51194 08 CASE HARDENI NG Thi s invention relates to the case hardeni ng of
steel. Low surface hardnesses and comensurately poor 5 wearability hay&
rresul ted chiefly from pr.ocedures enployed in the manufacture of prior
steel bearing surfades, and particularly in those of trunnions of un
joint cross menbers. Such menbers have been traditionally formed from'steel
fRrgings, the 10 -forging being heat treated prior to all grinding or other
netal renoval steps. 1t Is comon know edge that such grinding, buffing, or
simlar. finish machining steps renove, at least in part, several
t housandt hs of an inch of the hardened surface achieved 15 from heat
“treatnent and subsequent quenching operations. In fact, the effect of such
post heat treatnent -machining or nmetal renoval steps has beengt,0, repove any
retained austenite in such case hardened surface. Retained a JBIJQM ' '
been regarded as undesirable 20 because of its tendency to be readily
transforned into untenpered martensite under conditions of work hardenlng
or even the flexure of parts under conditions of extrenely cold
tenperatures. The general thinking in the industry has been that
untenpered martensite 25 is to be avoided at all costs, as the latter has
been associ ated with di nensional changes of finished parts, as well as
brittl eness and associ ated cracking. 15 Prior art trunnions have
t her ef ore been GASE HARDENING)ri ndi ng steps after heat treatnent and
guenchi ng

This invention relates to the case hardening
of steel. _
Low surface hardnesses and commensurately poor
5 wearability have resulted chiefly from procedures
employed in the manufacture of prior art steel bearing
- surfaces, and particularly in those of trunnions of
universal joint cross members. Such members have
been traditionally formed from steel forgings, the
10 forging being heat treated prior to all grinding or
other metal removal steps. It is common knowledge
that such grinding, buffing, or similar finish
machining steps remove, at least in part, several
thousandths of an inch of the hardened surface achieved
15 from heat treatment and subsequent quenching operations.
In fact, the effect of such post heat ‘treatment
machining or metal removal steps has been to remove
-any retained austenite in such case hardened surface.
Retained austenite has been regarded as undesirable
20 Dbecause of its tendency to be readily transformed
into untempered martensite under conditions of work
hardening, or even the flexure Qf parts under conditions
of extremely cold temperatures. The general thinking
in the industry has been. that untempered martensite
25 1is to be avoided at all costs, as the latter has been
associated with dimensional changes of finished parts,
as well as brittlenéss and associated cracking.
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procedures to renove substantial portions of case hardened |ayers typically
only 0 to 5 percent 5 retained austenite. The deliberate avoidance
Nal |y all untenpered martensite in the final product has thus ~y
@) i n bearing surfaces having | ess than desirable case hardnesses,

J Wt h associated relatively | ower2resistances to abrasion 10 and .
deformatlan AcCopdigy Loe! PeuRiESR0!nd PUCRRLEBELPE! Sobil BABYLEEMqa Bt oSS
of case hardening a_surface of a conponent nade froma carbuflzing grade o
steel, the nEPheBlediRgi SFaBs Attentheat Sreptm@AFcANfecIUPRShiBg ina
surface | ayeprotelipe§0BBOREROVEAFUIPYtaRtiAESporbaBnd 06Fapssenite, and a
subsequent Mﬁrk har e?in% stg mhigg téansforns thg ﬁ§s%enite tp result in
the surface PAFEPREOnlaYRFRgERRITRALY BN LRTeRBLY ed RBrPeRSESPRE. 20

I n preferpedrptathedadusbenitef tTirendehbderabhe sweibdancdentd surfaces are
achi eved by I 04 g, r vl ' Lt LNng; d
mork-hardenigggg%gigg %ﬁgrQgéé@égg?%?#§gfghﬁ?5ﬁ gngé%tgagggf,the austenite
achi eved durPﬁ@dE9€bG¢$th§5i§e$%%5?®eﬂn2 ear hpgugRrHRERENNAVARG gni fi cant

percent age of ef9eth&h aBOEIrabbé cras€ Hayah8SB8edel aDongt wiyht ransformed into
unt enper ed nartensiée bg ihe.mo K ardening.skeﬁ. A grefsrred formof the
met hod conpr PE8R°THESL 1 BH aB+Ye{%) ToRpI BT hY AT RatRi APRRZ 8P ndi ng, 30
and sim ier spérdefomsationlving nmetal renoval steps, (2) carburizing the

machi ned conponengcg§r&%§'e%g_@hé fag Eﬁgg? nEPBREPHEALI #8 i n the range

of 0.9 to 1.3 percent, I rect guenchi L he conponent 1n oil by neans
resul ting i nPraeided catpehhed @b ¢asgohardeningent suniaeni € #n a case

depth of at tempénOnSmaat! fr&hr£ScitBiri bongagehbe 6f geeklch), (4) tine
the method comprising a treatment ;teﬁ, which results

15 in a Surface layer of the component having not less
than 10% austenite, and a subsequent work hardening
step which transforms the austenite to result in the
surface IaYer contéining at least 5% untempered marten-
‘site. o . '

20 _"' In preferred practical forms of the method, the
éase hardened surfaces are achieved by machining,
carburizing, quenching, tempering, and work-hardening
steps, whereby a relativelj high percentaqe of the
austenite achieved duting carburizing is retained

25 through quench. A significant percentage of the
retained austenite is then deliberately transformed
into untempered martensite by the work hardening step.

A preferred form of the method comprises the
steps of: (1) completing all machining, grinding,

30 and similar operations'involvinq metal removal steps,
(2) carburizing the machined component to achieve a
surface carbon concentration in the range of 0.9 to

* 1.3 percent, (3) direct quenching the component in
0il by means resulting in the retention of 10 to 30

35 percent austenite in a case depth of at least 0.25
millimetres (ten thousandths of an inch), (4) time
tempering the part in a controlled furnace environment
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t'enperi:ng the part in a controlled furnace environnent -3- at constant
tenperature, and ¢5) work hardening the part to transforma portio "
ket ai ned austenite into.untenpered nmartensite, resulting in the casf
having a conposition including at least 5 to 5 20 percent untenperdd/.
martensite. For a better understanding af34he present I nvention an
hQu it may be carried jnto effect,. reference be. made, of

exanple, to theatéc‘E‘B%’éWF ntERR SR FHES AR fé\a We q%x‘%?d%f”c:ré%et %rdened

uni veral 10 j oi partrosstrendform Tdepatet hod ofi clite wréta ivovd busiescitded i s
applicable to t n e rts, for

exanpl e, the su? aégégi%mﬁéfﬁﬁjﬁhé?ﬁé??gétg%é%ﬁéver eﬁg %ﬁ%téég%ss menber
10 shown in thedeBthirkavieg aheonpesktbers imclydirg akt TRy of a

center body §orpopeddeRt bierts @,g@drfggrp@énsﬂ@ each di sposed for rolling
contact with needle bear| el errent(g%é not O‘Z% The surfaces, of the

trunni ons should i de%"l’ﬁfya Set4h gt A r%‘f?%?flﬁol?‘é%’?%%%ce
but yet have suafidctenshew rleustgthttmayesesctarniéd non oo g S ct At gfererde

case hardening gopsi by B ide HR5! Sa 'SP e A 4 DS L AE LGl NGHIG page

di splays a preferred sequence oT oyed Tn t 5 30
35 drawing, which is a v1ew of a case hardened univeral

10 joint cross member..

The method which will now be described is applicable
to the case hardening of bearing surfaces of steel
parts, for example, the surfaces of trunnions 12 of
the universal joint cross member 10 shown in the

15 drawing. The trunnions 12, which extend radially

H of a center body portion 14 of the cross member, are
each disposed for rolling contact with needle bearing
elements (not shown). The surfaces of the trunnions
should ideally have high abrasion and deformation

20 resistance, but yet have sufficient strength to resist
rolling contact fatigue. |

The case hardening consists of five basic steps,
and the table on the next page diéplays a preferred
sequence of the steps as employed in the method;

25

30

35



“u

In nmore detail, the nethod proceeds as follows. First, the
trunnlons 12 of the nenber 10 are fully nmachined. An inportant feature of .
the met#eed is that all machining procedures are carried out in an initial
‘ as to avoid any subsequent renoval of resultant case hardened
hterial . Referring to the chat, the cross menber 10 i's thus
machi ned, the machi ning procedure conprising rough nachini ng,
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. Temperin
Temperature
149-205°C
(300-400°F)

Duration:
1 - 1% hr

59-64

10-30%

70-90%
0%

3-7

Temperature:
815-900°C
(1500-1650°F)
Quenchant:

0il at 27-54°C
(80-130°F)

Direct Quench
minutes

63-67

10-30%
0%

70-90%

_ 2
Carburizing

(1550-1740°F)
(10 thousandths
of an inch)

Duration:
Effective case | Duration:

Temperature:
840-940°C
least 0.25 mm
Surface Carbon
Concentration:
0.9 to 1.3%

3 - 6 hours

depth: At

(For SAE 8617 Steel)

STEPS:

Machinin
Rough
Turning
Grinding or
other Finish
Machining

Case Hardness
(Rockwell C):

Austenite Retained:
Tempered Martensite:
Untempered Martensite:

Compositions




percent..~ Under the aforesaid conditions, this concent- ration will ensure
t.hat. the case depth subject to 30 carbon penetration wll be at |east
illimetres (ten thousandths of an inch). It should be noted that theg
conditions will in-sone regions of the affected surface areas result
case hardened depths up to as nuch as 1.25 millinmetres (fifty thousand
3 rof an inch). The object of the carbit zing procedure is to ensure that

~a substantial anount 1Rfm@HSt@SEAE] | S #18é ah&ERod NpidCesds cadiaf SENGWs sur f ace
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t he austenite, machihed¢gotpesnachining| precgdunre atemprnisieg von@si r abl e
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‘t enper at [ [ [ .
al _ ures, f%ﬁeeégb éemem é£eP3|£§ $@é§2ré§1§“§@amped as a forging,

and the trunniéns 12 are subsequently machined to
final tolerances for proper operation'in roller contact
15 bearing service. ' _

Next the member 10 is carburized at a temperature
in the range of 840 to 940°C (1550 to 1740°F). This
procedure is carried out for 3 to 6 hours under the

- preferred practice of this method. The carburizing -
20 furnace may, for example, be of the "pusher type
continuous”, wherein an endothermic gas may be used
as a carrier in the prdduction of a controlled environ-.
ment for achieving a high carbon potential. The carrier
is preferably enriched with one of the_hydrocarbon -
25 ,gases,'for example a methane gas as will be appreciated
by those skilled in the ért. The preferred surface
carbon concentration ié in the range of 0.9 to 1:3
percent. Under the aforésaid'cdnditions, this concent-
ration will ensure that the case depth subjéct to
30 carbon penetration will be at least 0.25 millimetres
(ten thousandths of an inch). It should be noted
that these conditions will in some regions of the
affected surface areas reéult in case hardened depths
up to as much as 1.25 millimetres (£ifty thousandths
35 of an inch). The object of the carburizing procedure
is to ensure that a substantial amount of austenite
is retained in the case hardened surface 6f the member 10.



nore stable at |ower tenperatures than austenite, while only slightly
"differing fromthe latter in netal- |urgical properties. Contrary to the- _
thod, wherein a deliber- 25  ate effort is nade to assure the "y
easi bl e anount of retained austenite (approxi mately 10-30 percent
ch), prior art efforts have§een directed to M nim zi'ng retained .
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30 and crackin ar r.esul.t ri.or_art. .t ques enpl oyed
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menber t_ be carburi zi ra ste i ously, the

| oner 5 the @?ﬂ%o‘fﬁfﬁﬁt e %]f Rl}?esesﬁ'ere\%‘eq gﬁsurat ed the
menber wil |l tiwcgmeatest caﬁﬁ)anauy v&ﬂry miﬂng)erambmfattomae, For exanpl e,

a ni ckel t ééyg , achi eve a
car bon concg?]t rati 3?1 aﬁ é:%' eq{ng ncfararrljbnc?‘é\al%sagph]b7arda,B ed depth of

at | east19. =pxked éﬁ‘%ﬁ?dhs@?ﬁltsffse%‘fv 3%114%?1)5%1 [@@nditiPn$40 6 hours. An

SAE 8610 st egftemtdarbuitiztidifienis ole CHEISi id GbLEE 14wy ) over car bon

content, WIItl.he carbon atoms will mlgrate out of the crystalline

structure of the austenite, and the compOSLtlon will
dengenerate into an undesirable brlttle structure,

15 such as "cementite". Thus, a rapld quench_ls employed
to effect a "freezing" of the austenitic structure
before the carbon'atoﬁs'have had a chance to migrate.
The result is preferably a:phase having a stronger,
hence more desirable, crystalline st:ucture'at low

20 temperatures, for example; martensite which is much
more stable at lower temperatures than austenite,
while only slightly dlfferlng from the latter in metal-
lurgical properties.

' Contrary to the present method, wherein a deliber-

25 ate effort is made to assure the'greatest feasible
amount of retained austenite'(approximately 10-30
percent upoh quench), prior art efforts have been
directed to minimizing retained austenite (and hence
resultant martensite), primarily to avoid brittleness

30 and cracking of parts. As a result, the prior art
techniques employed a carbon concentration in the
range of oniy O.BItd 110 percent to minimize the amount
of retained austenite. The present method, however,w
limits the problems of the prior_art.by.tempering

35 the member 10 after qﬁench inlofder to reduce the
unsatisfactorily large amount of untempered martensite
-produceddby the quenching step, as further explained

-



; :
absorb.carbon nore readily under the sanme conditions, 15 while an SAE 8620
st eel havi ng hi gher carbon conent will absorb correspondingly |ess carbon.

¢SAE 8617 steel has a carbon percentage of 0.17). Upon renoval of they
menber 10 fromthe ~carburizing furnace, allowi ng for but a slight drop }
tenperature 20 ‘down to a range of 815 to7Lerr] the nenber is "direct.

qyenched” in oil which is main- tained at a tenperature of [err], for
to seven m nut dserdimifitesnt. quench is nore desirabl e than an i ndi rect q

in the preferred 25 praceduyre as il idKLAECt AURRRY HRSWelsedth cadiraser

anount of retained austenites An indirect quench procedure, as
"aust enpering" Fabkens rdipicsesl menbendlQ Muste kR4S 9f ¢h car bon
et Al Ur e, ol | o e e b saal i or e ol on

u | ow t he aus , en. .coql i re sl ow
to all ow theg %/?{3"?‘?) ‘f‘?’b‘f‘%’fqb (?ﬁe{}c}"%aﬁ'%ﬁe' ta{"es rger es;}'r P{mc phase d
havi ng mal | eablsaatkaizmd erhe tiembemsvi Hlattecdmy ipeardampasiatiiady as wil |
be appr eci at ed Do LGS, oA Bk 1814de Fdr Shmple, AHIIUR N the chart.

uench resu

the direct oil ts In a retained austenlte percent e of
approxi matel y terremiumistsel of FORFIGRIN OHEMHvesS S 1rg7n' the range

of 63 tot 6(7j Oxe&?lii‘eaélﬂﬁé’vl dad o@mbh rﬁtﬁér%ﬂfa%ﬂm frmrmm.re Jﬂb 113 will be
appreci.ate at an oj enc roce e, provi.des_ f or

greater timk I)coT'n?r'i‘JI ’o‘?l‘ﬂﬁ% % %q‘rp‘é‘?%tcpt Ot Te sé&?%;ggh%ﬁ}t%
procedur e, whi cbhéusandiigh d)ﬂrmermcrh)@tt%)m"s:tbi&ﬁﬁ eF)r dandil e Ubj ect t he
menmber. to surfagg, s, an SAE 8610 steel, which has an identical

composition except for lower carbon content, will

absorb carbon more readily under the same conditions,
15 while an SAE 8620 steel having higher carbon conent
will absorb correspondingly less carbon. (SAE 8617
steel has a carbon percentage of 0.17).
Upon removal of the member 10 from the carburizing
furnace, allowing for but a slight drop in temperature
20 down to a range of 815 to 900°C (1500 to 1650°F)
the membér.is "direct quenched” in oil which is main+-
tained at a'temperature of 27 to £4°C (80 to 130°F),
for three to seven minutes. A direct quench is more
desirable than an.indirect quench in the preferred
25 procedure as an indirect quench results in a leéser
amount of retained austenite. An indirect quench
pfocedure, as "austempering" (more frequently
" utilized in the case of high carbon steels), involves
_ quenching, then reheating the quenched member to a
30 temperature slightly below the austenitic phase, then
cooling more slowly to aldow the austenite to transform
to bainite, a softer ferritic phase having malleable
characteristics unsuitable for bearing surfaces, as
will be appreciated by those skilled in the art.
35 As shown in the chart, the direct oil gquench
.reSults in a retained austenite percentage of
approximately ten to thirty, and a Rockwell C hardness



cracking during the rapid cooling associated therewith. A tenpering
procedure, next conducted, involves are-heating operation te relieve

undest pabl e and 10 fairly substantial, tensile surface stresses induced by "=
t'he (dilkgct. quench operation. Thus the nember 10 is reheated and held for :
apprexifmtely [err] hours at a constar@~tenperature in a range of. [err] = . _

[err]. Duri S LO e+Ro 1 qgﬁﬁ§ r rom 637eé -
to 67 to a rg%ggngfrggbkogg4§§Af§h§zmﬁbgrrg?%f%%e i % Rockwe ?c%: '
hardness is 2&nht8¢cBemBs® dfencht WhglahﬁuﬂPPB?chﬁé%ﬁp aY Mrtensite
(70-90% - seeilaguehch proxedare provddessebrsaastwstantiallyas earlier
noted, and would.,20 result in _the pripr art oblens related to fatigue and
brittleness.g§&8ﬁe§ ﬁﬂﬁﬁ 58?358 aag ggeUﬁPg “ér%% GRPRRTEY t ¥ hust therefore
be subst afti al watesdgquedchingr pepcedurrhawbiéchhéremrkigh htefipe hatpees, and
to avoid bri ess, e :1aS | ! 2 results in
an uneven digkbggq??oﬁ o% géggﬁégssgggﬁe#hgﬂgﬁﬁgggg%??ﬂeé?gﬁéég[ng step

al so produceSrackdng GHrisgnthsr aPdS 6oelingecasspfirted AFRerevikPering,

the final operati @anteaperisgs provebkryr feRtNgoRbutbedsashvdepéd. The work
har deni ng 30 procedure all | rabLe amount of

C ows for a snal&er'and re_dgf

- unt enper ed n@rieRCRE RS RPRTAAECDLEPALE 6Fv?h8ng§ﬂ’?a_ SWPRE be

appr eci atidd Hyi&hgssubbthhedannteheiaetsuhﬁacenéyressesnéddaueﬂenite i's
capabl e of begingpff g@%%”‘&ﬂeh%% EES@HQB?O' ﬁ‘ﬁg&eﬁﬁétﬁeﬂiéeg*%er

hardening. Thi's TS because “once converted during t e tenpering step, t he
t enper ed nar igngieheatgdnendpbeldafiororpposimatebyolaunhewpsratl nartensite

by a constant temperature in a range of 149 to 205°C
| (300 to 400°F). 'During this_period} the Rockwell
15 C hardness decreases from 63 to 67 to a_rahge'of 59
to 64. Although a relatively high Rockwell C hardness
is achieved upon quench, the amount'df untempered
martensite (70-90% - see Table), is extremely and

unsatisfactorily high'as earlier noted, and would
20 result in the prior art problems rélated to fatigue
and brittleness. Such a high percentage of untempered
martensite must therefore be substantially reduced
in order to enhance the strength of the part, and to
avoid brittleness. Moreover, as the oil guench step
25 also results in an uneven distributibn of hardness
over the surface, the tempe:ing'step also produces
a more uniform hardness over the surface.
After tempering, the final operation comprises
a work-hardening of the case depth. The work hardening
30 procedure_allowé for a smaller and more desirable
amount of untempered martensite within the surface
of the part. It will be appreciated by those skilled
in the art that 6n1y retained austenite is capable
of being transformed into untempéred'martensite by
35 work hardening. This iS-becauSe once converted during
the tempering step, the tempered martensite cannot
be transformed back intb untempered martensite by
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-9- work- hardening procedures. Thus, the retained austenite becones the
anly. source of untenpered nmartensite after the quench and tenpering steps.
Fhe presently preferred.work  hardening proceudre 5 is shot peening, as’f
exanpl e achi eved by-the use of ASTM 390 chilled steel shot. The shot .
peeni ng procedure converts a substantial portion of the residual retaine
aystenite into untenpered nmartensite, r ting in a conposition having 5

to 20@6untenperaarﬁaﬁasaéhiﬁg19roeeaaﬁe§tfe@nuyﬁ ﬁﬁéer@aaﬂ@@@dadeﬁéhlaé at
| east 0.25 m || netres géen t housandt and, achi Y nﬁtgr
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ls VA" arc hei ot ohng. 41chgn0n 96 FRELLEA G5rkifatacRng hoLSEBAAES Of n

inch), as will be fu ppreci-a se S e art. It should
be further néteéstﬁBPtaHeﬁaapﬁvoﬁﬁlfBEn@¥?PPbP ﬂﬁhkeﬁﬁﬁdgﬁlﬁﬁetﬁéecase

hargened dﬁpth ?Q AST%hQQOnGHQQMEﬂtsﬁEeEOﬁR6§SSITHeSEHOSSp?enﬂhq t he
surface, thus also_inherent ancin e fa e e he
stresses resulthPSEHPﬁg F88¥efﬁ3t tﬁggﬁﬁﬁnFéfﬁ %%ﬁ grgﬁgfrgggauagr ed
martensite is stegathydlaugéenuhanlnhatuoteapsredlmertﬁhasteheFGSBEtF§9a
slight expansi ogn0f EBEPEHE i6h g§§n§e§t90a§o§ ﬁHQé&?E&é&'mQPEEhQ@t@f the

ret ai ned austenlte iS tfransforne unt enper ed nsi-te 2 shot
peeni ng prod&duia. amhéféeﬁﬁﬂﬁstFéﬁeohafﬁénaﬁeQFBicageaﬁa}8ﬁ§§s afd the

?urface Conﬁreﬁﬁh!QlﬁéE9§§e$t39 phevEdRather oénahnpheked asari ng surface

whi ch the trunnPEREeTSng, 8 BAEKUBILAC BRRAPSBEnEF; pY BPcohrontoegrosg |

“the practice this hardness level, the shot peening must be of an
intensity sufficient to produce an Almen test strip

15 "A" arc height of 0.41 to 0.66 millimetres {16 to 26
thousandths of an inch), as will be fully appreciated
by those skilled in the art. '

It should be further noted that an additionall

benefit of work hardening the case hardened depth

20 is the inducement of compressive stresses into the
surface, thus also inherently enhancing the fatigue
life of the part. The stresses result from the fact
that\the crystalline structure of untempered martensite
is slightly larger than that of austenite. Thus there

25 is a slight expansion of the surface case depth as
a substantial portion of the retained austenite is
transformed into untempe?ed martensite by the shot
peening procedure. The combination of the greater
case hardness and the surface compressive stresses

30 provides for an improved bearing surface for use in
high stress contact roller environments, for example,
those to which the trunnions 12 are subjected.

Other benefits are also realized in the practice

of the above-described method of this invention,

35 although not all are readily apparent. For example,
the higher carbon concentration as employed herein
is believed to produce a small percentage of carbides



tance

" of _the above-described nethod of this invention, 35 although not all are

r€aN |y apparent. For exanple, the higher carbon concentration as enpl oyed
is believed to produce a small percentage of carbides 210- in the -

ardened surface which also contributes to the inproved wear -

of the menber .10. The abavg.described preferred practice of

this net hod |s exenp Ia%% onFI]a/q and nunerous variants there 5 of are.
t

envi si oned as J:fatr

ned s hichpdaniapntmibstesor exanpl e

the method outal msmmmumﬁ mﬁmaﬁwrdﬂ&wrﬂénbéy% as the inner
race of a universapd ed support the trunnion, or
even to bearin port% %r@vé)%%%aé) zﬁ% ‘r?éﬁpﬁq{ee° B Ebis 25 30 35

CLAI MS 1.

At d ofexerpd ary duHithg aildsum’nmun‘ \amnﬂmafﬁef@de froma

carburi zi rgy grﬁad&@ferﬁileseﬂonédﬂ%mﬂqcir@om@ ¢ tsrc%?ﬁ”%“é tep, which
no ESS

results 5 in ! s%é%%g | a er of t he corrponent avi ng

austenite,

ean 10%
S ‘o Fie T SXFR LRy mertibad: iaaadst @lso t he

ané’a

austeni te to beesyipl died t'dmecmlre‘m(béé:a.y@r p@q-rttsqn Buedh als @RSt madint enper ed

mart en-
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race of a universal joint bearing cap as used ‘to support

the trunnion, or even to bearing portions of axle
shafts and the 11ke.



i

site. 10 2. A nethod as clained in cI I““Mlgm\aafter the -
t.r eat ment step, the surface |ayer contains nd “N “ ustenit|, 3.. -

A method as claimed in claim1l or 2, in which'sar¢er t e work har d
step, the surface 15 |ayer contains not nore than 20% unt enper ed
martensite. 4. ° A method as clainmed in -qpy one of claims I to 3, i
akL netal renoval operations.on the surface are conpleted prior to the

treat ment step.CIAIMS A nethod as clainmed in claim4, in which 20 the netal

renpval - oper atlons CONPT | £ Gnd dHod 69”:9&’5& WHAkd¥hSieh ankddd & finish
machi ni ng step . A net hod_as_cl ai med in any, one of the_ preceding

clains, in whi c*h ‘f‘?@qr}eé'éﬁ fade sheem cﬁ‘)rﬁﬁ‘?%‘gs‘ NG HRIS i My Shept - 25
7. A nethod ashelmettesd i comprisimy & rewdu toier thes sy bwhistgred et s S

conduct ed atg a#r?rg)e%‘\#fg]&? Ih]ga%ar SANGE oéo pecfr{elnt 8hav u@[ rgcsf;#mfie@g clai med

in claim6 or buri zing step 1s con a time 30
not | ess than 3thaur¥damhsirnitre anhm. Eﬁ‘-‘rhﬁﬁ@efgt work hardrhind cl ai ned

in any one of cd@dgrBefid @nar&é‘fd\!‘iﬁé*hhé‘fé@s’térlﬁé%&%és?dl@ ﬁ&%ethe

i ch

carbon concentrati in the surface Jayer is in range 0.9.to 1.3% 35
10 A method R aﬁﬁrﬁewcq%wu} S AT he TRFERLRAZESRR 1
the range 0. 9 txitle3%is naintained to a dept h of at | east 0.25 mlllnetres

-12- (ten t?@usandthf of f”hééﬁga ‘as claimed in claim 1, in which,

after the treatment step, the surface layer contains
not more than 30% austenite.
3. A method as claimed in claim 1 or 2, in
. which, after the work hardening step, the surface
15 layer contains not more than 20% uﬁtempered martensite.
4. A method as claimed in any one of claims
1 to 3, in which all metal removal operations on the
surface are completed prior to the treatment step.
| 5. A method as claimed in claim 4, in which
20 the metal removal operations comprise (1) a rough
turning step, and (2) a finish machining step.
6. A method as claimed in any one of the
preceding claims, in which the treatment step comprises
a carburizing step.
25 7. A .method as claimed in claim 5, in which
the carburising step is conducted at a temperature
in the range of 840 to 940°C (1550 to 1740°F).
8. A method as claimed in claim 6 or 7, in
which the carburizing step is conducted for a time
30 not less than 3 hours and not more than 6 hours.
9. A method as claimed in any one of claims
6 to 8, in which,'after.the carburizing step, the
carbon concentration in the surface layer is in the
range 0.9 to 1.3%. .
35 10. A method as claimed in claim 9, in which
the carbon concentration in the range 0.9 to 1.3%
is maintained to a depth of at least 0.25 millimetres



“11. A method as clalrredlnanyoneof clalmsGt I n whic -
€3 Nzing step is followed by a quenching step m mﬂﬁm S
c@Q is 5 at a tenperature of at |least [err]s ng step 2

g i mersing the conponent in 0i | for not |ess thah three ni nut es,
tha oil /having a tenperature in the rapge of [err]. 12. A nmethod as cl ai rregx_
in.claim1ll, in which 10 _the quenchl step results in the surface |ayer 2
contain- ing LﬁﬁTot@RP?EﬁQE#ﬁ %h )nmartensite, and 10 to 30 percent
retained austenite11l3. AAné‘BI&dSl@OhﬁScréﬁné@dlﬂ rhzwlyOx%l%ﬂchéﬁhgs 6 or 12,

[ [ ff d. 15 f ce,
wherei n an ertiqrrerd (L8 7hEE ' hg cAi dihe Nies T e e don gns 14
A method as cP¥iFEINenching ovkepfeffrctrd@cdtimctivd aionponenthish a :
tenpering steptis @ﬁ{&f&p@ta@%tf@aéé apigRnt( MeP R L0E dRLkcn-

har deni ng 20 |, ste ering, step conprlising mal ntal I ni ng e conponent
at a tenperatif® 4)"?FR RF impeRsingrihe repmprienteskn tdbh 1 hour and

not nore thanfdgerndt hDetishtH&x &falié hh@.id’uﬂﬁeélJ A Hee bi N Y09 eaOL thﬁ fre-
25 cedi ng cl ch t wor ar chi e shot
peeni ng. aﬂl\%ﬁ%ﬁdygs o ar ahk?'%arqlﬁ’%l g?ﬁ”l S%ﬁov% @Pa tf‘heili(ﬂo]?}/peem ng
step is conduct ed 484 h Atmethotl steatlaimed B0 claim 47, ird wietdiod as

cl ai med i{y anshongy&ch gy r esenté%lgésmm Hd MY Eld I"iea%é’ffé&‘? Qfﬁel ght

har dness of a ma nltude re rren test stri arc
of 0.41 to 0.%6¥ Ml I5Xett deqegng MQW%Mt%%%%m h%o of an inch).
35 18. tdA Ikigettearst Gtetidited avbeing of the

13.. A method as claimed in any one of claims
6 or. 12, in which the carburizing step is effected

15 in a carburizing gas furnace, wherein an endothermic '
carrier gas is enriched with a hydrocarbon gas. :

14. A method as'plaimed in aﬁy one of the
preceding claims, in which a tempering step is effected
between the treatment step and the work hardening

20 step, the tempering step comprising maintaining ;hé'
component at a temperature in the range of 149 to
205°C (300 to 400°F) for not less than 1 hour and
not more than 1% hours. '

15. A method as claimed in any one of the pre-

25 ceding claims, in which the work hardening step is
achieved by shot-péening.

16. A method as claimed in claim 15, in which.,
the shot peening step is conducted with chilled steel
shot. -

30 17. A method as_claimed in any one of the
preceding claims, in which the surface has a hardness
of a magnitude represented by an Almen test strip
"A" arc height of 0.41 to 0.66 millimeétres (sixteen
to twenty-six thousandths of an inch).

35 © 18. A method as claimed in any one of the
preceding claims, in which after the work-hardening.
step, the surface_layer comprises 70 to 90% tempered



preceding clains, in which after the work. har demrng—step;—the-surface | ayer
conprises 70 to 90% t enper ed - 13- narten5|te= o untenpered
rart.ensite to a depth of at least 0.25 mllinetr @E’M!ﬁ&’r s of
inch). 19. A nethod of case hardening as clai med i

substantially as described herein. 20. A,qanponent whi ch has been case

hardened by a nethod in accordance with any one of the precedlng clains. ™10
15 20 25 30 35 martensite and 5 to 20% untempered martensite to a

depth of at least 0.25 millimetres (ten thousandths
of an inch).
_ 19. A method of case hardening as claimed in
5 claim 1 and substantially as described herein.
"20. A component which has been case hardened
by a method in accordance with any one of the preceding
claims. '
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