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RIBBED COVER FOR DRIVE AXLE HOUSING
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to drive axle housings and, in particular, to a
drive axle housing included a ribbed rear cover for additional strength.

2. Discussion of Related Art

[0002] A conventional tandem drive axle assembly includes forward and rear
drive axle assemblies. Each of the forward and rear drive axle assemblies
includes a housing from which a pair of axle shafts extend to rotatably support
one or more ground engaging wheels on opposites sides of a vehicle. The
housing for each drive axie assembly further includes a wheel differential to
enable the wheels at either end of the axle to rotate at different speeds. The
forward axle assembly also typically includes an inter-axle differential that
divides power between the forward and rear drive axle assemblies. The inter-
axle differential provides power to the rear drive axle assembly through an
output shaft that extends outwardly through an aperture in a rear cover of the
housing for the forward drive axle assembly. A tube may be disposed within
the aperture and bearings may be disposed within the tube to rotatably support
the output shaft. The tube is typically coupled to the rear cover of the axie
housing with one or more welds.

[0003] The above-identified drive axle assembly suffers from a significant
drawback. In particular, the welds coupling the tube to the rear cover of the
drive axle housing are subject to stress and uitimately failure.

[0004] The inventors herein have recognized a need for a drive axle
assembly that will minimize and/or eliminate one or more of the above-
identified deficiencies.
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SUMMARY OF THE INVENTION

[0005] The present invention provides a drive axle assembly having an
improved rear housing cover.

[0006] A drive axle assembly in accordance with the present invention
includes a housing including a cover disposed at a first end. The assembly
further includes an input shaft extending into the housing and a plurality of
differential gears driven in response to the input shaft. The assembly further
includes first and second side gears driven in response to the plurality of
differential gears. A wheel differential is driven in response to the first side gear
and the wheel differential includes a pinion gear and a ring gear. The assembly
further includes an output shaft coupled to the second side gear for rotation
therewith. The cover defines a first protrusion configured to receive a portion of
the ring gear, an aperture disposed on a first side of the first protrusion through
which the output shaft extends, and a second protrusion also disposed on the
first side of the first protrusion.

[0007] A drive axle assembly in accordance with the present invention is a
significant improvement over conventional drive axle assemblies. The cover in
the housing is designed to provide additional strength to the cover so that
flexing of the cover is minimized. As a result, stress on the welds coupling the
output shaft bearing tube to the rear cover are reduced and/or eliminated.
[0008] These and other advantages of this invention will become apparent to
one skilled in the art from the following detailed description and the
accompanying drawings illustrating features of this invention by way of
example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a cross-sectional view of a drive axle assembly in
accordance with one embodiment of the present invention.

[0010] Figure 2 is a perspective view of the drive axle assembly of Figure 1.
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[0011] Figure 3 is a plan view of the cover of the housing of the drive axle
assembly of Figures 1-2.

[0012] Figure 4 is a perspective view of the cover of the housing of the drive
axle assembly of Figures 1-2.

[0013] Figure 5 is a plan view of the cover of the housing of the drive axle
assembly of Figures 1-2.

[0014] Figure 6 is a cross-sectional view of the cover of the housing of the
drive axle assembly of Figures 1-4 as taken along lines 6-6 of Figure 3.

[0015] Figure 7 is a perspective view of a drive axle assembly in accordance
with a second embodiment of the present invention.

[0016] Figure 8 is a plan view of the drive axle assembly of Figure 7.

[0017] Figure 9 is a perspective view of a drive axle assembly in accordance
with a third embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0018] Referring now to the drawings wherein like reference numerals are
used to identify identical components in the various views, Figure 1 illustrates a
drive axle assembly 10 in accordance with the present invention. Assembly 10
is particularly adapted for use in medium and heavy trucks. It should be
understood, however, that the present invention is not limited to use in medium
or heavy frucks and may be used in a wide variety of vehicles and non-
vehicular applications. Assembly 10 may comprise the forward drive axle
assembly of a tandem drive axle assembly. Assembly 10 is provided to drive
wheels (not shown) supported on either side of assembly 10 on axle half shafts
(not shown) extending from axle assembly 10. Assembly 10 may include a
housing 12, an inter-axle differential 14 for dividing power between another
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drive axle assembly (not shown) and the assembly 10, a clutch 16, and a wheel
differential assembly 18.

[0019] Housing 12 provides structural support for the other components of
assembly 10. Housing 12 also protects the other components of assembly 10
from foreign objects and elements. Housing 12 may be made from
conventional metals and metal alloys such as steel and may include multiple
members that are sized relative to components of assembly 10 and coupled
together using conventional fasteners. One member of housing 12 may
comprise a cover 20 disposed at one end of housing 12.

[0020] Inter-axle differential 14 is provided to divide power between the axle
assembly 10 and another axle assembly (not shown). Differential 14 may
include an input shaft 22, a spider 24, differential gears 26, side gears 28, 30,
and an output shaft 32.

[0021] Input shaft 22 is provided to transmit power from a power input shaft
(not shown) at the forward end of assembly 10 to spider 24 and differential
gears 26 and is conventional in the art. Input shaft 22 is driven by the power
input shaft through a conventional input yoke (not shown). The input yoke may
be splined to the forward end of input shaft 22 on splines 34 and may be
retained thereon by a nut 36 and a washer which are disposed about a
threaded stud 38 that extends from the forward end of shaft 22 and is integral
therewith. A dust cap 40 and a seal 42 are disposed about the input yoke (not
shown) and are received within an opening in housing 12.

[0022] Spider 24 provides a mounting arrangement for differential gears 26
and is conventional in the art. Spider 24 is supported on input shaft 22 and
may be coupled to input shaft 22 for rotation therewith using a spline
connection or in other ways customary in the art. Alternatively, spider 24 may
be made integral with input shaft 22.

[0023] Differential gears 26 are provided to drive and transfer torque from
input shaft 22 to gears 28, 30. Gears 26 are conventional in the art and may be
made from conventional metals and metal alloys. Gears 26 are coupled to
spider 24 for rotation with spider 24 and input shaft 22. The teeth on gears 26
engage corresponding teeth on gears 28, 30.
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[0024] Gear 28 fransfers torque from differential pinion gears 26 to wheel
differential assembly 18. Gear 28 is conventional in the art and may be made
from conventional metal and metal alloys. Gear 28 is disposed about input
shaft 22 and is freely rotatable thereon, being journalied on the shaft by
bushings (not shown). Gear 28 includes a first set of teeth on a forward planar
surface which form a first member of clutch 16 and a second set of teeth
disposed on a rear planar surface that mesh with the teeth of differential gears
26. Gear 28 further includes a third set of teeth disposed about the radial
periphery of gear 28 for engagement with a corresponding driven gear in‘the
wheel differential assembly 18.

[0025] Gear 30 transfers torque from differential pinion gears 26 to output
shaft 32. Gear 30 is conventional in the art and may be made from
conventional metal and metal alloys. Gear 30 is disposed about output shaft
32 near the forward end of shaft 32 and may be coupled thereto by mating
splines (not shown) on gear 30 and shaft 32. Alternatively, gear 30 may be
integral with shaft 32. Gear 30 is journalled for rotation within housing 12 by a
tapered roller bearing. ,

[0026] Output shaft 32 is provided to transmit a portion of the power provided
by input shaft 22 to another drive axle assembly (not shown). Shaft 32 may be
coaxially disposed relative to input shaft 22 and extends outwardly from gear
30. Shaft 32 rotates with gear 30. Shaft 32 extends through an aperture in
cover 20 of housing 12 as described in more detail hereinbelow and is
journalled within housing 12 by bearings.

[0027] Cliutch 16 is provided to selectively lock differential 14 and is
conventional in the art. Clutch 16 may comprise a conventional sliding dog
clutch that may be engaged by shifting a clutch member 44 with a first set of
teeth into engagement with a clutch member (side gear 28 in the illustrated
embodiment) having a second set of teeth using a shifting fork or other
actuator.

[0028] Wheel differential assembly 18 is provided to transfer torque from
input shaft 22 to vehicle wheels (not shown) and to allow the wheels to rotate at

different speeds. Assembly 18 is conventional in the art and may include a
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driven gear 46, a pinion shaft 48, a pinion gear 50, a ring gear 52, and a
conventional bevel gear set 54.

[0029] Driven gear 46 is provided to transfer torque from side gear 28 to
pinion shaft 48. Driven gear 46 may comprise a helical gear having teeth
disposed about its radial periphery which engage corresponding teeth on gear
28. Gear 46 may be drivingly coupled to shaft 48 through axially-extending
splines on shaft 48.

[0030] Pinion shaft 48 transmits torque to pinion gear 50 and is conventional
in the art. Shaft 48 is supported for rotation within housing 12 by bearings. A
forward end of shaft 48 may define an integral threaded shank configured to
receive a nut to retain gear 46 on shaft 48. A rear end of shaft 48 is configured
to receive pinion gear 50 thereon.

[0031] Pinion gear 50 transmits torque to ring gear 52 and is also
conventional in the art. Pinion gear 50 may comprise a hypoid gear and may
be coupled to shaft 48 using a spline connection or in other ways customary in
the art or may be integral with pinion shaft 48.

[0032] Ring gear 52 transmits torque to differential gear set 54. Ring gear 52
is conventional in the art any may also comprise a hypoid gear. Ring gear 52 is
in mesh with pinion gear 50 and may be coupled to, or integral with, a
differential case in which gear set 54 is mounted.

[0033] Differential gear set 54 enables the wheels (not shown) on opposite
sides of drive axle assembly 10 to rotate at different speeds. Gear set 54 is
conventional in the art and may include a plurality of bevel gears mounted on
the arms of a spider (not shown) within a differential case driven by ring gear
52.

[0034] Referring now to Figures 2-6, cover 20 will be described in greater
detail. Cover 20 is provided as a part of housing 12 to enclose the rearward
side of assembly 10. Cover 20 may be made from conventional metals and
metal alloys such as steel. Cover 20 is coupled to the other members of
housing 12 using conventional fasteners such as welds. Referring to Figure 4,
cover 20 is substantially spherical (or hemispherical) in shape. Cover 20

defines a protrusion 56, an aperture 58 and another protrusion 60.
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[0035] Protrusion 56 is configured to receive a portion of ring gear 52 as ring
gear 52 rotates within housing 12. Protrusion 56 extends outwardly from cover
20 and extends generally vertically relative to an axis defining a longitudinal
axis 62 as shown in Figure 3 that is generally perpendicular to the axial
centerline 64 of an axle shaft 65 extending from housing 12.

[0036] Aperture 58 provides an outlet through which output shaft 32 extends
to transmit power to another drive axle assembly (not shown). Aperture 58 is
disposed on one side of protrusion 56 and is sized to receive a tube 66 that
surrounds output shaft 32. Tube 66 is generally cylindrical in shape and may
be made from conventional metals and metal alloys. Tube 66 is disposed
within aperture 58 and may be coupled to cover 20 through one or more welds.
Tube 66 may support bearings allowing relative rotation of shaft 32 within tube
66 in a conventional manner.

[0037] Protrusion 60 provides additional structural strength to cover 20 to
minimize flexing of cover 20 and reduce stress on the welds coupling tube 66 to
cover 20. Protrusion 60 is disposed on the same side of protrusion 56 as
aperture 58. Protrusion 60 may be substantially perpendicular to protrusion 56
with a longitudinal axis 68 of protrusion 60 intersecting a midpoint 70 of axis 62
of protrusion 56. Axis 68 may also intersect a lateral midpoint 72 of protrusion
60 as determined by the vertical distance from one side 74 of protrusion 60 to
an opposite side 76 of protrusion 60. Axis 68 may also be substantially parallel
to axis 64 (i.e., the axial centerline of an axle shaft (not shown) extending from
housing 12). Protrusion 60 may taper moving inwardly from either longitudinal
end of protrusion 60 and protrusion 60 may be at its widest proximate one or
both longitudinal ends of protrusion 60. Protrusion 60 may also intersect with
protrusion 56.

[0038] Referring now to Figures 7-8, a drive axle assembly 110 in
accordance with a second embodiment of the present invention is illustrated
Assembly 110 may be identical to assembly 10 with the exception that cover
120 differs from cover 20. Cover 120 is substantially similar to cover 20 and
includes a protrusion 156, an aperture 158 and a protrusion 160 that are
substantially similar to protrusion 56, aperture 58, and protrusion 60 in cover
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20. Reference to a description of these portions of cover 120 may therefore be
found hereinabove. Cover 120 further defines a protrusion 178. Protrusion
178 is disposed on a side of protrusion 156 opposite aperture 158 and
protrusion 160. Protrusion 178 may be substantially perpendicular to
protrusion 156 with a longitudinal axis 180 of protrusion 178 intersecting a
midpoint 170 of axis 162 of protrusion 156. Axis 180 may also intersect a
lateral midpoint 182 of protrusion 178 as determined by the vertical distance
from one side of protrusion 178 to an opposite side of protrusion 178. Axis 180
may also be substantially parallel to axis 164 (i.e., the axial centerline of an
axle shaft (not shown) extending from housing 112). Protrusion 178 may also
taper moving inwardly from either longitudinal end of protrusion 178 and
protrusion 178 may be at its widest proximate one or both longitudinal ends of
protrusion 178. Protrusion 178 may also intersect with protrusion 156.

[0039] Referring now to Figure 9, a drive axle assembly 210 in accordance
with a third embodiment of the present invention is illustrated. Assembly 210
may be identical to assembly 10 with the exception that cover 220 differs from
cover 20. Cover 220 is substantially similar to cover 20 and includes a
protrusion 256 and an aperture 258 that are substantially similar to protrusion
56 and aperture 58 in cover 20. Reference to a description of these portions of
cover 220 may therefore be found hereinabove. Cover 220 also contains a
protrusion 260. Protrusion 260 is disposed on the same side of protrusion 256
on which aperture 258 is disposed. Protrusion 260 is substantially spherical in
shape, extending further rearwardly moving inwardly from the edge of cover
220 towards the center of cover 220. With the exception of the area proximate
aperture 258, therefore, approximately one quarter of cover 220 (or
approximately one half of cover 220 on one side of protrusion 256) retains a
domed shape. Protrusion 260 may be disposed about more than half of
aperture 258. In this manner cover 220 retains sufficient strength to prevent
flexing of cover 220 and stress on the welds coupling tube 266 to cover 220.
[0040] A drive axle assembly in accordance with the present invention
represents an improvement as compared to conventional drive axle

assemblies. In particular the cover 20, 120 or 220 of the drive axle assembly is
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strengthened to prevent flexing of the cover and undue stress on the welds
coupling the output shaft bearing tube to the cover.

[0041] While the invention has been shown and described with reference to
one or more particular embodiments thereof, it will be understood by those of
skill in the art that various changes and modifications can be made without
departing from the spirit and scope of the invention.
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CLAIMS
We claim:

1. A drive axle assembly, comprising:

a housing including a cover disposed at a first end;

an input shaft extending into said housing;

a plurality of differential gears driven in response to said input shaft;

first and second side gears driven in response to said plurality of
differential gears;

a wheel differential driven in response to said first side gear, said wheel
differential including a pinion gear and a ring gear;

an output shaft coupled to said second side gear for rotation therewith

wherein said cover defines a first protrusion configured to receive a
portion of said ring gear, an aperture disposed on a first side of said first
protrusion through which said output shaft extends, and a second protrusion
disposed on said first side of said first protrusion.

2. The drive axle assembly of claim 1, further comprising a tube
disposed within said aperture and coupled to said cover, said tube surrounding

said output shaft.

3. The drive axle assembly of claim 1 wherein said second protrusion is
substantially perpendicular to said first protrusion.

4. The drive axle assembly of claim 1 wherein a longitudinal axis of said
second protrusion intersects a midpoint of a longitudinal axis of said first
protrusion.

5. The drive axle assembly of claim 4 wherein said longitudinal axis of
said second protrusion intersects a lateral midpoint of said second protrusion.

6. The drive axle assembly of claim 1 wherein a longitudinal axis of said
second protrusion is substantially parallel to an axial centerline of an axle shaft

extending from said housing.
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7. The drive axle assembly of claim 6 wherein said longitudinal axis of
said second protrusion intersects a lateral midpoint of said second protrusion.

8. The drive axle assembly of claim 1 wherein said second protrusion
intersects said first protrusion.

9. The drive axle assembly of claim 1 wherein said cover defines a third
protrusion disposed on a second side of said first protrusion opposite said first
side.

10. The drive axle assembly of claim 9 wherein said second and third
protrusions intersect said first protrusion.

11. The drive axle assembly of claim 1 wherein said second protrusion
tapers moving inwardly from either longitudinal end of said second protrusion.

13. The drive axle assembly of claim 1 wherein said second protrusion
is widest proximate one of first and second longitudinal ends of said second
protrusion.

14. The drive axle assembly of claim 1 wherein said second protrusion
is disposed about more than half of a perimeter of said aperture.

15. The drive axle assembly of claim 1 wherein said second protrusion
is substantially spherical in shape.

16. The drive axle assembly of claim 15 wherein said second protrusion
intersects said first protrusion.
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