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ELECTRIC AXLE ASSEMBLY

CROSS-REFERENCE TO RELATED U.S. PATENT APPLICATION
[0001] This present application claims priority under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application Serial No. 62/737,452, filed on September 27, 2018, the

disclosure of which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] The present disclosure relates generally to axle assemblies for vehicles, and

more particularly, to an electric axle assembly for a vehicle.

BACKGROUND

[0003] Many vehicles utilize axles to support the vehicle. At least some of these axles
are drive axles capable of propelling the vehicle. Typically, an internal combustion engine is
coupled to the drive axle via a driveshaft. Increasingly, manufacturers have turned to electric
and hybrid propulsion systems for increased performance and efficiency.

[0004] Accordingly, there is a need to provide an axle assembly that allows one or
more electric drive units to be packaged into the vehicle while optimizing efficiency and

performance.

SUMMARY

[0005] According to an aspect of the present disclosure, an electric axle assembly
includes a drive assembly and a cooling system coupled to the drive assembly. The drive
assembly may include a drive unit and a drive train housed in a case. The drive unit may be
engaged with the drive train and configured to provide motive force to the drive train. The
cooling system may include a pump, a heat exchanger, and a fluid-delivery network. The
pump may be configured to pass a cooling fluid from the case to the heat exchanger. The heat
exchanger may be configured to draw heat from the cooling fluid. The fluid-delivery network
may be configured to pass the cooling fluid from the heat exchanger to at least one of the
drive unit and the drive train.

[0006] In illustrative embodiments, the fluid-delivery network may include at least

one of conduits coupled to the case and passageways formed into the case.
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[0007] In illustrative embodiments, the conduits may be in fluid communication with
the passageways.

[0008] In illustrative embodiments, the fluid-delivery network may be arranged to
direct the cooling fluid onto and/or into the drive unit for cooling the drive unit.

[0009] In illustrative embodiments, the drive assembly may be a first drive assembly,
and the electric axle assembly may further include a suspension frame and a second drive
assembly. The first and second drive assemblies may be coupled to opposing sides of the
suspension frame.

[0010] In illustrative embodiments, the cooling system may be coupled to the first
and second drive assemblies.

[0011] In illustrative embodiments, the cooling system may be a first cooling system
coupled to the first drive assembly, and the electric axle assembly may further include a
second cooling system coupled to the second drive assembly.

[0012] In illustrative embodiments, an exchange medium may flow through the heat
exchanger and transfer heat from the cooling fluid to the exchange medium in the heat
exchanger.

[0013] In illustrative embodiments, the case may be formed to define a sump for
collecting the cooling fluid. The pump may draw the cooling fluid from the sump. The
cooling fluid may be configured to draw heat from the drive unit and flow into the sump.
[0014] In illustrative embodiments, the cooling fluid may be configured to lubricate at
least one of the drive unit and the drive train.

[0015] According to an aspect of the present disclosure, a cooling system may be
used with a drive unit having a stator and a rotor, the rotor having a core and windings
coupled to the core, and the rotor adapted for rotation relative to the stator. The cooling
system may include a pump, a heat exchanger, and a fluid-delivery network. The pump may
be configured to pass a cooling fluid to the heat exchanger. The heat exchanger may be
configured to draw heat from the cooling fluid. The fluid-delivery network may be
configured to pass the cooling fluid from the heat exchanger to the drive unit.

[0016] In illustrative embodiments, the fluid-delivery network may be arranged to
direct the cooling fluid onto and/or into the drive unit for cooling the drive unit.

[0017] In illustrative embodiments, an exchange medium may flow through the heat
exchanger and transfer heat from the cooling fluid to the exchange medium in the heat

exchanger.
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[0018] In illustrative embodiments, the cooling fluid may be configured to lubricate
the drive unit.

[0019] In illustrative embodiments, the fluid-delivery network may include at least
one of conduits coupled to a case housing the drive unit and passageways formed into the
case.

[0020] In illustrative embodiments, the fluid-delivery network may include a plurality
of conduits comprising at least one of: a winding sprayer configured to spray the cooling
fluid on the windings of the stator; a core sprayer configured to spray the cooling fluid on the
core of the stator; and a feed tube configured to pass the cooling fluid to a ring coupled to the
drive unit.

[0021] According to an aspect of the present disclosure, a drive assembly includes a
case, a drive train housed in the case, a drive unit housed in the case, and a cooling system
coupled to the case. The drive unit may be engaged with the drive train and configured to
provide motive force to the drive train during operation of the drive unit. The cooling system
may include a pump, a heat exchanger, and a fluid-delivery network. The pump may be
configured to pass a cooling fluid from the case to the heat exchanger. The heat exchanger
may be configured to draw heat from the cooling fluid. The fluid-delivery network may be
arranged to direct the cooling fluid onto and/or into the drive unit for cooling the drive unit.
The fluid-delivery network may also be configured to pass the cooling fluid from the heat
exchanger to at least one of the drive unit and the drive train.

[0022] In illustrative embodiments, the fluid-delivery network may include at least
one of conduits coupled to the case and passageways formed into the case, and the conduits
may be in fluid communication with the passageways.

[0023] In illustrative embodiments, an exchange medium may flow through the heat
exchanger and transfer heat from the cooling fluid to the exchange medium in the heat
exchanger.

[0024] In illustrative embodiments, the case may be formed to define a sump for
collecting the cooling fluid. The pump may draw the cooling fluid from the sump. The
cooling fluid may be configured to draw heat from the drive unit and flow into the sump.
[0025] In illustrative embodiments, the cooling fluid may be configured to lubricate at

least one of the drive unit and the drive train.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The systems and methods described herein are illustrated by way of example
and not by way of limitation in the accompanying figures (abbreviated as “Fig.” or “Figs.”
herein). For simplicity and clarity of illustration, elements illustrated in the figures are not
necessarily drawn to scale. For example, the dimensions of some elements may be
exaggerated relative to other elements for clarity. Further, where considered appropriate,
reference labels have been repeated among the figures to indicate corresponding or analogous
elements.

[0027] Fig. 1 is a front elevation view of an electric axle assembly for a low floor

vehicle according to a first embodiment of the present disclosure.
[0028] Fig. 2 is a front perspective view of the electric axle assembly shown in Fig. 1.

[0029] Fig. 3 is a rear perspective view of the electric axle assembly of Fig. 1 with an

exemplary cooling system of the electric axle assembly shown schematically.
[0030] Fig. 4 is a top plan view of the electric axle assembly of Fig. 3.

[0031] Fig. 5 is a partial rear perspective view of the electric axle assembly of Fig. 3

with suspension and wheel end components removed.

[0032] Fig. 6 is a rear elevation view of the electric axle assembly of Fig. 5.

[0033] Fig. 7A is a cross-sectional perspective view taken along line 7A-7A in Fig. 3.
[0034] Fig. 7B is a similar view to Fig. 7A.

[0035] Fig. 8 is a similar view to Fig. 7A.

[0036] Fig. 9 is a rear perspective view of the electric axle assembly of Fig. 5 with a

portion of the case removed.

[0037] Fig. 10 is a similar view to Fig. 9 with the case removed and the cooling

system shown schematically.

[0038] Fig. 11 is a perspective view of an exemplary gear train and a drive unit for

the axle assembly shown in Fig. 1.
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[0039] Fig. 12 is a perspective view of the drive unit of Fig. 11 and part of the gear

train and cooling system.
[0040] Fig. 13 is a view similar to Fig. 12.

[0041] Fig. 14 is a front perspective view of an electric axle assembly according to a

second embodiment of the present disclosure.

[0042] Fig. 15 is a rear perspective view of the electric axle assembly of Fig. 14.
[0043] Fig. 16 is a cross-sectional view taken along line 16-16 in Fig. 14.

[0044] Fig. 17 is a cross-sectional view taken along line 17-17 in Fig. 14.

[0045] Fig. 18 is a perspective sectional view of the electric axle assembly of Fig. 17.
[0046] Fig. 19 is a partial perspective sectional view of the electric axle assembly of
Fig. 16.

[0047] Fig. 20 is a partial front perspective view of the electric axle assembly of Fig.

14 with a case removed to expose drive units, a gear train, and a cooling system of the

electric axle assembly.

[0048] Fig. 21 is another perspective view of the electric axle assembly of Fig. 20.
[0049] Fig. 22 is a partial perspective sectional view the electric axle assembly of Fig.
20.

[0050] Fig. 23 is a perspective view of the case for the electric axle assembly of Fig.

14 including passageways formed in the case.

[0051] Fig. 24 is a perspective view of a pump for the electric axle assembly of Fig.
14.
[0052] Fig. 25 is a perspective view of a drive unit and parts of the gear train of the

electric axle assembly of Fig. 21 including a cooling system.

[0053] Fig. 26 is another perspective view of the drive unit and parts of the cooling

system of the electric axle assembly of Fig. 25.
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[0054] Fig. 27 is another perspective view of the drive units and the cooling system of
Fig. 21.

[0055] Fig. 28 is a view similar to Fig. 27.

[0056] Fig. 29 is a perspective view of the electric axle assembly of Fig. 14 with a

portion of the case removed showing an oil sump and a windage tray.

[0057] Fig. 30 is a perspective sectional view of taken along line 30-30 in Fig. 29

showing the oil sump and the windage tray.

[0058] Figs. 31-42 show an electric axle assembly according to a third embodiment of

the present disclosure.

[0059] Figs. 43-50 show an electric axle assembly according to a fourth embodiment

of the present disclosure.

DETAILED DESCRIPTION

[0060] While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific exemplary embodiments thereof have been
shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that there is no intent to limit the concepts of the present disclosure to
the particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the disclosure as defined by
the appended claims.

[0061] References in the specification to "one embodiment”, "an embodiment”, "an
example embodiment”, etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within
the knowledge of one skilled in the art to effect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described.

[0062] An illustrative electric axle assembly 100 in accordance with the present

disclosure is shown in Figs. 1-4. The electric axle assembly 100 can be used, for example, in
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a low floor vehicle, such as a bus, to support the vehicle for travel over the ground and propel
the vehicle. The electric axle assembly 100 includes a suspension frame 102 and a pair of
drive assemblies 104 coupled to opposing sides of the suspension frame 102. The suspension
frame 102 attaches to a vehicle frame (not shown) for supporting the drive assemblies 104
relative to the vehicle frame. A controller 105 controls operation of the electric axle assembly
100. Each of the drive assemblies 104 includes a drive unit 106, such as an electric motor,
and a drive train 108. The drive units 106 and drive trains 108 are housed in cases 103 of the
drive assemblies 104 as shown in Fig. 9. Wheel hubs 109 allow attachment of wheels 101 to
the drive assemblies 104 for rotation about an axis A with rotation of the drive trains 108 as
suggested in Fig. 1. The drive units 106 provide motive force to the wheels 101 through the
drive trains 108 for propelling the vehicle along the ground. An exemplary drive unit 106 and
drive train 108 are shown in Fig. 11. Examples of axle assemblies for low floor vehicles are
shown in International Patent Application Publication No. W02019/014479 and International
Patent Application No. PCT/US2019/031786, the disclosures of which are both incorporated
by reference herein in their entireties.

[0063] A cooling system 10 in accordance with the present disclosure circulates a
cooling fluid, such as oil, transmission fluid, or other substantially non-conductive fluid, to
drive assemblies 104 as suggested in Figs. 3-10. The cooling fluid circulated by the cooling
system 10 controls heat produced by the drive units 106 during operation. In the illustrative
embodiment, the cooling system 10 includes a pump 12 and a heat exchanger 14 as shown in
Figs. 3-6. The pump 12 draws cooling fluid from the cases 103 of the drive assemblies 104
through conduits 16. The pump 12 can be driven by one of the drive units 106 and/or drive
trains 108 and/or through a separate drive arrangement. The cooling fluid passes through the
heat exchanger 14 to remove heat from the cooling fluid. The cooled fluid passes through
conduits (schematically represented by arrows 19 showing the direction of flow) and enters
cases 103 through inlets 18. The cooling fluid is distributed through the case 103 for cooling
and/or lubricating the drive units 106 and/or the drive trains 108. In some embodiments, the
heat exchanger 14 is an air-cooled heat exchanger. In some embodiments, the heat exchanger
14 is a liquid-cooled heat exchanger passing an exchange medium, such as water or
antifreeze, in a parallel or counter flow to draw heat from the cooling fluid into the exchange
medium. In some embodiments, the exchange medium can be used in another cooling system

elsewhere in the vehicle to cool other vehicle components, such as the batteries and/or power
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inverters. In some embodiments, multiple pumps 12 and/or heat exchangers 14 can be used.
In some embodiments, each drive assembly 104 is provided with its own cooling system 10.
[0064] The cooling fluid flows onto and/or into the drive unit 106 and/or drive train
108 and down to a lower portion of the case 103 (e.g., near suspension frame 102) defining a
sump 107 for the cooling fluid to collect. In some embodiments, a pickup 15 is arranged in
the sump 107 and fluidly coupled to the pump 12 (such as by a conduit 16) to draw cooling
fluid from the case 103 for re-circulation as shown in Figs. 9, 10, 12, and 13 (cover removed).
In some embodiments, the pickup 15 includes a filter to clear debris from the cooling fluid. In
some embodiments, a filter is coupled to the cooling system 10 outside of the cases 103 for
clearing debris from the cooling fluid. One or more gears of the drive train 108 can extend
into the sump 107 for spreading the cooling fluid to other gears of the drive train 108.
Rotation of the gears can also splash the cooling fluid throughout the case 103 for lubricating
contact surfaces.

[0065] An exemplary drive unit 106 is shown in Figs. 11-13. The drive unit 106
includes a stator 92 and a rotor 94. The stator 92 is coupled to the case 103 of the drive
assembly 104, and the rotor 94 is arranged for rotation relative to the stator 92 about an axis
B. A pinion gear 96 is coupled to the rotor 94 and engaged with the drive train 108 for
transferring motive force from the drive unit 106 to the drive train 108 as shown in Fig. 12. In
some embodiments, the drive unit 106 includes internal passageways in the stator 92 and/or
rotor 94 for flow of cooling fluid through the drive unit 106. The stator 92 includes a core 95
and windings 97 as shown in Figs. 7A-8. The core 95 has a tubular profile, and the windings
97 include electrical conductors, such as copper wire, circumferentially distributed around the
core 95 that receive electric energy to generate a magnetic field for driving rotation of the
rotor 94.

[0066] In the illustrative embodiment, one or more conduits 11 are provided as part of
the cooling system 10 for directing the cooling fluid from the heat exchanger 14 to the drive
unit 106 and/or drive train 108. The conduits 11 can be arranged to pass the cooling fluid into
the internal passageways of the drive unit 106 and/or direct cooling fluid onto the drive unit
106. In some embodiments, the conduits 11 are coupled to passageways 13 in the case 103
for passing cooling fluid from the inlet 18 to the drive unit 106 and/or drive train 108 as
shown in Figs. 7A-8. The passageways 13 extend along and through portions of the case 103
to distribute the cooling fluid to the conduits 11 and otherwise circulate the cooling fluid

around the drive assembly 104. The passageways 13 can be formed as part of a casting
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process or post-processing of the case 103, for example. In some embodiments, the
passageways 13 of the case 103 are used without the conduits 11. In some embodiments, the
conduits 11 are used without the passageways 13. In some embodiments, one or more rings
17 are arranged to receive the cooling fluid and distribute the cooling fluid around the stator
92 and/or rotor 94, such as for distribution of the cooling fluid to passageways in the drive
unit 106. In some embodiments, a cap 98 coupled to the case 103 is arranged to receive
cooling fluid from a passageway 13 of the case 103 and pass the cooling fluid into the rotor
94 and/or stator 92 of the drive unit 106.

[0067] In exemplary embodiments, the conduits 11 can include one or more core
sprayers 21, feed tubes 22, transfer tubes 23, winding sprayers 24, and other possible conduit
configurations for delivering cooling fluid through the drive assembly 104 as suggested in
Figs. 7A-10 and 12-13. The conduits 11 can be supplied with cooling fluid by one or more of
the passageways 13 in the case 103 or otherwise supplied with cooling fluid from the pump
12. In the illustrative embodiment, the core sprayer 21 is arranged above the drive unit 106
and in fluid communication with the passageways 13 of the case 103. The core sprayer 21
can be formed in a generally S-shaped or U-shaped profile defining a plurality of legs (Fig.
12), with one or more of the legs formed to include one or more outlet orifices 25 (Fig. 7A).
Cooling fluid that flows into the core sprayer 21 is distributed into each leg, which feeds the
series of outlet orifices 25 to spray the cooling fluid onto the core 95 of the stator 92. It is
contemplated that the core sprayer 21 could define more or less than three legs. Other
configurations are also contemplated. As shown in Figs. 7A and 7B, the feed tube 22
transfers cooling fluid from the passageways 13 of the case 103 to a ring 17 having one or
more internal passageways 29 for distribution of the cooling fluid around the drive unit 106
and for use by the drive unit 106. In some embodiments, the passageways 29 of the ring 17
can be formed as a cavity during a molding process, with an insert molding process, or by a
machining operation, for example. The transfer tubes 23 direct cooling fluid to the drive train
108 and other portions of the drive assembly 104.

[0068] The winding sprayer 24 can be arranged above the windings 97 of the drive
unit 106 and formed to include outlet orifices 26 for spraying cooling fluid onto the windings
97 as shown in Fig. 7A. In some embodiments, the winding sprayer 24 is coupled to the ring
17 and receives cooling fluid from the feed tube 22 through the ring 17. In some
embodiments, winding sprayers 24 are positioned on both sides of the drive unit 106. The

winding sprayer 24 can be formed with a contoured portion that provides clearance between
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the winding sprayer 24 and the windings 97. Other configurations are contemplated. In some
embodiments, one or more of the passageways 13 in the case 103 define a rear sprayer 27 for
spraying cooling fluid onto the windings 97 opposite from the winding sprayer 24. In some
embodiments, the rear sprayer 27 is formed in the case 103 in an arcuate path around the
drive unit 106. In some embodiments, the rear sprayer 27 includes a series of outlet orifices
28 circumferentially distributed around the drive unit 106 above the windings 97 for spraying
the windings 97 with cooling fluid. Other configurations are contemplated.

[0069] In the illustrative embodiment, the ring 17 further acts as a clamp ring for
holding the drive unit 106 to the case 103 as shown in Fig. 8. For example, fasteners, such as
studs 91 and nuts 93, engage with the clamp ring 17 and case 103 to hold the drive unit 106
on the case 103. The studs 91 are circumferentially distributed around the drive unit 106 and
extend through the clamp ring 17 to engage with the case 103, such as by cooperative
threading on the stud 91 and case 103. The nut 93 engages with the stud 91, such as by
cooperative threading on the stud 91 and nut 93, and engages with the clamp ring 17 to force
the clamp ring 17 against the stator 92 and force the stator 92 against the case 103. The clamp
ring 17 distributes clamping force from the fasteners evenly around the stator 92. In some
embodiments, the studs 91 extend through the stator 92. The clamp ring 17 can be formed as
a single component or in multiple sections assembled together. In some embodiments, the
clamp ring 17 includes one or more compression limiters for preventing deformation of the
clamp ring 17 as the fasteners are tightened. The compression limiters may be formed from a
metal, such as steel or aluminum that can withstand compressive forces from the fasteners.
The compression limiters may be fixed to the clamp ring 17 by pressing or insert molding, for
example.

[0070] The conduits 11, passageways 13, and other structures described herein and
contemplated by the present disclosure for moving the cooling fluid through the drive
assembly 104 can collectively be referred to as a fluid-delivery network 60 of the cooling
system 10.

[0071] Another embodiment of an electric axle assembly 200 in accordance with the
present disclosure is shown in Figs. 14-18. The electric axle assembly 200 can be used, for
example, in a single or multi-axle towing or hauling vehicle, such as semi truck, to support
the vehicle for travel over the ground and propel the vehicle. The electric axle assembly 200
includes a drive assembly 204 and axle tubes 202 extending from opposite sides of the drive

assembly 204. The electric axle assembly 200 attaches to a suspension arrangement of a
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vehicle frame (not shown) for supporting the drive assembly 204 relative to the vehicle
frame. A controller 205 controls operation of the electric axle assembly 200. The drive
assembly 204 includes a drive input 230 and a drive train 208. In the illustrative embodiment,
the drive input 230 includes a pair of drive units 206, such as electric motors. The drive units
206 and drive train 208 are housed in a case 203 of the drive assembly 204. The drive train
208 extends through the axle tubes 202 to engage with wheel hubs 209. The wheel hubs 209
allow attachment of wheels to the drive assembly 204 for rotation about an axis A with
rotation of the drive train 208 by the drive input 230 as suggested in Fig. 15. The drive units
206 provide motive force to the wheels through the drive trains 208 for propelling the vehicle
along the ground. An exemplary drive input 230 and drive train 208 are shown in Figs. 20
and 21. Examples of other axle assemblies are shown in PCT International Patent Application
Publication Nos. W02019/161390 and W02019/161395, the disclosures of which are both
incorporated by reference herein in their entireties.

[0072] A cooling system 210 in accordance with the present disclosure circulates a
cooling fluid, such as oil, transmission fluid, or other substantially non-conductive fluid, to
drive assembly 204 as suggested in Figs. 14, 20, and 21. The cooling fluid circulated by the
cooling system 210 controls heat produced by the drive units 206 during operation. In the
illustrative embodiment, the cooling system 210 includes a pump 212 and a heat exchanger
214. The pump 212 draws cooling fluid from the case 203 through one or more conduits 216
as shown in Fig. 24. In some embodiments, two conduits 216 feed cooling fluid from the case
203 to the pump 212, and two conduits 232 feed cooling fluid from the pump 212 into a
merging block to provide a single flow to the heat exchanger 214. The pump 212 can be
driven by one of the drive units 206 and/or drive trains 208 and/or through a separate drive
arrangement. The cooling fluid passes through the heat exchanger 214 to remove heat from
the cooling fluid. The cooled fluid passes through one or more conduits 219 and enters the
case 203 through one or more inlets 218 as shown in Fig. 14. The cooling fluid is distributed
through the case 203 for cooling and/or lubricating the drive units 206 and/or the drive trains
208. In some embodiments, the heat exchanger 214 is an air-cooled heat exchanger. In some
embodiments, the heat exchanger 214 is a liquid-cooled heat exchanger passing an exchange
medium, such as water or antifreeze, in a parallel or counter flow to draw heat from the
cooling fluid into the exchange medium. In some embodiments, the exchange medium can be
used in another cooling system elsewhere in the vehicle to cool other vehicle components,

such as the batteries and/or power inverters. In some embodiments, multiple pumps 212

11
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and/or heat exchangers 214 can be used. In some embodiments, each drive unit 206 is
provided with its own cooling system 210.

[0073] The cooling fluid flows onto and/or into the drive unit 206 and/or drive train
208 and down to a lower portion of the case 203 (e.g., below the axle tubes 202) defining a
sump 207 for the cooling fluid to collect. In some embodiments, a pickup 215 is arranged in
the sump 207 and fluidly coupled to the pump 212 (such as by conduit 216) to draw cooling
fluid from the case 203 for re-circulation as shown in Figs. 16, 19, and 25. In some
embodiments, the pickup 215 includes a filter to clear debris from the cooling fluid. In some
embodiments, a filter is coupled to the cooling system 210 outside of the case 203 for
clearing debris from the cooling fluid. One or more gears of the drive train 208 can extend
into the sump 207 for spreading the cooling fluid to other gears of the drive train 208 as
shown in Figs. 29 and 30. Rotation of the gears can also splash the cooling fluid throughout
the case 203 for lubricating contact surfaces.

[0074] An exemplary drive unit 206 is shown in Figs. 20-22 and 25. The drive units
206 can be constructed similar to drive units 106 described above. In the illustrative
embodiment, the drive units 206 each include a stator 292 and a rotor 294. The stator 292 is
coupled to the case 203 of the drive assembly 204, and the rotors 294 is arranged for rotation
relative to the stators 292 about respective axes B, C. Pinion gears 296 are coupled to the
rotors 294 and engage with the drive train 208 for transferring motive force from the drive
units 206 to the drive train 208. In some embodiments, the drive units 206 include internal
passageways in the stator 292 and/or rotor 294 for flow of cooling fluid through the drive
units 206. The stator 292 includes a core 295 and windings 297. The core 295 has a tubular
profile, and the windings 297 include electrical conductors, such as copper wire,
circumferentially distributed around the core 295 that receive electric energy to generate a
magnetic field for driving rotation of the rotor 294.

[0075] In the illustrative embodiment, one or more conduits 211 are provided as part
of the cooling system 210 for directing the cooling fluid from the heat exchanger 214 to the
drive units 206 and/or drive train 208. The conduits 211 can be arranged to pass the cooling
fluid into the internal passageways of the drive unit 206 and/or direct cooling fluid onto the
drive unit 206. In some embodiments, the conduits 211 are coupled to passageways 213 in
the case 203 for passing cooling fluid from the inlet 218 to the drive units 206 and/or drive
train 208 as shown in Fig. 23 and schematically represented in Fig. 27. In some

embodiments, the passageways 213 can be formed through the case 203 similar to
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passageways 13 through the cases 103 described above. The passageways 213 in case 203
extend along and through portions of the case 203 to distribute the cooling fluid to the
conduits 211 and otherwise circulate the cooling fluid around the drive assembly 204. The
passageways 213 can be formed as part of a casting process or post-processing of the case
203, for example. In some embodiments, the passageways 213 of the case 203 are used
without the conduits 211. In some embodiments, the conduits 211 are used without the
passageways 213. In some embodiments, one or more rings 217 are arranged to receive the
cooling fluid and distribute the cooling fluid around the stators 292 and/or rotors 294, such as
for distribution of the cooling fluid to passageways in the drive units 206. In some
embodiments, caps 298 can be coupled to the case 203 and arranged to receive cooling fluid
from the passageways 213 of the case 203 and pass the cooling fluid into the rotor 294 and/or
stator 292 of the drive units 206.

[0076] In exemplary embodiments, the conduits 211 can include one or more core
sprayers 221, feed tubes 222, transfer tubes, winding sprayers 224, and other possible conduit
configurations for delivering cooling fluid through the drive assembly 204 as suggested in
Figs. 25-29. The conduits 211 can be supplied with cooling fluid by one or more of the
passageways 213 in the case 203 or otherwise supplied with cooling fluid from the pump 212.
In the illustrative embodiment, the core sprayers 221 are arranged above the drive units 206
and in fluid communication with the passageways 213 of the case 103. The core sprayers 221
can be formed in a generally S-shaped or U-shaped profile defining a plurality of legs (Figs.
25 and 27), with one or more of the legs formed to include one or more outlet orifices.
Cooling fluid that flows into the core sprayers 221 is distributed into each leg, which feeds
the series of outlet orifices to spray the cooling fluid onto the core 295 of the stator 292. It is
contemplated that the core sprayer 221 could define more or less than three legs. Other
configurations are also contemplated. As shown in Fig. 28, the feed tubes 222 transfer
cooling fluid from the passageways 213 of the case 203 to a ring 217 having one or more
internal passageways (similar to ring 17 described above) for distribution of the cooling fluid
around the drive unit 206 and for use by the drive unit 206. In some embodiments, the
passageways of the ring 217 can be formed as a cavity during a molding process, with an
insert molding process, or by a machining operation, for example. The transfer tubes (similar
to transfer tubes 23 described above) can direct cooling fluid to the drive train 208 and other

portions of the drive assembly 204.
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[0077] The winding sprayer 224 can be arranged above the windings 297 of the drive
unit 206 and formed to include outlet orifices 226 for spraying cooling fluid onto the
windings 297 as shown in Figs. 25, 26, and 29. In some embodiments, the winding sprayer
224 is coupled to the ring 217 and receives cooling fluid from the feed tube 222 through the
ring 217. In some embodiments, winding sprayers 224 are positioned on both sides of each
drive unit 206. The winding sprayer 224 can be formed with a contoured portion that
provides clearance between the winding sprayer 224 and the windings 297. Other
configurations are contemplated. In some embodiments, one or more of the passageways 213
in the case 203 define a rear sprayer for spraying cooling fluid onto the windings 297
opposite from the winding sprayer 224 (similar to the rear sprayer 27 described above). In
some embodiments, the rear sprayer is formed in the case 203 in an arcuate path around the
drive unit 206. In some embodiments, the rear sprayer includes a series of outlet orifices
circumferentially distributed around the drive unit 206 above the windings 297 for spraying
the windings 297 with cooling fluid. Other configurations are contemplated.

[0078] In the illustrative embodiment, each ring 217 further acts as a clamp ring for
holding the respective drive unit 206 to the case 203 as shown in Fig. 29. For example,
fasteners, such as studs 291 and nuts 293, engage with the clamp ring 217 and case 203 to
hold the drive unit 206 on the case 203. The studs 291 are circumferentially distributed
around the drive unit 206 and extend through the clamp ring 217 to engage with the case 203,
such as by cooperative threading on the stud 291 and case 203. The nut 293 engages with the
stud 291, such as by cooperative threading on the stud 291 and nut 293, and engages with the
clamp ring 217 to force the clamp ring 217 against the stator 292 and force the stator 292
against the case 203. The clamp ring 217 distributes clamping force from the fasteners evenly
around the stator 292. In some embodiments, the studs 291 extend through the stator 292. The
clamp ring 217 can be formed as a single component or in multiple sections assembled
together.

[0079] The conduits 211, passageways 213, and other structures described herein and
contemplated by the present disclosure for moving the cooling fluid through the drive
assembly 204 can collectively be referred to as a fluid-delivery network 260 of the cooling
system 210.

[0080] Another embodiment of an electric axle assembly 300 in accordance with the
present disclosure is shown in Fig. 31. The electric axle assembly 300 is similar to the electric

axle assembly 100 shown in Figs. 1-13 and described above, with similar reference numbers
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in the 300’s used to identify similar structures in the electric axle assembly 300 to those of
electric axle assembly 100. The electric axle assembly 300 includes a suspension frame 302
and a pair of drive assemblies 304 coupled to opposing sides of the suspension frame 302. A
controller 305 controls operation of the electric axle assembly 300. Each of the drive
assemblies 304 includes a drive unit 306, such as an electric motor, and a drive train 308. The
drive units 306 and drive trains 308 are housed in cases 303 of the drive assemblies 304.
Wheel hubs 309 allow attachment of wheels to the drive assemblies 304 for rotation with
rotation of the drive trains 308. The drive units 306 provide motive force to the wheels
through the drive trains 308 for propelling the vehicle along the ground.

[0081] In the illustrative embodiment, each drive assembly 304 is provided with a
cooling system 310 in accordance with the present disclosure that circulates a cooling fluid,
such as oil, transmission fluid, or other substantially non-conductive fluid, through the drive
assemblies 304 as suggested in Figs. 31-42. Each cooling system 310 includes a pump 312
and a heat exchanger 314 as shown in Fig. 32. The pump 12 can be driven by the drive unit
306 and/or drive train 308 and/or through a separate drive arrangement. The pump 312 moves
cooling fluid through the case 303 of the drive assembly 304 for cooling and/or lubricating
the drive unit 306 and/or the drive train 308. The cooling fluid passes through the heat
exchanger 314, and an exchange medium, such as water or antifreeze, flows through the heat
exchanger 314 in a parallel or counter flow to the cooling fluid for drawing heat from the
cooling fluid into the exchange medium. The exchange medium can be supplied and removed
from the heat exchanger 314 through conduits 342. In some embodiments, the exchange
medium can be used in another cooling system elsewhere in the vehicle to cool other vehicle
components, such as the batteries and/or power inverters. In some embodiments, the heat
exchanger 14 is an air-cooled heat exchanger. In some embodiments, multiple pumps 12
and/or heat exchangers 14 can be used.

[0082] The cooling fluid flows onto and/or into the drive unit 306 and/or drive train
308 and down to a lower portion of the case 303 (e.g., near suspension frame 302) defining a
sump 307 for the cooling fluid to collect as shown in Fig. 33. In the illustrative embodiment,
the pump 312 includes a first pump 344 and a second pump 346. The first pump 344 can be
driven by a drive arrangement 348, such as an electric motor, and the second pump 346 can
be driven by the drive unit 306 and/or drive train 308 as shown in Figs. 33-35. In some
embodiments, the first pump 344 operates to continuously circulate cooling fluid through the

case 303 and the second pump 346 provides additional cooling fluid flow during operation of
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drive unit 306. In some embodiments, the first pump 344 operates during idle periods of the
drive unit 306 to circulate the cooling fluid and ceases operation in favor of the second pump
346 with operation of the drive unit 306. In some embodiments, the first pump 344 operates
when the drive unit 306 is operating below a certain threshold (e.g., rotational speed, power
level, etc.).

[0083] A pickup 315 can be arranged in the sump 307 and fluidly coupled to the first
and second pumps 344, 346 (such as by conduits 316) to draw cooling fluid from the sump
307 for re-circulation though the case 303 as shown in Figs. 33-35. A filter 349 can arranged
to receive the cooling fluid moved by pumps 344, 346 for clearing debris from the cooling
fluid. The filter 349 can be mounted external of the case 303 for replacement. In some
embodiments, the pickup 315 includes a filter to clear debris from the cooling fluid. One or
more gears of the drive train 308 can extend into the sump 307 for spreading the cooling fluid
to other gears of the drive train 308. Rotation of the gears can also splash the cooling fluid
throughout the case 303 for lubricating contact surfaces.

[0084] An exemplary drive unit 306 is shown in Figs. 33 and 39. The drive unit 306
can be constructed similar to drive units 106, 206 described above. The drive unit 306
includes a stator 392 and a rotor 394. The stator 392 is coupled to the case 303 of the drive
assembly 304, and the rotor 394 is arranged for rotation relative to the stator 392. A pinion
gear 396 is coupled to the rotor 394 and engaged with the drive train 308 for transferring
motive force from the drive unit 306 to the drive train 308. In some embodiments, the drive
unit 306 includes internal passageways in the stator 392 and/or rotor 394 for flow of cooling
fluid through the drive unit 306. The stator 392 includes a core 395 and windings 397 as
shown in Fig. 33.

[0085] In the illustrative embodiment, the cooling system 310 further includes a
plurality of conduits 311 arranged in the case 303 and passageways 313 formed through the
case 303 for circulating the cooling fluid as shown in Figs. 36-42. The conduits 311 and
passageways 313 direct the cooling fluid from the heat exchanger 314 to the drive unit 306
and/or drive train 308. The conduits 311 can be arranged to pass the cooling fluid into the
internal passageways of the drive unit 306 and/or direct cooling fluid onto the drive unit 306.
In some embodiments, the conduits 311 are coupled to the passageways 313 in the case 303
for passing cooling fluid from the heat exchanger 314 to the drive unit 306 and/or drive train
308. The passageways 313 extend along and through portions of the case 303 to distribute the

cooling fluid to the conduits 311 and otherwise circulate the cooling fluid around the drive
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assembly 304. The passageways 313 can be formed as part of a casting process or post-
processing of the case 303, for example. In some embodiments, the passageways 313 of the
case 103 are used without the conduits 311. In some embodiments, the conduits 311 are used
without the passageways 313. In some embodiments, one or more rings 317 are arranged to
receive the cooling fluid and distribute the cooling fluid around the stator 392 and/or rotor
394, such as for distribution of the cooling fluid to passageways in the drive unit 306. In the
illustrative embodiment, the ring 317 further acts as a clamp ring for holding the drive unit
306 to the case 303. For example, fasteners, such as studs and nuts, engage with the clamp
ring 317 and case 303 to hold the drive unit 306 on the case 303 as detailed herein.

[0086] An exemplary flow path for the exchange medium through the heat exchanger
314 is schematically represented by arrows 341 in Figs. 36 and 37. The exchange medium
enters the case 303 through one of the conduits 342, passes up and through the heat
exchanger 314, and passes down and through a passageway 352 of the case 303 to the other
conduit 342. An exemplary flow path for the cooling fluid through the heat exchanger 314 is
schematically represented by arrows 343. The cooling fluid passes up into and through the
heat exchanger 314 from a passageway 354 of the case 303 (Fig. 37), and passes down into
the case 303 through passageways 356, 358 (Fig. 38) for circulation through the case 303. In
some embodiments, a portion of the cooling fluid can be circulated to a cap 298 coupled to
the case 303 through an inlet 351 and passageway 353 (Fig. 42) for distribution to the drive
unit 306 as schematically represented by arrow 345 in Fig. 36.

[0087] The first and second pumps 344, 346 pass cooling fluid into a passageway 350
for distribution to the passageway 354 into the heat exchanger 314 as shown in Fig. 40. In
some embodiments, the cooling fluid moved by pump 346 passes through and/or around
pump 344 into a passageway 350. The flow of cooling fluid from the heat exchanger 314
(arrow 343 in Fig. 41) passes into the passageway 358 as represented by arrow 347. In the
illustrative embodiment, one or more of the conduits 311 are arranged to circulate cooling
fluid from the passageway 358 around the case 303. For example, the conduits 311 can
include one or more core sprayers 321, feed tubes 322, transfer tubes 323, winding sprayers,
and other possible conduit configurations as detailed herein for delivering cooling fluid
through the drive assembly 304 as suggested in Fig. 41. In some embodiments, one or more
of the passageways 313 in the case 303 define one or more winding sprayers for spraying

cooling fluid onto the windings 397 of the drive unit 306 as detailed herein.
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[0088] The conduits 311, passageways 313, and other structures described herein and
contemplated by the present disclosure for moving the cooling fluid through the drive
assembly 304 can collectively be referred to as a fluid-delivery network 360 of the cooling
system 310.

[0089] Another embodiment of an electric axle assembly 400 in accordance with the
present disclosure is shown in Fig. 43. The electric axle assembly 400 is similar to the electric
axle assembly 200 shown in Figs. 14-30 and described above, with similar reference numbers
in the 400’s used to identify similar structures in the electric axle assembly 400 to those of
electric axle assembly 200. The electric axle assembly 400 includes a drive assembly 404 and
axle tubes 402 extending from opposite sides of the drive assembly 404. A controller 405
controls operation of the electric axle assembly 400. The drive assembly 404 includes a drive
input 430 and a drive train 408. In the illustrative embodiment, the drive input 430 includes a
pair of drive units 406, such as electric motors. The drive units 406 and drive train 408 are
housed in a case 403 of the drive assembly 404. The drive train 408 extends through the axle
tubes 402 to engage with wheel hubs 409. The wheel hubs 409 allow attachment of wheels to
the drive assembly 404 for rotation with rotation of the drive train 408 by the drive input 430.
The drive units 406 provide motive force to the wheels through the drive trains 408 for
propelling the vehicle along the ground.

[0090] A cooling system 410 in accordance with the present disclosure circulates a
cooling fluid, such as oil, transmission fluid, or other substantially non-conductive fluid, to
drive assembly 404 as suggested in Figs. 43-46. The cooling fluid circulated by the cooling
system 410 controls heat produced by the drive units 406 during operation. In the illustrative
embodiment, the cooling system 410 includes a pump 412 and a heat exchanger 414. The
pump 412 passes cooling fluid from the case 403 through the heat exchanger 414 (as
schematically shown by arrows 443 in Fig. 44) and back into the case 403 through one or
more inlets 462, 464, 466, 468 (as schematically shown by arrows 445) for circulation to the
drive units 406 and/or drive train 408. The pump 412 can be driven by one of the drive units
406 and/or drive trains 408 and/or through a separate drive arrangement. In the illustrative
embodiment, the pump 412 includes a pump 444 operated by one or more drive arrangements
446, 448. For example, the drive arrangement 446 can be engaged with the drive train 408
(Fig. 47) to transfer motive force from the drive units 406 to the pump 444 during operation
of the drive units 406. The drive arrangement 448 can be an electric motor and operate in

addition or alternative to the drive arrangement 446. For example, in some embodiments, the
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drive arrangement 446 operates the pump 444 to continuously circulate cooling fluid through
the case 403 and the drive arrangement 448 provides additional cooling fluid flow during
operation of the drive unit 406. In some embodiments, the drive arrangement 446 operates the
pump 444 during idle periods of the drive unit 406 to circulate the cooling fluid and ceases
operation in favor of the drive arrangement 448 with operation of the drive unit 406. In some
embodiments, the drive arrangement 446 operates the pump 444 when the drive unit 406 is
operating below a certain threshold (e.g., rotational speed, power level, etc.).

[0091] The cooling fluid passes through the heat exchanger 414 to remove heat from
the cooling fluid as suggested in Fig. 44. The cooled fluid passes through one or more
conduits (schematically represented by arrows 445) and enters the case 403 the inlets 462,
464, 466, 468. The cooling fluid is distributed through the case 403 for cooling and/or
lubricating the drive units 406 and/or the drive trains 408. In the illustrative embodiment, the
heat exchanger 414 is a liquid-cooled heat exchanger passing an exchange medium, such as
water or antifreeze, in a parallel or counter flow through fittings 454 to draw heat from the
cooling fluid into the exchange medium. In some embodiments, the exchange medium can be
used in another cooling system elsewhere in the vehicle to cool other vehicle components,
such as the batteries and/or power inverters. In some embodiments, the heat exchanger 414 is
an air-cooled heat exchanger. In some embodiments, multiple pumps 412 and/or heat
exchangers 414 can be used. In some embodiments, each drive unit 406 is provided with its
own cooling system 410.

[0092] The cooling fluid flows onto and/or into the drive unit 406 and/or drive train
408 and down to a lower portion of the case 403 (e.g., below the axle tubes 402) defining a
sump 407 for the cooling fluid to collect as shown in Figs. 45-49. In some embodiments, a
pickup 415 is arranged in the sump 407 and fluidly coupled to the pump 444 (such as by a
conduit 416) to draw cooling fluid from the case 403 for re-circulation as shown in Figs. 45
and 46. In some embodiments, the pickup 415 includes a filter to clear debris from the
cooling fluid. In some embodiments, the filter 449 is coupled to the cooling system 410
outside of the case 403 for replacement. One or more gears of the drive train 408 can extend
into the sump 407 for spreading the cooling fluid to other gears of the drive train 408 as
shown in Fig. 47. Rotation of the gears can also splash the cooling fluid throughout the case
403 for lubricating contact surfaces.

[0093] An exemplary drive unit 406 is shown in section in Figs. 45 and 47. The drive

units 406 can be constructed similar to drive units 106, 206, 306 described above. In the
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illustrative embodiment, the drive units 406 each include a stator 492 and a rotor 494. The
stator 492 is coupled to the case 403 of the drive assembly 404, and the rotor 494 is arranged
for rotation relative to the stator 492. Pinion gears 496 are coupled to the rotors 494 and
engage with the drive train 408 for transferring motive force from the drive units 406 to the
drive train 408. In some embodiments, the drive units 406 include internal passageways in the
stator 492 and/or rotor 494 for flow of cooling fluid through the drive units 406. The stator
492 includes a core 495 and windings 497.

[0094] In the illustrative embodiment, one or more conduits 411 are provided as part
of the cooling system 410 for directing the cooling fluid from the heat exchanger 414 to the
drive units 406 and/or drive train 408. The conduits 411 can be arranged to pass the cooling
fluid into the internal passageways of the drive unit 406 and/or direct cooling fluid onto the
drive unit 406. In some embodiments, the conduits 411 are coupled to passageways 413 in
the case 403 for passing cooling fluid from the inlets 462, 464, 466, 468 to the drive units 406
and/or drive train 408 as shown in Figs. 45 and 48-50. In some embodiments, the
passageways 413 can be formed through case 403 similar to passageways 13, 213, 313
through the cases 103, 203, 303 described above. The passageways 413 in case 403 extend
along and through portions of the case 403 to distribute the cooling fluid to the conduits 411
and otherwise circulate the cooling fluid around the drive assembly 404. The passageways
413 can be formed as part of a casting process or post-processing of the case 403, for
example. In some embodiments, the passageways 413 of the case 403 are used without the
conduits 411. In some embodiments, the conduits 411 are used without the passageways 413.
In some embodiments, one or more rings 417 are arranged to receive the cooling fluid and
distribute the cooling fluid around the stators 492 and/or rotors 494, such as for distribution
of the cooling fluid to passageways in the drive units 406. In some embodiments, caps 498
can be coupled to the case 403 and arranged to receive cooling fluid from the passageways
413 of the case 403 (such as a passageway 453 fed by inlet 464 and a passageway 455 fed by
inlet 462 as shown in Figs. 48 and 50) and pass the cooling fluid into the rotor 494 and/or
stator 492 of the drive units 406.

[0095] In exemplary embodiments, the conduits 411 can include one or more core
sprayers, feed tubes 422, transfer tubes, winding sprayers, and other possible conduit
configurations as detailed herein for delivering cooling fluid through the drive assembly 404
as suggested in Figs. 45 and 47-50. The conduits 411 can be supplied with cooling fluid by

one or more of the passageways 413 in the case 403 or otherwise supplied with cooling fluid

20



WO 2020/069437 PCT/US2019/053648

from the pump 412. In the illustrative embodiment, the feed tubes 422 transfer cooling fluid
received from the inlets 462, 466 and passageways 413 of the case 403 (such as passageway
458 shown in Fig. 49) to the ring 417 having one or more internal passageways (similar to
ring 17 described above) for distribution of the cooling fluid around the drive unit 406 and for
use by the drive unit 406. In some embodiments, the passageways of the ring 417 can be
formed as a cavity during a molding process, with an insert molding process, or by a
machining operation, for example. In some embodiments, one or more of the passageways
413 in the case 403 define a winding sprayer 427 for spraying cooling fluid onto the windings
497 of the drive units 406. In some embodiments, the winding sprayer 427 is formed in the
case 403 in an arcuate path around the drive unit 406. In some embodiments, the winding
sprayer 427 includes a series of outlet orifices circumferentially distributed around the drive
unit 406 above the windings 497 for spraying the windings 497 with cooling fluid. Other
configurations are contemplated.

[0096] In the illustrative embodiment, each ring 417 further acts as a clamp ring for
holding the respective drive unit 406 to the case 403 as shown in Fig. 46. For example,
fasteners, such as studs 491 and nuts 493, engage with the clamp ring 417 and case 403 to
hold the drive unit 406 on the case 403. The studs 491 are circumferentially distributed
around the drive unit 406 and extend through the clamp ring 417 to engage with the case 403,
such as by cooperative threading on the stud 491 and case 403. The nut 493 engages with the
stud 491, such as by cooperative threading on the stud 491 and nut 493, and engages with the
clamp ring 417 to force the clamp ring 417 against the stator 492 and force the stator 492
against the case 403. The clamp ring 417 distributes clamping force from the fasteners evenly
around the stator 492. In some embodiments, the studs 491 extend through the stator 492. The
clamp ring 417 can be formed as a single component or in multiple sections assembled
together.

[0097] The conduits 411, passageways 413, and other structures described herein and
contemplated by the present disclosure for moving the cooling fluid through the drive
assembly 404 can collectively be referred to as a fluid-delivery network 460 of the cooling
system 410.

[0098] The descriptions herein of the various embodiments of electric axle assemblies
may be incorporated by reference with respect to one another.

[0099] In illustrative embodiments, electric axle assemblies in accordance with the

present disclosure can be arranged for use with a vehicle such as, for example, a body-on-
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frame truck. Wheels are arranged at opposing ends of the electric axle assemblies to support
the vehicle for conveyance along a ground surface. The electric axle assemblies propel the
vehicle by transferring motive power to the wheels in contact with the ground surface. The
vehicle can include a chassis upon which a body and other equipment may be supported. For
example, a cab, a cargo box, a lift boom, or a hitch system may be mounted to the chassis.
The chassis can include frame rails; suspension components such as springs, dampers, and
trailing arms; and brake components such as air cylinders, brake calipers, brake rotors, brake
drums, brake hoses, and the like. The electric axle assemblies can be mounted perpendicular
to the frame rails such that the vehicle travels in a direction aligned with the frame rails.
[00100] In illustrative embodiments, the electric axle assemblies may be configured for
“single-wheel” applications and “dual-wheel” applications. In “single-wheel” applications a
single wheel is coupled to each end of the electric axle assembly. Likewise, in “dual-wheel”
applications, wheels are arranged in pairs at each end of the electric axle assembly. Vehicles
requiring increased payload or towing capacity are one example of a “dual-wheel”
application. Vehicles that require a further increased payload/towing capacity may be
equipped with two or more electric axle assemblies. Some vehicles may require drive devices
other than wheels. For example, crawler tracks or rail wheels may be coupled to the electric
axle assembly to propel the vehicle. The electric axle assembly may be mounted to the
vehicle in the front and in the rear to realize various drive types such as front-wheel drive,
rear-wheel drive, and all/four-wheel drive.

[00101] In illustrative embodiments, vehicle performance is optimized when the
wheels are in constant contact with the ground. In order to more easily follow the ground, a
suspension system can movably couple the electric axle assembly to the frame rails. The
suspension system allows the electric axle assembly to move relative to the frame rails and
urges the wheels toward the ground when the vehicle encounters imperfections in the ground.
The suspension system may include springs and dampers, which absorb movement and
improve ride quality; control arms that constrain the movement of the electric axle assembly;
and other elements as determined by the application such as steering and kinematic linkages.
The electric axle assembly may also be mounted to a vehicle that was not originally equipped
with an electric axle assembly. The electric axle assembly can be retrofit to these vehicles to
offer an electric driveline upgrade.

[00102] In illustrative embodiments, the electric axle assembly may be utilized in both

hybrid-electric and fully-electric vehicles. In a fully-electric vehicle, electricity to power the

22



WO 2020/069437 PCT/US2019/053648

electric axle assembly may be stored in a battery mounted to the chassis. Alternatively,
electricity may be supplied from an external power source, such as an overhead wire or third
rail system. If the vehicle is configured as a hybrid-electric vehicle, an internal combustion
engine may be mounted to the chassis and coupled to an drive unit capable of generating
electricity; the electricity may power the electric axle assembly directly, or may be stored in a
battery.

[00103] In illustrative embodiments, the electric axle assembly can include a drive
housing (sometimes called a case) that houses at least one drive unit and drives a gear train
(sometimes called a drive train). The drive unit is coupled to the drive housing and engaged
with the gear train to transfer power to the wheels. The gear train may include a series of
gears and shafts supported for rotation within the drive housing. Typically, bearings are used
to reduce friction between rotating components of the gear train. Various bearing types may
be used depending on the requirements of the application, for example, journal (plain)
bearings, roller bearings, ball bearings, etc. Friction is further reduced through the use of a
lubricant, such as oil supplied to contact surfaces between components, such as gear teeth and
bearings, to prevent wear and to reduce heat. The electric axle assembly may further include
two wheel ends (sometimes called wheel hubs) coupled to the drive housing. It should be
appreciated that the drive housing and wheel ends may be constructed and coupled in a
variety of ways. The electric axle assembly can be configured for use in a low-floor bus and
include multiple drive housings, each arranged on opposing sides of the electric axle
assembly. The drive housings may be assembled using fasteners and the like. The electric
axle assembly can include a single drive housing configured to support multiple drive units.
[00104] In illustrative embodiments, the drive unit includes a rotor and a stator. The
rotor is supported for rotation about a rotor axis by bearings in the drive housing. The stator is
coupled to the drive housing and disposed about the rotor such that the rotor rotates within
the stator. During operation, the drive units of the electric axle assembly generate heat,
primarily through friction between the contact surfaces and electrical current flowing through
the windings of the electric motors. Performance of the drive units is improved with a cooling
system that transfers heat away from the drive units during operation. The cooling system can
include a coolant fluid, a pump, and a heat exchanger. The cooling system reduces the
temperature of the electric axle assembly by pumping coolant fluid through the heat

exchanger and distributing the coolant fluid to the drive units.
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[00105] In illustrative embodiments, the oil used to lubricate the electric axle assembly
serves as the coolant fluid. The oil is non-conductive, which allows the oil to contact high-
voltage portions of the drive units. Oil is pumped through the cooling system and supplied to
the drive units as well as the contact surfaces of the gear train. The pump can be an oil pump
that pumps oil from a pump inlet to a pump outlet. Oil is pumped into the heat exchanger and
supply lines to direct the oil toward a desired component within the drive housing. The oil
pump may be powered by a discrete electric motor or may be driven by the gear train. In
some embodiments, the cooling system may comprise two pumps, each powered by a
respective electric motor.

[00106] In illustrative embodiments, the heat exchanger that cools the oil by
transferring heat into a second coolant fluid. The heat exchanger is arranged downstream of
the pump and removes heat from the oil. In some embodiments more than one heat exchanger
may be implemented, such as in an axle with two independent cooling systems, or to increase
the cooling capacity of the cooling system. The heat exchanger may utilize a variety of fluids
as the second coolant fluid, for example water or antifreeze. The heat exchanger may further
be configured as a radiator to cool the oil using a source of flowing air. Furthermore, heat
rejection requirements of the heat exchanger may permit the use of a finned oil tank to cool
the oil without airflow. Further still, it is contemplated that the cooling system may comprise
a thermostat arranged between the oil pump and the heat exchanger blocking oil from flowing
into the heat exchanger until a predetermined temperature is reached.

[00107] In illustrative embodiments, oil is supplied to the pump from an oil sump in
each housing via a respective pickup tube fluidly coupled to the pump inlet. The pickup tube
may include a pickup screen or filter element to help prevent contaminants that have settled
in the oil sump from reaching the pump. Oil in the sump flows through each pickup tube and
into the pump, which pumps the oil out of each pump outlet and into auxiliary lines. The
auxiliary lines route oil to a distribution manifold where the flow is merged into an outlet line
coupled between the distribution manifold and the heat exchanger. The heat exchanger may
an inlet and an outlet, with the inlet is arranged to receive oil from the pump and the outlet is
coupled to a housing case gallery (sometimes called a passageway) defined in the drive
housing.

[00108] In illustrative embodiments, cooled oil from the heat exchanger flows into the
housing case gallery, which may be realized as one or more passages that are formed in the

housing case by casting or by machining. Each passage routes oil from a housing case gallery
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inlet to one or more housing case gallery outlets to be further distributed within an interior of
the drive housing.

[00109] In illustrative embodiments, a clamp ring comprises an upper portion and a
lower portion, which interlock to form a ring. Each portion defines a plurality of mounting
holes that receive threaded fasteners for coupling the drive unit to the drive housing. In some
embodiments, the clamp ring is formed from a polymer or composite material, for example
by an injection molding process. In some embodiments, the clamp ring is formed from a fiber
reinforced polymer such as glass-filled nylon. Other materials, such as metals and alloys, and
processes, such as casting or forging, are contemplated.

[00110] In illustrative embodiments, the cooling system further comprises a crossover
tube that transfers oil between the housing case gallery and the clamp ring gallery. The
crossover tube extends between a first end coupled to the housing case in fluid
communication with the housing case gallery and a second end coupled to the clamp ring in
fluid communication with the clamp ring gallery. Oil flows from one of the housing case
gallery outlets, through the crossover tube, into the clamp ring gallery.

[00111] In illustrative embodiments, the cooling system further comprises a winding
sprayer arranged above the windings of the drive unit and coupled to the clamp ring in fluid
communication with one of the clamp ring gallery outlets. The winding sprayer is formed
with a contoured portion that provides clearance between the winding sprayer and the
windings. A series of outlet orifices, which direct oil onto the windings, are defined in the
winding sprayer. Oil flows out of clamp ring gallery outlet, through the winding sprayer, to
the series of outlet orifices. Other configurations are contemplated.

[00112] In illustrative embodiments, the cooling system further comprises a rear
sprayer. The rear sprayer may be defined in the housing case in an arcuate path around the
drive unit. The rear sprayer may comprise a series of outlet orifices in fluid communication
with one of the housing case gallery outlets and arranged above the windings protruding from
the second end of the stator. Oil flows out of the housing case gallery outlet, through the rear
sprayer, to the series of outlet orifices. Other configurations are contemplated.

[00113] In illustrative embodiments, the electric axle assembly may include a gear
baffle disposed in the oil sump and coupled to the housing case. The gear baffle has a semi-
circular profile with an open end configured to receive a portion of one of the gears of the
gear train. The gear baffle protrudes into the oil sump with the open end above the oil in

order to prevent oil from collecting in the gear baffle. The gear baffle creates a trough for
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gears partially protruding into the oil sump to rotate without skimming the oil, thereby
reducing churning losses and oil aeration.

[00114] While the disclosure has been illustrated and described in detail in the
drawings and foregoing description, such an illustration and description is to be considered as
exemplary and not restrictive in character, it being understood that only illustrative
embodiments have been shown and described and that all changes and modifications that

come within the spirit of the disclosure are desired to be protected.
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CLAIMS

1. An electric axle assembly comprising:

a drive assembly having a drive unit and a drive train housed in a case, the drive unit
engaged with the drive train and configured to provide motive force to the drive train; and

a cooling system coupled to the drive assembly, the cooling system including a pump,
a heat exchanger, and a fluid-delivery network,

wherein the pump is configured to pass a cooling fluid from the case to the heat
exchanger, the heat exchanger is configured to draw heat from the cooling fluid, and the
fluid-delivery network is configured to pass the cooling fluid from the heat exchanger to at

least one of the drive unit and the drive train.

2. The electric axle assembly of claim 1, wherein the fluid-delivery network

includes at least one of conduits coupled to the case and passageways formed into the case.

3. The electric axle assembly of claim 2, wherein the conduits are in fluid

communication with the passageways.

4. The electric axle assembly of claim 1, wherein the fluid-delivery network is

arranged to direct the cooling fluid onto and/or into the drive unit for cooling the drive unit.

5. The electric axle assembly of claim 1, wherein the drive assembly is a first
drive assembly, and further comprising a suspension frame and a second drive assembly, the

first and second drive assemblies coupled to opposing sides of the suspension frame.

6. The electric axle assembly of claim 5, wherein the cooling system is coupled

to the first and second drive assemblies.
7. The electric axle assembly of claim 5, wherein the cooling system is a first

cooling system coupled to the first drive assembly, and further comprising a second cooling

system coupled to the second drive assembly.
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8. The electric axle assembly of claim 1, wherein an exchange medium flows
through the heat exchanger, and wherein heat is transferred from the cooling fluid to the

exchange medium in the heat exchanger.

9. The electric axle assembly of claim 1, wherein the case is formed to define a
sump for collecting the cooling fluid, wherein the pump draws the cooling fluid from the
sump, and wherein the cooling fluid is configured to draw heat from the drive unit and flow

into the sump.

10. The electric axle assembly of claim 1, wherein the cooling fluid is further

configured to lubricate at least one of the drive unit and the drive train.

11. A cooling system for use with a drive unit having a stator and a rotor, the rotor
having a core and windings coupled to the core, the rotor adapted for rotation relative to the
stator, the cooling system comprising:

a pump;

a heat exchanger; and

a fluid-delivery network,

wherein the pump is configured to pass a cooling fluid to the heat exchanger, the heat
exchanger is configured to draw heat from the cooling fluid, and the fluid-delivery network is

configured to pass the cooling fluid from the heat exchanger to the drive unit.

12. The cooling system of claim 11, wherein the fluid-delivery network is

arranged to direct the cooling fluid onto and/or into the drive unit for cooling the drive unit.
13. The cooling system of claim 11, wherein an exchange medium flows through
the heat exchanger, and wherein heat is transferred from the cooling fluid to the exchange

medium in the heat exchanger.

14. The cooling system of claim 11, wherein the cooling fluid is further

configured to lubricate the drive unit.
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15. The cooling system of claim 11, wherein the fluid-delivery network includes
at least one of conduits coupled to a case housing the drive unit and passageways formed into

the case.

16. The cooling system of claim 11, wherein the fluid-delivery network includes a
plurality of conduits comprising at least one of:

a winding sprayer configured to spray the cooling fluid on the windings of the stator;

a core sprayer configured to spray the cooling fluid on the core of the stator; and

a feed tube configured to pass the cooling fluid to a ring coupled to the drive unit.

17. A drive assembly comprising:
a case;
a drive train housed in the case;
a drive unit housed in the case and engaged with the drive train to provide motive
force to the drive train during operation of the drive unit; and

a cooling system coupled to the case, the cooling system comprising:

a pump;

a heat exchanger; and

a fluid-delivery network arranged to direct the cooling fluid onto and/or into
the drive unit for cooling the drive unit,

wherein the pump is configured to pass a cooling fluid from the case to the
heat exchanger, the heat exchanger is configured to draw heat from the cooling fluid,
and the fluid-delivery network is configured to pass the cooling fluid from the heat

exchanger to at least one of the drive unit and the drive train.

18. The drive assembly of claim 17, wherein the fluid-delivery network includes
at least one of conduits coupled to the case and passageways formed into the case, and

wherein the conduits are in fluid communication with the passageways.
19. The drive assembly of claim 17, wherein an exchange medium flows through

the heat exchanger, and wherein heat is transferred from the cooling fluid to the exchange

medium in the heat exchanger.
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20. The drive assembly of claim 17, wherein the case is formed to define a sump
for collecting the cooling fluid, wherein the pump draws the cooling fluid from the sump, and
wherein the cooling fluid is configured to draw heat from the drive unit and flow into the

sump.

21. The drive assembly of claim 17, wherein the cooling fluid is further

configured to lubricate at least one of the drive unit and the drive train.
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