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Eot Werk Tonl Steels

- - — —— — —_—— ————

This thesis consists cf:

1. Typical eralycsis as used to-day.

8. Discussion of the general factecrs to be
conesidered in the apolication of such steels.
3. Effects induced by the major sllovins elements.

4., A very comprehensive study of the physicel propn-

erties 3t normel (room) and elevated temneratures,

&. Dilatometric change study by the Chevenerd Dil-

etcmeter.
8. Fhectoriecrocraphic study of the irportant tvpee.

7. The heat-treztment and verticular aprlication

eech type is best esuited for.
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Bot work tool steels have been developed through
industrisl research over a long perind of time,
Therefore, the e2nalysis involved seen to be lecior,
This of ccurse is e deciced disndvantacre to manu-
facturer as well 28 consurer. ¥ach tyne developed
seems to carry with it, in the natural course of

time, severel off-snring. The off-spring fortunately
frequently means the death of the parent-anelyeis.

The main tvres of anelysis (13) sre listed on the
following pasge. It is to be noted that tungsten or
chromium, ususlly both, are the main alloying elements
in hot work steels. The effect of these elements is
discussed sevarately. Nickel seems tn have been
somevhat neglected es an alloying elemenrnt in hot werk
steels, but it is my opinion that future research will
gshow the vossibilities of both nickel and molybdenun
for this class of work.

Fach sralysis presents certain advantages for varticuler
epplications, but the large tonrage consumction ie held
to six or seven graces of steel. Therefcre, these rmain
tyves have been selected, and will be descrited in de-
tail. Of the other pgrades the importent ocints only

will be mentioned.
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EFFECTS INDUCED BY ALLCYING ELE EXTS -~ =0T WCRK STEIEL

————— ——— —— ——— . ———————————————— —— "~ ————— — —————— — ————— — —— ——— —

Carton:
PG .

In plain carbon esteel the effect is to lower the critical
range, that is, the hardening; increaee the tensile
strenczth wvith a corresconding increase in brittlenecss.,
With the presence of allovs, especially tungsten, inherent
brittleness is zresent, and usuzlly develops as checks or
cracke on the edres of the rolled or forzed sectinns.

In the iron-tungsten alloys a carbon content of .55 tc
.75% seems to forge with much yreater ease and less loss
than either low or high carbzsn percentaces, 7Then the
carbon f21lls much telow .S5% there is no varticulsar

trouble with exterior cracking, but there is a tend

D

ncy
for the internsl structure to becn~e etriney or fibrous.
This tyve cf ' etructurs is usually referred to as a woody
gtructure, and it is rossible that it is due to rejection
of excess tuncsten (Fe Wg) when an insufficiency of carbon

3
is presert tc form the n-~r=21 tungeten cerbides, - Fe W C,
4 2
When higher carbon- greater then .75% - is present, there
is an excess of large cartide glohules, which mi.nt

account for the characteristic brittlenecs.



It should te nnted, that accnrdin-s to the resesrch w-rk
of Sykes, a carbonless tuncaten allov of this tyre is
hardenatle, and vet is without allctropic mndificrtinns,
The hardenins in such cases is nurelv by particle gre-
cipitatisn. Vhen carbnn ie precent it assumes the
characteristics of steel and hordens bv tie reculer
martensitic method, th=2t is, ty cuenching.

Viithout carbon the mstrix is whnlly ferrite.

Accordin-,to Sykes these carbonless tungsten and mnlybd-
denum allovs nonessess red-hzrdness after guenching end
reheating to 13OOOF, (200° stove the temperiné tenpersture
of high speed steel).

The percentzce of cerbon in hot vork csteels hcs a decided
effect on the Ar critical points. %ith aporoxizrtely .7%
cerbon and 1&% tunceten we hsve two well defired points
on c¢cnoling, ramely, Arl- 710°C and Arg— 410°¢. (see dil-
atometric curve). With the sere tuncsten content ~nd the
carbon reduced to anproximetely .50% there are stell two

criticel points on cooling; but the Ar_is the more intence,

1

whereas with the hicher czrbsn the Ar_ showed the vreater

2

intersity. The Ar_, chenge is the pnint of transformatinn

2
to the martensitic phase, ard of course is accompenied by

a8 tremerndous expansion,



EFFEZCT3 OF ATLCYIV S ELE ZXTS

There does not seem to te any very cositivae or definite
facts concernin: the precence cf venadium in steel. It
forms solid solutions with altha iron, but lses than 2%
will ccmpletely eli~inate the gamma form of iron.

The presence of venadium hacs 1ittle or no effect on the
critical points.

Vanadium, like silicon and mranganese, hes always been

a2 benefit to steel in helping t» cleanse and cdegasify it.

It kas also the merked tendency to contr»sl 2r oreven
excescive grain prowth while sterl is 2t elevzted temper-
atures durin: workinz: or hest treating. For this reeenn

it ie common practice, when extrere hardnees is renuirei,
(and vanadium is present) to increase th= tewnterature for
hezrdening. The decth of the case hardness is consideratly
increased by a small edditinn of vanedium. It is tn te
noted that larie_additions ~f this element are not necezsary.
In most, perhavs all steele, the nercenta. e rarely exceeds
2. This hicher percentace is used only in a few epecial
high speed esteels. It is usuallv 1% or less.

Tt is thou.ht by meny that th= addition ~f 8 srall axrount
of vanadium lends strenscth 2ni endurance to workin. edces

of the tools. This is undoubtedly true, hut it is probably



Vanndium (c-rtd)

due to the limiting of the grein growth and increasing
the homogeneity, rather than any particulsr cheracter-
istic of vanadium.

The forgineg and rollins of alley steels containing

vanadium is not affected to any ancreciable dezree by

HH

vanadium up to vercentases of 2% Vany mill men zre o
the opinion that it helovs forging, due to ziding snlutinn
of carbides at hirh temperatures. Thie is very problem-

aticsal.
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This element has gained much prezter use nf late in hot
wnrk 8and high speed steels. It is cavable of lending
strength and resistence at elevated temperatures. It
for:s a s821id snlution with alnha and famma iron, and
therefore, renders g8521id solution hardness to steels
containing it,

The effect on the critical ponints is vary slivht.

Cf late the rercentag=s used have greatly increased;

some high speed steels containins uo to 2%.

The presence of cobzlt in steels vrese-ts much trouble
with decarburized soft skirs. For some un¥nown reasnn
the preserce of cobalt enhances decarbg;ization during
workin: overations, escecially when ~any reheatinos are
necessary. Depths of decarburization uv to 1/18" are not
uncommon. The evidence is that cobalt is not oxidized,
but tungsten is oxidized 2nd fnrms a yellow powder WOS?)

on the forginc tools. XNone of the galts of cobalt are

Y]

vellow, wherees the cnlor of tungstic acid (wox)ig n
orange yellow. This cnndition never occurs in the abcernce
of cobalt. Therefore, it mizht be likened to a catzlytic

action, - The cobalt actin:z as the catalytic agent,



Cobalt (contd)

q

The outeside skin fr-oouently runs as low &s .10% carbon,
end oresents 3 oroblem for heat treoating.

Thie alloy is structurally weak, znd while not much
difficulty is encountered in forgzinz, yet the nutside
decarburized s¥in when subjected *o rolling, perticular-
ly in squeres ana flats, teers avav at the= corners, due
to its absolute lack of tensile strencth., This is way

is it important to grind swey the decarburized ckin

from the billets after herdening a2nd before rolling.



This elerent, like tunzsten and chromium, offers much
hardneses 2t elevated temner=atures.

Yolybdenum is gradually, but surely, destined to pley

a large roll in hot work and hi:h speed steels of the
future,

In Syke's research he vorked with iron-molygcdenum and
iron-tungsten alloys, end he found the bshavicr cf
molybdenum not unlike that ~f tungsten. MNuch work has
been done on substituting molybdenum for tungsten in
high speed and sitiler steels. It has been found that
cne part of molybdenum is ecuivalent to 2.5 psrts tung-
sten. The resultin. steels are not cuite th= ecuml of
the tungsten steels for reeistence to wear, but if need
be thev could be substituted.

¥olybdenum is better when used a2s an adjunct to tunesten
and chromium. The increase in red hardness is cuite
bronounced.

The same decarbturization trouble experienced in forging
cobalt steels is preosented with th:s working of molybdenum
steels, only to a greet~or extent. Some think the soft

skin “is the result of oxidation of molybdenum tn ?ioOz



Yolybdenum (Sontd)

and its subseguent volastilization., T think the molvybdenum
acts similarly to the cobalt, that is, #s 3 catzlytic agent,
&nd causes decarburization.

To prevent this "soft skin" formin; it is necessary to forg-e
under 2 neutral gzs condition, or under & film of borasx
melted across the ingot., Yeither of these methnds are very
practical in & eteel mill. So until some zethed is fournd
vhereby th~ soft skin can be vrevented, it is hardly likely
that mnlybdenum will ever disnlzce tungeten excent, p-ruiaps,
ase a war-time erergency owine to the sccarcity of dovestic

tungsten,



EFFECTS OF ALL YIUG ELEMENTS

-—— e - —— - —_— -

Chromium

There is nothing very definite on the actinsn or effiect

of chromium in hot work steels. It is, however, a
valuable adjunct to tungsten in giving resistence to

heat at elevated temperatures, escecially the resistance
to softening and erosive wear. It also increezses the
Youghness somevhat,

It is cuite commonly thought that the presence of chromium
has a tendency toward greater carbide solution, and in-
creases the homogeneity of the grains. Ificroscopic ex-
amination of varying percentages of chromium ehovs a great
change in the nature of the austenite grains,

The critical voints are not meterially effected by high

or low caromium percentages,- anv change is simply due

to sluggishness and atomic immobility induced by this
element,

In the working of eteels containing chromium the effect

is noticed with .50%, - it has a decided stiffening effect.,
This is due, as witix tungsten, tc atomic slugeishness,
Chromium acts like tungsten in many respects ,and a high
chromium steel without tungsten resists heat effects re-
markably well., It also induces air-hardening properties,

A eteel with 13% chromium (high carbon) air h-rdens to a



Chromium ontd)

Rockwell C - 62, and resists exposure to high temceratures
reasnnably well. Stainless ctrel at one ti.e was u=sed
extensivelv for hot work purpores.

With chromium,es with tungsten, the forging is cerried on
very slowly and cautiously to get the metal to "flov", end
alen is closely watcned to prevent temnerature from fall-
ingz t» the air hardening range, - absut 1700°F.

When the percentage of Cr is above 2% with normal carbon
the actual sbrasive hzardness ~f the chromium, together
with its air hardeninz features, begin to present them-

selves, The presence oI Cr necessitates a mucn longer

w

soaking temperature for forging and hest treating. This
is probably due to the high svecific heat of the alloy,
and also the induced sluxgishness from the Cr.

Chromium, like tungsten, contributes deen hardering
craracteristics t~ the steel.

The slugegishness of Cr allovs enables the steels t95 vith-
stand considerasble heat due t~ its tendency, ~win. to

atomic immobility, ton inhibit the brea%ine down of the

martensitic grains.



EFFECTS OF ALLOYING ELELENTS
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Tungsten

-—— e

The solubility of tungsten in iron veries with the

temperature. At low tewperatures 8 tn 10% seems to

be the 1limit of solubility, while at elewated temo-
eratures, acvproaching the melting point, the eolubil-
ity rises to neasrly 25%. The tungsten that fails to
dissnlve is precipitated as FeSWB' “hen Carpon is
4ﬁ20.

The major element in present dav hnt work steels is

present the tunceten forms the comnound Fe

tungsten, and it is 2leo of major importance in develop-
ing red-hardness and heat resistence, It forms a solid
solution with iron. It has the ability of retaining its
hardnéss at elevated temperatures, and for this reeson

is comnon in hot work tonol steels.

It has little cor no effect on the critical points,
8lthough it is comnonly thoucht to raise them. Any change
in the critical points is due= to sluggishness cauced by
the highly alloyed condition of the steel, settin- uc
atomic immobility. Alsn the diffueion »f carbon is very
slow, and freocuently sufficient time is not allowred after

the Ac menifestation befonre cnoling. This results in e

low carbnn martensitic pharee and a critical chenge 2t an



Tungsten (contd.)

elevated temperature. But this is not a norzal condition;
- the steel is not in equilibrium. Time has been denied
for ceomplete gnlution of the carbon. It is fairly well
conceded, however, that tungsten does lower the czrbon ~f
the eutectoid ponint,

Cwing to the atomic irmobility and sluggishness of the
elements caucsed largely bv the presence of tuncsten, it
is necessary to use hardening temperatures much in excess
of thet ueed for recular steels (this apolies t» steels
with a tungsten ccntent greater then 7%) to give ample
time for the solution of compounds of tungsten such as

Feswzand Fe4WBC. A steel containing 10~ tungsten reauires
a temperature greater than 2100°F to insure complete sol-
ution of the tungsten compounds.

Just as the presence of tungsten raises the temverature
necessary for hardening, it likewise raises the forging

and rolling temperatures. Tnis, also, is due to the

atomic immobility of its compnundse.

The element tungsten induces in cteel the property of sir-
hardening and deep penetration hardness. With high tuncsten
steels, ray above 12%, the hardmess obtained from air-nard-

ening is practically the same as that obtained from o0il

ouenching. This craracterictic property »f gir-herdering



Tungsten (contd)

presents difficulties in forging end rolling opporations,
and if the temperature of the steel falls much below 1700°F
the metal stiffens percentibly.

Int the forging operations freguent reheatings are necessary,

due to this hardening effect as the temperature drops.

At guenching temperatures high tungsten steels are entirely-
austenitic, which is retained on cuenching. The presence of
tungsten increases the tempering temperature at which
austenite is transformed into the hard martensitic phase.

Tungsten also gives deep hardening pronerties to steel.



HOT WCOR¥ TOCL STEELS - AFPPLICATICIH
The requirements demanded and the factors invslved in
destroying dies should be given careful studv before
recommending or apcrlying sny particuler tyce of hot -
work analysis.
The application of the correct type of analyeis and the
proper heat-treztment are the all deciding factors in
the life of hect-work dies,
The main factors to studv vefore apvlying any steel zre:
temperature involved (maximum and miniwum), lencth of
time die is in contact with heat, temperature to which
die rises, cooling or lack of cooling conditions, contact
or lack of contact with water or oil, lubrication, sudden
changes of temperature, physical stresses such as torsion
or impact, etc. If careful thought were always given to
these selient factors fewer failures would be experienced
in the application of hot work tool steel. The heat
treatment of course is vitel, as too much stress cannot
be placed on this subject. Cerefulress and proper furrnace
control is elways a recuisite. The Rockwell hardness is
of great importance, and it heas bteen mv experience that
heet treaters and shop men are prrone to consider extreme
hardness nececsary to the 1life of the die. 1In the vast

rajority of cases the exact npnosite is true. Rarely



in hot work application is a hardness exceeding
Rockwell C-50 necescary for lony life. 1In most
caseg much less then this value is desirzble.

The lowest hardness that will withetand erosion
is beest, 2s the extreme hardness sets up a marked
susceptitility to heat-checking which soon cazucses

the breakdrwn of the dise,



Analysis:
C - +E5- .75
?‘.:n b 015- 030
Si - .15~ .30

Cr - 3.75- 4.25
Va - .85- 1.00

it - 17.5C- 18.80

As shown by the snalyesis, this is an 18:4:1 tyve of high
speed steel. At nre tire this anslysis was widely used
for hot work purvoses. The hizh turgsten - chromium
content offers much resistance to ercsion and elevated
termperaturce; but with the high carvon rpercentage the
alloy is prone ton set un heat-checks when in contzoct
with high temperatures for #ny length of time. The hinh
carbon - turgsten content aleo induces extreme brittlerness
that prevents its use on work where any shock is in-
volved, When used it is necessary to terper at s very
high temperature to increase the ductility ard imract
values.

Of late years this analysis hes found very little use
for purposes other than cutting tocls where red-hardness
is recuired. From this anazlysis, however, most tungeten

hot werk steele heove evolved; herce its inclusion.



TYPE I

Heat Treatrent:

Dk P p——

Forging - 17509 - 210CR 7
Anneelirg - 1600 - 18507
Brinell - 207 - 228

Rockwell Hardness after 0il Cooling:

2250° F - Cil 2400° F - (il

No Draw - C - 66 Cc - 67
10000F - €5 65
11000 - 65 65
1200° - 62 63
1300° - 61 61

Recommended Hardening Treatment:

Frebeat 15000°F

Quench - 22502 Cil or &ir

Draw 1150°% - 12500

(according to recuirements)



Charpy Impact Values in Foot Pounds

Heat Treatment
Charpy Rockwell

Quench Temp.OF Draw OF Values Fardness
011 32250 1100 3.14 Cc 61

. " 1150 3.37 59

. 3380 1050 3.02 64

" 2000 1200 2.90 49

. 2160 " " 57

" 2250 - w 59

" " 1100 2.62 58

" . 1200 » 55
Alr b " 2.50 54

011 2300 " 2.62 61



TYPE I

Tensile Properties - At Room Temperature

Analysis:
C - .70%
Tensile Yield Tlong- Red. of FEardness Feat
Strength Strength ation ATres Rnck. Shore Treagtment
1b/5qIn. 1b/Sqln % %
322750 YS=TS 1.57 0 C 59 81 23000F 011
1100 Draw
330860 275000 0.83 .56 55 73 23000F 0il
1200 Draw
At Elevated Temperatures
9000 and 11COCF respectively
175800 - 2.0 1.2 e 42 - 2100°F air
1250 Nrew
145020 - 8.0 14.8 - - 2100°F Air

1350 Draw
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TYPE 1

- s s an o

Typical Uses - Hot Work

Automobile Valve Seats
Plungers for Upsetting Machines
Shear Blades

Heading Dies



Automobile Valve Seats
Plungers for Uosettings Yachines
Sheer Blades

Heading Dies



W - 17.93

Yearly any tyre of curve can be ohtzined from this tvpe
of steel. The normsl heating and cooling curve is as
shown in this chart. Time and tempercture zre fecters
in the voeiticn of the critical points.

The test specimen wes heated tn 270°C end showed 2 crit-
ical transformeticn (Ac) at 800° - 850°C. The epeciren
was carried to a temperazture of 97600, before starting
cooling, tn insure the complete snlution of the cartides.
Two definite c2oling trensformations are showrn;

Ary - 728C0-7007C and Ary - 4200-3107C. The inteneity of
the Ar; ooint is very slight, tut the Arps point shovs a
very larg¢e expansion over a wide renge of temperature,
This letter point of cource is trhe martensitic rerdening
range of high speed eteel. The exrvansion being due to

the formstion of nmertensite,



. ——— —— —————————— — — —— ————— ———— —— . —

Thies sgeciren chowrs sore contraction 2t the point
wvhere cooling was discontinued, due crobably to
retained auvstenite. Temreering would eliminate this
condition.

It should be mentioned thet if cooling of sregimen
cormmences after the Ac transformation, before suff-
icient time has been ¢given for the complete solution
of cartides, the rartensite will be of low carbon
content and vill result in r=ising the Ar roint, ~nd
cause a greater intensity of the Ary voint. This,
however, is rot a normel cnndition. This steel is nnt

in ecuilibrium.
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Two photomicrographs are shown at high magnification,
(x2400).

Photomiérograph 1 shows this steel in the annealed
condition, and is a very good example of the large
excess grains of tungsten comrounds.

Photomicrograph 2 cdepicts the steel in the hardened
untempered condition. The large austenitic grains
are very pronounced. The maetrix shows a slightly
martensitic condition with globules of tungsten car-
bide interspersed throughout the mztrix., These are
the excess compounds of tungsten that failed to go

into solution.
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Analysis:

AE______
C - .50 - .B5
¥n - .15 - .30
Si - .15 - .30
Cr - 2.75 -4.35
Va - .E5 -1.00
w - 17.50 - 18.%&
Yo = .15 - .30

In recent years this analysis has gradually found e
much wider application for hot work purposes. ¥With

the exception cf the reduction of carbon to .50% and

a snall additi5n of molybdenum, this steel is the

same chemically as Type 1.

The lowerirng of the carbon removes most of the brittle-
ness; see comparative tensile tests, inherent to high
tungsten - high carbon steels. By lowering the carbon
the tensile strength is not greatly reduced, yet the
elongation is increased four fold, while the reduction
of area is trebled. The lower carbon content of course
gives considerably lower hardness figures after cuench-

ing, but this is helpful in preventing heat-checking.



For certein z2pvlications Rocirrell hardnesses &s
low as C 35 are frecuently necessary. Tith hish
carbon steel, fine hair-line he2t checks set up
quickly from contact with high temperatures, -
this is not the case when the carbon percentage is
lower with correeponding lower Rockwell hardness
ficures. This tvpe of steel does not always con-
tain & percentage of molybdenum, but the addition
of a small amount (.50%) is a decided improvement
in the life of the stecel. I have seen gripper dies
working against Silcrome valves prodiace 35,000
valves without the molybdenum 2d4dition, and better
than 200,000 valves with the addition of .35%

molybdenum,



TYFPE 2

—— -

Heat Treatment:

Forging - 1850°-2000°%
Annezling - 15500-180C°
Brinell - 217 - 235

Rockwell Hardness after 0il and Air Coocling:

—————— ———— — — —— ———— ——————— —

No Draw - C 49 C 55 C 59
1000°F - 51 55 59
1100 - 48 53 58
1150 - 48 52 o6
1200 - 47 50 t4
1250 - 38 40 45
1300 - 37 38 43

Recomrended Hardening Treztment:

Preheat - 1500°F
Quench - 2000°9-2150°F (o0il or air )
Draw - According to hardness desired.

A long draw is very important.



Analysis:

c - .50
Cr - 4.05
Va - 0.97
¥ -18.3G

Charpy Impact Values in Foot Pounds
Heat Tre%tﬁpnt Charpy Rockwell
Quench  Temp. F Draw Values Hardness
0il 20090 1220 2.9 C 47
" 2157 " " 51
" 2250 - " 59
" 22850 1170 2.6 58
" 2250 1200 2,5 54
" 2300 1250 2.6 55
Tensile Froperties - At Room Teuperatures
Tensile Yield Elong- Red.of Ysrdnecs Teet
Strength  Strenith ation  Area Rock. Chore Trest.ont
1v/SqeIn. 1b/Sqln. 5
245,130 126,700 2.i? 1.12 C &9 R2 225077 Ci1l
12720 Prew



Typical Uses - Hot Work

Nut Dies, Large Size - Zardern in Torge Fire, Tace only.

ilut Dies, Small Size -

2350°F Air
1200 Drew

Gripper Die Valves

2050°F(packed) Air
1000-1150° Draw

Prass Extrusion Dies

2100°F(pacted) &4ir
1200-1250° Draw
Brinell 285-302(RBefore ¥achining)

Brases Extrusion Dies

2200°F(packed) Air
1300 Draw

Erinell 285-302
Rockwell C 42-45

Hot Press Dies, Axle Flange

2150°F Air
1220 Draw C 46






TYPE 2

Hot Press Punches, Axle Flange

2150°F 011
1350 Draw C 40

Coining Dies, Upsetting

2150°F Air (packed)
1200 Draw C 46-48



- - e > - ———— s ——————— ——————

Analysis:
C - .53
n - .14
Si - .13
Cr - 2.87
Va - e8
W - 18.29

The analysis of this steel is not unlike that of
Type 1, but the critical transformations exhibit

a marked constitutional difference.

The heating was carried to 900°C and showed a
critical transformation (Ac) at 7200 - 840°C.
Sufficient time and temperature weore piven after
this transformation to ensure comnlete solution of
carbides.

Cooling was started slowly and two critical points
were recorded; Ar; - 800°-700°C and Arp - 350°-

250°C. It will be observed that oppecsite to Type 1



the Ary point in this steel shows the greater volure
change. This condition is due to the low carbon
percentage in the steel, resultingz in martensite of
low carbon analysis, which naturally raises the
critical point. The Ar, point is very small, but
shows considerable expansion, indicating a marten-
sitic change.

The steel shows a slight expansion at the point

where cooling was discontinued.
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Tvo .hotnuicro rechs zt hi:h :+ a*iic=tisn ,(x2200)
sre e<iorn,

iure 2 ig in the annezled cr~diticn 2nd is not
unlike Tiiure 1 ~f Tvoe 1, It siinmwe the lerge
globules ~f excses 21lov that L:s teen crecicitoted.
Firure 4 is ia the b=rdened conditicon, F2507F (11,
ant like Figure 2 ernnws en sustenitic etructure
with excecs turn-eten carbide 12bules tut failed

to ¢n irto eclution.
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Anelysie:
c - .50-55
Si - .15-30
1:ra - .85—-1.00
- 17.80-18.5
Co - 4.00- 4.5
o - .75- 1.0

This type is similar chemically to the reculer 1€:4:1
analysis with the addition of arproximastely 4% cobalt
and 1% molytdenun.

At first it was thought that this analysis gzve greater
resistance to ercsion at elevated temperatures. There
are rany drawvbvecks and dieadvantaeges with this tyce of
analysis. The first and forenost is the lack of unifcrn-
ity cf results obteined in practice; second, the merked
tendency to develop a decarbhurized case et 3250°F, which
repidly increases up to 24C0°F,

It is safe to eay that there is no hot work applicetion
that cannot be done equelly as well, or perheps tetter,
with Type 2 srnalysis previnusly described. Sonre very
nhenomenal results heve teen cbteined with Type 3 steel
in extruding hard non-ferrous 2llcys such &s Ytrass, btut
owing to leck of uniformity, it does not averagce over 2

long pericd of tire as well es other compositions.



Torging - 1850 - 2n00°7

Arnealing - 1550 - 1€00°

|

n
3]
al
|

N
(o)
(93]

BRrinell

Rockwell ¥ardness efter C2il and Air Cnolina:

2100°F 2250°F 2700°F
No Craw C 54 C 55 C &8
1C20 54 55 58
1100 53 55 55
1200 44 54 57
1259 38 50 51
1300 33 48 49

Reconmended Hardenine Treatment:

- - —— — ——— —— ———— —— ————— i~

Fraheat - 1500°F.

O

Quench - 2000° - -7150°F {cacked) Air

Traw - ‘According to hardness desired)



Tensile Froperties -~ At Elevated Termneratures

——— D - ——— ey ——— A ————— — ————————— — ———————————— — -

Terperaturea, 900°, 9002 and 1100°F resnectively.

Tensile Yield Flone- Red of Rockwell Heat

Strength Strength ation ATez Hardness Treatrent

1b/5¢In. 1b/3qln. % %

146,170 - 5.0 13.4 c 41 2100° Air
1300 Traw

191,520 - 0] 0 43 22509 Air
1200 Traw

128,030 - 9.0 18.8 43 22507 Air
1350 Traw

Tyoical Uses - Fot Work

—— — .  — ——— . ————— o ————————

Extrusion Dies -~ Brass, 2100°F Air (vacked)
1300 Draw
Rec¥wall C 42-44

Gripper Dies, 2150°7 Air (pecked)
1250 Draw
Rockwell C 42-45



3
v
)
(41
>

Analysis:

c - .30 - .23
Zl'in - .15 - 030
Si - .20 - .35

Cr - 3.00 = 3.50
Va - .30 - 050
wo- 10.00 - 12.00

This tvce of steel is probetly more widely ueed for

hot work purpoees thren any sther anzlysis go far

Q

develored. The enalysis differs widely f2r diffcrent
consumere and rornufocturers, but they zre 811 funds-
renrntally the came basic type. The moet cowmdn ranie

is gilven in the analysis chert., =ovever, it is common
to have the chroriur 3.0/2.0% and the tun-rten 8.0/14.07;
the carbon of cour-e will vary between .30/45% with
these elemente,- the hirher the alloving elsmentg the
lower the cerbon contrnt, For exe=zple the C - .40/45,

Cr -6.0, ¥V = 8.0 tyne 1is ouite cominnly used,.

Thie steel precents much eace 2n? 1latitude in heat trect-
ing, end cen he ¢guenched in air or il with ecuzlly ¢ood
results, It is to e noted thet with a verry hi-h rnere-

traticn hardnecs, thies steel hss @ v-orv i

»

—

I yield nrint,
and chors considerable ductility with a reducti~n of area
of 14.0%.

The heat reeistance - 2s chorn in temperine chart - is
exceptionally good. The breakdown in h=ardrecs is v~ry
gratual even et terreraturecs Aae hi,h sae 120077, 1t ie

not suscertible tn brittleneess with impzct or heet

chec¥ing when pronerly herdened.



Torging - 1750° _ 1900°7

Annealing

1
Brinell - 207 - 223

—— . —— —————— —— = — = = —— — —— ——— ————————————— ——

1950°F 2150°F 2250°%
o Traw C 48 C B2 C 58
1000 48 52 53
1250 48 52 56
1100 48 52 54
1150 48 51 53
1208 44 47 4=
1250 25 43 45
1300 29 28 39
Reconrended Tardening Treatrent:
Prehieat -—15OOOF
Quench - 2150° - 2250°F Air ~r Cil.

Prew - Accordirg to hardness desired.



hzrny Impact Values in T-ot Tounds.

Analysie:
C - .38
Cr - 3.22
Va - .44
W - 10.63

Feat Trertment:

Quench  Tem.°F.  Trew®F  Taluc
Alr 2150 1200 8.42
£il 1850 1225 13.05

" 2050 1200 9.32
" 2150 1100 3,27
" 2150 1270 5.88

2.62

" 2300 1200

Rockwell
“ardness



- — —— —— — ——— — — - — —— ———— —— —————— —— ——— . ——

Va - .39

w - 10.73
Tensile Yield Elong- Red of Pardness Heat
Strength Strength ation Area Rock, Shore Treatrent
1b/3qIn. 1b/Soln. A %

. = D s e > et S D D - s > —— - - ———————— ————————————— ————————— — —

252,270 222,0C0 8.15 13,8 C 49 62 20507 0i1l
1189 Draw

At Elevated Temperatures

—— e — ———— — e T ———— — ————— — ————

759, 7007, 900°, and 1120°0F resoectively.

247,399 210,000 2.0 21.7 C 48 62 2180°F Ci1
1180 Praw

208,770 1€5,000 10.0 32.1 - - " "
185,540 167,560 11.0 21.7 - - " "
144,515 128,500 12.0 19.8 - - " "



Brass Foraing Dies,

2150°F 0i1l
1200 Draw C 45-48%

Aluminium Extrusion Dies,

2150°0F 0il
1180 Draw

C
1270  Drew C 33-42
(

Sizirg Rinc Steel .40% Carbon,
2100°7 Air
1280 Draw C 49
(Before
Gripver Dies - Upsetting Pivots,

2100°F Air
1250 Draw C 40

Insert Dies - Ford Valves

2150°F Qi1
1159 Draw C 48-50

Rotary Shears - Skelp ¥ill,

2150°F Air
225 Drew C 42

o]

Forming Dies - Boiler Shop,

2100°F Air
1200 Draw

Q
>
(@)

2achining)

“achining)



Tyoical Uses (contd.)

Extruding Rrass - Rods,

2250°F Air
1100 Draw C 42-45

Extruding Brsss - Sections,

2250°7F Air
1175 Crzaw C 40-A2

Eot Shears - Morgan Flying Shear 2" Billets,

2150°F Air
1250 Draw C 41

Hot Shears - Morgan Flying Shear- Sheet Bar,

2150°F Air
1250 Draw C 41



Analysis:
C - .2E
'n - .16
Si - .19
Cr - 3.18
Va - .42
it - 10.15

Two exceptionaliy well difinde pnints of considerable
intensity are ehown, - Ac - 810°-880°C ans Ar - 775°-
6S0°C. The intensity of the point on heating is slicht-
ly greater than the cooling transformation.

It is to be noted thet the Ar transformation of this
steel occure at a much higher terscerature than is

usual for hiph tunceten steels. This is due to the low
carbon conteined in the precipitated martensite, the
steel only containing .36% cerbon originelly.

The shrin¥age shown where conlino was discontinued is
very slight, end would be entirely removed if test

gpecimen h=d been conled t» atmospheric temperzture.
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Two photomicroerarhs at 2200 diameters zzgrification
are shown.

Figure 5 shcws the steel in the annezled conciticn
abd in contrast to the previous high tuncsten tvnes
tha vreciritated tungsten carbides are small and

somewhet spherodized.

Figure 6 shows the steel in the hardened, 2150°F-0il,

gtate. It showe 2 very peculisr structure. There

are a few globules that fail to =~ into solution,

but the excess constituents have the 2pnezrance of a
laminated structure moetly radiating from a s~ell

globule. Parte of it look acicular in nature, some-

what reserbling 2 martensitic structure.
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c - .90 - 1.05

For many years this chromium tyre of aralysis found
greater hot work aprlicatinn than any ot-er analysis.
Even today it hes a verv wide eprlication, gnd for
many purcoses serves adrirably, With ite fairly hieh
pergentage of chromium, it withstands the breaking
down of the hard mzrtensite at reasnnably high temxo-
eraturesf It is able to withstend temperaturss uo to
900°F, for s rezscnable length of time without esoft-
ening, but above this tempersture, or where cocntact
with heat is excessively long, softening occurs.

A considerable tonnace of this grade gnes into brlt
and riveting machinee for header dies, also hot forz-
ing mendrels.

The eimplicity of heat treating is & very desireble

feature, as well as the cost.



Forgins - 17507-1800°F
Annealing- 14509-1500°
Brinell - 186 - 207

Rockwell Eardness after Cil end Air Cooling:

- - ———— — —— — - — - —— ey — —— —————— ——— - — - —————

1850°F Air  1600°F 0il

No Draw C 24 C 61
600°F 53 55
800 52 53
1000 49 48
1050 47 47
1100 40 45
1150 38 41
1200 35 40

Recommended Hardening Treatment:

- v — ————— ———— — — ————— — — — —— — —— - —

Quench - 1825 - 18750F

Draw - 900 - 10009 (or to hardness desired)



Analysis:
C Mn Si Cr
.95 .68 .25 4.0

Charpy Impact Values in Foot Pounds

Heat Treatment Charpy Rockwell
Quench Temp.OF Draw Velues Hardness
Air 18590 - 3.98 C 54
0il 1600 350 4,63 54
0il 1600 1000 14.21 48

Teneile Yield Elong- Red of Hardness Feat
Strength Strength ation Area  Rock. Shore Treatment
1v/SgIn. 1b/Soln. % %

—— i s > e > ey D - - —— — —— — — —— o T ———— —— c— T — —— - —— — —

223,780 143,000 7.38 20.7 Cc 38 50 1850°F Air
1100 Craw

270,850 222,000 2.73 1.7 43 64 1550°F 0i1l

850 Draw

At Elevatedl Temperatures

- - o - — - ————

181,680 - 13.0 49,23 C 43 - 1850°F Air
1100 Praw
120,280 - 23.0 64.7 42 - 18500F Air

1100 Draw



Typical Uses - Hot Tork

Gripoer Cies, Rivets

1850°F Air

1080 Draw Shore 60-55
Header Dies, Bolts

1850°F Air

1050 Draw Shore 80-£5
Grioper Dies, Zolts

~—~D .
12507F Air
€00 Draw Shore

o
1]
[
~2
O



Diletometric Observation:

Analysis:
c - 094
}';.n - . 6
Si - .32
Cr - 4.05

The curve resulting frcm this steel shows two ex-
ceptionally well defined critical voints,- Ac 750° -
800°C. and Ar 860°- 675°C. The intensity of both
critical pnints is very great, although bnth trens-
formations ere completed within a comparatively
narrow temperature range.

The Ar point showe a considereble degree of exransion.
This i1s due tn the formati-n of the less dence merten-
gite which, of course, hes a much greater specific
volume than the preceding austenitic phase,

After completion of the Ar transformation the steel
assumes a normal rate of cooling, with the cooling
curve falling in close proximity to the heating curve.
A slight expansion of the steel is stell in evidence
at the point where test was discontinued, but it is
very small and the chances are thet had been con-
tinued to rcom temperature, the change ~f ghave (ex-

vension) would have been very slight,
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Two photomicrogrsphs at 2200 diameters magnification

are shown,

Figure 7 shows the steel in the annealed condition. It

is composed of very finely precipitated chromium carbides,
Figure 8 is the hardened, 1850°F - Air, condition.

A very peculier type of structure is shown. The aus-
tenitic grains are large and well defined, the grain
boundaries are wide and very irregular. A second, or
superimposed structure, can be seen clearly by varying'
the focus, This second structure has the appearance of

fine globules that failed to go into scluticn,
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Analyeis:

C - .40 - .50
¥n -~ 20 - ,2C
Si - .80 - 1.0
Cr - 1.30 - 1.5
W - 1.50 - 2.0
Va - .20 - .30

This type of steel has found extremely wide application;
especially where any degree of shcck is present. It is
sulitable for both hot and ccld work purposes, probably
finding greater uese for the letter than the former pur-
pose. It is a very highly slloyed analyeis, and on =a
cursory view might be thought to be brittle; but the
opposite is true. It is probably one of the toughest
and most ductile tool steels manufactured.

There i1s 8 very large tonngge of this steel used in the
form of shear blades; - hot and cold.

The analysis used in this type is nearly fool-proof in
heat treatrent, which is a very desirsble feature. A
disagreeable characteristic is the tendency to harden
with a soft skin. This condition is much more pro-
nounced when the steel is hardened in an electric fur-
nace. In a gas fired furnace it can be controlled

fairly well. When hardered in a coke forge there is



no evidence of this condition. The contact with
the carbonaceous material prcbarly acts c= car-
burizing agent. Due to this characteristic, it
is advisable t» pack-herden small sections, -
punches, or sections that are not later to be
ground. The Rockwell hardress of this steel is

not a very great factor in the life of the tools.



Forging - 18800 _ 17500w
Annealing - 1450°F

Brinell - 1988 - 217

Rockwell Hardness after 0il Quench:

- ————— — D > ol > s T T D D o, D T T - ——— — —-———

1700°F 0il 1750°F 0il

No Draw C 58 C 58
700°F 53 54
900 47 50

1000 48 43

1100 47 48

1200 40 43

Recommended Hardening Treatment:

o —— — —— — — — — — ——— — —— ——————— ———— ———

Quench - 18500 - 1750°F 0il

Draw - As desired.



s S . et s et e S - — ——— — - —— — ——— —— — — —— —

Heat Treatment Charpy Rockwell
Quench Temp.CF Draw Values Hardness
0il 1700 - 17.7 - C 56
0i1l 1700 450 232.0 54
0il 1700 1050 31.3 48
Pil 1700 1200 62.1 34
Tensile Properties - At Room Temperature
Tensile Yield Elong- Red of Hardness Feat

Strength Strength ation Area  Rock. Shore Treatment
1b/SqIn. 1b/Sqln. % %

- —— — —— —— — . —— - ————— — — - — —— — —— —— —— ————— ——— — —— —— — — ————— — - ——————

307,2€0 195,000 2,65 .91 C 54 682 17000F Cil
Yo Traw
307,730 250,000 4,51 8.81 52 693 1700097 0i1l
800 Draw
287,880 238,000 4,51 3.87 51 65 1700°F 0i1
750 Drew
244,880 201,000 6.87 13.30 45 80 1700°% 0i1l

1050 Praw



Tensile Properties - At Elevated Temperatures

Temperatures, 750, 700°, 900°, 1100°, 1150°, 900°

and 11000F respectively.

Tensile Yield Elono- Red of Eardness Heat
Strength Strength etion Area Rock. Shore Treatment
1b/SeIn. 1b/Soln. % %

237,740 208,000 10.0 38.1 C 43 80 1675°F 0il
350 Praw

194,080 188,000  15.0 57.1 46 80 " "
151,605 135,000  20.5 64.1 46 60 M "
82,610 68,000  44.0 85.3 46 60 M "
72,650 58,000  55.0 88.1 46 80 M "
175, 68000 - 2.0 1.2 42 -  17500F 0il
1250 Draw
145,020 - 8.0 4.8 " - " "

Analysis Used For Charpy And Tensile Tests: (not including

- - - - e - - — - — -

last two tensiles)

- - —— —— — ———— —— — ——— — —— — — — — — —_— —— ———— ———



T pup—

Aluminium Extrusion Dies,
o
1750 F 0il
1250 Draw C 33-37
(Before Machining)
Aluminium Extrusion TCies,
1750°F 011
875 Draw Shore 83-28
Header Rivets,
1750°F 011
1150 Draw Shore 55-80
Shear Knives - Bar Nill,
17500F 0il
550 Draw Shore 65-87
Aluminium Die Castings,
1750°F 0il
1050 Draw Brinell 444
Bull Riveter,
1750°F 0i1
1225 Draw Shore 50-55
Shear Knives - Rotary Eot ¥ills 3/16" thick,

1750°7 0i1l
450 Draw Shore 72-77



— — — — —— —— —— ——— —— i — ——

Shear ¥nives - Billet and Bloon,

1750°F 011

1050 Draw Shore 60
Shear Knives 9" Elooms,

1750°F 011

1250 Draw Shore 55
Dummy Blocks - Extrusion of Brass,

1750°F 011l
1100 Draw C 42-44



Anelysis:
C - .47
¥Mn - .29
Si - .92
Cr - 1.22
Va - .23
b - 1.90

This curve shows a well defined Ac critical point

at 785° - 880°C, with the Ar point at 7352 - £80°C
equglly well defined end of about the eame intensity,
The noticeabtle thing about this curve ie how ouickly
and closely it returns to normal dimensions after
the cempletion of the Ar transformetion. Being an
0il hardening steel accounte for some of the leck

of distortion, but the analysis is such as to elir-

inate &ny great amrount of movewent in the steel.
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Two photomicrographs, showing thies steel annealed
and hardened, are shown at 2200 diameters magnif-
ication.

Figure 9 showe the annealed structure of the steel.
It is a normol structure for a complex alloy such
as this steel.

Figure 10 is herdened, 1750°F - 0il, structure and
shows the rejected excess constituents in a decided

larirated or banded condition.
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TYFE 7 gnd 8

Aralysis:
Tyce 7 Type 8
C - .30 - .40 .45 - .50
Si - .80 - 1.00 3D - . 50
Cr - 4,75 - 8.N0 4,25 - 4.75
Va - 020 - 030 0?0 - .3’)
w - 4,75 - 6.00 1.75 - 2.00
Co = .42 - .80 - - -
Yo - +15 - .30 .85 - 1.C0

This type of steel was develoved vnriraerilv for the non-
ferrous industry. It found its first epnlication in
pressure die casting trhe hard aluminum alloys. It oreved
much superior for this tyve of work then anything prev-
louely used. Since that time it hes fourd 2 much wider
application.

This steel, although not generally considered 2s suitable
for extruding the hard non-ferrous metals such as brass,
proves very good for such work, if care is used in pre-
varirgz the dies and is rroperly heat treated. It does
not offer the same resistaence ton abrasion and erosion et
elevated temperatures as Types 2 ard 4; but it is certzin-
ly warrants use in such times as these when the vclume
being extruded is not great. It protably averages three-
fourths the 1life of the high tungsten steels on this

work.



TYPE 7 and 8

This steel offers great eace in heat treating, - being
air hardening, and shows little or no.ﬁendency to sczle
with 8 minimum of warpage.

It withstands treakdown from heat up to 1100°F, before

any sudden change of hardness is apcarent.



Forping - 12000 - 20000F%
Annealing - 18500 - 12000
Brinell - 217 - 235

Rockwell After Cil and Air Cooling:

- — S - —— —— —  ——— —— —_— ———— —— —— — — ————— - —

1825°F
Yo Draw C 55
800° 55
c00 55
1000 54
1050 52
1100 49
1200 49

Recommended Eardening Treatment:

Quench - 1800°-1850°F (Air)
Pack Farden.

Draw - 900%-1100°%
(According to hardnese desired)



e = s e

> —— —— —— — —— — — —— ——— —— — — — —— ———— ——— —— — ————— — - — ——— —— ———

Co - .53
¥o - .32
Cr - 4.78
Va - .30
kit - 5.54

Charpy Impact Values in Foot Pounds
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Eeat Treatment Charpy Rockwell
Quench Temp.oF NDraw Values Hardness
Air 1825 - 18.920 C 55

" 1825 1000 18.290 c4
" 1825 1100 19.46 43
" 1825 1200 30.87 40

il 1825 106090 18.90 o4



Tensile
Strength
1b/Saln.

Yield Elong- Red of Fardness
Strength eation Area Rock. Shore
1b/ScIn. % %

Teat
Treatment

- - - — . —_————— ——— — — ~—" — — — — — — —— ——— —— — — — —— — — — — — —— — —— — - — ——— - — — —

259,390

161,480

Temperatures,

269,470

241,115
217,045
112,950

198,550

217,000 8.43 17.8 C 42 82

122,000 13.50 37.3 35 43

At Elevated Temperetures

respectively.
207,000 5.0 8.6 50 &7
192,500 3.4 25.0 - -
172,000 10.0 30.5 - -
85,000 23.8 62.9 - -
- 11.0 41.9 50 &7

759, 700°, 8009, 1100° and 1100CF

1825°F Air
1160 Draw

" "
f "

1 f

18280%F Air
1100 Drew



TYPE 7

Typical Uses - Hot Work

Aluminum Die Casting,

1828507 Air

1100 Craw Brinell 444
Shear Blades - Rotary Sheet Bar,

1825°F Air

1050 Draw C 52
Shear Blades - 35" Blooming !Mill,

1€25°0F Air

1150 Draw Shore 60
Aluminum Extrusion Dies,

1825°F Air
1100 Draw Shore 65

1200 Draw C 38-40
(Before Machining)
Brass Extrusion Pies,

1850°F Air
1150-1175 Draw C 40
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Dilatoretric Cbservation

Anelysis:

C - .39
¥n - .21
Si - .97
Ccr - 4,78

Va - .30
W - 5.54
Co - .53
o - .22

This curve shows two well defined transformations;
Ac, 8102 - 870°C and Ar, 350° - 300°C. Both trans-
formations are of considerable megnitude and about
the eame intensity.

At the point where cooling was discontinued the epec-
imen showed a small awount of shrinkage, but nothing
very great, and it is quite likely that had cooling
continued to room temperature, the heating and conol-

ing curves would have closely agprcached each other.
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TYFE 7

Two photomicreprarhe, annezled arnd hcorderned, are
shovn at 2200 diareters magnificatinn.

Figure 11 shows the annealed structure. The high-
ly alloyed nature of this steel is clesrly shown.
Figure 12 is the hardened, 1825°F Air, structure.
The picture is slightly out of focus, but ehows a
large excess of precipzted coagoundes in globuler

formn that have failed to go into solution,
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Analysis:
C - .35 - .45
Si - .20 - .25
cr - 6,00 - 7.00
Va - .30 - .50
™ - 8.00 - 7.00

Thie type of steel is not unlike Tyre 4 and is really
one of its off-spring, It is used for similar purpos-
es to the older arnd higher tungsten type. There are
few, if any, applications where Typre 4 will not do
equally es well, or perhaps better. The results ob-
tained from Type 4 seem, over a long period of tiwe,
to be more consistent and dependatle.

It will be noted thet the carbon is somewkat higher
than in Type 4.

The treatment of these two steels is just about the

sanme,
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Heat Treatment:

Forging - 18500-20000F

Annealing 15509-1600°

Brinell - 228 = 241

Rockwell after 0il end Air Cooling:

2000°F 2150°F  2200°F

No Draw C 56 C 81 C 62
1000° 57 61l 63
1100 53 60 60
1150 51 £8 58
1200 44 43 50
1250 40 45 45
1300 39 44 45

Recommended Hardening Treatment:

Preheat - 1500°F%
Quench - 21000 - 2200°F Air or 0il

Drew - According to hardness desired



Charpy Impact Values in Foot Pounds

Heat Treatment Charpy
Quench  Temp.°F Draw Values
011 2000 1200 11.26
0il 2150 x 2.32
Ccil 2150 1100 2.90
Cil 2150 1200 8.84
Air 2150 1200 8.43
0il 2300 1200 5.03

e - e . —— e ——

nRockw
Herdn

ell
ess

Tensile Properties - At Elevated Temperatures

—— .- > > o e

Tensile

1b/SqIn.
153,100

129,430

Yield
Strength Strength ation

Elong-

1b/SaIn. %

A — - —— — " ——— ——— i ——— ——— — - —— — — — —— ————— ——— —— ——— ——T—— ——

Red of Rockwell

Area FHardness

—— e — —— ————— —— ————— — ——— ———— — —

Heat
Treatment

2150°F Air
1250 Draw

215COF Air
1200 Draw
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Aluminum Extruslon Dies,
2150°F 011
1180 Prew

Aluminum Extrusion Ties,

2050°F Air
1275 Draw

Pick Dies,

2150°F pir
1200 Draw

C 49

C 40-42
(Pefore Xachininz)
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Analysis:
c - .40 - .50
Kn - [ 50 - 07"3
Si - .20 = .35
Cr - 2.5C - 3.0

This tyce of steel deserves mention on accourt of
its arplication in die casting aluminum pistones in
permenent core moulds.

It is used in the normslized and anneaked condition
without hardening. This treatment gives a much
longer 1ife than when the cores are hardened to any
extent.

In the normalized - annealed condition over 100,000

even elightly herdened, the 1life of the cores is re-

duced to less then 15,000 pistons.



TYFE 12

Eeat Treatment Used for Core Noulds:

Forging - 1200°F
Normelizing - 15000
Annesling - 1670°

The fracture resulting from the above treatment
appears tright and very cocarse; but it is prob-
atly this coarse structure that gives the extra

life when used for casting alurinum pistons.
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In a theisie of this tyvpe, - that dezls meinly

with facts from ectual tests and epplicetiorns -

t
'
O]
Lx]
(0]
[ors
m

little to s2id under this capntion.

l. It is t» te obveerved, however, that the great-
er the carton percentage in highly alloyed steels,
especially high tungsten, the greater the cuscep-
tibility to heat checking, cracking end trittleness.
Witk high tungsten percentages the beet results

are obtained with very low corbton percentages.

2. Hardness as expressed by irndebtation methods,
such as the Rockwell method, is not any critericn
as to the atility of the steel to withsten3d eros-

ion and destruction. Generally sneaking the low-



Conclusions (contd)

est Rockwrell herdness that will stand up accinst

erocion at eleveted temperatures gives the test

results. Hich Rockwell hardrnesses rezct in the

came manrer as high carbon percentages, namely,

susceptibility to heest-checking.

3. W%here much shock is involved low Rockwegl fig-

ures must be ueed. This is bect obtaired by high

ard long drawe after quenching in a manner to ob-

tain the maximum hardness possible.

4, The use of molybdenum and nickel has teen

overlooked.






