(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 November 2019 (14.11.2019)

(10) International Publication Number

WO 2019/217647 A2

WIPO I PCT

(51) International Patent Classification:
F16H 57/032 (2012.01) B60K 17/16 (2006.01)
B60K 6/445 (2007.10) F16H 57/037 (2012.01)

(21) International Application Number:
PCT/US2019/031469

(22) International Filing Date:
09 May 2019 (09.05.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/669,462 10 May 2018 (10.05.2018) UsS

(71) Applicant: ARVINMERITOR TECHNOLOGY, LLC
[US/US], 2135 West Maple Road, Troy, Michigan 48084
Us).

(72) Inventors: SMITH, Mark; 350 Scottsdale Drive, Troy,

Michigan 48084 (US). RAYA, Dhanapal Vittala, 244
Forthton Drive, Troy, Michigan 48084 (US).

(74) Agent: MIETZEL, Matthew M. et al.; Brooks Kushman
P.C., 1000 Town Center, Twenty-Second Floor, Southfield,
Michigan 48075 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: AXLE ASSEMBLY HAVING AN ELECTRIC MOTOR MODULE AND METHOD OF MANUFACTURE

2 8 02y 66

L N
=~ N

2%
106

- = e 2%
SO 1T 4 R

18~ (66 %68

Tl & B 5 0

18 AN [ 0
100

17/ o T R 172

1
RN
N T Y

w0 20197217647 A2 | NI 0000 00000 00 0 0 00

Fig-15

(57) Abstract: An axle assembly and a method of manufacture. The axle assembly may include a differential carrier and a bearing
support wall. The differential carrier may be made of a first material. The bearing support wall may be mounted to the differential
carrier and may be made of a second material. The second material may have a greater stiffness than the first material.

[Continued on next page]



WO 20197217647 A2 | [IN 1000000 0000 VO 0 0 O

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2019/217647 PCT/US2019/031469

AXLE ASSEMBLY HAVING AN ELECTRIC MOTOR MODULE AND METHOD OF
MANUFACTURE

CROSS-REFERENCE TO RELATED APPLICATIONS

{001} This application claims the benefit of U.S. provisional applicalion serial no.
62/669,462, filed May 10, 2018, the disclosure of which is hereby incorporated in its enlirety by

reference herein.

TECHNICAL FIELD

{002} This disclosure refales to an axle assemibly and a method of manufacture. The axle
assembly may include an clectric motor module that is rotatably supported on a bearing support wail
that may be provided with a differential carrier, The bearing support wall may be made of a stiffer

material ithan the differential carrier.

BACKGROUND
HIG03 An axle assembly having an electric motor module is disclosed i U8, Patent No.
8,858,379,
SUMMARY
HIOO In at least one embodinient, an axle assembly is provided. The axle assembly may

include an axle housing, a differential carrier, and a bearing support wall. The differential carrier
may be mounted to the axle housing and may be made of a first matenial. The bearing support wall
may be mounted to the differeantial carrier and may be made of a second material that has a greater
stiffness than the first material. The bearing support wall may receive and may rotatably support a
drive pinion. The bearing support wall may also rotatably support a rotor of an electric motor

moduie,
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{HII05] In at least one embodiment, a method of making first and sccond axle assemblies is
provided. The method may include providing first and second differential carriers that have the
same conliguration, a first differcntial assembly having a first ving gear, a second differential
assembly having a second ring gear, and first and second bearing support walls. The first ring gear
may have a different conliguration than the second ring gear. The first bearing support wall may
have a different configuration than the second bearing support wall. The first differential assembly
and the first bearing support wall may be attached lo the first differential carrier to provide the first
axle assembly. The second differential assembly and the second bearing support wall may be

attached to the differential carrier to provide the second axie assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

HIB06] Figure 1 is a perspective view of an axle assembly.
{007} Figure 2 is a section view of the axle assembly along section line 2-2 showing a shift

collar in a first position,

{H008] Figure 3 is & section view of the axle assembly showing the shift collar in a second
position,

{6009} Figure 4 is a section view of the axie assembly showing the shift collar in a third
position,

o1 Figures 3-11 are exploded views of the axle assenibly.

{011} Figure 12 is a perspective view of an adapter that may be provided with the axle
assembly.

{0013] Figure 13 is a perspective view ol a sun gear that may be provided with the axle
assembly.

{0013} Figure 14 is a perspective view ol a shift coltar that may be provided with the axle
assembly.

3
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{4 Figure 13 is a section view of the axle assembly showing a differential carrier that has

a bearing support wall that 1s a separate component from the differential carrier.

{101 5] Figure 16 1s a schematic represeniation of compound planctary gear set thal may be

provided with a gear reduction module.

{1916} Figure 17 1s a schematic representation of a countershaft gear arrangement that may

be provided with the gear reduction module.

{017} Figure 18 is a perspective view of a portion of the axle assembly with another

configuration of a shift mechamism housing,

{0 18] Figure 19 is a perspective view of a portion of the shift mechanism housing of Figure
18,

HIGT Y Figure 20 is an end view of a portien of shift mechanism housing of Figure 18,

HIG2 Figure 21 1s a seclion view of a portion of the shift mechanisn: housing along section

tine 21-21,

{21} Figure 22 is & section view of the axle assembly showing a hollow drive pinion and

examples of lubricant flow in the axle assembly.

0224 Figure 23 is a seclion view of the axle assembly showing an example of a seal that

may be associated with a sun gear of the gear reduction module.

{023} Figure 24 is a perspective view of another example of a shift mechanism housing and

associated actuator arrangement,
{0024} Figure 23 is a side view of the actuator arrangement in a first position.

H0U25] Figure 26 is a section view of a portion of the axle assembly showing the shift collar

in the first position.

{0026} Figure 27 is a side view of the actuator arrangement in a second position,

L
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{127} Figure 28 is a seciion view of a portion of the axle assembly showing the shift collar

it the secound position,

928} Figure 29 is a side view of the actuator arrangement in a third position.
{0029 Figure 30 is a section view of a portion of the axle assembly showing the shift collar

it the third posilion.

DETAILED DESCRIPTION

{0304 As required, detalled embodimenis of the present invention are disclosed herein;
however, it iy to be understood that the disclosed embodiments are merely exemplary of the
mvention that may be embodied in vartous and alternative forms, The figures are not necessarily to
scale; some [eatures may be exaggeraled or munmimized to show details of particular components.
Therefore, specific structural and functional details disclosed herein are not to be interpreled as
tmiting, but merely as a representative basis for teaching one skilled in the art to variously employ

the present invention.

{031} Referring to Figure 1, an example ol an axle assentbly 10 is shown. The axle
assembly 10 may be provided with a motor vehicle like a truck, bus, farm equipmert, mining
cquuipment, military transport or weaponry vehicle, or cargo loading equipment for land, air, or
marine vessels. The motor vehicle may include a trailer for {ransporting cargo in one or more

embadiments.

{032} The axle assembly 10 may provide torque to one or more traction wheel assemblies
that may include a tire mounted on a wheel. One or more axle assemblics may be provided with the
vehicle. As s best shown with reference to Figures | and 2, the axle assembly 10 may include a
housing asserably 20, a drive pinion 22, an electric motor moduie 24, a gear reduction medule 26, a

shift mechanism 28, a differential assembly 30, and at least one axle shaft 32,

0334 Referring to Figure 1, the housing assembly 20 may receive various components of

the axle assembly 10. In addilion, ihe housing assembly 20 may [acilitate mounting of the axie
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assembly 1€ io the vehicle. In af least one configuration, the housing assembly 20 may include an

axie housing 40 and a differential carvier 42.

HIOAY The axle housing 40 may receive and support the axle shafts 32, [In al least one

embodiment, the axie housing 40 may include a center portion 30 and at least one arm pottion 52.

{935] The center portion 50 may be disposed proximate the center of the axle housing 46,
The center poriion 5 may define a cavity that may receive the differential assembly 30, As is best
shown in Figure 2, a lower region of the center portion 50 may at least partially deline a sump
portion 54 that may contain or receive tubricant 56, Splashed lubricani 56 may flow down the sides
of the center portion 50 and may Qow over internal components of the axle assembly 10 and gather

in the sump portion 54.

036} The center portion 30 may include a carricyr mounting surface 58, The carrier
mounting surface 58 may face toward and may engage the differential carrier 42, The carrier
mounting surface 58 may facthitate mounting of the differential carrier 42 to the axle housing 40.
For example, the carrier niounting surface 58 may have a set of holes that may be aligned with
corresponding holes on the differential carrier 42, Each hole may receive a fastener, such as a bolt,

that may couple the differential carrier 42 to the axie housing 40.

{837} Referring to Figure 1, one or more arm portions 32 may oxtend from the center
portion 50. For example, two arm portions 52 may extend in opposite directions from the center
portion 5¢ and away from the differential assembly 30. The arm portions 32 may have substantially
simifar configurations. For exanple, the arm portions 52 may cach have a hollow configuration or
tubular configuration that may extend around the corresponding axle shalt 32 and may help separate
or isolate the axle shaft 32 from the surrounding environment. An armi portion 32 or a portion
thereof may be integrally formed with the center portion 50. Alternatively, an arm portion 52 may
be separate [rom the center portion 50. In such a configuration, cach arm portion 52 may be attached
to the center portion 50 in any suitable manaer, such as by welding or with one or more [asteners,
Each arm portion 52 may define an arm cavity that may receive a corresponding axle shaft 32, His

also contemplated that the arm portions 52 may be omitted.
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{138 Relerring to Figures 1 and 2, the differential carnier 42, which may also be called a
carrier housing, may be mounted to the center portion 50 of the axle housing 40. The differential
carrier 42 may include one or more components that may receive the electric motor module 24 and
may support the differential assembly 30. As 1s besl shown with reference to Figures 2 and 5, the
differential carrier 42 may include onc or more bearing supports 60, an exterior wall 62, and a
bearing support wall 64, In addition, a differential earrier cover 66 may be disposed on the

differential carrvier 42 as is best shown with reference to Figure 2.

039§ Referring to Figure 3, the bearing support 60 may support a roller bearing assembly
that may rotatably support the differential assemibly 30, For example, two bearing supports 60 may
be received in the center portion 50 and may be located proximate opposite sides of the differential
assembly 30. The bearing support 60 may be provided n various configurations. For example, a
bearing support 60 may include a pair of legs that exiend from the differential carrier 42, A bearing
cap may be mounted to the legs and may arch over a roller bearing assembly that may rotatably
support the differential assembly 30, As another example, the bearing support 60 may be received in

a rolfer bearing assembly which in turn may support the differential assembly 30.

{00484 The exterior wall 62 may extend away [rom the axle housing 40. The exterior wall
62 may exiend around a first axis 70 and may have a generally cylindrical conliguration. The
exterior wall 62 may have an exterior surface 72, an interior surface 74, an end surface 76, and one

or more ports 78,

v

{041} The exterior surface 72 may face away from the first axis 70 and may define an

exierior or cuiside surlace of the differential carrier 42,

{0042} The interior surface 74 may be disposed opposite the exterior surface 72. The interior
surface 74 may be disposed al a subslantially constant radial distance [rom the first axis 70 in one or

maore configarations.

H043] The end surface 76 may be disposed at an end of the differential carrier 42 that may

be disposed opposiie the axle housing 40. The end surface 76 may extend between the exterior
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surface 72 and the intertor surface 74 and may facilitate mounting of the differeniial carrier cover 66

as will be discussed in more detail below,

{044 One or more ports 78 may extend through the exterior wall 62. The porls 78 may be
configured as a through holes that may extend front the exterior surface 72 to the interior surlace 74.
The ports 78 may allow coolant, such as a flud like water, to flow to and from a water jacket as will

be described in more detall below.

{0845] Referring to Figures 2 and 35, the bearing support wall 64, which may also be referred
to as a pinion bearing cage, may extend away [rom the axle housing 40 and may exiend around ihe
first axis 70, The bearing support wall 64 may be spaced apart from the exterior wall 62 such that
the exterior wall 62 niay extend around the bearing support wall 64, In addition, the bearing support
wall 64 may be radially positioned between the first axis 70 and the electric motor module 24 such
that the bearing support wall 64 may support the electric motor module 24, The bearing support wall
64 may cooperate with the exterior wall 62 to at least partially define an outer cavity 80, The outer
cavity 80 may extend around the first axis 70 and may receive the electric motor module 24 as will
be discussed in more detail below. The bearing support wall 64 may be completely disposed inside
the differential carrier 42 and may not exlend to the differential carrier cover 66. As such, the
bearing support wall 64 may be spaced apart fron: and may not engage the differential carrier cover
66. In addition, the bearing support wall 64 may deline a hole 81. The hole 82 may be disposed

opposite the outer cavity 80 and may extend around or along the first axis 70.

{046} The bearing support wall 64 may be integrally formed with the differential carrier 42,
such as is shown 1n Figore 2. Alternatively, the bearing support wall 64 may be a separate
component from the differential carrier 42, such as is shown m Figures 15 and 22, For example, the
bearing support wall 64 may mnclude a mounting flange 84 that may extend away from the first axis
70. The mounting flange 84 may be attached to the differential carrier 42 wilh a plurality of
fasteners 86, such as bolts. For example, the fasteners 86 may be mranged around the first axis 70
and may exiend through the mounting flange 84 and into the differential carrier 42, The fasteners 86
may be axially pesitioned or positioned along the first axis 70 between the axie housing 40 and the

electric motor module 24,
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{47 Relerring to Figures 1 and 2, a differential carrier cover 66 may be disposed on an
end of the differential carrier 42 or the electric motor modude 24 that may be disposed opposite the
axle housing 40, For example, the differential carrier cover 66 may be mounied to the end surface
76 of the exterior wall 62, The ditferential carrier cover 66 may be fixedly attached lo the exterior
wall 62 1n any suitable manner, such as with one or more differential carvier cover fasteners 90, such
as bolts. As is best shown in Figure 1, the differential carrier cover 66 may partially define a
junction box or terminal box thal may receive components that may facilitate elecirical connections
to the clectric motor module 24. The differential carrier cover 66 may be disposed substantially

perpendicular to the first axis 70,

{H048] The differential carrier cover 66 may be provided in various configurations, For
example, the differential carrier cover 66 may enclose an erd of the differential carrier 42 and may
ot supporl a gear reduction moduole 26 i a configuration where a gear reduction moedule is not
provided. Alternatively, the differential carrier cover 66 may receive and/or support a gear reduction
module 26. For instance, the differential carrier cover 66 may have a cover end wall 100 and a cover

exterior wail 102 as i3 best shown with reference to Figures 2 and 8.

{6049 The cover end wall 100 may be disposed on and may be fastened to the end of the
differential carrier 42. The cover end wall 100 may define a through hole 104 that may intersect the

firsi axis 70.

{050} The cover exterior wall 102 may extend from the cover erd wall 100 in a direction
that extends away from the differential carrier 42, The cover exterior wall 102 may extend around
the first axis 70 and may have a generally cylindrical conligusation. The cover exterior wall 102
may at least partially define a gear cavity 106, The gear cavity 106 may be disposed outside of the
differential carrier 42 and may be disposed on an opposite side of the cover end wall 100 from the

differential carrier 42.

{081 Referring to Figare 2, the drive pimion 22 may provide torque {o a ring gear 110 that
may be provided with the differential assembly 3¢, The drive pinion 22 may extend along and may
be rotatable about the [irst axis 70 while the ring gear 110 may be rofatable about a second axis 112,

In addition, the drive pinton 22 may be received n and may extend through the hole 82 in the

el
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bearing support wall 64 and through the through hole 104 in the differential carrier cover 66, In at
least one counfiguration, such as 1s best shown w Figures 2, 6 and 7, the drive pinion 22 may include

a gear portion 120 and a shaft portion 122.

{0582} The gear portion 120 may be disposed at or near an end of the shaft portion 122, The
gear portion 120 may have a plurality of teeth that may mate with corresponding teeth on the ring
gear 110, The gear portion 120 may be mtegrally formed with the shaft portion (22 or may be

provided as a separate component that may be fixedly disposed on the shaft portion 122.

{053 The shall portion 122 may exiend from the gear portion 120 in a direction that
extends away from the axle housing 40.  As is best shown with reference lo Figures 6 and 7, the

shaft portion 122 may include an outer surface 130, a threaded portion 132, and a spline 134,

084 The outer surface 130 may extend from the gear portion 120 and may be an outside
circumference of a portion of the shafl portion 122, One or more drive pinion bearings 140 may be
disposed on the outer surface 130 and may rotatably support the drive pinion 22, The drive pinion
bearings 140 may have any suitable configuration. For instance, the drive pinion bearings 140 may
be configured as roller bearing assemblies that niay each include a plurality of rolling elements 142
that may be disposed between an inner race 144 and an outer race 146, The inner race 144 may
extend around and may be disposed oun the outer surtace 130, The ouler race 146 may extend around
the rolling elenents 142 and may be disposed on bearing support wall 64 of the differential carrier
42 and may be reccived in the hole 82 of the bearing support wall 64, The drive pinion bearings 140
may be disposed at the same distance from the first axis 70 or different distances from the first axis
70. In the configuration shown in Figure 22, a furst drive pinion bearing 140 that may engage the
gear portion 120 is disposed further from the first axis 70 than 8 second drive pinion bearing 140 that
is disposed remotely from the gear portion 120, One or more spacer rings 148 may be disposed
between the inner races 144 of the drive pinion bearings 140 to inhibit axial movement of the drive

pinion bearings 140 toward each other.

HIOS4] The threaded portion 132 may be axially positioned between the euter surface 130
and the spline 134, A preload nut 150 may be threaded onto the threaded portion 132 and may apply

a prefoad force on the drive pinion bearings 140.

9
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{HIR6] The spline 134 may be disposed between the threaded portion 132 and an end of the
shafl portion 122 thal may be disposed opposite the gear portion 20, The spline 134 may mclude a
plurality ol teeth. The teeth may be disposed substantially parallel to the {irst axis 70 and may mate
with a corresponding spline on a shifi collar of the shift mechanism 28 as will be discussed 1n more
detail below. Alternatively, the teeth of the spline 134 may mate with a corresponding sphine of an
adapter that may couple the drive pinien 22 io a rotor ol the electric moter module 24 when the gear

reduction module 26 and shift mechanism 28 are omitted.

087} Referring to Figure 2, the clectric motor module 24 may be operatively connecled to
the differential assembly 30 and may provide torque to the differential assembly 30 via the drive
pinion 22, The electric motor module 24 may be received inside the differential carrier 42, For
example, the electric motor madule 24 may be received in the outer cavity 80 of the differential
carrier 42, In addition, the electric motlor module 24 may be axially positioned between the
differential carrier cover 66 and the axle housing 40, As such, the electric motor module 24 may be
completely received inside of the differential carrier 42, Positioning the electric motor module 24
inside the differential carrier 42, as opposed to being mounted outside or to an end of the differential
carrier 42, may help reduce the axial length or standout of the axle assembly 10, which may reduce
package space, and may position the center of mass of the axie assembly 10 closer to the axle
housing 40 and the second axis 112, which may help with balancing and mouniing of the axie
assembly 10, In at least one configuration, the eleciric molor module 24 may include a water jacket

160, a stator 162, a rotor 164, and one or more rotor bearings 166.

HIG5R] Referring to Figares 2 and S, the water jacket 160 may help cool or remove heat {rom
the staior 162. The water jacket 160 may be received in the outer cavity 80 and may extend around
the first axis 70 and the stator 162, For example, the water jacket 160 may be press [it into the ouoter
cavity 80 such that the water jacket 160} may be disposed against the interior surface 74 of the
exterior wall 62 of the differential carrier 42, As such, water jacket 160 may be radially positioned
between the exterior wall 62 and the stator 162, In at least one configuration, the water jacket 160
may include a plurality of channels 170 that may extend around the first axis 70. Coolanl mayv be
provided to the water jacket 160 via a first port 78 and may exit the water jacket 160 via a second

port 78, For instance, coolant may flow from the first port 78 to the channels 170, receive heat as

10
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the coelant flows through the channels 170 and around the first axis 70, and oxit at the second port
78. The water jacket 160 may extend axially from the differential carrier 42 to the dillereatial
carrier cover 66. The water jacket 160 may be fastened to the differential carrier cover 66 with one
or more fasteners 172, such as bolts, that may extend through openings in the diflerential carrier
cover 66 and 1nto the water jacket 160, As another option, the water jacket or features of the water
1acket hike the channels 170 may be integrally formed with the differential carrier 42 rather than

being provided as a separate component.

089} The stator 162 may be fixedly positioned with respect to the differential carrier 42,
For example, the stator 162 may be received inside and may be fixedly disposed on the water jacket
160. The stator 162 may extend around the first axis 70 and may include a plarality of windings as

is known by those skilled in the art,

HIG6H] The rotor 164 may extend around the first axis 70 and may be received inside the
stator 162, The rotor 164 may be spaced apart from but disposed in close proximity to the stator
162, The rotor 164 may be rotatable about the [irst axis 70 with respect o the stator 162 and may
include magnets or ferromagnetic material that may facilitste the generation of clectrical curremt.
The rotor 164 may be rotatably supported by the bearing support wall 64 and may be radially
positioned between the bearing support wall 64 and the stator 162. The votor 164 miay be operatively
connected to the drive pinion 22 with or without a gear reduction modude 26. For instance, the rotor
164 niay be operatively connected to the drive pinion 22 between the end of the bearing support wall
64 and the differential carrier cover 66, such as with an adapter as will be discussed in more detail

below,

{0861} One or more rotor bearings 166 may rotatably support the rotor 164, In the
configuration shown, two rotor bearings 166 are provided that may be spaced apart [rom each other.
For convenience in reference, the rotor bearing 166 that may be disposed closest to the axic housing
40 may be referred to as a first rotor bearing while the rotor bearing 166 that may be disposed closest
to the differential carrier cover 66 may be referred to as a second rotor bearing. The rolor bearings
166 may have any suilable configuration. For instance, the rotor bearings 166 may be configured as
roller bearing assemblies that may cach wnclade a plarality of rolling clements 180 that may be

disposed between an inner race 182 and an outer race 184, The mnner race 182 may extend around

11
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and may receive the bearing support wall 64, The outer race 184 may extend around the rolling

clernents 186 and may be disposed on the rotor 164,

{062} Various components may help posilion the rotor bearings 166 and inhibit axial
movement of the rotor bearings 166 with respect o the bearing support wall 64 and/or inhibit axial
nmovement of the rotor 164 with respect to the rotor bearings 166. These components may include a

spacer ring 190, a first retaining member 192, and a second retaining member 194,

{0863] The spacer ring 190 may be disposed between the rotor bearings 166, For example,
the spacer ring 190 may extend around the bearing support wall 64 and may engage the inner races

182 of the rotor bearings 166 to inhibit axial movement of the rotor bearings 166 toward each other.

{04} The [irst retaining member 192 may inhibit axial movement of the rotor 164 toward
the axie housing 49, In at least one configuration, the first retaining member 192 may be configurad
as a ring that may extend around the first axis 70 and that may have a generally L-shaped cross-
section. The first retaining member 192 may be fixedly disposed on the rotor 164 in any suiiable
manner, For example, one or more fasteners 196, such as bolts, may couple the first refaining
member 192 to the rotor 164, The first retaining mentber 192 may extend to the ouler race 184 of

the first rotor bearing 1606, thereby inhibiting axial movement.

HIBGS] The second retaining menmber 194 may inhibit axial movement of the rotor 164 and
one or more rotor bearings 166 away from the axie housing 40, In at {east one configuration, the
second retaining member 194 may be configured as a ring that may extend around the {irst axis 70
and that may have a generally L-shaped cross-section. The second retaining member 194 may be
fixedly disposed on the bearing support wall 64 in any suilable manner. For example, one or more
[asteners 198, such as bolts, may couple the second retaining member 194 to an end of the bearing
supporl wall 64. The second retaining member 194 may extend to the inner race 182 of the second

rotor bearing 166, thereby inhibiting axial movement.

{166] Referring to Figure 2, the gear reduction module 26, if provided, may transmit torque
from the electric motor module 24 to the differential assemibly 30, As such, the gear reduction

modole 26 may be operatively coanected to the electric motor module 24 and the differential
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assembly 30, The gear reduction module 26 may be primanly disposed outside of the differential
carrier 42, thereby providing a modudar construction that may be mounted to the differential carrier
42 when gear reduction is desired. Such a configuration may allow for a standardized construction

of the differential carrier 42 and/or the electric motor module 24,

{867 The gear reduction module 26 may be disposed adjacent to and may be mounted to
the differential carrier cover 66. In addition, the gear reduction module 26 may be primarily
received or at least partially received in the gear cavity 106 of the differential carrier cover 66. As

such, the gear reduction module 26 may be primarily disposed outside of the differential carrier 42,

{HI068] The gear reduction module 26 may be provided in various configurations, such as
planetary gear set configurations and non-planetary gear set configurations. Referring to Figures 2-
9. an example of a gear reduction moduie 26 that has a planclary gear sel configuration is shown. In
such a configuration, the gear reduction module may include a sun gear 200, at {east one planct gear

202, a planetary ring gear 204, and a planet gear carrier 206,

HIG6Y9] Referring to Figures 2, 8 and 13, the sun gear 200 may be disposed proximate the
center of the planetlary gear set and may be rotatabie about the first axis 70. In addition, the sun gear
200 may extend through the through hole 104 in the cover end wall 100 of the differential carrier
cover 66. As 1s best shown primarily with reference to Figare 13, the sun gear 200 may be a hollow
tubular body that may include a {irst end surlace 210, 3 second end surface 212, a sun gear hole 214,
an enfarged portion 216, a sun gear spline 218, a first gear portion 220, a secord gear portion 222,

aril a seal mounting surface 224,

a7 The first end surface 210 may be disposed at an end of the sun gear 200 that may face

toward the axle housing 40. The first end surface 21} may be disposed 1n the duferential carrier 42.

071} The second end surface 212 may be disposed at an end of the sun gear 200 that may
face away from the axle housing 40. As such, the sccond end surface 212 may be disposed opposite
the first end surface 210. The sccond ead surface 212 may be disposed in the gear cavity 106 of the

differential carrier cover 66,
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T2} The sun gear hole 214 may extend from the first end surface 210 to the second end
surface 212, The sun gear hole 214 may exlend along and may be centered about the first axis 70,
The drive pinion 22 may extend throngh the sun gear hole 214 and miay be spaced apart from the sun

gear 200.

HIG734 The enlarged portion 216 may be a portion of the sun gear hole 214 that may exlend
from the second end surlace 212 to the first gear portion 220. The enlarged portion 216 may have a
larger diameter than the first gear portion 220 and a larger diameter than a shift collar that may
scleclively couple the gear reduction mwodule 26 to the drive pimion 22 as will be discussed in more

detail below,

074} The sun gear spline 218 may facilitate coupling of the sun gear 200 to an adapter as
will be discussed in more detail below. In at least one configuration, the sun gear spline 218 may be
disposed opposite the sun gear hole 214 and may extend from or may be disposed adjacent to the
first end surface 210, As such, the sun gear spline 218 may be recetved inside the adapter 230, It is
afso contemplated that the sun gear spline 218 may be dispesed in the sun gear hole 214, In such a

conliguration, the adapter may be received inside the first gear portion 220,

HIO 7S] The [irst gear portion 220 may be disposed in the sun gear hole 214 between the Iirst
end surface 210 and the enlarged portion 216. Tecth of the first gear portion 220 may be arranged

around the first axis 70 and may extend toward the {irst axis 70,

{6076} The second gear portion 222 may be disposed proximate the second end surface 212
of the sun gear 200, The second gear portion 222 may have teeth that may mesh with teeth of the
planet gears 202. The teeth of the second gear portion 222 may be arranged around the first axis 70

and may extend away [rom the [irst axis 70,

0771 The seal mounting surface 224 may be disposed between the sun gear spline 218 and
the second gear portion 222. The seal mounting surface 224 may be a generally smooth surface that

may face away frons the first axis 70 and that may extend around the first axis 70.

HIOTH] Referring to Figures 2, 8 and 9, one or more planct gears 202 may be rolatably

disposed between the sun gear 200 and the planetary ring gear 204, Each planet gear 202 may have

14
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a hole and a set of teeth. The hole may be a through hole that may extend through the planet gear
202, The sel of teeth may be disposed opposite the hole. The set of teeth may mesh with tecth of the
second gear portion 222 of the sun gear 200 and teeth on the planetary ring gear 204. Each planet
gear 202 may be configured to rolate about a different planet pinion axis. The planet pinion axes

may extend substantially parallel to the first axis 70,

{879 The planctary ring gear 204 may extend around the first axis 70 and may receive the
planet gears 202, The planctary ring gear 204 may include a plurality of feeth that may extend
toward the first axis 70 and may mesh with leeth on the planet gears 202. The planctary ring gear
204 may be fixedly positioned with respect to the differential carrier cover 66 and the first axis 70,
For example, the planetary ring gear 204 may be received in the gear cavity 106 of the differential
carrier cover 66 and may be fixedly disposed in the differential carrier cover 66 such that an outside
circumference of the planetary ring gear 204 may be disposed on a side of the cover exierior wall

102 that faces toward the first axis 70.

HIOR0] The planet gear carmier 206 may be rotatable about the first axis 70 and may rotatably
support the planet gears 202, In at {east one configuration, the planet gear carrier 206 may include a
planet gear carrier hole 230, a planet gear carrier gear portion 232, a planet gear carrier flange 234,

and one or more pins 236,

{81} The planet gear carrier hole 230 may be a through hole that may extend through
planet gear carrier 206, The planet gear carrier hole 230 may extend along ard may be centered

about the first axis 79,

{0821 The planet gear carrier gear portion 332 may be disposed 1n the planet gear carrier
hole 230. Tecth of the planel gear carrier gear poriion 232 may be arranged around the first axis 70

and may extend toward the first axis 70,

HIG83] The planet gear carrier flange 234 may be disposed on a side of the planet gear carrier
206 that may face away from the planet gears 202, A roller bearing assembly 238 may extend

around the planet gear carrier {lange 234 to rotatably support the planet gear carvier 206, The roller
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bearing assembly 238 may be disposed between the planet gear carvier flange 234 and z shift

mechanism hoosing 300 that may be disposed on the dilferential carrier cover 66.

{084 One or more pins 236 may rolatably support the planet gears 202, For example, a pin
236 may extend into or through the hole in a corresponding planet gear 202. A roller bearing may
extend around cach pin 236 and may be disposed between the pin 236 and a corresponding planet

gear 202 in one or more embodunents,

HIG85] Referring to Figure 16, an example of a gear reduction module that has a compound
planctary gear set is shown., A compound planetary gear sct configuration miay include a sun gear
200, a planctary ring gear 204, and a planet gear carrier 206 as previously described. One or more
planet gears 2027 may be rotatably disposed between the sun gear 200 and the planetary ring gear
204, Each planct gear 202”7 may have 2 hole, a first set of teeth 2267, and a second set of teeth 2287
The hole may be a through hole that may extend through the planet gear 202°. The first set of tecth
226> may be disposed opposite the hole and may mesh with tecth of the second gear portion 222 of
the sun gear 200, The second set of teeth 2287 may also be disposed opposite the hole and may
mesh with the teeth of the planclary ring gear 204, The second set of teeth 228 may be arranged at
a greater radial distance from the rotational axis of the planet gear 202° than the first set of teeth

226°.

{HI86] Relerring to Figure 17, an exanmple of a gear reduction nioduie that has a countershaft
gear arrangenent is shown. In a countershaft arrangement, a plurality of gear sets, such as two sels
of gears may be axially positioned adjacent to each other. The first set of gears may include a first
inner gear 240 that may mesh with teeth on at lcast one first outer gear 242, The second set ol gears
may inclode a second fnner gear 244 that may mesh with tecth on at least one second outer gear 246.
The [irst inner gear 240 and the second inner gear 244 may be rotatable about the [irst axis 70. The
first inner gear 240 may have a smaller diameter than the second inner gear 244, The first outer gear
242 may have a larger diameter than the second outer gear 246, A first outer gear 242 may be
conneeted to a correspending second outer gear 246 with a countershaft 248, which may also be
catied a layshaft, such that the first outer gear 242 and the second ouler gear 246 may rotate about a
common axis that may be spaced apari [rom the first axis 70. A shift collar 304 may selectively

engage the first inner gear 240 or the second inner gear 244 to provide different gear ratios {o the

10
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drive pinion 22. 1t is also contemplated that a countershaft gear arrangement may include a single

countershafi rather than multipie countershafis as shown n Figure 17.
{087 Referring to Figures 2, 6, 7 and 12, an adapter 250 may couple the electric motor

module 24 lo the gear reduction module 26. For example, the adapter 250 may couple the rotor 164
to the sun gear 200. The adapter 230 may be dispesed inside the differential carrier 42 and may be
axially positioned between the axle housing 40 and the differential carrier cover 66. 1In at least one

configuration, the adapter 2560 may include a tubular body 252 and a flange portion 254,

HI088] The tubular body 252 may have a first end 260 and a second end 262 that may be
disposed oppesite the first end 260, The tubular body 252 may define an adapter hole 264 that may
extend from the first end 260 to the second end 262, The adapter hole 264 may be a through hole
that may extend along and may be centered about the first axis 70, The drive pinion 22 may extend
through the adapier hole 264 and may be spaced apart from the adapter 250. The sun gear 200 may
be received in the adapter hole 264, For example, the tubular body 232 may include an adapter
spline 266 that may be disposed i the adapter hole 264. The adapter spline 266 may have teeth that
may be arranged around the first axis 70 and may exiend toward the first axis 70, The teeth of the
adapter spline 266 may mate with the teeth of the sun gear spline 218 such that the adapter 250 may

rotate about the {irst axis 70 with the sun gear 200 and the rotor 164,

{18 The flange portion 254 may be disposed between the first end 260 and the second end
262 of the tubular body 252, The flange portion 234 may extend from the tubular body 252 in a
direction that extends away from the fisst axis 70, The fange portion 254 may be fixedly coupled to
the rotor 164. For instance, the flange portion 254 may include a set of holes that may be arranged
around the first axis 70 and that may recetve fasteners 268, such as bolis, that may extend through

the holes to couple the flange portion 254 io the rotor 164,

{90 Referring to Figures 2, 6 and 7, an adapter seal 270 may be disposed on the tubular
body 252, The adapter seal 270 may be disposed proximate the first end 260 of the tubular body 252
and may extend arcund the tubular body 252. The adapter seal 270 may extend from the adapter 250
o the bearing support wall 64 of the diflerential carrier 42, As such, the adapier seal 270 may

separate the outer cavity 86 of the differential carrier 42 from the hele 82 in the bearing support wall

17
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64 1o inhibit lubnicant 536 from entlering the outer cavity 80 and from flowing to the clectric motor

module 24,

0914 Referring o Figures 2, 8 and 9, a sun gear seal 272 may also be provided to inhibit
fubricant 56 [rom entering the outer cavity 80, The sun gear seal 272 may be disposed on and may
extend around the seal mounting surface 224 of the sun gear 200. The sun gear seal 272 may extend
from the sun gear 200 to the differential carrier cover 66. For example, the sun gear seal 272 may be

received in the through hole 104 of the cover end wall 100 of the differential carrier cover 66,

{1092} Referring to Figures 2, 6 and 7 a rotary encoder 280 may be associated with the
clectric motor module 24. The rotary encoder 280 may be disposed near the electrie motor module
24 and may also be isolated from the lubricant 36 due to the sealing provided by the adapter seal 270
and the sun gear seal 272, The rotary encoder 280 may be provided to detect rotation of the rotor
164, Inat least one configuration, the rotary encoder 280 may include a rotary disc 282 and a sensor

284,

HI93] The rotary disc 282 may rotate about the first axis 70 with the rotor 164. The rotary
disc 282 may be provided in any suitable location. In the configuration shown, the rotary dise 282 is
lixedly mounted to the second end 262 of the tubular body 252 of the adapter 2530 with fasteners
286, such as bolts. As such, the rofary disc 282 may extend around the sun gear 200 and may rofate
with the rotor 164 and the adapter 25¢. In addition, the rotary disc 282 may be axially positioned
between the flange portion 254 of the adapter 250 and the differential carrier cover 66. As such, the
rotary dise 282 may be positioned between the bearing support wall 64 of the differential carrier 42
and the differential carrier cover 66. The rotary disc 282 may have a non-cvlindrical outer surface
that may face away from the first axis 70 that may inciude a plurality of protrusions that may extend

away from the first axis 70.

{094 The sensor 284 may cxiend around the rotary disc 282, The sensor 284 may detect
rotation of the rotary disc 282 by detecting the presence or absence of the protrusions of the rotary
disc 282, The sensor 284 may communicate with an electronic controlier that may coatrol operation
of the eclectric motor module 24. The sensor 284 may have any suilable configuration. In the

configuration shown, the sensor 284 is configured as a ring that may extend around the first axis 70.
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The sensor 284 may be fixedly mounted to 3 mounting plate 290, which in turn may be fixedly
mounted to the differential carrier cover 66 with one or more fasteners 292, such as bolts, which are

best shown in Figure 8.

{095} Referring to Figure 2, the shift mechanism 28 may be disposed at an end of the axle
assembly 10 thai may be disposed opposite the axie housing 40. For example, the shill mechanism

28 may be disposed on the differential carrier cover 66,

{0096] The gear reduction module 26 may cooperate with the shift mechanism 28 to provide
a desired gear reduction ratio to change the torque provided [rom the electric motor module 24 to the
differential assembly 30, and hence to the axle shafis 32 of the axle assembly 10, For example, the
gear reduction module 26 may provide a first drive gear ratio and a second drive gear ratio. The first
drive gear ratio, which may be referred to as a low range gear ratio, may provide gear reduction [rom
the electric motor module 24 to the differential assembly 30 and hence {o the axie shafts 32, Asa
nonlimiting example, the first drive gear ratio may provide a 2:1 gear ratio or more, The first drive
gear ratio may provide increased torque o a vehicle traction wheel as compared to the second drive
gear ratio. The second drive gear ratio, which may be referred (0 as a high range gear ratio, may
provide a different gear reduction ratio or lesser gear reduction ratio than the first drive gear ratio.
For instance, the second drive gear ratio may provide a 1:1 gear ratio. The second drive gear raiio
may [acilitate faster vehicle cruising or a cruising gear ratio that may help improve fuel economy. In
addition, a neutral drive gear ratio or neutral position may be provided in which torque may not be

provided to the differential assembly 30 by the clectric motor module 24,

{697 Referring to Figures 2, 10 and 11, the gear reduction module 26 may include & shifl

mechanism housing 300, an end plate 302, a shilt collar 304, and an actuator 306.

HIG98] The shift mechanism housing 300 may be disposed on the differential carvier cover 66
and may be mounied to a side of the differential carrier cover 66 thal may be disposed opposite the
differential carrier 42. For example, the shift mechanism housing 300 may be mounted to the cover
exterior wall 102 of the differential carrier cover 66 with one or more fasteners 310, such as bolis.
The shift mechanism housing 300 may cooperate with the differential carrier cover 66 {o define the

gear cavily 106. In addition, the shift mechanism housing 300 may [acilitale mounting of the
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actuator 306 and may at least partially define a shift mechanisn cavity 312 that may at least partially
receive the shifl collar 304, As is best shown n Figure 2, the shift mechanism housing 300 may

rotatably support the planet gear carrier 206 via the rotler bearing assembly 238,

{0994 The end plate 302, which may also be referred to as an end cap, may be disposed on
an end of the shift mechanism housing 300 that may be disposed opposite the axle housing 40. For
example, the end plate 302 may be mounied to the shift mechanism housing 300 with a plurality of
fasteners 320, such as bolts. The end plate 302 may rotatably support the shifi collar 304, For
example, the end plate 302 may have a support feature 322 that may be disposed on an interior
surface of the end plate 302 and that may extend toward the differential carrier cover 66, The
support feature 322 may be centered about the first axis 70 and may be substantially cylindricaf in
one or more configurations. The support feature 322 may be received in the shilt collar 304 and may
rotatably support the shift collar 304 such that the shuft collar 304 may be rotatable about the support
feature 322, The support feature 322 may be integrally formed with the end plate 302 or may be

provided as a separate conponent.

{LERE Referring to Figure 2, the shift collar 304 may be at least partially received in the shift
mechanism housing 300. For instance, the shift collar 304 may be at least partially received in the
shift mechanism housing 300 and may extend through componenis of the gear reduction module 26,
such as the planet gear carrier 206, In at least one configuration such as is best shown in Figure 14,
the shift collar 304 may include a shift collar hole 330, a shift collar spline 332, a shift collar groove

334, and a shift collar gear 336.

{181 The shili cellar hole 330 may extend through the shift collar 304 and may extend
around the first axis 70. The shilt collar hole 330 may receive the shaft portion 122 of the drive

pinion 22,

2] The shift collar spline 332 mayv be disposed in the shift collar hole 330 and may be
axially positioned near a first end of the shift collar 304 that may face toward the differential carrier
42, The shift collar spline 332 may extend toward the first axis 70 and may mate with the spline 134
of the drive pinion 22. The mating splines may allow the shift collar 304 fo move in an axial

direction or along the (irst axis 70 while inhibiting rotation of the shifl collar 304 about the first axis
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70 with respect to the drive punton 22, Thus, the shift collar 304 may be rotatable about the first axis

70 with the drive pinion 22,

{034 The shift collar groove 334 may be disposed proximate a second end of the shift
collar 304 that may face toward the end plate 302. The shift colfar groove 334 face away [rom the
[irst axis 70 and may extend around the first axis 70. The shifi collar groove 334 may receive a
hokage 340, such as a shift fork, that may operatively connect the shift collar 304 to the actualor

306.

HH 4] The shift collar gear 336 may be disposed between the first end and the second end of
the shift collar 304, The shift coliar gear 336 may have teeth that may be arranged around the first

axis 70 and that may extend away from the first axis 70.

03] The shift collar 304 may be moevably disposed on the drive pinion 22 and the support
feature 322. More specifically, the shifi collar 304 may move axially or in a direction that exiends
along the first axis 70 between a first position, a second position, and a third position. These

positions are Hustrated in Figures 2-4,

{3106} Referring to Figure 2, the shift collar 304 is shown in the first position, In the first
position, the shift collar 304 may couple the planet gear carrier 206 o the drive pinion 22, For
gxample, the tecth of the shill collar gear 336 may mesh with the teeth ol the planet gear carrier gear
portion 232 of the planet gear carrier 206.  As such, torque that is provided by the electric motor
module 24 may be transmitted through the adapter 250, sun gear 200, planet gears 202, and planet
gear carrier 206 to the shift coltar 304 and from shift coltar 304 (o the drive pinion 22, The shift
collar 304 may be disposed in the shift mechanism housing 300 and o the differential carrier cover
66 and may nol extend into the differential carrier 42 when in the first position or a low range gear

ratio is selected.

HHOT] Referring to Figure 3, the shifl collar 304 is shown in a second position or neutral
position. The second position may be axially positioned between the fivst position and the thizd
position. In the second position, the shift collar 304 may not couple the gear reduction module 26 to

the drive pinton 22. For example, the teeth of the shuft collar gear 336 may not mesh with the teeth
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of the sun gear 200 or the planet gear carrier 206. As such, torque that is provided by the electric
motor modole 24 may not be transmuitted 1o the shift collar 304 or the drive pinion 22, The shift
collar 304 may be disposed closer to the axie housing 40 when in the sccond position than when in
the first position, The shift collar 304 may be axially positioned such that a portion of the shift collar
304 may extend throagh the differential carrier cover 66 and info the differential carrier 42 when the

second position or neuiral gear ratio is selected.

HH08] Relerring to Figure 4, the shift collar 304 is shown m the third position. In the third
posttion, the shift collar 304 may couple the sun gear 200 to the drive pinion 22, For example, the
tecth of the shift colfar gear 336 may mesh with the tecth of the second gear portion 222 of the sun
gear 200.  As such, torque that s provided by the eleciric motor module 24 may be fransmitted
through the adapter 250 and sun gear 200 to the shift collar 304 and fron: shift collar 304 to the drive
pinion 22, The shift collar 304 may be disposed closer o the axle housing 40 when in the third
position than when in the second position. The shift colfar 304 may be axially positioned such that a
portion of the shift collar 304 may extend through the differential carrier cover 66 and into the

differential carrier 42 when the third position or high range gear ratio is selected.

109 It is also contemplated that the shift collar may be omitted such that the gear
reduction module may provide a single gear ratio rather than multipie gear ratios. For exanmple, the
planel gear carrier 206 may be coupled to the drive pinlon 22 to provide a low range gear ratio

without a high range gear ratio.

{116} Referring to Figures 1, 160, and 11, the actuator 306 may be disposed on the shilt
mechanism housing 300. The actuator 306 may move the shift collar 304 along the first axis 70
between the first, second, and third positions. For example, the actuator 306 may be coupled to the
shili collar 304 with the linkage 340, The actuator 306 may be of any suitable fype. For example,

the actuator 306 may be an electrical, electromechanical, preumatic or hydraulic actuator,

{11 An clectronic controller may control operation of the actuator 306 and hence
movement of the shift collar 304, An example of shifting of the shift collar 304 will now be
discussed in the condext of an axle assembly 10 that has a gear reduction module 26 having a

planetary gear configuration. Starting with the shifl collar 304 in the first position, the electronic

Y
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controlier may recetve one or more mputs that may be indicative of speed {(¢.g., rotational speed of
the rotor 164} and/or torque (e.g., torque provided by the electric motor). Shifting of the shift collar
304 frony the first position to the second position or newtral position may be commenced when the
speed and/or torque exceed predetermined threshold levels, Torque en the shili collar 304 may be
temporarily rehieved or reduced by controlling the rotational speed of the electric motor so that the
shift collar 304 may more easily be actuated from the first position to the second position. The shift
collar 304 may then be actuated from the second posilion {o the third position. More specifically,
the rotational speed of the shili collar 304 may be synchronized with the rotational speed of the sun
gear 200 and then the actuator 306 may be controlied to move the shift collar 304 from the second
position to the third position. The steps may be generally reversed {o move the shift collar 304 from
the third position to the first position. For instance, torque on the shift cotlar 304 may be temporarily
relieved or reduced to allow the shift collar 304 to move from the third position to the second
position and rotational speed of the shift collar 304 and planet gear carrier 206 may be synchronized

to altow the shift collar 304 to move from the second position to the first position.

{113 Referring to Figure 2, the flow of lubricant 56 in the axle assembly 10 will now be
described in more detail,  Lubricant 56 may flow between the axle housing 40 in the shift
mechanism hoosing 300 without entering the ouler cavity 80 due to the sealing provided by the
adapter seal 270 and the sun gear seal 272. As such, lubricant 536 that is splashed by the ring gear

110 may fow through the hole 82 in the differential carrier 42 to reach the gear cavity 106 and the

shift mechanism housing 300, For example, lubricant 56 may How between the axle housing 40 and
the gear cavity 106 by [lowing through the hole 82, drive pinion bearings 140, the adapter hole 264
of the adapter 250, and the sun gear hole 214 of the sun gear 200. Lubricant 56 may then be direcled
to the planet gears 202 in the reller bearing assembly 238 that may rotaiably support the planet gear

carricr 206, Some hubricant 56 may also accumulate in the bottom of the gear cavity 106.

{13 Referring to Figure 2, the differential assembly 30 may be at least partially received
i the center portion 50 of the housing assembly 20, The differential assembly 30 may transmit
torque to the vehicle traction wheel assemblies and permit the traction wheel assemblies to rotate at
different velocities, The differential assembly 30 may be operatively connected to the axle shafis 32

arl may permit the axle shafts 32 to rotate at different rotational speeds in a manner known by those
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skitled in the art, As such, the differential assembly 30 may receive torque via the ring gear 110 and

provide torque to the axie shafis 32.

{14 Referring to Figures 1| and 2, the axie shafts 32 may transmit torque from the

5

differential assembly 30 {o corresporling fraction wheel assemblies. For example, two axle shafts
32 may be provided such that cach axie shaft 32 extends through a different arm portion 52 of axie
housing 4¢0. The axle shafts 32 may extend along and may be rotated about the second axis 112 by
the dilfereniial assembly 30. Hach axle shaft 32 may have a first end and a second end. The furst
end may be operatively connected to the differential assembly 30. The second end may be disposed
opposite the first end and may be operatively connected to a wheel end assembly that may have a
wheel hub that may support a wheel, Optionally, gear reduction may be provided between an axle

shaft and a wheel.

{15} Referring to Figure 18 and 21, another configuration of an axle assembly is shown.
In this configuration, a portion of the axle assembly, such as a cover like the differential carrier
cover 66, may include or may support a terminal box 400, a terminal box cover 402, and a terminal
box clanip 404, The terminal box 400 may alse be associated with one or niore phase blocks 406,

one or more seals 408, one or more push nuts 410, and one or more optional sleeves 412.

{0116} Referring to Figures 18, 19 and 21, the terminal box 400 may be disposed proximate
the electric motor module 24 and may facilitate electrical connections to phase cables 414 that may
conduct electrical energy to/from the electric motor module 24, Any suitable mumber of phase
cables 414 may be provided. In the configuration shown, three phase cables 414 are provided that
nmay conduct electirical energy from/to an electrical power source, such as a baftery, generator, or the
like. Each phase cable 414 may include a conductor that may be at least partially received in an
insulator. As is best shown in Figure 21, an end of the conductor of cach phase cable 414 may be
connected or crimped o a fug 416 that may be fastened to a terminal block 418, such as with a
fastener like a screw. The terminal block 418 may be clectrically connected to wires that may
conduct electrical energy to/from the electric motor module 24, As such, the terminal box 400 may
facifitate mounting the phase cables 414 and may electrically connect the phase cables 414 to the

electric motor module 24,
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{I117] Relerring to Figures 18 and 21, the terminal box cover 402 nay be mounted to the
terminal box 400 and may help enclose the {eronnal box 400. The terminal box cover 402 may be a
scparate component from the terminal box 400 and may be removably fastenced to the terminal box
400 in any suitable manner, soch as with one or more fasteners like bolis or screws, At lcast a
portion of the terminal box cover 402 may be disposed forther from the first axis 70 than the electric

motor module 24, The terminal box cover 402 may mnclude a support bracket 420.

HH18] Relerring to Figures 18, 20, and 21, the support bracket 420 may be integrally formed
with the terminal box cover 402 or may be a separate component thal s niounted to the terminal box
cover 402, As is best shown in Figure 21, the support bracket 420 may be cantilevered from the
terminal box 400 and may help support and inhibit bending of the phase cables 414, In at least one
configuration, the support bracket 420 may have a generally L-shaped cross-section that may include
a cantilever arm 422 and a support arm 424, The cantidever arm 422 may be cantilevered with
respect to the terminaf box 400 and may extend over the phase cables 414 and the phase block 406,
Mereover, the cantilever arm 422 may be spaced apart from the phase cables 414 and the phase
block 406, The support arm 424 may exiend from an end of the cantifever arm 422 toward the phase
cables 414. In at least one configuration, the support arm 424 may be disposed substantially
perpendicutar to the cantilever arm 422 and may be spaced apart from the phase block 406. As 15
best shown in Figure 20, the support arm 424 may inchude a plarality of recesses. Each recess may
receive a corresponding phase cable 414 and may have a conliguration that 1s compatible with the
shape of the phase cable 414, For instance, each recess may have a semicircular configuration and

the recesses may be spaced apart from cach other.

{119 Relerring to Figures 18-21, the terminal box clanyp 404 may cooperate with the
support bracket 420 1o help secure and support the phase cables 414, The terminal box clamp 404
may be mounted and fastened to the support arm 424 of the support bracket 420. In at least onc
configuration, the terminal box clamp 404 may be fastened to an end of the support arm 424 and
may be spaced apart from the terminal box 400, As s best shown in Figure 20, the terminal box
clamip 404 may include a plurality of recesses, Each recess may receive a corresponding phase cable
414 and may have a confliguration that is compatible with the shape of the phase cable 414, TFor

instance, cach recess niay have a semicircular configuration. The terminal box clanmyp 404 may be
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fastened to the support bracket 420 in any suitable manner, such as with one or more {asteners like
bolts or screws. Accordingly, the ternunal box clamp 404 may cooperate with the support bracket
420 to clamp against the wsulator of the phase cables 414 1o help securc the phase cables 414 to the
termunal box cover 402, Securing the phase cables 414 lo the terminal box cover 402 may inhibit or
it beading of the phase cables 414 between the terminal box clamp 404 and the terminal box 400,
which in furn may help reduce stress or bending proximate the phase block 406 and ternunal box

400,

1126 Referring to Figures 19 and 21, one or more phase blocks 406 may be associated with
the phase cables 414, For exanmple, individual phase blocks 406 may be provided with cach phase
cable 414 or a phase block 406 may be associated with mulitiple phase cables 414, A phase block
406 that is associated with multiple phase cables 414 may include a plurality of openings through
which corresponding phasc cables 414 may exlend. Individual phase blocks 406 may each have a
single opening through which a corresponding phase cable 414 may extend. The phase block 406
may be mouated to the terminal box 400 and may be spaced apart from the terminat box cover 402,
the support bracket 420, the terminal box clamp 404 or combinations thereol. Moreover, the phase
block 406 may be mounted to a side of the terminal box 400 that faces toward the terminal box
cltarap 404 and may be positioned between the termunal box 400 and the terminal box clamp 404, As
is best shown i Figure 21, cach opening may have a tapered configuration that may receive a seal
408 and a push nut 410, In addition, a phase block clamp 426 may extend from the narrow end of
the taper and may be crimped onto the insulator of a phase cable 414 to secure the phase block 406
to the phase cable 414, The phase block clamp 426 may extend continuously around and may
contact the phase cable 414 and may exiend wto the cavity of the terminal box 400 and one or more

conligurations.

131} Referring fo Figure 21, the seal 408 may be configured as a ring that may extend
around a phase cable 414, The seal 408 may receive and may fit snugly against the insulator of a
phase cable 414 to inhibit water ingression between the scal 408 and the phase cable 414, In
addition, the seal 408 mayv fit snugly against the inner surface of the phase block 406 that defines the
opening through which the phase cable 414 cxtends to inhibit waler ingression between the seal 408

arxd the phase block 406,
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{H1122] The push nut 410 may help sccure the scal 408 In the phase block 406, The push nut
416 make be configured as a ring that may extend at least partially around the phase cable 414, The
push nut 410 may be positioned against an end of the seal 408 that may [ace toward the ternunal box
clamp 404 and may be received in an opening of the phase block 406 with an interference fif.
Accordingly, the push nut 410 may whibit the seal 408 from moving away from the terminal box
400 and toward the terminal box clamp 404. Moreover, the phase block 406, seal 408, push nut 414,
or combinations thercof may help inhibit bending of a phase cable 414 that may lead to waler
ingression, cable damage, or loosening of the phase cable 414, thereby helping provide a more

robust and supported connection.

{HH 23] Optionally, each phase cable 414 may extend through a sleeve 412, The sleeve 412
may be generally cylindrical and may extend around the phase cable 414, The sleeve 412 may be
received between the support bracket 420 and the terminal box clamp 404 and may contact ihe
support bracket 420 and the terminal box clamp 404, The sleeve 412 may be made of an elastic
material and/or a stiffer material than the phase cable 414 or its insulator. As such, the sleeve 412
may help further protect a phase cable 414 and may help further inhibit bending of a phase cable 414
to help reduce stress or potential disengagement of a phase cable 414, damage (o a phase cable 414,
or bending or kinking of a phasc cable 414 that may result in damage to the phase cable 414 or its
insulator or reduce the sealing eflectiveness of the seal 408, The phase cable 414 having elastic
properties may provide a limiled amount of compression and strain rehiefl to help reduce stress or
potential disengagement of a phase cable 414 or potential damage. The phase cable 414 may be

substantially linear between the terminal box 400 and the terminal box clanp 404,

{11 24 Relerring io Figure 22, additional refinements to the axie assembly will now be
described.
125§ In Figure 22, the bearing support wall 430 may be provided as a separate component

that may be fastened to the differential carrier 42 similar to the configuration shown in Figure {5.
The bearing support wall 430 may be made of a different material than the differential carrier 42.
For inslance, dilferential carrier 42 may be made of a first material while the bearing support wall
430 may be made of a second material that has a greater stiffuess or is a stiffer naterial than the first

material, As an example, the differential carrier 42 may be made of a non-ferrous material, such as
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aluminuny, while the beanng support wall 430 may be made ol a ferrous material, such as cast iron
or steel. In such configurations, the difterential carrier 42 may be made of a lighter weight material
than the bearing support wall 430 while the bearing support wall 430 may be made of a material that
may be less expensive as compared to the material of the differential carrier 42 and may have
stiflhess and thermal expansion characteristics that arc more sunilar to the stiffness and thermal
expansion characteristics of the drive pinion bearings 140, the rotor beanings 166, or both. For
instance, a drive pinton bearing 140 may have a drive pinion bearing coefficient of thermal
expansion that may have a value or magnitude that s closer to a second coefficient of thermal
expansion of the second material from which the bearing support wall 430 is made than a first
coeflicient of thermal expansion of the first material from which the differential carrier 42 is made.
Sinzilarly, a rotor bearing 166 may have a rotor bearing coefficient of thermal expansion that may
have a value or magnitude that is closer to the second coeflicient of thermal expansion than the first
coeflicient of thermal expansion. As such, the bearing support wall 430 may expand and contract in
a similar manner as the drive pinion bearings 140, the rotor bearings 166, or both, which may help
maintain desired positioning and alignment of these components, help keep bearing preload foree is

within acceptable limits, or combinations thercof,

{126} Providing a bearing support wall 430 that is a separate component may also allow the
difTerential carrier 42 to be standardized and allow different bearing support walls to be provided to
accommodate differenl gear ratios.  For instance, bearing support walls 430 may be provided in
different configurations so that drive pinions 22 may be provided in diflerent axial positions to
accommodate different gear ratios or different gear tooth profiles instead of providing different
differential carrier configurations to accommodate diflerent gear ratios, which may help reduce
manufacturing costs and complexity,  As an example, multiple differential carriers 42 may be
provided that have the same configuration. First and second differential assemblics may be provided
that may have first and second ring gears, respectively, that may have different configurations. For
instance, the first ring gear may have a larger diameter than the second ring gear or may have teeth
that have a gear tooth profile that differs front a gear tooth profile of the second ring gear, Similarly,
[irst and second bearing support walls may be provided that have different configurations. The first
differential assembiy and the first bearing support wall may be attached to a differential carnier to

kelp make a first axle assembly while the second differential assembly and the second bearing
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support wall may be attached to the second differenfial carrier to help provide a second axle
assembly. In addition, first and second drive pinions may be mounted in the [rst and second bearing
support walls, respectively. The [rst and second drive pinions may have different configurations,
may be disposed in different axial positions, may have different axial lengths, may have different
gear {ooth profiles, or combinations thereof. As such, the first drive pinion and the first ring gear
may be configured to provide a first gear ratio while the second drive pinion and the second ring

gear may be configured to provide a second gear ratio the differs from the {irst gear ratio.

12374 Figure 22 also depicts an alternative fubricant flow arrangement. The bearing support
wall 430 may include various passages that may help route fubricant 56 to various components and
may help better circulate fubricant 56 in the axle assembly. For instance, the bearing support wall
430 may include and may define a first fubricant passage 440 and a second lubricant passage 442,
The first lubricant passage 440 is represented with a dotted hine while the second lubricant passage
442 is represented with a dashed line. The first lubricant passage 440 and the second lubricant
passage 442 may be spaced apart from each other and may be located above the first axis 70 andror
above the drive pinion 22, Lubricant 56 that is splashed by the ring gear 110 may pass through an
opening 444 in the differential carrier 42 to reach the first lubricant passage 440 andfor the second
fubricant passage 442; however, 1t is contemplated that the first lubricant passage 440 and the second
jubricant passage 442 may extend from different openings, Regardless ol the opening arrangenient,
the first lubricant passage 44€ and the second lubricant passage 442 may receive hubricant 56 that is

splashed by the ring gear 110 when it rotates.

{128] The first lubricant passage 4460 may provide lubricant 56 to the drive pinion bearings
140, For example, the first lubricant passage 440 may provide lubricant 56 {o a gallery 446 that may
be axially positioned between the drive pinion bearings 140, This lubricant 56 may be pumped
through the drive pinion bearings 140 when the drive pinion 22 rofates about the first axis 70 as
represented by the solid arrows focated below the drive pinion 22 that are depicted as extending
through the drive pinion bearings 140. Lubricant 56 that is pumped through the drive pinion bearing
140} that 1s located closest to the ring gear 110 may return to the sump portion 54 while hubricant 56
may be pumped through the other drive pinion bearing 1460 away from the ring gear 110 toward

components that are remotely located from the ring gear 110.
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{129 The second lubricant passage 442 may help provide labricant 56 io the gear reduction
module 26 and the shift mechanism 28, For example, the second lubricant passage 442 may be
longer than the first lubricant passage 4480 and may route lubricant 56 past the drive pinion bearings
140, As such the outlet of the second lubricant passage 442 may be disposed further from the
differential assembly 30 than the drive pinion bearings 140 as well as the [irst lubricant passage 440
and its ouilet. The second lubricant passage 442 may provide fubricant 56 to a gallery that 1s located
outside of the drive pinion 22 and nside the sun gear 200, This lubricani 56 may exit the second
jubricant passage 442 and may pass through the adapter 250 and flow away from the ring gear 110
toward and around the shift collar 304, The sun gear 200, planet gear carrier 206, or both, may be
provided with one or more through holes that may extend radially with respect to the first axis 70
and may help distribute fubricant 56 to the gears and bearings associated with the gear reduction
module 26, The lubricant 56 may then be distributed by centrifugal forces to components of the
planetary gear set as the drive pinion 22 rotates and may also {low into the shift mechanisnm housing
300 to help lubricate internal components, such as the actuator for the shift coftar 304, Moreover,
fubricant 56 may at least partially fill the shift mechanism: housing 300. Lubricant 56 in the shift
mechanism housing 300 may be disposed above fubricant 36 in the sump portion 54, which may
[rcilitate the flow of lubricant 56 from the shift mechanism housing 300 to the sump portion 54 by

gravity.

{130 The long horizontal solid arrows extending ioward the ring gear 110 or toward the left
from the perspective shown represent the flow of lubricant back to the sump portion 54. For
mstance, the drive pinion 22 may be provided with a drive pinion passage 448 that miay be a through
hole that may extend completely through the drive pinton 22, As such, the drive pinlon passage 448
nmay extend through the gear poriion 120 and the shafl portion 122, The drive pinion passage 448
may extend along the first axis 70. Lubricanl 56 i the shift mechanism housing 300 may flow back
to the sunyp portion 54 through the drive pinion passage 448 when the level of lubricant 56 in the
shift mechanism housing 300 is sufficiently high or high enough that tubricant 56 may enter the
drive pinion passage 448. Moreover, fubricant 56 in the shift mechanism housing 300 may flow
through the shifl collar hole 330 of the shut collar 304 and enter the shifl collar 304 belore entering
the drive pinion passage 448. For example, fubricant 36 that collects at the bottom of the differential

carrier cover 66 may [How to the shift mechanism housing 300 before returning to the sump portion
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54 as indicated by the short horuzontal arrowed line that points to the right @ Figure 22, This
fubricant 56 may also pass through the roler bearing assembly 238 that rotatably supports the planet

gear carricr 206,

{131} Lubricant 56 may also flow back {o the sump portion 54 when the drive pinion 22 is
or is not rotating and the level of lubricant in the shift mechanism housing 300 1s below the drive
pinion passage 448 as represented by the second-longest solid arrowed line. For instance, lubricant
56 may flow around the shilt collar 304 and between the shift collar 304 and the sun gear 200,
around the preload nut 156, and through the drive pinion bearings 140 when the level of tubricant 56
in the shift mechanism housing 300 is higher than the level of lubricant 56 in the sump portion 54.
Some lubricant 56 may collect in the bottom of the shift mechanism housing 300 proximate the
planetary ring gear 204 and planet gears 202, but an appreciable amount of fubricant 36 may drain
from: the shift mechanism hoasing 300 back to the sump portion 34, which may help circulate the
fubricant 36 so that fubricant 56 throughout the axle assembly may have substantially the same oil
oxidationt {evel, which may help improve lubricant life or prevent a portion of the axle assembly
from having lubricant with an appreciably different oxidation level and an associated discrepancy in
tubricant performance and effectiveness. It addition, the configuration described sbove may alfow
fubricant to flow internally between the sump portion 54 and the shilt mechanism housing 300
without an external conduit or hose that may be located outside of the housing assembly 20. Asa
resuli, hubricant 56 may be kept inside the housing assembly 20 and may not be routed throogh an
external conduit or hose that may impair or reduce fubricant flow and circulation in cold ambient

teraperatures as conipared to not routing lubricant ouiside of the housing asserably 20.

{1132] Relerring to Figure 23, a magnified section view is shown that shows further
atlributes that may be associated with the san gear 200. Siarting at the lefi end of the sun gear 200
[rom the perspeciive shown, a retainer 456 and a shim 452 may be disposed at an end of the sun gear
200. The retainer 450 niay be coupled to the adapter 250 and may have any suitable confliguration.
For instance, the retainer 430 may be a snap ring or the like. The shim 452 may extend from the
retainer 456 to the end of the sun gear 200. The retainer 450 and the shimt 452 may cooperate to
inhibit axial movement of the sun gear 200 toward the preload nut 150 or to the left from the

perspective shown,
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{1133 The vent hole 454 may be a through hole that may [acilitate lubrication of the sun
gear spline 218 by allowing lebricant 56 to pass through the vent hole 454, The flow of hubricant 56
may be further aided by centrifugal lorces when the drive pinion 22 and sun gear 200 rotate. The

vent hole 454 may also help provide vacuum reduction.

{134 A sun gear sgal 436, such as an O-ring, may exiend continwously around the sun gear
200 and may extend from the sun gear 200 to the adapter 250, The sun gear scal 456 may help
isolate the lubricant 56 from components of the clectric nmotor module 24, such as the stator 162,

rotor 164, and rotary encoder 280,

{HH 35 Referring to Figure 24, an alternative configuration for the shift mechanism housing
300 is shown with another actuator arrangement, The actuator arrangement nway include an actuator

306 as previously described that may rotale an actuator shaft about an actuator shafl axis 460,

{0136 Referring to Figures 24 and 25, a sector camt 462 may be fixedly mounied {o the
actuator shaft, As such, the sector cam 462 may be rotatable about the actuator shaft axis 460 with
the actuator shafl. The sector cam 462 may be coupled to the actuator shaft in any suitable manner.
For example, the sector cam 462 may include a hole that may recetve the actuator shaff, The
actuator shaft may be press {it into the hole or may be secured to the sector camn 462 in any suitable
manner, such as with one or more fasieners, a weld, adhesive, or other bonding technique. The
sector cam 462 may resemble a sector of a circle and may have an arcuate exterior surface. The

sector cam 462 may include a cam window 470 and a set of notches 472,

{1137 The cam window 470 may be disposed within the sector cam 462, For example, the
cam window 470 may be conligured as a through hole that may be completely defined within the
seclor cam 462, The cam window 470 may receive a roller 48() thal may be provided wilh the
linkage 340. The cam window 470 may be generally disposed near the middle of the seclor cam 462

and may be generally disposed between the actuator shaft axis 460 and the set ol noiches 472,

{1138] The cam window 470 may be at least partially defined by a cam surface that may
guide movement of the linkage 340 when the sector cam 462 is rotated. More specifically, the cam

surface may engage the roller 480 and guide movement between multiple points when the sector

i
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cam 462 is rotated as will be discussed 1n more detail below. Also, the linkage 340 may slide along

a shatl or shift rail when the sector cam 462 is rotaled.

{39 The set of notches 472 may be arranged along an exterior surface of the sector cam
462, such as along the arcuate exterior surface. The members of the set of notches 472 may be
spaced apart from gach other and may be configured as indentations that may be generally concave,
As s best shown in Figure 25, three notches 472 may be provided. Each mewmber of the set of

notches 472 may correspond with a different shift collar position,

HH 40 A detent mechanism 500 may be provided to help control movement of the sector
cam 462, In at least one embodiment, the detent mechanism 300 may be mounted to the shif

mechanism housing 300 and may include a detent actuator 502 and a detent feature 504.

41 The detent actuator 502 may be configured to move the detent feature 504 between a
reiracted position and an extended posilion. In the retracted position, the detent feature 504 may be
spaced apart from the sector cam 462, In the extended position, the detent feature 5304 may cngage
the sector cant 462 and may be recetved in a member of the set of notches 472 depending on the
rotational position of the sector cam 462, The detent actuator 502 may exert suflicient force to
irthibit rotation ol the sector cam 462 when the detent feature S04 1s received in a notch 472, The
detent actuator 502 may be of any suitable type, such as a pneumatic, hydranlic, mechanical,
clectrical, or clectromechanical actuator. In ai Igast one embodiment, the detent actnator 502 may be
configured as a solenoid in which the detent feature 504 may be actuated toward the retracted
position when power is not provided fo the solenoid and may be actvated toward the extended
position when power is provided to encrglze coils of the selenoid. Alternatively, it is contenmplated
that the detent actuator 502 may be actuated toward the retracted position when power 1s provided in
one or more embodiments. The seclor cam 462 may be free to rotale when the detent feature 504 is
e the retracted position. Optionally, a biasing member, such as a spring, may be provided that may
bias the sector cam 462 to rotate in a clockwise or a counterclockwise direction when the detent

feature 504 is in the retracted position.

{14231 The detent feature 504 may be coupled to the detent actuator 502, The detent feature

504 may be configured to be received in a notch 472 to inhibit rotation of the seclor camy 462 and

()
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may slide along an arcuate exterior surface of the sector camy 462 between the notches 472 when the

sector cam 462 is rofated and a notch 472 is not aligned with the detent feature 504,

{434 Referring to Figures 25 and 26, the actuator arrangement and the shili collar 304 are
shown in the [irst position. In the [irst position, the shift collar 304 may couple the planct gear
carrier 206 to the drive pinion 22 as previously discussed. The roller 480 may be locaied at a first
point along the cam surface. The detent [eature 504 may be received in the first gotch 472,

designated with the letier A,

HH 44 Referring to Figores 27 and 28, the actuator arrangement and the shift collar 304 are
shown in the second position or a neutral position. In the second position, the shift collar 304 may
be axially positioned between the first position and the third position as previously discussed. The
shift collar 304 may move from the first position to the second position in response to force exerted
by the actuator via the roller 480 and linkage 340. The roller 480 may be located at a second point
along the cam surface that may differ from the first point, The detent feature 504 may be received in

the second notch 472, designated with the letter B,

{145] Referring to Figures 29 and 30, the actuator arrangenment and the shifi collar 304 are
shown in the third position. In the third position, the shilt collar 304 may couple the sun gear 200 to
the drive pinion 22, The shili collar 304 may move from the second position o the {hird position in
response to force exerted by the actuator via the roller 480 and linkage 340, The rotler 480 may be
tocated at a third point along the cam surface that may differ from the first point and the second

point. The detent feature 504 may be received in the third noteh 472, designated with the letter C.

{1146} The actuator arrangement described above may provide a more compact design than

other configurations, such as a configuration having a rack and pinion.

{1471 Referring again to Figure 24, the shift mechanism housing 300 may include a vent
510, The vent 510 may help equalize pressure between the inside of the housing assembly 20 and
the surrounding enviromment. For example, the vent 310 may help avoid pressure buildup within the

housing assembly 20 which may poitentially lead o seal leaks,
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{1 48] The axle assembly described zbove may allow an electric motor module to be
assembled to or retrofitted on an existing axie housing. I addition, a gear reduction module or gear
reduction module accompanied by a shifl mechanismy may optionally be provided to provide gear
reduction that may improve vehicle traction at low speeds or on increased road grades. The modular
end-to-end positioning of the gear reduction module and the shift mechanism may allow gear
reduction modules and shift mechanisnis to be added to or removed from an axle assembly {o meet
operating condilions or performance requirements. Moreover, the modular construction may allow
components such as the differential carrier, differential carrier cover, and shift mechanism housing
to be made of a lighter weight material, such as aluminum, as compared {o the axle housing, which
may help reduce weight and improve fuel economy. The removable end plate may also alow the
axle assembly to be coupled to a drive shafl which may allow the axle assembly to be provided as

part of a paraliel hybrid driveline rather than an ali~electric configuration.

{149} While exemplary embodiments are described above, it is not intended that these
emtbodintents deseribe all possible forms of the invention, Rather, the words used in the
specilication are words of description rather than Hmitation, and it is understood that various
changes may be made without departing from the spirit and scope of the invention.  Additionally, the
featores of various implementing embodiments may be combined to [orm further emboduments of

the invention.
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WHAT IS CLAIMED IS:

i. An axle assembly comprising:

an axle hovsing:

a differential carrier that is mounted to the axle housing and is made of a first
material; and

a bearing support wall that is mounted to the dudterential carrier, wherein the bearing
support wall receives and rotatably supports a drive pinion, is received inside and rotatably supports
a rotor of an electric motor module, and is made of a sccond material that has a greater stiffness than

the lirst material,

2, The axle assembly of claim 1 wherein the first material is a non-ferrous

material and the second maierial is a ferrous material.

3. The axle assembly of claim 2 wherein the first matenial is alwnimum and the

second material Is cast iron.

4, The axle assembly of claim 2 wherein the fitsl material is aluminum and the

second material is steel.

5. The axle assembly of ¢laim | wherein the bearing support wall delines a hole
that receives a drive pmion bearing that extends from the bearing support wall and rotatably supports
the drive pinion, wherein the drive pinion bearing has a drive pinion bearing coetticient of thermal
expansion, the first material has a first coefficient ol thermal expansion, and the second maltgrial has
a second coefficient of thermal expansion, wherein the drive pinion bearing coetficient of thermal
expansion is closer to the second coefficient of thermal expansion than the first coefficient of

thermal expansion.

6. The axle assembly of claim | wherein the bearing support wall is received
inside a rotor bearing that rotatably supports the rolor, wherein the rotor bearing has a rotor bearing

coctlicient of thermal expansion, the first material has a first coefficient of thermial expansion, and
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the second material has a second coefficient of thermal expansion, whercin the rotor bearing
coctticient of thermal expansion ts closer o the second coeflicient of thermal expansion than the

first coefficient ol thermal expansion.

7. The axle assembly of claum 6 whercin the bearing support wall delines a hole
that receives a drive pinion bearing that extends [rom the bearing support wall and rotatably supports
the drive pinion, wherein the drive pinion bearing has a drive pinion bearing coefiicient of thermal
expansion that is closer to the second coefficient of thermal expansion than the first coefficient ol

thermal expansion,

8, The axle assembly of claim 1 wherein the drive pinion is rotatable about a first
axis and has a gear portion and & shafl portion that extends from the gear portion, wherein a first
drive pinion bearing and a second drive pinion bearing extend from the shaft portion to the bearing
support wall and the first drive pinion bearing is disposed [arther from: the first axis than the second

drive pinion bearing.

9. The axle assembly of claim 8 wherein the first drive pinion bearing engages

the gear portion.

10. A method of making a first axle assembly and a second axie assembly
comprising:

providing first differential carrier and a second dilferential carrier that have the same
conligaration;

providing a first differential assembly having a {irst ring gear;

providing a sccond differential assembly having a second ring gear that has a
different configuration than the first ring gear;

providing a first bearing support wall and a second bearing support wall, wherein the
second bearing support wall has a difterent configuration than the first bearing support wall;

attaching the first differential assembly and the first bearing support wall to the first

differential carrier to provide the first axle assembly: and
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attaching the second differential assembly and the second bearing support wall to the

second differential carrier to provide the second axle assembly.

11.  The method of claim 10 wherein the f{irst ring gear has a larger diameter than

the second ring gear.

12.  The method of claim 10 wherein the first ring gear has a first set of teeth that
has a first gear tooth profile and the second ring gear has a second set ol teeth that has a second gear

tooth profile, wherein the first gear tooth profile differs from the second gear tooth profile.

13, The method of claim 10 further comprising providing a first drive pinion and

mounting the first ditve pinion inside a first hole that is defined by the first bearing support wall.

14, The method of claim 13 further comprising providing a secord drive pinion
and mounting the second drive pinion inside a second hole that 1s defined by the second beanng

support wall.

{S.  The method of claim 14 wherein the first drive pinton has a different

configuration than the second drive pinion.

16.  The method of claim 14 wherein the first drive pinion and the second drive

pinion arc disposed in different axial positions.

i7. The method of claim 16 wherein the first drive pinion and the second drive

pinion have different axial lengths,

I8, The methed of claim 16 wherein the first drive piniton and the first nng gear

are configured to provide a first gear ratio.
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19, The method of claim 18 whercin the second drive pinion and the second ring

gear are conligurated to provide a second gear ratio that differs from the first gear ratio.

20, The methed of claim 16 wherein the first drive pinion has a {irst pluralily of
lecth that has a first tooth profile and the second drive pinion has a second plurality of tecth that has

a sccond tooth profile, whercin the first tooth profile diflers from the second tooth profile.
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