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i ncrease in r%"m’lgss 22 is a %ﬁ{%;)%‘c% 09\;‘71‘6 el atio et ween

t he tenperi n&"te erature and the "har dness with and W t hout a

sub-zero tre Fi g. Y ical seghipg ghow ng an
al ternat®®r e g thseUJr nventi onl,.e e%%igig% showi n ﬂe
rel ati onship between t he amount of resi dta? austenite and the proof stress;

Fig. 5is a g{ showidifpd he rel adi pigde-@ betd@eing he anoum{gof residual
austenite and the force of rollingdp+séto®dnat antp@ ¢ EP 0 294 813 Bl Fig.

6is a gfaph showi ng variations inrdsgpewidgati on level with the |apse of
testingtine. The foregoing effects were substantiated by the foll ow ng
exanpl es of Hxangleent iISRESUEY ei n Gakbubéasiings were used. Thé
characteristics 3yiven bel ow are recard@ahimgbearing rings. 5 (1) High
~elastic linit since the ring Is subjleczexb|atatldbtCa high contact stress.
(2){ Geap rolling fati gue st r engt HfemeR®BiRg hi gh cont act | oad is repeatedly
applted to the ring Cg h hardness (4) H gh abrasion regsistance. (5)
Least susceptﬁ"tﬂfqﬁlt%/ t %‘lfé '“?,L’D“on (6) AnmenabTtTty to heat
treatnment with H‘igh stablllty Ac y used are high-carbon
chrom um bearing steels such as Jl equr val ent to SAE52100),
SUJ3, SWI4 and SUI5, and car buri zed ar| ™ steels such as JI'S SCr415,

SCr 420, SCMA20, SNCWMR220, SNCWM20 and SNCMB15, SAE5120, SAE8620, SAE4320 and

SAE9310, anmﬂmm.ﬂﬂ is nost widely used. 15 Fi ve kinds of
speci mens were prepared in Congaratlve Exanple 1 and Exanples 1 to 4 as

listed i n Tabfgareferepcafpirom ¢ effecigan existing pearingwag uped SThg quipr ring wasanade ef SUJ2
cont ent FhasBNd &P A 7 iemPesgturr of 845° Giof hardepipg- Afterihargening inoilthe ringiwas {ompeyed at 150° C.

radi al ly ouévvar fromthe outer ring raceway. Table 1 20

The outer ring was made of SUJ2 as in Comparative Example 1. The ring was heated at 845° C for hard-
55  ening, quenched in oil and tempered at 350° C.



Speci- * Materi al Heat treatnent of Resi dual aus- nen of

out er outer «ing E giagq LENite content ring

of outer ring (% 25 Conp. glﬁﬁ‘ St andard hardeni ng
11 - 14 Ex. Tenpering 30 Exarrpl e

sw2 -EPMt -andard hardeni ng to

-fll_g:rg:rn: Rg at Theo%r nng \Las prepam% ?JJZas %mparatwe Example 1. The ring S\}ls%:tld (?12)4?
~70[ er r] C %gdening, quenched in oil, then subjected to a sub-zero treatmentatI_TO Cand th tel d at
SAE5120 Car buri zati on 5 7 3

hardeni ng SpRnpRad at -196 C 40

Tenpering Exa‘rrpE‘er SAE5120 Car buri zation

9.8 4 The outer ring was prepared front SNES120] siEjecid!is caRiufzation hardéhirfg, tHén immersed inliquid

Tenper i ng Critriydh atdev €) dnd BitRdater lemderedat2ebods.ence for conparing the effects,

an existing bearing was used. The outer ring was nade of SUJ2 so and

heat ed at aEkampleey ature of 845[err] C for hardening. After hardening in
oil, the ring was tenpered at 180[err] C. Exanple 1 The outer ring was nade
of SUJ2 as i n TBeogarieg wasereparadiiodneSAES120nsubjecterfo varburipatian karkeaing 8wi3ljen tarq sulbzéror
har d- '551%  wedtment at608 Gne thereaften tsmperediat 28016er ed at 350 C. 5 EP 0 294 813
Bl Exanpl e 2 Thesubiresstreptmags afferds higherhardaeps padjpwestggghness, sothatly PW2p pupgequently
Exanpl e 1. tPAeersd #§ “MW&@B’& tﬁﬁ" igthe; f%ﬂﬁmveﬂwmwutwns EfBaginpss as
oi |, then shbndes \é‘ﬁz"f‘ﬂ“’&"%eﬂ Hedoat nen thereafte

t enper ed, at 2 %’;é]:%{m "SER%%?"B the hﬂ?@"’@lﬁ“@f’m Péﬁmwf’tc?ﬁﬁ' the
av|
Irbra

SAE5120,%

urizatl har deni.n ot
n i therejn was vi ¥l
e 2 r“'gi Jﬁ?&%&@ﬁ ‘Lq‘éﬂl Eg%me ‘{Jj?sdm
out er rlng to ca urlza |on
and then to ick;aﬁ)ﬂggdrmm @p[err] C and thereafter terrpered
at 200[ egr] C gd e,z,ﬁ.,ao p=Yal af?ords hi gher hardness and | ower

t oughness, so tgaé q;fer(gmoms s asent |y tenpered at a higher
tenperature thavqbﬂafbntab@mmbml t elyebh Gvibkeig@bie) t O gi ve the ring the sane
har dness as whetesti tifg- Zesoo Horeat nent was conducted. Fig. 2 shows the

rel ati onshi p |[Eatheediménasichstketifortip degragdd fatiquerictemis of he timellakenhddr Blakinge at ed
product @nd t Hebl@? shows tifeaeseit. [Sincelthe speciviaay exbibited Ao blsretnatitids axdepiforttirecoutep e te n

I nstal | ed t lesulids givenasly for the ewleraing.a vi brating tabl e, and the speci nen was
sub- jected to a vibration test by applying a |oad and vibration thereto at
the sane time with the ionner ring held in rotation. The testing conditions
were as ;sollows Bearing | oad (static [F8R&F/ Poad rating: 0.22 25

_Speed of |nn%rp(__‘rcllrrlt%n 8000 r.p. m C%I cul at ed Iltgtggmgnggh fla196 hour s

uration of King
Comp. Ex. 1 33 to 170 hours (n = 15}
Lj 40 Flaking of outer ring
Example 1 No flaking for 500 hours (n = 6)
Example 2 No flaking for 500 hours (n = 6)
“ Example 3 No flaking for 500 hours (n = 6)
Example 4 No flaking for S00 hours (n = 6)
50

In Comparative Example 1, many cracks and structural changes were observed immediately under the
raceway of the outer ring after testing, whereas neither cracking nor structural change was found in Examples
1 and 3. Only a slight structural change was observed in Examples 2 and 4.
During the testing, the bearing before flaking was removed from the tester and was singly subjected to an
55  axial load of 2.5 kgf with the inner ring rotated at 1800 r.p.m. to measure variations with time in the vibration
acceleration of the outer side of the bearing. Table 3 shows the result.



Vi bration acceleration: 10 G (on the vibrating table) Testing tine: 500
hours Each.speci men was checked for gplpessageee of fatique in terns of the
time taken for flaking. 30 Table 2 shows the result. Since the

speci mens exhibited no abnormalities except for the outer ri ng, the result
Is given only for the outer ring. Tabl eTgb]?éEgpem men

Duration of rotation wuntil flaking Conp 33
to 170 hours (n = 19h48@¢rions in vibration acceleration with timkl@fing of
outer ripg Exanple 1 Before After After O AF{&KI NAfHey OWroeurs (N
6)iExanpl e SPeCi~  oq¢ 10 Npo flakingo for Z0 howo® (n = 6)
45 Exanpl e 3men hoursNo héuaki nghodws Surshoursiurs(n = 6)
Example 4 No flaking for 500 hours (n =6) 50

I n Conpar ati veoBpanpl e glgsmanygchgcks gnglostrugtsy al changes were observed
i mmedi atrel y uBéer 1t he raceway of the oufer ring aftertesti ng, wher eas

nei t her cracking nor structural ange fou 3. Only
a slight st r uEar &l chgné was? oﬁgervea\‘l\? ‘ﬂg*}es B?ﬂ éﬁ'l%ﬁg t he
testing, the earlngbf efl k g wa rmve omt -Iest 19nd was
singly subj ec?é‘d fo an%5 axi gl’ ?oad gf g 5 kg’f{%mth [?ﬁ'e mng ring
rotated &t 18QQ r 3p. m ot @gneasyrggvari gtions wyiinti mey jiy t he gvizler ati on:

accel eration o ‘the outer side of the beari ng. Table 3 shows the result. 6
EP 0 24 813 Bixlahkl e 3oVariationes in oibrati om.gcel erdtd on W8 tine (Q§

5 _ Bef ore Af ter Af ter Af ter Af ter After test
10 50 The result rev ealé‘lﬂg ﬂﬁ vibration ia sed ma lyﬁrpgonméﬁtwe Ex le 1 within a short period
hour s h%’f'i.ﬁue befo:z'fpdluhﬁ Indlcat W Indirked defbfHhHtisn ceway. In Exaft 1m4 unlike @ofhrative
0.4 e 1, there was little of-hb Increasé % vibrati @%ven aftera prolol e@&nod of rotatno@te&ﬁtms indi-
0.09 &t hat the raoe\Qaerémamed unchQngl@ngiﬂte the testing.

0.09 0. Fsbles 2 and 3 $hov that the bearings df Exakiples 1 to 4ofthe |n3ent|on are gr&tl@ﬁnproved in life GveP 8
0.10 25 fHe dxisting bearing@f Gdinparative Examplé1.EX. 4 0. 07 0. 09

0.11 0. Indidentally, the@xidting bearing of Qordgarafi@® Example TVass inseaiadliri the ®stéra the dalnaimabree

Vi brati on i ssabeaseditested fuaratation undeCastitialont witeutgivingphyevibtation ¢singthezsaméicontitigne r$ 0d
of tine befaboe ifilestectatthe haatdigdert! anighesspersokinrer tihgf Eyematier rotatiapffor 1509 houns; thadgaring n
Exanpl es 1 was febe ofiflakingoeith@o areking of structEakohpyige otiservedigmediofely undet the raceway. This indi-

i ncr ease? i neates thatihe bagring ieepegable withayt aay rpubleqiader Beupugbicopditiongt at i on test, this

i ndi - cating Ne#itthe feauitaghievas by ?f\eﬁ'ﬁﬂ?‘#@fdmh'?ﬁ:‘l'?a woe@gﬁma@ then@ffects of they igvention.

Tables 2 a §s§?YG\F\F°tq‘I%ﬁ“'“ftﬁé°f5¥lﬁfr‘°F’ﬁ -o f the i nvention

A et e s g At ﬁéﬁ gg ;ﬁ%
ampl e 1. !

i nstrrgl 1 &8 i Fl’?’ﬁ(-’jl"'a ('ég:‘;‘i'mu temrgr:oﬂ’é tgr a'é{B‘B'\‘/%""a?ﬁ'aP s@%f@%f ﬁgtaﬁ fon

under a stal b, A NG Gl ) ol o 9&% Qs
as above i ngg e éssmrgs &%é' afwe.y,a S
after rotatig % deﬂgolg‘&?es 1@@% Ghaily #od b ot unatt
cr acki NGy or 4ol o Hdrp moﬁ r‘@ rotSR S 73S Shnipeld a&ﬁsentura%e ERGE TR Yshaft 18] S
I ndi- 30 cgyieq,g,eg | 1dblaRd R gasd,mg doviddmb@bioRr ¥, t hout any troubl e under t he
usual conditi @B&veenNBefirst Holifag NS and the e YoreVIEsl ofite rator 8, & Ell&rAL @ fittelt hrburlaghe shaft
- descri bed t 15 ApUn&yi2o pisitiohed olitside thé framios 30, Ofis fadtenet Withanui 20 td thefehdiof the sivitaB\rojbdling
- const ruct i othroodh thdfirstibledring n3bud bf theMeamier 100The fshaitsds rb@tabla dy dnlenpios (motahovr) thraipie | |
of the abtctheptlley2x e each in thefornof a bow and are fastened
Of the inner rings and the outer rings of the pair of bearings 13, 14, at least the outer ring of the bearing
13 adjacent to the pulley 20 is made of a steel which is up to 10% in the amount of residual austenite.
The residual austenite content is reduced to not higher than 10% by the method already stated.
Fig. 5 shows the relationship between the amount of residual austenite and the force of rolling friction.
8  The ratio of rolling frictional force plotted in Fig. 5 is 1 when the amount of residual austenite is 10% in the
case where the contact surface pressure is 250 kgffmma2. Fig. 4 shows the relationship between the amount
of residual austenite and the proof stress. The proof stress plotted in Fig. 4 is at the strain of 5 x 10-8, Austenite
Is a structure of lower proof stress than martensite, so that the raceway subjected to a load when the balls roll
along, if having a high austenite content, deforms to cause the balis to roll along a recess to produce an in-
55  creased frictional force. Conversely, a reduction in the austenite content inhibits heat generation within the
bearing due to the high-speed operation of the alterator under high tension, assuring improved endurance
against seizure. Further in the presence of a large amount of residual austenite, an increased load due to high
tension renders the raceway liable to plastic deformation, with the result that vibration occurs every time the
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to each other with bolts and nuts. A stator 12 is fixedly fitted to the

i nner peripheries of these franes 1@pa¥eeB1ll by a suitable nmethod, as by
a press fit. The stator 12 Is a knovvn one corrpri sing a stator core 12a and
a stator co

biys 1 Ao e A0 UL Sing 1 }1&, t o
formed wi thHh g,;gsacg drim: D@g'@ﬁ ofer e 1{
j ecting oot i o m@rg} ?{fi at a,
1l a, respec asserr telt cht nvedrwre a.% eht rdong "
of paw - ghapg me@,,ggglggu 4.6 ani cal i xed 101
15 sg as to b¢rr&Q§drkh&HlE§bebiﬁ§ﬁsdﬁretd?éian%& ﬁ\b&l’np&ﬁm &aﬁ@!‘e@%n@@ahpl&gstb%&ﬁe%mged
bet ween t heggara@etlley oIk ahbraatér, ublng the Maferidl GivénIn Tabld 4 for thé IAnék BAb dutdk Atigs. Gpbdimehs
provi de a kuwerdaiss progiiredlal theBearingesh thd\ethdr sité {redb siae) Lsigy thedsaniaGhaterial ap Ml COmParatRe 1
6a of the r BkampleRdor tie innet dndioutdidingss fitted around the shaft 15. Apul |l ey20 -
positi omed outside thefranes 10,11 is fastened with a nut2l1 tothe end ofthe
shaft 15 pr Commrativebxample@gh the first bearing 13 out of the frame 10. The
shaft 15 is rotatable by an engine (not shown) through 45 the pulley 20.
O the inner Asageferancd far the compagisonof 'rhgsffq% an ﬁ@s"weﬂ""ﬂﬂ’%ww wasprepacgd from
| east the oft\Zgenaralyingise aswbagng mateyialy The hajdaning heating tempearatyre was p453 §- Pi hardanisg of
a steel Hhi ¥esfplowedpwiemeetingat 1% fe anount of residual austenite. The
resi dual austenjte content is reduced to not higher than 10% by the net hod
al ready staé@&‘—-ﬁ g. 5 shovvs t he rel ati onshi p between t he amount of

residual aus t t a? d e& & d C en &lm T%?a!h\lre' Egtgmgle '“ﬂ [ at 82& c forr?\grd§rﬁ®fwas %flawau al

rolling fri e anoun

ausg eni tje’ é”% olch' "g%hcas e cont act surface pressure is 250
kgf err] exdnipds 4 shows the reI at| onshi p between the anount of residual
austenite a proof stress. The proof stress plotted In Fig. 4 is at

the strain of The hatditl el lvas SNIS hEAR CofbatativeTexaipib!s. HestRg iBas-@A6rhaidbrMiyiwas follWed
t han narisengy dituerRing, thdh byj d14ublzer6 Géatientt HRBP T fd tHeRafter bpRAlpsiiga 200v€. bal | s
roll along, if having a high austenite content, deforns to cause the balls

to roll al oBgpmplerrecess to produce an in- 55 creased frictional force.
Conversely, a reduction In the austenite content inhibits heat generation
wi t hi n t he bedhe mgterinsed wasSiJ2 & iy Gorepamtice Exprapled. iHeating At 8457« forl hiardeningovas feliaied
hi gh t en®8i oby oilyenghing: then hys eubaero traatment ac-3963 Gandithereafter by feraperim gt 2008E. i n t he
presence of a | arge amount of residual austenite, an increased |oad due to
hi gh tension renders the raceway | i abl erdmaedlgasti c deformation, with the
result that vibration occurs every tine the 7 EP0294813B1 balls roll

al ong an_unevsyddgi+ eceswerdapor t iHeatduearmesttat | on Redicualhausi+t ernator is
driven af a tmegh speed, the vibration beconmes nore tEndrieeuccatentos$ilbl y
causi ng the retet—t o +naterfer e—wtfr—tfre—stator—to resutrt—Tmrtock—mny. It
(is effective dgd educesghe resduiifla A HAHdi nigont ent t g jpreqlqude such
plastic deforggiion. To subst ardmdxa ghe above ef fect achi eved by reduci ng
t he_resigual austenite content, exanples are given 5 bel ow wherei n radi al
- bal I " beari ngEnwere usetigFi rststa‘rmarrd(lmrhaemfuspem mens Ugert® @repared in

- Conparative Exanple 2 and Exarfsimpering ak BS505e&rings toward the pulley of
“the alternator, using the materi al glven in Table 4 for the inner and outer

rings. Speci rP'éhs Ger e &0 pr Ias w%%m ngs on #hd ot her side (rear
side) us#éng the sane materi al |zr?r80r‘?ﬁ'ar 2OVE Exanple 2 for the inner and
_outer rings. 10 Corrparative s g 1349, As a reference for the conparison of
‘the effect, xJ sti ari yas was prepargd from SUJ2
generally in use as ar%e%rel ng%%gﬁ_%r %s @enl ng h%atgl ng tenperature
was 8450 C. G| hardening 15 Jrqll y tenpering at 180[err] C
Exanpl e 8 The material used wa UJ2 as |n Corrpar at| ve Exarrpl e 2. Heating
~at 845[err] C or foI I one enc t hen_b
Comert o i S ‘E‘"’"' @&?& it Gt S
Corrpar at| ve Eg. ?n 6
y oil sn ga trea %Eé"nﬁNdAI@Zeaga er B‘
terrper' g a Eb&,f,mrﬁ | ﬁe&ms bbb 1625 ik sp o WgH-Bislo ©
Exanple 2. {ggamgg,qu“ ﬁgﬁ C for har e?#ng Was Tollowed il °
: Belt tension: 100 kgf



30 by oi'l quenching, then by a sub-zero treatnent at -196 C and thereafter

by tenpering atr 200[err] C Table 4 gpp2essizpiVateri al Heat
t r eat ment Resi dual aus- nen
ﬁni te14ccé)r(1§§nt Jlgﬁa”p% : 12000”"[#.]2 St andard hardeni ng
- enttemperature 70° C enpering 40 Ex. 5 SuUJ2
St andar d har'c'j’ shows the result, Up to 3 Tenpering at 3500 C Ex. 6
suj2 St andar3 h eni ng 9.7 45
Sub-zerog at -60[err] C Tenpering Ex. 7 Suj2 St andar d
har dgni ng 5.9 Sub-zeroTablel$6[err] C Tenpering The

resi dual austenite content was determ ned b _X-ray dlffractlorretry over the
depth of 0.2 mnf-g-sﬁﬁl‘:ﬂé-bean ri ng2REA%E DERE Lon: Watd 1t :

bearing on the p |de was o S barlngNo 02 (42 mm i n
i i ?‘Juné % ﬁ" hégpeﬁl"é’l 'Fends = oi

out si de i anet er f‘he bear i he size bearing
No. 6002 (32 mmipg.QubsLdg 55 dig a p eci s 1as

i ncor por at ed mtgxan g%tgrnator ggzggé urg % fhazg?h}‘ﬁﬁ §gé ﬁF’gh t ensi on
test under the follow ng conditions. tens 100 kgf 8 EP

0 294 813 Bl Speggamplrénser ringye éQQQQ Eg?‘ zé\a‘al ﬁaarkek@ﬁéé&we

70[err] ¥ Table 5 shows the resukftep Iggbgn l§gg3 Dur ati on
of rotation wuntil failure 10 980 to 1260
hours, n = 10 BBxambke B No fa:.l\bréafbblrESOﬁOhQQEQO(EHéfé- (there-
after discontinued) n = 6 Exarrpleftér discontinuedlp faixuse for 2500 hours
(there- pafter discontinued) n 5 Exanple 7 No failure for
2500 hours  (ldlRkeGecuidalofly inComp&iativb BLRb 2 Méle Spediicaly, b filiilie Wiis &G irkblvif Lai
E{rrpar at hohratendfh ahﬂhﬁk&&%&lﬁgﬁw thle | mﬁehﬁwd% f]\ ofiter ringanithe baifs! dntd tHe retainer

I nvol Vi Ng C@ks brékaitodétk kHaotabbld M. The BaciiRg 6 iele PuMbyKsde orliy Fled Sbcallsb BN b@&nnfggnch
inner and OlglcREe itHedtilles 6 subjRted lal gReateR MEménEPlohPand ittitfdfory\Reatel Kk Mghet Bm

t he r ot agsabin@n the Ber bédting bems reaesiden t he pull ey side only failed because this
beari ng, whi cinthdugithofaiturd eroiirfed ifEXamplys 5 fo7, thel biessatwas ciiecked fay baiddtion deteniomIitndy

| oad and t hiafratdspectiveabie dndysisavhicth cueied it déteromtidiGn Examples § érel 7dutdterioration
beari ng on praeeedingin Example 6 oAlyt hough no failure occurred in Exanples 5 to 7,
the grease wadn@mngtative Bxampleithedemperatudeaf theilnpetant owterinipgsi wap maasgred under the testing
spect r os®opfaditions tofiyd shat (hp puter ring wes te 42° highot thapthejnes ringon temperaturen THisdadiqstee s
5 and 7 but the&'@mcorla&'w@nﬂwm tf'ﬁ”l[’f(a’ﬁ‘ﬁ'r & devep g lchpfﬁnezﬂmrcaweot@na"v
Exanpl e 2, #Mgdsth fully fRifecocied Wﬁéﬂ"l P'%thm"e?mw Eem"

t he testing3tp Prieg F"’f‘? *l?i‘telf t
‘than th “r‘i' F‘g"t "H‘H iy %‘ 3R
ri ﬁg [ seséloz mﬂ]‘?é’" % 'qhgr : WE g g:u&\' %

convent i onal or | ive purposes, he res m d by measunng ions Bﬁﬁe vnt;rghon level
|tr¥the lapse of testing time by a v:bration acceleratlon sensor attached to the frame. Although the specimens
tested were found free of the failure that the rotor interferes with the stator to lock the rotatable ring, Compar-
, ative Example 2 exhibited a higher vibration level. Presumably, this indicates that the higher residual austenite
U 40 content leads to greater plastic deformation.
Thus, when incorporating the bearings of Exampels 5 to 7 containing a reduced amount of residual aus-
tenite, the alternator can be adapted for a high-speed operation under increased tension.
Incidentally, the conventional bearings for use in precision machines or devices or the like include those
subjected to the sub-zero treatment in order to inhibit the dimensional variations due to the decomposition of

45  austenite. According to the present invention, on the other hand, attention is directed not to such dimensional
stability but to the characteristics of residual austenite per se to provide the combination of an alternator and
a bearing which contains a reduced amount of residual austenite so as to exhibit outstanding performance in
an environment involving vibration or impact. Consequently, the invention achieves the entirely novel effect
of making the alternator smaller in size, lower in weight and higher in output.

50 Carburized materials such as SAE5120 are usable for the present bearing to conduct the sub-zero treat-
ment after carburization hardening. In this case, unlike the use of SUJ2, additional compressive residual stress
is available which is advantageous to fatigue life. Accordingly, such materials are useful for assuring higher
tension for rotation at a further increased speed as will be apparent from the result of Examples 3 and 4 listed
in Table 2 and achieved with the ball bearings.



of the inner rieng to a level |ower EpgReddisghe prior art,
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present i nv@ntAnantifricion bdaengxsiciaimetl inreldim heri2echaragterized inthat dhetamdunt ofiresidgal gustdnite
di mensi onal stit$sid fixedringhas hegn refiused byarsub-zese repthentandfa snlesfll@utéﬂmpaumttlnattrentpeq
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55 6. Roulement antifriction selon I'une quelconque des revendications 1 & 5, caractérisé en ce que ledit acier
est une matiére soumise & un traitement de durcissement par cémentation.

7. Alternateur pour véhicules dans lequeli I'arbre tournant (15) d’un rotor (18) est supporté & rotation par deux
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1. -<Roul ement antifriction pourvu d'une bague | nt er ne, ﬂ!“ﬁﬁuﬁ H lmﬂﬂ
et de pluselurs 6l 6ments rou- | antsEepiozpperesientre |es bag .
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| " une des bagues interne et externe est une bague fixe et “aufre” une
bague tournantg, et ?gm 1t. 9@9% {htus, %maa%% (Rfide (FoFest
soum se A une ,;E;if sc,%,g,iaq)s )apo nﬂ%:llﬂﬁm&ﬁdﬁ&ﬂa‘q affernateur étant
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prof ondegr de fim u-Béssélis du H¥infhlie ARfeMment Je Rlbagidem N de roul ement de |a bague.
2. Roylenment antifrictlon selon la revendication 1, caracteris6 en co qua

| a tbneur e® aAletngairisglonigrevendication?, m&mm@ebagve@renw@@n@'r@idwedﬂla@tqmsae 6
% 45 3. Romwmét%rﬁwt@ Mfemtﬁﬂﬂmgé?féﬁﬁt“?a"'ﬁmd?éﬂi on 1, car act 6ri se an

ce qua la't r_en st.6nit esj duel |.e dans di t U|bt
par un tai Gordlaresy égégggf el e & Gielefinrap i it 34 pdiEbad?
selon la reven ek °@3F Fgrl ehto ﬂ PRt &heur en aust 6nitb
residuel l e g Aigiblos shatiaiRvdntik@iosy, e&&@nﬁmumﬁmnﬂmeﬁ A6k redldligie a1Bdibbagle
t bnp6r at ur e degxpris adtsFiMitedar un'Bitement/aAbHk BB Qbssaualds £6rd 6t bdr QtréitG&HBdd révenu consé-
revendi cati on dutiQufectus Fiie dnipratufedeaino 230402 | a t bneur en austenitb resi-
duel l e d8ins | adite bague fixe a ete r6dulit par un traitenment effectu6

au- dessous e Altémetewstselamiune aelconaue tes(revendiaptions 7 @dRcmragierisd op £¢ guetlesl agiergpfane

t enper at ur e dematipE spumisech un@aitewntdedurcimmp@mﬁmmﬁﬂpw-r iction selon |'une

quelconque s revendlc IIO caract er n | edi i t
ine i g SEiEte eg;gg;fﬁ it &0 Fabfe S auldployffhts
Al tb ateurpourv |cules eque arbre tournant (15) d'un rotor (1 8)
estgﬂbporte A rotation pardeux EP 0 204813 B1 [ 1111111
111111 111 C L M SI* roulenents (13, 14) our un carter (10, 11)
pourvu d' un stator (12), et une poulie d entrathenent (20) est nontee
surl ' unesdes extrimths de |"arbre tournant, qui faitsaillbe A l'exterleur
du carter, |I'alternateur etant caracterise en ce que |a bague externe d' au
noins le roulenment (13) situe vers |la poulie (20) est constituhe d' un acior
contenantjusqu' A 10 % environ d' austenite residuelle, nesuree a une
prof ondeurde 0,1 ou 0,2 5 mm au- dessous du chemin de roul enent de |a
bague. &% Alternateur selon la revendlcation 7, caracterise en ce quo |la
tneuren austenitb residuelle de | adite bague externe a 6te redui bt par un
traltenent effectub au-dessous de zero, 09. Alternateurselon |la
revendi cation 7, caracteriseen ceque |a teneuren austenib residuelle de
| adite %@gue externe a 6te reduite par un revenu effectue a une tonperature
de 250 380 "C. 10. Altbrnatourselon |a revendication 7, caractrise en ce
quo | a teneuren austenit residuelle de |laditb bague externe a ete reduito
par un trai btment effectue au-dessous de zero et par un traibtnent de
~revenu conse- 15 cutif effectue A une tbnperature de 170 A 230 C. 11.
: AItQLnaL@ur sal on | 'une quel conque des revendications 7 A 10, caracterisa
en Ceé que ledit acier est une matiere soum se A un traltenent de
durci ssenent par cenentation. 12. Alternateurselon |'une quel conque des
revendl cations 7a 11, caracteisle on ce quela teneuren austenibt 20
residuell e de | adite bague externe s'eleve jusqu A 8 % 25 30 35 K> 46 50
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