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OPTIMIZED OUTER CLUTCH HOUSING FOR REDUCED SPIN LOSS,
IMPROVED OIL FLOW AND IMPROVED CLUTCH DURABILITY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Utility Application No.
14/460597, filed on August 15, 2014 and claims the benefit of U.S. Provisional
Application No. 61/869,359, filed on August 23, 2013. The entire disclosure of
the above application is incorporated herein by reference.

FIELD
[0002] The present disclosure relates to power transmitting
components having an optimized outer clutch housing for reduced spin loss,

improved oil flow and improved clutch durability.

BACKGROUND

[0003] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0004] Power transmitting components with a torque transfer device,
such as a disconnecting drive module in an all wheel drive (“AWD”) system,
can include a clutch with a plurality of friction plates and a piston for
selectively driving the friction plates into engagement with one another. The
friction plates are generally bathed in a fluid to provide lubrication and cooling
of the friction plates when the clutch is engaged. When the clutch is
disengaged, fluid between the friction plates and within a clutch sump through
which the friction plates rotate can undesirably increase the system drag
torque. To reduce the magnitude of the system drag torque, the level of fluid
within the clutch sump could be reduced. However, sufficient fluid must be
available during engagement of the clutch to ensure that the clutch will not

experience premature wear.

SUMMARY
[0005] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its full scope or all of its features.

PCT/US2014/052044
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[0006] The present teachings provide for a torque transfer device
including a housing, an input pinion, an input member, a first output member,
a second output member, a differential, a shaft, a fluid, and a friction clutch.
The housing can define a clutch cavity and a pocket. The pocket can be
formed at an axial end of the clutch cavity and can have a generally arcuate
shape that can extend circumferentially about the clutch cavity and can be
above a static lubrication level when the torque transfer device is disposed in
a predetermined orientation. The input pinion can be configured for rotation
about a first axis. The input member can be configured for rotation about a
second axis and can be meshingly engaged with the input pinion. The
differential can include a differential case and a differential gearset. The
differential gearset can be configured to transmit rotary power between the
differential case and the first and second output members. The shaft can be
supported within the housing for rotation about the second axis and can be
coupled for common rotation with the differential case. The fluid can be
received in the clutch cavity. The friction clutch can include an outer carrier,
an inner carrier, a plurality of first friction plates, and a plurality of second
friction plates. The outer carrier can have a first plate mount onto which the
first friction plates are non-rotatably mounted. The inner carrier can have a
second plate mount onto which the second friction plates are non-rotatably
mounted. The second friction plates can be interleaved with the first friction
plates. One of the outer and inner carriers can be coupled to the shaft for
common rotation. The other of the outer and inner carriers can be coupled to
the input member for common rotation. Rotation of the outer carrier relative to
the housing in a predetermined rotational direction through the fluid in the
clutch cavity can sling a portion of the fluid toward an inner surface of the
housing to cause the portion of the fluid to collect in the pocket.

[0007] The present teachings further provide for a torque transfer
device including a housing, an input pinion, an input member, a first output
member, a second output member, a differential, a shaft, and a friction clutch.
The housing can have a circumferential wall and a pair of end walls. The
circumferential wall can extend circumferentially about an axis. The end walls
can be located at opposite axial ends of the circumferential wall. The

circumferential wall and pair of end walls can define a clutch cavity. The input
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pinion can be configured for rotation about a first axis. The input member can
be configured for rotation about a second axis and can be meshingly engaged
with the input pinion. The differential can include a differential case and a
differential gearset. The differential gearset can be configured to transmit
rotary power between the differential case and the first and second output
members. The shaft can be supported within the housing for rotation about
the second axis and can be coupled for common rotation with the differential
case. The friction clutch can include an outer carrier, an inner carrier, a
plurality of first friction plates, and a plurality of second friction plates. The
outer carrier can have a first plate mount onto which the first friction plates are
non-rotatably mounted. The inner carrier can have a second plate mount onto
which the second friction plates are non-rotatably mounted. The second
friction plates can be interleaved with the first friction plates and can be
configured to transmit rotational power between the shaft and the input
member. One of the end walls can define a pocket proximate to the
circumferential wall. The pocket can extend about a portion of the
circumference of the one of the end walls and above a static lubrication level
when the torque transfer device is disposed in a predetermined orientation
and a predetermined volume of a fluid is received in the clutch cavity.
Rotation of the outer carrier relative to the housing in a predetermined
rotational direction through the fluid in the clutch cavity can sling a portion of
the fluid toward an inner surface of the housing to cause the portion of the
fluid to be retained by the pocket.

[0008] The present teachings further provide for a torque transfer
device including an input pinion, an input member, a first output member, a
second output member, a differential, a housing, a lubricant fluid, a first shaft,
a bearing, and a friction clutch. The input pinion can be configured for rotation
about a first axis. The input member can be configured for rotation about a
second axis and can be meshingly engaged with the input pinion. The
differential can include a differential case and a differential gearset. The
differential gearset can be configured to transmit rotary power between the
differential case and the first and second output members. The housing can
define a clutch cavity and a pocket. The pocket can be formed at an axial end
of the clutch cavity and can extend circumferentially above a static lubrication

PCT/US2014/052044



10

15

20

25

30

WO 2015/027036

level when the torque transfer device is disposed in a predetermined
orientation. The lubricant fluid can be received in the clutch cavity. The first
shaft can be disposed in the clutch cavity and can be coupled for common
rotation with the differential case. The bearing can be disposed between the
shaft and the housing. The friction clutch can include an outer clutch plate
carrier, an inner clutch plate carrier, a plurality of first friction plates, and a
plurality of second friction plates. The outer clutch plate carrier can have a
first plate mount onto which the first friction plates are axially slidably but non-
rotatably mounted. The inner clutch plate carrier can have a second plate
mount onto which the second friction plates are axially slidably but non-
rotatably mounted. The second friction plates can be interleaved with the first
friction plates and can be configured to transmit rotational power between the
shaft and the input member. The outer clutch plate carrier and the housing
can define a radial space disposed between the outer clutch plate carrier and
the housing. The radial space can extend in an axial direction along a
rotational axis of the outer clutch plate carrier. The radial space can intersect
the pocket and be sized so that lubricant fluid slung from the outer clutch plate
carrier can be directed axially along the housing to the pocket. The pocket
can include a first lubricant feed gallery that can be configured to direct
lubricant from the pocket to one of the bearing to lubricate the bearing, and an
orifice through the second plate mount to lubricate the first and second clutch
plates.

[0009] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

DRAWINGS
[0010] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.
[0011] FIG. 1 is a schematic illustration of an exemplary vehicle having
a power transmitting component constructed in accordance with the present

teachings;
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[0012] FIG. 2 is a perspective view of the power transmitting
component of FIG 1;

[0013] FIG. 3 is a cross-sectional view of the power transmitting unit of
FIG. 2 taken along line 3-3 of FIG. 2;
[0014] FIG. 4 is a cross-sectional perspective view of a portion of the

power transmitting component of FIG. 1 taken along line 4-4 of FIG. 2,

illustrating a clutch having a clutch housing for reduced spin loss;

[0015] FIG. 5 is a side elevation view of a portion of the clutch housing
of FIG. 4;
[0016] FIG. 6 is a cross-sectional view of the clutch of FIG. 4 taken

along line 6-6 of FIG. 2, illustrating a location of a lubricant fluid when the
vehicle is at rest; and

[0017] FIG. 7 is a cross-sectional view of the clutch of FIG. 4 taken
along line 7-7 of FIG. 2, illustrating a location of a lubricant fluid when the
vehicle is moving and the clutch is in a first state.

[0018] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0019] Example embodiments will now be described more fully with
reference to the accompanying drawings.

[0020] With reference to Figure 1 of the drawings, an exemplary vehicle
having a power transmitting component constructed in accordance with the
teachings of the present disclosure is generally indicated by reference
numeral 10. The vehicle 10 can have a power train 12 and a drive line or
drive train 14. The power train 12 can be conventionally constructed and can
comprise a power source 16 and a transmission 18. The power source 16
can be configured to provide propulsive power and can comprise an internal
combustion engine and/or an electric motor, for example. The transmission
18 can receive propulsive power from the power source 16 and can output
power to the drive train 14. The transmission 18 can have a plurality of
automatically or manually-selected gear ratios. The drive train 14 in the
particular example provided is of an all-wheel drive configuration, but those of

skill in the art will appreciate that the teachings of the present disclosure are
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applicable to other drive train configurations, including four-wheel drive
configurations, rear-wheel drive configurations, and front-wheel drive
configurations. The drive train 14 can include a front axle assembly 20, a
power take-off unit (PTU) 22, a prop shaft 24 and a rear axle assembly 26.
The front axle assembly 20 can be configured in any desired manner, such as
a front transaxle, a front beam axle, or an independent front drive axle. An
output of the transmission 18 can be coupled to an input of the front axle
assembly 20 to drive an input member 30 of the front axle assembly 20. The
PTU 22 can have a PTU input member 32, which can receive rotary power
from the input member 30 of the front axle assembly 20, and a PTU output
member 34 that can transmit rotary power to the prop shaft 24. The prop
shaft 24 can couple the PTU output member 34 to the rear axle assembly 26
such that rotary power output by the PTU 22 is received by the rear axle
assembly 26. The rear axle assembly 26 can be configured in any desired
manner, such as a rear beam axle, an independent rear drive axle, or a rear
drive module. The front axle assembly 20 and the rear axle assembly 26 can
be driven on a full-time basis to drive front and rear vehicle wheels 40 and 42,
respectively. Alternatively, the drive train 14 can include one or more clutches
to interrupt the transmission of rotary power through a part of the drive train
14. In the particular example provided, the drive train 14 includes a first clutch
46, which can be configured to interrupt the transmission of rotary power
through the PTU 22 (e.g., decouple the input member 30 of the front axle
assembly 20 from the PTU input member 32), and a second clutch 48, which
can be configured to control rotation of components within the rear axle
assembly 26.

[0021] In the particular example provided, the rear axle assembly 26
includes a rear drive module 50 (i.e., a power transmitting component) that is
constructed in accordance with the teachings of the present disclosure. It will
be appreciated, however, that the teachings of the present disclosure have
application to various other power transmitting components, such as
transmissions, power take-offs, torque transfer devices, transfer cases, front
axle assemblies, center bearing assemblies for propshafts and any other
power transmitting components that have a housing, a shaft and a shaft seal.

PCT/US2014/052044
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[0022] With reference to Figures 2-4, the rear drive module 50 is
illustrated in more detail. The rear drive module 50 can include a housing
210, an input pinion 212, an input member 214, the second clutch 48, a
differential assembly 216, and a pair of output shafts 218. The input pinion
212, input member 214, the second clutch 48, the differential assembly 216,
and the output shafts 218 can be constructed in a manner that is disclosed in
co-pending U.S. Patent Application Serial No. 13/470,941 and as such, a
detailed discussion of these components is not needed herein. Briefly, the
housing 210 can define a first cavity 220 and the input pinion 212 can be a
hypoid pinion having a hypoid gear 222 and an input pinion shaft 224. The
hypoid gear 222 can be disposed within the first cavity 220. The input pinion
shaft 224 can be supported for rotation in the housing 210 along a first axis
226 by a head bearing 228 proximate to the hypoid gear 222 and a tail
bearing 230 distal to the hypoid gear 222 and proximate to the prop shaft 24.
The input member 214 can be a ring gear having a gear face 232 and an
axially extending portion 236. The axially extending portion 236 can be
supported for rotation in the housing 210 about a second axis 240 by a
bearing 242. The second axis 240 can be generally perpendicular to the first
axis 226. The gear face 232 can be meshingly engaged with the input pinion
212.

[0023] The differential assembly 216 can include a differential case 244
and a differential gearset 246. The differential case 244 can be configured for
rotation about the second axis 240. The differential gearset 246 can be
configured to transmit rotary power between the differential case 244 and the
output shafts 218. In the example provided, the differential gearset 246
includes a pair of side gears 248 and a pair of output gears 250 disposed
within the differential case 244. The side gears 248 can be coupled for
rotation with the differential case 244 about the second axis 240 and coupled
for rotation relative to the differential case 244 about a third axis 252. The
third axis 252 can be generally perpendicular to the second axis 240. The
third axis 252 can be generally parallel with the first axis 226. The output
gears 250 can be meshingly engaged with the side gears 248 and configured
to rotate about the second axis 240. Each of the output shafts 218 can have

a first end 254, which can be drivingly coupled to a respective one of the
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output gears 250, and a second, opposite end 256 that can be coupled to a
corresponding one of the rear wheels 42 (Fig. 1).

[0024] The second clutch 48 can be selectively operated to transmit
rotary power from the input member 214 to the differential case 244. In the
particular example provided, the second clutch 48 is a friction clutch that is
mounted co-axially with the input member 214 and the differential assembly
216. The second clutch 48 can include a clutch housing 258, an outer clutch
plate carrier 260, an inner clutch plate carrier 262, a plurality of first clutch
plates 264, a plurality of second clutch plates 266, a piston 268, an apply
plate 270, a pump 272 and a pump motor 274. The clutch housing 258 can
be integrally formed with or partially formed by the housing 210 of the rear
drive module 50 or can be mounted to the housing 210. The clutch housing
258 can include a first side 276 and a second side 278 that can define a
second cavity 280 and a piston chamber 182. The first side 276 can include a
wall 284 that can separate the first cavity 220 from the second cavity 280.
The outer and inner clutch plate carriers 260, 262 and the first and second
clutch plates 264, 266 can be received in the second cavity 280. A portion of
the second cavity 280 can define a clutch sump S wherein a lubricant fluid L
(shown in Figure 6) can collect when the outer clutch plate carrier 260 is not
rotating. The second side 278 can have an outer circumferential wall 286 and
a second wall 288. The outer circumferential wall 286 can define a bore 290
having an inner bore surface 292 and the second wall 288 can have an inner
wall surface 294. The inner bore surface 292 and inner wall surface 294 can
face generally inward to at least partially define the second cavity 280. In the
example shown, the bore 290 is “as cast” (i.e., net shaped when cast) and is
formed with draft (i.e., taper), but it should be appreciated that draft or
tapering is not needed. Also, the amount of radial or circumferential
clearance between the outside diameter of the outer clutch plate carrier 260
and the inside diameter of the bore 290 will vary depending on various design
criteria, including the outside diameter of the outer clutch plate carrier 260.
[0025] The outer clutch plate carrier 260 can have an inner portion 296,
a first plate mount 298, and a first connecting portion 300. The inner portion
can be radially inward of the first plate mount 298 and non-rotatably coupled

to the differential case 244. The plurality of first clutch plates 264 can be non-
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rotatably and axially slidably coupled to the first plate mount 298. The inner
portion 296 and the first plate mount 298 can be fixed for common rotation by
the first connecting portion 300. The inner clutch plate carrier 262 can have
an inner portion 302, a second plate mount 304, and a second connecting
portion 306. The inner portion 302 can be radially inward of the second plate
mount 304 and non-rotatably coupled to axially extending portion 236 of the
input member 214. The plurality of second clutch plates 266 can be non-
rotatably and axially slidably coupled to the second plate mount 304 and
interleaved with the first clutch plates 264 in a first annular cavity 308 that is
radially between the first and second plate mounts 298, 304. The inner
portion 302 and second plate mount 304 can be fixedly coupled by the second
connecting portion 306. The second plate mount 304 and second connecting
portion 306 of the inner clutch plate carrier 262 and the inner portion 296 and
the first connecting portion 300 of the outer clutch plate carrier 260 can define
a second annular cavity 310 radially inward of the first annular cavity 308.
The outer portion 302 of the inner clutch plate carrier 262 can further define a
plurality of lubrication holes 312 extending radially outward to fluidly couple
the first and second annular cavities 308, 310. The inner portion 302, second
plate mount 304, and second connecting portion 306 of the inner clutch plate
carrier 262 can partially define a third annular cavity 314 axially spaced apart
from the second annular cavity 310 and radially inward of the first annular
cavity 308. The lubrication holes 312 can also fluidly couple the third annular
cavity 314 with the first annular cavity 308. The second connecting portion
306 of the inner clutch plate carrier 262 can generally be a web defining a
plurality of through-holes 316 fluidly coupling the second and third annular
cavities 310, 314. In the example provided, the through-holes 316 are
tapered in a direction that diverges with increasing distance away from the
first connecting portion 300 of the outer clutch plate carrier 260 and toward
the first side 276. The shape of the through-holes 316 may help direct the
flow of lubricant fluid L through the second connecting portion 306 of the inner
clutch plate carrier 262. The first connecting portion 300 of the outer clutch
plate carrier 260 can also generally be a web defining a plurality of through-
holes 318 to allow lubricant fluid L to enter the second annular cavity 310.

PCT/US2014/052044
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[0026] The piston 268 can be received in the piston chamber 182 and
configured to translate along the second axis 240. The piston 268 can be
configured to move within the piston chamber 182 between an extended
position and a retracted position relative to the plurality of first and second
clutch plates 264, 266. The pump 272 can be mounted to the housing 210
proximate to the pinion shaft 224 in a space generally between the housing
210 and the clutch housing 258. The pump motor 274 can be a 2-way servo
motor capable of running in forward and reverse and can be drivingly coupled
to the pump 272 to selectively operate the pump 272. The pump 272 and
pump motor 274 can extend radially outward from the first axis, generally
parallel to the ground (not shown) and second axis 240, and above the bottom
of the housing 210 and clutch housing 258 and can be configured to supply a
hydraulic fluid to the piston chamber 182 to move the piston 268 from the
retracted position to the extended position. The pump can be configured to
selectively remove hydraulic fluid from the piston chamber 182 to move the
piston 268 from the extended position to the retracted position The apply
plate 270 can be received in the second cavity 280 between the piston 268
and the plurality of first and second clutch plates 264, 266. The piston 268
can be configured to translate the apply plate 270 along the second axis 240
to selectively engage the first and second clutch plates 264, 266 to compress
the first and second clutch plates 264, 266 against one another so that the
second clutch 48 can transmit rotary power between the input member 214
and the differential case 244. It will be appreciated that the second clutch 48
is not configured to transmit rotary power between the input member 214 and
the differential case 244 when the piston 268 is retracted.

[0027] With additional reference to Figure 5, the clutch housing 258 can
define a circumferentially-extending oil pocket 320 that is employed to hold a
portion of the lubricant fluid L in the clutch housing 258 to thereby reduce the
amount of lubricant fluid L in the clutch sump S of the clutch housing 258. By
reducing the amount of lubricant fluid L in the clutch sump S, the oil pocket
320 can thereby reduce the “paddling effect” that occurs as the outer clutch
plate carrier 260 rotates through the lubricant fluid L in the clutch sump S.
The oil pocket 320 can have a main portion 322 and a pair of ends 324, 326.
The main portion 322 and ends 324, 326 can be disposed about a portion of

10
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the circumference of the bore 290 in the clutch housing 258 in which the outer
clutch plate carrier 260 is received. The main portion 322 can be disposed in
the second wall 288 proximate to the juncture of the second wall 288 and the
inner bore surface 292. The ends 324, 326 can be disposed above a static
lubricant level 328, which is the level in the clutch sump S of the clutch
housing 258 that the lubricant fluid L will attain when the vehicle 10 is not
being operated and is disposed on flat and level ground. The main portion
322 can extend around the circumference of the second wall 288 between the
ends 324, 326 and above the static lubricant level 328. In the example
provided, the static lubricant level 328 is below a horizontal center line 330 of
the clutch housing 258 that intersects the second axis 240 and is parallel to
the ground (not shown) when the vehicle 10 is on level ground. In the
example provided, the ends 324, 326 are disposed between the static
lubricant level 328 and the center line 330.

[0028] Optionally, the clutch housing 258 can define one or more
channels 332. The channels 332 can have a helical or arcuate shape that
extends radially inward from the oil pocket 320 to allow a portion of the
lubricant fluid L in the oil pocket 320 to be drained via one or more of the
channels 332. The channels 332 can direct a portion of the lubricant fluid L
that is received into the oil pocket 320 to other structures or components,
such as a bearing 334 that supports the outer clutch plate carrier 260 for
rotation in the clutch housing 258, a bushing 336 that supports output shaft
218 within the clutch housing 258, and/or the first and second clutch plates
264, 266, for example. The channels 332 can be disposed in the second wall
288 above the static lubricant level 328. The channels 332 can have an inlet
end 338 and an outlet end 340. The inlet end 338 can open into the main
portion 322 and generally face circumferentially toward end 324. The outlet
end 340 can be radially inward of the inlet end 338. The channels 332 can
extend in an arcuate or helical path from the inlet end 338 to the outlet end
340. While the channels 332 are shown as open channels, open to the
second cavity 280, the channels 332 can alternatively be closed conduits
open at the inlet end 338 and outlet end 340. The outlet end 340 can be
configured to direct lubricant fluid L toward the bearing 334, bushing 336,

and/or toward the second annular cavity 310. In the example provided, three
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channels 332 are illustrated, though the clutch housing 258 can define
additional or fewer channels 332. While each of the channels is shown as
extending similarly radially inward, the channels 332 can be configured to
extend different distances radially inward such that the respective outlet ends
340 can be configured to transmit the lubricant fluid L to different components
or locations in the clutch housing 258. In the example provided, each inlet
end 338 is circumferentially between the ends 324, 326 of the oil pocket 320,
and each inlet end 338 is above the center line 330 of the clutch housing 258.
[0029] With additional reference to Figures 6 and 7, Figure 6 depicts
the lubricant fluid L in the second clutch 48 when the vehicle 10 is at rest,
while Figure 7 depicts the lubricant fluid L in the second clutch 48 when the
vehicle 10 is moving and the second clutch 48 is not being operated (i.e., the
second clutch 48 is not transmitting rotary power). During operation of the
vehicle 10 in both the two-wheel drive and four-wheel drive modes, the outer
clutch plate carrier 260 can rotate in a rotational direction 342 (Figure 5) within
the clutch housing 258 and through the lubricant fluid L in the clutch sump S.
Some of the lubricant fluid L in the clutch sump S can cling to the outer clutch
plate carrier 260 as it rotates through the lubricant fluid L in the clutch sump S
and centrifugal force can sling or direct some of the clinging lubricant fluid L
off the outer clutch plate carrier 260 toward the inner bore surface 292 of the
clutch housing 258.

[0030] The bore 290 can be sized with a clearance that facilitates axial
lubricant fluid L flow in an axial direction 344 (i.e., parallel to the rotational axis
of the outer clutch plate carrier 260) toward the second wall 288 of the clutch
housing 258. In this regard, lubricant fluid L that clings to the outer clutch
plate carrier 260 or which passes in radially through the first and second
clutch plates 264, 266 and the outer clutch plate carrier 260 can be received
into a fourth annular cavity 346 between the inner bore surface 292 and the
outer clutch plate carrier 260. The lubricant fluid L in the fourth annular cavity
346 can travel axially in the fourth annular cavity 346 in the direction 344
toward the oil pocket 320. The rotation of the outer clutch plate carrier 260 in
the rotational direction 342 will cause the lubricant fluid L to travel in the ail
pocket 320 in the rotational direction 342 and consequently, lubricant fluid L

will tend to migrate into the channels 332. In the particular example provided,
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a first portion of the lubricant fluid L in the channels 332 is employed to feed
lubricant fluid L to the bearing 334 and the bushing 336, while a second
portion of the lubricant fluid L in the channels 332 is directed inwardly to the
second annular cavity 310 through the through-holes 318 in the outer clutch
plate carrier 260. As shown in Figure 7, when the vehicle 10 is moving and
the second clutch 48 is not being operated, a portion of the lubricant fluid L is
removed from the clutch sump S and held in the oil pocket 320, out of the
rotating path of the outer clutch plate carrier 260.

[0031] The reduction of the total amount of lubricant fluid L that the
outer clutch plate carrier 260 rotates through can decrease the drag, or spin
losses on the rear drive module 50. Additionally, by redistributing some of the
lubricant fluid L from the clutch sump S to other locations, the “paddling effect”
can be reduced. Furthermore, the channels 332 can direct some of the
lubricant fluid L held in the oil pocket 320 toward other components to
lubricate the other components. Specifically, by directing some of the
lubricant fluid L into the second annular cavity 310, the lubricant fluid L can
pass through the lubrication holes 312 to lubricate the first and second clutch
plates 264, 266.

[0032] When the second clutch 48 is operated to transmit rotational
power, both the outer and inner clutch plate carriers 260, 262 can rotate about
the second axis 240. The lubricant fluid L can be distributed and directed by
the rotation of the outer and inner clutch plate carriers 260, 262 similar to
when the second clutch 48 is not operated. Additionally, some of the lubricant
fluid L directed into the second and third annular cavities 310, 314 can cling to
the inner cluich plate carrier 262 and the rotation of the inner cluich plate
carrier 262 can cause some of the lubricant fluid L in the second and third
annular cavities 310, 314 to pass through the lubrication holes 312 into the
first annular cavity 308 to lubricate the first and second clutch plates 264, 266.
[0033] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the disclosure. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected

embodiment, even if not specifically shown or described. The same may also
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be varied in many ways. Such variations are not to be regarded as a
departure from the disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

[0034] Example embodiments are provided so that this disclosure will
be thorough, and will fully convey the scope to those who are skilled in the art.
Numerous specific details are set forth such as examples of specific
components, devices, and methods, to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to those skilled in
the art that specific details need not be employed, that example embodiments
may be embodied in many different forms and that neither should be
construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-
known technologies are not described in detail.

[0035] The terminology used herein is for the purpose of describing
particular example embodiments only and is not intended to be limiting. As

used herein, the singular forms "a,” "an,” and "the" may be intended to include

the plural forms as well, unless the context clearly indicates otherwise. The

terms "comprises," "comprising," “including,” and “having,” are inclusive and
therefore specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, elements,
components, and/or groups thereof. The method steps, processes, and
operations described herein are not to be construed as necessarily requiring
their performance in the particular order discussed or illustrated, unless
specifically identified as an order of performance. It is also to be understood
that additional or alternative steps may be employed.

[0036] When an element or layer is referred to as being "on," “engaged
to,” "connected to," or "coupled to" another element or layer, it may be directly
on, engaged, connected or coupled to the other element or layer, or
intervening elements or layers may be present. In contrast, when an element
is referred to as being "directly on," “directly engaged to,” "directly connected
to," or "directly coupled to" another element or layer, there may be no
intervening elements or layers present. Other words used to describe the

relationship between elements should be interpreted in a like fashion (e.g.,
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” U

‘between” versus “directly between,” “adjacent” versus “directly adjacent,”
etc.). As used herein, the term "and/or" includes any and all combinations of
one or more of the associated listed items.

[0037] Although the terms first, second, third, etc. may be used herein
to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be
limited by these terms. These terms may be only used to distinguish one
element, component, region, layer or section from another region, layer or

section. Terms such as “first,” “second,” and other numerical terms when
used herein do not imply a sequence or order unless clearly indicated by the
context. Thus, a first element, component, region, layer or section discussed
below could be termed a second element, component, region, layer or section
without departing from the teachings of the example embodiments.

[0038] Spatially relative terms, such as “inner,” “outer,” "beneath,"

"below," "lower," "above," "upper,” and the like, may be used herein for ease
of description to describe one element or feature's relationship to another
element(s) or feature(s) as illustrated in the figures. Spatially relative terms
may be intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. For example, if
the device in the figures is turned over, elements described as "below" or
"beneath" other elements or features would then be oriented "above" the other
elements or features. Thus, the example term "below" can encompass both
an orientation of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially relative

descriptors used herein interpreted accordingly.
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CLAIMS
What is claimed is:

1. A torque transfer device comprising:

a housing defining a clutch cavity and a pocket, the pocket being
formed at an axial end of the clutch cavity and having a generally arcuate
shape extending circumferentially about the clutch cavity and being above a
static lubrication level when the torque transfer device is disposed in a
predetermined orientation;

an input pinion configured for rotation about a first axis;

an input member configured for rotation about a second axis and being
meshingly engaged with the input pinion;

a first output member and a second output member;

a differential including a differential case and a differential gearset, the
differential gearset being configured to transmit rotary power between the
differential case and the first and second output members;

a shaft supported within the housing for rotation about the second axis
and coupled for common rotation with the differential case;

a fluid received in the clutch cavity; and

a friction clutch including an outer carrier, an inner carrier, a plurality of
first friction plates, and a plurality of second friction plates, the outer carrier
having a first plate mount onto which the first friction plates are non-rotatably
mounted, the inner carrier having a second plate mount onto which the
second friction plates are non-rotatably mounted, the second friction plates
being interleaved with the first friction plates, one of the outer and inner
carriers being coupled to the shaft for common rotation, the other of the outer
and inner carriers being coupled to the input member for common rotation;

wherein rotation of the outer carrier relative to the housing in a
predetermined rotational direction through the fluid in the clutch cavity slings a
portion of the fluid toward an inner surface of the housing to cause the portion

of the fluid to collect in the pocket.
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2. The torque transfer device of Claim 1, wherein the housing
defines at least one feed channel, the at least one feed channel having an
inlet and an outlet, the inlet fluidly coupling the at least one feed channel to
the pocket, the outlet being radially inward of the pocket and configured to
transmit fluid from the pocket to at least one component of the friction clutch

located radially inward of the pocket.

3. The torque transfer device of Claim 2, wherein the at least one
component includes a bearing, the bearing being radially between the shaft
and the housing and configured to support the shaft for rotation within the

housing.

4. The torque transfer device of Claim 2, wherein the inner and
outer carriers at least partially define an annular cavity radially inward of the
first and second friction plates, and the outer carrier includes an orifice
configured to fluidly couple the outlet of the at least one feed channel to the

annular cavity.

5. The torque transfer device of Claim 4, wherein the inner carrier
defines a plurality of lubricant holes through the second plate mount and
configured to transmit fluid from the annular cavity radially outward to lubricate
the first and second friction plates.

6. The torque transfer device of Claim 2, wherein the at least one
feed channel includes a first feed channel and a second feed channel, the
first feed channel being configured to transmit fluid from the pocket to a first
location and the second feed channel being configured to transmit fluid from

the pocket to a second location radially inward of the first location.

7. The torque transfer device of Claim 2, wherein the fluid has a
viscosity wherein rotation of the outer carrier in a predetermined rotational
direction draws the portion of the fluid in the pocket in the predetermined
rotational direction and into the channel.

17

PCT/US2014/052044



10

15

20

25

30

WO 2015/027036

8. The torque transfer device of Claim 7, wherein the at least one
feed channel is arcuate or helically shaped and the inlet opens into the pocket

in a direction opposing the predetermined rotational direction.

9. The torque transfer device of Claim 1, wherein the pocket has a
first end, a second end, and a middle portion, the first and second ends being
disposed between a center line of the clutch cavity and the static lubrication
level, the middle portion connecting the first and second ends and extending

in a generally arcuate shape above the center line.

10.  Atorque transfer device comprising:

a housing having a circumferential wall and a pair of end walls, the
circumferential wall extending circumferentially about an axis, the end walls
being located at opposite axial ends of the circumferential wall, the
circumferential wall and pair of end walls defining a clutch cavity;

an input pinion configured for rotation about a first axis;

an input member configured for rotation about a second axis and being
meshingly engaged with the input pinion;

a first output member and a second output member;

a differential including a differential case and a differential gearset, the
differential gearset being configured to transmit rotary power between the
differential case and the first and second output members;

a shaft supported within the housing for rotation about the second axis
and coupled for common rotation with the differential case; and

a friction clutch including an outer carrier, an inner carrier, a plurality of
first friction plates, and a plurality of second friction plates, the outer carrier
having a first plate mount onto which the first friction plates are non-rotatably
mounted, the inner carrier having a second plate mount onto which the
second friction plates are non-rotatably mounted, the second friction plates
being interleaved with the first friction plates and configured to transmit
rotational power between the shaft and the input member;

wherein one of the end walls defines a pocket proximate to the
circumferential wall, the pocket extending about a portion of the circumference

of the one of the end walls and above a static lubrication level when the
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torque transfer device is disposed in a predetermined orientation and a
predetermined volume of a fluid is received in the clutch cavity;

wherein rotation of the outer carrier relative to the housing in a
predetermined rotational direction through the fluid in the clutch cavity slings a
portion of the fluid toward an inner surface of the housing to cause the portion
of the fluid to be retained by the pocket.

11.  The torque transfer device of Claim 10, wherein the one of the
end walls defines at least one feed channel, the at least one feed channel
configured to transmit a portion of the fluid retained by the pocket to a location

radially inward of the pocket.

12.  The torque transfer device of Claim 11, wherein the at least one
feed channel is configured to transmit the portion of the fluid from received
from the pocket to a bearing, the bearing being radially between the shaft and
the one of the end walls and configured to support the shaft for rotation within

the housing.

13.  The torque transfer device of Claim 11, wherein the inner and
outer carriers at least partially define an annular chamber radially inward of
the first and second friction plates, and the outer carrier includes an orifice
configured to fluidly couple the at least one feed channel to the annular

chamber.

14.  The torque transfer device of Claim 13, wherein the inner carrier
defines a plurality of lubricant holes through the second plate mount and
configured to transmit fluid from the annular cavity radially outward to lubricate

the first and second friction plates.

15.  The torque transfer device of Claim 11, wherein the at least one
feed channel includes a first feed channel and a second feed channel, the
first feed channel being configured to transmit a first portion of fluid from the
pocket to a first location and the second feed channel being configured to
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transmit a second portion of fluid from the pocket to a second location radially
inward of the first location.

16.  The torque transfer device of Claim 11, wherein the fluid has a
viscosity wherein rotation of the outer carrier in a predetermined rotational
direction draws the portion of the fluid in the pocket in the predetermined

rotational direction and into the channel.

17.  The torque transfer device of Claim 16, wherein the at least one
feed channel is arcuate or helical in shape and opens into the pocket in a

direction opposing the predetermined rotational direction.

18.  The torque transfer device of Claim 10, wherein the outer carrier
and the circumferential wall define a radial space disposed between the outer
carrier and the circumferential wall, the radial space extending in an axial
direction along the second axis, the radial space intersecting the pocket and
being sized so that fluid slung from the outer carrier is directed axially along
the housing to the pocket.

19.  Atorque transfer device comprising:

an input pinion configured for rotation about a first axis;

an input member configured for rotation about a second axis and being
meshingly engaged with the input pinion;

a first output member and a second output member;

a differential including a differential case and a differential gearset, the
differential gearset being configured to transmit rotary power between the
differential case and the first and second output members; and

a housing defining a clutch cavity and a pocket, the pocket being
formed at an axial end of the clutch cavity and extending circumferentially
above a static lubrication level when the torque transfer device is disposed in
a predetermined orientation;

a lubricant fluid received in the clutch cavity;

a first shaft disposed in the clutch cavity and coupled for common

rotation with the differential case;
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a bearing disposed between the shaft and the housing;

a friction clutch including an outer clutch plate carrier, an inner clutch
plate carrier, a plurality of first friction plates, and a plurality of second friction
plates, the outer clutch plate carrier having a first plate mount onto which the
first friction plates are axially slidably but non-rotatably mounted, the inner
clutch plate carrier having a second plate mount onto which the second
friction plates are axially slidably but non-rotatably mounted, the second
friction plates being interleaved with the first friction plates and configured to
transmit rotational power between the shaft and the input member;

wherein the outer clutch plate carrier and the housing define a radial
space disposed between the outer clutch plate carrier and the housing, the
radial space extending in an axial direction along the second axis, the radial
space intersecting the pocket and being sized so that lubricant fluid slung
from the outer clutch plate carrier is directed axially along the housing to the
pocket; and

wherein the pocket includes a first lubricant feed gallery configured to
direct lubricant from the pocket to one of the bearing to lubricate the bearing,
and an orifice through the second plate mount to lubricate the first and second

clutch plates.

20. The torque transfer device of Claim 19, wherein the pocket
includes a second lubricant feed gallery configured to direct lubricant from the
pocket to the other of the bearing, and the orifice through the second plate

mount.
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