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AXLE ASSEMBLY WITH CARRIER HOUSING HAVING INCREASED
STRENGTH AND REDUCED MASS

FIELD
[0001] The present disclosure relates to an axle assembly with a carrier
housing having increased strength and reduced mass.

BACKGROUND

[0002] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0003] Salisbury-type axle housings are well known in the art and
comprise a carrier housing and a pair of axle tubes that are fixedly coupled to the
carrier housing. The carrier housing is configured to house a differential
assembly, an input pinion and a ring gear, and is commonly formed of cast iron
or aluminum. The carrier housing is typically designed for use in a given
packaging space that is dependent on the particular vehicle that the axle housing
will be integrated into. While the known carrier housings are suited for their
intended purpose, they nevertheless remain susceptible to improvement.

SUMMARY

[0004] This section provides a general summary of the disclosure, and is
not a comprehensive disclosure of its full scope or all of its features.

[0005] In one form the present teachings provide an axle assembly that
includes a carrier housing, an input pinion, a differential mechanism, a ring gear,
a cover pan assembly and first and second axle tubes. The carrier housing has
a first body portion, a pair of hollow tube mounts, and a second body portion.
The first body portion defines a differential mechanism cavity and a cover flange.
The cover flange defines a plurality of bolt holes. The tube mount extends from
opposite lateral sides of the first body portion and is in fluid communication with
the differential mechanism cavity. The second body portion extends from the
first body portion on a side of the first body portion that is opposite the cover
flange. A pinion bore is formed through the second body portion and intersects
the differential mechanism cavity. The input pinion has a stem and a pinion
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gear. The stem is received in the pinion bore and the pinion gear is disposed in
the differential mechanism cavity. The differential mechanism is received in the
cavity in the carrier housing. The ring gear is coupled to the differential
mechanism. The ring gear is received in the differential mechanism cavity and
meshed with the pinion gear. The cover pan assembly is sealingly coupled to
the cover flange to close a side of the differential mechanism cavity that is
opposite to the second body portion. The cover pan assembly includes a cover
pan and a plurality of bolts that are received through the cover pan and
threadably engaged to the bolt holes in the cover flange. The first and second
axle tubes are received in the first and second axle tube bores and are fixedly
coupled to the carrier housing. The carrier housing includes a pair of
strengthening ribs that are located on top and bottom sides of the carrier
housing. Each of the strengthening ribs has a first rib portion, which extends
outwardly from the first body portion and at least partly defines the cover flange,
and a pair of second rib portions. Each second rib portion extends from an end
of the first rib portion and extends laterally outwardly and forwardly toward the
second body portion. Each second rib portion terminating at an associated one
of the tube mounts.

[0006] In another form, the present teachings provide an axle assembly
having a carrier housing, an input pinion, a head bearing, a tail bearing, a
differential mechanism, a ring gear, a cover pan assembly and first and second
axle tubes. The carrier housing has a first body portion, a pair of hollow tube
mounts, and a second body portion. The first body portion defines a differential
mechanism cavity and a cover flange. The tube mounts extend from opposite
lateral sides of the first body portion and are in fluid communication with the
differential mechanism cavity. The second body portion extends from the first
body portion on a side of the first body portion that is opposite the cover flange.
A pinion bore is formed through the second body portion and intersects the
differential mechanism cavity. The input pinion has a stem, which is received in
the pinion bore, and a pinion gear that is disposed in the differential mechanism
cavity. The tail bearing is received in the pinion bore and supports the stem for
rotation relative to the carrier housing. The head bearing is received in the
pinion bore and supports the stem for rotation relative to the carrier housing.
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The head bearing is disposed between the tail bearing and the pinion gear. The
differential mechanism is received in the cavity in the carrier housing. The ring
gear is coupled to the differential mechanism. The ring gear is received in the
differential mechanism cavity and meshed with the pinion gear. The cover pan
assembly is sealingly coupled to the cover flange to close a side of the
differential mechanism cavity opposite to the second body portion. The first and
second axle tubes are received in the first and second axle tube bores and are
fixedly coupled to the carrier housing. Therein the carrier housing further
includes a pair of gussets and first and second sets of tail bearing support ribs.
The gussets are disposed on opposite lateral sides of the second body portion
and each gusset couples one of the tube mounts to the second body portion to
resist bending of the one of the tube mounts toward the second body portion and
vice-versa. The first set of tail bearing support ribs are disposed on the top side
of the carrier housing and include first and second upper ribs that are disposed
on opposite lateral side of the second body portion. Each of the first and second
upper ribs extend perpendicularly from an associated one of the gussets and
intersect the second body portion at an associated location that is configured to
support the tail bearing. The second set of tail bearing support ribs are disposed
on the bottom side of the carrier housing and including first and second lower
ribs that are disposed on opposite lateral side of the second body portion. Each
of the first and second lower ribs extend perpendicularly from an associated one
of the gussets and terminate at the second body portion at a corresponding
location that is configured to support the tail bearing.

[0007] In still another form, the present teachings provide an axle
assembly that includes a carrier housing, an input pinion, a tail bearing, a head
bearing, a differential mechanism, a ring gear, a cover pan assembly and first
and second axle tubes. The carrier housing has a first body portion, a pair of
hollow tube mounts, and a second body portion. The first body portion defines a
differential mechanism cavity and a cover flange. The tube mounts extend from
opposite lateral sides of the first body portion and are in fluid communication with
the differential mechanism cavity. The second body portion extends from the
first body portion on a side of the first body portion that is opposite the cover
flange. A pinion bore is formed through the second body portion and intersects
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the differential mechanism cavity. The input pinion has a stem, which is received
in the pinion bore, and a pinion gear that is disposed in the differential
mechanism cavity. The tail bearing is received in the pinion bore and supports
the stem for rotation relative to the carrier housing. The head bearing is received
in the pinion bore and supports the stem for rotation relative to the carrier
housing. The head bearing is disposed between the tail bearing and the pinion
gear. The differential mechanism is received in the cavity in the carrier housing.
The ring gear is coupled to the differential mechanism. The ring gear is received
in the differential mechanism cavity and is meshed with the pinion gear. The
cover pan assembly is sealingly coupled to the cover flange to close a side of the
differential mechanism cavity opposite to the second body portion. The first and
second axle tubes are received in the first and second axle tube bores and are
fixedly coupled to the carrier housing. The carrier housing further includes a pair
of gussets and a pair of head bearing support ribs. The gussets are disposed on
opposite lateral sides of the second body portion. Each gusset couples one of
the tube mounts to the second body portion to resist bending of the one of the
tube mounts toward the second body portion and vice-versa. Each of the head
bearing support ribs is coupled to a corresponding one of the gussets and the
second body portion at a location that is configured to support the head bearing.
[0008] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

DRAWINGS
[0009] The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.
[0010] Figure 1 is a perspective view of an axle assembly constructed in
accordance with the teachings of the present disclosure;
[0011] Figure 2 is an exploded perspective view of the axle assembly of
Figure 1;
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[0012] Figure 3 is a rear elevation view of a portion of the axle assembly
of Figure 1 illustrating a portion of an axle housing assembly and an input pinion
in more detail;

[0013] Figure 4 is a right side elevation view of a portion of the axle
assembly of Figure 1, illustrating the axle housing assembly in more detail;

[0014] Figure 5 is a front elevation view of a portion of the axle assembly
of Figure 1;
[0015] Figure 6 is bottom plan view of a portion of the axle assembly of

Figure 1, illustrating the carrier housing in more detail;
[0016] Figure 7 is a top plan view of a portion of the axle assembly of

Figure 1, illustrating the carrier housing in more detail;

[0017] Figure 8 is a section view taken along the line 8-8 of Figure 4;
[0018] Figure 9 is a section view taken along the line 9-9 of Figure 3;
[0019] Figure 10 is a section view taken along the line 10-10 of Figure 4;
[0020] Figure 11 is a section view taken along the line 11-11 of Figure 4;
and

[0021] Figure 12 is a section view taken along the line 12-12 of Figure 4.
[0022] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0023] With reference to Figures 1 and 2 of the drawings, an exemplary
axle assembly constructed in accordance with the teachings of the present
disclosure is generally indicated by reference numeral 10. The axle assembly 10
is depicted as being configured for driving a pair of a rear vehicle wheels, but it
will be appreciated that the present teachings have application to other types of
axle assemblies, including axle assemblies that are configured for use in driving
a pair of front vehicle wheels.

[0024] In Figure 2, the axle assembly 10 can include an axle housing
assembly 12, an input pinion 14, a tail bearing 16, a head bearing 18, a ring gear
20, a differential assembly 22, a differential bearing set 24, and a pair of output
shafts 26. The input pinion 14, the tail bearing 16, the head bearing 18, the ring
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gear 20, the differential assembly 22, the differential bearing set 24 and the
output shafts 26 can be constructed in a conventional and well known manner.

[0025] Briefly, the input pinion 14 can comprise a shaft 30, which is
configured to be coupled to a propshaft assembly (not shown) to receive rotary
power therefrom, and a pinion gear 32. The tail and head bearings 16 and 18
can be mounted on the shaft 30 and employed to support the input pinion 14 for
rotation about a first axis 34 relative to the axle housing assembly 12. The tail
and head bearings 16 and 18 can be any suitable type of bearing, such as
tapered roller bearings. The ring gear 20 can be received in a differential
mechanism cavity 38 in the axle housing assembly 12 and rotatably disposed
about a second axis 40. The ring gear 20 can be meshingly engaged with the
pinion gear 32. The differential assembly 22 can be received in the differential
mechanism cavity 38 in the axle housing assembly 12 and can comprise a
differential case 44, which can be coupled to the ring gear 20 for common
rotation, a pair of differential output members 46, and a power transmitting
means for transmitting rotary power between the differential case 44 and the
differential output members 46. The power transmitting means can comprise
clutches, gearing, etc., but in the particular example provided, includes a
differential gearset 48 having a cross-pin 50, a pair of differential pinions 52, and
a pair of side gears 54. The cross-pin 50 can extend generally perpendicular to
the second axis 40 and can be coupled to the differential case 44 for common
rotation about the second axis 40. The differential pinions 52 can be rotatably
mounted on the cross-pin 50. Each of the side gears 54 can be coupled to an
associated one of the differential output members 46 for common rotation about
the second axis 40. Each side gear 54 can be meshingly engaged with the
differential pinions 52. The differential bearing set 24 can be configured to
support the differential assembly 22 for rotation about the second axis 40 relative
to the axle housing assembly 12, as well as to handle any axial loads that result
from the meshing of the pinion gear 32 with the ring gear 20. In the particular
example provided, the differential bearing set 24 comprises a pair of differential
bearings 60, a pair of bearing adjusters 62 and a set of bearing adjuster locks
64. Each of the differential bearings 60 can be a tapered roller bearing having

an inner bearing race, which can be mounted to a trunnion 70 (only one shown)
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formed on the differential case 44, and an outer bearing race that can be
received in a bore 72 (Fig. 8) in the axle housing assembly 12. Each of the
bearing adjusters 62 can be threadably engaged to a threaded bore 74 (Fig. 8) in
the axle housing assembly 12. Each bearing adjuster 62 can be disposed in the
threaded bore 74 (Fig. 8) in the axle housing assembly 12 and can be configured
to abut the outer bearing race of one of the differential bearings 60. Each of the
output shafts 26 can be received through the axle housing assembly 12 and can
engage one of the differential output members 46 such that rotation of the
differential output members 46 causes corresponding rotation of the output
shafts 26.

[0026] The axle housing assembly 12 can comprise a carrier housing 100,
a pair of axle tubes 102, and a cover pan assembly 104 that can comprise a
cover pan 106 and a plurality of threaded fasteners 108. The carrier housing
100 can have a first body portion 110, a second body portion 112 and a pair of
tube mounts 114.

[0027] With reference to Figures 3, 4 and 7, the first body portion 110 can
define the differential mechanism cavity 38 and a cover flange 120. The cover
flange 120 can extend about an opening that provides access to the differential
mechanism cavity 38, for example for installation of the differential assembly 22
(Fig. 2). A plurality of bolt holes 122 that are configured for receipt of the
threaded fasteners 108 (Fig. 2) can be formed through the cover flange 120.
[0028] With reference to Figures 6 and 9, the second body portion 112
can be unitarily and integrally formed with the first body portion 110 and can
extend from a side of the first body portion 110 that is opposite the cover flange
120. A pinion bore 130 can be formed through the second body portion 112 and
can intersect the differential mechanism cavity 38. The tail and head bearings
16 and 18 are shown to support the input pinion 14 for rotation about the first
axis 34 relative to the carrier housing 100. The pinion gear 32 can be disposed
within the differential mechanism cavity 38. The head bearing 18 can be
disposed along the shaft 30 of the input pinion 14 such that the head bearing 18
is disposed between the tail bearing 16 and the pinion gear 32.

[0029] With reference to Figures 3, 6 and 10, the tube mounts 114 can
extend from opposite lateral sides of the first body portion 110 and can be in fluid
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communication with the differential mechanism cavity 38. Each of the axle tubes
102 can be received in a corresponding one of the tube mounts 114 and can
house an associated one of the output shafts 26 (Fig. 2).

[0030] Returning to Figure 2, the cover pan assembly 104 is configured to
close a side of the differential mechanism cavity 38 that is opposite the second
body portion 112. The cover pan 106 can have a flange member 150 that is
configured to cooperate with the cover flange 120 to seal the interface between
the carrier housing 100 and the cover pan assembly 104. If desired, the cover
pan assembly 104 can include a gasket or sealant material that can be disposed
between the flange member 50 on the cover pan 106 and the cover flange 120.
The threaded fasteners 108 can be received through the cover pan 106 and can
threadably engage the bolt holes 122 formed in the cover flange 120.

[0031] With reference to Figures 3, 6 and 7, the carrier housing 100 can
include a pair of strengthening ribs 200 that are located on the top side (Fig. 7)
and the bottom side (Fig. 6) of the carrier housing 100. Each of the
strengthening ribs 200 can have a first rib portion 202 and a pair of second rib
portions 204. The first rib portion 202 can extend outwardly from the first body
portion 110 and can at least partly define the cover flange 120. Each of the
second rib portions 204 can extend from an associated end of the first rib portion
202 in a direction that is laterally outwardly from the first body portion 110 and
forwardly toward the second body portion 112. Each second rib portion 204 can
have a distal end portion that can terminate at an associated one of the tube
mounts 114. In the example provided, the first rib portions 202 of the
strengthening ribs 200 are configured to intersect one another and to fully define
the cover flange 120, but it will be appreciated that the first rib portions 202 could
be configured differently. The strengthening ribs 200 are configured to take
advantage of the relative stiff portion of the first body portion 110 that defines the
cover flange 120 and to provide additional support to the tube mounts 114 that
helps to resist bending of the tube mounts 114 (relative to the first body portion
110) in vertical directions (indicated in Fig. 3 by arrow A).

[0032] The second rib portions 204 of each strengthening rib 200 can
extend in an oblique manner relative to both an associated one of the tube
mounts 114 and their first rib portion 202. The second rib portions 204 can
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terminate at any desired location on their associated tube mount 114, but in the
example provided, the second rib portions 204 extend at least to a centerline of
their associated tube mount 114 (in the example provided, the centerline of the
tube mounts 114 are coincident with the second axis 40). As best shown in
Figure 3, the second rib portions 204 on each lateral side of the carrier housing
100 can intersect an associated one of the tube mounts 114 along a path that is
defined by a portion of an elipse E. The second rib portions 204 of a given
strengthening rib 200 need not be formed in an identical manner. For example,
the second rib portions 204 on a first lateral side of the carrier housing 100 can
be formed differently than the second rib portions 204 on a second, opposite
lateral side of the carrier housing 100 as is shown in Figures 6 and 7.

[0033] With reference to Figures 6 and 7, the carrier housing 100 can
further comprise a plurality of intermediate ribs 220 that can extend between one
of the tube mounts 114 and the first body portion 110. The intermediate ribs 220
can provide additional help to resist bending of the tube mounts 114 relative to
the first body portion 110 in vertical directions (indicated in Fig. 3 by arrow A).
Each intermediate rib 220 can have a distal end portion that can terminate at an
associated one of the second rib portions 204. In the particular example
provided, the distal end portion of each intermediate rib 220 can terminate at the
distal end portion of the associated one of the second rib portions 204 and can
be disposed at or proximate a centerline of an associated one of the tube
mounts 114. Each of the intermediate ribs 220 can extend from its distal end
inwardly (toward the center of the first body portion 110) and rearwardly toward
an associated one of the strengthening ribs 200. It will be appreciated the
laterally inner end of each intermediate rib 220 can terminate at the associated
one of the strengthening ribs 200; at a boss 222 associated with one of the bolt
holes 122 (Fig. 3), as is depicted by the laterally inward end of the intermediate
ribs 220b (Fig. 6) and 220c (Fig. 7); or at a portion 224 of the first body portion
110 that is configured to transmit load between the latterly inward end of the
intermediate rib 220d (Fig. 7) and the strengthening rib 200. Accordingly, it will
be appreciated that each of the intermediate ribs 220 can be shaped differently
from the other intermediate ribs 220 to reduce or minimize the mass of the
carrier housing 100 and consequently, the intermediate ribs 220 need not be
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symmetric about a plane that includes the first axis 34 and intersects the second
axis 40.

[0034] With reference to Figures 4-7, 9, 10 and 12, the carrier housing
100 can further include a pair of gussets 250 and first and second sets of tail
bearing support ribs 252 and 254, respectively. The gussets 250 can be
disposed on opposite lateral sides of the second body portion 112 and each
gusset 250 can couple one of the tube mounts 114 to the second body portion
112 to resist bending of the tube mounts 114 along arrow B (Figs. 6 and 7)
toward the second body portion 112 and vice-versa. The gussets 250, however,
do not significantly aid in resisting bending in the direction of arrow A (Fig. 3) or
twisting of the carrier housing 100 due to loads generated by the meshing of the
input pinion 32 (Fig. 2) with the ring gear 20 (Fig. 2). The first and second sets
of tail bearing support ribs 252 and 254 do, however, significantly aid in resisting
bending in the direction of arrow A (Fig 3) and the twisting of the carrier housing
100 due to loads generated by the meshing of the input pinion 32 (Fig. 2) with
the ring gear 20 (Fig. 2).

[0035] The first set of tail bearing support ribs 252 can be disposed on the
top side of the carrier housing 100 and can include first and second upper ribs
256 and 258, respectively, that are disposed on opposite lateral side of the
second body portion 112. Each of the first and second upper ribs 256 and 258
can extend perpendicularly from an associated one of the gussets 250 and can
intersect the second body portion 112 at an associated location that is
configured to support the tail bearing 16. The first and second upper ribs 256
and 258 can taper outwardly from the gussets 250 in a manner that increases
with increasing distance away from the tail bearing 16. The second upper rib
258 can be formed about a centerline that extends between one of the tube
mounts 114 and the second body portion 112 and the centerline of the second
upper rib 258 can be disposed in a plane that intersects the first and second
axes 38 and 40. The first upper rib 256 can be formed about a centerline that is
not contained in a single plane that intersects the first and second axes 38 and
40. In the particular example provided, the centerline of the first upper rib 256 is
defined by two intersecting planes, each of which intersects the first and second
axes 38 and 40. The second set of tail bearing support ribs 254 can be disposed
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on the bottom side of the carrier housing 100 and can include first and second
lower ribs 260 and 262, respectively, that can be disposed on opposite lateral
sides of the second body portion 112. Each of the first and second lower ribs
260 and 262 can extend perpendicularly from an associated one of the gussets
250 and can terminate at the second body portion 112 at a corresponding
location that is configured to support the tail bearing 16. The first and second
lower ribs 260 and 262 can taper outwardly from the gussets 250 in a manner
that increases with decreasing distance from the tube mounts 114. If desired,
the first upper and lower ribs 256 and 260 can intersect one another, and/or the
second upper and lower ribs 258 and 262 can intersect one another. To further
reduce the mass of the carrier housing 100, one or more lightening holes can be
formed in the gussets 250.

[0036] In Figures 6 and 7, one or more intermediate ribs can extend
between an associated one of the tube mounts 114 and the second body portion
112 to support the head bearing 18 and to resist bending of the tube mount 114
in a direction toward the second body portion 112 along arrow B (e.g., due to the
weight of a vehicle), and to resist twisting of the carrier housing 100 as a result of
the forces exerted on the carrier housing 100 that are associated with the
meshing of the input pinion 14 (Fig. 2) and the ring gear 20 (Fig. 2).

[0037] With specific reference to Figure 7, upper and lower sets of
intermediate ribs 280 and 282, respectively are employed in the particular
example provided. The upper set of intermediate ribs 280 can comprise a first
upper intermediate rib 286 and a second upper intermediate rib 288 that can be
disposed on opposite lateral sides of the carrier housing 100. The first and
second upper intermediate ribs 286 and 288 can be curved or angled as desired
and can extend directly between the second body portion 112 and an associated
one of the tube mounts 114 in the manner that is depicted for the second upper
intermediate rib 288, or could connect the second body portion 112 to a
corresponding one of the tube mounts 114 as part of a system of ribs. The first
upper intermediate rib 286 can have a first end, which can intersect the first
upper rib 256, and can extend laterally inwardly and forwardly toward a second
end that terminates at the second body portion 112 in an area proximate the
head bearing 18. Accordingly, the first upper intermediate rib 286 and the first
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upper rib 256 cooperate to form a system of ribs that resist bending of a
corresponding one of the tube mounts 114 along arrow B toward/away from the
second body portion 112 and provide additional support to the portion of the
second body portion 112 that houses the head bearing 18. It will be appreciated
that if the first housing portion 110 were to be shaped somewhat differently or if
additional packaging space were to be available, the first upper intermediate rib
286 could be formed so as to extend fully between the second housing portion
112 and the corresponding one of the tube mounts 114. The second upper
intermediate rib 288 can have a first end, which can intersect a corresponding
one of the tube mounts 114, and a second end that can intersect the second
body portion 112 at a location proximate the head bearing 18. As such, the
second upper intermediate rib 288 is a single rib that resists bending of a
corresponding one of the tube mounts 114 along arrow B toward/away from the
second body portion 112 and provides additional support to the portion of the
second body portion 112 that houses the head bearing 18. The second upper
intermediate rib 288 can be curved in shape so as to be fitted about the second
body portion 112 and need not intersect the second upper rib 258. In the
example provided, the second end of the second upper intermediate rib 288 also
intersects a forward edge of the first body portion 110.

[0038] With reference to Figures 6 and 11, the lower set of intermediate
ribs 282 are configured to connect (either directly or via a system of ribs) a
corresponding one of the tube mounts 114 to a portion of the second body
portion 112 that is proximate the head bearing 18 to thereby resist bending of the
tube mounts in the direction of arrow B and to support the portion of the second
housing portion 112 that houses the head bearing 18. The lower set of
intermediate ribs 282 can comprise a first lower intermediate rib 290 and a
second lower intermediate rib 292 that can be disposed on opposite lateral sides
of the carrier housing 100. The first lower intermediate rib 290 can have a first
end, which can intersect the first lower rib 260 and can extend laterally inwardly
and forwardly toward a second end that terminates at the second body portion
112 in an area proximate the head bearing 18. Accordingly, the first lower
intermediate rib 290 and the portion of the first lower rib 260 that is disposed
between the tube mount 114 and the first lower intermediate rib 290 form a
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system of ribs that resist bending of the tube mount 114 along arrow B and
support the portion of the second housing portion 112 that houses the head
bearing 18. The second lower intermediate rib 292 can have a first end, which
can intersect the second lower rib 262, and a second end that can intersect the
second body portion 112 at a location proximate the head bearing 18.
Accordingly, the second lower intermediate rib 292 and the portion of the second
lower rib 266 that is disposed between the tube mount 114 and the second lower
intermediate rib 292 form a system of ribs that resist bending of the tube mount
114 along arrow B and support the portion of the second housing portion 112
that houses the head bearing 18. Each of the first and second lower
intermediate ribs 290 and 292 can project in a forward direction and may
intersect a forward surface of the first body portion 110. In the particular
example provided, the first and second lower intermediate ribs 290 and 292 are
somewhat curved in shape. It will be appreciated that if the first housing portion
110 were to be shaped somewhat differently or if additional packaging space
were to be available, the first lower intermediate rib 290 and/or the second lower
intermediate rib 292 could be formed so as to extend fully between the second
housing portion 112 and a corresponding one of the tube mounts 114.

[0039] Spatially relative terms, such as “top,” “bottom,” "upper," "lower,"
and the like, have been used herein for ease of description to describe one
element or feature's relationship to another element(s) or feature(s) as illustrated
in the figures. Spatially relative terms may be intended to encompass different
orientations of the axle assembly in use or operation in addition to the orientation
depicted in the figures. For example, if the axle assembly in the figures is turned
over (as if the axle assembly were to be used to drive a pair of front vehicle
wheels), elements described as a "bottom" surface or being "beneath" other
elements or features would then be oriented as a “top” surface or being “above”
the other elements or features. Thus, the example term "below" can encompass
both an orientation of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially relative descriptors
used herein interpreted accordingly.

[0040] The foregoing description of the embodiments has been provided
for purposes of illustration and description. It is not intended to be exhaustive or

13
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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. An axle assembly comprising:

a carrier housing having a first body portion, a pair of hollow tube mounts,
and a second body portion, the first body portion defining a differential
mechanism cavity and a cover flange, the cover flange defining a plurality of bolt
holes, the tube mounts extending from opposite lateral sides of the first body
portion and being in fluid communication with the differential mechanism cavity,
the second body portion extending from the first body portion on a side of the
first body portion that is opposite the cover flange, a pinion bore being formed
through the second body portion and intersecting the differential mechanism
cavity;

an input pinion having a stem and a pinion gear, the stem being received
in the pinion bore, the pinion gear being disposed in the differential mechanism
cavity;

a differential mechanism received in the cavity in the carrier housing;

a ring gear coupled to the differential mechanism, the ring gear being
received in the differential mechanism cavity and meshed with the pinion gear;

a cover pan assembly sealingly coupled to the cover flange to close a
side of the differential mechanism cavity opposite to the second body portion, the
cover pan assembly comprising a cover pan and a plurality of bolts that are
received through the cover pan and threadably engaged to the bolt holes in the
cover flange;

first and second axle tubes received in the first and second axle tube
bores and fixedly coupled to the carrier housing;

wherein the carrier housing includes a pair of strengthening ribs that are
located on top and bottom sides of the carrier housing, each of the strengthening
ribs having a first rib portion, which extends outwardly from the first body portion
and at least partly defines the cover flange, and a pair of second rib portions,
each second rib portion extending from an end of the first rib portion and
extending laterally outwardly and forwardly toward the second body portion,
each second rib portion terminating at an associated one of the tube mounts.
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2. The axle assembly of Claim 1, wherein the second rib portions of
each of the strengthening ribs extend in an obligue manner relative to the

associated one of the tube mounts and the first rib portions.

3. The axle assembly of Claim 2, wherein the second rib portions on
each lateral side of the carrier housing intersect the associated one of the tube

mounts along a path that is defined by an ellipse.

4. The axle assembly of Claim 1, wherein the first rib portions of the
strengthening ribs intersect one another and cooperate to fully define the cover

flange.

5. The axle assembly of Claim 1, wherein the second rib portions of
each of the strengthening ribs extend at least to a centerline of the associated

one of the tube mounts.

6. The axle assembly of Claim 1, wherein the carrier housing
comprises a pair of intermediate ribs, each intermediate rib extending between
one of the tube mounts and the first body portion, each intermediate rib
terminating at a corresponding one of the second rib portions of the
strengthening rib on the top side of the carrier housing.

7. The axle assembly of Claim 6, wherein each of the second rib
portions of the strengthening rib on the top side of the carrier housing has a
proximal end, which intersects the first rib portion of the strengthening rib on the
top side of the carrier housing, and a distal end that is opposite the proximal end

and which intersects one of the intermediate ribs.
8. The axle assembly of Claim 6, wherein each of the intermediate

ribs is shaped differently so that the intermediate ribs are not symmetric about a

plane that includes the first axis and which is intersects the second axis.
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9. The axle assembly of Claim 1, wherein the second rib portions on a
first lateral side of the carrier housing are formed differently than the second rib

portions on a second, opposite lateral side of the carrier housing.

10.  An axle assembly comprising:

a carrier housing having a first body portion, a pair of hollow tube mounts,
and a second body portion, the first body portion defining a differential
mechanism cavity and a cover flange, the tube mounts extending from opposite
lateral sides of the first body portion and being in fluid communication with the
differential mechanism cavity, the second body portion extending from the first
body portion on a side of the first body portion that is opposite the cover flange, a
pinion bore being formed through the second body portion and intersecting the
differential mechanism cavity;

an input pinion having a stem and a pinion gear, the stem being received
in the pinion bore, the pinion gear being disposed in the differential mechanism
cavity;

a tail bearing received in the pinion bore and supporting the stem for
rotation relative to the carrier housing;

a head bearing received in the pinion bore and supporting the stem for
rotation relative to the carrier housing, the head bearing being disposed between
the tail bearing and the pinion gear;

a differential mechanism received in the cavity in the carrier housing;

a ring gear coupled to the differential mechanism, the ring gear being
received in the differential mechanism cavity and meshed with the pinion gear;

a cover pan assembly sealingly coupled to the cover flange to close a
side of the differential mechanism cavity opposite to the second body portion;

first and second axle tubes received in the first and second axle tube
bores and fixedly coupled to the carrier housing;

wherein the carrier housing further includes a pair of gussets and first and
second sets of tail bearing support ribs, the gussets being disposed on opposite
lateral sides of the second body portion, each gusset coupling one of the tube
mounts to the second body portion to resist bending of the one of the tube
mounts toward the second body portion and vice-versa, the first set of tail
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bearing support ribs being disposed on the top side of the carrier housing and
including first and second upper ribs that are disposed on opposite lateral side of
the second body portion, each of the first and second upper ribs extending
perpendicularly from an associated one of the gussets and intersecting the
second body portion at an associated location that is configured to support the
tail bearing, the second set of tail bearing support ribs being disposed on the
bottom side of the carrier housing and including first and second lower ribs that
are disposed on opposite lateral side of the second body portion, each of the first
and second lower ribs extending perpendicularly from an associated one of the
gussets and terminating at the second body portion at a corresponding location

that is configured to support the tail bearing.

11.  The axle assembly of Claim 10, wherein the first and second upper
ribs taper outwardly from the gussets in a manner that increases with increasing

distance away from the tail bearing.

12.  The axle assembly of Claim 11, wherein the first and second lower
ribs taper outwardly from the gussets in a manner that increases with decreasing

distance toward the tube mounts.

13.  The axle assembly of Claim 10, wherein the first upper and lower

ribs intersect one another.

14.  The axle assembly of Claim 10, wherein a least one lightening hole

is formed in each of the gussets.

15.  The axle assembly of Claim 10, wherein the second upper rib is
formed about a centerline that extends between one of the tube mounts and the
second body portion, wherein the centerline is disposed in a plane that intersects
the first and second axes.
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16.  The axle assembly of Claim10, wherein the first upper rib is formed
about a centerline that is not contained in a single plane that interests the first

and second axes.

17.  The axle assembly of Claim 16, wherein a first upper intermediate
rib extends between the second body portion and the first upper rib and a
second upper intermediate rib extends between the second body portion and the
second upper rib, and wherein the first and second intermediate upper ribs
connect to the second body portion in an area that supports the head bearing.

18.  The axle assembly of Claim 16, wherein a first lower intermediate
rib extends between the second body portion and the first lower rib and a second
lower intermediate rib extends between the second body portion and the second
lower rib, and wherein the first and second intermediate lower ribs connect to the

second body portion in an area that supports the head bearing.

19.  An axle assembly comprising:

a carrier housing having a first body portion, a pair of hollow tube mounts,
and a second body portion, the first body portion defining a differential
mechanism cavity and a cover flange, the tube mounts extending from opposite
lateral sides of the first body portion and being in fluid communication with the
differential mechanism cavity, the second body portion extending from the first
body portion on a side of the first body portion that is opposite the cover flange, a
pinion bore being formed through the second body portion and intersecting the
differential mechanism cavity;

an input pinion having a stem and a pinion gear, the stem being received
in the pinion bore, the pinion gear being disposed in the differential mechanism
cavity;

a tail bearing received in the pinion bore and supporting the stem for
rotation relative to the carrier housing;

a head bearing received in the pinion bore and supporting the stem for
rotation relative to the carrier housing, the head bearing being disposed between
the tail bearing and the pinion gear;

19



10

15

20

25

30

WO 2016/007193 PCT/US2014/070428

a differential mechanism received in the cavity in the carrier housing;

a ring gear coupled to the differential mechanism, the ring gear being
received in the differential mechanism cavity and meshed with the pinion gear;

a cover pan assembly sealingly coupled to the cover flange to close a
side of the differential mechanism cavity opposite to the second body portion;

first and second axle tubes received in the first and second axle tube
bores and fixedly coupled to the carrier housing;

wherein the carrier housing further includes a pair of gussets and a pair of
first head bearing support ribs, the gussets being disposed on opposite lateral
sides of the second body portion, each gusset coupling one of the tube mounts
to the second body portion to resist bending of the one of the tube mounts
toward the second body portion and vice-versa, each of the first head bearing
support ribs being coupled to a corresponding one of the gussets and the
second body portion at a first location that is configured to support the head

bearing.

20. The axle assembly of Claim 19, wherein the carrier housing further
includes a pair of second head bearing support ribs, the second head bearing
support ribs being coupled to a side of the gussets that is opposite a side to
which the first head bearing support ribs are coupled, the second head bearing
support ribs being coupled the second body portion at a second location that is
configured to support the head bearing.

21.  An axle assembly comprising:

a carrier housing having a first body portion, a pair of hollow tube mounts,
and a second body portion, the first body portion defining a differential
mechanism cavity and a cover flange, the cover flange defining a plurality of bolt
holes, the tube mounts extending from opposite lateral sides of the first body
portion and being in fluid communication with the differential mechanism cavity,
the second body portion extending from the first body portion on a side of the
first body portion that is opposite the cover flange, a pinion bore being formed
through the second body portion and intersecting the differential mechanism

cavity;

20



10

15

20

25

30

WO 2016/007193 PCT/US2014/070428

an input pinion having a stem and a pinion gear, the stem being received
in the pinion bore, the pinion gear being disposed in the differential mechanism
cavity;

a differential mechanism received in the cavity in the carrier housing;

a ring gear coupled to the differential mechanism, the ring gear being
received in the differential mechanism cavity and meshed with the pinion gear;

a cover pan assembly sealingly coupled to the cover flange to close a
side of the differential mechanism cavity opposite to the second body portion, the
cover pan assembly comprising a cover pan and a plurality of bolts that are
received through the cover pan and threadably engaged to the bolt holes in the
cover flange;

first and second axle tubes received in the first and second axle tube
bores and fixedly coupled to the carrier housing;

wherein the carrier housing includes a pair of strengthening ribs, a pair of
gussets, first and second sets of tail bearing support ribs, and first and second
sets of head bearing support ribs,

the strengthening ribs being located on top and bottom sides of the carrier
housing, each of the strengthening ribs having a first rib portion, which extends
outwardly from the first body portion and at least partly defines the cover flange,
and a pair of second rib portions, each second rib portion extending from an end
of the first rib portion and extending laterally outwardly and forwardly toward the
second body portion, each second rib portion terminating at an associated one of
the tube mounts, the gussets being disposed on opposite lateral sides of the
second body portion, each gusset coupling one of the tube mounts to the second
body portion to resist bending of the one of the tube mounts toward the second
body portion and vice-versa, the first set of tail bearing support ribs being
disposed on the top side of the carrier housing and including first and second
upper ribs that are disposed on opposite lateral sides of the second body portion,
each of the first and second upper ribs extending perpendicularly from an
associated one of the gussets and intersecting the second body portion at an
associated location that is configured to support the tail bearing, the second set
of tail bearing support ribs being disposed on the bottom side of the carrier
housing and including first and second lower ribs that are disposed on opposite
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lateral side of the second body portion, each of the first and second lower ribs
extending perpendicularly from an associated one of the gussets and terminating
at the second body portion at a corresponding location that is configured to
support the tail bearing, the first set of head bearing support ribs being disposed
on the top side of the carrier housing and including first and second upper head
bearing support ribs that are disposed on opposite lateral sides of the second
body portion, each of the first and second upper head bearing support ribs being
coupled to a corresponding one of the gussets and to the second body portion to
support the head bearing, the second set of head bearing support ribs being
disposed on the bottom side of the carrier housing and including first and second
lower head bearing support ribs that are disposed on opposite lateral sides of the
second body portion, each of the first and second lower bearing support ribs
being coupled to an associated one of the gussets and to the second body
portion to support the head bearing.
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