in. 
Heat it to bright red for say 1! in. or more up from the point, 
and, having provided yourself with a small piece of gritstone 
(such as a fragment broken from a ;mall fairly coarse grind
stone, or from one of those stones used for sharpening 
scythes) dip out the point of •lte chisel in water. This must 
be just dipped and moved up and down slightly to avoid 
a sharp line of demarcation between the hard and soft, 
which ITtay, if it occurs, cause tJ->e hard end to shell off bodily 
when the chisel is put to use. As soon as the actual edge is 
quenched to cold, the chisel is removed rapidly to the anvil, 
laid with its hard end across the edge to support it, and 
the gritstone applied by rubbing both sides. This brightens 
it sufficiently f(n· the operator to see the temper colours as 
they appear progressively along the shank. "When the colours 
appear, stop polishing, as the coloun, once they appear, 
must not be erased. 

Laying the edge of the chisel across the sharp edge of the 
cold anvil acts as a check to the tempering, because such 
heat as travels up rapidly is given away to the anvil. As 
soon, therefore, as the edges are brightened and the smith 
can see what is happening, he lifts the job from the anvil 
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and allo\,·s l!w conducted heat from the shank to ha\·c full 
play. A lwginner at hardening would havt to practise this 
mcth .. Kl lwfrm· tung it in the ordinary wa::, as it requires 
judgnwnt first l< > heat it far enough up, next to dip out in 
t lw !ILUltwr dc:snib<·d with the assuranct· that tlw edge is 
C<Jid <tt,d in a h.udei,ecl state before n·nl<l\·im; from the water. 
and at tlw samt· time tu leave enough heat in the shank to 

pnl(lnn the l<'lll]Wring neither too quickly nor too slowly. 
\\'hc·n the· right tt·mpcr colour reaches the actual edge, the 
wh"k tool is dip].Jl'd and quenched to cold to ;n·oid over
tnnpcrin,g. It is not uncon1mon, howc\Tr, f(>r an experienced 
sn,ith to make so sUIT of the initial lurdening as to use up 
too much "f tht· shank heat, and so have to hdp the tempering 
h\· :tpph ing tlw tool pcint to the fire- --hut not right into it. 

!Fig, 21. -Suitable ternper for a screw tap 

Pcwchcs arc generallY tempern: to dark straw, but centre 
punches, t" prnTnt losing the point by fracture, should have 
a shade of purple in t fwm. Lat!w dead-cent res arc tempered 
to tht· sarnc ,\s a n'tl!re punch. Scrc11·-taps arc tempered as 
shown in Fig. c!I: that is to sa\, the whole of the thread 
portion is at a constant temper of middle straw colour. Tht· 
best method of dealing with taps is to hanlt·n the tap evenly 
throughout, then to temper the cutting portion to middle, 
straw evenly right to above the ends of the flutes, and finally 
to draw the squared end down to blue or blue tinted with 
purple. If the squared end is too soft, it is likely to L wi~t 

off, especially in the smaller taps, and if left too hard it is 
likely to snap off vVhen bluing the square, the temper of 

the cutting edges can be preserved by applying damp waste 
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wound round it, or by sticking it into a raw potato, the 
moisture in which will protect it from further tempering. 

A screwdriver is tempered to blue. This being one of the 
non-cutting tools, in order that it may not bend at the edge, 
and yet stand up Lo more or less rough use, a spring temper 
is found to he the best ail round. A screwdrivf·r edge should 
he so soft that it c~n <·asily be filed, and does not tend to mar 
the screw slots, wt it is had enough to resist bending 
wit hn tll fr?cnure. 

Drills 
Drills require tempering down somewhat further than lathe 

and similar cutting tools. Drills are subject to percussion, 
especially when breaking through the under side of a surface. 
This is due to the fact that they have then lost the support 
nf the guiding provided by their points. Twist drills must be 
hardened along the whole length of their flutes, as, apart 
from the fact that they arc fairly rapidly ground away, tiH'Y 

very easily untwist in the spiral of their flutes if any part 
of such be left soft. Contrary to the relationship of hardness 
in lathe tools, flat drills for brass arc found to work better 
somewhat softer than if used in iron or steeL Indeed, a flat 
drill used in gun-metal at quite a high temper will stand up 
well until it breaks through, when, unless the speed be high, 
and the feed rigid, it is quite likely to lose an entire edge by 
fi·acture. :tviuch depends upon the speed and relative feed, 
and whether the drills are going to be used in a hand- or 
machine-fed clri!li ·g rmtchine. Drills are subjected to a live 
load (i.e. a moving f(HH' subject to variation); and as th('Y 
convey both the force of rotation and of feed entirely through 
their own bodies, it follows that apart from actual cutting 
they must be tempered to resist all sorts of stresses. 

A hammer head is hardened in such a manner that the 
hardness takes the form of a thin shell covering the whole 
of the peans and their sides. Beyond this it should be left 
soft as far as possible. The single-heat method is VPry good 
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HARDENING AND TEMPERING SPECIAL TOOLS 

So L1r. rlPtailed rC"fnPncP has bet>n made only to hardening 
<1nd tr·mpnin~· such as lath!' toPls, and similar tools that 
are onlv lcH;lily harckrwd. SpacP prcvpnts similar treatmPnt 
on all tools tint can be hankned Pvenly throughout, but 
tlw !idlnwim~ tH>t<'s will be useful. Such tools and apparatus 
include sctTw-dics, knurling whPels, milling cutters, tube
cut tn wheels, circular and hand saws, knife blades, draw 
platt·s. springs, hroachl's and reamers, douhle-enckd C!"ntre 

drills and so t<1rt h. 

Thh1 Reamers or Broaches 
The tronhk w:th these ton!s is that, being so long, uneven 

heating p!us urwn·n quf"I1('hine; nearly always results in 
warping them out of the straight. Obviously a reamer or 
bro:>ch, to tw ,,r much use fi>r accurately sizing holes, must 
he 1 rue. 'flw f(JJinwing method was successfully applied in 
hardening and temrwring a 3-16ths in. X 5 ;n. 5-fluted 
reantn thrmtghnut. It \\·as first decided to dip it out in oil, 
and a thin oil was chosen (whale oil, a product from blubber 
of the whale, but not sperm oil). The job was heated evenly 
in a small gas-fired muffle, being put right into the centre 
of the furnace, supported all alon.u; upon thin bricks of 
fireclay. The oil was c"ntained in a long round tin about 
1 o in. long, and not more than 4 in. in diameter, filled nearly 
with the oil when stood upright. Just before dipping, the 
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oil was stirred so that at the moment of dipping it was 
rTv<•tvin.~ at a fair r:ltt'. \Vhile the furnace \\"as heating, a 
pair of light ion~s \\Tre heated at the jaws. Thf'se tongs 
wne mccl t" lift t h,. j<>h out wht'n it had attained a bright red 
hc;tl. the ilka being t<• a\·oid <:ooling tht~ W<•rk with enid tongs; 
!1<"\Trt he less 1 h,· .i• ,j' was hdd by the squared shank end. ft 

was plnn!!,ed ,_·nric::lh· in tlw centre <>f tlw H'\"qh-ing nil, 
mo\Td. iip and dmn1 Sf'\Tral t irrws, and tin;,) I\- dr.,pp•·d, the 

tungs ]wing· \l'ithdra"·n to pn·vcnt them m·t'l"hc;;ting th•· oil. 
The reamer \vas fionnd dead hard ;tnd as Slraigln as when 
tnrnnl, because it r:m dead true between C<'ntr-es aftt'r the 
hardening. The tempering was :tctualh' done in tiH' muffle, 
:rs it cooled. Tht' job was held right in th•· '··tun· of the 
mtrffk i >\ nH·;lJls ,f tlu· tongs, so th:u it "··" :1hout equi
distant !'rom :rll tiw i11>t sides, being rcYuh-•·d and on·:1sinnallv 
ll'ithdr:t\1"11 lo ,,.,tld1 the ,·nlour, which uitinutch- c.tnw out 

:lll 1'\Til mid-str:lll' nolnl!r thr•mghot!l. It \l";ts a~ain dipped 
<~lll in tlw swirling ,,j], :md flmnd tdtim:uch· quilt' 1nw. 

Anothn irn·g·nLtr-shapcd long job ·-:t half-round scrapt·r· -

would insist ll]l"il 11·arping hmn·,·cr it II':IS dipped, ;111d 

warping considn:tiJh·. t'ltimatch· tlw '.l".trp, \\·hid1 w;ts 

;t!wa\s the "unc \l'al· .lll(~ ncarh· \\"t'nt n,n ;~g:1in nn :mrw:din~. 
W«s carefully ;nc:tsHred. and while in an Ml!wakd state tlw 
job was purpose!,· carl'cd to ;dJOut thr· same- extt'nt in the 
opposite direction, which had the dli.'ct of bringing it back 
1" the str:cight :tftrT hardening. 

A m"dificati,nl of the muffle f<n· llw purpose of cvenh· 
drawing the l!'mp<T in lmv4ish and 1 hin obje1·1,; as well as 
plates, hla(ks, :md similar fiat nbjens, is shown in section 

in Fig. n. Yt consists of an arrangement c,f two plates of 
red-hot mt·tal, which must be somewhat longer from back 
to front than tlw longest job to lw heated bY them. They 
are kept apart by distance pieu·s whi<"h may he of firebrick, 
<tnd the whole arrangement when in the hot state is stood 
upon a firebrick or on thick asbestos, c0vering stone or 
ordinary brick. This forms a sort of muffle, and ·sill answer 
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CRoss Sr::cnoN 
lfig. 22. A tem.pering oven fo" long, dun tools 

well !i>r l<'llljHTing l<>ng- sll'ait;·ht tuuls. Tlw toul is hdd by 
t<~Il!-(s, and !llllsl lw cmJSLlllth- revolved and ,·itlHli·awn frorn 

' ' 

}l!'I\I'CI'll ill<' phtcs I<> <'ILthJ<- Ill<' "P''L!Inr to> W<ll<'h dw 
ct dou.r e J:tl-·c t. 

A sin:~!·· t<'<l-hot pLi:•· is \Try l!sd\tl fin· uni!;mnh· tem
pering- sm:dl i<>IH.( <>r !l:t: t<~nls. Sndt .t pi•·n· ,·an lw hnll<'d in 
an ordinary lin·g·rate, and when red lJ,,,, tr;msi!Tn·d t<> :m 
am·il, "''• lwtt\'r -;rill. olll Ill lin·bri,·L. The hard.·acd ""'! 
rnay he held t)\"\'1 l>n1 J\(){ t(1Uchiug it, in a rnun· (~r h·s, . ..; 
parall(·l pt 1si: io11 rcl.u i\·ciy to tlH' hnt surface ~tccnnli~u.~· tn 

its sh;qw. s" th.tt :h,· iw:ll r.rdiat<·d from the ,;ud:rn· will 

result in an <'\Til tl'lllJWr tl'BlJYTature. Suppose a \ool to lw 
thick at the shank ('ncl, and thimwr at the poim, it would be 
held sunwwh;ll .1s in Fig·. 2:) •. ·"·' that llw thinnn p<•im would 
he dclayt·d in )l'('(•iving ilw lwal. rr it werl' shaped the oth!'r 
wav round, or it \\'<'!'<' nrorc <'•111\'t•nwnl "' hold it the otlwr 
way round, it ,,-,"dd tlwn lw sl«jll'd as in Fit;. 2.j. \\'Jwn· d~t· 

~--'--.:~- -~--~---- Wo11H, 

,-~-----~---------··---· ''-·~;-r:__~~~, ~~ 
REO-HOT Pt...ATE ' '! ::::.::.:.--:--.-..Y'i;l,~ 

J..____ --"-- ~ 

Fig .. 23.-Tempering tools CJ•ver a hotplate 

------ -----
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Fig. 24. Anoth<>r med.od of ten>pering work over a 
hotplate 

l<mg:; toudt the object t!w lelll!.l!''·ing will lw dd.ty•·d. and 
t\.,is may be counteracted by using the lighlt'st tongs possibk. 
Tuuching tlw jaws against the hot plate \\·ill hdp ,·,msidcrahh-, 
as th•·n tlw j<t'A's more rapidlv receive conducrcd lwat, and 
an· ilwrdi>rc kss likdy to withdraw the radiat.•d temper 
heat ii·om llw tool. 'J'his must lw watdwd. how<'\Tr .. and 
judged an·••rding lo llw wav thl' t·olour shows up. lwcause 
it mav lH' advis:Jbk soon to lift tlw tongs a\\·;t\· !!·,,m tlw 
plat\', as th<" rondunt·d lu·a.t may too rapidh· dr:~w dw tnlljl<'l' 

from the work at th•• point of cnman widt dw to~ngs. 
This last-ckscrilwcl llH'!hod is qui!c g-ood li>r t<'mjwriug 

:mull s<T;·w-plates. such as have a large numl.wr of nt!l ing 
holes in them, .md reqnirc particularh· n-en tcmperim(. 

Screw Dies 
In Fig. 2) is shown a method of proteoing the corners of a 

squ;tr•· di;·. This is apt to crack at the corners, due tn the 
more rapid action of t.he quenching at thos<' thinner parts. 

Here, \ hin t in-phte slrips ;tre threaded 1 hrough llw de a ranees 
and h;Jtnlll<'tTd ovn, so that when dw wlwlt· is hoi ami h.-ing 
quenched t!w quenching ;u:tion is rather d<"layed at. these 
points than accelerated, with the result that the liability 
to cr;H:k is much reduced. The same idea can be applied to 
circular dies. DiPs are best quenched in a suitable oil, 
and ordinary engineers' lubricating oil is quite good enough 
for the purpose. Dies can quite easily be tempered evenly 
over an ordinary gas ring. Hold the die with iight tongs by 
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B SECTION 
AB 

ALL CORNERS PROTECTED 
fig. "'5· A nwthod of l"'otening ,,,., . .,, of a die "'IP~ins! 

to<> rapid <i""'"'·hing 

thr,· cxtr~·nl(' n)nwr 1)t. the j.l\\·:-:. ]'),, n~~~ u:;-;.c p~~~·t-~. \1.:-l 

you keep thern i~·q· :'.tl·' purposr:~~ lk·-c~nlsc th~ jav;· H'Hipcr nf 
good plil'rs \\'ill lw dr:m·1L with a dc<rimcnu! ''' lltnn 
f(_H' tlH·ir gi·J11T.li u,-.:.;l_:~r·, 'Tun~ dh· g~)S r~n~: L~].dy ~un· .:-~nd .. 
kt•epin:.~ tlw dit· huri;, >~ll;d .md ,,·,.j] up in dw di!f lw.u 
of the bunwr, Ill'''"" it ruund cmd over ;md "'-"<T. \\",,r,dt 

particularly ilw 1cmpn dli·•·1 ;I! llw o-uninl!; ··d:;:··s. •sloid1 
must not lw dra\•·n ht·Yoml middh· s!r:t\1' <·o!uuL 

In heating· dies li>r !urdcning-. keep r.hc din·n ll.ww .. 1r 
the cutting poi Ills. as !lwY may o·;1si!\· burn: ;;nd if 1!11· di·· 
is being heated in nmjunni<m with a n·d-h-Jt plate, do ;~•H 

lay the die;; f(Jr anY knl-(th of time direcd\· on the plate, as 
the cutting points in contact again may be easilY on'rheatcd 
and spoiled. In the case of spring dies, it is rn;uiar p1·anice 
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to draw th(~ temper of the thin spring portions of the die to 
;;pring i<'mper. ur a good blue colour, avoiding the same 
n>l<'iir travelling to th<' culling edges. A small pointed blow
flam<· is suitabk f<1r this, direded sid•·ways on to tlw spring 
p• >1'l j, HL and rat!v~r outward to avoid difrused heal rt>aching 
t!w edivs, which may be further prot<.'(~tl·d by wedging a 
pine of raw pot;lto in the sa;·w ponion. \Viwn the blue 
sh<>\\S 11p, and lwl(n•· it can travel, dip tlw die oul. This 
laiily i.ricky p!OCC(.·ding is supplementary to the ge1wra! 
l<.~!llJWring fi,r tlw cuuing edges. Fig. :.!ii shows llw disposition 
of 11w hhw on a thre\'-d<"arancl' spring di.-. Another tm•thod 

fig. 26. · · Circular die, showing portions to be let down 
to a blue temper 

"r local tempering is to applY llw tip of a red-hot bar w the 
puint required. 

Spa·ings 
Sprin((S have to be heated very evenly for hardening, and 

i 11 a II cases should be dipped out in a moderately heavy oil. 
They are most com-..niently hardened by being dropped into 
a good body of oil rather than held by tongs and movt>d 
about in it. Springs arc relatively light as compared with 
tongs, and the quenching is likely to be del<'yed at the 
holding point and the resultant hardness varied. In heating 
them, a muffle furnace is by far the best thing to use, but 
here of course it is cheaper and less trouble to work in 
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quantities. A small muffle heated in the body of a smith's 
forge, however, will do well for evenly heating one spring. 

Spiral springs mav be similarly heated in a cave or hole 
in the fire; hut in using a blow-flame under such conditions, 
care must be taken not to keep the flame constantly blowing 
into the hollow, as the nearer slender portions of the spring 
may easily lw burnt tlwreby, while its general bulk is not 
t'\'t~n hot enough lew hardening. Flat springs which are 
fairly short can ht• evenly heated nn a nxl-hot plate with a 
blow-flamt· nnt ennc.:el\trated but m<wcd well ahnut over i1. 
When hot enough lift the plate bodily and tip the spring 
into the oii. Lifting i; with tongs, uniess they aisn are rrd 
hot, will not do. One way of lifting both springs and cli1·s 
f.1r dipping is to wire them with light steel win· or enclose 
them in a cag•· of wire. By lifting this with a length of wire 
appended, the whok can be transll·rrcd to the oil and swish<•d 
around in it. Bmning such wire (not nwlting it) does not 
matter, <·xn·JH that it will not do again. as it will likely lw 
too brittle to bend afte1· the dipping. 

Temper of springs is ratlwr important. Light, ddi(·;ue 
springs may lw tnnp•·n·d to purple tinged with blue, but if 
lh<·v arc suhjencd to much movenwnt :heY must be 
tempered further to full blue. Springs for docks as a rule 
are tempered to a full blu!'. Springs for heavy work, such as 
carriage, motor, and locomotiYe springs, are tempered 
beyond the blue and are carried even as high as 620° .F., 
the temper colour sometimes going as far as green-grey 
opaque, which corrt'spnnds t.o a fairly thick coating of 
oxide. A furnace of som<~ sort is alwa·y·s used for !lt'avy spring 
work, and all the hardening and tempering quenching is 
done in oil. 

There is no doubt that a pyrometer-fitted muffle is far 
the best for tempering small springs of almost any kind; 
a common method of tempering springs is by " blazing 
off." Here the question of colour is not studied, but the 
hardened spring is dipped in ordinary engine oil, and is 



46 11/\IHJEN!NG AND TEMPERING 

gradually lowerwl into the diffused heat of a Bunst•n till tlw 
oil not only Haslws hut ignites. There it is held and turned 
about until ;;I! the nil is burnt off. It is imm•.·diatdy plunged 
intu the oil ag-ain, and the process n·peated three or f<Jur 
times. :\fwh depend~ hen~ npon the Hash-point of the oil. 
A safc~ rninnal nil fi1r lnhrinu in~ has a fhsh-point of 
:qo -.jon F., :md ill<' !irin!{-pninl, lwin•J; abn\'e the !lash
pninl, ··.uTics l!w W•llk up to w .. ll <1\'<'r ·!"n' F. lwfi>re the nil 
is fin·d. In .tddil j.,n, d1c lw:u !-{<'IWra!<'d "" ill<' lirill!.; incn·a~•·s 
dw t<·mpn:•tttn· .. r llw sprim;. 

It should lw obvi•ms that tlw sprin.l.{ mns1 not be hdd •W<'r 
tlw llanw \\'ho·n tlw nil is nm~um<·<!. as <h•· tc·mp<'l'<illtn' will 
t II<' II rist· to !:Cu· too hi~h a point. So long; as the sp1·ing is 
covt·rcd with hurninti oil it cannot ris•· 10 a h~tnp•·ratun· 

do·structiw to its hardm•ss; hut, nn t!w mlwr hand, the mm·l:" 

ra pidiy il1<· hLvi n!J; pn••·•·sses l!lllnw ••adt m lwr, liw higlwr 
llw linal temp<'! t•·•nperatw·•·· (lo·w•ralh· speaking, in hla7.ing 
ull' springs til<' kwl\dnlgo• nhtaitwd nf dw h••h;wiour of any 
Oil<' siz•~ of spring wlwn hlazed oil' r;lpidh-, fu<!lr, lh'<', six, or 
nwn· tim,·s is th•· lwst rc,uid<' as tn llw h·mp•T ohtaim·d by 
any pa 1'1 in il a r oil :; nd nw1 hod •If !waling in •~•mjum:wm 
With a S)llillg of <Ill\' OIW Si?J.'. \\'id1 ordi!l:ll'\' high {lash-pnim 
ntgin•· "il acting: \\'ith a fim• cniled sprin!{, and lwa~inl.'( m't'l' 
an ordinary gas rin!-{, fimr times of blazing in rapid SIH'!'I'ssiou 

is said to be abom con-eel. h should be dear, hm\'eYt'r, in 
this connection, that in using a low flash-point oil the process 
of blazing off would probably be effective only over a large 
number of repetitions, whereas with a high ftash-poim grease, 
say a tallow, oncc would probably be enough. 

Thin Articles 
In hardening and tempering thin art ides, such as fine 

circular saws, hack saws, and stilting cutters, trouble often 
occurs in the metal buckling. A good deal of this buckling 
can be modified by even heating and even quenching in wdl 
stirred water, and quenching in warm or hot watet·, or oiL 



HARDENING AND TEMPERI:o.iG SPECIAL TOOLS 4 7 

Soilletimes it is possible to harden thin steel and keep it 
true almost by accident. The general method of preventing 
buckling is to clamp the work between two flat surfaces of 
thicker metal plate, which add to the bulk of the job as a 
whole to be quenched, because the clamping plates are also 
heated. It should be clear that when quenching, say, a thick 
disc of metal, the unequal action of the quenching which 
would u·nd to de{(mn it takes place over the surface, whereas 
dw rnore even e!Tect produced in the heart of the metal 
wo!l.ld le<wc that p••rtirm free from distortion. If then, say, 
an unhard<'ncd thin slitting cutter be clamped between 
twn :hick plates on a spindle·, as indicated in Fig. 27, and 
the whole evenly h,·ated to above absorption and dipped out, 
the position of the cutter is such that it gets the most chance 
of even treatm('nt and ·will be less likely to buckle. If there 
is no set to tlw cutting points, the thin disc can be overlapped 
by the thick•.~r discs, so that the cutting points are protected 
from th('; n;>en fin· or flame, and also from the more dmslit: 
effect nf (he qu('JH:hing. For a saw having a " set " to the 
points, dw protectini~ <liscs are beuer made oflarw•r diameter, 
lmt •;h·mld h:tYe a sliglu rebate turned away so as just to 
de;1r the Ff'l of the teeth, as indic;Ht'd in the enliuxed section, 
Firt. 2B. l't is advisable in this damping to keep the heating 

Fig. 27.----Thin saw or cutter anounted between plates 
to avoid distortion 
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Fig. 28.-Protection of saw teeth by rebated discs 

Aamc or fire from concentrating on the groove whel'e the 
teeth are, to avoid the risk of burning them. If the discs are 
made smaller than the root diameter of the saw, so that 
the teeth are outside, special care must be taken to avoid 
burning, and the protection against buckling is not nearly 
so effective. The discs and spindle can be of mild steel, <..nd 
the discs should be faced truly flat on tht'. inner surfaces. 

Where the temper of a saw should be constant throughout, 
which is better to avoid distortion, the same appliance can 
be used for tempering, and the temper colour as it shows 
on the polished surfaces of the outer discs is quite a good 
guide, but the heating must be constant throughout. Circular 
saws and cutters, however, can be very well tempered by 
mounting them, polished after hardening, on an arbor, 
exactly in the same manner as they will be used, and heating 
the arbor at both ends and avoiding the saw. Rings of 
colour then go outward on the saw and a quite good result 
can be obtained, but the temper is not quite constant, the 
middle temper being softer. If care is taken, the temper 
can be checked by rapidly quenching both ends of the arbor 
first, leaving the saw until it is cooler, and thus avoiding 
possible distortion. Circular and comparatively thin objects 
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are better dipped edge-on than flat, but the immersing 
should not be delayed. 

A method by which miiling cutlers and circuLJ.r saws can 
be very well tempered on a hot plate is to interpose a disc 
uf fairly thick steel (which may preferably be rather less in 
diameter than Llw cntter qr saw) between the tool and the 
plate. The disc is put on the plate, and the work concemrit:
ally on the disc. 'J'lw plate should not be too hot, nr the 
excess nf radiated heat rnay blue the tooth poillls bei;Jre the 
cutter begins lo temper. The idea is that the tempt·ring 
heat should !)(' conveyed by conduction through the disc 
to the centre parts of the cutter first, bd(>re going directly 
to the cutting poims. The cutter should now and again 
be turned over. A suitable heated plate f(H· this purpose 
is a shen of metal laid on the trin~t poims of a gas ring, 
the gas beiug so regulated, or dw plate so large, tha! it is 
impossible ftn· the Harne to curl rouud the edg,·s. Should llw 
flarne hug the plate in this manner and ev,~n direclly lick the 
work on top, the latkr will lw both unevenly and l<>n quickly 
tempered. A sheet nf n>pper would obviously <lllS\\\T 1 his 
purpooc--·wit h Jl\tltinmm gas <:<JIIStllllJHion·· -lwtter a han ;my 
other metal, but a thick sheet of stc<'l will du welL Tinplate 
is hardly useful, as, being thin, it is likely to bud:.k ;md 
become unsteady. 

There are several methods of tempering tuuls evenly, 
examples of which are the oil, lead, and sand baths. Of these 
the one most likcl;· : 1'-' useful to tlw reader is the sand 
bath. Here an appredable depth of dry dean sand is heated 
in a meta\ vessel ov•·r a tire or gas ring, with the an ide, 
previously polished, either on the top ur the sand or buried 
in it. rv1uch depends upon its mass and bulk, but if laid on 
top it will require turning about !i·equemly. Also, if buried 
in the sand it can be uncovered now and again in order tu 
study the colour change. In a way this method is very good 
for even heating, but lor a single article it takes a compara
tively large amount of heat and time to eftect a temper. As 
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in tht> case of a furnace, it is better suited for a number of 
tools, or lor a fairly large or important tool like a milling 
cutter "r ni•ely finished screw-tap, upon which perhaps a 
good prriod of time has been spent in the making. 

Bluir, g Suews and Pins 
In :losing this chapter it would be as well to refer to a 

rncthn.l of bluing small steel screws and pins. This is the 
blue (Hide colour aimed at in tempering some articles, but 
the ol ,j<'ct of" th~:: colour, which may be applied to mild steel 
;uti< ks, is ornament, and also as a protection from rust. The 
rnos, hunilar examples in practice are the blued screws in 
watches and some clocks. The articles should be finely 
polished (the fmer and cleaner the polish, the better the 
r<'sult), and fi·ccd from grease, say by rubbing them thoroughiy 
in a dry cloth with powdered quicklime; they shou:d not be 
tmtdwd by hand. They an· tlwn put in a deep fim" wire 
sieve with a handk or, hettn, in a closed cage, and shaken 
thoroughly over a gas ring in the diffused heat portion till 
ilw right colour ~how,; up. They arc then immersed, cage 
and all, in paraflin, or some thin oil, to stop the oxidation. 
Tlw IllOJT they are shaken and moved relatin·ly, and the 
cage 1 urm·d on·r. the more l!enera! m· even is the oxide 

'-· . ~ .. 
colour. Single screws may be similarly coloured upon a 
shovel or scoop held over the flame, but the colouring is less 
likely to be as even as when the screw is enclosed in a cage. 

A chemical method is w boil the articles in a solution of 
hyposulphite of soda, 1 part by weight in 7t of water, to 
which is added, in a proportion of 1 in 17, a 100 per cent. 
solution of acetate of lead. 



CHAPTER VI 

FORGING LIGHT TOOLS 

IN modern workshop practice, hand forging seems rapidly to 
be becoming a lost art. Whereas such tools as those used in 
!a the shapers and planers were, at one time, almost exclusively 
produced by forging, many of these tools are manufactured 
in a preformed condition, such as the small tool bits and 
taper-formed parting tool blades, used in specially designed 
holders. 

The ability to carry out light forging operations, however, 
is a great asset to the individual engineer, whether amateur 
or professional. There are many machine tool operations 
which cannot be carried out satisfactorily by the convemional 
shapes of ready-made tools, and there are also many cases 
where forging may be employed to produce tools more 
efficiently and economically than grinding or machining 
them from stock materials. 'When a forge or similar means 
of heating the steel is readily available, it is literally a waste 
of much of its potential value to use it only for hardening 
purposes. Most of the forging operations likely to be required 
can be carried out with a small forge or brazing hearth, such 
as described in previous chapters. It is recommended that 
in the case of a brazing hearth it should not be smaller than 
12 in. wide by I o in. back to front inside measurement and, 
if used on the bench, it should be of sufficient depth to avoid 
any risk of excessive heat reaching the bench itself. Fire
brick cubes or fireclay compound made into cubes about the 
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Fig. 29.----A sin•ple all
metal forge for tool 
hardening, and similar 

light duties 

Fig. 30.-Forge fitted 
with motor - driven 
blower, and two-way 
delivery, for use with 
gas blowpipe or solid 
fuel (made in the M.E. 

Workshop) 
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size of a lump of sugar may be reinforced by broken fire 
bricks of larger size, sufficient to half fill the pan. Some 
means of holding the blowpipe or other burner in position 
and enabling it to be adjusted will be found useful. 

For either a forge fire or a blowpipe, a foot bellows or 
rotary blower can be used, as already described, and it is 
recommended that flexible metallic tubing should be used 
to carry both air and gas to the blowpipe. 

The only other equipment required for forging is an anvil 
of a suitable sh~ (a 56-lb. anvil will be quite large enough 
for the work r· r;:tired); hammers, tongs and hot and cold 
setts. HanL;wrg ~;e made in various sizes and shapes and 
for most tooi :' ,, ;1;.ng, a 2!-lb. hammer is sufficiently large, 
except in casc:c; where the assistance of a striker is required. 
Where available, h<~.m:ners having ball, cross, and straight 
peans can be utilised, but a great deal depends on individual 
preference in the method of handling of these tools. For 
some light. forging operations, hammers as small as ! lb. 
may be found useful. Tongs should preferably have handles 
not less than 14 in. long, and the jaws may with advantage 
be made of suitable shape to hold the particular sections of 
metal being forged. For square or rectangular sections, the 
Jaws illustrated in Fig. 31 may be used, while flat materials 

Fig. 31.-Sections 
of jaws for tongs 
to hold square or 
recta~r steel 

Fig. 32.-Vee jaws 
for square or 
round stock 
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Fig. 33·- -flatter for smoothing surfaces and drawing 
out 

may be best dealt with by using flat or finger jaws. A useful 
shape of tong jaws f(Jr holding either round or square stock 
is that shown in Fig. 32. The sett hammer or flatter is used 
for reducing the thickness of work or what is known as halving 
hy blacksmiths, and it can also be used for producing a smooth 
and even finish on work which has already been hammered to 
shape. It will obviously require the services of a striker, as 
the smith must hold the work with tongs in the left !.and and 
the flatter in the right. 

Set ts and chisels are usual! y hdd in handles of light material 
brnt round the grooved portion of the tool. This gives a 
certain amount of resilience, preventing shocks being con
wcted to the hand, and obviously wooden handles directly 
attached to the tools would not be practicable (Fig. 33). 

Cutting setts or chisels are made for cutting either hot or cold 
metal and are ground with normal chisel points (Fig. 34). In 
some cases a form of sett made with a rounded end, commonly 
known as a fuller, is employed for grooving or local reduction 
of the metal. Setts and chisels should be kept cool as much 
as possible by being immersed in water, as continual usc on 
hot metal will draw the temper. A wet edge on a chisel 
also acts to some extent as a lubricant to assist cutting. 

Carbon steel should be worked at a bright red heat, but 
never so hot that a scale forms on the surface. If over-heated, 
the steel may tend to become crystalline and lose its most 
valuable properties. Unnecessarily long heating of tool steel 
will also tend to reduce its carbon content. The work should 
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Fig. 34·----Sett or chisel for cutting metal either bot or 
cold 
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be t.ransferred quickly from the li>rgc to the anvil so that as 
little heat is lost as possible. 

Tempering modifies the properties of the steel to some 
extent, tending to increase its toughness or density, but the 
steel should never be allowed to cool below dull red v>hile 
forging. 

Never on any account hit the metal when only hlaek hot. 
l\-fany a tool cracked in the hardening owes its fitul!y nature 
to the fact that it has been hammered too cold, and tlw 
actual instability of the metal is due to its receiving shattering 
blows after it has lost its red heat. In dealing with cast steel 
there is not much latitude in respect of heat in which it can 
be safely forged without risking fracture in the ultimate 
hardening. 

Roughing-out Tool 
In dealing with a straight roughing-out tool like Fig. 35, 

cut a piece from the bar f1rst. This should be done hot with 
the rhisel. Mark it for cutting off with a file nick, heat it 
to a good red heat around the mark, and transfer it to the 
anvil, upon which, for safPty's saki'" (when using the chisel) 
should be placed a piece of sheet scrap copper about l in. 
thick. Then hold the chisel in the nick, and having taken 
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one blow of the heavy hammer, tum the job round and 
follow with nicks each side, thus forming a neck. Some smiths 
would now break it off, although black hot, but it is best 
to avoid breaking steel at or near black hot, or cold. Reheat 
it and carry on rhe cutting, the work being held and rolled 
to present the different sides until it is about half cut 
through or a little more. It is not advisable to cut right 
through, although the chisel edge is protected by the inter-

Fig. 35.-0rdinary roughing-out toul with tapered and 
rowaded point 

position of the copper plate from striking the anvil, because 
the piece will fly off, \ •ith a risk of causing fire, or of burning 
the striker or his cJ, ,; hes. If it is still red hot, it can be 
knocked off by layirg it over the edge of the anvil with the 
Heck just over, and using the hand hammer to knock down, 
then reversing it and knocking· down again, and thus back
wards and forwards until it falls off. If black hot, it is 
better to reheat it before doing this. Of course a tool can be 
forged from the bar, and cut off after, but the smith is likely 
to get his wrist jarred badly if, by chance, the work is not 
fairly on the anvil when hit, whereas v.ith the piece cut off 
and in tongs the tendency to jar is much reduced. 

The first thing to do is ro draw the tool down, which can 
be begun wirh the hand hammer, and finished with the 
flatter, the copper plate having h~en removed. The idea of 
this is indkated in Fig. gf.i, where the whole job is being 
done by the flatter. Slope the sett or flatter, as shown, 
toward the point, and slightly toward what will be the 
bottom of the tool, first one side and then the other. The 
merit of drawing down by the hand hammer is that no 
striker is required, and a good smith is so expert with the 
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hamm!"r th<it hr· will get a nice flat sid!". This requires 
practin-, however. and the unskilkd smith \\·ill g!"t a much 
hl"ttcr r!"sult with the sr>lt-hamm!"r. 

The effect of drawing down increases thl" width of the tool, 
which should IH· cotTI'Ctecl now and then by using the flatter 
on them, which vvill have the effect of drawing the tool out 
long<T. Smnet inws, hovvevcr, where there is romn on a slide
n·st top, it is bettn to ka\T the top st·t up to reach the btlw 
centres. Setting ttp should nnt be left if in consequence tlw 
tool has to be sloped down in use to the lt·vel nf the lathe 
centre. 

The point uf the tool is formed by using the chisel helti 
at an angle, and cutting first one side and then the other. 
Put the tool, top fact~ downward, on the copper plate, as in 
Fig. :)7, and with the chisel held nearly upright, the ntt will 

F:ig. 36.-Use of the flatter for tapering the point of 
the tool 



HARDENING AND TEMPERING 

go down sloping, thus fc:1rming the front clearance. "\tVhen 
finally cutting off the chip, take care that it does not fly 
over the shop, and get lost, as it may easily set fire w some
thing. 

After this anneal the tool, and when cold, file it fairly to 
shape, as to the cutting edges and top rake. It is then 
hardened and ground to a finished shape while dead hard, 
and the tempering is the final job. 

TooL HELD 
BY TONGS 

CoPPER 
.SHEET 

Fig. 37.-Cutting a triaDgular piece froDl each corner 
of the tool 

Knife Tool 
To make a knife tool, the first operation is to halve the 

end right off one way-according to whether it is a right
or left-hand cutting tool. This can be done by the flatter, 
using as high a heat as possible, and giving heavy blows. 
It is much more rapidly done by a fullering tool, however. 
A fullering tool is a handled tool like a chisel, but in place 
of the sharp edge of the chisel, which is along the tool, a 
blunt rounded edge is used similar to the straight pean 
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of a hammt>r. This tool is principally used in d1·awing 
down heavv work, and will d1·aw dmn1 one side or draw 
out by working on both sides; but it leaves, of course, a 
number of ridges, which have to he smoothed out by the 
flatt.er. It is moved in parallel lines along the plan~ 10 iw 
set down, !wing held across the tool and stnu:k hy the !wavy 
ham nwr. 

When this is fin!shed the side-cutting face is offset, 
slightly towards the top of tool, which has lO be done {:an·
fuily, as in Fig. gH. The flatter will do this, hdd as shown, 
hut care must be taken not to cut through, and the striker 
must modify his blows. The efrect will be to bend tht" blade 

Fig. 38. Off-setting the blade 
of a knife tool 

of the tool downward, which must be corrected. All this is 
done with red heat at the shouider. ff allowed to get black 
hot, and straightened, it will very likely break off. The point 
face or angular ti·fmt face of the tool is t·ut ofr by the chisel 
from the back, with the front of the blade down on the copper 
plate. After this it is annealed, rough filed to shape (induding 
top and side rake angles), hardened, ground, and tempered. 

To make a parting tool the same operation is used as for 
the knife tool. These arc usually set over to one side, the 
left-hand, in order to get dose up to faces of chucks. It is 
not offset, however, and requires rather more filing at the 
finish, because it is not advisable to draw it down quite so 
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Hg. 39• ~Drawing out the bar to form the crrauked tool 

thin as it should ultimately be. \Vhen as thin as this, in tlw 
:,ln·ss of continually heating and hammering, it may easily 
ge~ ovcrlwat('d. In fact, forming thin work on the anvil is a 
long job, lwcause when thin it loses its forging heat very 
quickly, and tweds omtinually heating. In flattening the 
sides of a parting tool, remember to slope the sides away to 
the bottom, and also inward towards each other; practically 
all the clearance can be given by filing. 

Cranked Tool 
To n1ake a ;;rank•·d tool, the series of operations shown in 

Figs. 39 t.o •!2 should be li11lowed. First draw out all four 
faces at the point, sloping as mttt:h as possible the sides 
towards the bottom, so as to li1rm approximately a triangle 
with the apex at the bo11om. Now make hot a little way 
baek, and bend the tool as shown in Fig. 4o--that is, near 
the point of the beak iron (the beak or hom-shaped pro
jection of the anvil), hitting the work as indicated by the 
arrows. Next torm the reverse bend parallel with the shank, 
and turn up the end on the extreme point of the beak, as in 
Fig-. 4· 1. The from may be set back by putting it down 
on the anvil, t~nd on, and striking the top, back end of the 
shank. 

[ )i 
. .,.·· L, 

BEAK-IRON 

Fig. 40. ·-Bending down the cranked end 
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Fig. 41.-Turning up the front to fonn cutting edge 

When making a boring or inside-turning tool, a good deal 
of skill is required to thin down the front shank of the tool, 
so as to get it accurate for boring in fairly long and small 
h0les. This front shank is generally cylindrical, not con
centric with the square shank, but made eccentric, being 
flush with the fi·otlt and top sides and shouldered down from 
the bottom and back. The easit.~t thing to do, and probably 
the quickest for those not experienced in tool fi>rging, is, 
having decided which is to be the bottom and back, and the 
length of front shank required, to set the bottom and back 
faces down approximately the required length and distance. 
Then round the corners a little, and centre-drill the tool 
along the front shank axis for turning. The front shank can 
now be turned between centres either parallel or slightly 
tapered, larger at the square shank end. If the front shank 
is not very long, the turning can be done with the ~quare 
shank in an independent chuck, set eccentric so that the 
front shank runs as truly as possible. The latter is then 
turned. Where the chuck turning scores is that there is no 
centre drilled in it. If a centre is left in the front end, it 
must be cut right away, as it interferes with the finishing of 
the tool. To finish the tool, make the point a good red 
heat, and set it round in the right direction for the cutting 
edge, by holding it projecting slightly over the back edge 
of the anvil and knocking- it down with the light hand 
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hammer, using quick, sharp blows. The actual finishing of 
the edges is done by filing, and, as these tools are com
paratively light, this is practically the only way to ensure 
all proper clearances being put in. In hardening these tools, 
carry !he heat well along the front or round shank, then in 
tempering, bring this shank mostly to blue when the cutting 
edge is mid-stra·.,r. If this is not done, and the fi·ont shank 
is mostly left soft, it will very likely get set downward when 
in use. The hardening and blue temper provide a springiness 
which gives it strength to resist a permanent set. 

To draw out cast steel, the use of the hand hammer comes 
in-using, say, a r!-lb. hammer upon a bar of! in. round 
steel, f(>r the purpose of drawing down the point to make, 
say, a cemre punch. Heat the steel evenly to a good red 
along the whole kngth to be drawn out and a little bo•yond. 
Then rapid blows (by the smith himself) upon the root 
end of the taper, going gradually out to tl.e point and 
revolving the job on the anvil meanwhile, will draw the steel 
out quite rapidly. But it. must he repeatedly heated, as the 
drawing down will be very slow at dull red and the steel 
will most assuredly be shattered if struck continually at 
black heat. 



CHAPTER VII 

TREATMENT FOR SPECIAL STEELS 

MoDERN machine tools in engineering production now use 
high-speed steels almost exclusively for production work, 
and these tools may be said to have completely superseded 
carbon steel f(x any work on lathes, drills, milling machines, 
etc., where there is a liability to generate heat in the cutting 
process. 

The term " high speed " steel is generally applied to 
skels which an~ capable of being worked at high temperature 
without becoming softened, and thereby failing to maintain 
their cutting edge. 

The origin of this steel dates back to r868 when Robert 
Mushett discovered that by alloying steel with a certain 
proportion of tungsten, it could be used for specially high 
duty for which normal carbon steels were unsuitable. The 
modern forms of high-speed steels contain tungsten, though 
other elements such as cobalt, vanadium, chromium and 
titanium arc also used in such steels. The proportions of 
alloying constituents vary to a great extent and, for some 
classes of work, an intermediate form of tool steel between 
carbon and high-speed steel, known as low tungsten steel, is 
sometimes employed. 

In view of the wide variations in these steels, the processes 
involved in forging and hardening them may also vary. In 
nearly all cases, both forging and hardening require higher 
temperatures than are used with carbon steel, and they can 
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be heated aimPst to white heat without losing their physical 
properties; but, for hardening, oil quenching is recommended 
in some cases, while other steels are cooled in an air blast. 
Where tools have to be dealt with in this way, it is advisable 
to follow the instructions issued by the makers. High-speed 
steels are nowadays sold under various trade names, which 
give no clue as to their composition, and many of them are 
not intended to be forged or hardened by the user, being 
supplied in a suitably hardened and tempered condition, 
and only needing to be ground to the required shape. For 
reasons of economy, they are generally employed in the 
fimu of relatively small and short tool bits, intended to be 
used in suitable holders. In other cases, short pieces of 
high-speed steel are welded to shanks of low-carbon steel 
and these are supplied already forged and ground to shape 
by the makers. 

These <'xamples are of course outside the scope of this 
book, as it is not at all desirabh~ to atternpt any subsequent 
heat treatment of the tools. 

Hardening Procedure 
Assuming, however, that it becomes necessary to forge 

high-speed tools from the stock bar and harden them, the 
gen'!ral procedure for doing so is as R>Uows: forging is in all 
cases far more difficult than in the case of carbon steel owing 
to the extreme toughness of the metal, and it must be worked 
at much higher temperatures. Pre-annealing before hardening 
is also difficult, as the only certain way to anneal it sufficiently 
for filing or machining purposes is to enclose it in an air
tight box buried in non-conducting material such as asbestos 
or dry fire clay; making the whole white hot and allowing it 
to cool in the furnace right down to minimum temperature 
before removing it from its air-tight enclosure. In hardening, 
the steel should first be heated slowly through the black hot 
stage and then more quickly through the incandescent stages 
until it is almost white hot and the surface scale appears to 
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be moltt'n. It must now be rapidly cooled either in the air 
blast or in a cold oil hath. The oils usually employed for 
quenching are linseed, sperm, or whale oil, but, in modern 
practice, spt"cial mineral or blended oils have been evolved 
by the oil companies fi>r quenching, and in case of any doubt, 
their advice should be :;ought on the most suitable quenching 
oil fi)r your particular purpose. 

Low tungstt·n steels do not need so high a temperature 
f(Jr hardening and they may be quenched in water, either 
cold or heatf:"d to about 150° F. Hot water is Jess liabie to 
cause cracking than cold. \Vhen heating special steels with 
an open flame, there is the risk of cold air currents r~aching 
the metal, and these should be avoided as much as possible 
by surrounding it with a refractory material and excluding 
draught>. Oxygt~n may set up superficial oxidation which 
causes a limn of erosion on the cutting edges and may impair 
tht..·ir shape. This is obviously very undesirable in such tools 
a~~ ta.ps, reamers and U!.iHing cutters, though it is not usuaHy 
serious in lathe tools which can readily be n~ground to shape. 
However, an enclosed furnace is to be preferred 10 an open 
fire or flame in these ease-;. 

Some forms of low or medium tungsten steels may bt: 
capable of being tempered by reheating, but. in this case, 
it is difficult to rely on tempering colours, and it would be 
necessary to measure the temperatures by a pyrometer, as 
they may range almost up to dull red. In appropriate cases, 
tempering may be applied to increase the toughness of the 
steel enormously. 

To determine whether a steel is on the high-speed side, 
the colour and nature of the sparking which occurs on grind
in!! it is cmite a l!'ood test. If carbon steel. either hard or 

"-' .. .._, . 
soft, be applied to a dry emery-wheel, the sparking is a full 
red with brilliant scintillations of while-hot intensity. The 
similar application of high-speed steel produces an even 
stream of fine sparks of a dull cherry-red, in some strong 
lights almost imperceptible. Generally speaking, the bright 
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bluing of a special steel tool in a hardened scate, when 
applied to a dry grinding wheel, has no appreciable ill 
effect; but. obviously, a greater pressure, producing a pale 
green, blue, or grey tint, will affect dead-hard special steel, 
and incandescent heat will indicate that' the 1emper may 
have altered considerably. 

Modern high-speed steels are capable of cutting at extremely 
high rates and at temperatures up to dull red heat. Surface 
speeds and feeds can be increased to such an extent that 
even copious application of a cutting lubricant will not 
keep down the temperature, and swarf disposal may become 
quite a problem. There is no doubt that, when used in 
specially designed machine tools which can stand up to the 
extra work involved, these steels have a cutting capacity 
beyond the wildest dreams of the pioneer steel makers, 
including Bessemer and ~fushett. Despite the great advan
tages of high-speed steel for rapid work, there are some 
classes of work for which carbon steels can still he 
recommended. 

Machine operators will be quite safe in using high-speed 
tool bits for operations within their capability, but, for tool 
making which involves hardening and tempering processes, 
the beginner will be better advised to stick to carbon steel 
unless there are very urgent reasons for adopting the special 
materials. 

Cutting Special Steel 
One of the most useful forms in which special steel is to 

be obtained is in light square or rec angular and round bars, 
ready hardened, such as from 3-r6ths in. to 5-16ths in. 
diameter, or across the flats. In this form it is particularly 
handy for the general turner, who uses short lengths as 
cutters in lathe cuttP.r bars, the actual tool edges being 
shaped by grinding only. The trouble attached to any special 
heat treatment is therefore obviated, but the question of 
cutting the bars presents a difficulty rather hard to get over, 
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hecausc it is obviously unwise to heat the bars for hot
cutting and thus upset their quality of hardness. The 
general practi,:e is to nick the bar on the corner of an emery
wheel so far through the body of the material as to enable 
the user to snap it off, either by a blow or by holding the 
end in the vice and using the bar as a lever. There are three 
reas<,llb why this is not good practice. First, it is not good 
!tJr the grinding wheel, because the wheel is more useful 
with the sharp corners maintained. Secondly, on ae<:ount 
of the blunt shape or the wheel corner, quite a bmad nick 
results, thus setting up, in some cases, a wastage of material. 
Thirdly, and most important, if you do not grind right 
through, and thus waste more material and wheel shape, you 
have to snap it cold, which is bad for the working structure 
of any cast steel, let alone such steel as is already in a highly 
hardened state. 

Fig. 42 shows a little machine expressly designed for 
rutting ofT hardened bar steel with minimum waste and 

Fig. 42.-Special grinder for cutting off tool steel with 
a thin elastic-bonded wheel 
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without in any way altering the nature of the material, 
provided it is allowed a reasonable time to get through. 
This machine nms at 3 to 4 thousand revolutions per minute, 
with a special wheel 8 in. in diameter by 1-32nd in. thick, 
and wiil cut throug~ -~ in. square in about a quarter of a 
minute. The steel is held in a special holder, ferl by hand, 
tlu: holder having an adjustable length gauge l'i>r keeping 
constant length f<>r a number of pieces. The wheel is a 
high-cutti:1g abrasive of special construction carried by a 
ma1rix uf rubber compound. Large washers are used on 
both sides to support the wheel, but the high speed, at which 
it must run, keeps the wheel edge stiff by centrifugal action. 
In cutting off tiny pieces, these become rapidly heated, but 
in dealing with an ordinary length, as of a cutter, the body 
of 1:he metal dissipates the heat generated. As mentioned 
bef(; Je, by easing ofT the rapid feed, the tendency to overheat 
can be avoidl'd. The only drawback is that the wheels wear 
fairly rapidly ; even then the convenience and usefulness of 
the appliance as a wholt· more than compensate fi>r the wear. 



CHAPTER VIII 

CASEHARDENING 

As stated in Chapter I, mild steels, that is, those which 
contain only a very low percentage of carbon or other 
alloying elements, cannot be hardened by the methods which 
have been described so far, by quenching or rapid cooling 
from a red heat. It is, however, possible to produce a 
superficial hard outer layer on these steels by the process 
generally known as casehardening or surface carburising. 
This may be defined as a means of converting the surface 
layer of the mild steel (or even cast or wrought iron) into 
carbon steel, so that it can be hardened by quenching, while 
leaving the inner body of the metal soft and tough. In some 
respects this is an advantage over solid high carbon steel for 
making components which have to withstand high stress and 
fatigue, besides heavy wear or abrasion. The ~ar.rl surface 
layer gives the utmost resistance to wear, without the body 
becoming brittle, and these conditions are favourable for 
many kinds of mechanical components such as shaft journals, 
crankpins and other pivot pins, die blocks, gear wheels, etc. 

On the other hand,. casehardening is not well suited to 
maJang cutting tools which have to be sharpened by grinding 
away. It has, however, been used to a limited extent for 
special tools which are .1ot designed to be reground, and a 
combination of high and low carbon steel, known as composite 
steel, is produced by steel founders for making axes, scythes 
and similar cutting implements. The process involved in 

6g 
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casehardening may sometimes alter the shape or dimensions 
of material, so that it is not well suited for use on parts which 
have been exactly shaped and sized, unless they are left 
slightly oversize and subsequently be fin:shed hY lapping <W 

grinding. 
The basic principle im·ohwl in casehardening is the 

absorption of carbon by the action nf carbon monoxide 
limned in the heating of the steel fi>r a more or less prolonged 
period in cnntact with substances rich in carhon, such as 
animal or vegetable charcoal, and protected from the 
•>xidising etTr~ct of air. '["his can be done hy packing the 
metal in a sealed crucible or metal box, containing the 
carhurising material and heating it in a mume or other 
furnace which can be controlled tn maintain it at red heat 
li>r the req11.ired time. The metal thus ahsnrhs carbon on the 
surf;tce, to a depth depending nn the time the heating is 
kept up. It can then he hardenrd directly by taking it from 
the box to a quenching tank, or alln\\'l'd to enol and subse
quently re-heated and quendwd. The Iauer is gen!'rally 
prefened, as slow ,,,wling i> cnnducive to releasing internal 
!:trPsses which may cau;;e distortion or cracking. In other 
words, it helps to '' nonnalise '' the steel. 

Box hardening 
In industrial practice, box hardening, or pack carburising 

as it is called, is commonly employed because it is well 
suited to dealing with anicles in quantity and the carburising 
materials arc inexpensive. Cast or wrought iron or fabricated 
mild or alloy steel boxes of sizes convenient li•r single articles 
or batches of them, are used, with lids \\·hich can he damped 
on and luted with day. Such materials as charred leather, 
hoof~, bone dust, freed lhnn grease and moisture, are used 
to surround the ;wticles, b<tt greater efficiency and unifi)rmity 
nf action is obtained by using specially made carburising 
compounds. To check the depth of hard layer produced, a 
common practice is to include in cad1 box a small test piece 
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which, after hardening, is broken and examined to determine 
both the penetration of the carbon and the structure of both 
this and the body of the material. Too low a carburising 
temperature results in imperfect and irregular penetration, 
while too high a temperature is liable to produce a coarse 
structur<', with possible surface cracks, and a liability to 
distortion. There should be no sharp line of demarcation 
l>etween case and core. A suitable carburising temperature is 
gooo C., which will give a penetration of approximately 
0.0125 in. per hour in ordinary commercial mild steel. Low 
alloy steels, such as those containin1'; sm,lll percentages of 
nickel, chromium, molybdenum or vanadium, are generally 
slower in penetration, but have a finer structure and greater 
toughness of both · ase and core. 

The packing of boxes should be very carefully carried out 
so that there is a layer of compound about 1 in. deep at top 
awl bottom, and a space of at least ·~ in. to ~i n. benveen 
each separate metal piece, which must be completely 
surrounded by and immersed in the comp~mnd. Box 
hardening is quite well suited to use in the small workshop 
when proper heating facilities are available, but there are 
simpler methods of producing a hard case of limited depth, 
which are generally preferred when only a few small articles 
have to be dealt with. 

The "open hearth" mPthod, as its name implies, can he 
carried out with the aid of an open forge, brazing hearth or 
blowlamp. They depend on chemical action produced by 
inorganic substances such as cyanide of potassium or sodium, 
and yellow prussiate of potash (potassium ferrocyanice). 
Common salt, sal-ammoniac and bichromate of potash will 
also prnduce a. thin hard layer, though hardly sufficient to 
withstand much wear. The cyanides are undoubtedly the 
most effective, but their use is attended with some risk. They 
are deadly and mpid poisons if taken internally {tJ' be in 
contact with an open wound or abrasion and when heated, 
produce fumes which may be harmful if inhaled. Good 
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ventilation supplemented, by fume extraction equipment 
where possible, is advised where this chemical is used. As 
it is of a hydroscopic nature (liable to absorb moisture from 
the atmosphere) it should be stored in airtight sealed drums, 
cans or other vessels. The operator should wear protective 
gloves and a face mask when using it. These precautions 
cannot be too highly emphasised, and the use of cyanide 
should only be entrusted to careful, responsible and prudent 
operators. 

The convenience of the cyanide process, howevet·, is often 
calculated to outweigh the risks for many industrial purposes. 
It can be heated in a crucible or iron pot over a smith's 
forge or any other sui ,;i!)le fire, until it fuses at red heat, and 
the article to be treated is then immersed in it I(Jr a sufficient 
length of time to c!fect the required depth of penetration. 
f n most cases this does not need to be more than about five 
minutes. ·rhe article is then removed with tongs and 
quenched in cold water or a special quenching oil. One 
advantage of the cyanide process is that any sc;~le or oxide 
f(n·med on the metal strips away on quenching, leaving a 
clean surface of pleasing appearance. :\fany proprietary 
ease hardening compounds contain a certain percentage of 
cvanide. The amount should alwavs be stated on the label ' - .. 
of the container, together with the recommended safety 
precautions. The action of cyanide results in absorption of 
both carbon and nitrogen in the surface of the steel, giving 
a high degree of hardness, but its rapid chemical action can, 
in circumstances, erode the surface, taking off sharp corners 
and blurring fine details. 

The risks attendant on the use of cyanide compounds can 
he avoided by the use of non-toxic compounds such as 
Kasenit (Nos. 1 and 2) compounds, manufactured by Kasenit 
Ltd., Holyrood Street, London, S.E.1. These are also 
applicable to the open-hearth process, the work being heated 
to bright red and dipped or rolled in the powdered compound, 
which will adhere to the surface and form a shell around it 
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to prevent scaling or oxidation. The article is then re--heated 
to bright red, and quenched in cold water. If a deeper case 
is required, the application of powder, and re-heating can be 
repeated, more than once if required, before quenching. 
Alternatively, the work may be " soaked " for a more 
prolonged period, in a tray or box filled with the compow1d 
and kept at red heat. The metal must, of course, be handled 
with tongs or other suitable holding appliances, which must 
be kept clean and dry. l\Iallcable or cast iron needs to be 
treated at higher temperature than mild steel. Cast carbon 
of silver steel may also he treated with Kasenit to give the 
highest possible hardness and reduce risk of cracking. It 
should be heated to light yellow and left in the powder till 
its correct tempering heat is reached, when it is quenched in 
water. Any articles, after treatment with Kasenit and 
quenching, may be scoured to remove adherent traces of 
compound while slill wet, leaving a uniform matt grey finish. 

There are several other preparations and processes for 
surface hardening, both by the enclosed furnace and open
hearth methods. The Cassel process, developed by a 
subsidiary company of Imperial Chemical Industries, is an 
improved form of cyanide process which gives rapid and 
uniform penetration. At a temperature of 950° C. the thick
ness of case produced is 0.05 in. in five minutes, 0.015 in. in 15 
minutes and 0.03 J in. in 30 minutes. AU cavities and crevices 
are evenly and equally penetrated, and corners or details are 
not eroded. Ano1:her Cassel product, known as " Rapideep," 
produces a case nearly o. 1 oo in. deep in a few minutes. 

Some of the other special compounds for both box and open
hearth case-hardening entail the need for close temperature 
control, and do not work equally well with all grades of mild 
steel. Gas carburising in which the work is heated in an 
enveloping chamber filled with carbon monoxide, methane, 
ethane or propane, has advantages over the use of solid or 
liquid componnds in certain cases, and is being increasingly 
developed. The gases are usually diluted with nitrogen or 



74 HARDENING AND TEMPERING 

hvdrrwen to retard breakdown into solid carbon in the f(nm ' ,., 
,,f soot. Penetration of 0.040 in. to 0.050 in. can he nhtained 
in f()ur hours at g8o · C., with .~ood control of surface carbon 
content and gradient. 

Nitriding 
An important f<mn of gas hardening is that known as 

nitriding-. in which nitrogen is introduced into the surlitce of 
steel by heating- it to a barely visible red heat (about 53o·C .. i in 
;t chamber thnntgh which a stream of ammonia gas is passed. 
The treatment is kept up filr a relatively long period, 50 to 

90 hours according to thfl grade of steel and the depth of 
penetration required. Due to the relati\·eh· low temperature 
of the treatment-···below the thermal critical :·ange and 
.tsual tempering- heat-- .1 he mechanical properties of the 
core are not afl'ccted and little or no distortion occurs. "I'he 
c;,se is selt~hardening and no quenching is necessary; it will 
also \Vithstand t~·mperatures at which carbon case-hardening 
1,·ould temper or soften. 

Ordinary mild steel reacts to some extent to nitriding, but 
the best result~ are obtained with a series of special steels 
known as Nitralloy. These are low alloy steels containing 
from o.g to 1 per cent of aluminium, besides smaller amounts 
of carbon and other elements. In addition to hardness after 
the nitriding process, these steels also resist corrosion to some 
extent. The advantages of nitriding are somewhat offs~tt by 
the need f(w special equipment, time involved in operation, 
and skilled attention reqnired. It is hardly practicable to 

earn· out this process in a small workshop and it is generally 
undertaken !>Illy by specialis~s in heat treatment. 

Selt"ctive Casehardening 
Sometimes it is necessary to case harden the working 

surfaces of a component while leaving other parts soft. For 
instance, the main and crankpin journals of a crankshaft 
should he hard, but the webs are not improved by hardening, 
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;nul the liability to distortion and difficultY ofre-str<ti!i;htrning, 
may ~e increased if the component is har·dened all o\·er. 
The thread on the end of a shaft will be too brittle ij 

hardened. \'arious methods are employed to confine the 
hardening to the parts of the surface where they are definitely 
required. These include coating the parts to be left soft 
with semi-liquid clay paste or packing them in a fireclav 
sheath. Electro-deposition of copper on these parts is some
times recommended but this calls not only for special 
equipment, but also the double process of selective protection, 
first from electro plating of some surfaces, and then carh:.trising 
of others. 

The method of selecLive hardening generally favoured in 
industrial p;·actice for parts which can readily be machined 
all over is to leave the portions to be left soft well oversize, 
to an extent greater than the carlmrising depth. After 
carburising, but bef(ne quenching, these parts are re-machined 
to remove the outer layer; the component is then re-heated 
and quenched. While this method may appear wasteful in 
both time and material, it has the advantage of being 
entirely positive and reliable. But in \\'ork which has alreadv 
been finished to size, other methods may need to be employed. 
A plain shaft may be kept out of contact \\'ith the carburising 
compound by means of a tube or sleeve, and a thread may 
have a nut fitted to it for the same purpose. 

A protective material known as Anti Cementite is supplied 
by Kasenit Ltd., f(1r application to surfaces not required to 

be carburised. It is applied in the form of a past~ and, 
though it is readily adherent to the steel, is easily removed 
afterwards; it contains no poisonous ingredients or acids. 
This preparation is not recommended for use in conjunction 
with cyanide hardening. 

One application of selective hardening is in the internal 
carburising of sleeves or cylinder liners. In this case, the 
ends of the component are closed by covers or discs held on 
by clamps or by a single bolt through the centre. It is then 
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packed with the carburising compound, and when closed, and 
luted -.vith clay if required, it is heated for the time required 
f(Jr c.arburising. In this WJ.V the bore surface can be hardened 

L ' 

while the outer part is left soft. 
It may bt observed here that apart from pnJducing a high 

degree of hardness, carhurising can be employed tu improve 
the surbce quality of steel and alter· its stnzcture in such a 
wav as to inercase its resistance to wear, while leaving it soft 
enough to be machined with normal cutting tools. In this 
case, quenching from red :1eat may be omitted entirely, or 
if carried nut, the work may then be tempered or partly 
annealed by re-heating to appropriate temperature. The 
1m >pensity of mild steel to " sculf" or score under conditions 
of heavy l<Mu or inadequate lubrication can be considerably 
reduced in this way; the wearing surface is literally converted 
to a layer of high carbon steel, which may be of any required 
hardness to suit the particular conditions of service. 

Flame Hardening 
This is a method of localised or superficial hardening 

applicable to large structures or components which cannot 
readily be heated all over in a iurr1ace or oven. One ur 
more air-gas or oxy-gas burners are applied progressively 
along the surfacP. of the work, by regulated movement of 
either the work or the heating unit, to raise the temperature 
of the metal locally to above the critical hardening point. 
The heating is immediately followed by quenching by water 
jets, also applied progressively at the same rate. The process 
can be adapted to forgin[:s, rolled sections, or castings such 
as machine tool beds and slides, also to wheel treads, cams, 
gear teeth, etc. Distortion of the work is kept to the minimum 
if the process is properly applied but sometimes a follow-up 
tempering process at about 200° C. is necessary to relieve 
stresses. 

The cast iron or steel to which flame hardening is applied 
should have a carbon content of 0.35 to 0.70 per cent; with 
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higher proportion of carbon, special care is necessary to 
prevent surface cracking. A hard layer varying from ilr in. 
to i in. can be obtained in this way, but. it do..:s not 
constitute casehardening in the accepted sense of the term. 

Similar ~esults to flame hardening can be obtained by 
induction or high frequency electrical heating of ~he work. 
These processes call for the use of specialised equipment, but 
in the long run of quantity production, they not only simplify 
the hardening operations, but also enable them to be much 
more controlled than by any other ~nethods. 



CHAPTER IX 

TUNGSTEN CARBIDE AND SIMILAR HARD ALLOYS 

EvEN the hardest high-speed steel is not capable of sranding 
up to some of the extreme duties called for in modern 
engineering prodw:tion, and special hard alloys have been 
evolved which are second only to a diamond in hardness. 
The best known of these is tungsten carbide which, as its 
name implies, is an alloy of tungsten and carbon, and this 
material is manufac.tured under various trade names, such 
as \\Timet, Ardoloy, Cutanit, etc., and in a variety of grades 
to suit cutting ope rat ions on various materials. 

A somewhat simiiar material, known as Stellite, consists 
primarily of cobalt with the addition of tungsten and 
chromium. These and other " synthetic " alloys are generally 
used in the form of small tips attached by brazing or welding 
to carbon steel shanks. The reason for this is that, in addition 
to being very expensive, they have a low tensile strength 
which makes it necessary to support them and back them up 
with softer but tougher material. The tips are available in 
a wide variety of shapes and sizes which could be applied to 
tools for all kinds of operations, including milling cutters, 
drills, and counterbores. 

The method most commonly employed to attach tungsten 
carbide and Stellite tips to the shanks is by copper brazing, 
though the latter material can also be welded or bailt up 
in molten form on the supporting metal by means of the 
oxy-acetylene blowpipe. The brazing method, however, is 

78 
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most suitable for use in the small workshop and is carried 
out as follows: having sck(·ted the tip most suitable for the 
particular tool to be made, a seating is filed m· machined to 
fit it fairlv clost·ly in the shank of low or medium carhon 
steel. At dw sam<' tinw it is advisablt· to shape the end of 
the suppot t to the sam" prnflle as tlw tip and tn hack it off 
at t iw approprial ,. anglo.·. The shank is tlwn laid on a flat 
iirdnick or a sht·t·t .,f aslwstos and a thin copper shaving or 
strip of copper fi>il int<Tposed bt•twet·n the tip and the 
seating, tog.·tlwr willt a pinch of borax or other brazing Hux. 
Tlw assembly is t ht·n lw;u ('d !J,· a hlowpipP until tlw copper 
fuses, when the tip may he pr<.>ssed firmly into its sPating by 
a sttTI rod and mowd slightly sideways with annt!wr rod to 

('J1i'lll<' that tilt' mol!<'ll copper is evenly spread ami the excess 
sq lieezul out. I 1 is then allowc·d to cool naturally, prdi•rahly 
cnvrTed wiilt powdt-rt·d carbon or aslws tn proll•t:l it from 
wtidat ion. 

T'o filcilitak the brazing opt-ration, special strips of eorm
gatcd copper f<,jj are suppli<>d by the mak<>rs of the tips. 
It is also possihk to lnaz•· !lwm with a special grade of 
Sifbronze which is ust'd with a special Hux. An alternmive 
method renmunendt'd !ill· fixing Stellite tips is 10 pre-eoat or 
"tin" both tht· tip and the seating with Stdlite bronze, and 
apply the tip as described before, wh!le this is in the molten 
statP. 

r 
!.SHANK 

BRAZ eo Jot NT 
Fig. 43.-Method of insetting and brazing in a tungsten 

carbide tip 
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\'/hen cold, the excess brazing metal and flux are trim_med 
off by fiiing and the tool ground to shape. It is possible to 

grind Stellitc, though not very easily, on an ordinary 
carborundum or aloxite wheel., but tungsten carbide demands 
a special wheel, and, for maximum cutting efficiency, these 
tools should finally be lapped on a cast-iron wheel charged 
with diamond dust to produce the highest possible finish. 

On account of their low tensile strength, hard alloy tools 
should not be ground with excessive clearance angles, as 
this weakens them and increases the liability to crumbling 
and chipping. For the same reasons, large top rake angles 
should be avoided and for heavy production, negative rake 
ls often recommended. This, however, is only practicable on 
very rigid and powerful machine tools. For general purposes 
in the small workshop, tools having about 5" or 6° front 
dearanee and nut more than 5° top rake will be found 
suitable. 

Even harder materials than tungsten carbide are some
times called for, such as ceramic tips {the basis of which is 
silicon, or oxides of aluminium or magnesium) and synthetic 
sapphires or diamonds. These, however, are outside the 
scope of this book and largely outside that of the jobbing 
workshop as welL In fact, none of the " super " cutting 
alloys can be utilised to their full advantage in small 
individual workshops, but they can be very useful in certain 
cases, such as taking the skin off hard castings or dealing 
with chilled spots. They do not take kindly to shock or 
impact, and care should be taken when using them on 
interrupted cuts for this reason. 

Overloading or shock with tipped tools may cause fracture, 
local chipping or cratering, any of which will destroy the 
cutting edge, and if the fault cannot be ground away, will 
call for re-tipping. In common with other tools, they will 
only do their work effic.iently when kept keen, but, so long 
as they are used within their capacity, they will maintain 
their edge n~any times longer than any other kind of tool. 



CHAPTER X 

SMALL GAS AND ELECTRIC FURNACES 

ALTHOUGH, as explained in previous chapters, most of the 
work in hardening and tempering can be carried out by 
means of the forge or open flame heating, the advantages 
of small gas or electric furnaces should not be overlooked, 
even for use in the small workshop, and, in any kind of 
industrial work, they a1·e almost a necessity. They enable 
temperatures to be accurately controlled and, in addition, 
their enclosure helps to protect the steel against draughts 
and oxidation. 

Several firms specialize in the production of these furnaces, 
which are made in a wide variety of types and sizes, but, 
for the purposes of this book, only the smaller sizes are 
described. 

Gas furnaces for town mains gas, using both natural and 
forced air supply, are manufactured by Brayshaw Furnaces 
Ltd., Belle Vue Works, Manchester 12. The size No. 1241, 

illustrated in Fig. 44, is supplied either with or without 
stand. It operates from ! in. gas mains and has a maximum 
gas consumption rating of 100 cu. ft. per hour, though 
normal consumption when working steadily at 650° to 950" C. 
is from 30 to 65 ft. per hour. The maximum dimensions 
are I ft. 7f in. from back to front, 2 ft. 5t in. OVerall height 
and 1 ft. 9! in. overall width. 

The size 51 furnace fur forced draught is shown in Fig. 45, 
complete with the motor-driven fan unit. The working air 
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fig. 44· A natural draught gas furtta('<" b~· B:ray,.haw 
:Furnaces Ltd. 

pn·ssu.rt· 1~ d~ in. \\',tHT g:tug·c and ir i~. c.Rp.d.~h· of qPR'LtLHg: 

iii tht• t<'HlJH"LUUH' Lill;~(· ~J!· A,,!qn -n..;no (:" cr\\'<~ 4'h,nnh~·r~ 

:t.n· con!;titwd 111 this funLtt'l' i~~r ptr~·,.!~~·.~~ln;~:~ and h~t:h 

i<'illjll'l':llltn·: 1 II•· iuHTtl.d diJIWihi<~lh '.f ,-,.,·h IH·in ~ 1n. 

11·id,· h\' 1 111. hi~li !,, c, in. <l<-p1h li"tll h.l< k 1'" (u.,nL 

Tlw S.l!lll' linn m.mu!:iCliii<'S h .. r, p!.lln. r .. l h'IHP<TIIIC: 

sm.tll l<>11ls. di,·s, 'l·>rin~s. <'I<. Tlw ,;nz•· n. iHu,;nr.ll<'d in 
J.'ig .. J!i, is(> :n. wi<k ll\· nil in. loll>:( ;and is l!rnl In duT!" g·.ts 

hurnns, each ctp;thh· of indi\·idtu! '"'lltr"l. 'lhn· mav lw 

ust>cl either singlY or in cornbinatiDH. ;H·cordin~ '" the 
temperat UJT l'f'Cjuired. 



Fig. 45· Furnace for gas heating with forced draught, 
complete with motor-driven fan unit 



HARDENING AND TEMPERING 

Fig. 46.-Gas heated hotplate for tempering by Bray
shaw Furnaces Ltd. 

;\.E.\\'. Ltd., \\'alworth Industrial Estate, Andover, Hants. 
1nanuLH·ture electric furnaces fcn· workshop use, and the 
,,nwllcst ol'tlleS(\ nJ()del L.1, is illustrated in Fig. 4i· This has 
an ,·lt-drical loading of t . 5 kw. and produces a maximum 
working tcmrwratun~ of 1,ooo C., which it reaches in one 
hom fnHn cold. The chamber ~ize is I) in. wide x 2 in. 
high ' ()in. deep. and overall dimensions arc 1 ft. -~~ in. 
wide · 1 h .. d in. high '·. 1 ft. 6 in. deep from back to front. 
It is sttppJi,·d , omplt:te with switch and temperature regulator 
as shn\\'n, and a pyrometer may be supplied as an extra 
fit ling. 

Fig. 48.-A GaJ .• 
· · · katnp 1.5 kw. 
electric furnace 

~--------------------

Fig. 47.-A.E.W. •·5 kw. elec· 
tric furnace 



SMALL GAS AND ELECTRIC FURNACJ<:S 

Fig. 19·-A partly constru<·ted 
cle<.otric fu•·nace ntade from 
components by Morgan he Cru
cible and utilising Crusilit<' 

heating elements 

Fig. so.-A larger furnace 
built fron1 Morganite cmnpon

ents 

Tlw '' StqH'I' lint spot·· furnace I!\- Gallcnkamp & (:,)_ Ltd .. 

Technic<> Hottst·. Cllli,toplwr SttTt't, London. LC.2. k1s a 

ntaxtmtnn pmu-r rati11g of I,j<H> watb and prodmTs a 

maxnnum temperature uf !,IOU C. lb O\Trall size i, lj~ in. 
high · l-J in. "idt· , 12 in. deep, and internal dimensions are 
4 in. high ;< j in. wide < 6 in. deep. This furnace is supplied 
complete with temperature regulator and thermo-pyrometer 
or the thermocouple type: also an indicator hunp and a fuse 
to protect the winding against accidental m-crheating -Fig. :j.HJ. 

For those who wish to construct an electrical furnace l(n· 
:hemsclves, it is pos>ibk to obtain the necessary componenb 
for the puq>lN: at relatiH·Iy low cost, and one advantag-e of 

this rnethnd is that it is possible to con>tru<"l the >hape and 
size nf' furnace IIl<lst suitable for the \\·ork to be undertaken. 

:\n exarnplc of an experimental tube furnace. made from 
component> supplied bY the :\Iorganite Crucible Ltd., 
\Vooclbury Lane, '\onon. \\'orcs., is illustrated in Fig .:j.g, 
and a larger chamber furnace, having a wall space of 9 in. X 



()in. ·tIll .. is sho\\n in Fig. 50. The smalln furnace is 
.snitabic for d,·aling with single tools and may be knmd 
adcqnatt: {(;r many purposes in the small workshop. In both 
r·as•.·s. lt'lllJhTatun·s up to I,.J.OD ·C. are obtainable. and the 
heat is J.II'<>dnccd by :\forganite Crusilite clements, four in 
nltllllwr in the lcmncr c;hc. and eight in the Iauer. 

It i,. !Jtl\\'('\TL i""'ihl•· to vary the si;,,· of furnal'!' and tlw 
lllliiilwr .,(,.,,.,,,,.,,,,as required liH· 1mnintlar purpo,es. 

'I 'he n{,·;t•'t<>JY hricks in the l'umace casing arc a!·m 'upplinl 
l1y tht: \l"rg;•.nil<' Cnwil,l,· l.td. and li1ey can he nn and 
drilled as required. Crusilitc elements arc made in tlw I(H·rn 
of silicon carbide tubes in one piece. siO!tcd to form a dot~blc 
spiral and, in this way. they eliminate n:iativdy ti·a~ile wire~ 

Fig. 51.--A small furnace by Sievert, heated by bottled 
gas 





fig. 54· Kasenit electric oven furnace. 
(Photo Knsmil Ud.) 
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and the difficu!t;t>~ involved in connecting them to tlw 
f'Xtern?l conductors, as thP tPrminals or caps are pPrmanently 
attached to the tubes. Normally the terminals are at opposite 
ends of the tube, but, where required, they can be madP 
with the two terminals located at the same end. 

A hardening and melting furnace for use with bottled gas 
is manuf~tetured by Sievert and supplied by \Vm. A. Meyn 
Ltd., 9-11, Cleneldon Road, London, S.\V.16. This is 
illustrated in Fig . .JI. 

It is also possible to heat small muffle furnaces by means of 
paraflln blowlarnps or other forms of oil burners, but, so 
far as is known, no ready-made furnaces of this type an~ 

available in a sizf' suited to the small workshop. 
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