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CHAPTER 1
THE PRINCIPLES OF HARDENING

Ir is difficult to define an absolute standard of hardness,
because it is a purely relative property. The dairyman cuts
butter with a wooden knife, therefore, relatively to the
matenal cut, wood is hard; but relatively 10 sift steel, wood
(even so-called hardwood) is soft. Again, the hardest known
materiaf, diamond, will casily scraich 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

I




< HARDESING ARD TEMPERING

strength of wlass 18 so well known that 11 needs ne coanmnent,
excrpt O point ot that glass cannot be used diveetly 1o o
even soft vwoad, and for generad shaping purposes i onde
psedd 1o rrnnd wood, mouwted iosimall grains by ghie on paper
{so-crliedd T send T or Yoglass T paper;. Steel it dead-hard
b somewlan resembles the above materials, in that s
steength is ouch nnpaired by s hardness, b o anodher
vespect 1t stands alone 10 the property it possesses of being
termprred over a lavge range of hardness, wherein the extreme
handness is reduced in order o bring about a corresponding
toughress and consequent return e strengihi. Apart from
this, steel in its anneaded stare {or soft state? i the strongest
of the genera] materials used in manufiwcinring processes in
the maner of wensile strength; and ity capacity for being
shaped by hanmmenng when red hot places it practically
alone a3 a material suitable for cutting neawly all others.

Suitable Steels

The great magority of craftsmen’™s tools are made of high
carbon sicel, commonly known as ** cast ' steel, though this
term is indefinite and may apply aiso to certain types of
steel 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 mere than about
0.4 per cent. of carbon are termed mild or low-carbon steels;
they arc wseful for a wide range of constructional and
mechanical work, but cannot be hardened by normal heat
treatment, except superficially by a * case-hardening ”
process.

Too! steels capable of being hardened by heating to
redness ai.d quenching rapidly in water or other coolant
weally contain from 0.5 to 1.5 per cent. of carbon, with
~dditinonal small traces of other elements such as silicon,
manganese, phosphorus, etc., either as impurities or deliber-
ately added for specific purposes. The hardening and
tempering processes may, therefore, be subject to some

"




TEHIE PRINCIPLEE OF HARDENING 3

variation, according to composition and qualiy. A very
peputar grade of carbons steel, koown 1n America as ¥ U

&

rod 7 and in this country as silver steel 7 (thouy it
contains nw silver), s very useful for making small twols of
all kinds and is one of the simplest steels to harden and
termper successiully.

Nearly all edge wols are still made of carbon steel, though
the use of this for metad-cutting tools, such as lathe tools,
erifls, ete., s now limited 10 light duties where little heat is
generated in the course of cutting action. For heavy duties,
metal ontting tools are much more commonly made of
special highespeed steel or have hard metal tips, brazed or
welded o mild steel shanks

Hardening Cast Steel

The first process in making a hardened steel ol is 1 make
it dead hard, because it is only from that siate that the
hardness can be let down to a degree suitable for the work
required. When ordinary 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 ta
cool in the ordinary wav, 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. Mercury 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




4 HARDPENING AND TEMPERING

will very likely crack badly. On the other hand, soap in
the water will defay the quenching, and thus either modify
the cold hardpess or even allow the steel w soften again.
The hardeming hear stated corresponds 1o a bright cherryve

I

red Brear viewed in shadow {but by daylighd) and it can be
carried up w about 1480 ¥, (8o0” C.} or bright-red heat,
viewed wnder the same conditions. On no account carry it
higher, ax at yellow-red heat the steel is more likelyv to crack
when quenched, and at anvthing approaching white heat it
will be spoiled, or * burned ” as the smith calls it.

Methods of Heating

The most general method 1s by the smith’s forge. A man
who can use a smith's forge at all can readily ollow the
heating hints already given, but if he is inexperienced, otlier
methods will serve him better. Bunsen gas burners with
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Fig. 1.—An easily made Bunsen burmer for hardening
and tempering smaall tools




THE PRINCIPLES OF HAXDENING 5

Fig. 2.—Type of flame from Bumnsen hurner

either natural or forced draught are convenient heating
apphances. 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 § in. long, screwed £ in. X
26 t.p.l. at both ends. Tt screws into a tapped hole in the
base, and 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
iube a friction sliding fit. The airhole is on both sides of the
tube, and is oval, g-16ths in. X 5-16ths in.; it can be entirely
closed 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. 4.  TFoot bellows
for use with blowpipe

Fig. ja. - Power -
driven rotary blower
for use with blow-

pipe




THE PRINCIPLES OF HARDENING 7

tool be sloped as shown, o will be heated up a greater lengih
than if held horizontaliv,

For Lwger tools thie hand-operated forced draught blow-
pipe, ng in Figs. g and 4. is quite efficient. This shows Messes,
Fletcher, Russell and Gol's Foot Blower and air/gas Biow-
pipe. The first s a vubber dise reservoir on the under
side, and  w reconmnended  for even  pressure, but the
rubber should be protected from flying pieces of hot metal.
The blowpipe is supplied with taps on the air and gas
pipes; but afthough a gas regulator is handy, the apr is
quite casily adjusted by the control of the bellows, and a
gas control cock can be fitted to the gas supply pipe. The
forced draught js usually obtained by foot bellows, but a
steadier flame 1s mainained by laying on draught from a fan
or blower. The work 1o be heated may, with advantage, be
supported on a firebrick hearth or upon a bed of broken
firebrick ** cubes” The most useful kind of appliance used
in this connection is the light paitern brazing forge,

Self-blowing Blowpipes _

The so-called self-blowing blowpipe is generally a form of
Bunsen 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 proprietary types of burners in this class, onc of the best
known is the Davi-Jet, which has multiple gas jets, cach with
its individual air mixing tube.

Some types of blowpipes are fitted with an air supply
adjustment, but 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 to gas affects the
temperature of the flame. If no air at all is in the mixing
tube, a long vellow flame is produced, having relatively low
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heating effect. Tis intensity will depend on the gas pressure,
and it will buen faicly silentdy, With moderate air supply,
ong purple-biue {lame 15 produced ; b, with full air supply,
A neisy flane, having o« base cone of pale green burning
within the larger purpte-blue Hlame, 15 produced. Excess of
air resillts in 4 pulsating and very neisy Hame, which s
less efficient, and ihere mav be a risk of dhe flame sinking
hack o the gas jot, aking considerable noise, but producing
very lule heat. The highest temperature in a burner of this
ype is oblained ar the apex of the inner cone of fame. The
work to be heated should be held fairly close to this cone,
but not within if, as this results in impingement of free oxvgen
on the mewal, which reduces is temperature and tends to
eaase oxidisation.

With all open methods of heating, care should be taken wo
subject the work to the most efficient pare of the flame, and
avold direct action of the air supply or draught.

Forced-draught Blowpipes

The supply of air under pressure 10 a gas burner increases
the intensity of the flame and allows 2 greater quantiny of
gas to be burnt efficiently. The gas-air type of blowpipe is
one of the most useful appliances for rapid heating for either
tool hardening or other processes. A specialised design of
burner is emploved and the air is supplied at a relatively
low pressuwre by means of bellows or some form of power-
driven fan or blower. Tt is most conveniently applied in
conjunction with a light forge or brazing hearth, consisting
of a shallow sheet-iron trough on a stand, containing
refractory 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 1t
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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THY PRINCIPLES OF HARDENING ii

Fig. 7.--The Sievert burner adapted as a bench Bunsen

burner

The oxy-acetylene type of blowpipe can be employed for
hardening and tempering in skilied hands, but it is less suited
to producing the more diffused type of flame such as can be
obtained with Bunsen burners or blowlamps, and, in the
hands of a beginner, it may do more harm than good until
its proper adjustment and use can be mastered.

Such tools as screw-taps, reamers, milling cutlers, screw-
plates and dies, and others that require to be heated evenly
over their whole bulk and hardened without warping, are not
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casily dealt with by anv form of blowpipe.  In swder
that they shadl neor change form in hardemng, 1w essental
ot they De beawed evenlye This s Dhest done e o gase
heated muftic Pornaee, Several topes of touffle furmace are
specndly made e handening puarposes, bae these are venerally
wtended v heating hore numbers of sseall foeds ar one
pperiion. Figs g shows aosection of o smadt sadibe firnace,

Fhe madbe or oven v tunneleshaped fireckoy Teox Jike Figl go,

Fig. 8.—A Self-contzined bottled gas blowlamp by
Dex Industries Ltd.
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Fig. g.—A small gas-heated muffle furnace

spen at one end, and sometimes picrced with a small airhaole
at the other or closed end. Yor heating for hardening, the
airhole is unnecessary, but for tempering, in some cases,
it is useful, as will be described. If such a furnace be fitted
with a pyvrometer (or high-reading thermometer), the effort
of judgment ordinarily exerted to determine the right heat
obtained is not required, the furnace 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 plavs evenly all round under
them, and such as are slender and liable in the heated state
to bend are thus supported all along. Larger types of gas and
electric furnaces, as employed in small industrial workshops,
are described in the concluding chapter.

Fig, 10.—A simnall fireclay muffle for use in gas furnace
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Having so far briefly described the process of hardening
ordinary cast steel dead hard, with a view (o ¢nlarging on the
subject 1n later chapters, it s as well to point out the nad-
visability of rehardening alreadv hardened steel, withowt
first annealing it.  This is found to be one fruitful cause
of hardening cracks, which In some cases render a tool,
upon which much dme may have been spent, useless for
cutling purposes.

It should be clear also that dead-hard steel is seldom
(practically never) used with cutting tools, on account of its
extreme weakness, Indeed, steel 1s only left dead hard with
tools that serape but do not cut. This opens up the principal
art in preparing hardened tools, that of tempering, to which
passing veference only has been made. This will be discussed
in dewail iater.




CHAPTER II
ANNEALING BEFORE RE-HARDENING

WHEN hardening cast steel in the manner described, during
the heating process, and when the heat is being constantly
applied, 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 ™
poirt.  Here, for 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 leat becomes latent (that is, hidden)
because it goes into the metal to effect the change in its
nature without in any way altering its temperature.

'The 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

5




iO HARDENING AND TEMPERING

heated, 1t will of course be soft, but not as soft as if it were
cocled very much more slowly.

If thercfore it be desired to bring the steel to a condition
sultable for being machined, or cut in some manner, with
hard steel tools sc that the tools will retain their edges to
the best advaniage, cooling must be prolonged. This is
called “° annealing.”” The steel should be raised slowly 1o a
bright cherry-red heat and, while in that state, buried cight
or nine inches deep in slaked lime, which is better if RArst
heated,  This material, being a slow conductor of hear,
allows the red-hot steel to retain its heat for a long time, and
then to effect thoroughly the change back to the sofiened
state,

Methods of Anunealing Steel

To anneal steel, so that it can be readily filed; without morve
il effect to the file than that due w0 ordinary wear, the
annealing can he achieved by heating as before described,
and allowing the steel to cool, buried in ashes, or to cool upon
the hot hearth. Another method, not often used, 1s to bury
the hot steel in dry sawdust, but this is probably not advis-
able with tool steel. If time is important, and it is only
required to file up a ol slightly, it may be sufficiently
annealed if, after heating, it be allowed to cooi to black hot
lying on the cold ashes. Then that portion upon which it is
not intended to operate with the file may he 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 1s shown in Fig. 11,

Steel which has been raised in temperature above the
absorption point and 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 1o
its maximum. This is one of the principal causes of hardening
cracks in the steel. When tools that have comparatively
thin and thick parts are being quenched, this expansion as
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it takes place during the quenching, occurs first over the
thin parts, and the surface of the thick, the inner portions
of the latter not being affected in this manner until slightly
fater. The result of this, if fracture does not take place, is
that internaj siresses are set up in the hardened steel, which
naturally render 1t unstable and likely to fracture under
extraordinary pressure or when subjected to blows—as of a
hammer. Therefore, when rehardening a ool that is already
hurd baee is not considered havd enough, or s hard in the

Hor £rD Tofﬁss

Fig. 11.—A method of guenching ‘¢ black hot’*
steel to cmsare sofimess
wrong place, 1t is found best to anneal it first. In annealing,
the stresses mentioned above are, for the most part, taken
out, and the steel brought into a state less likely to fracture
in rehardening, which will again of course put in a new set
of siresses.

A method of anncaling where a considerable amount of
cold culting is to be done, and one used for such as air-
hardening and self-hardening steels, is to enclose the tools
or other articles in an airtight metal box, say of thin sheet
steel, buricd 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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cool with the furnace, being neither opened nor removed
therefrom ull guite cold. In the case of special steel, how-
ever, the heat 1o which the box and its contents are raised
s very much above a good red heat, approximating white
heat i faet; but the treatment of special steel, referred to
fater, will explain this,

A medification of the abeve, which may be used for small
sricles, is e enclose them in a piece of wrought-iron or steel
Garrel {26 wrought-iron pipe; which is filled also with lime,
the ends of 1he tube bemg stopped either widh screwed plugs
scrivved 1o anternal threads, or screwed caps serewed on
exiernal threads.  Failing such fitments, which are reguiar
accessories i wrought-iron pipe work, the ends may be
stopped with lay plugged in ughtly.  This can be heated
within the heart of an ordinary kitchen-range fire, or of a
similar cooking stove, although care must be taken not to
et the tvbe and contents get to anything approaching white
heat i ihe enclosed material Is ordinary carbon steel. It is
generally best, however, to allow the tube to die down with
the fire as 1 goes out.

A vern good luting material—that is, a kind of refractory
mortar usctul for scaling boxes and wubes airtight during
heating—is inade by mixing powdered fireclay with sodium
silicate. The latter is what is commonly known as water-glass,
a compound of glass (silica) in solution, which can be thinned
with water.

Avoiding Superficial Oxide

A method of fine annealing, which is also an oxide-reducing
process, can be used when it is required thoroughly to anneal
steel without forming any oxide superficially. Fig. 12 shows
the idea in diagrammatic form. A thin steel box A, nicely
fited to be gastight, and having suitable joints for luting
with a mortar, is equipped with a feed tube B for gas supply,
placed near the bottom at one end, and with a gas overflow C
at the tup 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
exposed 1o the action of a gas. The box is placed in a cold
muftle furniace, and a hydrogen supply connected up to B;
thus the box is heated with the articles surrounded by an
atmosphere of hvdrogen.  Before heating, the gas is run
through until all explosive mixture is expelled; the escaping
gas s then ignited at the outer end of C, which must be
carried away clear of the heat of the furnace. This forms a
pilot Hight to indicate that the hydrogen is present, but the
gas supply 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 1o a suitable temperature for annealing the material, as
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Fig. 12.—Method of fine amnealing and
reducing oxide

.

shown by pyrometer {a high-reading thermometer). This
temperarure 1s maintained for a greater or less time according
to the superficial area of the contents of the box, to effect
the reduction of any oxide thereon. When 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
tighting 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 baffie plates, as
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Fig. 13.—Annealing and reducing box with

bhaffle plates to increase effective lemgth
in Fig. 13, eives a long tunnel for the circulation of the gas, and
henee increases the efficiency of the space in the box.

It should be clear from the foregoing remarks that the
thorough annealing of steel is best effected by dead-slow
couling from above the hardening or absorption point,
tegether with some ceffective means of preventing oxidation
of the swrfuce. The later, however, is not absolutely neces-
sary m o general way,

articulir v when heating cast steel, either for annealing or
hardening, o has to avold as far as possible free oxygen, as
in the air blast, impinging on the steel. Free oxygen causcs
excessive oxidation of the surface and aids surface decar-
bonisation of the steel. Using too short a blowpipe flamie is
bad practice. When working with an open fire, either by a
smith’s tire or with a blowpipe, the work should be housed
in, to avoid, as far as possible, currents of air playing round
the hot work with the same 1ll effect. This does not apply
sa much to lathe and hand tools, which are subject 10 having
their edges ground, but to exact-size tools, such as milling
cutters, dies, and rcamers, unless it is intended that their
cutting edges should be ground to size or profile after
hardening.




CHAPTER TII
METHODS OF HARDENING

The hardening of tools or other steel components should
always start from the anncaled state and the heat sheuld be
appiied gradually.

It 15 Detter when steel is cold to bring it up over the initial
or black-hot stages comparatively slowly, so that it can adapt
itself’ to change of torm. Once it begins o show luminous
heat the heating may be applied more vigorously. Such a
precaution has some cffect in keeping down the ultimate
stresses (which are the result of the hardening) and may help
t0 prevent hardening cracks. Also ensure that the heating
is constant over the whole bulk where it is to be hardened.
To effect this when a hearth 1s used, turn the work over
and about, so as to present all sides evenly to th: heating
flame, or to the bottom heat of the fire where 2 smith's
hearth 1s used. Eundeavour to heat it without a sharp line
of demarcation between the red-hot pait and the black-hot.

In other words, so dispose the heating flame as gradually to
change from black to red heai. At the same time arrange
this position so that the resultent change from hard to soft,
which occurs about where the luminosity varies from bright
to dull red, 1s at the best position for such a changs. 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 margin to allow for grinding away,
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and to provide a spring tempered hardness to the over-
hanging portior: of a lathe or shaper tool.

Whatever the medium for quenching, one particular point
must always be observed—that is, when the liquid is not in
motion, plunge the red-hot article well down, and move 1t
rapidiv about in the liquid, both around and up and down.
The reasen for this is that with anything of a fair bulk in
proportion 1o the mass of the liquid, the generation of vapour
fin the case of water, steam) is so rapid that vapow cavities
ave formed around the metal which protect it from the
guenching action.  The rapid movement breaks up these
bubbles, and at the same time brings the hot metal con-
tnually in contact with the colder portions of the liquid, and
therefiore 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 comfortably.

Temperatures

Tt 15 not wise to carry carbon stecl or ordinary cast steel
up to a vellow-red heat {about 1650° F. or goo° (.}, 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 steel 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
800° C.) when quenching in water, and to maintain the work
at that temperature for perhaps a half-minute before querch-
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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the hest procedure, the guenching being done in water. and
tempering in a general manner as described in the next
chapter.,

If any considerable bulk requires heating all over, the fire,
it the case of asmith’s forge, should be built to a cavity around
it, which acts as a sinall furnace. I a brazing hearth and
blowpipe be used, the cubes of fireclay on the hearth should
be retnforced by some fairly large pieces, say about 2 in. cube,
of broken firebrick.  The last can be grouped round the
back and ends of the work and well above 11, so that the flame
i heating them acts by reflection on the back; and aids the
extra heating required.  In this matter the foot bellows
require carciul management 1o get the best results.  Theyv
should be filled rapidly and discharged steadily, so as o keep
a constant pressure 10 the reservorr. By thius means the blow-
layne 1s kept at o consiant length, and the highest heating
point can be steadily kept right on to the work,  [If the
blowing be spasmaodic, the flame lengthens and shortens, so
that, for a considerable time, the hot part of the fame is off
the work.  As o matier of fact the action should be that
natural to the {oot, which gives 4 rapid upstoke o the
full extent, to fill the beltows without losing pressure in the
reservorr, and a slower steadv downstrok~ 1o mainmain the
reservoir at constant discharge, neither overblowing nor
losing pressure.  In all good blowing, the idea is not o
increase pressure of wind, but o maintain quantity at a
reasonable pressure, By increasing pressure, and making
the blowpipe * coughy,™ as it were, the tendency is 1o blow
the work cold rather than heat i, and to oxidise the surface
if 1t is at luminous heart.

More will be said about using a biow-flame under Tem-
pering, but there is a special point on heating tools having
sharp cutting edges which should be observed always.
Take carc not to direct the hot portion of the flame on to
cutting edges and, particularly, on to sharp points for anv
tength of time. It is much better for these parts to derive
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their heat by conduction from the heavier parts of a tool
than direcidy {rom the heating medium. Long before the
main bodv of the tool is hot enough, these sharp edges and
points may be fu overheated and burnt, so that the finished
cdge, after hardening and tempering, is so brittle, due to
“ shortness,” that quite a lot must be ground awayv before
thev will hold up against the cut without crumbling, as it were.
No amount of rehardening and tempermg will set night a
tool that has been overheated at the thin edges and points.

Brranediately the correct temperature for hardemng has
been reached, 1t should be quickly quenched in swater or
other cooling medinum, as described elsewhere, and the object
should be to cool the steel rapidly and evenly, avoiding the
possihility of steam bubbles being formed locally on the
sirface or trapped 10 cavities and thus possibly cause irregular
hardness, Internal stresses, or even cracks.

Where the nature of the work permits, it is a good policy
(o plunge it vertieally endwise into the coolant; and pre-
Hminary silrring vicorously enough 1o form a vortex in the
hquid, will help to ensure that it reaches the entive surface
of the steel simultaneouslv. Tn some cases considerable
distortion of the sieel 1s hable 1o occur through uneven
cooling, apart from other disadvantages.

The portion of the steel which has been heated to hardening
temperature should now be dead hard and definitely on the
brittle side, This may be verified by attempting to scratch
the metal with a file. A tentative pressure of the file 1s all
that is necessary, and there should be no tendency for it to
bite at all. More exact methods of testing hardness are
available to engineers, the best known being the Brinell
method, in which a hardened steel ball is employed with a
calibrated loading pressure to cause greater or less indentation
of the surface. This is then measured visually by a graticuled
MICroscope.

Although these methods are essential in industry, they are
rather difficult to apply on the work envisaged within the
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scope of this book, and the file test is generally satisfactory.

Hardened steel also has a characteristic appearance which
will be recognised by the experienced worker. The hardened
part of the steel should appear a mottled grey and, generally
specaking, the finer the mottling, the harder the steel is. If
it shows a more or less uniform dark grev or bluish-oxide
surface, it may be that it was insufficiently heated before
quenching, but more often it indicates that the steel is too
low an carbon 1o be suitable for cutting tools.




CHAPTER 1V
TEMPERING PROCESSES

SteEL which has not been hardened does not undergo any
physical 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 Iimpossible 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.

It is only possible to keep a satisfactory cutting edge on
tools for any appreciable length of 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 i1t 1s
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 570° 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 to temperatures of 600° F. or over.

Tempering Colours
Tools manufactured in quantities are usuaily tempered
by special metheds in which temperatures are indicated by
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A high-reading thermometer or pyrometer and ave, i manv
cases, anfomatically controlied.

These faciiities are not, however, generally available
the small workshop, and 1t 15 usually necessary to adopt
methods which depend on individual observation and control,
but are equally effecuive when properly used. In this respect
a very useful property of steel 3s the alteration in its colour
when heated, due to the formation of a microscopically thin
film of oxide on the surface. This presents varying shades of
colour, ranging from very pale vellow to brilliant dark blue
thyough shades of brown, brown red and purple, according
1o the temperature reached. These colours mayv bhe used as
an indicator to assess the hardness of the steel when tempered.

Somte wdea of die relation between colours and temperature
may e obtained as follows: pale vellow corresponds to
430 I (2207 C.) succeeded by a deeper vellow with a tinge
af red, and a shade darker giving pale <traw colour. Thus,
middle straw colour — 175 F. (2507 C.}; dark seraw or dark
red brown == 5007 F. 1260 C.}. Higher temperatures will
eliminate the vellow, blue taking its place, which. with the
red, forms purple ar 5335° F. {280” C.% and the red in nun
dies off leaving the blue at 570 F. (300" C.i. Further heating
produces blue with a tinge of green, succeeded by green grev
up to b2c° F.

These colours can enly be relied upon if the hardened
steel has a perfectly clean, bright surface, entirelv free from
grease or oisture, and, therefore, hardened steel should
either be ground on a drv grinding wheel or thoroughly
scoured with emery cloth or other dry abrasive.

The tcmpering 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 the
shank. If a blow-flame is used, turn it down to a compara-
tively fine flame, and direct this on to the shank, meanwhile
turning the tool round to effect even heating. The actual
direction of the flame should be backward, away from
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the edge, the reason being that there is a good deal of diffused
heat at the outer end of a blowflame, and it is better that
inis be kept away from the point of the tool, as it would
very likely temper the point right out long before the main
body of the cutting portion had reached the temper stage
at all. A ool of this sort 15 stronger if the temper shades off
hardest at the point, and gradually softer backward towards
ihe shank. The brightened shank aids the operator in waiching
the colour bands.

Before dealing turther with the actual process of the
tempering of tools, there 1s 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
test 1s uriversally employed by engineers and toolsmiths in
ordinary workshop practice, the colours are merely superficial
and can easily he ground or polished off the surface.
Furthermore, they are only indicators and not a definite
gauge of temper. In other words, assuming that a tool has
been tempered 1o a dark straw, and the surface repolished,
heating 1t again to a dark straw will not produce the
temper which would normally be indicated, but will
produce a further softening above and beyond that indicated.
Nevertieless, 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
1s reached, the work should be immediately quenched out in
cold water.

Blacksmiths often succeed in hardening and tempering
tools at one heat 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 method previously
described enables the steel to be more thoroughly cleaned,
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Fig. r4.—Diagram of shadmg tints indicating various

tempering colours
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and control more evenly exercised, and is recommended to
workers with imited experience.

The frontispiece, a colour diagram, gives a good idea of
the colour range, together with a hist of the various tools,
which are printed approximately opposite their appropriate
temper coloirs. Those to the left are mostly engineers’
taols, and to the right wood- and stone-working tools, various
knives, and general cutlery, ivory, and bone-turning tools, etc.
The wp of the diagram gives the colour which appears first,
carresponding to the lowest temperature, and which 1f not
carried further leaves the tool the hardest.

Tempers of Various Tools

In the several examples of temper for tools now to be
given, it is not practicable to reproduce them: in actual
colour; it 1s therefore proposed to represent each colour by
means of different 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 (he temper
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 various straws
are on the cutting portion, the actual cutting edge being ieft

&
(

Fig, 16.—Graded temper for a cramked lathe tcol
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Fig, 17.--Most suitable temper for a side-cutting or
“ kmife tool *’

at about the commencement of middle straw. Remember,
however, that the various liness of coiour have no sharp line
of division as we are obliged 10 show in the shaded diagram,
but shade off into each other almost impereeptibly.

Referring again to the colowr diagram, it should be par-
tenlarly noted that the general run of cutting wols have their
ternper drawn to one of the shades of siraw colour, whereas
those tools which are subjected 1o blows have their temper
driwn more towards parple.

Fig. 19 shows the disposition of the temper on a side-
cutting or knife too] used for steel and iron. Here the muddle
straw is carried as fur along the side-cutting edge as possible,
while the particular remper aimed at where the knife portion
is shouldered down from the shank s blue. This ol often
has to take a fairly hroad shaving with the front ead of the
side edge, which puis a considerable strain on the weakest
peint at the shoulder. If this portien, then, is lefi too hard
i may quite casily snap ofl, and if too soft {either by carryving
tempering too far, or by not hardening the ool far enough
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Fig. 18.—Most suitable temper for a brass-turning tool
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along in the first place) it is likely to get a permanent se:
down, e bent down. Being hardened, however, in the
first place, and having the temper drawn to that which is
asual for most springs. gives it the best chance of standing
against the stress.

Fig. 8 shows a typical brass-turning toul. Here dhe par-
geular thing 1o aim at ik the temper of the cutting point.
This iy left liwder thase if 10 were 1o be used for cutting
sivel, although brass is softer than steel, The reason is that
all tools should be tempaicd vul w e Rardest that can be
left, consistent witiv the edge standing the siress of parting
the tough matertal. A brass-cutung tool is sironger in this
respect (than one for steel, because it is normally made with
praciicallv no top rake and clearance; hence the angle of the
cutting edge is greawer. In additon, brass is not so tough,
and puts less suain on the ol The colour for the edges of
general brass ools can be pale siraw, almost vellow, and in
the case of planishing tools and scrapers can be just tnted
vellow,

The only brass-turning ol that 15 wempered at or near as
fow as one Lo dron s o parung wel, whiclu is subjected 10 a
good dead of strain, and s benter tempered o middbe straw
and left blue at the shoulder; indeed, 1t only ditfers from one
made for iron and steel in the fact that it is wsed with e
top rake, whereas a parting tool for iron will nor work
satisfactorily without o Lariy considerable top rake.

In dealing with hand-turning tools, a point shown in bHig 1¢
is worth noting. Heve the part where the wool is in comact
with the hand vest s brought o blue unged with purple. a
temper best adapied 1o resist concussion and  ver staad
against abrasion. From dus to the cutting edge it shades
evenly to the cutiing temper at the edge, viz. veliow. Behind
the line of the hand rest v is left blue.

The principal hand turning tools used now are plamshers
(square and angled}, round-nose planishers, and gravers. A
square planisiter is similar to a scraper. The informarion
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givenn above relating to hand tools applies to all these except
a graver for sieel, which shouid bhe tempered to middle. straw.

Tempering Cold Chisels

Fig. 20 shows 2 cold chisel temper. There are few tools
where the temper can be varied to such an extent as is
necessary in dealing with cold chisels. It is practically im-
possible 1o harden and temper a cold chisel for doing fairly
heavy chipping in steel, so that it will both keep a keen edge

Fig. 19.—Hand-turning tool or Fig, 20,—Cold chisel
planisher as used for brass tesaper for fairly heavy
weark

and stand up w the work. In this case the best thing to do
1s 10 temper the chisel edge out to purple tinged with blue,
when 1t will be found to stand up so far as strength is con-
cerned; but as it will not keep a keen edge for any length of
time, will require fairly frequent grinding. A cold chisel
for fine chipping in gun-metal can be hardened in thin oil,
and tempered to dark straw tinged with purple, but this
will not do heavy work without pieces breaking out of the
edge, although it keeps a keen edge for a considerable time if
applied to light chipping. The life of a fairly highly-tempered
chise! depends 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 hreak

In hardening and tempering flat cold chisels, the black-
smith’s, cv one-heat, method of hardening can be adopted.
Toolsmiths who are expert in the use of the forge choose this
method because 1t saves time, and apply it successfully to
the hardening and tempering of lathe tools. It is, however,
casicr for the inexpert smith to use two beats, one for
hardening and 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
tempering 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 14 in. or more up from the point,
and, having provided yourself with a small piece of gritstone
(such as a fragment broken from a small fairlv coarse grind-
stone, or from one of those stones used for sharpening
scythes) dip out the point of *hie chiser in water. This must
ne just dipped and moved up and down slightly to avoid
a sharp line of demarcation between the hard and soft,
which may, if it occurs, cause the hard end to shell off bodily
when the chisel is put to use. As soon as the actual edge 1s
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 for the operator to see the temper colours as
they appear progressively along the shank. When the colours
appear, stop polishing, as the colours, 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 allows the conducted heat from the shank o have full
piay. A beginner at hardening would have to praciise this
method Belore w.ing it in the ordinary way, as 1 requires
judement first 1o heat it far enough up, next to dip out in
the manner deseribed with the assurance that the edge is
coid ard in a hurdened state before removing from the water,
and at the same tume to leave enough heat in the shank to
perform the tempering neither o quickly nor oo slowly.
When the right temper colour reaches the acwual edge, the
whole 100l is dipped and quenched to cold to avoid over-
tempering. Tt is not uncommon, however, for an experienced
smiith to make so sure of the inital hardening as to use up
100 much of the shank heat, and so have to help the tempering
byv appiving the tool peint to the fire~—but not right into it.
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Fig. 21. --Suitable temper for a screw tap

Punches are genervally tempervd to dark straw, but cenure
punches, to prevent losing the point by fracture, should have
a shade of purple in them. Lathe dead-centres are tempered
to the sarae 45 a centre punch, Screw-taps are tempered as
shown m Filg. 21: that is to say, the whole of the thread
portion is at a constant temper of middle straw colour. The
best method of dealing with taps is (0 harden the tap evenly
throughout, then to temper the cutiing portion 1o middle,
straw evenly right to above the ends of the flutes, and finaily
to draw the squared end down to blue or blue tinted with
purple. If the squared end is too soft, it is likely to 1wist
off, especially in the smaller taps, and if left too hard it 1s
likely to snap off. When 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 heing one of the
non-cufting tools, in order that it may not bend at the edge,
and yet stand up o moie or less rough use, a spring temper
1s found to be the hest ail round. A screwdriver cdge should
be so soft that it can easily be filed, and does not tend to mar
the screw slots, yet it is hard enough to resist bending
without fracture.

Drilis

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
of 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 are fairly rapidly ground away, they
very easily untwist in the spiral of their flutes if any pait
of such be left soft. Contrary to the relationship of hardness
in lathe tools, flat drills for brass are found to work better
somewhat soficr than if used in iron or steel. Indeed, a flat
drill used in gun-metal at ¢uite 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
fracture. Much depends upon the speed and relative feed,
and whether the drills are going to be wused in a hand- or
machine-fed drilli-g machine. Drills are subjected to a live
load (i.e. a moving force subject to variation); and as they
convey hoth the force of rotaticn and of feed entirely through
their own bodies, it follows that apart from actual cutting
they must be tempcred 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 lef
soft as far as possible. The single-heat method is very good




CHAPTER V
HARDENING AND TEMPERING SPECIAL TOOLS

So far, detailed reference has been made only to hardening
and tempering such as lathe tools, and similar tools that
ave only locally hardened. Space prevents similar treatment
on all tools that ean be hardened evenly throughout, but
the Ollowing notes will be useful. Such tools and apparatus
inciude serew-dies, knuwrling wheels, milling cutters, tube-
cutter wheels, circular and hand saws, knife blades, draw
plates, springs, broaches and reamers, double-ended cenwe
drills and so forth.

Thin Reamers or Broaches

The tronble with these tools is that, being so long, uneven
heating plus uneven quenching nearly always resulis in
warping them out of the straight. Obviously a reamer or
broach, to be of much use for accurately sizing holes, must
be true. The (oliowing method was successfully applied in
hardening and tempering a 3-16ths in. X 3 in. g-fluted
reamer throughout. It was first decided 10 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 along upon thin bricks of
fireclay. The oil was contained in a long round tin abowt
10 in. long, and not more than 4 in. in diameter, filled nearly
with the oil when stocd upright. Just before dipping, the
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cil was stirred so that at the moment of dipping it was
revolving at a fair rate. While the furnace was heating, a
pair of light tongs were hcated at the jaws. These tongs
were used (o Lt the jub out when it had attained a bright red
hieat. the ldea being to avoid cooling the wirk with cold tongs;
neverthekess the job was held by the squared shank end. Tt
was plunged vertically in the cenvre of the revolving oil,
moved ap and down several times, and finally dropped, the
tongs being withdrawn to prevent them overheating the oil,
The reamer was found dead hard and as straight as when
tirned, because 1t ran dead true between centres afier the
hardening, The tempering was actually done in the muffle,
as 1t cooled. The job was held right in the centee of the
mffle Dy means of the tongs, so that it was about equi-
cistant from all the hotsides, being revolved and oceastonally
withdrawn to wateh the colowr, which ultimately came out
an even midsstraw colonwr throughout, Ttowas again dipped
out i the swirling oil, and found ultimately quite oue,

Another irregular-shaped long job--u half-round seraper- -
would insist upon warping however 1t was dipped, aud
warping considerabhve Ulumately  the warp, which  was
always the same way and nearly went owt again on annealing,
was carcfudly ineasured, and while in an annealed state the
job was purposely curved to about the same extent in the
opposite direction, which had the effect of bringing it back
to the straight after hardening.

A rmwdification of the muffle for the purpose of evenly
drawing the temper in longish and thin objects as well as
plates, blades, and similar Hat objects, s shown in section
e Fig. 22, Tt consists of an arrangement of two plates of
red-hot metal, which must be somewhat longer from back
to front than the longest job to be heated by them. They
are kept apart by distance pieces which mav be of firebrick,
and the whole arrangement when in the hot state is stood
upon a firebrick or on thick ashestos, covering stone or
ordinary brick. This forms a sort of muffle, and will answer
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Fig, 22. A tempering oven for long, thin tools

well for tempering long straight tools. The tool is held by
cones, and must e constanty revolved and withdrawn {rom
hetween the plates 1o enable the operavn o wateh the
colour effect,

A single red-hot plate is very useful for uniformiy tem-
pering smatl long or tha toels. Such a piece can be heated in
an ordinary fivegrate, and when red hot, transfeered 10 an
anvil, or, betier stills on o tirebrick, The hardened  tool
may be freld over o not tonching i ina more or fesy
parallel position relatively 1o the ot surtace according to
its shape. so that the heat radiated from the surface will
result in an even temper temporature. Suppose a ol to be
thick at the shank end, and thinner at the point, 1w wouldd be
held somevhat as in Fig. 29, so that the thinner point would
be delayed in veceiving the heat, T it were shaped the other
way round, or it were more convenient 1o haold it the other
way round, 10 would thess be sloped as in Fig, 24, Where the
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Fig. 23.—Tempering tools over a hotplate
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Fig. 24. -Another method of tempering work over z
hotplate

tongs touch the object the tempering will be delayved, and
this may be counteracted by using the lightest tongs possible.
Touehing the jaws against the hot plate will help considerabiy,
as then the jaws more rapidly receive conducted heat, and
are therefore less bikely o withdraw the radiated temper
heat from the ool This must be watched, however, and
judged according to the way the cojour shows up, because
it mav be advisable soon to hift the tongs away fom the
plate, as the conducted heat may 100 vapidhy deaw the wemper
from the work at the point of contact with the wngs.

This last-deseribed method 15 quite wood for tempering
simadl serew-pliates, such as have o large mumber of cugting
holes in them, and reguire particularly even tempering,

Screw Dies

In Fig. 25 is shown a method of protecting the cornersof a
square die. This is apt o crack at the corners, due o the
more rapid action of the quenching at those thinner parts,
Heve, thin tin-plate strips are threaded shrough the clearanees
and haminered over, so that when the whele is hot and bemg
quenched the quenching action 1s rather delaved at these
points than accelerated, with the result thar rhe liability
to crack 1s much reduced. The same idea can be applied 1o
circular dies. Dies 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 light tongs by
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Fig, 25, A method of protecting parts of a die agwinst
too rapid guenching

the extreme corner of the jaws, Daomot we pliers wnfess
you keep them for the purpose; because the wow temper of
good phers will be draven, with a dervimeniad effeer o them
for then generad nssge. Tum e gas ring Bdelv Tow sy
keeping the dic borizontad and well wp in the diffused hea
of the Duoner, move i reamnd and over and seer. Wieh

g edwes, which

particutarly the winper effect s the enttin
must not be driavwn bevond middle straw coloar,
In heating dies for hardening, keep the direcr flaane off
the cutting points, as they mav easily burn; wed 38 the die
1s being heated in conjuncuon with a red-hot plate, do no
lay the dies for any lengih of time directly on the plate, as
the cutting polnts i contact again may be easily overheated
and spoiled. In the case of spring dies, it is reguiar pracrce
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to draw the temper of the thin spring portions of the die to
spring iemper. or a good blue colour, avoiding the same
coleur travelling to the cutting edges. A small pointed blow-
flame is suitable for this, directed sideways on io the spring
portion, and rather outward 10 avoid diffused heat reaching
thie edpes, which may be further protected by wedging a
piece of raw potato in the scrow portion. When the blue
shows up, and befive it can travel, dip the die out. This
fairly iricky proceeding is supplementary to the general
tempering for the cutting edges. Fig. 26 shows the disposition
of the blue on a three-clearance spring die. Another method

Fig, 26.- Circular die, showing portions to be let down
to 3 blue temper

ol local tempering is o apply the tip of a red-hot bar o the
paint required.,

Springs

Springs have 1o be heated very evenly for hardening, and
in all cases should be dipped out in a moderately heavy oil.
They are most conveniently hardened by being dropped into
a good body of oil rather than held by tongs and moved
about in it. Springs are relatively light as compared with
tongs, and the quenching is likely to be delaved at the
holding point and the resultant hardness varied. In heating
themn, 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 hody of a smith’s
forge, however, will do well for evenly heating one spring.

Spiral springs may be similarly heated in a cave or hole
in the fire; but 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 be burnt thereby, while its general bulk is not
even hot enough for hardening. Flat springs which are
fairly short can be evenly heated on a red-hot plate with a
hlow-flame not concentrated but moved well about over i,
When hot enough lift the plate bodily and tip the spring
into the oil. Lifting it with tongs, unless they alsn are red
hot, will not do. One wav of lifting both springs and dies
for dipping is to wire them with light steel wire or enclose
them in a cage of wire. By lifting this with a lengih of wire
appended, the whole can be transferved (o the oil and swished
around in it. Burning such wire {(not melung it) does not
matter, except ihat it will not do again, as it will likely be
too brittle to bend afier the dipping.

Temper of springs is rather imporiant. Light, delicaie
springs may be tempered to purple tinged with blue, but if
they are subjected to much movement they must be
tempered lurther to full blue. Springs for clocks as a ruie
arc terapered to a full blue. Springs for heavy work, such as
carriage, motor, and locomotive 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 corresponds to a fairly thick coating of
oxide, A furnace of some sort is alwavs used for heavy 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;
a4 common method of tempering springs is by * blazing
oft.” Here the question of colour is not studied, but the
hardened spring is dipped in ordinary engine oil, and is
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gradually lowered into the diffused heat of a Bungen till the
oil not only flashes but ignites. There it is held and turned
about until ali the oil is burnt off. It is immediately plunged
mito the oil again, and dhe process repeated three or four
iimes. Much depends here upon the Hash-point of the oil.
A safe mineral ot for lubricating has a flash-point of
3307007 Foooand the firing-point, being above the #ash-
potnt, carries tie work up to well over oo’ F. before the o
is fhrec, To additien, the heat generated Dy the fiving mcreases
the temperahie of the spring,

Tt should be obyious that the spring ninst not be heldd over
the flame when the ol s consumed, as e temperature wall
then rise o far 100 high a poit. So long as the spring i
covered with burmng oil 1 cannot rise 1o a temperature
destrctive 1o 1s havdness: but, on the other hand, the more
capidly the Blazing processes follow each other, the higher
the final temper temperature, Generally speaking, in blazing
off springs the knowledge obtained of the behaviour of any
one size of spring when blazed off rapidiv, four, five, six, or
more times is te best guide as to the emper obtained by
any partenly ol and method of hearing in conjuncuon
with a spring of any one size. With ardinary high fashepoine
engine ol acting with a fine coiled spring, and heating over
an ordinary gas ving, four tdmes of blazing in vapid suceession
is said o be about correct. It should be clear, however, in
this connection, that in using a jow flash-point oil the process
of blazing off would probably be effective only aver a large
number of repettions, whereas with a high flash-point grease,
say a tallow, once would probably be enough,.

Thin Articles

In hardening and tempering thin articles, such as fine
circular saws, hack saws, and slitiing cutters, trouble often
occurs in the metal buckling, A good deal of this buckling
can be modified by even heating and even quenching in well
stirred water, and quenching in warm or hot water, or oil.
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Soinetimes 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 w0 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
wontld tend to deform it takes place over the surface, whereas
the more cven effect produced in the heart of the metal
would leave that portion free from distortion. If then, say,
an unhardened thin slitting cutter be clamped between
two thick plates on a spindle, as indicated in Fig. 27, and
the whole evenly heated to above absorption and dipped out,
the position of the cutter is such that it gets the most chance
of even treatment and will be less likely to buckle. If there
is no set to the cutting points, the thin disc can be overlapped
by the thicker discs, so that the eutting poines are protected
from the onen fire or flame, and also from the more drastic
eflfect of the quenching. For a saw having a “set” to the
puints, the protecting dises are better made of largey diameter,
hut should have a shight rebate twrned away so as just to
clear the set of the tecth, as indicated in the eularped section,
Fig. 28. It is advisable in this clamping 0 keep the heating

| _Saw
| BETWEEN

Fig. 29.--Thin saw or cutter mounted between plates
to aveid distortion
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o TEETH

Fig. 2B.—Protection of saw teeth by rebated discs

flame or fire from concentrating on the groove where the
teeth are, to avoid the risk of burning them. I 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, znd
the discs should be faced truly flat on the inner surfaces.
Where the temper of asaw 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 he 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 fat, but the immersing
should not be delayed.

A method by which miiling cutlers and circuiar saws can
be very well tempered on a hot plate is to interpose a disc
of fairly thick steel (which may preferably be rather less in
diameter than the cutter or saw) between the ool and the
plate. The disc is put on the plawe, and the work concentric-
ally on the dise. The plite should not be wo hot, or the
excess of radinted heat may blue the tooth points before the
cuatter begins to temper. The idea is that the empering
heat should be conveyed by conduction through the disc
to the centre parts of the cutter first, before going directly
to the cutting points. The cutter should now and again
be tuned over. A suitable heated plate for this purpose
is a sheet of metal laid on the wrivet points of 2 gas ring,
the gas being so regulated, or the plate so large, that it is
impossible for the Hame to curl round the edges. Should the
flame hug the plate in this manner and even directly lick the
work on top, the latter will be both unevenly and wo guickly
tempered. A sheet of copper would obviously answer this
purpose—with mininnun gas constmption-—better than any
other metal, but a thick sheet of steel will do well. Tinplate
is hardly useful, as, being thin, it is likely o buckle and
becomne unsteady.

There are several methods of tempering wols evenly,
examples of which are the oil, lead, and sand baths. Of these
the one most likely o0 he useful 1o the reader is the sand
bath. Here an appreciable depih of dry clean sand 15 heated
in a metal vessel over a fire or gas ring, with the article,
previously polished, either on the top of the sand or buried
in it. Much depends upon its mass and buik, but if' laid on
top it will require wrning abowt frequentdy.  Also, if buried
in the sand it can be uncovered now and again in order o
study the colour change. In a way this method is very good
for even heating, but ior a single article w takes a compara-
tively large amount of heat and time to effect a temper. As
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in the case of a furnace, it is better suited for a number of
tools, or for a fairlv large or important tool like a milling
cuiter or nicely finished screw-tap, upon which perhaps 2
good period of time has been spent in the making.

Bluir g Screws and Pins

In :losing this chapter it would be as well to refer 10 a
methol of bluing small steel screws and pins. This is the
blue otide colour aimed at in tempering some articles, but
the ohject of the colour, which may be applied o mild steel
articles, is ornament, and also as a protection from rust. The
mos. lamilar examples in practice are the blued screws in
watches and some clocks. The articles should be finely
polished (the finer and cleaner the polish, the better the
result), and freed from grease, say by rubbing them thorcughiy
m a dry cloth with powdered quicklime; they should not be
touched by hand., They are then put in a deep fine wire
sieve with a handle o, better, in a closed cage, and shaken
thoroughly over a gas ring in the ditfused heat portion till
the right colowr shows up. They are then immersed, cage
and all, in paratlin, or some thin oil, o stop the oxidation.
The more they are shaken and moved relatively, and the
cage turned over, the more general or even is the oxide
colour.  Single serews mayv 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 to boil the articles in a solution of
hyposulphite of soda, 1 part by weight in 74 of water, to
which is added, in a proportion of 1 in 17, a 100 per cent.
solution of acetate of Jead.




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
lathe 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 ool blades, used in specially designed
holders.

The ability to carry out light forging operations, however,
is a great assct to the individual engineer, whether amateur
or professional. There are many machine tool operations
which cannot be carried out satisfactorily by the conventional
shapes of ready-made tools, and there are also many cases
where forging may be empioyed 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 10 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 simple all-

metal forge for tool

hardening, and similar
light dutles

Fig. g0.—Forge fitted
with motor - driven
blower, and two-way
delivery, for use with
gas blowpipe or solid
fuel (made in the M.E,
Workehop)
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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 siz= (a 56-1b. anvil will be quite large enough
for the work :<quired); hammers, tongs and hot and cold
setts. Hamiaers are made in various sizes and shapes and
for most tool I.ruung, a 24-1b. hammer is sufficiently large,
except in cascs where the assistance of a striker is required.
Where available, honrmners having ball, cross, and straight
peans can be utilised, but a great deal depends on individual
preference in the mcthod of handling of these tools. For
some lighi forging operations, hammers as small as } Ib.
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
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Fig. 32.—Vee jaws
for equare or
Fig. gr.—Sections round stock
of jaws for tongs
to hold square or

rectangular steel
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1
(=70 FLATTING SURFACE

iy, Y

Fig. 33.- -Flatier for smoothing surfaces and drawing
oul

mayv bhe best dealt with by using flat or finger jaws. A useful
shape of tong jaws for 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
Iy blacksmiths, and it can also be used for producing a smooth
and even finish on work which has already been hammered te
shape. Tt will obviously require the services of a striker, as
the smith must hiold the work with tongs in the left Land and
ithe flatter in the nght.

Setts and chisels are usually held in handles of light material
bent round the grooved portion of the tool. This gives a
certain amount of resilience, preventing shocks being con-
vected to the hand, and obviously wooden handles dircetly
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 use 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.-—Seit ar chisel for cutting metal either hot or
cold
be transferred quickly from the forge 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 while
forging.

Never on any account hit the metal when only black hot.
Many a tool cracked in the hardening owes its faulty nawure
too the fact that it has been hammered too cold, and the
actual instability of the metal is due to its veceiving 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 hke Fig. 35,
cut a piece from the bar fvst. This should be done hot with
the chisel. 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 safety’s sake (when using the chisel)
should be placed a piece of sheet scrap copper about } in.
thick. Then hold the chisel in the nick, and having taken
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one blow of the heavy hammer, twn 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 hest
to avoid breaking steel at or near black hot, or cold. Reheat
it and carry on the 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 10 cut right
through, although the chisel edge is protected by the inter-

Fig. 35.—Ordinary roughing-out tool with tapered and
rounded point

position of the copper plate from striking the anvil, because
the piece will fly off, vith a risk of causing fire, or of burning
the striker or his clothes. If it is still red hot, it can be
knocked off by laying it over the edge of the anvil with the
neck just over, and using the hand hammer 1o 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 kit, whereas with the piece cut off
and in tongs the tendency to jar is much reduced.

The first thing to do is 1o draw the tool down, which can
be begun with the hand hammer, and finished with the
flatter, the copper plate having been removed. The idea of
this is indicated in Fig. 36, where the whole job is being
done by the flatter. Slope the sett or flatter, as shown,
toward the point, ard 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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hammer that he will get a nice flat side. This requires
practice, however, and the unskilled smith will get a much
hetter result with the seit-hammer.

The effect of drawing down increases the width of the tool,
which should be corrected now and then by using the flatter
on them, which will have the effect of drawing the tool out
longer. Sometimes, however, where there is room on a slide-
rest wp, it is better (o Jeave the top set up to reach the Lithe
centres. Setting up should not be left if in consequence the
tool has to be sloped down in use to the level of the lathe
centre.

The point of the tool is formed by using the chisel held
at an angle, and cutting first one side and then the other.
Put the toul, op face downward, on the copper plate, as in
Fig. 37, and with the chisel held nearly upright, the cut will

Fig. 36.—Use of the flatter for tapering the point of
the tool
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go down sloping, thus forming the front clearance. When
finally cutting off the chip, take care that it does not fly
over the shop, and get lost, as it may easily set fire 1o some-
thing.

~After this anneal the tool, and when cold, file it fairly 1o
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.
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Fig. 37.—Cutting a triangular piece from each corner
of the tool
Knife Tool

To make a knife tool, the first operation is o 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 hammer. This tool is principally used in drawing
down heavy work, and will draw down one side or draw
out by working on both sides; but it leaves, of cowse, a
number of ridges, which have to be smoothed out by the
flatier, It is moved in parallel lines along the place to be
set down, being held across the ool and struck by the heavy
hammer,

When this is finished the side-cutting face is offset,
slightly towards the top of tool, which has w be done care-
fully, as in Fig. 38. The Hatter will do thus, held as shown,
but care must be taken not to cut through, and the siriker
must modify his blows. The effect will be 1o bend the blade

Fig. 38.--Off-setting the blade
of a knife tool
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of the tool downward, which must be corrected. All this is
done with red heat at the shoulder. If allowed 10 get black
hot, and straightened, it will very likely break off. The point
face or angular front face of the tool is cut off by the chisel
from the back, with the front of the blade down on the copper
plate. Afiter this it is annealed, rough filed 10 shape (including
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 are usually set over to one side, the
left-hand, in order to get close 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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Fig. 39.-~Drawing out the bar to form the cracked tool

thin as it should ultimately be. When as thin as this, in the
stress of continually heating and hammering, it may easily
get overheated. In fact, forming thin work on the anvil is a
iong job, because when thin it loses its forging heat very
quickly, and needs continually 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 make a cranked 1o0l; the series of operations shown in
Figs. 49 1o 42 should be followed. First draw out all four
faces at the point, sloping as much as possible the sides
towards the hottom, so as 1o form approximately a triangle
with the apex at the bottom. Now make hot a little way
back, and bend the tool as shown in Fig. go—that is, near
the point of the beak iron (the beak or horn-shaped pro-
jection of the anvil), hitting the work as indicated by the
arrows. Next form the reverse bend paraliel with the shank,
and turn up the end on the exireme point of the beak, as in
Fig. 41. The front may be set back by putting it down
on the anvil, end on, and swriking the top, back end of the

shank,.

Fig. 40.-—-Bending down the cranked end
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Fig. 4t.—Turning up the front to form 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 toal,
so as to get it accurate for boring in fairly long and small
holes, This front shank is generally cylindrical, not con-
centric with the square shank, but made eccentric, being
flush with the front and wp sides and shouldered down from
the bottom and back. The easicut thing to do, and probably
the quickest for those not experienced in tool forging, 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 approximatelv 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 square
shank in an independent chuck, set eccentric so that the
front shank runs as truly as pessible, 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 the heat well along the front or round shank, then in
tempering, bring this shank mostly to blue when the cutting
edge is mid-straw. If this is not done, and the front 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,

T'o draw out cast steel, the use of the hand hammer comes
in—using, say, a 13-lb. hammer upon a bar of } in. round
steel, for the purpose of drawing down the point to make,
say, a centre punch. Heat the steel evenly to a gocd red
along the whole length to be drawn out and a litle bevond.
Then rapid blows (by the smith himsclf) upon the root
end of the taper, going gradually out to the point and
revolving the job on the anvil meanwhile, will draw the steel
out quite rapidly. But it must be 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

MobperN machine tools in engineering productiorn now use
high-speed steels almost exclusively for production work,
and these tools may be said to have completely superseded
carbon steel for 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
steels which are 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 1o 1868 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 tungsien, 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
mvolved in forging and hardening them may also vary. In
niearly all cases, both forging and hardening require higher
temperatures than are used with carbon steel, and they can

b3
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be heated almost 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
supplicd in a suitably hardened and tempered condition,
and only necding to be ground to the required shape. For
reasons of economy, they are generally employed in the
form of relatively small and short tool bits, intended to be
used in suitable holders. In other cases, short pieces of
high-spced steel are welded to shanks of low-carbon steel
and these are supplied already forged and ground to shape
by the makers.

These examples are of course outside the scope of this
book, as it is not at all desirable to attempt any subsequent
heat treatment of the ools,

Hardening Procedure

Assuming, however, that it becomes necessary to forge
high-speed tools {rom the stock bar and harden them, the
general procedure for doing so is as follows: 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 teo 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 aliowing it
to cool in the furnace right down to minirnum temperature
lefore removing it from its 2ir-tight enclosure. In hardening,
the stee} 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 molien. It must now he rapidly cooled either in the air
blast or in a cold oil bath. The oils usually employed for
quenching are linseed, sperm, or whale oil, but, in modern
practice, special mineral or blended oils have been evolved
by the oil companies for quenching, and in case of any doubt,
their advice should be sought on the most suitable quenching
oil for your particular purpose.

Low tungsten sieels do not need so high a temperature
for hardening and they may be quenched in water, either
cold or heated to about 150° F. Hot water is less liable to
cause cracking than cold. When heating special steels with
an open flame, there is the risk of cold air currents rzaching
the metal, and these should be avoided as much as possible
by surrounding it with a refractory material and excluding
draughts. Oxygen may set up superficial oxidation which
causes a form of erosion on the cutting edges and may impair
their shape. This is obviously very undesirable in such tools
as taps, reamers and milling cutters, though it is not usually
serious in lathe tools which can readily be reground to shape.
However, an enclosed furnace is to be preferred 1o an open
fire or flame in these cases,

Some forms of low or medium tungsten steels may be
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-
ing it is quite a good test. If carbon steel, either hard or
soft, be applied o a dry emery-wheel, the sparking is a full
red with brilliant scintllations of white-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 state, when
applied to a dry grinding wheel, has no appreciable iil
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 temper 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
spceds 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 Mushett. 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 3-16ths 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 cutter 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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because it is obviously unwise to heat the bars for hot-
cutting and thus upset their quality of hardness. The
general practice is 10 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
reasons why this is not good practice. First, it is not good
for the grinding wheel, because the wheel is more useful
with the sharp corners maintained. Secondly, on account
of the blunt shape of the wheel corner, quite a broad 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 o 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 litde machine expressly designed for
cutting off hardened bar steel with minimum waste and

Fig. 42.—Special grinder for cutting off ool 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 runs at g to 4 thousand revolutions per minute,
with a special wheel 8 in. in diameter by 1-3a2nd in. thick,
and will cut through § in, square in about a quarter of 4
minute. The steel is held in a special helder, fed by hand,
the holder having an adjustable length gauge for keeping
constant length for a number of pieces. The wheel is a
high-cutting abrasive of special consuruction carried by a
malrix of 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 cutiing off tiny picces, these become rapidly heated, but
in dealing with an ordinary length, as of a cutter, the body
of the metal dissipates the heat generated. As mentioned
befo1e, by casing off the rapid feed, the tendency to overheat
can be avoided. The only drawback is that the wheels wear
fairly rapidly ; even then the convenience and usefulness of
the appliance as & whole more than compensate for 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 hard surface
layer gives the utmost resistance to wear, without the body
hecoming 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
making cutting tools which have to be sharpened by grinding
away. It has, however, been used to a limited extent for
special tools which are aot 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

69




70 HARDENING AND TEMPERING

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 thev are left
slightly oversize and subsequently be finished by lapping or
grinding.

The basic principle involved in caschardening is the
absorption of carbon by the action of carbon monoxide
formed in the heating of the steel for a more or less profonged
perind tn contact with substances rich in carbon, such as
ammal or vegetable charcoal, and protected from the
oxidising effect of air.  This can be done by packing the
metal in a sealed crucible or metal box, containing the
carbumsing material and heating it in a mufBe or other
furnace which can be controlled to maintain it at red heat
for the required time. The metal thus absorbs carbon on the
surface, to a depth depending on the time the heating is
kept up. It can then be hardened directly by wking it from
the box to a quenching tank, or allowed to cool and subse-
quently re-heated and quenched.  The hutter is generally
preferred, as slow cooling is conducive to releasing internal
stresses which may cause distortion or ceracking.  In other
words, it helps to ** nornalise » the steel.

Box hardening

In industrial practice, box hardening, or pack carburising
as 1t 1s called, is commonl emploved because it is well
suited to dealing with articles in quantity and the carburising
materials are inexpensive. Cast or wrought ivon or fabricated
mild or alloy steel hoxes of sizes convenient for single articles
or batches of them, are used, with lids which can be clamped
on and luted with clav. Such materials as charred leather,
hoofs, bone dust, freed {rom grease and moisture, are used
to surround the articles, but greater efficiency and uniformity
of action is obtained by using specially made carburising
compounds. T'o check the depth of hard layer produced, a
common practice is to include in cach 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 irreguiar penetration,
while too high a temperature is liable to produce a coarse
structure, with possible surface cracks, and a lability to
distortion. There should be no sharp line of demarcation
hetween case and core. A suitable carburising temperature is
goo® C., which will give a penetration of approximately
0.0124 in. per hour in ordinary commercia! mild steel. Low
alloy steels, such as those containing small 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 laver of compound about 1 in. deep at top
ancl bottom, and a space of at least §in. to i n. between
each separate metal piece, which must be completely
suicounded by and immersed in the compound. Box
hardening is quite well suited to use in the smali 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’ method, as its name implies, can be
carried out with the aid of an open forge, brazing hearth or
blowlamp. They depend on chemical action produced by
imorganic substances such as cyanide of potassium or sodium,
and vellow prssiate of potash (potassium ferrocyanice).
Common salt, sal-ammoniac and bichromate of potash will
also produce 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 rapid poisons if taken internally «r be in
contact with an open wound or abrasion and when heated,
produce ifumes 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 1s of a hydroscopic nature (liable to absorb meisture from
the atmosphere) it should be stored in airtight sealed drums,
cang 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 cvanide
should only be entrusted to careful, responsible and prudent
aperators.

The convenience of the cyanide process, however, 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.able fire, until it fuses at red heat, and
the article to be treated is then immersed in it for a sufficient
length of time to cffect the required depth of penetration.
In most cases this does not need to be more than about five
minutes. The 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 scale or oxide
formed on the metal strips away on quenching, leaving a
clean surface of pleasing appearance. Many proprietary
case hardening compounds contain a certain percentage of
cyanide. The amount should always 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
vepeated, 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 compound
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. Malleable or cast iron needs to be
ereated at higher temperature than mild steel. Cast carbon
of silver steel may also be wreated 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, alter treatment with Kasenit and
quenching, may be scoured to remove adhervent traces of
compound while suitl wet, leaving & uniform matt grey finish.
There are several other preparations and processes for
surface hardening, hoth 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 cvanide process which gives rapid and
uniform penetration. At a temperature of g30° C. the thick-
ness of case produced is 0.035 in. in five minutes, 0.015 in. in 15
minutes and 0.032 in. in g0 minutes. All cavities and crevices
are evenly and equally penetrated, and corners or details are
not eroded. Another Cassel product, known as * Rapideep,”
produces a case nearly o0.100 in. deep in a few minutes.
Some of the other special compounds for both box and epen-
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 compounds in certain cases, and is being increasingly
developed. The gases are usually diluted with nitrogen or
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hydrogen to retard breakdown into solid carbon in the form
of soot. Penetration of 0.046 in. 0 0.050 in. can he obtained
i four hours at g8o- C., with good control of surface carbon
content and gradient.

Nitriding

An important torm of gas hardening is that known as
nitriching, in which nitrogen is introduced into the surface of
steel by heating it to a barely visible red heat {about 530°C.) in
a chiunber through which a stream of ammonia gas is passed.
The trcatment is kept up tor a relatively long period, 50 to
go hours according to the grade of steel and the depth of
penetration required. Due to the relatively low temperature
of the treatment-—below the thermal critical range and
aswal tempering heat—the mechanical properties of the
core are not aflected and little or no distortion occurs. The
case 15 self-hirdening and no quenching is necessaryv; it will
also withstand temperatures at which carbon case-hardening
would temper or soften.

Ordinary mild steel reacts to sume extent to nitriding, but
the best results are obtained with a series of special steels
known as Niwralloy, These are low alloy steels containing
from 0.9 t 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 offset by
the need for special equipment, time involved in operation,
and skidled attention required. It is hardly pracricable to
carry out this process in a small workshop and it is genevally
undertaken only by specialists in heat treatment.

Selective Casechardening

Sometimes it s necessary to caseharden the working
surfaces of a coriponent while leaving other parts soft. For
instance, the main and crankpin journals of a crankshaft
should be hard, but the webs are not improved by hardening,
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and the liability to distortion and difficulty of re-straightemng,
may be increased if the component is hardened all over.
The thread on the end of a shalt wiil be ioo brittle 1
hardened. Various methods are emploved 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 fireciay
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 carburising
of others.

The method of seleciive hardening generally favoured in
indusurial practice 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 carburising depth.  Aler
carburising, but betore quenching, these parts are re-machined
to remove the outer layer; the component is then ve-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 work which has already
been finished to size, other methods may need to be emploved.
A plain shaft may be kept out of contact with 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., for application to surtaccs not required to
be carburised. It is applied in the form of a paste 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 cvlinder 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
tuted with clav it required, it is heated for the time required
for carburising. In this way the hore surface can be hardened
while the cuter part is left soft.

Ir may be observed here that apart from producing a high
degree of hardness, carburising can be employed tu improve
the surfuce quality of steel and alter its structure in such
way a5 to increase its resistance to wear, while leaving it soft
enough to be machined with normal cutting tools. In this
case, quenching from red lieat may be omitted entirely, or
if carried out, the work may then be tempered or partly
annealed by re-heating 10 appropriate temperature. The
propensity of mild steel to “ scuff * or score under conditions
of heavy load or inadequate lubrication can be considerably
reduced in this way; the wearing surface is literally converted
to a laver 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 furnace or oven. One or
more air-gas or oxy-gas burners are applied progressively
along the surface 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 forgings, rolled sections, or castings such
as machine tocl beds and slides, also to wheel treads, cams,
gear tecth, 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 te which flame hardening is applied
should have a carbon content of 0.35 to 0.70 per cent; with




CASEHARDENING 17

higher proportion of carbon, special care is necessary to
prevent surface cracking. A hard layer varying from & in.
to 4in. can Dbe obtained in this way, but it docs not
constitute caschardening in the accepted sense of the term.

Similar results to flame hardening can be obtained by
induction or high frequency electrical heating of the 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 aiso enable them to be much
more controlled than by any other inethods.



CHAPTER IX
TUNGSTEN CARBIDE AND SIMILAR HARD ALLOYS

Even the hardest high-speed steel is not capable of standing
up to some of the extreme duties called for in modern
engineering production, 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 manufactured under various trade namcs, such
as Wimet, Ardoloy, Cutanit, etc., and in a variety of grades
to suit cutting operations on various materials.

A somewhat similar 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
{0 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 built up
in molten form on the supporting metal by means of the
oxy-acetylene blowpipe. The brazing method, however, is
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most suitable for use in the small workshop and s carried
out as follows: having sclected the tip most suitable for the
particular tool to be made, a seating is filed or machined to
fit it fairly closely in the shank of low or medium carbon
steel. At the same time 1t s advisable to shape the end of
the support 1o the same profile as the tip and to back it off
at the appropriate apgie. The shank is then laid on a fla
firehrick or o sheet of asbestos and @ thin copper shaving or
strip of copper {ot} interposed  between  the tip and  the
seating, together with a pinch of borax or other brazing Hux.
The assembly is then heated by a blowpipe until the copper
fuses, when the tip may be pressed firmly into its seating by
a steel rod and moved slighdy sidewavs with another rod o
ensure that the molten copper is evenly spread and the excess
squeezed ont, Tt s then allowed to conl naturally, preferably
covered with powdered carbon or ashes (o protect it from
oxidation.

To facilitate the brazing operation, special strips of corru-
gated copper foil are supplicd by the makers of the tips.
Tt is also possible to braze them with a special grade of
Sifhronze which is used with a special flux. An alternative
method recommended for fixing Stellite tips 1s 1o pre<coat or
“tin " both the tip and the seating with Stellite bronze, and
apply the tip as described before, while this is in the molten
state,

Brazeop Joinr
Fig, 43.—Method of insetting and brazing in a tungsten
carbide tip
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When cold, the excess brazing metal and flux are trimmed
off by filing and the tool ground to shape. It is possible to
grind Stellite, though not very ecasily, on an ordinary
carberundum or aloxite wheel, but tungsten carbide demands
a special wheel, and, for maximum cutting efficiency, these
tools should finally be lapped on a cast-icon 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
is often recommended. This, however, is only practicable on
very rigid and powerful machine tools. For general purposes
in the small workshop, teols having about 5° or 6° front
clearance and not 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 aluminiumn 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 rcason.

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 efficiently when kept keen, but, so long
as they are used within their capacity, they will maintain
their edge many 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 are 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, 1s supplied either with or without
stand, It operates from § in. gas mains and has a maxiraum
gas consumption rating of 100 cu. fi. per hour, though
normal consumption when working steadily at 650° to g50° C.
is from 30 to 65 ft. per hour. The maximum dimensions
are 1 ft. 74 in. from back to front, 2 ft. 5} in. overall height
and 1 ft. 94 in. overall width.

The size 51 furnace for 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 furnace by Brayshaw
Furnaces Lid.

pressure Is 18 by water gaange and wis capable of aperanine
i the temperiture vange of Laoe ~1400° O Two clambers
are contned o this farneee for pre-heanng and hicl
temyperiture s the ternal dimensions of each belng yBRITN
wicke by haeho by i deprit oo back we frome.

The same v manatacnres ot plates B fermperiing
stall ool diex) springs, e, The size 1. iHustrawed in
Fig, 460 s 6 ins wade by 8 ins long and s tired by three sas
burners, cach capable of individual contrall They muay be
used either singly or in combinaton, according o, the
temperature required.
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Fig. 45. Furnace for gas heating with forced draught,
complete with motor-driven fan unit
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Fig. 46.—~Gas heated hotplate for tempering by Bray-
shaw Furaaces Ltd.

ACEW. Lud., Walworth Industrial Estate, Andover, Hants.
manufacture clectric furnaces for workshop use, and the
smallest of these, medel L., is illustrated in Fig. 47.  This has
an clectrical loading of 1.5 kw. and produces a maximum

working temperawure of 000 G, which it reaches in one

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 11N

howr from cold.  "The chamber size s 6 in. wide X 2in.
high ~ 6 in. deep, and overall dimensions are 1 ft. 4} in,
wide = 1 {t. 4} in. high 1 [t. 6in. deep from back to front.
1 is supplied complete with switch and temperature regulator
as shown, and a pyrometer may be supplied as an extra
feting, .

Fig. 48.--A Gal- -Fig. 47—A.E.W. 1.5 kw. elec-
i ~kamp L5 kw: - tric furnace
electric  furnace
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Fig. 49.~A partly constructed Fig. 50.—A larger furnace
clectric furnace made from built from Morganite conipon.
components by Morganite Cru- ents

cible and utilising Crusiiite

heating elements

The * Super Hotspor ™ turnace by Gallenkamp & Co. Lid.,
Techuico Honse, Christopher Swect, London, E.Cla, has a
maximum  power raung of o0 watts and produces a
maxnnum temperature of 1,100 G Its overall size is 151 i,
high - rqin. wide » 12 in. deep, and internal dimenstons are
4in. high < 5in. wide 0 6in. deep. This furnace is supplied
complete with temperature regulator and thermo-pyrometer
ol the thermocouple type; also an indicator lamp and a fuse
to protect the winding against accidental overheating : Fig. 48],

For those who wish 1o construct an electrical furnace for
themselves, iU is possible 1o obtain the necessary componectts
for the purpose ai relatvely low cost, and one advantage of
this method is that it is possible to construct the shape and
size of furnace most suitable for the work to be undertaken.

An example of an experimental tube furnace. made from
components supplied by the Morganite Crucible Laid.,
Woodbury Lane, Norton. Worcs,, is illustrated in Fig .49,
and a larger chamber furnace, having a wall space of 9 in. x
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6in. v gin. is shown in Fig. 50. The smaller furnace s
suitabie for dealing with single wols and may be found
adegnate for many purposes it the small workshop.  In both
cases, lemperatires ap to oo’ G are obtamable. and the
heat is produced by Morganite Crusilite clemenss, four in
mnrther in the former case. and cight in the latter.

b is. however, possible to vary the size of furnace and the
number of elenent: as vequired for particular purposes.

The velractory hricks in the furnace casing are also supplicd
by the Morganite Crucible Lid, and they can be cur and
drilled as required.  Crusilite elements are made in the form
of silicon carhide tubes in one piece, slotted to form a double
spiral and, in (his way, they ciminate relatively fragile wires

Fig. 51.—-A small furnace by Sievert, heated by bottled
gas
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Fig. 54.

Kasenit electric oven furnace,
{ Photn

Kasenit Lid )
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and the difficulties nvolved in connecting them to the
external conductors, as the terminals or caps are permanently
attached to the tubes. Normally the terminals are at opposite
ends of the iube, but, where required, they can be made
with the two terminals located at the same end.

A hardening and melting furnace for use with bottled gas
is manuafactured by Sievert and supplied by Wm. A. Mevyer
Ltd., 9-11, Gleneldon Road, London, S.W.16. This is
llustrated in Fig. 51.

It is also possible to heat small muffle furnaces by means of
paraffin blowlamps or other forms of oil burners, but, so
far as is known, no ready-made furnaces of this type are
available in a size suited to the small workshop.
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