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blind end. The housing can have a central axis and the pocket can be spaced
from the central axis. The helical pinion gear can be positioned in the pocket.
The at least one protuberance can extend from an end of the helical pinion
gear along the central axis. The at least one protuberance can contact the
blind end of the pocket. The at least one protuberance can be guided at the
blind end of the pocket, such as with a rectangular or v-shaped arrangement.
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DIFFERENTIAL ASSEMBLY WITH HELICAL PINION GEAR HAVING
PROTUBERANCE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of IN Patent Application No. 2034/DEL/2014
filed on July 18, 2014. The disclosure of the above application is incorporated herein by

reference.

FIELD
[0002] The present disclosure relates generally to a differential assembly for
distributing rotary power and more particularly to a differential assembly having helical

pinion gears.

BACKGROUND

[0003] A differential assembly includes pinion gears and side gears. The pinion gears
can be helical. Each helical pinion gear is in mesh with an adjacent pinion gear and also
with one of the side gears. The helical pinion gears are enclosed within pockets in a
differential housing. The ends of the helical pinion gears receive the most wear due to
movement during engagement. During torque transmission, when a vehicle is moving in
a straight line, the side gears and the helical pinion gears rotate together about a central
axis of the differential housing. When a vehicle is moving along a curved path, one wheel
must move faster than the other wheel. The helical pinion gears then not only rotate
about the central axis of the differential housing, but also rotate about their own individual
center axes inside the housing pockets. The resistive torque on one of the wheels will
cause the pinion gears to move radially outward and rub against the housing pocket.
During turning of the vehicle at high load, the helical pinion gears in mesh exert very high
radial loads on each other, leading to sticking, binding, and noise.

[0004] The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named Inventors, to the

extent it is described in this background section, as well as aspects of the description that
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may not otherwise qualify as prior art at the time of filing, are neither expressly nor

impliedly admitted as prior art against the present disclosure.

SUMMARY
[0005] A differential assembly can include a housing, a helical pinion gear, and at least
one protuberance. The housing can define a pocket with a blind end. The housing can
have a central axis, and the pocket can be spaced from the central axis. The helical
pinion gear can be positioned in the pocket. The at least one protuberance can extend
from an end of the helical pinion gear along the central axis. The at least one
protuberance can contact the blind end of the pocket.
[0006] According to additional features, the at least one protuberance can have a
circular cross-section with a diameter less than a diameter of the helical pinion gear. The
diameter of the at least one protuberance can be substantially constant along at least a
portion of the central axis. The at least one protuberance can terminate in a substantially
flat surface slidably engaged with the blind end.
[0007] According to other features, the helical pinion gear and the at least one
protuberance can be integrally-formed with respect to one another. The at least one
protuberance can be spherical. The blind end of the pocket can include a slot receiving
the at least one protuberance. The slot can be substantially rectangular in cross-section.
The slot can extend in a radial direction relative to the central axis. The slot can surround
the at least one protuberance. The slot can be v-shaped.
[0008] In other features, the at least one protuberance can include a plurality of
protuberances. A first protuberance can extend from a first end of the helical pinion gear
and contact the blind end of the pocket. A second protuberance can extend from a
second end of the helical pinion gear opposite of the first end.
[0009] A method can include defining a pocket with a housing having a central axis,
wherein the pocket is radially spaced from the central axis. The method can also include
positioning a helical pinion gear in the pocket. The method can also include extending at
least one protuberance from an end of the helical pinion gear along the central axis and

contacting a blind end of the pocket.
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[0010] According to additional features, extending the at least one protuberance can
be further defined as reducing a contact area between the helical pinion gear and the
housing by selecting a first diameter of the helical pinion gear greater than a second
diameter of the at least one protuberance.

[0011] According to other features, the method can include guiding movement of the
helical pinion gear through the at least one protuberance with a slot in the blind end. The
method can include arranging the at least one protuberance and the slot to contact in only
two planes. The at least one protuberance can be formed as spherical and the slot can
be formed to be v-shaped. The guiding step can include extending the at least one
protuberance through the slot.

[0012] In other features, the extending step can be further defined as reducing an
extent of contact between the helical pinion gear and the housing by selecting positioning
a first protuberance between a first end of the helical pinion gear and the housing and a
second protuberance between a second end of the helical pinion gear opposite the first
end and the housing.

[0013] A differential assembly can include a ring gear, a housing, a side gear, a helical
pinion gear, and at least one protuberance. The housing can be fixed for rotation with
the ring gear. The housing can define a pocket and a central aperture radially adjacent
to one another relative to a central axis of the housing. The side gear can be positioned
in the central aperture. The helical pinion gear can be positioned in the pocket and
meshed with the side gear. The at least one protuberance can project from an end of the

helical pinion gear and contact a blind end of the pocket.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The present disclosure will become more fully understood from the detailed
description and the accompanying drawings, wherein:
[0015] FIG. 1is an exploded view of a differential assembly constructed in accordance
to one example of the present disclosure;
[0016] FIG. 2 is a cross-section taken in a plane containing a central axis of the

exemplary differential assembly shown in FIG. 1;
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[0017] FIG. 3 is a cross-section taken along section lines 3 — 3 in FIG. 2;

[0018] FIG. 4 is a partial cross-section of a differential assembly constructed in
accordance to another example of the present disclosure; and

[0019] FIG. 5 is a side view of a differential assembly constructed in accordance to

another example of the present disclosure.

DETAILED DESCRIPTION

[0020] A plurality of different embodiments of the present disclosure is shown in the
Figures of the application. Similar features are shown in the various embodiments of the
present disclosure. Similar features across different embodiments have been numbered
with a common reference numeral and have been differentiated by an alphabetic suffix.
Similar features in a particular embodiment have been numbered with a common two-
digit, base reference numeral and have been differentiated by a different leading numeral.
Also, to enhance consistency, the structures in any particular drawing share the same
alphabetic suffix even if a particular feature is shown in less than all embodiments. Similar
features are structured similarly, operate similarly, and/or have the same function unless
otherwise indicated by the drawings or this specification. Furthermore, particular features
of one embodiment can replace corresponding features in another embodiment or can
supplement other embodiments unless otherwise indicated by the drawings or this
specification.

[0021] As set forth above, when a vehicle is moving on a curved path, the wheels on
one side of the vehicle must move faster than the other wheels. In a differential assembly
having helical pinion gears, the helical pinion gears rotate about the central axis of the
differential housing and also about their own individual center axes inside housing
pockets. Resistive torque experienced by one wheel will cause the pinion gears to move
radially outward and rub against the housing pocket. If the vehicle is turning at relatively
high load, the helical pinion gears in mesh will exert very high radial loads on each other,
tending to urge the helical pinions along the central axis of the housing. Contact between

the housing and the helical gear can lead to sticking, binding, and noise.
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[0022] Helical pinions can be provided with one or more protuberances to reduce an
area of contact with the housing. This reduces the extent of friction between the pinion
and the housing and thus reduces wear. Further, the housing can include a structure that
guides movement of the helical pinions inside the differential assembly. The
protuberance can be directed in movement by a slot in the housing without affecting the
torque split of the differential. This reduces the likelihood of random movement of the
helical gears inside the housing pockets and thus also reduces the likelihood of sticking
and binding between helical gears under heavy radial load due to the helical gearing.
[0023] Referring now to FIG. 1, a differential assembly 10 can include a ring gear 12,
a housing 14, a first side gear 16, a second side gear 116, a plurality of helical pinion
gears such as referenced at 20, 120, 220, 320, and a plurality of protuberances such as
referenced at 22, 122. The ring gear 12 can be meshed with a drive pinion gear (not
shown). Rotary power developed by an engine can be transmitted to the drive pinion
gear and can thus cause rotation of the ring gear 12. It is noted that the gear teeth of the
ring gear 12 are not illustrated to enhance the clarity of the other structures illustrated in
FIG. 1.

[0024] The housing 14 can be fixed for rotation with the ring gear 12. For example,
the housing 14 and the ring gear 12 can be bolted together. The housing 14 can define
a plurality of pockets, such as referenced at 118, 318 in FIG. 1. Each pocket can extend
along a central axis 26 of the housing 14. Each pocket can extend less than fully through
the housing 14. The housing 14 can also define a central aperture 24. The pocket 118
and the central aperture 24 can be radially adjacent to one another relative to the central
axis 26. The ring gear 12 can close the pockets on a first side 28 of the housing 14 and
a plate 30 can close the pockets, including pockets 118 and 318, on a second side 32 of
the housing 14. The housing 14 can be fixed for rotation with the plate 30. For example,
the housing 14 and the plate 30 can be bolted together.

[0025] Each helical pinion gear 20, 120, 220, 320 can be positioned in one of the
pockets. For example, the helical pinion gear 120 can be positioned in the pocket 118.
The helical pinion gear 320 can be positioned in the pocket 318. The first side gear 16
and the second side gear 116 can be positioned in the central aperture 24. Each helical

pinion gear 20, 120, 220, 320 can be meshed with one of the side gears 16, 116. For
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example, the helical pinion gears 20 and 220 can be meshed with the first side gear 16.
The helical pinion gears 120 and 320 can be meshed with the second side gear 116.
Each helical pinion gear 20, 120, 220, 320 can also be meshed with another helical pinion
gear. For example, the helical pinion gear 20 can be meshed with the helical pinion gear
120. The helical pinion gear 220 can be meshed with the helical pinion gear 320.
[0026] In operation, the side gears 16, 116 and the helical pinion gears 20, 120, 220,
320 can rotate together about the central axis 26 of the housing 14 when the associated
vehicle is moving in a straight line. Rotary power is transmitted to a first wheel through
the first side gear 16 and transmitted to a second wheel opposite the first wheel through
the second side gear 116. During straight line movement, the helical pinion gears 20,
120, 220, 320 are orbiting about the central axis 26 but are not rotating about their own,
individual center axes inside their respective pockets. When the vehicle moves along a
curved path, one of the wheels of the vehicle must move faster than the wheel on the
opposite side of the vehicle. During vehicle movement along a curved path, the helical
pinion gears 20, 120, 220, 320 not only rotate about the central axis 26, but also rotate
about their own, individual center axes inside their respective pockets. Resistive torque
on one of the wheels will cause the helical pinion gears 20, 120, 220, 320 to move radially
outward and rub against the housing pocket. At relatively higher turning loads, the
meshing between the helical pinion gears 20, 120, 220, 320 will also result in loads
directed along the individual center axes of the helical pinion gears 20, 120, 220, 320.
These loads will be transmitted through the ends of the helical pinion gears 20, 120, 220,
320 to the housing 14, the ring gear 12, and/or the plate 30. The transmission of these
loads can lead to sticking, binding, and noise.

[0027] A protuberance can project from an end of one or more of the helical pinion
gears. For example, the protuberance 22 can project from an end 34 of the helical pinion
gear 20. The helical pinion gear 20 and the protuberance 22 can be integrally-formed
with respect to one another. The protuberance 22 can reduce a contact area between
the helical pinion gear 20 and the housing 14 since the diameter of the protuberance 22
can be less than a diameter of the helical pinion gear 20. The relatively smaller
protuberance 22 can contact the housing 14 rather than the relatively larger end 34 of the

helical pinion gear 20.
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[0028] As best shown in FIG. 2, the helical pinion gear 20 and the protuberance 22
can be positioned in a pocket 18 defined by the housing 14. The protuberance 22 can
contact a blind end 38 of the pocket 18. The end 38 of the pocket 18 is blind in that the
helical pinion gear 20 cannot pass through the pocket 18. A gap, referenced at 40, can
be defined between the end 34 and the blind end 38. The protuberance 22 can cause
separation between the end 34 and the blind end 38.

[0029] Referring again to FIG. 1, the protuberance 122 can project from an end 136
of the helical pinion gear 120. The protuberance 122 can reduce a contact area between
the helical pinion gear 120 and the plate 30 since the diameter of the protuberance 122
can be less than a diameter of the helical pinion gear 120. The relatively smaller
protuberance 122 can contact the plate 30 rather than the relatively larger end 136 of the
helical pinion gear 120.

[0030] As set forth above, resistive torque on one of the wheels can cause the helical
pinion gears 20, 120, 220, 320 to move radially outward and rub against the pocket. One
or more of the pockets can also include a slot 42 to guide radial movement of the helical
pinion gear positioned in that pocket. For example, as shown in FIG. 2, the blind end 38
of the pocket 18 can include a slot 42 receiving the protuberance 22. The slot 42 can
guide movement of the helical pinion gear 20 through the engagement with the
protuberance 22.

[0031] Embodiments of the present disclosure can provide various approaches to
reducing contact area and guiding the movement of helical pinion gears. FIGS. 1 -3
disclose afirst approach. The protuberance 22 can have a circular cross-section that can
be substantially constant along at least a portion of the central axis 26. The protuberance
22 can terminate in a substantially flat surface 44 that can be slidably engaged with a
surface 46 of the blind end 38.

[0032] As set forth above, the protuberance 22 can extend through the slot 42 of the
blind end 38. The slot 42 can be substantially rectangular in cross-section and extend in
a radial direction relative to the central axis 26, as best shown in FIG. 3. The slot 42 can
thus surround the protuberance 22.

[0033] Another embodiment of the present disclosure is shown in FIG. 4. The

perspective of FIG. 4 is radially-inward. FIG. 4 discloses a helical pinion gear 20a
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positioned in a pocket 18a. The pocket 18a can be defined by a housing 14a. The pocket
18a can terminate in a blind end 38a. The housing 14a can be centered on a central axis
26a. A protuberance 22a can extend from an end 34a of the helical pinion gear 20a. The
blind end 38a includes a slot 42a.

[0034] The protuberance 22a can be spherical. The slot 42a can be v-shaped, having
two opposing and intersecting walls 48a, 50a forming a concave corner facing an interior
of the pocket 18a. The protuberance 22a can be thus arranged to contact the slot 42a in
only two planes.

[0035] FIG. 5 discloses another embodiment of the present disclosure. The housing
has been omitted from FIG. 5 to enhance the clarity of the remaining structures. FIG. 5
discloses a plurality of helical pinion gears 20b, 120b, 220b, side gears 16b and 116b,
and a plate 30b.

[0036] Helical pinion gears 20b and 220b can include protuberances at both ends.
The helical pinion gear 20b can include a first protuberance 22b positioned between a
first end 34b and a housing and a second protuberance 422b positioned between a
second end 36b and a plate 52b. The plate 52b can include a slot (not shown) for
receiving the second protuberance 422b.

[0037] The foregoing description of the embodiments has been provided for purposes
of illustration and description. It is not intended to be exhaustive or to limit the disclosure.
Individual elements or features of a particular embodiment are generally not limited to
that particular embodiment, but, where applicable, are interchangeable and can be used
in a selected embodiment, even if not specifically shown or described. The same may
also be varied in many ways. Such variations are not to be regarded as a departure from
the disclosure, and all such modifications are intended to be included within the scope of

the disclosure.
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CLAIMS

What is claimed is:

1. A differential assembly comprising:

a housing defining a pocket with a blind end and having a central axis wherein the
pocket is spaced from the central axis;

a helical pinion gear positioned in the pocket; and

at least one protuberance extending from an end of the helical pinion gear along

the central axis and contacting the blind end of the pocket.

2. The differential assembly of claim 1 wherein the at least one protuberance has a

circular cross-section with a diameter less than a diameter of the helical pinion gear.

3. The differential assembly of claim 2 wherein the diameter of the at least one

protuberance is substantially constant along at least a portion of the central axis.

4, The differential assembly of claim 2 wherein the at least one protuberance

terminates in a substantially flat surface slidably engaged with the blind end.

5. The differential assembly of claim 1 wherein the helical pinion gear and the at least

one protuberance are integrally-formed with respect to one another.

6. The differential assembly of claim 1 wherein the at least one protuberance is
spherical.

7. The differential assembly of claim 1 wherein the blind end of the pocket further
comprises:

a slot receiving the at least one protuberance.

8. The differential assembly of claim 7 wherein the slot is substantially rectangular in

cross-section.
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9. The differential assembly of claim 7 wherein the slot extends in a radial direction

relative to the central axis.

10.  The differential assembly of claim 7 wherein the slot surrounds the at least one

protuberance.

11.  The differential assembly of claim 7 wherein the slot is v-shaped.

12.  The differential assembly of claim 1 wherein the at least one protuberance further
comprises:

a first protuberance extending from a first end of the helical pinion gear and
contacting the blind end of the pocket; and

a second protuberance extending from a second end of the helical pinion gear

opposite of the first end.

13. A method comprising:

defining a pocket with a housing having a central axis wherein the pocket is radially
spaced from the central axis;

positioning a helical pinion gear in the pocket; and

extending at least one protuberance from an end of the helical pinion gear along

the central axis and contacting a blind end of the pocket.

14.  The method of claim 13 wherein the step of extending is further defined as:
reducing a contact area between the helical pinion gear and the housing by
selecting a first diameter of the helical pinion gear greater than a second diameter of the

at least one protuberance.
15.  The method of claim 13 further comprising the step of:

guiding movement of the helical pinion gear through the at least one protuberance

with a slot in the blind end.

10
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16.  The method of claim 15 wherein the guiding step further comprises the step of:

arranging the at least one protuberance and the slot to contact in only two planes.

17.  The method of claim 16 wherein the guiding step further comprises the steps of:
forming the at least one protuberance as spherical; and

forming the slot to be v-shaped.

18.  The method of claim 16 wherein the guiding step further comprises the steps of:

extending the at least one protuberance through the slot.

19.  The method of claim 13 wherein the extending step is further defined as:
reducing an extent of contact between the helical pinion gear and the housing by

selecting positioning a first protuberance between a first end of the helical pinion gear

and the housing and a second protuberance between a second end of the helical pinion

gear opposite the first end and the housing.

20. A differential assembly comprising:
aring gear;
a housing fixed for rotation with the ring gear, the housing defining a pocket and a
central aperture radially adjacent to one another relative to a central axis of the housing;
a side gear positioned in the central aperture;
a helical pinion gear positioned in the pocket and meshed with the side gear; and
at least one protuberance projecting from an end of the helical pinion gear and

contacting a blind end of the pocket.

11
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