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WO 2004/ 030851 PCT/ US2003/ 020227 POANDER METAL CLUTCH

RACES FOR ONE- WAY CLUTCHES AND METHOD OF MANUFACTURE
WEBAGKERBEND OF THE I NVENTION 5 1. Technical Fret/dsing/e20227

invention relates generally to one-way clutches, and

nore particularly to the manufacture of the races for

such clutches. 10 2. Relatelf Art The fundanental

operating principle of one-way clutches is well known
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across the ?Iutch whil e inner and outer elenents can
overrun or fr DROSH j i on. Nearl
all nodern eﬁ@@%@.@.ﬁﬁu m&&-@@;m ssions d
use one or nnre one-way clutches to snooth
transitions fromone torque path to another as the

1. trdreshiigalifieldshifts through its operating ranges.
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most co

to tENBalYctEle W et radds f&)su&@l‘cl?tg:heme way clutch 3) Ratchet
one-way clutch The roller and sprag types have been in
production since the early 1950's. Production of

2. I atRhged ahut ches started in the md1990's. All of
t hese one-way clutch assenblies rk sat st aCtorllﬁ’nownto

dependi rigredpdimental GRGTATRE PHICIRIP BF PREAVAY lufcheg st
thost:elh)zt}{){:cﬁﬂ &y2Ri4i 3‘?%&?%1%% otati8RDF (e Aibuddr RdrherdtdR i)?evented

YiRcl U an outer race, an inner race, a set
in ofé dirmiohn@abhmgmmt&n(mmhbs o jorqyer &gss dre ghatah, s)ymtehaner and

INCET RN 6 AT I AN RN T
s SRS B b N gpaari s dommosan
trangitionfromg, onertogud path teamther as the transmission shifts through its operating
ranges. Also known as overrunning clutches or freewheels, the most common one-way
clutch types are:
1) Roller one-way clutch
2) Sprag one-way clutch
3) Ratchet one-way clutch

The roller and sprag types have been in production since the early 1950’s.
Production of ratchet clutches started in the mid1990’s. All of these one-way clutch
assemblies work satisfactorily depending upon the particular application in which they are
used. The basic construction of all these clutches includes an outer race, an inner race, a set
of locking elements (rollers, sprags or pawls) that can interlock the races, and springs that
activate the locking elements. _

Initially, races for roller and sprag one-way clutches were manufactured
from wrought steels following traditional machining methods (turning, broaching etc.).

This process remains in production today. Typical steels used are SAE 1060, SAE 5060,
SAE 5120, SAE 5130 and SAE 5160. In order to develop the necessary contact fatigue
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contact fatigue WO 2004/ 030851 PCT/ US2003/ 020227 -2

strength at the race surface and tensile fatigue
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reformis worked with a roller-burnishing tool prior
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fatigue or ge fully densified
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,Paten 5,966,581 is to cold work the 0 cted
priog 3 e fasgnB s ePo i Kb puBeing Praressanpledavifi TR foreiedS Ba o
incr %@@h% g &Qﬁgoi’\me‘m)al H‘Gtrf&%ea hﬁll?ﬁéﬁsﬁ?&ﬁ)lutﬁﬁ’kde@md by
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preFoh blank b ha U les PEmSBER 8B B o BFESFP SEIAA G bPiged
comeHeln? Bf (ﬁe%freﬂl E}'?ape, hils gﬁq@aghéésa%alnst the possibility of fabricating a net-
shape compacted and sintered powder metal clutch race component whose final surface is
cold worked that would have suitable mechanical properties and surface finish for its
intended use.

It is an object of the present invention to advance the art by improving the

processing of one-way clutch races made of powder metal.

SUMMARY OF THE INVENTION AND ADVANTAGES

A method of fabricating powder metal one-way clutch races according to

the invention comprises preparing a sintered ferrous-based powder metal which is
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Eliminating the forging step has the additional advantage of tightening the
overall dimensional tolerances of a component from the range that is typical for powder
forged parts to the range that is typical of pressed and sintered parts. Furthermore, the cold
worked surfaces have even tighter tolerances.

Another benefit of eliminating the forging step is that the press and sinter
process has the ability to produce net-shape geometric features (bosses, oil channels, steps,
etc.) that are far more complex than those achievable by forgings, thus greatly reducing the
need for secondary machining.

In the case of net-shape race surfaces, like those used for cams for roller

one-way clutches, the cold forming processing of the race surface, as described in the
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Tabld N T§picaNsuifacifinish of for @rolkirghewayt dwtcueme produed by liroachimg, powder
forgin%lta\é/ls chll' H‘ngfbthe HELelnLﬂl&%(lmg the need for the for g' ng

resu earing race mat erial of superl or
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are two rrenta effects 10 asso
the choth oswhar inftormgiendtspn @ begher toFquestapadiedaus elvph éllmheel
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IR R D O
superior metallurgical quality. It is well known that the there are two detrimental effects
associated with the hot powder forging process. First, because the steel preform is heated
to a temperature of 1000-1130° C and exposed the air during the forging process, oxides
form on the surface of the part. These oxides appear on the surface and are also entrapped
as inclusions to a typical depth of 0.1-0.2 mm. Second, as the preform flows and contacts
the die, the material at the surface is rapidly cooled. This cooling results in a fast increase
of the yield strength of the material that is detrimental to the collapse of the porosity.
Consequently, powder forgings present porosity at the surface to a depth of approximately
0.2-0.4 mm. These microstructural defects, oxides and porosity, have a detrimental impact
on the contact fatigue strength of the race. By eliminating the hot forging step and
introducing a cold forming operation as proposed in this invention, a race surface of
outstanding quality is obtained, with virtually no porosity and oxide inclusions (i.e.,

essentially zero) in the cold formed layer. Tables 2 and 3 below illustrate the
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T L ||\., v LU\J"rl o7 O0o4U00U07 UZUZZ T o © J
[ rrpro&?ents in porosity §nd oxi de incl usion cant

achi evgg by the present HBVeRtion vedrsus typicg
conparative powder-forged alloys. Didtance fromPart

Por osi@.y Range [ ™ PorosOt—yO Range [% Surface Pm’r]

Powder—Forged—tayenton—0—2 0—o01 80—+b6 5
- 5008302-130 048-0.50 0500 Tz9b|e2

Typi cal_porosity count in powder-1orged and 1 nvention
powder netal alloys. 5 Material I|nclusions/cm

| NE4blesA. Jiypitad porosity @t irpowiles-forgadzmd fyyertion powder metal alloys.
Powder - Forged 0.83 0 Invention 0.0-0.1 0

Material Inclusions/cm® Inclusions/cm®
> 100 ym dia > 150 ym dia
. Powder-Forged 0.83 0
Invention 0.0-0.1 0

Table 3. Typical inclusion count in powder-forged and invention powder metal alloys.

The combination of tighter dimensional tolerances, improved surface finish
and superior metallurgical microstructure results in an increased torque capacity for the
one-way clutch. This surface finish improvement results in superior contact fatigue
(spalling) resistance of the clutch race that in turn results in a higher torque capacity for a
given clutch as indicated by preliminary results based on stroker testing of one-way roller
clutches with powder forged races and races produced according to this invention.

Finally, another important cost advantage associated with this invention is
the possibility of introducing machining operations (e.g., green drilling of radial

lubrication holes) while the compact is in the green state (before sintering). Important cost
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15 Finally, another inportan. nt age
associated with this inven t.ﬁﬁéwmspos& bility of

I Nt r odughdig aAREIENAGrRRAH Al Midpeb Of Ge préfetEiivéitioh ving

of radial lubrication holes) while the conpact is in
becotrieanaye eendily pprscigisdivdien considased gyonneqiiedrvighthe deldawing

004/ 030851 PCT/ U 3/ 02022 -6 savings result from

deta‘?eﬁi deﬁ‘frﬁlglo&ﬁi?? aﬁ%en§5$graW1n ‘l’vﬁ%r i th very |ow tool

vear. Grigare 1 ARG iRdhigrio PR ieaipSifFing a vat-wagshitth ef the roller

when the preformis forged. THE DRAWNGS 5 These and
typediaing dweh tace §0@ﬁﬂneé‘éﬁvfag'ﬂ Grskaceprdingdo theprgsant INYFREAN: on

wi || re [
in connegﬁfgglrgrvg\n r[)% b'lfé& Fgl%&ﬁg tﬁédg% Wﬁf@lu scrpqi%{n?gn
showdfigl the ppasalecbfgresn-dfied mdielrlebnmant:h(gjels m thé\cars saurface;
isonetric view exenplify E a one-Ww clutch of. the ¢
rol | er Figppse? ISFP&F\FPﬁgseEtFQHa }ﬁ‘e\”a?é%m%ﬁ%‘lﬁ]%ﬂ?eswﬁéﬁwcé‘a‘i &hF
r phoGHE Bredddt irfvetion;
spraf Y, Lok P B i Wk o o frofehy i con:
showi n gthhﬂa Pprseswosssecdtiongt eiew-edeinplifying adieaivay abidhediihe
hol es in the cam surface;
ratchgY e LG COHER TSF SRM BT P e SEha g b prsgenh ngpntion
the SpE@adrd ¥ R& schémhtitOcr6dskebnh PEEwW I AR @AM t&m race and
fabricated according to the present invention; Figure
assoGated densifiyorestogkect i onal vi ew exerrpl i fying a one-way
clutch of the. 15 ratchet t C : e
con‘poneﬁ’tggref iﬁrai Esr ey 5183'&¥lgﬂ% loqa%h 3 'épérﬁfaglgu ¥
i nvent i Pipure 6isGikrssdetoral $ﬁﬂ&ﬂ'&lﬁd @nér Assh se&etandnal

view of an outer camrace and associ ated densifying
accompahying densifying tool;

Figure 7 is a sectional view taken along lines 7-7 of Figure 6;

Figure 8 shows a Weibull plot of the results of contact fatigue testing of
wrought steels and ferrous sintered alloys produced according to the invention.

Figure 9 is a typical plot of the surface finish measurement of a one-way
clutch cam manufactured according to the method presented in the invention.

Figure 10 is a typical plot of the surface finish measurement of a one-way
clutch cam manufactured via powder forging;

Figure 11 is a schematic fragmentary sectional view of a cam race

component according to the invention; and
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Figure 5 is a sectional viewtaken along Iines 5-5 of
Figure 4, Figure 6 is a cross-sectional view of the

WO povan3ssut ch race and 20 acconpanyi ng densi f pE€TgS2003/020227
tool; Figure 7 is a sectional view taken along |ines
7-7 of Figure 6; Figure 8 $7hows a Weibull plot of the
results of contact fatigue’testing of wought steels
and ferrous sintered alloys produced according to the

et sl e B e BBk uR AL A ermin
by iRt L8 nAG6aph BBtHeAehdifedRyf0d presented in the
invention.” Figure 10 is a typical plot of the surface

finish nmeasurenent of a one-way clutch cam

manuf actured vi a powdeggg%rlgi]%y' .éii‘ﬂﬁ‘ is a
schematic fragnentary D]ﬁ ION amrace
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2004/ 030851 PCT/ US2003/ 020227 -7 Fig
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cuch g SRy R RIS Sl

compsi@nd 12. Thewiner raepne aedtietdute racel dreamdﬁd}amyaoclsutf@dws 16,18
mechani sm 10 havi ng an inner cl.utch race co nt. 12 .
%{S Iﬁ)lwhlch

that gEmeIU SiFe56 40RO BKY TP TRSFRPCTRNER 1 OTS fr B1ote
enab!eﬁtﬁg cRifch sq9! 49 ﬂ)el%taté-ﬂ‘e n%?eﬂé’tﬁ%Qo RE ﬁﬁcﬁhér‘ ifi 3hé erétk@l%Hgvhﬂe

I'nner ¢ utc race onent 12. The inner race
lockingdlut¢heracest ¥, 14 agang rre\@asm rmtatlhmvﬁerwogabmﬁa@@@nmd operation

o eSS b S 505 TREE b Ll SRS s de

will ﬁ&%&lg‘?vetnt}ﬁr&h UFGﬁ'hér@@féﬁs é&‘nceﬂn‘ﬂng e opératién bf &Lh Yoller one-way
rel athve to one another in one direction while

clutchaudchamjsto$ oarche fodoeé o eferencs lagai nst reverse rotation.

The gengra str ction [

one- yfczf‘iﬁiltboﬁ'e rpllet 0B Iwa%%g%apﬁga{aﬁ%gg Og kl{ﬁgé ﬂ[usuatﬁd i
Figufdstla@nd 16,18 ifvehii fiefurtier @ntenplited he mdnubsenge weolutch races for

herein. Further details concer ni ng the operatj

othersw@ty o qn@rW@h‘éU\%‘}S ipgludian sprag RAFVaIS Weles BE' ﬁ&ﬁ%@ﬁi m
Fi guFFe h%rljqu a p1 %]?tl){ B{a?%ijéntu%nl? e cﬁ&%@v ﬁrthéjxré@e WiYackd toigehmit
rotation in one direction but not in the opposite dlrectlon, and ratchet one-way clutches
10", illustrated in Figure 3, wherein a plurality of pawl members react with an inner race
with a plurality of notches and an outer race with a plurality of pockets surfaces to permit
rotation in one direction but not in the opposite direction. Of course, the particular
configuration the race surface of the inner and outer race 12, 14 will vary according to the
particular type of one-way clutch depending upon the particular requirements of the
application involved.

Turning now in more detail to the fabrication of the clutch races according
to the preferred method of the invention, Figure 4 shows a cross section through the outer
clutch race or cam 14 which has been compacted and sintered to near-net shape from a

ferrous-based powder metal, which could comprise either pre-alloyed steel powder, an

admix of elemental iron powder and one or more alloy powder metal additions blended
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furth%? E@P '\&)?klﬁgh‘@&heﬂ{ &esBibeMtRtby tERhdRWREH y-tRRe ab e ‘Th?fs

enment Iron powder and one or nore alloy powder
followet@tonaptatiibn emdsibiesng ethe\Wite2 0BUhOBOB B at the stage it is at in Figure 4
PCT/ US2003/.020227 ron
has &G AR o DGV Rt B0 beyAnd T CE eigh A DR 1G0T of
full t\P{h&}én&ﬂ ity khel HALARY Wt frbVBEs 1BE neRwhey teiBilfatigue
alloy constituents. The powder netal nmy al so include

strengthagrid toughmess fap pseap theadesirad elwiohaadsi anpligationp T eare parface 18

aso B 3R PENTRPR i d SeRata oty el opfign 1 a shape tha

clos@f approkindtes th@&Tbf thefsie deiRARPS ! hltbugh 6li émlyglrﬂlsrsizleé by a few
material is suitable for use as a one-way clutch race.

tenthsyof nenillimeter wHgprmmpdate syRsagient fuathet %Slél@ﬁ%%lb? efhe gy surface

I h race conponent 14 has been forned
18t0near f/g?éﬁ#e%n‘gl shape after sintering and with the

buI k of Thbeam pofsber] Sraftied ndae-nergshepaqranaettdand ssitaredowter
i G ALkl P o e
in wfh{réé nvg&a g\éé’fﬂdl ?rgateg‘faagﬁ‘i t‘(})ﬁs\s/sl?%é?r%ﬁ%g?ﬁénwleﬂcé’éﬁ[ﬂ@ tA& of the core
denslltgadgi atnet $hapd fihal eatfaceTimish, sudhahhtowi fagherongchiting of hadgam
surfz?clg nlt§te1sf 1|1 n p(ii B%dgﬁé ceorld wo%lkn(l:é1 1nr cgiraeer t%Af)u?l t etopu%r %fu?c% rai:e 14 into
use. The final surface preferably has a finish of 20 to 35 pinches. The densified layer 22
preferably has an essentially fully densified region (i.e., >99% of full theoretical density)
to a depth of 0.2 to 1.5 mm, and more preferably between 0.35 to 0.8 mm. This highly
densified thin layer 22 at the cam surface 18 backed by the strong but relatively less dense
core 23 of the clutch race component 14 provides the necessary strength and toughness
properties while providing the desired final shape, surface finish and contact fatigue

resistance suitable for clutch race application. Figure 8 plots the results from rolling
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has a core density of between about 6.8 and 7.6 g/cc

(which equates to about 87 - 97% of full theoretical
waleongiosogsnf the material) which provides the nECESYSENY020227

tensile fatigue strength and toughness for use in the

desired clutch race application. The cam surface 18

15 al so preferably has beef-fornmed in its conpact ed

and sintered condition vvith a shape that «closely

i
O ERE T N T

to hl%l? f WE 963?1%@%%}&9’%6 Edmdch et gq@ Bepekintents Wére @bnddeeed in

18 t0 be descri bed b€l ow. The cam surface
a ball%nmbd tehiengapparatist Tlsmqgelt&:@mﬁadlee suramarizidindmble biliaiethows

20 c h race compone
tha Gigerom i ey arSIRES P et GRS el St e
fatigRO WRS; tm\ﬂlouglﬁts&felsais vidll dstposvdeafteged?lofas a density
exceeding thaf of the core density and a net Shape

final surfaddaterial sh, such Bifakifenal 54ik% H'@ra machi ni ng
of tlhe cam surface 18 is| need BQ%F ?ﬁ t he |col d
working in order to put the outer h rage 14 into

use.| The|vehadn BM-bage prieferabl y3es a finijsh of 20
to 35 inches. The densifiled layer 22 25 nrgﬁerab|y has

an essenlnvantign DM-Q95denS| fied r e%ﬁ@n (i. >99% of

full “hﬁ@ e Ly) to—=a h—of ". to 1.5

nmm |and B h}S?‘é?Vm bet ween O gg to 0.8 {mm This
hi ghl'y — \Wedigght iagSI gd;Qm [ayer 22 ap.the cam qurface 18
backled by the strong but elatively less degse core

23 of théFQfQﬂdElh-%zﬁtﬁb _conponent 124pr ovi des |t he
nec stre f ghnes =P erttey while
pr ow d| M\é{ Pﬂ'@t %@ 5?3961% nal shaBe, St t ace fli ni sh and

tact_tatigue .30 resistance sy Eab e ht%t 88 lovs.
Tabig 1P EelAghP I A T B e pRRSes LEERPad ProgRt P e v
Invendioh 2ADP<dre 3B BdctPEIldctiFRiDL B/tBAGIRPB preséhteddmtha diverition. |Tg£t@g was
condﬁc‘?e%tnthaIPJn-rﬁb L&\égmganuf actured according to the

resent 1 nvention, conpared to high quality w ought
bear ' nngé ?lﬁ'ka%e flxﬁﬁ 0@ Y @6t surBbé 98 BIRNARE HEBMcativRbElayer 22
conduct e | -on-rod testing apparatus. The
is in rtl&snahgcszmroéiSfmndzﬂwramlmmrpmfadb]ynn lebdaegeﬂ,oﬁ dbatit Zhiovd)
t hat races manuf act ur ed accord th‘s‘% current

pinches, Grauro R TIHEIEAS & FYRSAL Bl oF e S paspeRRDt of a one-way
clutc qag'lnlgglthf?é?geé? I%.g%}'? qlgg&(? ﬁl &ﬁod"@ﬁéeg%%l IR ﬁ{veﬁt%rg ?gr

106 cycl es]
comparison, Figure 10 illustrates a typical plot of the surface finish measurement of a one-

way clutch cam manufactured via powder forging.

The preferred method for densifying the layer 22 of the outer race 14 is to
force a densifying tool 24 laterally across the cam surface 18, whereby the cam surface 18
encounters one or more forming portions 26a, 26b, 26¢, etc. which further compact and
densify the surface to yield the densified layer 22 having the desired size and surface finish
for end use. As shown in Figure 5, the forming portions 26 are formed with the shape of
the desired cam surface 18 although are somewhat undersized to achieve the desired

densification of the layer 22.
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I nventi on DM 207 13.73 |Invention DM 205 9.65 W ought

Al SI 4620 8.12 Wought AlISI 8620 10.17 Forged FL-4680
wa@ 2ebd/03086pDught Al SI 52100 6.7-9.3 Tabl e 4. Bl0OreDUK2008/020227

contact fatigue life of invention, powder forged and

wr ought bearing steel alloys. Invention alloys are

manuf act ured according to the process presented in the

i nvention. Testing was conducted in a ball-on-rod

? gP?g\?\: ﬁgﬁ la-é—grgq \?tpuﬁg%gﬁﬁf %&)ﬁ%}%{ migee S%%Cm g%%Hl %%qqger to yield a
densffi%ﬁgére??S tagthg §ader§ﬁﬁ§<§e I@TguMeedeﬁ&?ﬁt%%bVe édhckighg the

to 30 1nches. Figure 9 illustrates
propmleg/mdcfabnq:ﬁtxmn Otﬁthet dutershirtéhamee M i eghalie appliceble e the ffabyication

am manuf ac acc
of th b sh desin LA hERPETSUBRET B3 REToe Sufig4h Basy cluch
race 12 A4 £ difled dahtisiifad €8, tRe danBifgiak t¢dl G0 veéd tfohﬁo&lbéftlt’;&@nmfled
finish nmeasurenent of a one- way clutch cam

layen@ris semewhadifi¢rantgbanibet used & dapsify biypn2 pf the eptegglutch race 14

. d for densi t he f
o e TR RS T ol S it
portibME3ZuaB21s BRE ak€ wiich Mive tiedyandetieneranstmpe baube fibdl race surface 16
encounters one or nmore forning portions 26a, 26b

to beureduoRieTise i ¢ Rt Wab R APRIER OB HEIONgh TedORHIng: Redops 32
32b, %ch hl Silgﬁt C)gj&é@glieﬁqo krﬂ?&ﬁ{ thg %eﬁ@ffézﬁigmttﬁ thedByiir 28 dF1§h1%e1 1 is an

use own 1n Figure 5,
enlax‘?gb@frﬁghanta@ sectidriabniswaBusaraeing drereshiltant laydrt?e alR8plevelbped on a

he d d f 1 |
oS detgn camurtace 16 ol Uigh o0 SorEltel . .
hav1ﬁ$§ee&1%¥ Ipagt% \i{{% iR tQ%@é@ér BfTddASZP B3h O 62 the 1aykP as

nne race Is fabricated in the sane
discugsatkabale.rfigure rl 2 tibusyratels dleaiensianpmflieeal tlnqis)m;fac@ef e racke
race surface 1 descri.ption ab

Dendiisous hAGTIES P PBSEI eI STREH AP REETH Qns depsified ayer

outer chidhfy ﬁ?tﬁer]iﬂuktﬁat&q}i@hﬂlmyaWokdiﬁ%lcﬁthb fnvlehigon, for green
fabrication of the inner clutch race 12 and i s

machiniogrop fraturesiintibe pieforpypriasfte siaieciag. Hlystratedigee gregizpachined

radial Ilulgn%gnt holes 34 which were formed near-net-shape before sintering with no post-
sintering machining or finishing required.

Obviously, many modifications and variations of the present invention are
possible in light of the above teachings. It is, therefore, to be understood that within the
scope of the appended claims, the invention may be practiced otherwise than specifically

described. The invention is defined by the claims.



5 race 12 has an outer camsurface 18, the densifying

tool 30 used to produce the densified |ayer 28 is
waormembsl di f ferent than that used to densify PEWER2082020227

of the outer clutch race 14 and is illustrated

schematically in Figures 6 and 7. The tool 30 has one

or nore formng portions'éba, 32b, 32c, etc. which

have the sane general shape of the final race surface

16 to ?ﬁﬁ rogfce .for use in a one-way clutch

appl i cati'Bh!s “A'"Pfdgh the formi ng portions 32a, 10

1. 32b, 32§ AétRodbf @bfitinpPeRtel medl de-wapauichiriRs, comprising:
densification to the layer 28. Figure 11 is an
enIargemfpmagh%ﬁﬁéﬂybgﬁéPpwﬁgﬂnVﬁgMIiIIustrating t he
resul tant | ayer, 22 8 [ ACE. -

16 or 18osrRnG fondler SRl B ORREUARe o ERGG R ARE way
clutchasdeadnipnétihaciapa cofe ddnsity oftistwEans. 8 gnd 26y exmdached

and sintered to a | esser core density than that of the
surfacgnpsd as di scussed above. Figure 12 illustrates the

dens! UYedil Wolrlkjﬁ ﬂ'{e rﬁ&es&fgf:{)ﬁ)%nﬂfa c‘bhﬁw&&% 1ay_3:15at the surface

Densiti€s were determ ne y processing the inmage of a
havimg £ dagitgekceelinghieat dé tieicoreedbnkiny end a ndtishapecfinab sdriact Hiaish.

illustrates the ability, according to the invention,

for green nachining of features in the preformprior

2. 1O sintgpt fhohlolf Ufrh A4Afréh heloRE RoNRA MyRe das 4 ddisRY
| ubri cant holes 34 which were forned near-net-shape

excebdifg nisous 98 ¥eafifnlj theotdticalalepsitt: - si nt eri ng nmachi ni ng or
finishing required. 20 Qoviously, many nodifications
and variations of the present invention are possible

3, 1N i ghthohethda RBRYE 1teRedh BEScold Wotked 14yeeissbahed by forcing
be understood that within the scope of the appended
cl ai s, a demsifymggnelilataratisiacisss hedacei seddcet her wi se t han
specifically described. The invention is defined by
the clains. WO 2004/ 030851 PCT/ US2003/ 020227 -11-

4. \What i sAGcdeBhetas clufch rdce@infpetffof abnd-aay chug:hp owelptising:
nmetal one-way clutch races, caonprising: pre arinqla )
ferrousAbégﬁﬂcﬁéﬁﬂ%ﬂnﬁ%W%ﬁQdyﬁf8§§§§Wﬁ§dﬁﬁ@€%gWHE?SEWCOfsmd

Q - t ' a sintered one-way

O“&gﬁi?%ﬁ%ﬁéggaﬁgﬁﬁ%ﬁgﬁ?ﬁ%évgﬁ%§§h@%re density of between

6. 8 andsald 6ody kit wicae deasity bstwdea©ef amiitl6 gbd wor ki ng

the race surface to forma cold ked |ayer at the :
sur f acesaid clutch body including a cold wor}é\g{ layer of%¥e pocher meftal at said
race surface having a localized density greater than that of said core density and a final

surface finish of between 20 and 35 pinches.

5. The clutch race component of claim 4 wherein said cold worked layer has a

density of at least 99% of full theoretical density.

6. The clutch race component of claim 4 wherein said component comprises

an outer race of the one-way clutch.



havi ng a density exceeding that of the core density
and a net shape final surface finish. 2. The nethod
wobooaloatss1 1 wherein the cold worked | ayer has BCT®8HI08/920227

exceedi ng about 99% of full theoretical density. 3.
The method of claim1l wherein the cold worked | ayer is
formed by forcing a densrf'ing tool laterally across
the race surface. 4. A powder netal clutch race
conmponent for,a one-wa | ut ch, conpr.ising. A .

7. Compact bee Gt SpRPEREORTag Vel td ShBens rematises an
the shapgefcsaf #e 0ROGPRMt&. Ut ch race conmponent
having a race surface; Said body having a core density
between 6.8 and 7.6 g/cc; said clutch body including a

5 curf acoraungEiepBkuing o Rk (v albubRfcs’ Bifrisng

of sai d cegipeetigTeirbys-Ba3ed powddr anetalsol iebd @ gfdenirale podform;

between 20 and 35 pinches. 5. The clutch race

conponemechining fegtyies inkp BeareendasePTE IR wor ked | ayer

has a ' 0 9 I of i

dons ty Tk e pd ab EBRlorid pautl s ol WALRE btween abou
6.8 anigreg/ec s gracospéaendndconpri ses an outer race of the

one-way clutch. WO 2004/ 030851 PCT/ US20 3/?2022gh -1

7. The eQldvorkiagfisoremturiaee 1 formasohPEeH faygr gf the surface

. r ' «yace of the one-way
haw@?%?@ﬁﬁ?§§&%Hﬁ§€ﬁ%§ﬁgﬁch @?%g'ing powder neta
one-way clutch races, conprising: conpacting
ferrous-based powder netal to yield a green race
preform machining features into the green race
preform sintering the green race preformto produce a
core density of between about 6.8 and 7.6 g/cc and a
race surface; and cold working the race surface to
forma cold worked | ayer of the surface having a
density exceeding that of the core density.




