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LIMITED SLIP DIFFERENTIAL USING FACE GEARS
AND A PINION HOUSING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 13/737,713, filed
January 9, 2013, which is incorporated herein in its entirety by reference. U.S. application No.
13/737,713 is a continuation-in-part of U.S. Patent Application No. 12/760,988, filed Apr. 15,
2010 and U.S. Patent Application No. 12/814,905, filed Jun. 14, 2010, and further claims the
benefit of U.S. Provisional Application No. 61/186,618, filed June 12, 2009.

TECHNICAL FIELD

[0002] The present invention relates to a housing configured to support pinions in a
differential, and embodiments include a differential incorporating a torque ring or pinion housing

configured to support pinions.

BACKGROUND

[0003] Helical face gears for use in differentials are known in the art, as set forth for
example, in U.S. Pat. Nos. 3,253,483 and 4,791,832. However, the incorporation of helical face
gears into differentials has not been commonly utilized because of, for example, challenges with
respect to the strength of the gears, which may adversely affect performance of the gear set in the
differential and/or limit the torque application. Moreover, limited slip differentials have been
more commonly included with rear wheel drive vehicles, but are more recently being employed
more commonly with front wheel drive vehicles, which can involve additional challenges,

including packaging and reduced bias ratios.

SUMMARY

[0004] A differential comprises a differential case; a side gear comprising a helical face

gear; a helical pinion configured for operative or meshing engagement with the side gear; and a
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pinion housing. The pinion housing is configured to support the helical pinion and includes: a
first face; a second face opposing the first face; a first projection located on the first face; and a
second projection located on the second face. In accordance with some embodiments, the
differential further comprises an actuator configured for engagement with the pinion housing.
The actuator comprises a first face that includes a depression substantially corresponding in
shape to the first projection or the second projection on the pinion housing. In accordance with
some embodiments, the differential further comprises a plurality of friction plates disposed
between the actuator and the differential case. With other embodiments, friction plates or thrust

washers may be reduced or entirely eliminated.

[0005] A housing is configured to support at least one helical pinion in a differential and
comprises a generally annular ring. The generally annular ring has a first face and a first
projection located on the first face and extending in the axial direction of the generally annular
ring. The generally annular ring also has a second face and a second projection located on the
second face and extending in the axial direction of the generally annular ring. The generally
annular ring also has an aperture or hole extending radially inwardly from an outer radial surface
of the generally annular ring. The generally annular ring also has a channel extending from the
first face to the second face, wherein the channel is substantially radially aligned with the

aperture or the hole.

[0006] With some embodiments the pinion housing or torque ring may not be bolted or
otherwise rigidly secured to a differential or transfer case. Rather, the pinion housing or torque
ring may be permitted to move or “float” in an axial direction, along with associated pinions,
between two side gears. Such pinion housing or torque ring may be coupled to or configured for

engagement with a differential or transfer case.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the invention will now be described, by way of example, with

reference to the accompanying drawings, wherein:

[0008] FIG. 1 is an exploded perspective view of a differential in accordance with an

embodiment of the disclosure.

[0009] FIG. 2 is a cross-sectional view of a differential in accordance with an

embodiment of the disclosure.

[00010] FIG. 3 is a perspective view of a pinion housing of the differential of FIG. 1.
[00011] FIG. 4 is a perspective view of a pinion and a side gear of the differential of FIG.
1.

[00012] FIG. 5 is a perspective view of an actuator of the differential of FIG. 1.

[00013] FIG. 6 is a perspective view of the actuator of FIG. 5 disposed in a differential

case of the differential of FIG. 1.

[00014] FIGS. 7A-7B are schematic views of force acting on the pinion housing of FIG.
2.
[00015] FIG. 8 is a cross-sectional view of a portion of a differential in accordance with

an embodiment of the disclosure.

[00016] FIGS. 9A and 9B are exploded perspective views of differentials in accordance

with embodiments of the disclosure.

[00017] FIGS. 10A and 10B are cross-sectional views of differentials in accordance with

embodiments of the disclosure.
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[00018] FIGS. 11A and 11B are perspective views of pinion housings in accordance with

embodiments of the disclosure.

[00019] FIG. 12 is a perspective view of a pinion housing in accordance with another

embodiment of the disclosure.

DETAILED DESCRIPTION

[00020] Reference will now be made in detail to embodiments of the present invention,
examples of which are described herein and illustrated in the accompanying drawings. While the
invention will be described in conjunction with embodiments, it will be understood that they are
not intended to limit the invention to these embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and equivalents, which may be included within the

spirit and scope of the invention as embodied by the appended claims.

[00021] FIGS. 1-2 generally illustrate an embodiment of differential 10 shown in
accordance with teachings of the present invention. Differential 10 may comprise a pinion
housing 12 (which may also be referred to in some contexts or environments as a “torque ring”).
Referring now to FIGS. 1 and 3, pinion housing 12 may be made from one piece of material
(e.g., comprise a unitary, integral, and/or monolithic structure) in accordance with an
embodiment of the invention. Pinion housing 12 may be generally ring-shaped in accordance
with an embodiment of the invention. Pinion housing 12 may comprise an outer radial surface
14 that extends circumferentially around the pinion housing 12. Pinion housing 12 may further

comprise a first face 16 and a second face 18. The second face 18 may oppose the first face 16.

[00022] The pinion housing 12 may include a first projection 20 located on the first face
16. The first projection 20 may extend in the axial direction of the generally annular ring
comprising the pinion housing 12. The pinion housing 12 may further include a second
projection 22 located on the second face 18. The second projection 22 may extend in the axial
direction of the generally annular ring comprising the pinion housing 12. The pinion housing 12
may include a single projection 20 on the first face 16, and a single projection 22 on the second
face 18 in an embodiment of the invention. The pinion housing 12 may include a plurality of

projections 20 on the first face 16 and/or a plurality of projections 22 on the second face 18 in
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accordance with some embodiments of the invention. At least one of the first projections 20 may
comprise a ramp or a wedge in accordance with an embodiment of the invention. Each of the
first projections 20 may comprise a ramp or a wedge in accordance with an embodiment of the
invention. At least one of the second projections 22 may comprise a ramp or a wedge in
accordance with an embodiment of the invention. Each of the second projections 22 may

comprise a ramp or a wedge in accordance with an embodiment of the invention.

[00023] At least one of the first projections 20 may comprise a plurality of surfaces in
accordance with an embodiment of the invention. For example and without limitation, at least
one of the surfaces may be substantially parallel to the first face 16, and at least one of the
surfaces may be substantially angled relative to the first face 16. At least one of the second
projections 22 may comprise a plurality of surfaces in accordance with an embodiment of the
invention. For example and without limitation, at least one of the surfaces may be substantially
parallel to the second face 18, and at least one of the surfaces may be substantially angled
relative to the second face 18. In accordance with an embodiment of the invention, at least on¢ of
the first projections 20 and/or second projections 22 may comprise about three surfaces.
Although a ramp or wedge comprising three surfaces is mentioned in detail and generally
illustrated, the first and second projections 20, 22 may comprise fewer or more surfaces in

accordance with various embodiments of the invention.

[00024] Pinion housing 12 may be configured for locating and/or supporting one or more
pinions 24. The pinions 24 may be disposed in a radial pattern or the pinions 24 may be
circumferentially spaced around the circumference of the pinion housing 12. The pinion housing
12 may have a plurality of radially inwardly extending apertures or holes 26. The apertures 26
may extend radially inwardly into the pinion housing 12 from the outer radial surface 14 of the
pinion housing 12. The apertures 26 may each have an axis that extends substantially radially
outwardly from the approximate center of the pinion housing 12. At least one of the first
projections 20 of the pinion housing 12 may be located proximate aperture 26. At least one of
the second projections 22 of the pinion housing 12 may be located proximate aperture 26. For
example only, and without limitation, there may be approximately six apertures 26 extending
through the pinion housing 12. Although six apertures 26 are mentioned in detail, there may be

fewer or more apertures 26 in other embodiments of the invention. The apertures 26 may be
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equi-angularly spaced around the circumference of the pinion housing 12. Although the
apertures 26 are described as being equi-angularly spaced around the circumference of the pinion
housing 12, the apertures 26 may be spaced in any alternate arrangements and/or configurations

in other embodiments of the invention.

[00025] The pinion housing 12 may further comprise an inner radial surface 28. The
pinion housing 12, including the inner radial surface 28 may be configured to restrain the pinions
24 from axial movement. The inner radial surface 28 may extend circumferentially around the
pinion housing 12, such that each of apertures 26 may comprise a blind aperture. For example, a
first end of the aperture 26 at the outer radial surface 14 may be open, while a second end of the
aperture 26 at the inner radial surface 28 may be closed. The second end of the aperture 26 may
oppose the first end of the aperture 26. The pinion housing 12 may further include a channel 30
extending from the first face 16 to the second face 18 of the generally annular ring of the pinion
housing 12. The channel 30 may be substantially aligned with the apertures 26 (e.g.,
substantially radially aligned with the apertures 26). Further, the number of channels 30 may
generally correspond to the number of apertures 26 in the pinion housing 12, although fewer or
more channels 30 than the number of apertures 26 may be used in embodiments of the invention.
The pinion housing 12 may be configured to support the pinions 24 to be in operative or meshing
engagement with side gears 32. The pinion housing 12 has been removed in FIG. 4 for
illustrative purposes, and FIG. 4 generally illustrates the operative or meshing engagement
between pinions 24 and side gears 32. As generally described and illustrated, the pinion housing
24 may exert pressure on the pinions 24 to move them around and/or about an axial center line of

the side gears 32.

[00026] Still referring to FIGS. 1-3, the differential 10 may comprise the pinions 24. Pinion
24 may comprise a helical pinion. Accordingly, pinion 24 may include a number of helical teeth.
The number of helical teeth and the geometry of the tooth flank of the helical teeth may vary in
accordance with various embodiments of the invention. The helical pinion 24 may be generally
cylindrical in accordance with an embodiment of the invention, although the shape of the helical
pinion may vary in accordance with various embodiments of the invention. There may be a
plurality of pinions 24 in some embodiments of the invention. The number of the pinions 24 in

the differential 10 may vary. However, there may generally be at least two pinions 24. The
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number of pinions 24 may be about six in an embodiment, although greater or fewer pinions 24
may be used in other embodiments. The number of pinions 24 may generally correspond to the
number of apertures 26 in the pinion housing 12, although fewer pinions 24 in relation to the
number of apertures 26 may be used in embodiments of the invention. In these embodiments of
the invention, at least one or more of the apertures 26 may remain open. The size of pinions 24
may also vary, but may generally be sized so as to fit operatively within the apertures 26 of the
torque ring so as to allow the pinions 24 to be free to rotate within apertures 26. The pinions 24
may generally be axially trapped between the inner radial surface 28 of the pinion housing 12

and an inner surface of a differential case (or other housing for the pinion housing 12).

[00027] Referring now to FIGS. 1-2 and 4, the differential 10 may further comprise the side
gears 32. Side gears 32 may have a helical face (i.e., comprise helical face gears). Accordingly,
side gears 32 may include a number of helical teeth. The number of helical teeth and the
geometry of the tooth flank of the helical teeth may vary in accordance with various
embodiments of the invention. The use of forging technology in place of machine-cutting
technology for the side gears 32 may significantly improve the strength of side gears 32.
Accordingly, helical face gears comprising the side gears 32 may be robust and well-supported.
The use of high strength helical face gears may allow for higher torque application and provide a
wider range of torque bias ratio. In addition, the compact size of side gears 32 comprising
helical face gears in connection with a pinion housing 12 may allow for greater flexibility in
packaging and design, thereby increasing the transportability of a differential that includes the
side gears 32. In particular, helical face technology may allow for the use of the side gears 32 in
connection with various packaging designs of various models of motor vehicles. The compact
size of side gears 32 comprising helical face gears in connection with a pinion housing 12 may

also allow for the direction of dynamic forces in a more beneficial way.

[00028] The helical face of each side gear 32 may face pinion housing 12. The side gears
32 may be configured to be in operative or meshing engagement with the pinions 24. In
particular, the helical teeth of the side gears 32 may be in an operative, or meshing, engagement
with the helical teeth of the pinions 24. Both the helical teeth of the side gears 32 and the helical
teeth of the pinions 24 may extend into channels 30 in the pinion housing 12. With a configured

meshing engagement between the pinions 24 and the side gears 32, the side gears 32 may be
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forced to turn about their axis. The side gears 32 may be configured to transmit torque from the
pinions 24 to an output (e.g., axle shafts of a motor vehicle). Because the output (e.g., axles
shafts) are grounded and coupled to the side gears 32, a motor vehicle incorporating the
differential 10 may move. When the side gears 32 rotate at different speeds by grounding
through the output (e.g., axle shafts), the pinions 24 may rotate within the pinion housing 12 and
in mesh with the side gears 32 to compensate. A first and second side gear 32 may be disposed
on opposing sides of the pinion housing 12. Each side gear 32 may have a first annular hub
portion 34 that is configured to receive an axle shaft (not shown) of a motor vehicle, for
example. An inner radial surface of the first annular hub portion 34 of the side gear 32 that may
include a plurality of splines. The axle shafts may connect to side gears 32 through a splined

interconnection with the splines.

[00029] Referring now to FIGS. 1-2 and 5, the differential 10 may further comprise an
actuator 36. Actuator 36 may be configured for engagement with the pinion housing 12.
Actuator 36 may be generally ring-shaped in accordance with an embodiment of the invention.
Actuator 36 may comprise an outer radial surface 38 that extends circumferentially around the
actuator 36. Actuator 36 may further comprise a first face 40 and a second face 42. The second
face 42 may oppose the first face 40. The actuator 36 may include a depression 44 located on the
first face 40. The actuator 36 may include a single depression 44 on the first face 40 in an
embodiment of the invention. The actuator 36 may include a plurality of depressions 44 on the
first face 40 in accordance with some embodiments of the invention. The depression 44 may
generally correspond in shape to the first projection 20 or the second projection 22 on the pinion
housing 12. The first face 40 may be configured to face the pinion housing 12 in an embodiment

of the invention.

[00030] At least one of the depressions 44 may comprise a plurality of surfaces in
accordance with an embodiment of the invention. For example and without limitation, at least
one of the surfaces may be substantially parallel to the first face 40, and at least one of the
surfaces may be substantially angled relative to the first face 40. In accordance with an
embodiment of the invention, at least one of the depressions 44 may comprise about three
surfaces. Although a depression comprising three surfaces is mentioned in detail and generally

illustrated, the depression 44 may comprise fewer or more surfaces in accordance with various
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embodiments of the invention. The second face 42 of the actuator 36 may be generally or
substantially flat in accordance with an embodiment of the invention. For example and without
limitation, the second face 42 of the actuator 36 may not have a depression. The outer radial
surface 38 of the actuator 36 may comprise at least one and/or a plurality of radially extending
tabs 46. For example and without limitation, the actuator 36 may include three tabs 46.
Although three tabs 46 are mentioned in detail and generally illustrated, the actuator may have
fewer or more tabs 46 in accordance with other embodiments of the invention. The tabs 46 may
be equi-angularly spaced around the circumference and/or periphery of the actuator 36.
Accordingly, the tabs 46 may be approximately 120° apart in accordance with an embodiment of
the invention. Tabs 46 may be generally configured for engagement with the differential case
50. For example and without limitation, tabs 46 may be configured for engagement with slots in
the differential case 50. FIG. 6 generally shows the actuator 36 disposed in differential case 50.
In accordance with an embodiment of the invention, torque may be transferred from the
differential case 50 to the actuator 36. The actuator 36 may be configured to drive the pinion
housing 12. The actuator 36 may be configured to lock the pinions 24 with both side gears 32,
pushing both friction plate assemblies 48 and transferring torque to both wheels of a motor

vehicle (not shown) simultaneously.

[00031] Referring to FIGS. 1-2, the differential 10 may further comprise friction plate
assemblies 48 (e.g., a plurality of friction plates). The friction plate assemblies 48 may be
disposed on both sides of the pinion housing 12. The friction plate assemblies 48 may be
disposed between the actuator 36 and the differential case 50. At least one of the plurality of
friction plates of the friction plate assembly 48 may include a coating. For example, at least one
of the plurality of friction plates of the friction plate assembly 48 may include a coating
configured to aid the friction plates to react to movement between the side gears 32 and the
differential case 50. The axial force exerted by the actuator 36 may generally depend on the
input torque and the ramp or wedge angle on the actuator 36. During turning of the motor
vehicle at higher speeds on high coefficient surfaces, both of the wheels may have different
resistive torque and rotational speed. As the torque capacity of the friction plate assemblies 48 is
less than the torque available at both the side gears 32, differential action may make the friction
plate assemblies 48 slip and allow the outer wheel to rotate faster than the inner wheel, for

example. If one wheel slips as a result of a low friction surface beneath the wheel, the pinion
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housing 12 may be configured to generate an axial force against the actuator 36. Referring now
to FIGS. 7A-7B, a schematic of the reaction force is generally illustrated. This may result in
compression of the friction plate assemblies 48 against the side gears 32, thereby transferring
torque from the differential case 50 to the side gear 32 through the friction plate assembly 48. In
FIG. 7B, the axial force F, generated against the actuator 36 by the ramp or wedge 22 on pinion
housing 12 may generally be in accordance with the following equation: F, = F / tan ¢, where F
is the input force and ¢ is the ramp or wedge angle on the ramp or wedge 22 of the pinion

housing 12.

[00032] Differential case 50, along with cover 52, may be provided to house the pinion
housing 12, the pinions 24, the side gears 32 and/or any number of other components of the
differential 10. The differential 10 may further include a ring gear (not shown). The ring gear
may be connected to an input source and/or drive source (not shown) in a conventional manner
for rotating the differential case 50. The differential 10 may further include thrust washers 54.
Thrust washers 54 may be provided between a thrust face of the differential case 50 and a thrust
face of the side gear 32 and between a thrust face of the cover 52 and a thrust face of the side
gear 32. Thrust washers 54 may be provided to control backlash, as the friction pack assemblies

48 may become isolated from the axial thrust force of the side gears 32.

[00033] With some embodiments, while a number of components or features may be as
previously disclosed, the pinion housing (or torque ring) 12 may not be bolted or otherwise
rigidly secured to a transfer case. Instead, the pinion housing 12 may be permitted to move or
“float” in an axial direction, along with associated pinions 24, between two side gears 32. Such
pinion housing 12 may be coupled to or configured for engagement with a differential or transfer

casc.

[00034] Permitting the pinion housing (or torque ring) 12 to move (or float) axially as
disclosed can, inter alia, maintain the ability to transfer torque from the associated case to the
gear set, and may improve gear teeth coupling or mesh (compared with a pinion housing that is
bolted or rigidly fixed to a case). Such flexibility in positioning can also permit the pressure to
self-equalize on each side of the pinion housing 12. Improving gear teeth mesh can, among other

things, improve gear performance, gear durability, and gear life.

10
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[00035] With such embodiments, the pinion housing 12 houses associated pinions (or
pinion gears) 24 and is configured to transfer torque from the case to the side gears 32 via the
pinions 24. The pinion housing (or torque ring) 12 is configured to move (or float) axially, along
with the housed pinions 24, between the side gears 32. Such a configuration can permit the
pinions 24 to have better freedom of movement for fit (e.g., to optimize their positions) with
respect to the side gears 32. Improved meshing between the pinions 24 and the side gears 32 can,
among other things, provide improved gear life. While the pinion housing 12 is configured to
move axially, as noted, the pinion housing can be coupled to the differential (or transfer case) in

a number of ways, including the exemplar ways disclosed herein, to transfer torque.

[00036] A cross-sectional view of a portion of a differential in accordance with an
embodiment is generally illustrated in FIG. 8. FIGS. 9 and 10 generally illustrate exploded
perspective views of differentials configured in accordance with teachings of the disclosure. It is
noted that while the differential 10 may include thrust washers 54 (see, e.g., FIG. 9A) and
friction plates, embodiments permitting the pinion housing 12 to move axially may reduce, or
even entirely eliminate, thrust washers and/or friction plates. Additionally, while pinions 24 may
be shown with pinion guides 25 (e.g., as illustrated in FIG. 9B), with embodiments such guides
may be unnecessary or may be intentionally eliminated. The elimination of such pinion guides
25 and related apertures (configured to accept or receive portions of the pinion guides) can,
among other things improve assembly and reduce associated manufacturing costs. For example,
and without limitation, with some embodiments the side gears 32 may be forged and the pinions
24 may be hobbed.

[00037] By way of example, and without limitation, as generally illustrated in FIGS. 9A
and 9B, the pinion housing may include one or more transfer formations 60. Such transfer
formation(s) 60 may be configured to engage or be coupled with a differential or transfer case to
transfer torque. In the embodiment illustrated in FIGS. 9 and 10, and as additionally shown in
FIG. 12, a plurality of transfer formations 60 are shown extending radially outwardly from an
outer radial surface 62 of the pinion housing 12. Such transfer formations 60 may take various
numbers, spacing, shapes, forms, and sizes including, without limitation, those characterized as
outer diameter lugs or splines. Moreover, such transfer formations may extend from one extent

of the outer radial surface or, as shown in the illustrated example, to less than the full extent

11
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(e.g., across the “thickness”). FIGS. 10A and 10B generally illustrate cross-sectional views of

differentials configured in accordance with embodiments of the disclosure.

[00038] FIGS. 11A and 11B generally illustrate another embodiment of a pinion housing
12 in which the transfer formations 60 are instead provided on an axial surface 64 of the pinion
housing 12. Similarly, such transfer formations 60 may take various numbers, spacing, shapes,
forms, and sizes, including, without limitation, axial lugs such as generally illustrated.
Moreover, for some embodiments, one or more transfer formations may be provided on and
extend from both an axial and a radial surface of the pinion housing (e.g., including transfer

formations such as shown in FIG. 11A and FIG. 12).

[00039] The foregoing descriptions of specific embodiments of the present invention have
been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and various modifications and
variations are possible in light of the above teaching. The embodiments were chosen and
described in order to explain the principles of the invention and its practical application, to
thereby enable others skilled in the art to utilize the invention and various embodiments with
various modifications as are suited to the particular use contemplated. The invention has been
described in great detail in the foregoing specification, and it is believed that various alterations
and modifications of the invention will become apparent to those skilled in the art from a reading
and understanding of the specification. It is intended that all such alterations and modifications
are included in the invention, insofar as they come within the scope of the appended claims. It is
intended that the scope of the invention be defined by the claims appended hereto and their

equivalents.

12
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CLAIMS
What 1s claimed:

1. A differential comprising:

a differential case;

a pair of side gears;

a pinion housing including one or more transfer formations, the pinion housing
configured to support a plurality of radially-extending pinions;

wherein the pinions are configured to engage the side gears, the pinion housing is
configured to permit movement in an axial direction between the pair of side gears, and the

transfer formations are configured to transfer torque received from the differential case.

2. The differential of claim 1, wherein the one or more transfer formations extend radially

outwardly from an outer radial surface of the pinion housing.

3. The differential of claim 2, wherein the one or more transfer formations comprise a

plurality of lugs or splines.

4, The differential of claim 2, wherein the one or more transfer formations do not extend

entirely across the outer surface of the pinion housing.

5. The differential of claim 1, wherein the one or more transfer formations extend from an

axial surface of the pinion housing.

6. The differential of claim 5, wherein the one or more transfer formations comprise a

plurality of lugs or splines.
7. The differential of claim 1, wherein at least one transfer formation extends radially

outwardly from an outer radial surface of the pinion housing and at least one transfer formation

extends from an axial surface of the pinion housing.

13
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8. The differential of claim 1, wherein the differential includes at least five pinions.

9. The differential of claim 1, wherein the differential includes a thrust washer.

10. The differential of claim 1, wherein the pinions include a pinion guide.

11. A housing configured to support at least one helical pinion in a differential, the housing
comprising:

a generally annular ring having:
a first face;

a first projection located on the first face and extending in the axial

direction of the generally annular ring;
a second face opposing the first face;

a second projection located on the second face and extending in the axial

direction of the generally annular ring;

a hole extending radially inwardly from an outer radial surface of the

generally annular ring;

a channel extending from the first face to the second face of the generally

annular ring , wherein the channel is substantially radially aligned with the hole.

12.  The housing of claim 11, wherein the first projection and the second projection each

comprise a ramp.
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