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(57) ABSTRACT

A gearbox attachment of a wheel drive unit A-shield assem-
bly for an electric vehicle four motor powertrain system 1s
disclosed. The gearbox attachment includes a housing, a
gear reduction assembly, and an actuator assembly. The
housing 1s adapted to fasten to an A-shield of the wheel drive
unit A-shield assembly. The housing includes an outer ring.
The gear reduction assembly 1s at least partially received 1n
the outer ring. The gear reduction assembly 1s adapted to
receive an output of a gearbox of the wheel dnive umt
A-shield assembly that 1s adapted to provide an output of a
motor to a single wheel of the electric vehicle. The gear
reduction assembly 1s adapted to provide a gear reduction
for a higher torque and slower speed in a gear reduction
mode. The actuator assembly adapted to actuate the gear

reduction assembly output between the gear reduction mode
and a standard mode.

20 Claims, 6 Drawing Sheets

152



U.S. Patent Jan. 31, 2023 Sheet 1 of 6 US 11.565.586 B2

100

102

-
L] -
LEL DL DL UL B L B B BN BN BN O BN DL DL BN DL B BN BN BN BN DS DN BN BN DN UE B DR BN DL D DN BN B BN DL BN BN B DL DN B BN DS B DN BN DL D BN DL DL BN DL BN BN DL D DL B DL UE B BN |

ok ok kS

L EL B BN B BN )

L] L I N N I N N I N B B B B B ) LI I B N I B B I O T B B N B ) -

L L B B UL B B UL BN UL DL BN B DN BN DN BN D B B DN BN D DS DL UL DS D DL DN U D DN B DD BB R EE R

-
H -
LOE BE DR BE B BE DR BE DR BE DR DE DR DR BE DR DR BE DR B BE DR DR BE DR B B DR BE B NE B B DR B B DR B B NE B B NE B B N N B NE NS B N N B U B BE NE B B BE B B B B |
L N N N R N R B B N B B B B
-
- -

-
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii LB DL B U B B BN B UL B B BN BN D D BN DL DN BN DL DN DN D D DL UL DU B UL D DL DN D DL DL R DL N BN B BN DN EE D DR LR DD D DL EE R U BN D DD N DD D DR B LD DD DL DU DU D DL D DL DD D DU DL B BN

L L B B DL B DL B B UL B UL B O DL B D DN BN DL DN DN DL D DN U DN DN D NN N B B D DL BB BB

b o o o o k& ko F F F F F F F ko

L I B B

L B N N B B B B N B B B B

ok ok kS

ok ok kR

L]
- -

- -
L] L]

- -
- -

L] L]
- -

- -
L] L]

- -
- -

L] L]
- -

- -
L] L]

- - -
- -

L] L]
- - -

- -
* - * -
iiiiiiiiiiiiiiiiiiii:ﬁiiiiiiiiiiiiiiiiiiiiiiiiiiiiii-i-ii-i-ii-i-ii-i-ii-i-ii-i-ii-i-ii-i-ii-i-ii-i-iiiiii-i‘ii-i‘ii-i‘ii-i‘ii-i‘ii‘i‘ii-i‘ii-i‘ii-i‘ii-iiiiiiiiiiiiiiiiiiii‘iiiiiiiiiii;ﬁiiiiiiiiiiiiiiiiiii

o
-
-
-
-
-
L]
-
-
-
- -
-
L] L]
-
-
-
-

FIG. T



U.S. Patent Jan. 31, 2023 Sheet 2 of 6 US 11,565,586 B2




U.S. Patent Jan. 31, 2023 Sheet 3 of 6 US 11,565,586 B2

141




U.S. Patent Jan. 31, 2023 Sheet 4 of 6 US 11,565,586 B2




U.S. Patent Jan. 31, 2023 Sheet 5 of 6 US 11,565,586 B2

152

FIG. 5




U.S. Patent Jan. 31, 2023 Sheet 6 of 6 US 11,565,586 B2




US 11,565,586 B2

1

MODULAR HIGH-LOW RANGE GEARBOX
ATTACHMENT

TECHNICAL FIELD

The present disclosure generally relates to the automotive
and 1ndustrial equipment fields. More particularly, the pres-
ent disclosure relates to a wheel drive assembly with a

modular high-low range gearbox attachment.
10

BACKGROUND

Drive systems for electric vehicles are capable of oper-
ating 1n a variety of conditions, including operating at a high
torque output while at low speeds. However, motors out- 15
putting high torques oiten struggle to maintain these torque
outputs for long durations due to thermal overload, and 1n
particular, due to the thermal limits of the motor’s stator and
inverter’s msulated-gate bipolar transistors (IGBTs). These
high torque output scenarios are common in ofl roading, 20
rock crawling, heavy duty towing, and while operating an
clectric vehicle 1in extreme weather conditions.

The present background 1s provided by way of illustrative
environmental context only. It will be readily apparent to
those of ordinary skill 1in the art that the principles of the 25
present disclosure may be implemented 1n other environ-
mental contexts equally.

SUMMARY
30

The present disclosure provides a drive train system with
individual wheel drive units that each include a gearbox
attachment. The drive train system 1s one of a front drive
train system and a rear drive train system of a four-motor
powertrain assembly for an electric vehicle. The gearbox 35
attachment, which 1s a high-low range gearbox (often
referred to as a crawlbox), mntroduces a high ratio gear
reduction that allows high torque at low speed for long
durations. This moves the strain of operating 1n high torque
situations from the motor to the wheel, which eliminates the 40
thermal limitations of the motor under high torque scenarios.
The high ratio gear reduction 1s particularly useful for off
roading, rock crawling, heavy duty towing, and extreme
weather conditions, particularly while being applied within
an 1ndividual wheel drive unit. 45

The gearbox attachment 1s modular and 1s attachable to
any of the individual wheel units of the four-motor pow-
ertrain assembly. In some embodiments, the gearbox attach-
ment replaces one or more of the mner CV joint and the
A-shield mounting bracket. This configuration allows the 50
gearbox attachment to easily be added to an existing wheel
drive unit or removed from a wheel drive unit without
replacing the A-shield or the half shaft of the wheel drive
unit.

In one illustrative embodiment, the present disclosure 55
provides gearbox attachment of a wheel drive unit A-shield
assembly for an electric vehicle four motor powertrain
system. The gearbox attachment includes a housing, a gear
reduction assembly, and an actuator assembly. The housing
1s adapted to fasten to an A-shield of the wheel drive unit 60
A-shield assembly. The housing includes an outer ring. The
gear reduction assembly 1s at least partially received 1n the
outer ring. The gear reduction assembly 1s adapted to recerve
an output of a gearbox of the wheel drive unit A-shield
assembly. The A-shield assembly 1s adapted to provide an 65
output of a motor to a single wheel of the electric vehicle.
The gear reduction assembly 1s adapted to provide a gear

2

reduction for a higher torque and slower speed 1n a gear
reduction mode than a torque and speed 1n a standard mode.
The actuator assembly 1s adapted to actuate the gear reduc-
tion assembly output between the gear reduction mode and
the standard mode.

In some embodiments, the standard mode provides no
gear reduction to the output of the gearbox. Optionally, the
gear reduction assembly provides a gear reduction between
1.5:1 and 5.0:1 in the gear reduction mode and a gear
reduction of 1:1 1n the standard mode.

In some embodiments, the housing includes a mounting,
bracket adapted to connect to a subiframe of the electric
vehicle, and wherein the mounting bracket 1s adapted to
connect the A-shield to the subiframe. Optionally, the hous-
ing, including the outer ring and the mounting bracket, 1s a
unitary structure that 1s a single structurally formed entity.

In some embodiments, the gear reduction assembly 1s a
planetary gear assembly includes a gear shaft, planetary
gears, pins, an mner carrier assembly, and an outer carrier
assembly. The gear shait includes a sun gear and a spline
adapted to recerve the output of the gearbox. The pins
support the planetary gears. The inner carrier assembly
positioned at an 1put side of the gearbox attachment. The
outer carrier assembly positioned at an output side of the
gearbox attachment.

In some embodiments, the gearbox attachment further
includes a cooling attachment adapted to connect to a face
of the gearbox attachment and adapted to provide cooling
for the gear reduction assembly.

In another illustrative embodiment, the present disclosure
provides an A-shield assembly of a wheel drive unit of a four
motor powertrain system of an electric vehicle. The A-shield
assembly includes an A-shield, a gearbox, and a gearbox
attachment. The A-shield adapted to support a motor
mounted thereto. The motor adapted to provide power to a
single wheel of the electric vehicle. The gearbox 1s mounted
to the A-shield. The gearbox includes a gear assembly
adapted to receive an output of the motor and output a first
gear reduction. The gearbox attachment includes a housing,
a gear reduction assembly, and an actuator assembly. The
housing 1s coupled to the A-shield. The housing includes an
outer ring. The gear reduction assembly 1s at least partially
received 1n the outer ring. The gear reduction assembly 1s
coupled to the gear assembly to recerve the output of the
gearbox. The gear reduction assembly 1s adapted to provide
a second gear reduction for a higher torque and slower speed
in a gear reduction mode than that of the first gear reduction.
The actuator assembly 1s adapted to actuate the gear reduc-
tion assembly output between the gear reduction mode and
a standard mode.

In some embodiments, the standard mode provides no
gear reduction to the output of the gearbox. Optionally, the
second gear reduction 1s a gear reduction between 1.5:1 and
5.0:1 1n the gear reduction mode and a gear reduction of 1:1
in the standard mode.

In some embodiments, the housing includes a mounting,
bracket adapted to connect to a subirame of the electric
vehicle, and the mounting bracket 1s adapted to connect the
A-shield to the subirame. Optionally, the housing, including
the outer ring and the mounting bracket, 1s a unitary struc-
ture that 1s a single structurally formed enftity.

In some embodiments, the gear reduction assembly 1s a
planetary gear assembly includes a gear shaft, planetary
gears, pins, an mner carrier assembly, and an outer carrier
assembly. The gear shait includes a sun gear and a spline
coupled to the output of the gear assembly of the gearbox.
The pins support the planetary gears. The mnner carrier
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assembly positioned at an 1nput side of the gearbox attach-
ment. The outer carrier assembly positioned at an output side
of the gearbox attachment.

In some embodiments, the gearbox attachment further
includes a cooling attachment adapted to connect to a face
of the gearbox attachment and adapted to provide cooling
for the gear reduction assembly.

In a further illustrative embodiment, the present disclo-
sure provides a wheel drive unit of a four motor powertrain
system of an electric vehicle. The wheel drive unit includes
an A-shield, a motor, a gearbox, and a gearbox attachment.
The motor 1s adapted to output power to a single wheel. The
motor 1s coupled to the A-shield. The gearbox 1s mounted to
the A-shield. The gearbox includes a gear assembly coupled
to an output of the motor and 1s adapted to output a first gear
reduction. The gearbox attachment includes a housing, a
gear reduction assembly, and an actuator assembly. The
housing 1s coupled to the A-shield. The housing includes an
outer ring. The gear reduction assembly 1s at least partially
received 1n the outer ring. The gear reduction assembly 1s
coupled to the gear assembly to receive the output of the
gearbox. The gear reduction assembly 1s adapted to provide
a second gear reduction for a higher torque and slower speed
in a gear reduction mode than that of the first gear reduction.
The actuator assembly 1s adapted to actuate the gear reduc-
tion assembly output between the gear reduction mode and
a standard mode.

In some embodiments, the standard mode provides no
gear reduction to the output of the gearbox. Optionally, the
second gear reduction 1s a gear reduction between 1.5:1 and
5.0:1 1n the gear reduction mode and a gear reduction of 1:1
in the standard mode.

In some embodiments, the housing includes a mounting
bracket adapted to connect to a subirame of the electric
vehicle, and the mounting bracket 1s adapted to connect the
A-shield to the subirame. Optionally, the housing, including
the outer ring and the mounting bracket, 1s a unitary struc-
ture that 1s a single structurally formed entity.

In some embodiments, the gear reduction assembly 1s a
planetary gear assembly includes a gear shait, planetary
gears, pins, an mner carrier assembly, and an outer carrier
assembly. The gear shaft includes a sun gear and a spline
coupled to the output of the gear assembly of the gearbox.
The pins support the planetary gears. The mnner carrier
assembly positioned at an 1nput side of the gearbox attach-
ment. The outer carrier assembly positioned at an output side
of the gearbox attachment.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s illustrated and described herein
with reference to the various drawings, 1n which like refer-
ence numbers are used to denote like system components/
method steps, as appropriate, and in which:

FIG. 1 1s a schematic illustration of a drive train system
ol a four-motor powertrain assembly for an electric vehicle;

FIG. 2 1s a perspective view of an A-shield assembly of
a wheel drive unit of the drive train system of FIG. 1;

FIG. 3 1s a perspective view of a gear attachment of the
A-shield assembly of FIG. 2;

FIG. 4 1s an alternate perspective view of the gear
attachment of FIG. 3;

FIG. 5 1s an exploded view of the A-shield assembly of
FI1G. 2 with a half shaft of the wheel drive unit; and
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FIG. 6 1s an embodiment of the A-shield assembly of FIG.
2 further including a cooling attachment.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Again, the present disclosure provides a drive train sys-
tem with individual wheel drive units that each include a
gearbox attachment. The drive train system 1s one of a front
drive traimn system and a rear drive train system of a
four-motor powertrain assembly for an electric vehicle, such

as the power train assembly disclosed 1n U.S. patent appli-
cation Ser. No. 16/695,815 entitled Electric Vehicle Pow-

ertrain Assembly, which 1s hereby incorporated by reference.
The gearbox attachment, which 1s a high-low range gearbox
(often referred to as a crawlbox), introduces a high ratio gear
reduction that allows high torque at low speed for long

durations. This moves the strain of operating 1n high torque
situations from the motor to the wheel, which eliminates the
thermal limitations of the motor under high torque scenarios.
The high ratio gear reduction 1s particularly usetful for off
roading, rock crawling, heavy duty towing, and extreme
weather conditions, particularly while being applied within
an individual wheel drive unit.

The gearbox attachment 1s modular and 1s attachable to
any of the individual wheel units of the four-motor pow-
ertrain assembly. This modularity allows for a selectable low
range for the high torque and low speed applications. In
some embodiments, the gearbox attachment replaces one or
more of the mner CV joint and the A-shield mounting
bracket. This configuration allows the gearbox attachment to
casily be added to an existing wheel drive unit or removed
from a wheel drive unit without replacing the A-shield or the
half shaft of the wheel drive unait.

FIG. 1 1s a schematic 1illustration of a drive train system
100 of a four-motor powertrain assembly for an electric
vehicle. Referring to FIG. 1, the drive train system 100
includes wheel drive units 102. Each of the wheel drive units
102 are adapted to drive one of the wheels of the electric
vehicle. A four-motor powertrain assembly, such as the
power train assembly disclosed in U.S. patent application
Ser. No. 16/695,813, typically includes four wheel drive
unmts 102 arranged 1n two drive train systems 100, where one
drive train system 100 drives the front wheels of the electric
vehicle and a second drive train system 100 drives the rear
wheels of the electric vehicle. Each of the wheel drive units

102 includes a motor 105, a half shatt 130, and an A-shield
assembly 110. The A-shield assembly 110 1s adapted to
transier power from the motor 105 to the half shait 130 for
driving the wheel connected to the wheel drive unit 102 via
the half shaft 130. In embodiments, the half shaft 130
includes a shaft, attachment interfaces, and one or more of
an mner CV jomt and an outer CV joint.

The A-shield assembly 110 includes the A-shield 120, the
gearbox 1235, and the gearbox attachment 140. The A-shield
120 1s adapted to support the motor 105 and retain the
gearbox 125. The gearbox 125 includes the gearset and
related shafits, retainers, shields, and the like, for the gearset.
The gearbox 125 1s adapted to provide a standard gear
reduction for operation of the electric vehicle under general
operating conditions, such as during high-speed, low torque
operation. In a four-motor powertrain assembly, each gear-
box 1235 provides gear reduction from a single motor 1035
and only outputs to a single half shaft 130, such that each
wheel of the electric vehicle 1s driven by a separate motor
via separate gearboxes 125.
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FIG. 2 1s a perspective view of the A-shield assembly 110
of a wheel drive unit 102 of the drive train system 100 of
FIG. 1. FIG. 3 1s a perspective view of the gear attachment
140 of the A-shield assembly 120 of FIG. 2. FIG. 4 1s an
alternate perspective view of the gear attachment 140 of
FIG. 3. FIG. 5 15 an exploded view of the A-shield assembly
120 of FIG. 2 with the half shait 130 of the wheel drive unit
102. Referring to FIGS. 2-5, the gearbox attachment 140 1s
a modular device that attaches to the output of the gearbox
125 and 1s adapted to provide a further gear reduction 1n
driving conditions that require high torques at slow speeds,
while providing no gear reduction during general operating,
conditions. In some embodiments, the gearbox attachment
140 1s adapted to provide a gear reduction ratio between
1.5:1 and 5.0:1 1n a gear reduction mode of operation, while
providing a 1:1 gear ratio in a standard mode of operation.

The gearbox attachment 140 i1ncludes a housing 141, a
gear reduction assembly, and an actuator assembly 152. The
housing 141 includes an outer ring 143 adapted to house the
gear reduction assembly. In embodiments, the housing 141
also includes a mounting bracket 142 that 1s adapted to
connect to the vehicle subiframe 50 (refer to FIG. 1), and 1n
particular, connect the A-shield to the vehicle subiframe 50.
In the embodiment illustrated, the mounting bracket 142
includes a large, single bushing, that 1s adapted to connect to
a U-bracket on the vehicle subirame 50 at one end and
connects to the A-shield 120 at multiple connection points
along a perimeter of one side of the A-shield 120. In
embodiments, the mounting bracket 142 includes ridges to
provide structural integrity to the mounting bracket 142,
while reducing the overall weight of the housing 141.

In the embodiment illustrated, the housing 151, including
the outer ring 143 and the mounting bracket 142, is a unitary

structure that 1s a single structurally formed entity. This
configuration, as noted above, allows the gearbox attach-
ment 140 to be added to a standard wheel drive unit by
simply swapping the gearbox attachment 140 1n place of a
couple of components, such as a standard A-shield mounting
bracket, without changing or replacing the A-shield, the half
shaft, or any connection points to the vehicle subirame. In
other embodiments, the mounting bracket 142 1s a separate
structure that connects to the vehicle subirame 50 at one end
and to both of the outer ring 143 and to the A-shield at the
other end.

In some embodiments, the gearbox attachment 140
replaces the inner CV joint. In some of these embodiments,
the gearbox attachment 140 1s further adapted to perform the
function of the inner CV joint. In further embodiments, the
mnner CV joint 1s integral to the half shait 130 and is
positioned 1n such a manner so as to not be aflected by the
insertion of the gearbox attachment 140 into the standard
wheel drive unait.

The gear reduction assembly 1s adapted to provide the two
gear ratios of the gearbox attachment 140 discussed above.
In the embodiment 1llustrated, the gear reduction assembly
1s a planetary gear assembly and includes a ring gear 143, a
gear shait 145, planetary gears 148, pins 149, an inner
carrier assembly 150, and an outer carrier assembly 151.

The ring gear 144 1s positioned within at least partially
received 1n the outer ring 143 of the housing 151. In the
embodiment 1llustrated, the ring gear 144 1s an insert that 1s
inserted into the outer ring 143. In embodiments, the ring
gear 144 1s formed of a harder material than the housing 141.
In some embodiments, the housing 141 1s formed of alumi-
num and the ring gear 144 1s formed of steel. However, other
materials for both the housing 141 and of the ring gear 144
are also contemplated.
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The gear shaft 145 includes a spline 146 at one end and
a sun gear 147 at the other end. The spline 146 1s adapted to
mate with and receive the output of the gearbox 125. The sun
gear 147 1s the internal gear of the gear reduction assembly
and 1s adapted to transfer the output of the gearbox 1235 to
the gear reduction assembly.

The planetary gears 148 are positioned around the sun
gear 147 and are held within the ring gear 144 by pins 149,
the inner carrier assembly 150, and the outer carrier assem-
bly 151. The 1nner carrier assembly 150 1s positioned at an
input side of the gearbox attachment 140 adjacent to the
A-shield 120, while the outer carrier assembly 150 1s posi-
tioned at an output side of the gearbox attachment 140
opposite the A-shield 120.

The actuator assembly 152 1s positioned adjacent to the
outer carrier assembly 150. The actuator assembly 152 1is
adapted to actuate the output of the gearbox attachment 140
between the standard output with no gear reduction 1n the
standard mode and the high-torque output with gear reduc-
tion via the gear reduction assembly 1n the gear reduction
mode.

In embodiments, the gearbox attachment 140 includes an
inner close out cover 153 that attaches to an inner side of the
housing 141 and 1s positioned adjacent to the A-shield 120
during assembly.

Referring to FIG. 5, the A-shield assembly also includes
a torque adapter and a clutch ring 155 positioned at an 1inner
end of the half shaft 130 and adapted to operate with the
actuator assembly 152 to actuate the output of the gearbox
attachment 140 between the standard output with no gear
reduction 1n the standard mode and the high-torque output
with gear reduction via the gear reduction assembly 1n the
gear reduction mode.

As noted above, the gearbox attachment 140 1s a high-low
range gearbox (often referred to as a crawlbox) that provides
a high ratio gear reduction to the output of the motor 105.
This moves the strain of operating in high torque situations
to the wheel, which reduces the strain on the motor 105, and
in particular, eliminates the thermal limitations of the motor
under high torque scenarios.

By being arranged in a modular arrangement with the
ability to replace existing components within a standard
wheel drive unit 102, such as the wheel drive unit disclosed
in U.S. patent application Ser. No. 16/693,8135, the gearbox
attachment 140 1s easily added to each of the wheel drive
units 102 of erther or both of a front drive train assembly and
a rear drive train assembly. This simplifies the manufactur-
ing process as the A-shield 120 and the half shaft 130 are the
same for both the gear reduction A-shield assembly 110
disclosed herein and a standard A-shield assembly (that does
not include the gearbox attachment 140). In this manner, the
A-shield 120 and the half shaft 130 is the same for each of
the wheel drive umts 102 for both the front drive train
assembly and the rear drive train assembly (aside from a
handedness which may be required for each depending on
the individual orientation thereotf). During assembly, either
the gearbox attachment 140 1s attached or standard compo-
nents are attached to each of the wheel drive units depending
on whether the drive train assembly 1s to be configured as a
standard assembly or a high-low gear reduction assembly.

Further, this arrangement simplifies aftermarket modifi-
cations for adding or removing the gearbox attachment 140
to or from a wheel drive unit 102 since the A-shield 120 and
the half shaft 130 do not need to be replaced during such a
modification.

FIG. 6 1s an embodiment of the A-shield assembly 110 of
FIG. 2 further including a cooling attachment 160. Referring




US 11,565,586 B2

7

to FIG. 6, 1n some embodiments the A-shield assembly 110
includes a cooling attachment 160. The cooling attachment
160 1ncludes a cooling passage adapted to receive a coolant
to provide cooling to the gearbox attachment 140, and in
particular, to provide cooling for the gear reduction assem-
bly. In the embodiment illustrated, the cooling attachment
160 1s positioned adjacent to the outer ring 143 of the
gearbox attachment 140 at an outer face of the gearbox
attachment (opposite the A-shield 120). In embodiments, the
cooling attachment 160 1s athixed to the gearbox attachment
140 by one or more of a press {it, an adhesive, and fasteners.
The cooling attachment 160 includes a coolant inlet 161 and
a coolant outlet 162 for connecting the cooling passage to a
coolant source.

Although the present disclosure 1s 1illustrated and
described herein with reference to illustrative embodiments
and specific examples thereol, 1t will be readily apparent to
those of ordinary skill 1n the art that other embodiments and
examples may perform similar functions and/or achieve like
results. All such equivalent embodiments and examples are
within the spirit and scope of the present disclosure, are
contemplated thereby, and are intended to be covered by the
tollowing non-limiting claims for all purposes.

What 1s claimed 1s:

1. A gearbox attachment of a wheel drive unit A-shield
assembly for a four motor powertrain system of an electric
vehicle, the gearbox attachment comprising:

a housing adapted to fasten to an A-shield of the wheel
drive unit A-shield assembly, the housing including an
outer ring;

a gear reduction assembly at least partially received in the
outer ring, the gear reduction assembly adapted to
receive an output of a gearbox of the wheel drive umit
A-shield assembly that 1s adapted to provide an output
ol a motor to a single wheel of the electric vehicle, the
gear reduction assembly adapted to provide a gear
reduction for a higher torque and slower speed 1n a gear
reduction mode than a torque and speed 1n a standard
mode; and

an actuator assembly adapted to actuate the gear reduction
assembly output between the gear reduction mode and
the standard mode.

2. The gearbox attachment of claim 1, wherein the stan-
dard mode provides no gear reduction to the output of the
gearboX.

3. The gearbox attachment of claim 2, wherein the gear
reduction assembly provides a gear reduction between 1.5:1
and 5.0:1 1n the gear reduction mode and a gear reduction of
1:1 in the standard mode.

4. The gearbox attachment of claim 1, wherein the hous-
ing includes a mounting bracket adapted to connect to a
subirame of the electric vehicle, and wherein the mounting
bracket 1s adapted to connect the A-shield to the subirame.

5. The gearbox attachment of claim 4, wherein the hous-
ing, including the outer ring and the mounting bracket, 1s a
unitary structure that 1s a single structurally formed entity.

6. The gearbox attachment of claim 1, wherein the gear
reduction assembly 1s a planetary gear assembly comprising;:

a gear shaft including a sun gear and a spline adapted to
receive the output of the gearbox;

a plurality of planetary gears;

a plurality of pins adapted to support the planetary gears;

an mner carrier assembly positioned at an 1input side of the
gearbox attachment; and

an outer carrier assembly positioned at an output side of
the gearbox attachment.
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7. The gearbox attachment of claim 1, further comprising:
a cooling attachment adapted to connect to a face of the
gearbox attachment and adapted to provide cooling for

the gear reduction assembly.
8. An A-shield assembly of a wheel drive unit of a four

motor powertrain system of an electric vehicle, the A-shield
assembly comprising:

an A-shield adapted to support a motor mounted thereto,

the motor adapted to provide power to a single wheel

of the electric vehicle;

a gearbox mounted to the A-shield, the gearbox including

a gear assembly adapted to receive an output of the

motor and output a first gear reduction; and

a gearbox attachment including

a housing 1s coupled to the A-shield, the housing
including an outer ring,

a gear reduction assembly at least partially received 1n
the outer ring, the gear reduction assembly coupled
to the gear assembly to receive the output of the
gearbox, the gear reduction assembly adapted to
provide a second gear reduction for a higher torque
and slower speed 1n a gear reduction mode than that
of the first gear reduction, and

an actuator assembly adapted to actuate the gear reduc-
tion assembly output between the gear reduction
mode and a standard mode.

9. The A-shield assembly of claim 8, wherein the standard
mode provides no gear reduction to the output of the
gearbox.

10. The A-shield assembly of claim 9, wherein the second
gear reduction 1s a gear reduction between 1.5:1 and 5.0:1 1n
the gear reduction mode and a gear reduction of 1:1 1n the
standard mode.

11. The A-shield assembly of claim 8, wherein the hous-
ing includes a mounting bracket adapted to connect to a
subirame of the electric vehicle, and wherein the mounting
bracket 1s adapted to connect the A-shield to the subirame.

12. The A-shield assembly of claim 11, wherein the
housing, including the outer ring and the mounting bracket,
1s a unitary structure that i1s a single structurally formed
entity.

13. The A-shield assembly of claim 8, wherein the gear
reduction assembly 1s a planetary gear assembly comprising;:

a gear shaft including a sun gear and a spline coupled to

the output of the gear assembly of the gearbox;

a plurality of planetary gears;

a plurality of pins adapted to support the planetary gears;

an 1nner carrier assembly positioned at an input side of the

gearbox attachment; and

an outer carrier assembly positioned at an output side of

the gearbox attachment.

14. The A-shield assembly of claim 8, wherein the gear-
box attachment further includes a cooling attachment
adapted to connect to a face of the gearbox attachment and
adapted to provide cooling for the gear reduction assembly.

15. A wheel drive unit of a four motor powertrain system
of an electric vehicle, the wheel drive unit comprising:

an A-shield:;

a motor adapted to output power to a single wheel, the

motor coupled to the A-shield;

a gearbox mounted to the A-shield, the gearbox including

a gear assembly coupled to an output of the motor and

adapted to output a first gear reduction; and

a gearbox attachment including

a housing fastened to the A-shield, the housing includ-
ing an outer ring,
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a gear reduction assembly at least partially received 1n
the outer ring, the gear reduction assembly coupled
to the gear assembly to receive the output of the
gearbox, the gear reduction assembly adapted to
provide a second gear reduction for a higher torque
and slower speed 1n a gear reduction mode than that
of the first gear reduction, and

an actuator assembly adapted to actuate the gear reduction

assembly output between the gear reduction mode and
a standard mode.

16. The wheel drive unit of claim 15, wherein the standard
mode provides no gear reduction to the output of the
gearbox.

17. The wheel drive unit of claim 16, wherein the second
gear reduction 1s a gear reduction between 1.5:1 and 5.0:1 1n
the gear reduction mode and a gear reduction of 1:1 in the
standard mode.

10
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18. The wheel drive unit of claim 15, wherein the housing
includes a mounting bracket adapted to connect to a sub-
frame of the electric vehicle, and wherein the mounting
bracket 1s adapted to connect the A-shield to the subirame.

19. The wheel drive unit of claim 18, wherein the housing,
including the outer ring and the mounting bracket, 1s a
unitary structure that 1s a single structurally formed entity.

20. The wheel drive unit of claim 15, wherein the gear
reduction assembly 1s a planetary gear assembly comprising;:

a gear shaft including a sun gear and a spline coupled to

the output of the gear assembly of the gearbox;

a plurality of planetary gears;

a plurality of pins adapted to support the planetary gears;

an 1nner carrier assembly positioned at an input side of the

gearbox attachment; and

an outer carrier assembly positioned at an output side of
the gearbox attachment.
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