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(57) Abstract: A clutch assembly configured to engage and disengage a first shaft from a second shaft includes a controlled and pre -
determined cooling flow to cool the clutch assembly. The clutch assembly includes a clutch housing, friction plates, and reaction
plates optimized to manage fluid flow through the clutch, assembly, A plurality of fluid flow outlets is provided to move fluid from
an interior of a clutch housing of the clutch assembly to an exterior of the clutch housing.
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STARTUP CLUTCH LUBRICATION SYSTEM AND METHOD THEREQOF

RELATED APPLICATIONS

16061 This application is related and claims priority to U.S, Utility Patent Application
Ser. No. 14/597,585, entitled “STARTUP CLUTCH LUBRICATION SYSTEM AND
METHOD THEREQOF”, filed on January 15, 20135, the disclosure of which is hereby

incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

18002} The present disclosure relates o a transmission, and in particular, 1o a startup

clutch for use with a multiple speed transmission,

BACKGROUND

{6083} Multiple speed transmiissions use friction clutches or brakes, planetary gearsets,
shafts, and other elements to achieve a plurality of gear or speed ratios, When starting a
transmission and changing gears of the transmission, a fluid is moved through a cluich
asserubly to cool the clutch assembly during startup, and during gear changes of the
transmission, and during steady state. Cooling fluid moves from an inlet of the clutch
housing, through the interior of the clutch housing, past reaction plates and friction plates,
and through an outlet of the clutch housing, Fluid flowing through the clutch housing
provides for removal of heat from the chatch through contact with certain components of the

clutch, including reaction plates and friction plates by convective cooling.
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{33841 While fluid flow is known to cool the cluich assembly, the flow of fluid through a
cluich assernbly is not always sufficient to provide adequate cooling. If fluid flow is too
stow 1n exiting a clutch assembly, the rotating clutch can churn up the oil resulting in oil
foaming or increased spin losses, On the other hand, if fluld flow is too high, insufficient

cooling of the clutch can cccur, Consequently, there is a need for a clutch assembly having

an improved fluid How to provide increased convective cooling capacity.

SUMMARY
{0065] In one embodiment of the present disclosure, there is provided a clutch assembly
configured to engage and disengage a first shaft from a second shafi. The clutch assembly
includes a drive hub configured to be operatively connected to the first shaft, wherein the
drive hub includes a plurality of apertures extending from an interior of the drive hub to an
exterior of the drive hub. A plurality of friction plates is coupled to the drive hub, wherein
each of the friction plates is spaced from an adjacent {riction plate by a friction plate space.
A plurality of reaction plates are spaced from an adjacent reaction plate by a reaction plate
space, wherein each the reaction plate spaces is configured to receive one of the friction
plates and each of the friction plate spaces is configured to receive one of the plorality of
reaction plates. A blacking plate is disposed adjacent to one of the friction plates and
reaction plates. A retaining ring is disposed adjacent to the backing plate and non-adjacent to
any one of the plurality of friction plates and plurality of reaction plates. A housing is
configured to be operatively connecied to the second shaft and is operatively connected to the
drive hub and to the plurality of reaction plates. At least one of the housing and the retaining

ring includes a plurality of fluid flow outlets disposed adjacent to the backing plate.

B
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{(086] in another embodiment of the present disclosure, there is provided a transmission
including a transmission housing including a first portion configured to couple to an engine
and a sceond portion configured to couple to a drive shaft. A chutch is disposed between the
first portion and the second portion, wherein the chutch includes a clutch housing disposed
within the transmission housing and one or more {friction plates alternately located with one
or more reaction plates, all of which are located within the cluich housing. A backing plate is
disposed adiacently to one of the friction plates and reaction plates. A retaining ring is
disposed adiacently to the backing plate, wherein at least one of the retaining ring and clutch

housing includes a plurality of fluid fow outlets disposed adjacently to the backing plate.

BRIEF DESCRIPTION OF THY DRAWINGS

{3007} The above-mentioned aspects of the present disclosure and the manner of
obtaining them will become more apparent and the disclosure itself will be better understood
by reference to the following deseription of the embodiments of the disclosure, taken in
conjunction with the accompanying drawings, wherein:

[0088] FIG. 1 is a block diagram and schematic view of one iltustrative embodiment of a
powered vehicular system;

{6009 FIG. 2 is a section view of a clutch; and

16616} FIG, 3 is a partial perspective exploded view of a clutch;

3811} FIG. 4 13 a partial sectional view of a portion of a cluich including a flow path for

a fluid moving into, within, and out of 3 housing of the clutch;
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{30121 FIG. 3 is g partial sectional view of a portion of another embodiment of a clutch
including avother How path for a fluid moving into, within, and out of a housing of the
clutch;

[6013] FIG. 6 is a perspective view of an outside of a housing of the chutch,

8014} FIG, 7 is a plan view of g friction plate including a groove pattern,

{0015] Corresponding reference numerals are used to indicate corresponding parts

throughout the several views.

BETAILED DESCRIPTION

18616} The embodiments of the present disclosure described below are not intended to be
exhaustive or to lmit the disclosure o the precise forms disclosed in the following detailed
description. Rather, the embodiments are chosen and deseribed so that others skiiled in the
art may appreciate and understand the principles and practices of the present disclosure.
{68171 Referring now to FIG. 1, a block diagram one ilhustrative embodiment of 4
vehicular system 100 having a drive unit 102 and transmission 118 is shown. In the
illustrated embodimeny, the drive unit 102 may include an internal combustion engine, diesel
engine, electric motor, or other power-generating device. The drive unit 102 is configured to
rotatably drive an output shaft 104 that is coupled to an input 106 of the transmission 118,
The mnput 106 is coupled to an impeller or pump that is rotatably driven by the output shaft
104 of the drive untt 102, The transmission 118, in some embodiments, includes an internal
pump 120 for building pressure within different How circuits {e.g., main circuit, lube circuit,
etc.} of the transmission 118. The pump 120 is driven by a shaft 116 that is operatively

coupled fo the output shaft 104 of the drive unit 102, In this arrangement, the drive unit 102
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delivers torque to the shaft 116 for driving the pump 120 and building pressure within the
different circuits of the transmission 118, In one embodiment, the transmission 118 includes
a housing in which the various devices and components illustrated in an outline of
transmission 118 are included. In other embodiments, the devices and components within
the outlive of the housing 118 include one or more separate housings.

{8018] The transmission 118, in different embodiments, includes a planetary gear system
122 having a number of automatically selected gears. A rotatable input shaft 124 of the
transmission 118 is configured to drive the planetary gear system 122, An output shaft 126
of the transmission 118 is coupled to or integral with and rotatably drives a propeller shaft
128 that is coupled to a pump drive transfer case 129, The pump transfer case 129 is coupled
to the propeller shaft 128, which in turn is coupled to a load 130, In one embodiment, the
load 130 15 a purap.

[3319] The transmission 118 further includes an electro-hydraulic system 138 that is
fluidly coupled to the planctary gear system 122 via a number of fluid paths 140. The
electro-hydraulic system 138 is responsive o conirol signals to selectively cause fluid to flow
through one or more of the fluid paths 1440, to thereby conirol operation, i.e., engagement and
disengagement, of a plurality of corresponding {riction devices in the planetary gear system
122. The plarality of fiction devices may include, but are not limited to, one or more
conventional brake devices, one or more torgue transmitting devices, and the like. Generally,
the operation, i.e., engagement and disengagement, of the plurality of friction devices is
controlled by selectively conirolling the friction applied by each of the phlarality of friction
devices, such as by controlling fluid pressure to each of the friction devices. In one

embodiment, which is not intended to be limiting in any way, the plurality of friction devices

(¥4
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include a plurality of brake and torque transmitting devices in the form of conventional
clutches that are each be controllably engaged and disengaged via fluid pressure supplied by
the electro-hydraulic system 138, In any case, changing or shifting between the various gears
of the transmission 118 is gccomplished in a conventional manner by selectively coutrolling
the plurality of friction devices via control of thid pressure within the number of fhuid paths
140,

{0020} The system 100 further includes g transmission control circuit 142 which, in
diffevent embodiments, includes a memory untt 144, The transmission control circuit 142 is
ittustratively microprocessor-based, and the memory unit 144 generally includes instructions
stored therein that are executable by a processor of the transmission control cireuit 142 to
control operation of the transmission 118, i.¢., including shifting between the various gears of
the planetary gear system 122, 1t will be understood, however, that this disclosure
contemplates other embodiments in which the transmission control circuit 142 is not
microprocessor-hased, but is configured to control operation of the transmission 11§, based
on one or more sets of hardwired instractions and/or software instructions stored in the
memory unit 144,

{0021} In the systemn 100 illustrated 1n FIG. 1, the transmigsion 118 includes a number of
sensors configured to produce sensor signals that are indicative of one or more operating
states of the transmission 118, For example, the input 106 illustratively includes a
conventional speed sensor 146 that is positioned and configured to produce a speed signal
corresponding o the rotational speed of the input shaft 106, which is the same rotational
speed of the output shaft 104 of the drive unit 102, The speed sensor 146 is electricaily

connected {0 a pump speed input, PS, of the transmission control circuit 142 via a signal path
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152, and the transmussion control circuit 142 is operable to process the speed signal produced
by the speed sensor 146 in a conventional manner to determine the rotational speed of the
pump shaft 106/drive unit ouiput shaft 104,

{3022} The speed sensor 148 is electrically connected {o a transmission input shaft speed
input, TIS, of the transmission control circuit 142 via a signal path 154, and the transmission
control circuit 142 is operable to process the speed signal produced by the speed sensor 148
in a conventional manner to determine the rotational speed of the transmission input shaft
124, The transmission includes a speed sensor that determines the rotational speed of the
output of a starting cluteh 149, The starting chutch 149 is coupled to an output shaft 145 of
the planetary gear 122 and to in input shatt 147 of a planctary gear 153,

{3823} The transmission 118, in different embodiments, further includes a speed sensor
150 that is positioned and configured to produce a speed signal corresponding to the
rotational speed of the output shaft 126 of the transmission 118, The speed sensor 150, in
different embodiments, i3 conventional, and 1s electrically connected to a transmission output
shaft speed input, TOS, of the transmission control circuit 142 via a signal path 156, The
transmission conirol circuit 142 is configured to process the speed signal produced by the
speed sensor 150 in a conventional manner to determine the rotational speed of the
transmission output shaft 126,

60243 In the illustrated embodiment, the transmission 118 further includes one or more
actuators configured to control various operations within the transmission 118, For example,
the electro~hydraulic system 138 described herein illustratively includes a number of
actuators, e.g., conventional solenoids or other conventional actuators, that are electrically

connected to a one or more control outputs CP of the transmission control circuit 142 via g
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corresponding number of signal paths 151, The actuators within the slectro-hydraulic system
138 are each responsive {0 a corresponding one of the control signals CP | produced by the
transmission control circuit 142 on one of the corresponding signal paths 151 to control the
friction applied by each of the plurality of friction devices by controlling the pressure of fluid
within one or more corresponding fluid passageway 140, and thus control the operation, i.e.,
engaging and disengaging, of one or more corresponding friction devices, based on
information provided by the various speed sensors 146, 148, and/or 150

[3025] The friction devices of the planetary gear system 122 and the planetary gear
system 153, disposed between the cliatch 149 and the propeller shatt 128, are tustratively
controlled by hydraulic fluid which is distributed by the electro-hydraulic system 138 ina
conventional manner, For example, the electro-hydraulic system 138 llustratively includes a
conventional hydraulic positive displacement purap (not shown) which distributes flnid to the
one or more friction devices via control of the one or more actuators within the electro-
hydraulic system 138, In this embodiment, the control signals CP are tllustratively analog
friction device pressure coramands to which the one or more actuators are responsive 1o
control the hydraulic pressure to the one or more frictions devices. It will be understood,
however, that the friction applied by cach of the plurality of friction devices may
alternatively be controlled in accordance with other conventional friction device control
structures and technigues, and such other conventional friction device control structures and
technigues are contemplated by this disclosure. In any case, however, the analog operation
of each of the friction devices is controlied by the control circuit 142 in accordance with

insiructions stored in the memory unit 144,
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{0026} As further illustrated in Figure 1, the system 100 includes a drive unit control
circuit 160 having an input/output port (/0) that is elcetrically coupled to the drive unit 102
via g number of signal paths 162, one of which is illustrated. The drive unit countrol cirenit
160, in different embodiments is conventional, and s operable to control and manage the
overall operation of the drive unit 102, The drive unit control circuit 160 further includes a
communication port, COM, which is electrically connected to a similar communication port,
COM, of the transmission control ¢ircuit 142 via a8 number of signal paths 164, one of which
is illustrated. The one or more signal paths 164 are typically referred to collectively as a data
link. Generally, the drive untt control circuit 160 and the transmission control circuit 142 are
operable to share information via the one or more signal paths 164 in a conventional manner.
In one embodiment, for example, the drive unit control circuit 160 and transmission control
circuit 142 are operable to share information via the one or more signal paths 164 in the form
of one or more messages in accordance with a society of automotive engineers {(SAE) J-1939
communications protocel, although this disclosure contemplates other embodiments in which
the drive unit control circuit 160 and the transmission control circuit 142 are operable to
share information via the one or more signal paths 164 in accordance with one or more other
conventional communication protocols (e.g., from a conventional databus such as J1587 data
bus, J1939 data bus, IESCAN data bus, GMLAN, Mercedes PT-CAN},

{08627 FIG. 2 i3 a sectional view of the clutch 149 coupled including g clutch drive hub
170 coupled to the output shaft 145 of the planetary gear 122, A housing 172 is operatively
connected to the clutch drive hub 170 and rotaies 1 response to rotation of the output shaft
145, The housing 172 includes a threaded portion 174 configured to be operatively coupled

to the input shaft 147 of the planctary gear 153. The cluich 149 is a wet cluich, since the



WO 2016/115213 PCT/US2016/013178

focation of the clutch is within the housing of the transmuission 118 through which fhuid
flows.

{83281 The chutch 149 is configured to improve contact between a lubricating fhuid, such
as oil, which moves through the clutch 149 and past a plurality of reaction plates 176 and a
plurality of friction plates 178, An oif inlet 180 is operatively coupled to the electrohydraulic
system 138 and directs a flow of lubricating fluid to an inferior space 182 defined by the
drive hub 170, The drive hub 170 includes a plurality of through holes or apertures 184
disposed on an interior surface 185 of the drive hub 170, each of which directs otl from the
oil inlet 180, through the interior space 182 and to an exterior space or cutside location of the
drive hub 170, The apertures extend through a hub wall 187, The cooling fluid then rooves
into contact with the reaction plates 176 and the friction plates 178 and, in particular,
between the spaces defined between the reaction plates 176 and friction plates 178 which are
enhanced by a flow pattern defined in the reaction plates 178 to increase the convective
cooling capacity.

8029} A retaining ring 186 engages a slot 188 (see FIG. 3} of the housing 172, The
retaining ring 186 provides a reaction for the chutch when the cluich is applied by a piston
198, In addition, a backing plate 190 is disposed adiacently to the retaining ring 186 between
the retaining ring 186 and one of the reaction plates 176, The retaining ring 186 and the
backing plate 190 each both generally define a circle which is centered about the axis of
rotation of the output shaft 145 or the housing 172 when assembled in the clutch 149.

U ERTEH The reaction plates 176 and friction plates 178 are alternately located along an
ouiside surface 192 (see FIG. 3) of the drive hub 170 and engage at intertaces between

adjacent reaction plates 176 and friction plates 178 upon movement of a piston 194, as is
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understood by those skilled in the art. A return spring 196 is disposed adjacently to the
piston 194 and a balance piston 198, The balance piston 198 is located next fo the drive hub
170 and is configured to entrap cooling fluid between the piston 198 and the pision 194 to
balance movement of the piston 194 against any backfill pressure which can occur behind the
piston 194,

{3031} FIG. 3 further illustrates the clutch 149 in a partial perspective exploded view. As
seen in FIG. 3, each of the reaction plates 176 include spaced splines 200 disposed arcund a
circumference of the reaction plates which are configured to engage corresponding apertures,
slots, or chanvels in the bousing 172, A non-splined portion 202 of the outer circumierence
of the reaction plate 176 is disposed adjacently to an inner surface 204 of the housing 172.
The interface between the non-splined portion 202 and inmer surface 204, in some
ersbodiments, is not fluid tight and provides a flow path for the cooling fluid from the of
inlet 180, through the apertures 184 and past the reaction plates 176 and friction plates 178,
Fluid flow, does however, occur at any gap between parts sufficiently sized to enable fluid
flow,

{(3032] Fach of the friction plates 178 include spaced splines 206. The drive hub 170
includes a plurality of troughs or valleys 208, alternately disposed between ridges 210, both
of which are located at an outer circumference of the drive hub 170, The spaced splines 206
include portions 247 configured to engage the valleys 208, Consequently, cooling fluid flow
is directed from the inlet 180, through the interior space 182, through the apertures 184, and
past the surfaces of the reaction plates 176 and the friction plates 178, To insure that the
flow rate along these paths i3 conirolled o a desired flow rate, each of the opposed sides 212

of the reaction plates 176, one of the two sides being illustrated, includes a flow pattern

it
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having the appearance of a waffle pattern including raised height portions 214 delimited by
reduced height portions 216, See also FIG, 7. The reduced height portions 216 direct a flow
of cooling fluid along the reduced height portions 214, which act as a fluid flow channel.
{30331 As Hlustrated in a partial sectional view of a portion of a cluteh 149 of FIG. 4, 5
flow path 218 is defined by the inlet 180, through the apertures 184, along the interfaces
between adjgcent reaction plates 176 and {friction plates 178, along the interface between the
wnner surface 204 of the housing172 and the outer circumterences of the reaction plates 176
and the friction plates 178, The flow path 218 is one of many flow paths and is illustrative of
one flow path through the clutch 149,

[6034] To provide for the flow of cooling fluid from the interior space 182, the apertures
184 are located in a defined patiern along the interior surface 185 of the hub 170, The
defined patiern includes a plurality of rows of apertures, wherein the apertures in gach row of
apertures is symmetrically spaced along the interior surface 185, In one embodiment, the
hwh 170 includes a first row of apertures 220, a second row of apertures 222, and a third row
of apertures 224. As can be seen in FIG. 4, one of the apertures 184A 1s shown in eross-
section to illustrate that each of the plurality of apertures 184 extends through the hub wall
187. In one embodiment, each of the plurality apertures 184 includes a three millimeter
diameter hole or orifice. In other embodiments, the diameter of the apertures 184 is a
different size.

[6035] As further illustrated in FIG, 4, each of the rows of apertures is substantially
located along the radius extending from an axis of rotation of the hub 170, fo an interface 225
between one of the reaction plates 176 and one of the friction plates 178, In one

embodiment, each of the rows 220, 222, and 224 of apertures 184 is not aligned with a radius
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extending to the splines 206, but is instead offset from the splines 206, In another
embodiment, the apertures 184 are aligned with a root 229 (see FIG. 3) of the portions 207
such that fhad fow is enabled between the {riction plates 178 and the outer periphery of the
hub 170, Additionally in one embodiment as ilhustrated, each one of the rows 228, 222, and
224 of the apertures 184 is spaced from another row of apertures by a distance of greater than
the distance between two of the friction plates 178, So for instance, the distance between the
second row of apertures 222 and the third row of apertures 224 is greater than or equal to the
distance between two consecutively located friction plates 178, The distance between the
first row of apertures 220 and the second row of apertures 222 is a distance of three
consecutively located friction plates 178, In this way, How rate of cooling fuid from the
inlet 180 to an exterior of the housing 172 is controlled to convectively cool the clutch 149
{3036} Fach of the rows of apertures is staggered with respect to af least one other row of
apertures such that the apertures 184 in one of the rows is not aligned with the apertures of
one or more of the other rows, if determined along lines exiending longttudinally along line
along the surface 185 substantially parallel to the axis of rotation of the housing 170, For
instance, the aperture 1848 is the only aperture of any row which is aligned along the line
226,

16037] The spacing between the rows of apertures determines the araount of oil flow
from the interior space 182 through the holes 184, into the gaps between reaction plates 176
and the friction plates 178, past the backing plate 190, and to the exterior of the housing 172.
In this configuration, the oil flow through the clutch is relatively evenly distributed from the
interior space 182, Additionally, the row of apertures 220 is longitudinally spaced from the

backing plate 190 to insure that excess oil does not flow past the backing plate 190, which
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potentially starves the rest of the clutch from the flow of oil. In one embodiment, the
distance between the rows of apertures 184 is no greater than the distance between three of
the friction plates.

[B038] The fluid flow path 218 extends from the oil inlet 180 through the interior space
182, through the apertures 184, along the exterior surface of the hub 192, between the
reaction plates 176 and friction plates 178, along the outer periphery of these plates and the
backing plate 190, past the retaining ring 186, through an exit point 227 and into the
ransmission housing since this is a wet chutch, While only one fluid flow path 218 is
ittustrated, each of the apertures 184 provides similar flow paths for the cooling fluid such
that the cooling fluid exits the clutch at a location adjacent {o the retaining ring 186, By
configuring the exit point 227 to be located at one end of the alternating reaction plates 176
and friction plates 178, the cooling fluid or oil is forced to flow along the internal splines of
both the reaction plates 176 and friction plates 178 to provide improved cooling of the clutch
149,

{3039} As described above, at least one component of the flow control mechanism, the
inner diameter of the hub 170, which is defined by the interior space 182, includes a specific
pattern of apertures 184 and sizing of the individual apertures 184, Since the inferior space
182 inside the hub 170 is the entry location for all of the fluid (which acts as a lubricant and
coolant) which is directed to the critical components of the clutch, the sizing, spacing, and
patterns of the apertures is determined. Such considerations include sufficient fuid flow,
distributed fluid flow, and Hmited air entrainment within the clutch. In large clutches, the
considerations of fluid flow and air entrainment are driven primarily by the centrifingal load,

the density of the oil, and axial length of the clutch pack,

14



WO 2016/115213 PCT/US2016/013178

(048] In g first consideration, placement of the holes is determined to ensure that il
cluteh plates receive a required fluid mass flow rate, and that escape of the fluid behind the
backing plate 199 is limited, as this carries no heat and provides no lubrication. The pattern
displayed 1s a very efficient patiern in that it provides both an axial and civcumierential even
distribution of oil.

08411 Sizing of holes is critical to ensure that an overly large head of oil does not
develop, thereby starving the clutch plates, and that air is not entrained and introduced to the
clutch pack, which includes the reaction plates 176 and the fiction plates 178, If this were to
occur in large amounts, the bulk cooling properties of the fluid would be compromised. By
taking into account the centrifugal load, desired mass flow rate, and density of the fluid, it is
possible to develop an equivalent aperture size, where all apertures are generally of the same
size, Tor all paths from inner cluteh hub to clutch pack. Sizing of apertures is then
determined based on distributing this equivalent orifice sizing per the above stated need o
distribute otl evenly,

{3042} When balancing the requirements of the sizing of holes and the spacing of holes,
the manufacturing feasibility and cost restrictions are considered. While the placement of
many smail holes cvenly over the interior surface of the hub 170 could potentially achieve a
desired result, it is not feasible to drill apertures on a curved surface below a certain size.
Conseguently, a balance between a maxirmum number of apertures and a minimum aperture
size is determined meet the equivalent orifice size needs while still being manufacturable
provides such a balance. Consequently, in one embodiment as described herein, each of the

plurality apertures 184 includes a three millimeter diameter hole or orifice. Additionally, the
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first row of apertures 220 is spaced from the backing plate 190 by at least two of the friction
plates 178.

90431 FI1G. 5 illustrates another embodiment of the cluich 149 including a housing 230
having a plurality of apertures 232, as further illustrated in FIG. 6. As seen in FIG. 5, the
component parts of the clutch 149 are substantially the same as those illustrated in FI1G. 4. In
FIG. 3, however, a flow path 234 is defined by the plurality of apertures 232, each of which
provides an exit point for the flow of fluid from the housing 230, The flow path 234 extends
from the oil inlet 180, through the interior space 182, through the apertures 184, and along
the reaction plates 176 and friction plates 178, In this embodiment, however, the flow of
cooling flnid does not flow past the backing plate 190 and the retaining ring 186 as
previously described, but instead flows through the plurality of apertures 232 and into the
transmission housing. Fach of the apertures 232 is disposed adjacent to the retaining ring
186 and the backing piate 190 such that a portion of the flow path 234 is defined by a wall
236 of the retaining ving 186, an outer circumferential surface 240 of the backing plate 190,
and an inner surface 242 of the housing 230

{0044} In the embodiment of FIG. 5, the retaining ring 186 is configured fo fit more
tightly i the slot 188, than the retaining ring 186 as illustrated in FIG. 4. In FIG. 4, while
fluid flow occurs past the retaining ring 186 and along the path 218&, in FIG. 5, the retaining
ring 186 is configured to provide a substantially fluid tight seal with the housing 230,
Consequently, the fluid moves out of each of the apertures 232 along the muliiple flow paths
234, In this configuration, the flow of fluid is more precisely configurable and controllable

to achicve the fluid mass flow rate based on centrifugal load and density of fluid.
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18845 As illustrated in FIG. 6, the inner surface 242 of the housing includes a plurality
of channels 244 which extend along the axis of rotation of the hub 170, Each of the channels
244 is configured to receive splines 200 of the reaction plates 176, While not shown, the
housing 172 of FIG. 3 includes these channels as well, In the illustrated embodiment of FIG.
6, fifteen channels are spaced substantially equidistantly about the inner surface 242, which
generally defines a cvlinder. The housing 230, in the tlustrated embodiment includes
fourteen apertures 232, each of which are arranged adjacently to a channel 246 configured to
receive the retaining ring 186, Hach of the fourteen apertures 232 is also centrally located
between adjacent channels 244, in an in-spline space 248, In the illustrated embodiment, the
housing 230 does not include an aperiure 232 between the channels 244 A and 2448,
although in other embodiments an aperfure 232 is included between the channels 2444 and
2448, Each of the apertures 232 are generally evenly distributed about the radius of the hub.
Consequently, the illustrated embodiment includes fifteen in-spline spaces 248 and fourteen
apertures 232, or one less aperture than the number of in-spline spaces. In one embodiment,
the apertures 232 are substantially cylindrical and include a diameter of about eight (8}
millimeters,

[00486] FIG. 7 is a plan view of one of the friction plafes 178 including a groove pattern
250, The groove pattern 250 is disposed on both sides 212 of the friction plate 178 and is
configured to direct cooling fluid flow from an interior circumference 252 to an exterior
circumference 254 of the plate 178, The groove pattern 250 includes the raised height
portions 214 delimited by the reduced height portions 216. The reduced height portions 216

define channels with the raised height portions 214. In one embodiment, the width of the
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reduced height portions 216 is about 3.2 millimeters and the raised height portions 214,
which are generally square, have a width/height of about 12.8 millimeters.

160471 In these and other embodiments incorporating the teachings of the present
disclosure, the configuration of the inlet apertures 184 and outlet apertures 234 as well as the
clutch groove pattern 250 is optimized to reduce the flow of the cooling fluid through the
clutch, Slowing down the flow (speed) of cooling fluid allows the cooling fluid to contact
the plates 176, 178 to provide increased convective cooling capacity.  The number and
arrangement of apertures 184 and 234 15 also optimized (o provide increased cooling
capacity.

10048] While exemplary embodiments incorporating the principles of the present
disclosure have been disciosed hereinabove, the present disclosure is not Hmited to the
disclosed embodiments. instead, this application is intended to cover any variations, uses, or
adaptations of the disclosure using its general principles. Further, this application is intended
to cover such departures from the present disclosure as come within known or customary
practice in the art to which this disclosure pertains and which fall within the limiis of the

appended claims.
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CLAIMS:

What is claimed is:

1. A clutch assembly configured to engage and disengage a first shaft from a second shaft
comprising:

a drive hub configured 1o be operatively connected to the firsi shaft, the drive hub
including a plurality of apertures extending from an interior of the drive hub lo an exterior of
the drive hub;

a plurality of friction plates coupled to the drive hub, wherein cach of the friction
plates is spaced from an adjacent {friction plate by a friction plate space;

a plurality of reaction plates, wherein each of the reaction plates are spaced from an
adjacent reaction plate by a reaction plate space, wherein each the reaction plate spaces is
configured to receive one of the friction plates and each of the friction plate spaces is
configured to receive one of the plurality of reaction plates;

a blacking plate, wherein the backing plate is disposed adjacent to one of the friction
plates and reaction plates;

a retaining ring disposed adjacent to the backing plate and non-adjacent to any one of
the plurality of friction plates and plurality of reaction plates;

a housing configored to be operatively connected to the second shaft and which is
operatively connected to the drive hub and to the plurality of reaction plates, wherein at least
one of the housing and the retaining ring inciudes a plurality of fluid flow outlets disposed

adjacent to the backing plate.
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2. The clutch assembly of claim 1 further comprising a plurality of fluid flow paths defined
between the housing and the reaction plates and the housing and the friction plates, wherein
gach of the plurality of fluid flow outlets is aligned with one of the plurality of fhuid flow

paths.

3. The clutch assembly of claim 2 wherein the fluid flow paths are defined by splines of the

reaction plates and are configured to provide fhud fJow to the fluid flow outlets,

4. The cluich assembly of claim 3 wherein each of the fluid flow outlets is aligned along a

singie radius defined by the housing,.

5. The clutch assembly of claim 4 wherein each of the fluid flow outlets includes an aperture

extending through one of the refaining ring and the housing.

6. The clutch assembly of claim 5 wherein each of the apertures extends through the

refaining ring and each one of the apertures is associated with one of the fluid flow paths.

7. The clutch assembly of claim 5 wherein each of the apertures extends through the housing

and are aligned along an exterior of the housing generally aligned with the backing plate.
8. The cluteh assembly of claim 7 wherein each of the apertures extending through the
housing are aligned along an exterior of the housing generally aligned with a radius of the

backing plate.
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9. The clutch assembly of claim 8 wherein the drive hub includes g plurality of splines and a
plurality of spline spaces and each of the plurality of housing apertures is located opposite

one of the plurality of spline spaces.

10, The cluich assembly of claim 9 wherein splines of the reaction plates engage openings of
the housing and a space between splines of the reaction plates define a gap with the housing,

wherein the gaps define the thid flow paths.

t1. A transmission inciuding a transmission housing, the transmission comprising:

a first portion configured to couple to an engine,

a second portion configured to couple to a drive shaft, and

a clutch disposed between the first portion and the second portion, wherein the clutch
includes a cloteh housing disposed within the fransmission housing, one or more friction
plates alternately located with one or more reaction plates, all of which are located within the
clutch housing, a backing plate disposed adjacently to one of the friction plates and reaction
plates, and 4 retaining ring disposed adjacently to the backing plate, wherein at least one of
the retainiug ring and cloich housing inciudes a plurality of fhad flow outlets disposed

adiacently to the backing plate,

12. The transmission of claim 11 further comprising a phurality of fluid flow paths defined

between the clutch housing and the reaction plates and the clutch housing and the friction
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plates, wherein each of the plurality of fhuid flow outlets is aligned with one of the plorality

of fluid flow paths,

13, The transmission of claim 12 wherein the plurality of fluid flow paths are defined by
splines of the reaction plates and are configured {o provide fluid flow to the fluid flow

outlets,

14. The transmission of claim 13 wherein each of the plorality of fluid flow outlets is aligned

along a single radius defined by the clutch housing,

15. The transmission of claim 14 wherein each of the plurality of fluid flow outlets includes

an aperture extending through one of the retaining ring and the cluich housing.

16, The transmission of claim 15 wherein each of the apertures extends through the retaining

ring and each one of the apertures is associated with one of the fluld flow paths.

{7. The transmission of claim 15 wherein each of the apertures extends through the clutch
housing and is aligned along an exterior of the housing generally aligned with the backing

plate.

18. The transmission of claim 17 wherein each of the apertures extending through the clutch
housing is aligned along an exterior of the housing generally aligned with a radius of the

backing plate.
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19, The travsmission of claim 18 wherein the drive hub includes a plurality of splines and a
plurality of spline spaces and each of the plurality of clutch housing apertures is located

opposite one of the plurality of spline spaces.

2¢. The transmission of claim 19 wherein splines of the reaction plates engage openings of
the clutch housing and a space between splines of the reaction plates define a gap with the

cluich housing, wherein the gaps define the fluid flow paths.
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