
WO 2004/030851 PCTIUS2003/020227  1 POWDER METAL
CLUTCH RACES FOR ONE-WAY CLUTCHES  AND METHOD OF
MANUFACTURE  BACKGROUND OF THE INVENTION 5 1.
Technical Field This invention relates generally to
one-way clutches, and more particularly  to the
manufacture of the races for such clutches. 10 2.
Related Art The fundamental operating principle of
one-way clutches is well known to  those of ordinary
skill in the art. Relative rotation of inner and outer
elements is prevented  in one direction, enabling the
transmission of torque across the clutch, while inner
and  outer elements can overrun or freewheel in the
opposite direction. Nearly all modem 15 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 known as overrunning clutches
or freewheels, the most common one-way  clutch types
are: 1) Roller one-way clutch  20 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 25 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.).  30 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 WO
2004/030851 PCT/US2003/020227  -2 strength at the race
surface and tensile fatigue strength in the bulk of
the race, the parts are  typically heat treated to HRC
55-60 on the surface and HRC 25-32 in the core. A
major improvement to the manufacturing of races was
introduced in U. S.  Patent No. 3,772,935. The
disclosed process involves compacting and sintering
powder 5 metal into a preform blank and then hot
forging the preform to shape the component to  yield a
full, uniform density throughout the race. Finally,
the races are heat-treated. The  key advantage of the
powder forging process is that it reduces machining.
Improvements to  the heat treatment step of this
process are shown in U. S. Patent 3,992,763 and U. S.
Patent  4,002,471 10 An alternative powder forging
process is discussed in U.S. Patent  5,966,581. The
compacted and sintered preform is worked with a
roller-burnishing tool  prior to the forging step. The
roller burnishing process coupled with the forging is
said to  increase the fatigue life of the final hot
forged, fully densified clutch race. Another
alternative discussed in U. S. Patent 5,966,581 is to
cold work the  15 compacted and sintered preform by
blasting the surface with glass beads or sand which
works the surfaces, followed by hot forging of the
preform. This approach results in a  comparably rough
surface finish than that attained by roller
burnishing. Accordingly, while it is recognized in the
art to fabricate races of one-way  clutch mechanisms
from powder metal that has been compacted and sintered
into a 20 preform blank which is roller burnished and
then hot forged to yield a fully densified  component
of desired shape, the art teaches against 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. 25 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 30 a first aspect of the invention
comprises preparing a sintered ferrous-based powder
metal which is -3- processed to near-net shape to
yield a one-way clutch race component 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
density and a net shape surface  finish. Embodiments
of the present invention further contemplates a clutch
race component  having such characteristics. According
to a second aspect of the invention, there is provided
a method  of fabricating powder metal one-way clutch
races, comprising: preparing a ferrous-based  powder
metal; processing the powder metal to near-net shape
to yield a sintered one-way  clutch race component
having a core density of between 6.8 and 7.6 g/cc and
a race surface;  and cold working the race surface to
form a cold worked layer at'the surface having a
density  exceeding that of the core density and a net
shape final surface finish, According to a third
aspect of the invention, there is provided a powder
metal clutch race component 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 having a  race 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 final
surface finish of between 20 and 35  pinches.
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 -3a- surface. The variable
density can produce a one-way clutch race that
exhibits excellent  strength, fatigue resistance and
wear resistance without having to forge the component
to  achieve the desired strength and wear resistance.
Avoiding the requirements of hot forging  can simplify
the manufacture and reduces the cost of cam races for
one-way clutches. Those  of ordinary skill in the art
can accept that the cost of manufacturing a powder
forged  component is 1.3 to 2.0 times the cost of
manufacturing the component by pressing and
sintering. The additional costs can be associated with
the forging step and the relatively  short life of hot
forging tools. Eliminating the forging step may have
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 can have even
tighter tolerances. Another benefit of eliminating the
forging step may be 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
-4- can introduce a substantial improvement to the
race surface finish. Table 1 summarizes the surface
finish that are typical of broaching, powder forging,
powder forging  as modified per U.S. Patent 5,966,581
and by the present invention. Surface Finish Broaching
Powder Forging Powder forging This invention  modified
per U.S. Patent  5,966,581  Ra [pm] 1-3 2-3.2 0.9-1.0
0.7-0.8  Ra [cinch] 40 - 120 77-127 35-41 27-30  Table
1. Typical surfacefinish of for a roller one-way
clutch cams produced by broaching, powder  forging and
according to,the present invention. This surface
finish improvement can result in superior contact
fatigue (spalling) resistance of  the clutch race that
in turn results in a higher torque capacity for a
given clutch. Eliminating the need for the forging
step can result in a bearing race material of
superior metallurgical quality. It may be 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 typieahdepth 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 thematerial 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.e., essentially zero) in the cold
formed layer. Tables 2 and 3 below illustrate the -5-
improvements in porosity and oxide inclusion count
achieved by the embodiments of  the present invention
versus typical comparative powder-forged alloys.
Distance from Part Porosity Range [%] Porosity Range
[%]  Surface [mm[ Powder-Forged Invention 0 2-10 0
0.1 1-8 0  0.2 0.5-5 0  0.3 0.2-3 0  0.4 0-0.5 0  0.5
0 0 Table 2. Typical porosity count in powder-forged
and invention powder metal alloys.  Material
Inclusions/cm2 Inclusions/cm2  >100 pm dia >150,um 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 an
increased 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 



WO 2004/030851 PCT/US2003/020227  -6 savings result
from the high cutting rates combined with very low
tool wear. Green  machining operations may not be
possible when the preform is forged. THE DRAWINGS
These and other features and advantages of the present
invention will  become more readily appreciated when
considered in connection with the following  detailed
description and appended drawings, wherein: Figure 1A
is an isometric view exemplifying a one-way clutch of
the roller  type, having clutch race components
fabricated according to the present invention;  Figure
1B is a cross-sectional view of the one-way clutch of
Figure 1 showing the presence of green-drilled radial
lubricant holes in the cam surface;  Figure 2 is a
cross-sectional view exemplifying a one-way clutch of
the  sprag type, having clutch race components
fabricated according to the present invention; Figure
3 is a cross-sectional view exemplifying a one-way
clutch of the  ratchet type, having clutch race
components fabricated according to the present
invention;  Figure 4 is a schematic cross sectional
view of an outer cam race and  associated densifying
tool; 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
WU 2UI4/IISUMM rC i/U SLUUS/U20221  -7 Figure 12
illustrates the density profile at the surface of the
race determined  by image processing a micrograph of
the densified layer. DETAILED DESCRIPTION 5 Figures la
and lb show a representative roller one-way clutch
mechanism  10 having an inner clutch race component 12
disposed about a central axis A and an outer  clutch
race or cam component 14 disposed concentrically about
the inner clutch race  component 12. The inner race 12
and the outer race or cam 14 have race surfaces 16, 18
that generally face one another and react in
cooperation with one or more rollers 20 which to
enable the clutch races 12, 14 to rotate freely
relative to one another in one direction while
locking clutch races 12, 14 against reverse rotation.
The general construction and operation  of roller
one-way clutches is well known to those skilled in the
art and thus further details  will not be given
herein. Further details concerning the operation of
such roller one-way  clutch mechanisms can be found in
reference 1. 15 In addition to roller one-way clutch
mechanisms of the type illustrated in  Figures la and
lb, the invention further contemplates the manufacture
of clutch races for  other variety of one-way clutches
, including sprag one-way clutches 10', illustrated in
Figure 2, wherein a plurality sprag elements react
between the race surfaces to permit  rotation in one
direction but not in the opposite direction; and
ratchet one-way clutches 20 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 25 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 30 admix of elemental iron powder and
one or more alloy powder metal additions blended WO
2004/030851 PCT/US2003/020227  -8 with elemental iron
powder, or a combination of pre-alloyed and elemental
iron powder  with or without further additions of
powder metal alloy constituents. The powder metal  may
also include graphite and appropriate machineability
improvement additives, such as  MnS, CaF2, and the
like. The invention is not intended to be limited to
any particular iron 5 based composition, so long as
the material is suitable for use as a one-way clutch
race.  By near-net shape it is meant that the
compacted and sintered clutch race  component 14 has
been formed nearly to final shape after sintering and
with the bulk of the  powder metal being compacted and
sintered to the final desired density for use in the
clutch race application. The principal exception is
the cam surface 18, which receives 10 further cold
working treatment described below to render it
ready-to-heat-treat. Thus,  following compaction and
sintering , the outer clutch race 14 at the stage it
is at in Figure 4  has a core density of between about
6.8 and 7.6 g/cc (which equates to about 87 - 97% of
full theoretical density of the material) which
provides the necessary tensile fatigue  strength and
toughness for use in the desired clutch race
application. The cam surface 18 15 also preferably has
been formed in its compacted and sintered condition
with a shape that  closely approximates that of the
final desired shape, although slightly undersized by a
few  tenths of a millimeter to accommodate subsequent
further densification of the cam surface  18 to be
described below. The cam surface 18 of the near-net
shape compacted and sintered outer 20 clutch race
component 14 is cold worked to form a densified layer
22 at the cam surface 18  in which the powder metal
material in this layer 22 has a density exceeding that
of the core  



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  use. The final surface
preferably has a finish of 20 to 35 inches. The
densified layer 22 25 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 30 resistance suitable for clutch race
application. Figure 8 plots the results from rolling
wU UU4/UJUfZI PCTIUS2003/020227  -9 contact fatigue
testing of alloys manufactured according to the
present invention, compared  to high quality wrought
bearing steels. The contact fatigue experiments were
conducted in  a ball-on-rod testing apparatus. The
results are further summarized in Table 4 that shows
that races manufactured according to the current
invention match or exceed the contact 5 fatigue
strength of wrought steels as well as powder-forged
alloys.  Material 1310 Life at 5419 MPa  [106 cycles]
Invention DM-207 13.73  Invention DM-205 9.65  Wrought
AISI 4620 8.12  Wrought AISI 8620 10.17  Forged
FL-4680 2.47 Wrought AIS 152100 6.7-9.3 Table 4. B10
rolling contact fatigue life of invention, powder
forged and wrought bearing steel alloys.  Invention
alloys are manufactured according to the process
presented in the invention. Testing was  conducted in
a ball-on-rod apparatus. The surface finish of the cam
surface 18 following densification of layer 22  



10 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.
15 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, 26c, 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 20 the desired cam surface 18 although
are somewhat undersized to achieve the desired
densification of the layer 22. WO 2004/030851 rl LIU
hUUaiucvcci - -10 The inner clutch race 12 is
fabricated in the same general manner to yield a
densified layer 28 at the race surface 16. Thus, the
description above concerning the  properties and
fabrication of the outer clutch race 14 is equally
applicable to the fabrication  of the inner clutch
race 12 and is incorporated herein by reference. Since
the inner clutch 5 race 12 has an outer cam surface
18, the densifying tool 30 used to produce the
densified  layer 28 is somewhat different than that
used to densify layer 22 of the outer clutch race 14
and is illustrated schematically in Figures 6 and 7.
The tool 30 has one or more forming  portions 32a,
32b, 32c, etc. which have the same general shape of
the final race surface 16  to be produced for use in a
one-way clutch application, although the forming
portions 32a, 0 32b, 32c are slightly undersized to
impart the densification to the layer 28. Figure 11 is
an  enlarged fragmentary sectional view illustrating
the resultant layer 22 or 28 developed on a  race
surface 16 or 18 of the inner or outer clutch race 12,
14 backed by the core of the race  having been
compacted and sintered to a lesser core density than
that of the layer as  discussed above. Figure 12
illustrates the density profile at the surface of the
race. 



15 Densities were determined by processing the image
of a micrograph of the densified layer.  Figure lb
further illustrates the ability, according to the
invention, for green  machining of features in the
preform prior to sintering. Illustrated are
green-machined  radial lubricant holes 34 which were
formed near-net-shape before sintering with no post-
sintering machining or finishing required. 20
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. WO
20041030851. PCT/US2003/020227  tl What is claimed is:
1. A method of fabricating powder metal one-way clutch
races, comprising:  preparing a ferrous-based powder
metal; processing the powder metal to near-net shape
to yield a sintered one-way  clutch race component
having a core density of between 6.8 and 7.6 g/cc and
a race  surface; and cold working the race surface to
form a cold worked layer at"the surface  having a
density exceeding that of the core density and a net
shape final surface finish.  2. The method of claim 1
wherein the cold worked layer has a density  exceeding
about 99% of full theoretical density. 3. The method
of claim 1 wherein the cold worked layer is formed by
forcing  a densifying tool laterally across the race
surface. 4. A powder metal clutch race component 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 having a race surface;
said body having a core density between 6.8 and 7.6
g/cc; said clutch body including a coldworked layer of
the powder metal 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 inches. 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. WO 2004/030851 PCT/US2003/020227  -12
7. The clutch component of claim 4 wherein said
component comprises an  inner race of the one-way
clutch. 8. 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. 


