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WD 2004/ 030851 PCTI US2003/ 020227 1 POADER METAL
CLUTCH RACES FOR ONE- WAY CLUTCHES AND METHOD OF
MANUFACTURE BACKGROUND OF THE | NVENTION 5 1.
Technical Field This invention relates generally to
one-way clutches, and nore particularly to the
| WO pW0RETt ure of the races for such cl ut cheskPCTINE2M3/020227
~ Related Art The fundanental operating principle of
one-way clutches is well known to those of ordinary
.skill in the art. Relative rotation of inner and outer
"elenents is prevented in one direction, enabling the

t rﬁﬁ%ﬁﬁm At COTHCA RECRSFOR mﬁt WER, cmigg gnner
opp03|te dir : Y D passenger car

automatic transn133|ons use one or nore one-way
clutches to BAf¢ 3 ENYVENHTIONe t or que path
to another as the transn1SS|on shlfts through its
operating ranges. Al so known as overrunning cl utches
1. orreérrmvmml s, the nost common one-way clutch types

are: Rol e- Wa 2 rag one- :

ol ut o i e aaien gty g efy e PR T
to thelnydhafactae/6f theRbesifér spétDclehdspn since the early 1950 s.

Producti on of ratchet clutches started in the

m d1990's. All of these one-way clutch assenblies
2. mmmhm@&hmsfactorlly dependlng upon the particul ar

applic n |n |
const r ok 1B prerind Bhndpf of ot DA e B3 oo
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one-way cl utches _were manufact ured
passenger car automatic transmissions use one or more one-way clutches to smooth

transitions from one torque path to another as the transmission shifts through its operating

ranges. Also knewn as overrunning clutches or freewheels, the most common one-way

~ clutch typeé 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
assemblicé 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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from w ought steels follow ng traditional machining

met hods (turning, broaching etc.). 30 This process

remai ns i n production today. Typical steels used are

SAE 1060, SAE 5060, SAE 5120, SAE 5130 and SAE 5160.
wolxo4m3ehst t 0 devel op the necessary contact fPAVERIEIIND227

2004/ 030851 PCT/ US2003/ 020227 -2 strength at the race

surface and tensile fatig_?e strength in the bul k of

the race, the parts are ypically heat treated to HRC

55-60 on the surface and HRC 25-32 in the core. A
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,)corrpact ed and sintered preformis worked with a
4002431 | er - bur ni shi ng tool. prior to the forging step. The
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ani cal properties and“surface fini'sh
shape compacted and smtered powder metal clutch race componcnt whose ﬁnal surface is
cold worked that would have suitable mechanical properties and surfacc 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

a first aspect of the invention comprises preparing a sintered ferrous-based powder

metal which is
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i nvention to advance the art by inproving the
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met hod of fabricating powder netal one-way clutch

races according to 30 a first aspect of the invention
conprises preparing a sintered ferrous-based powder

metal which is -3- processed to near-net shape to

yield a one-way clutch race cgnponent having a core
density of between about 7.0 and 7.6 g/cc and a race
surface. The race surface is then cold worked to form

a layer having a density exceeding that of the core
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Rerday clutch races, conprising: conpacting
?%rrous based

According to a fourth aspect of the invention, there is provided a method of
- fabricating powder metal one-way clutch races, comprising: compacting ferrous-based
powder metal to yield a green race preform; machining features into the green race
preform; sintering the green race preform to 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 form a cold worked
layer of the surface having a density exceeding that of the core density

The invention may have the advantage of providing a simple process of
fabricating one-way clutch race components to achieve excellent mechanical properties as
well as an acceptable cam surface finish that is cold worked.

The invention may have the further advantage of producing such one-way
clutch race components having a variable density with relatively high, but not fully dense
core, coupled with a skin or layer at the cam surface which is cold worked to a greater

density to provide the required mechanical properties and net shape surface finish on the race
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thus greatly reducing the need for secondary

machi ni ng.




In the case of net-shape race surfaces,
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“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 atypiealidepth 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 thesmaterial that is detrimental to the collapse of the porosity.

Consequently, powder forgings can present porosity at the surface to a depth of approximately

0.2-0.4 mm. These microstructural defects, oxides and porosity can 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, a race surface of outstanding quality can

be obtained, with virtually no porosity and oxide inclusions (i.c., essentially zero) in the cold
formed layer. Tables 2 and 3 below illustrate the




be obtained, with virtually no porosity and oxide
inclusions (i.e., essentially zero) in the cold
formed layer. Tables 2 and 3 below illustrate the -5-
i mprovenents in porosity and oxide inclusion count
achi eved by the enbodi ments of the present invention
versus typical conparative powder-forged all oys.

Di stance from Part Porosity Range [% Porosity Range
[4 Surface [mm] Powder-Forged Invention O 2-10 0
0.11-80 0.20.5-50 0.30.2-30 0.40-0.50 0.5
0O O Table 2. Typical porosity count in pomder forged
and invention p r metal alloys. . Mater

IOREVERFRR B W‘Wﬁé‘ﬁ Q¥idg rs/usiop co%ﬁa@s%m%‘rﬁ% ssbodimens gf
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Thirs—s %ou,e i sh-rmprogvgmentcanm Tesutt T ysuperTor
contact Tatigue {spalling resi stapce of the clutch
race th@&e in turfp can re@ﬁkﬁ in a hjgher torqgbe
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prelln1%%ry resulfts base o% strokef testing 8f
one-mayonoller cllut ches vmaﬂ1 powdef forged races and
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anot her~ T nport ant cost ad&%ntage as 00|ated can be the
posSSibiTity of 1 ntroduci ng machi ni ng Operati ons
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sintering). |nportant cost

Material Tnclusions/em? Inclusions/cm’
>100 gm 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 can result in anincreased torque capacity for the one-way
clutch. This surface finish improvement can result in superior contact fatigue (spalling)
resistance of the clutch race that in turn can result 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 can be 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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fromthe high cutting rates conbined with very | ow
tool wear. Green rmachining operations nay not be
possi bl e when the preformis forged. THE DRAW NGS

WO 2pp38854nd ot her features and advant ages of PGTHESZHBEIEAT
invention will becone nore readily appreciated when
considered in connectiongw th the following detailed
description and appended draw ngs, wherein: Figure 1A
is an isonetric view exenplifying a one-way clutch of
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g fabricated according tQ the prese entl on; Figure

machinigg pperatioss geay. s be Peslle Wit R GOy i ut chof
Figure 1 show ng the presence of green- dr| 'l ed radial
| ubricant holes in the camsurface; Figure 2 is a

cross-sectional view exWone way clutch of
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fabricated according to the present |nvent| on;, Figure
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detanle&de%r@ﬂ:og n&? enﬁ&lt MOJ YiREeinhavi ng clutch race
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5-5 OFighietB B a@mss-&@dﬂ:ﬂ! vigwiof thie @reoss- dach ofdfigire Vi ew
of the inner clut r geampanyi n ensi fying
showing g preseRag pf grepnidg E’g'@f %“g'i’ﬁi‘f“ %k‘éﬂ“g’ffg??g | i nes
7-7 OfiglieHsQ cRissA Eécﬁuﬁ:ﬂ% vﬁw&h&ﬁ@h@m‘é&i dnelvlayRiveéh oifthet he
results of contact fatigue testin vvrought. steel s
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Figure 5 is a sectional view taken along lines 5-5 of Figure 4;

Figure 6 is a cross-sectional view of the inner clutch race and
accompanying 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 11 is a schematic fragnentary sectional view of
a camrace conponent according to the invention; and
WJ 22U 4/11SUM rC i /U SLUUS/ U20221 -7 Figure 12
illustrates the density profile at the surface of the
race determ ned by inmage processing a m crograph of
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art and thus further ggt ails not

clutch Fpep 1 ¢am FQROREH 1¢dispes C%ﬁ%‘@?ﬂb’ OYLfRe | ’B'it?é g{é'fq%d'ﬂ:eof

CompoﬁHﬁliZ IBleliffer PRE1YEM thE bistkClicd B ERRANY Hia¥e 1268 subBcss Q618 | N
reterence 1. 15 In addition to roller one-way clutch

that generainface o aptherpad rsaglinicpepesation it ong or mprg gelisss $Gwhigh,
enable:I o cl+tpl? ra:q&vﬁn i4 & otgférerQ rela@¥d G IRt ﬂoﬂﬁr e 'ﬁﬁ*@dﬁoﬂ%h‘ﬂ&e

races er varlety one-way cl ut ches
locklng cltoblracels by 14 pgaimst mersmm}zat@huﬂwm@ser@@onsmummda’P@fathﬂh

of rol!gé)ﬂ\l;lévgxﬁ% %ci:hs 1gc gﬁ kﬂov?rll Wtﬁi)éets%ﬂ]%@ {nqge ﬁ{ ﬁ{ﬁmssfuﬁfe?ﬁ&mls

surtaces to lon in one
will nalibé given bereibu Furthet detaulstcheceuppgmetoperahmmf suabirollexiode-way

ratchet one hes 20 10", illustrated in Figure
Clumhglcc%‘flf’m?lcﬁn'ém%?{\?ff‘gl“i”fgvn%eflz pawl nenbers react with an
I nner Ti additionib t&leﬁorrﬂ-m)adlmt:ly nmethaniaine lofthe aypd iliustrated B
race with a plur cke aces .to perm
Figoreh 5 81 1 e AP BTt eSS RGaPogE 5 BBBFIcEs for
other \Qhé@ OF bt IwayFluteked |, eludind@pig bhé-ody alitchf, ilistraed an
he race surface of the inner and outer race 12, 14

Flgureva Wheroiaraplyrality serggjements Fract bsiyeen tgirage spyaces GPeEmiL.- way
rotahoﬁ h#&&%ﬁ%m@t 4 it dhe Gpﬂdaﬁe BRdctibr uhdfatdhBHAL oA RIHecheo
10", 1llustrated in %pguré é:%hler?aﬂl aI &Xrght\greo% 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
conﬁgﬁration 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 requirernents 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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Turning now in nore detail to the fabrication of the
clutch races according to the preferred nethod of the
invention, Figure 4 shows a cross section through the
outer clutch race or cam 14 whi ch has been conpacted
and sintered to near-net shape froma ferrous-based
wo ReVEiGss; et al . which coul d conprise either gpra-aill )9%991
- Stee pomder an 30 adm x of elenental iron po
one or nore alloy powder netal additions bl ended WD
2004/ 030851 PCT/ US2003/ 020227 -8 with elenental iron
powder, or .a combination of pre-alloyed and el enent al

iron powder w th or wthout thr addi tj ons of
with stoa Rt of Do RO Bre oy Ao SEHehla? iy Bowders,
with O%ﬁﬁbu't RethbORAdBEANGH fodanletalpep Bdiﬂsﬁﬁx&xtﬂﬂlhb ipo@akyi thdtily
rovenent additives, such as nd the

may allscv joeluder praphite\aad apnspprjate ’H%‘th‘ﬂeﬁ‘f‘BWd@HfW‘E}“% aﬂ‘? Ifygsedpch gs
MnS, é‘ﬁ% aﬁ’;ﬁrtﬂé lﬁdél Ble ihveAflomisRRB RGN B BE linitedto 9 phRidflaRfon-

material 1s suitable for use as a one-way cl utch
based ¢msntwnB>so imualas thetm%mb@ spitabjesforrpsgas 2 prgyway platch race.,

R B L

componkrit 4 himsbebn fomed netahle to finalikape miscrasintdmg aud withphech ofathﬁd

powde& Fﬁ{a@%en? gd(%:o%ptgcgﬁq ergt? lsarthg ﬂnaq %Qs?njmtl X?rrsﬁ&( féﬁ]?c inr}hé he

I on.
clutch tdte applidutionl Tlmn&ﬁbal exoeption ﬁsethecammrﬂaae 18 Mﬁmrrecwlres

fothe g HEATeR AP HHIS™ ' ROV Ry GORMAEEr AMand

followSigRtbMpadtidn and siferdiy, Qlie wtértcﬁhcﬂra@emawﬁtstagb & ishtdg Bigute 4
is at in Figure 4 qnpa ore densit of en out
has 2 regieBsiy of DEVEIMADOPLE 67 L6 Bt CEnERed LaLYE L

full thédr@ticaltdaﬁﬁfy%? the MattRNSIHidh ﬂﬁvnﬁéﬁh@ﬂc@sfsﬂ't&nsﬂ@fa‘ﬁﬁue

provi des the necessary tensile fatjgue _strength and
strength@nd ipyslnsss foy usq dnthe desired chuchiraeeppplicgtion, The gam Surface 18

also pr@ﬂp:ibl)plﬁg b foxyéﬁ it RO cihab @8 Sndlfntdred Bl il viitEA alaby/thhas

been“fornmed In Its conpacted and sintered condition
closelmgpmxanmsam of thaﬁnalcdess@ shapgpthongheliekidy wndgrsizsd by adew

tenths b DRI ACEL 6 SekoRMRREre bdRRNPRAL) AR S L& dulfle @

o) accomm ate subsequent
18 to Heutedckibed bdowsi fi cati on of the camsurface 18 to be

descrii e?ﬁ}lgel rﬁéae }ﬁ- f‘g?ﬁ{ne?‘e Osi-l o %?gé tnla%n{fleq@ti olt&t

shape Rt er race
clutch eRepansoientll4 is @l wbekedvar foan a denstfizd dayar 2batshd ¢amtlsurfagel8

M U N
densitPindlahRt §@p&final surface finish, such that no further machining of the cam
surface 18 is needed beyond the cold working in order to put the outer clutch race 14 into
use. The final surface preferably has a finish of 20 to 35 uinches. 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
den;siﬁed 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 toughnéss
properties while providing the desired final shape, surface finish and contact fatigue

resistance suitable for clutch race application. Figufe 8 plots the results from rolling
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density and a net shape final surface finish, such
that no further machining of the cam surface 18 is
needed beyond the cold working in order to put the
outer clutch race 14 into wuse. The final surface
preferably has a finish of 20 to 35 inches. The
woudenmbhbed | ayer 22 25 preferably has an es ' _
fully densified region (i.e., >99% of fuII§ g%@@#%%%?_
density) to a depth of O 2to l1l.5 M and nore
preferably between 0.35 % 0.8 nm This highly
densified thin layer 22 at the cam surface 18 backed
f t |veI S nse .core
comafr 08130 U A B B o2 HERRons SRS ocqpered
to high qu@mgwmugmcbenmmfhe qhapeatigue xpdtinhets ey colidaged e

S LR s P 3ok hovs

that radgyhan@@dctugsdl acEtbrﬁiﬂg@o the RUSdnS invExRioh Gfaedhl & ef&ée@ﬂkﬂc%hl'a&g
PCTI US2003/ 020227 -9 contact fatigue

 fatigug g?f’ﬁ‘ﬁé’% ,’ f t3gpds ag peydesdorgeddloging to the

pr Sent T nMadraP, CONTaRed Lifb Gt 5410 ity wrought
begri ng steels. The contact fastl gue expefinments were

corjducted in a ball-on-rod H%sﬁyplﬁ!g] appajatus. The
r equt ”lmfé'n‘ﬁohﬁnp ? SUTNTET LE‘U|37 Tatte t hat shows
u

that _races_nanu red according to thelcurrent

i nyent |ImrennanﬂM-a05exceed the g@ftact 5 fatigue
streﬂgﬁr—e#wzg olhb.s as—wel+—as—poeywder - f or ged

al ljoys rmmﬂt $g Life at3§219 MPa |[ 106 cycl es]
I Ny entvwmd?wm@m@ 73 I'nventygdyy DM 2051 9. 65 W ought

Al $1-46208.12  \Woughtl ALSL 8620 10 17 | For ged
FL- 4680"@9&'? "'W‘!:ﬁﬁjht AllS 15210946.7-9.3 Table 4. B10

r ol gug r1fe myentToh, powder
fo rdu mﬂ%ﬂg ™ eani ng stsgiel 93 |Loys.| Invention
Table xﬁhhﬂ%ﬁn@cﬁﬁaﬂ%ﬁfe%ﬁ%yﬁﬁmnﬁ%gﬁed Forda m J.Jafgnpﬂe%%%éa alloys.

tin conduct e

tovenl 358 onp e s e e s B a
conducted infajalbonirgd fpprtatigi ng densi fication of |ayer 22

The surface finish of the cam surface 18 following densification of layer 22
is in the range 20 to 35 pinches, and more preferably in the range of about 20 to 30
pinches. Figure 9 illustrates a typical plot of the surface finish measurement of a one-way
clutch cam manufactured according to the method presented in this invention. For
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 densifj(ing 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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10'is in the range 20 to 35 pinches, and nore
preferably in the range of about 20 to 30 pinches.
Figure 9 illustrates a typical plot of the surface
finish nmeasurenent of a one-way clutch cam
manuf act ured according to the nethod presented in this

- wozd‘,g}yﬁmﬂ on. For conparison, Fi gure 10 il st oatesara,

typi cal plot of the surface finish neasurenent of a

one- way clutch cam manufactured via powder forging. .

15 The preferred method®or densifying the |ayer 22 of

the outer race 14 is to force a densifying tool 24

| at er, acr r,f:

car 206 PS8 k12 CRRGMUIPGE cbl goHBEE Bl Ui
denslflea ﬁﬁer 61 thedace sufface Iﬁ\l\ﬁﬂhl&hthé desmhpmomﬂpamncanmg thitensi fy

surface to |edt Slfl e
propertisane e s L orp o chdiiade 4 & RAufly pAREERIE o RERAGLNS
of the nitnﬁr c!flhtnga@e 5% aﬁzd(")'iﬁ tlrlchefpmaf@ lﬂgﬁﬁ yorerétie. aiimcfthfr1||'t£1§:|ﬂ)]L clutdhh

e shape o e |re cam.surface 0
cace 12 bt OB OHE T SR At TR A4 Roproiir et

- layer ZBq%Eﬁﬁefv&Iﬁ@&l'ff@fén% arh mﬁt Us@d/ @l dersify lW@r 206¢he 3&815:£lutéli raké L4

ucvccr - - he inner clutch race

and is ilfatiated sqhemamqallr rreFlg-am%é g The taohshbas ong %ﬁ“@ﬁeé‘”g‘mg
pomonsggééibpfﬂzo ﬁlclgﬁav@tth I ifde ﬁ%?al Shipk 3f fhe Haal rdékbBrfade1®

ove concer ni properties and
to be prﬁda.hed forusecin aofneMw chshapplidatiers; hlthaygh tl;pzfomgnggaqulpgﬁm

© 32b,32¢ grg 8 @g@ cp LS 1m?%g fpgﬁédgﬂﬁm&f tottlgﬁ *e'? ARGl £13 an

I Nco erein eference. Since
enlarged h’@grhéﬂﬁz&y sﬁitxuﬁzd lvieb illegtratidg@thi sesultant blu@re?fZ ar 2R devsiapgd an a

race sulaeé;ﬁ gtp P)? ein tﬁgv%%;rncggtuﬁ%gclﬂg%ﬁg Z? Iéq%a e?;ﬂﬁ ogeﬁoftt e race

having bb%ﬁ GompPactrididisihtdrédton lé&i’er@f)retdhﬁsuguharthatloﬂ tl‘e thayemase 14
is illustrated sch

d
discussetove, G180 VWSS ks W Cem Ao Ut G Sueel Pl B8 g,
Densntlgszvpcr? agtEmn £ddy pibdeSsingnBy BndgB of §ﬂﬁﬂi‘ogqﬂﬁffahe &haﬁeﬁ laf'er

I nal race surface 16 to r odu for u
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sification to the | ayer 28. FI% Fe 11 is
radial mncamnmmsg:‘édwlﬂﬂa'gwe farmeq neasmet-apg defore finfering ¥tk 20 PRRY

28 devel oped
sintering bR AAbnpBYERingE OF 0 OC ober ol utch race 12
14 ba@bﬂduﬂby naing modifisatisins ahrbvariatens of gheiniggemdiefention are
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descnbed. Thc invention is defined by the claims.




15 Densities were determ ned by processing the inmage
of a mcrograph of the densified layer. Figure |Ib

further illustrates the ability, according to the
invention, for green machining of features in the
preformprior to sintering. Illustrated are

wogﬁ@%\mwchl ned radial lubricant holes 34 E@ /6920\95{23227
formed near-net-shape before sintering wt

sintering machi ning or finishing required. 20

Cbvi ousl y,  many nodi ficatlons and variations of the
present invention are possible in light of the above
t eachi . f therefore, to be understood that
Wit hin W@ ng%%é ‘of the appended claims, the

1. i nventA eftvayf kbdriptigtpowder il Ohviwag clutb%ﬁa&@%h'fphﬁﬁ y
' descri bed. Thg |nEJ§nt|on i.s defined by the cl ai ns.

20041 (PSBRAERE 2 awEPPWIT IRl (| \Wat is clained is:
1. A "ﬁb&h@ﬂn@ﬂ‘neb@@ﬂéﬁﬁtﬂ ROndARHEI Rhape®S Feld \EritiRY ofrd- Hﬁfhr

races, rising reparing a ferrous-based powder

clutchmeépmp T@ﬂ&@"( nsigyefdetween 6.8 and 7,§edec-andta radeape

: surfacgoanw eld a sintered one-way clutch race conponent
having a core density of between 6.8 and 7.6 g/cc.and
a r aceoldyerkingshe ragpisuefgtatofirmia eold whiked layer a ithefsadfacet o

havind QU8R SQLLGMORSE e R gcliny sh8 s Y shBRTinal Ak,

exce core
shape fi nal surface flnlsh. 2. The nmethod of claim1l

wher ei C d lLaye as a exceedi ng
2 Soout BeohoReRIR | S Foid SR I eE ke, hod
| cxceed:ﬁg sHoai 9894 ofMfali tieioretichleleasyd wor ked | ayer is formed by

forcing a densifying tool laterally across the race
surface. 4. A powder netal clutch race conponent for a

3. One- WegheGhetiodiof cREADRiheieiitthe cdld GRNRATHyeHs %}%ealbwf&&ﬁgl
body of fe{ygous powder netal in the shape of said

one- wiydepsifyingfooldaterally acressdbnrasesprfags- a race surface:
said body having a core density between 6.8 and 7.6

g/ cc; said clutch body including a col dworked |ayer of
4 ihe poﬁ,@@ydeﬁmeﬁlﬂ clytch sace gomponent for a one-way clutch, comprising;

A compacted and sintered body of ferrous powder metal in the shape of said
.one~way clutch race component havmg arace surface, |

said body having a core density between 6.8 and 7.6 g/cc;

said clutch body including a cold worked layer of the powder metal at said
race surface having a localized density greater than that of said core density and a finat

surface finish of between 20 and 35 uinches.

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

density of at least 99% of fuli theoretical density.

6. 7 The clutch race component of claim 4 wherein said component comprises

an outer race of the one-way clutch.




race surface having a |localized density greater than
that of said core density and a. final surface finish
of between 20 and 35 inches. 5. The clutch race
conponent of claim4 wherein said cold worked | ayer
has a density of at |east 99% of full theoretica
density. 6. The clutch race conponent of claim4

WO 2BI08IIn sai d conponent conprises an out eFCYURARRR e
one-way clutch. WD 20047 030851 PCT/ US2003/ 020227 -12
7. The clutch conmponentizof claim4 wherein said ‘
conponent conprises an inner race of the one-way
clutch. 8. A nethod of fabricati n% powder net al

7.  one- Vithy chitcht @impoaere of claiorpwhereingaid ceppprest ¢amgprises an
ferrqus- based. powder | to yield a green race
pr ef d?‘?ﬁ”acﬁﬁgﬂﬁrﬂ"ﬁ'évayg@gcg?es into the green race
preform sintering the green race preformto produce a

core density_of between abo 6.8 a 7.6 .angd a
5. race Amemesdt rugpavis me gre ey Fike ract iBrfRe
f or m gorficlng R bdsad swdef métabtosiid ageeen hee preform;
density exceeding that of the cqre density.
machining features into the green race preform;

sintering the green race preform to 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 form a cold worked layer of the surface

having a density exceeding that of the core density. -




