COUPLING ASSEMBLY Background of the Invention The present invention relates to a new
and improved coupling 5assembly which may be a clutch and/or brake. A known coupling ’
assembly which is utilized as a brake is disclosed in U.S. Patent No. 4,262,789. This known coupling
assembly utilizes a flow of cooling fluid (water) to cool copper wear plates which engage a rotor to
retard relative rotation between the rotor and a housing. Other known coupling 10assemblies are
disclosed in U.S. Patent Nos. 3,530,965 and 5,577,581. During use of these known coupling
assemblies, heat is generated upon operation of the coupling assembly from a disengaged condition
to an engaged condition. It has been suggested that components of the coupling assembly may be
exposed to a flow of cooling fluid (water) to transfer heat 15from components of the coupling assembly
to the cooling fluid. Even though the componens md¢hasssmmamnyeoupling assemblies are exposed to
a flow of cooling fluid, there tends to be a build up of heat in the components of the coupling
assemblies. Under very severe operating conditions, the build up of heat may tend to become

excessive at hot spots on components gg%ggﬁgapg@%smﬁgm?ummary of the Invention An
embodiment of the present invention seeks to0 provide a new and improved coupling assembly having

an improved flow of copiag,fhudiorvemeik e teansier AWeAktBroved coupling
5 as.sembly which may be a clutch and/or brake.
A knowrn coupi‘mg assembly which is ﬁtiiized as a brake is disclosed in
U.S. Patent No. 4,262,78.9. This known coupiing assembly utilizes a flow of
cooling fluid (water) io cool copper Waar-pka‘ies_which engage a rotor o retard
reiaiive rotation between the rotor and a housing. Other known coupling
10 assembiies are disclosed in U.S. Paten! Nos. 3,530,985 and 5,577,581,
During use of these known coupling assemblies, heat is generated
- upon operation of the coupling assembly from a disengaged condition to an
engaged condition. It has been suggested that components of the coupling
assembly may be exposed {o a flow .of cooling flutd (water) to transfer heat
15 from components of the coupling assembiy to the cooling fiuid. Even though
the components of these known coupiing assemblies are exposed to a flow of
cooling ﬂ_uid, there tends {o be a build up of heat in the components of the
coupling assemblies. Under very severe operating conditions, the build up of
heat may tend to become excessive at hot spots on components of the

20 coupling assembiy.

Summary of the Invention

An embodiment of the present invention seeks to provide a new and

improved coupling assembly having an improved flow of cooling fluid to
promote the transfer of heat from



WO 2009/034438PCT/IB2008/002330 -2- components of the coupling assembly. Convective heat
transfer from&w;fg}gpg&tgt of the coupling assembly to the flow of cooling fluid ma}??be romoted by
increasing the veé oa?y ot the cooling fluid at spaced apart areas along a chahAELf tlg%gfﬁowhich the
cooling fluid flows. Upon engagement of 5the coupling assembly, more heat tends to be generated at
a radially outer portion of a rotating disc than at a radially inner portion of the disc. To remove this
heat, the flow of cooling fluid adjacent to the radially _&ther portion of the rotating disc may be larger
than adjacent to the radially inner portion of the rotating disc. 10The coupling assembly may include
the rotatable disc which is at least partially enclosed by a housing. The housing may have a plate
portion with a force transmitting surface which is engagable with a side surface area on the rotatable
disc to retard relative rotation between the housing and the disc. The housing may also have a cooling
fluid channel wiﬁ@ﬂ‘i%oﬁﬁgéﬁfﬂﬁﬁi5%&'%?&%%1@@1’&@6’?‘@@9@3 s irepbosite from the

force transmitting surfaceg.}lseg& %imﬁrove heat transfer and minimize the occurrence of hot spots, a

plurality of proje%?mﬁg'f‘ﬁ ; H@aﬁm@ft@@oﬁﬁﬂ ﬂ@mi’&awm%gﬁng fluid channel.
Lurbence ey b L Eg Mot oA e b e e o e cogina T
connected in ﬂuéﬁ’o%%rgrBHQi?ﬁgPﬁ%EEﬁ%%ﬁ‘ I!Keogcg%riing fluid flows. Upon engagement of
5 the coupling assembly, more heat tends to be generated at a radially outer
portion of a rotating disc than at a radially inner portion of the disc. To remove
this heat, the flow of cooling fiuid adjacent to the radially outer portion of the
rotating disc may be larger than adjacent to the radially inner portion of the
rotating disc.
10 The coupling assembly may include the rotatable disc which is at least
parfially enclosed by a housing. The housing may have a plate portion with a
jorce fransmitting surface which is engagable with a side surface area on the
rotatable disc to retard relative rotation between the housing and the disc.
The housing may also have a coofing fluid channel which is at least partially
15 defined by the side of the plaie porﬁon opposite from the force transmitting
surface.
To improve heat transfer and minimize the occurrence of hot spots, a
plurality of projections may extend into a path of flow of cooling fiuid through
the cooling fluid channel. Turbulence may be induced in a fiow of cooling fluid
20 by having ribs project into the cooling fluid channei.
A fluid inlet to the cooling fluid channel may have a relatively large

cross sectional area connected in fluid communication with a radially outer



-3- portion of the cooling fluid channel. The inlet may have a relatively small cross sectional area
connected in fluid communication with a radiallyﬁ‘iner portion of the cooling fluid channel. A

coupling assembly. constructed jn accardance it% Qen%godim nt of the present invention has many
different featur@@%RfPﬁcW Fﬁ‘%ﬁgﬁbgﬁtﬁj@oﬁlﬁg%%‘u iﬁZe@} d@ﬁ‘)@%gged?sé%% FPRTERA! However, these
features may be utilized separately or in combination with various features from.the prior art. For
example, the cBEﬂﬁ?gsﬁﬁfinﬁ?iﬁgﬁ%Ccﬂﬂg%%gsigeg %:CPQHEQ W%L%?%H‘é{%aadfa i{/’ggﬂtigﬁ%f)rtions of the

cooling fluid channel may be uti#lzed withqut prgjections into the cooling fluid channel. As another
example, the pP&gWo%?syﬂ?agog lﬁ%@uﬁgz%]%ﬁéiés ribs. Although the coupling assembly disclosed

herein is utilized as a brake, it should be understood that the coupling assembly be utilized as a
clutch. It is contempla%‘e%?'fﬁg?¥ﬁés B esEh RSB A ¢ r?wtblrrf’“}(‘%?mm{toﬂ@%& %?gie

ion cfu C

assembly.  AGGOIINGLQ AL SRR RLIE AURSERHRIERIS oU\PSR S REANIELA ApUpIng assembly

for use in transmitting force, said ‘coupling assembly comprising a rotatable disc, and a housing which

at least partially preloses saickrataiahle liscreaie RousiBa ARG ALy BRrtignuith a circular force

transmitting surface which is by a circular side surface area on said rotatable disc to retard relative

rotation betweeg.sgidiBQusing anshsrigkRissith caping fuidrearrehhichhasea geperally circular

configuration and'is at least partially defined by a side of said plate portion opposite from said force

transmitting suriagen A8, iretdbenng Mwhichstvithsirrndnttddato seidietolingsiuidichannel, an outlet
through which fluid is conducted from said cooling fluid channel, and, a plurality of ribs each of which
extends betweeadiaiichaliyripoetiges tifrthef ssdtngoblinpchaidreranaglendtdized iaitiatter portion of
said cooling fluid channel, said ribs being spaced apart from the side of said plate portion opposite
from said force prajeiitin dnéo e edolmgaiblel abalimegll ufts tarfltivesl engrapdé cliappzgeéstending
across said plurality of ribs. Brief Description of the Drawings The foregoing and other features of
the invention withieocomewrorbiapldaniibpon a consideration of the following description taken in
connection with the accompanying drawings wherein: Fig. 1 is a front elevation& view of a coupling

assembly constructeddirseghdhrceouninthessradebitdifideson hagein is utiized as a brake,

it shouid be understood that the coupling assembly may be utilized as a
clutch. It is contempiated thaf the coupling assembly may be a combination
clutch and brake assambly.

According to an aspect of the present invention, there is provided a coupling assembly for
use in transmitting force, said coupling assembly comprising a rotatable disc, and a housing
which at least partially encloses said rotatable disc, said housing having a plate portion with a
circular force transmitting surface which is by a circular side surface area on said rotatable disc 1o
retard relative rotation between said housing and said disc, a cooling fluid channel which has a
generally circular configuration and is at least partially defined by a side of szid plate poriion
opposite from said force transmitting surface, an inlet through which fluid is conducted into said
cooling fluid channel, an outlet through which fluid is conducted from said cooling fiuid channel,
and, a plurality of ribs each of which extends between a radially inner portion of said cooling
fluid channel and a radially outer portion of said cooling fluid channel, said ribs being spaced
apart from the side of said plate portion oppesite from said force transmitting surface to enable

cooling fluid to flow along a circular path extending across said plurality of ribs.
Brief Description of the Drawings

The foregoing and other features of the invention will become more
apparent upon & considaration of the following description taken in connection
with the accompanying drawings wherein:

Fig. 1 is a front elevational view of a coupling assembly constructed in

accordance with the present invention;



Fig. 2 is an enlarged sectional view, taken generally along the line 2-2 of Fig 1, further illustrating the
construction of the coupling assembly; Fig. 3 is a partially broken away pictorial illustration, taken
generally along the line 3-3 of Fig. 2, illustrating the relationship of a wear plate to 5another portion of
the housing &Y 8@ E8lfTg assembly; Fig. 4 is a sectional view, take GEHEIMH %SG the line 4-4
of Fig. 3, illustrating the relationship of a cooling fluid inlet and a cooling fluid outlet to a portion of the
housing of the coupling assembly of Figs. 1 and 2; Fig. 5 is a plan view, taken generally along the line
5-5 of Fig. 4, 10illustrating the construction of one s[%e of a cooling fluid channel formed in the housing
of the coupling assembly of Figs. 1 and 2; Fig. 6 is ah enlarged fragmentary pictorial illustration of a
portion of Fig. 5; Fig. 7 is an enlarged fragmentary sectional view, taken generally along 15the
line 7-7 of Fig. 5, further illustrating the construction of projections which

Fig. 2 is an enlarged sectional view, taken generally along the line 2-2
of Fig 1, further illustrating the construction of the coupling assembly;
Fig. 3 is a partially broken away pictorial illustration, taken generally
along the line 3-3 of Fig. 2, illustrating the relationship of a wear plate o
5 another portion of the housing of the coupling assembly;
Fig. 4 is a sectional view, taken generally along the line 4-4 of Fig. 3,
illustrating the relationship of a cooling fluid infet and a cooling fluid outiet to a
portion of the housing of the coupling assembly of Figs. 1 and 2;
Fig. 5 is a plan view, taken generally along the line 5-5 of Fig. 4,
10 illustrating the construction of one side of a cooling fluid channel formed in the
housing of the coupling assembly of Figs. 1 and 2,
Fig. 6 is an enlarged fragmentary pictorial illustration of a portion of
Fig. 5;
Fig. 7 is an enlarged fragmentary sectional view, taken generally along
15 the line 7-7 of Fig. 5, further illustrating the construction of projections which
extend into the cooling fluid channel; and
Fig. 8 is a schematic pictorial illustration of one of the projections of
Fig. 7.
Description of One
20 Embodiment of the Invention
A coupling assembily 10 (Figs, 1 and 2) is utilized to transmit force
between a rotatable input member 12 and a stationary member 14 (Fig. 2). in

the illustrated embodiment of the invention, the coupling assembly 10 is



extend into the cooling fluid channel; and Fig. 8 is a schematic pictorial illustration of one of the
projections of Fig. 7. Description of One 20Embodiment of the Invention A coupling assembly 10

(Figs. 1 and 2). is. utilj o transmit force between a rotatable input mem tionary
member 14 ( |82§ng n%t 3§ illustrated embodiment of the invention, the cogg{#g%é%s@eﬁ%@ 10is -5-

utilized as a brake and force is transmitted between the stationary member 14 and input member 12
by the coupling assembly 10 to hold the input member against rotation. If the coupling assembly 10 is
to be utilized as a clutch, the member 14 would be rgggitable under the influence of force transmitted
from 5the input member 12 through the coupling assembly 10 to the member 14. It should be
understood that the coupling assembly 10 may be a combination brake and clutch assembly. The
coupling assembly 10 (Fig. 2) includes a rotatable annular disc 18 to which the input member 12 is

connected. In the jllustrated embodiment of
uﬁlfzeg as a brgl](e ang]?orce is transmitted between the stationary member 14

and input member 12 by the coupling assembly 10 o hold the input member
against rotation. If the coupling assembly 10 is {o be utilized as a cluich, the
member 14 would be rotatable under the influence of force transmitted from
5 the input member 12 through the coupling assembly 10 to the member 14.
should be understood that the coupling assembly 10 may be a combination
brake and clutch assembly,
The coupling assembly 10 (Fig. 2) includes a rotatable annular disc 18
o which the input member 12 is connected. In the illustrated embodiment of
10 the invention, the input member 12 is a gear which is connected {o a rotatable
input shaft (not shown). A circular array of feeth on the periphery of the gear
12 are received in meshing engagement with corresponding teeth formed in a
radially inner portion 20 of the disc 18. Annular friction pads or members 24
and 26 are fnounted on axially opposite sides of the disc 18 in a coaxial
15 relationship with the disc and the input member 12.
The disc 18 is at least partially enclosed by a housing assembly 32.
The housing assembly 32 is fixedly connected to the member 14, As was
previously mentioned, when the coupling assembly 10 is utilized as a brake,
the member 14 is stationary. However, if the coupling assembly 10 is utilized
20 as a clutch, the housing assembly 32 and member 14 may be rotatable.
The housing assembly 32 includes a cover or cylinder 38, a movable

pressure plate 40 (Figs. 2 — 6), and a mounting fiange or stationary pressure



10 the invention, the input member 12 is a gear which is connected to a rotatable input shaft (not
shown). A circular array of teeth on the periphery of the gear 12 are received in meshing engagement
with corresponding teeth formed in a radially inner portion 20 of the disc 18. Annular friction pads or
members 24 WREPE 4 Hounted on axially opposite sides of the disc 18 ff-d/E8f4IM87 & ationship
with the disc and the input member 12 The disc 18 is at least partially enclosed by a housing
assembly 32. The housing assembly 32 is fixedly connected to the member 14. As was previously
mentioned, when the coupling assembly 10 is utlllze% as a brake, the member 14 is stationary.
However, if the coupling assembly 10 is utilized 20as a clutch, the housing assembly 32 and member
14 may be rotatable. The housing assembly 32 includes a cover or cylinder 38, a movable
pressure plate 40 (Figs. 2 - 6), and a mounting flange or stationary pressure WO
2009/034438PCT/1B2008/002330 -6- plate 42 (Fi &An annular piston 46 (Fig. 2) is mounted in an
annular chambBIZB 46rihEH f-tH cavRNIgF EWHB&%GB e EpReWHedlindEt 88w mounting flange

Howover, the pHCBCLTE SELPHOTE ShBG S BhGVARIAY e (P SenPORVBOIE 98 afder the
proseurizod with 2 LR B i Bauh TRCAl el A AR B Sk EEMS piate 40 againg
the friction pad &MFBP?&%@%%{FJ%%‘QH‘@E%H‘ R &SI ETRR SRS Fed 285 £01C°
5 movable along axially extending support posts 52 under the influence of force
transmitted from the piston 46 to the pressure plate 40.
When the chamber 48 is pressurized with a suitable fiuid, such as air,
the piston 46 firmly presses the pressure plate 40 against the friction pad 24
disposed on the left (as viewed in Fig. 2) side of the disc 18. This force
10 causes the disc 18 to move axially along the teeth on the input member 12 to
press the right (as viewed in Fig. 2) friction pad 26 against the mounting
flange or pressure plate 42. Since the mounting flange or pressure plate 42 is
fixedly connected to the stationary member 14, this results in the disc 18
being firmly gripped between the pressure plate 40 and mounting flange or
15 pressure plate 42 to retard rotation of the disc relative fo the housing
assembly 32.
The annular movable pressure plate 40 includes a base 56 (Figs. 3 and
4) and a plate portion 60. The annular plate portion 60 is fixedly connected to
and is coaxial with the annular base 58. The plate portion 60 cooperates with
20 the base 56 to form an annular cooling fluid channel 64,
The annular cooling fluid channel 64 has an inlet 68 (Figs. 2, 3 and 4)

formed in the base 56 of the pressure plate 40. Fluid flow through the inlef 68



10causes the disc 18 to move axially along the teeth on the input member 12 to press the right (as
viewed in Fig. 2) friction pad 26 against the mounting flange or pressure plate 42. Since the mounting
flange or pressure plate 42 is fixedly connected to the stationary member 14, this results in the disc 18
being firmly glifPaePBédda8en the pressure plate 40 and mounting flange oPAEHRUSHEBMte 42 to
retard rotation of the disc relative to the housing assembly 32. The annular movable pressure plate
40 includes a base 56 (Figs. 3 and 4) and a plate portion 60. The annular plate portion 60 is fixedly
connected to and is coaxial with the annular base 56, The plate portion 60 cooperates with 20the base

56 to form an annular cooling fluid channel 64. The annular cooling fluid channel 64 has an inlet 68
(Figs. 2, 3 and 4) formed in the base 56 of the pressure plate 40. Fluid flow through the inlet 68 -7-is
conducted along an inlet passage 70 (Fig. 4) in the base 56. The inlet passage 70 is connected in fluid
communication with the cooling fluid channel 64 (Figs. 2 and 3). In the illustrated embodiment of the
invention, the dé&ﬁ@ﬁﬁt&%@lﬂﬂ%@éﬂﬂm@%ﬁwg&(ﬁg frhidncdhsrbrees2bs Wateihipfowever, a
5different cool?}% fluid m%y be used if desired, Fluid is conducted from the annular cooling fluid

channel 64 to AFSREE 7. ﬂ?i@?%%ﬁ?\&f@ﬁqr?‘ﬂ_ﬁl@HBWGH@Q%W%&HQW&QJ@M@%W%Mnel 64
e e o 9 S o e d SRR TR B Tvhfion, e Gosling 09" ™
fluid conducted through the cooling fluid channe! 64 is water. However, a

5 different cooling fluid may be used if desired.

Fluid is conducted from the annular cooling fluid channel 84 to an outlet
74 (Fig. 4) connected in fluid communication with the cooling fluid channel 64
through an outlet passage 76 (Figs. 2 and 4). Fluid flows from the cooling
fluid channel 64 through the outlet passage 76 and outlet 74. The outlet

10 passage 76 is located diametrically opposite from the inlet passage 70.

When the coupling assembly 10 is in the disengaged condition (Fig. 2),
the input member 12 and disc 18 are rotated by a drive shaft (not shown)
which is connected fo the input member. At this time, the friction pad 24 is
spaced from the wear pléte portion 60 of the pressure plate 40. Similarly, the

15 friction pad 26 is spaced from the stationary mounting flange or pressure plate
42.

When the coupling assembly 10 is operated from the disengaged
condition toward the engaged condition, the piston 64 (Fig. 2) moves the
pressure plaie 40 axially toward the rotating disc 18. This results in sliding

20 engagement of the wear plate portion 60 of the pressure plate 40 with the

friction pad 24 on the rotating disc 18. Engagement of the wear plate portion

60 of the pressure plate 40 with the friction pad 24 results in the generation of



10passage 76 is located diametrically opposite from the inlet passage 70. When the coupling
assembly 10 is in the disengaged condition (Fig. 2), the input member 12 and disc 18 are rotated by a
drive shaft (no%}sz%%v/\ﬁr})# vghich is connected to the input member. At this tim&/the(}fgic&{i}%gsg)ad 24 is
spaced from the'wear plate portion 60 of the pressure plate 40. Similarly, tive 1BEoA pad 26 is
spaced from the stationary mounting flange or pressure plate 42. When the coupling assembly 10
is operated from the disengaged condition toward the engaged condition, the piston 64 (Fig. 2) moves
the pressure plate 40 axially toward the rotating discgl8. This results in sliding 20engagement of the
wear plate portion 60 of the pressure plate 40 with the friction pad 24 on the rotating disc 18.
Engagement of the wear plate portion 60 of the pressure plate 40 with the friction pad 24 results in the
generation of -8- heat as the friction pad slides along the surface of the wear plate portion. This heat

is transferred through tghe ear plate partion 60 to coolin quidé at%%%n Ege cooling fluid channel 64.
Although the ngé%‘gt 8(\){},“%??%(5) ﬁ?a%j‘é S8 ?r?@cf%)? &%@/Caiﬁ’ \féﬁt 5 ﬁﬁs‘?%ﬂ illustrated
embodiment ofﬂq% 'ﬂ¥8{‘¥é°%?am$e¥¥88&ﬁr‘85%h the wear plate portion 80 to cooling fluid
(water) in the cooling fluid channel 64,
Although the wear plate portion 80 may be formed of many different
5 materials, in the illustrated embodiment of the invention, the wear plate

portion 60 is formed of copper or a copper alloy. The copper material of the

wear plate portion 60 is effective to conduct heat o the cooling fluid in the
annular cooling fluid channel 64. The heat which is transferred to the cocling
fluid in the cooling fluid channel 64 is conducted from the coupling assembly

10 10 in the flow of cooling fiuid (water) from the outlet 74. This prevents
excessive heating of the wear plate portion 60 and other components of the
coupling assembly 10.

The cooling fluid channel 64 is constructed so as to promote the

transfer of heat from the wear plate portion 60 to a flow of cooling fluid in the

15 cooling fluid channel. The transfer of heat to fluid in the cooling fluid channel
64 is promoted by reducing the depth, that is, the axial extent, of the annular
cooling fluid channel. Since the volumetric rate of flow of fluid in the cooling
fluid channel remains constant, reducing the depth of the cooling fluid channel
64 increases the velocity of the cooling fluid fo increase the rate of heat

20 transfer. In addition, improved heat transfer is promoted by providing for a
greater flow of cooling fluid in a radially outer portion of the cooling fluid

channel 64 than in a radially inner portion of the cooling fluid channel.



portion 60 is formed of copper or a copper alloy. The copper material of the wear plate portion 60 is
effective to conduct heat to the cooling fluid in the annular cooling fluid channel 64. The heat which is

transferred teyhe®eaingdluid in the cooling fluid channel 64 is conductedgfqirithigsrasHaling assembly
1010 in the flow of cooling fluid (water) from the outlet 74. This prevents excessive heating of the wear

plate portion 60 and other components of the coupling assembly 10. The cooling fluid channel 64 is
constructed so as to promote the transfer of heat from the wear plate portion 60 to a flow of cooling
fluid in the 15 cooling fluid channel. The transfer of héat to fluid in the cooling fluid channel 64 is
promoted by reducing the depth, that is, the axial extent, of the annular cooling fluid channel. Since the
volumetric rate of flow of fluid in the cooling fluid channel remains constant, reducing the depth of the
cooling fluid channel 64 increases the velocity of the cooling fluid to increase the rate of heat

20transfer. In addition1imapRi@ies be BHAFABERY IR REVEQRSHEY RFRYAIRG forasig e digwof cooling

fluid in a radially outer portion of the cooling fluid channel 64 than in a radially inner portion of the
cooling fluid chasfrthk cSeling flnidedEioniGprammtingirarvietbieatdrapsiaviy Lo the depth of

the cooling fluid channel 64, heat transfer is improved by having areas of increased flow of turbulence.
The increased fioorgarsdétove i tuminies oeixifibeohoostisgdfifidmoting mieng @ndaremnsite of the plate
portion 60 with cooling
of cooling fluid moving along an inner side of the plate portion 60 with cooling
5 fluid moving along an inner side of the base 56 of a pressure plate 40.
Although the cross sectional area of the cooling fluid channel 64 is reduced,
the volumetric rate of flow of cooling fluid through cooling fluid channel is not
reduced. Of course, this results in an increase in the velocity at which the
fluid flows through the cooling fluid channel 64,
10 The cooling fluid channel 84 has an annular configuration which
corresponds to the annular configuration of the plate portion 60 of the
pressure plate 40. The cooling fluid flows in opposite directions, that is,
clockwise and counterclockwise, from the inlet 68 (Figs. 2, 3, 4, 5 and 6) to
the outlet 74 (Figs. 2 and 4). The cooling fluid flow is divided into a fluid flow
15 in one direction and a fluid fiow in the opposite direction immediately after the
cooling fluid flows from the inlet passage 70 (Fig. 4) into the cooling fluid
channel 64 (Fig. 5).
The cooling fluid channel 64 is divided into an annutar radially outer
cooling fiuid channel section 82 (Figs. 5 — 7) and an annuilar radially inner
20 cooling fluid channel section 84 by an axially projecting annular wall portion or

rib 86. The radially outer and radially inner channel sections 82 and 84 have

the same radial extent. Thus, the distance from the radially outer side 90



5fluid moving along an inner side of the base 56 of a pressure plate 40. Although the cross sectional
area of the cooling fluid channel 64 is reduced, the volumetric rate of flow of cooling fluid through
cooling fluid channel is not reduced. Of course, this results in an increase in the velocity at which the
fluid flows thiRSGPROHEEESling fluid channel 64. 10The cooling fluid chann&CBAHA8s82a¢thular
configuration which corresponds to the annular configuration of the plate portion 60 of the pressure
plate 40. The cooling fluid flows in opposite directions, that is, clockwise and counterclockwise, from
the inlet 68 (Figs. 2, 3, 4, 5 and 6) to the outlet 74 (Eigs. 2 and 4). The cooling fluid flow is divided into
a fluid flow 15in one direction and a fluid flow in the ‘©pposite direction immediately after the cooling
fluid flows from the inlet passage 70 (Fig. 4) into the cooling fluid channel 64 (Fig. 5). The cooling
fluid channel 64 is divided into an annular radially outer cooling fluid channel section 82 (Figs. 5 - 7)
and an annular radially inner 20cooling fluid channel section 84 by an axially projecting annular wall
portion or rib 86-1Fn@ &idhdyeuaramaliaartin iende Sfdarrriestriiadzlbhineardive the same radial
extent. Thus, the distance from the radially outer side 90 -10- (Fig. 7) of the annular wall portion or rib
86 to a circularFSHGRAR WAL TE RGO W LFhRRNELEERIoN R4 TS eAREcEBAS? is the same as

the distance from,a circular radjally inner side. 94 of the wall section or rib_86 to a circular radiall
SEneR ' f e Waeh i y

outwardly facif S DE WP RS LG RIRIE R E2. e wall section or rib 86 to a

circular radially outwardly facing side 96 of the cooling fiuid channel 64.

5 The annutar wall section or rib 86 cooperates with the wear plate
portion 80 (Fig. 3) of the pressure plate 40 and the base 56 of the pressure
plate to define the radiaily outer and radially inner cooling fiuid channel
sections 82 and 84 (Fig. 5). The flat, axially inner major side of the wear plate
portion 60 engages the axially projecting wall section or rib 86 to block fluid

10 flow across the wall section or rib 86.
The radially outer channel section 82 (Fig. 7) has an annular bottom
surface 100. The bottom surface 100 extends from the outer side 90 of the
annular wall portion or rib 88 to the inwardly facing side 92 of the base 56.
Similarly, the radially inner channe! section 84 has an annular bottom surface
15 102 formed on the base 56. The annular bottom surface 102 extends from
the radially inner side 94 of the annular wall section or rib 86 to the radially
outwardly facing side 98 of the base 56.
The bottom surface 100 on the radially outer channel section 82 is
spaced the same distance from the inwardly facing flat major side surface of
20 the wear plate 60 as is the bottom surface 102 on the radially inner channel
section 84. The bottom surface 100 on the radially outer channe! section 82

is disposed in a coptanar relationship with the bottom surface 102 on the



5The annular wall section or rib 86 cooperates with the wear plate portion 60 (Fig. 3) of the pressure
plate 40 and the base 56 of the pressure plate to define the radially outer and radially inner cooling
fluid channel sections 82 and 84 (Fig. 5). The flat, axially inner major side of the wear plate portion 60
engages the WAaMPASE8ting wall section or rib 86 to block fluid 10flow a&fEEBAESREIHLCtion or rib
86. The radially outer channel section 82 (Fig. 7) has an annular bottom surface 100. The bottom
surface 100 extends from the outer side 90 of the annular wall portion or rib 86 to the inwardly facing
side 92 of the base 56. Similarly, the radially inner channel section 84 has an annular bottom surface
15 102 formed on the base 56. The annular bottom surface 102 extends from the radially inner side 94
of the annular wall section or rib 86 to the radially outwardly facing side 96 of the base 56. The
bottom surface 100 on the radially outer channel section 82 is spaced the same distance from the

inwardly facing flat rE i%r side surface of 20 the wear plate 60 as is the bottom surface 102 on the
radially inner chAAReY $22F6H ﬁ’”?h%eﬁaﬁarﬁ"su?a@@%@ Jharadiaieayisnancigsfel section 82 is
disposed in a cqplana\’ reI tIOI’]S? é bott m surface %02 on the 41- radially inner channel

y St

Lk e NIC)H ERS LR ARLEIE same uniform

section 84. There?ore ﬂsﬂle radial

depth through ir Ho \ ha neI ctl ould be deeper than the other
QJ'E Rﬁg% DUE gf{ Rnel ec on n%%éﬂﬁ&%}'aﬁ'&pﬁ

channel sectl Sired. 5in the spec ic émbod |me %lgs 1-7,the

radially outer %@%Md@ﬂ@é&@ﬂﬁ%’e@ﬁ%@ns 82 and 84 had a depth of approximately 190

thousandths of an inch. By reducing the depth of the cooling fluid channel 64 while maintaining the

same \lumetric flow FpiReob fishtneavsbliR 6ooHaw THiL AIannRIsierEIR gL the gy of fluid in

the
radially outer and radially inner channel sections 82 and 84 had a depth of

approximately 190 thousandths of an inch. By reducing the depth of the
cooling fluid channel 64 while maintaining the same volumetric flow rate of
fluid through the cooling fluid channel, the velocity of the flow of fluid in the

10 cooling fluid channel 64 is increased. It should be understood that the radially
outer and radially inner channel sections 82 and 84 may have a depth which
is different than the foregoing specific depth. For example, the depth of the
radially outer channel section 82 may be different than the depth of the
radially inner channel section 84. Alternatively, the radially outer channel

15 section 82 and radially inner channel section 84 may have the same depth
which is different than the specific depth previously set forth herein.

A plurality of projections 110 extend axially upwardly or outwardly (as
viewed in Fig. 7) from the bottom surface 100 of the radially outer channel
section 82. Similarly, a plurality of projections 112 extend axially upwardly or

20 outwardly (as viewed in Fig. 7} from the bottom surface 102 of the radially
inner channel section 84. The projections 110 and 112 have the same

general configuration. However, the length, as measured along annuiar



10cooling fluid channel 64 is increased. It should be understood that the radially outer and radially
inner channel sections 82 and 84 may have a depth which is different than the foregoing specific
depth. For example, the depth of the radially outer channel section 82 may be different than the depth
of the radiallyNR¥EPYhItel section 84. Alternatively, the radially outer ch&iiIBRgSEwESH 82 and
radially inner channel section 84 may have the same depth which is different than the specific depth
previously set forth herein. A plurality of projections 110 extend axially upwardly or outwardly (as
viewed in Fig. 7) from the bottom surface 100 of the, radially outer channel section 82. Similarly, a
plurality of projections 112 extend axially upwardly of20outwardly (as viewed in Fig. 7) from the
bottom surface 102 of the radially inner channel section 84. The projections 110 and 112 have the
same general configuration. However, the length, as measured along annular -12- coaxial central
axes of the radially outer channel section 82 and radially inner channel section 84, increases in a
radially outwarecast s ired@xag. ®)the ragisyp pjiastbipinedsastion 82:eedivddisdyinmoer plurality of
groups along the length of the radially outer and radially inner channel sections 82 and 84. 5Thus,
there are groufS8aMR{ERPIDBHrEjetaresine il PWivRgRdlifrstion (see Fig. 6).
The projections 110 and 112 are divided into a plurality of groups along
the length of the radially outer and radially inner channel sections 82 and 84.
5 Thus, there are groups 116 (Fig. 7) of projections inferspersed with groups
118 of projections in the radially outer channel section 82. Similarly, there are
groups 122 of projections interspersed with groups 124 of projections in the
radially inner channel section 84. The groups 116 of projections in the radially
outer channel section 82 are radially offset from the groups 118 of projections
10 in the radially outer channel section. Similarly, the groups 122 of projections
in the radially inner channel section 84 are radially offset from the groups 124
of projections in the radially inner channel section.
Although there are the same number of projections 110 or 112 in each
of the groups 116, 118, 122 and 124 of projections, different numbers of
15 projections may be provided in different groups of projections. For example, a
larger number of projections 110 could be provided in the group 118 of
projections than in the group 118. Similarly, a larger number of projections
112 could be provided in the group 122 of projections than in the group 124,
By having the projections in the groups 116, 118, 122 and 124 (Fig. 7)
20 of projections radially offset from each other, the fluid flow through the radially

outer and radially inner channel sections 82 and 84 is diverted somewhat o

thereby promote turbulence in the flow of fluid and the transfer of heat from



118 of projections in the radially outer channel section 82. Similarly, there are groups 122 of
projections interspersed with groups 124 of projections in the radially inner channel section 84. The
groups 116 of projections in the radially outer channel section 82 are radially offset from the groups
118 of projecitsh¥yai44¥e radially outer channel section. Similarly, the grtipEs2@®/6f2380jections in
the radially inner channel section 84 are radially offset from the groups 124 of projections in the
radially inner channel section. Although there are the same number of projections 110 or 112 in
each of the groups 116, 118, 122 and 124 of projectjgns, different numbers of 15projections may be
provided in different groups of projections. For examnple, a larger number of projections 110 could be
provided in the group 116 of projections than in the group 118. Similarly, a larger number of
projections 112 could be provided in the group 122 of projections than in the group 124. By having the
projections in the groups 116, 118, 122 and 124 (Fig. 7) 200f projections radially offset from each
other, the fluid fievp e ngHicneG@diagy. clendafdtedbialbptingrichdfinelisg dtidhs BRikky 84 is diverted
somewhat to thereby promote turbulence in the flow of fluid and the transfer of heat from -13- the
plate portion 6@¢f8H8Nd Beushanne! ssshieg s G Aoty iR tisevertaliycopreieations iicthenannel
sections 82 and 84. Of course, the projections in the group 116 of projections may be radially aligned
with the projec8&PiA 1RLERSBIs T Maires .%ﬁ*ﬂﬁiié{rﬁilgﬁ%imfdﬁégﬁ%r%%?ﬂﬁ*@@%ﬂ“m of

rojections 5may be radially aligned with the projections in the group 124 of projections.
pro] g%up 1%%?#388%1%& Slmtﬂaﬁy, ﬂwejpro;ecfefons in egPoup 122pof garojections

5 may be radially aligned with the projections in the group 124 of projections.
The projections 110 and 112 have an elongated configuration with their
longitudinal central axes extending along the circular longitudinal central axes
of the radially outer and radially inner channel sections 82 and 84. The
projections 110 and 112 have linear longitudinal central axes. However, the
10 projections 110 and 112 may have arcuate longitudinal central axes. If
desired, the longitudinal central axes of the projections 110 and 112 may have
an arcuate configuration with a center of curvature which is coincident with a
center of curvature of the annular wall section or rib 86.
The projections 110 and 112 have axially tapered opposite end
15 portions. A projection 110 (Fig. 8) has a generally rectangular body section
130. The projection 110 has axially tapered end portions 132 and 134 at
opposite ends of the body section 130. The body section 130 is connected
with the bottom surface 100 of the radially outer channel section 82 by an
arcuately chamfered side area 136 which extends around the projection 110.
20 The projection 110 has a flat upper (as viewed in Fig. 8) side surface
138 which extends parallel o the bottom surface 100 of the radially outer

channel section 82. The flat upper side surfaces 138 of the projections 110



The projections 110 and 112 have an elongated configuration with their longitudinal central axes
extending along the circular longitudinal central axes of the radially outer and radially inner channel
sections 82 and 84. The projections 110 and 112 have linear longitudinal central axes. However, the
10projectionS¥A DB 44® may have arcuate longitudinal central axes. If #63iFEaMPR0ISHyitudinal
central axes of the projections 110 and 112 may have an arcuate configuration with a center of
curvature which is coincident with a center of curvature of the annular wall section or rib 86. The
projections 110 and 112 have axially tapered oppogij(t) _end 15portions. A projection 110 (Fig. 8) has a
generally rectangular body section 130. The projection 110 has axially tapered end portions 132 and
134 at opposite ends of the body section 130. The body section 130 is connected with the bottom
surface 100 of the radially outer channel section 82 by an arcuately chamfered side area 136 which
extends around the projection 110. 20The projection 110 has a flat upper (as viewed in Fig. 8) side
surface 138 wifER SRR A hercsas e elaba s afighaantder ofper (agiaigvasdn tharfel section 82.
The flat upper side surfaces 138 of the projections 110 -14- are disposed in the same plane as a flat

annular upper B3&RUIEGSH! ARy s qel sestion 201 8% AR seeirstiensih 1Sshavrthfojections 112

have the same caonfiguration as the projections 110. The projections 112 have flat upper (as viewed in
Fig. 7) side sur?ggéigiﬁ%% Ogrgsdﬁh SLRPFIoRE QA%eQEWQJQQt{H@SﬂQ%Bﬁ&?QB surface 140 of

the wall SeCtiorfJEﬁéilb(gg viewed in Fig, 7) side surfaces 144 which are disposed in the same
5 plane as the flat upper side surface 140 of the wall section or rib 86.
When the coupling assembly 10 (Fig. 2) is in the disengaged condition,
the flat inner side surface of the wear plate portion 60 just touches or is very
slightly spaced from the flat upper side surfaces 138 on the projections 110,
the flat upper side surface 140 on the wall section or rib 86, and the flat upper
10 side surfaces 144 on the projections 112 (Fig. 7). When the coupiing
assembly 10 is in the engaged condition, the flat inner side surface of the
wear plate portion 60 (Fig. 3) is in disposed in abutting engagement with the
flat upper side surfaces 138 on the projections 110, the flat upper side surface
140 on the wall section or rib 86, and the flat upper side surfaces 144 on the
15 projections 112 (Fig. 7). Therefore, when the coupling assembly 10 is in the
engaged condition, the wear plate portion 60 is supported by engagement of
the flat inner side surface of the wear plate portion with the wall section or rib
86, projections 110, and projections 112. This promotes uniform sliding
engagement of the outer or upper (as viewed in Figs. 3 and 4) side surface of
20 the wear plate portion 60 with the friction pad 24 (Fig. 2) as the coupling

assembly 10 is operated to the engaged condition.



When the coupling assembly 10 (Fig. 2) is in the disengaged condition, the flat inner side surface of
the wear plate portion 60 just touches or is very slightly spaced from the flat upper side surfaces 138
on the projections 110, the flat upper side surface 140 on the wall section or rib 86, and the flat upper
10side surfac¥8 2/6H4#fe projections 112 (Fig. 7). When the coupling asBefiBgispiitvthe engaged
condition, the flat inner side surface of the wear plate portion 60 (Fig. 3) is in disposed in abutting
engagement with the flat upper side surfaces 138 on the projections 110, the flat upper side surface
140 on the wall section or rib 86, and the flat upper_;igg surfaces 144 on the 15projections 112 (Fig.
7). Therefore, when the coupling assembly 10 is in the engaged condition, the wear plate portion 60 is
supported by engagement of the flat inner side surface of the wear plate portion with the wall section
or rib 86, projections 110, and projections 112. This promotes uniform sliding engagement of the outer
or upper (as viewed in_Figs. 3 and 4) side surface of 20the wear plate portion 60 with the friction pad
24 (Fig. 2) as the couﬁH%”&’s@éﬁ‘Hl?fﬁ?@’%@MQBQH@%@H@ asatrkanngleection 82
2009/034438P ./18’50 8/00233? -15- During a flow of cooling fluid alonfg the radially outer
channel sectior'89" (Hly ™5 HIRSSHYBR s aq B s ami which imrvrilableiramecinc:Behg fluid

flow. Therefore Qf? ling fluid flow accelerates around,the projections 110. The end portions 132
Sf% . ped did flow ac AR BLe

and 134 (Fig. 8) of the projections 110 4rd taff iRSRIATE ARG PrGIREHE S nbtRh cooling

fluid flow aroun@rgogﬁgfﬁtgﬁi&q@ &oitgw,; iﬁ‘?@s\/ éf{% f éhﬁ ?Ei)r%d 1 aé:(%%ré iﬁ%&ggé ﬁﬁr%n?giting this smooth

fluid flow, relatively staghant areas in the flui re mini IE)ortions 132
and 134;0f the ggieeliRHAdPas to promote smooth cooling fluid flow around both of the end

portions 132 and 134 of the projection 110. By promoting this smooth fluid
flow, relatively stagnant areas in the fluid flow are minimized adjacent to both
end portions 132 and 134 of the projections 110.
If stagnant areas are established in the flow of fluid through the radially
10 outer channel section 82, hot spots may develop in the portion of the wear
plate portion 60 adjacent to the stagnant areas. Thus, if the projection 110
had blunt end portions 132 and 134, rather than the iliustrated tapered end
portions, there will be a tendency for stagnant areas to develop in the fluid
flow, particularly adjacent to the downstream end portion of the projection
15 110. By tapering the end portions 132 and 134 of the projection 110, these
relatively stagnant areas are minimized with the resulting minimization of hot
spots in the wear plate portion 60.
In the embodiment of the invention illustrated in Figs. 1 — 8, the
projections 110 and 112 (Fig. 7) are integrally formed as one piece with the
20 base 56 of the pressure plate 40. The inner side of the wear plate portion 60
{Fig. 3) faces toward the projections 110 and 112 and has a flat planar

surface which is free of projections. However, if desired, the inner side



If stagnant areas are established in the flow of fluid through the radially 10 outer channel section 82,
hot spots may develop in the portion of the wear plate portion 60 adjacent to the stagnant areas. Thus,
if the projection 110 had blunt end portions 132 and 134, rather than the illustrated tapered end
portions, ther&#B&H4Bdency for stagnant areas to develop in the fluidPlaEE pasiwakasly adjacent to
the downstream end portion of the projection 15110. By tapering the end portions 132 and 134 of the
projection 110, these relatively stagnant areas are minimized with the resulting minimization of hot
spots in the wear plate portion 60. In the embodimerijtﬁof the invention illustrated in Figs. 1 -8, the
projections 110 and 112 (Fig. 7) are integrally formed-as one piece with the 20base 56 of the pressure
plate 40. The inner side of the wear plate portion 60 (Fig. 3) faces toward the projections 110 and 112
and has a flat planar surface which is free of projections. However, if desired, the inner side WO
2009/034438PCT/T82008/002330 -16- surface of the wear plate portion 60 may be provided with
projections. Th&'pfefectibtis sveteriate psidiern Gf anayoieprovideplaih posierti6Gsmapde

projections on the inner side surface of the wear plate portion 60 may be
interspersed with projections on the base 56 of the pressure plate 40.
Alternatively, the projections 110 and 112 on the base 56 of the pressure

5 plate 40 may be omitted and only projections provided from the inner side
surface of the wear plate portion 60.

Whether the projections 110 and 112 are formed on the base 56 or on
the wear plate portion 80, the projections may be integrally formed with either
or both of the base and/or wear plate portion 60. However, the projections

10 may be formed separately from the base 56 and/or wear plate portion 60 and
attached to the base and/or wear plate portion if desired.

In the embodiment of the invention illustrated in Figs. 1 - 8, the
projections 110 and 112 all have the same general configuration. The
projections 110 and 112 differ from each other only in their length. That s,

15 the extent of the projections along the annular central axes of the radially
outer and inner channel sections 82 and 84. If desired, the projections 110
and 112 may have the same length. It is contemplated that the projections
110 and 112 may have configurations which are different from each other and
different from the illustrated configurations. For example, the projections 110

20 andfor 112 may have tear drop cross sectional configuration in a plane
parallel to the bottom surfaces 100 and/or 102 of the radially outer and radially

inner channel sections 82 and 84. It is contemplated that some of the



interspersed with projections on the base 56 of the pressure plate 40. Alternatively, the projections 110
and 112 on the base 56 of the pressure 5plate 40 may be omitted and only projections provided from
gfstgle wear plate portion 60. Whether the projections 110 and 112 are

the inner sid 55%3@8 f

formed on the base 56 or on the wear plate portion 60, the projections maﬁcﬁrérwggpgﬁ?f)ormed with
either or both of the base and/or wear plate portion 60. However, the projections 10may be formed
separately from the base 56 and/or wear plate portion 60 and attached to the base and/or wear plate
portion if desired. In the embodiment of the invepfian illustrated in Figs. 1 -8, the projections 110
and 112 all have the same general configuration. The projections 110 and 112 differ from each other
only in their length. That is, 15the extent of the projections along the annular central axes of the
radially outer and inner channel sections 82 and 84. If desired, the projections 110 and 112 may have
the same length. It.is ﬁonte lated that the pro'ectioni 110 and. 112 may have configurations which

are different froml YSEHSRdr &R ARRYE RO YRR RRE QF s castaRambte, the

oo 110 I IR RS T e R b

Itis contemplatqag\;ga&%)%%ﬁ)é&p&ion and other of the projections 112 could have a different
configuration,

5 In addition to the projections 110 and 112, a plurality of ribs 150 (Fig. 7)
project into the cooling fluid channel 4. Thus, the ribs 150 are projections
which extend between the radially inwardly facing outer side 92 (Fig. 7) of tﬂhe
coo_!ing fluid channel 64 and the radially outwardly facing inner side 90 on the
wall section on rib 86. In addition, the ribs 150 extend between the radially

10 inwardly facing side 94 of the wall section or rib 86 and the radially outwardly
facing side 96 of the cooling fluid channeil 64. Although the ribs 150 extend
along radii of the annular cooling fluid channel 84, the ribs 150 may be
skewed relative to the radii of the cooling fluid channel 84 if desired.

The height of the ribs 150 is less than the height of the wall section or
i5 rib 86 which divides the cooling fiuid channei 64 into a radially outer channel
section 82 and a radially inner channel section 84. The wall section or rib 86
is engaged by the wear plate portion 80 and cooperates with the wear plate
portion to block fluid flow between the radially outer and radially inner channe!
sections 82 and 84. However, the ribs 150 are spaced from the wear plate
20 portion 60, that is, the upper (as viewed in Fig. 7) sides of the ribs 150 are

spaced from the lower or inner side of the wear piate 60.



WO 2009/034438PCT/1B2008/002330 -17- projections 110 can have one configuration and other of
the projections 110 have a different configuration. Of course, some of the projections 112 could have
one configuration and other of the projections 112 could have a different configuration. 5In addition to
the projectio¥§01AG%Fd444 2, a plurality of ribs 150 (Fig. 7) project into the MOHR#yFRileEEHannel 64.
Thus, the ribs 150 are projections which extend between the radially inwardly facing outer side 92 (Fig.
7) of the cooling fluid channel 64 and the radially outwardly facing inner side 90 on the wall section on
rib 86. In addition, the ribs 150 extend between the'il dially 10inwardly facing side 94 of the wall
section or rib 86 and the radially outwardly facing side 96 of the cooling fluid channel 64. Although the
ribs 150 extend along radii of the annular cooling fluid channel 64, the ribs 150 may be skewed relative
to the radii of the cooling fluid channel 64 if desired. The height of the ribs 150 is less than the height

of the wall section or 15rib 86 which divides the cooling fluid channel 64 into a radially outer channel
section 82 and a radiAed Eearipfell S8dHchB I dnly whlEs stwmel sits BB 2aaged by the wear

plate portion 60 and cooperates with the wear plate portion to block fluid flow between the radially
outer and radidf§ iRifeRIgNGheitbeboriRssion the dislydmnachpaneleestosBtdit®rom the wear

plate 20portion 60, that is, the ugper g_as viewebd in Fig. 7) sides qf the ribs 150 are
ribs in one channel section may be offsét from the ribs in the other channei

section. I desired, the ribs 150 may be offset by a distance sufficient to
5 enable a plurality of projections 110 and/or 112 to be located between
adjacent ribs at substantially the same radial distance from a center of
curvature of the cooling fluid channel 64.
During flow of cooling fluid along the radially outer and inner channel
sections 82 and 84, the cooling fluid flows over the ribs 150 in the restricied
1.0 space between the inner side of the wear plate portion 60 and the upper sides
of the ribs 150. The ribs 150 increase the velocity of the cooling fluid and
induce turbulence in the cooling fluid. The turbulence which is induced in the
flow of cooling fluid by the ribs 150 causes the cooling fiuid to impinge against
the inner side of the wear plate portion 160. This turbulence promotes mixing
15 of fluid in the area of the ribs.
in addition, the ribs 150 decrease the cross sectional area of the
cooling fluid channel 64 at the ribs 150. Thus, the cooling fluid flow area at
the ribs 150 is reduced to the area between the upper (as viewed in Fig. 7)
side surfaces of the ribs and the inner major side surface of the wear plate
20 portion 60. By decreasing the area available for cooling fluid flow, the velocity

of the cooling fluid is increased as it flows across the ribs 150. Increasing the



spaced from the lower or inner side of the wear plate 60. -18- Although the ribs 150 in the radially
outer channel section 82 are radially aligned with the ribs 150 in the radially inner channel section 84,
the ribs in ongchemnslksaction may be offset from the ribs in the other chaamaieseetiansié desired, the
ribs 150 may be offset by a distance sufficient to 5 enable a plurality of projections 110 and/or 112 to
be located between adjacent ribs at substantially the same radial distance from a center of curvature
of the cooling fluid channel 64. During flow of cooling fluid along the radially outer and inner
channel sections 82 and 84, the cooling fluid flows oVér the ribs 150 in the restricted 10space between
the inner side of the wear plate portion 60 and the upper sides of the ribs 150. The ribs 150 increase
the velocity of the cooling fluid and induce turbulence in the cooling fluid. The turbulence which is
induced in the flow of cooling fluid by the ribs 150 causes the cooling fluid to impinge against the inner

side of the weawplatstypoftine ¢68irdltiiencerpresealearmiléngs boflibflig flow area of the ribs.
In addition, the ribs 150 decrease the cross sectional area of the cooling fluid channel 64 at the ribs

150. Thus, the caijiogrtitidiflevilzad®at the ribs 150 is reduced to the area between the upper (as
viewed in Fig. 7) side surfaces of the ribs and the inner major side surface of the wear plate 20portion
60. By decreasing the Alibaughilablbgbewsbimdlaitv flotagerusdv oivg diehibsddihinfluid is increased
as it flows across the ribs 150. Increasing the
combination with the projections 110 and 112, it should be understood that
5 the ribs 150 may be used either with or without the projections 110 and 112.
Alternatively, the projections 110 and 112 may be used with or without the ribs
150. Although it is preferred to utilize the wall section or rib 86 to divide
cooling fluid channel 64 into radially inner and radially outer channel sections
82 and 84, the wall section or rib 86 may be omitted.
10 When the coupling assembly 10 is operated from the disengaged
condition of Fig. 1 to the engaged condition, the wear plate portion 60 of the
pressure plate 40 is pressed against the rotating friction pad 24 on the
disc 18. The radially outer portion of the disc 18 is rotating at a higher velocity
than the radially inner portion of the disc. Therefore, as the coupiing
15 assembly 10 is operated from the disengaged condition to the engaged
condition, more heat is generated adjacent to the radially outer portion of the
wear plate portion 60 than is generated adjacent to the radially inner portion of
the wear plate portion.
To promote cooling of the radially outer portion of the wear plate
20 portion 60, where the greatest amount of heat is generated during operation

of the coupling to the engaged condition, the inlet 88 (Fig. 4) is effective fo

direct a greater flow of cooling fiuid to the radially outer channal! section 82



WO 2009/034438PCT/1782008/002330 -19- velocity of the cooling fluid further promotes turbulence in
the fluid flow adjacent to the ribs 150. Although it is believed to be advantageous to use the ribs
150 in combination with the projections 110 and 112, it should be understood that 5the ribs 150 may
be used eith& % #Athout the projections 110 and 112. Alternatively, tReTHjetRR334 10 and 112
may be used with or without the ribs 150. Although it is preferred to utilize the wall section or rib 86 to
divide cooling fluid channel 64 into radially inner and radially outer channel sections 82 and 84, the
wall section or rib 86 may be omitted. 10When the _ggupling assembly 10 is operated from the
disengaged condition of Fig. 1 to the engaged condition, the wear plate portion 60 of the pressure
plate 40 is pressed against the rotating friction pad 24 on the disc 18. The radially outer portion of the
disc 18 is rotating at a higher velocity than the radially inner portion of the disc. Therefore, as the
couplin
Ping (Figs. 5 — 7) than fo the radially inner channel section 84. To provide for the
larger fluid flow through the radially outer channel section 82, a cylindrical
radially outer initial portion 180 (Fig. 4) of the inlet passage 70 has a larger
diameter than a cylindrical radially inner second portion 162 of the inlet
5 passage 70.
The relatively large diameter initial portion 160 of the inlet passage 70
is connected in fluid communication with the radially outer channel section 82
by a piurality of connector passages 166 (Fig. 4). Similarly, the relatively
smali diameter second portion 162 of the inlet passage is connected in fluid
10 communication with the radially inner channel section 82 by a plurality of
connector passages 168. A flow of cooling fluid enters the inlet passage 70
(Fig. 4) at the inlet 68. A relatively large volume of the cooling fluid is
conducted from the initial portion 160 of the inlet fluid passage 70 to the
radiaily outer channel section 82. A smaller volume of cooling fluid is
15 conducted from the relatively small second portion 162 of the inlet fiuid
passage 70 to the radially inner channel section 84,
The cylindrical initial portion 160 of the inlet passage 70 is disposed in
a coaxial relationship with the cylindrical second portion 162 of the inlet
passage. However, the centraj axis of the second portion 162 of the inlet
20 passage 70 may be offset from the central axis of the initial portion 160 of the

inlet passage. If desired, the initial portion 160 of the inlet passage 70 may be

disposed to one side of the second portion 162 of the inlet passage so as fo



15assembly 10 is operated from the disengaged condition to the engaged condition, more heat is
generated adjacent to the radially outer portion of the wear plate portion 60 than is generated adjacent
to the radially inner portion of the wear plate portion. To promote cooling of the radially outer portion of
the wear plat® 2681380, where the greatest amount of heat is generattaTdRMF H3sation of the
coupling to the engaged condition, the inlet 68 (Fig. 4) is effective to direct a greater flow of cooling
fluid to the radially outer channel section 82 -20- (Figs. 5 - 7) than to the radially inner channel section
84. To provide for the larger fluid flow through the ragljally outer channel section 82, a cylindrical
radially outer initial portion 160 (Fig. 4) of the inlet passage 70 has a larger diameter than a cylindrical
radially inner second portion 162 of the inlet 5passage 70. The relatively large diameter initial
portion 160 of the inlet passage 70 is connected in fluid communication with the radially outer channel

section 82 by g plurality of connector passages 166 (Fig. 4). Similarly, the relatively small diameter
second portion 8% %gqmmgg%g’@g&ﬂwéé’ﬁ%ﬁamﬁﬁﬁﬂﬁ%gﬁcﬁﬂﬁ/ﬁrﬁﬁi@?ﬁdiany inner
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The radially outer channel section 82 extends in opposite directions
from connector passages 166 (Figs. 4 and 6) to the outlet passage 76. Thus,

5 the radially outer channel section 82 extends in both a clockwise and a
counterclockwise direction from the inlet passage 70 to the outlet passage 74.
Similarly, the radially inner channe! section 82 extends in opposite directions
from the inlet passage 70 to the outlet passage 78. Thus, the radially inner
channel section 84 extends in both a clockwise and counterclockwise

10 direction (as viewed in Fig. 3) from the inlet 68 to the outiet 64 (Fig. 4). The
fluid flow is equally divided, in the radially outer channel section 82, between
the clockwise and counterclockwise flowing sections of the radially outer
channel section. Similarly, the fluid flow is equally divided, in the radially inner
channel section 84, between the clockwise and counterclockwise flowing

15 sections of the radially inner channel section.

The outlet passage 76 (Fig. 4) has the same construction as the inlet
passage 70. Thus, the cylindrical outlet passage 76 has a radially outer or
exit portion 174 with a larger diameter than a radially inner or entrance portion
176. The fluid flowing in the radially inner channel section 84 is conducted to

20 the entrance portion 176 through connector passages 180. Similarly, fluid is

conducted from the radially outer channel section 82 to the exit portion 174 of

the outlet passage 76 through connector passages 182.



(Fig. 4) at the inlet 68. A relatively large volume of the cooling fluid is conducted from the initial portion
160 of the inlet fluid passage 70 to the radially outer channel section 82. A smaller volume of cooling
fluid is 15conducted from the relatively small second portion 162 of the inlet fluid passage 70 to the
radially inner'tAaAfEI¥detion 84.  The cylindrical initial portion 160 of tRETARKEEEEER 70 is
disposed in a coaxial relationship with the cylindrical second portion 162 of the inlet passage.
However, the central axis of the second portion 162 of the inlet 20 passage 70 may be offset from the
central axis of the initial portion 160 of the inlet passage. If desired, the initial portion 160 of the inlet
passage 70 may be disposed to one side of the second portion 162 of the inlet passage so as to -21-
have one fluid flow path to the radially outer channel section 82 and a second, separate, fluid flow path
to the radially inner channel section 84. The radially outer channel section 82 extends in opposite
directions from connector passages 166 (Figs. 4 and 6) to the outlet passage 76. Thus, 5the radially

outer channel section'8% EXHENIEh Bt ki v etbstrrseRsacifse diseesst ffom the inlet
passage 70 to the outlet passage.74. Similarly, the radially inner channel section 82 extends in
opposite direcﬁoﬁ%aﬁ%r%%%m?gﬁﬂaa%éégeiﬁyﬁwmggtﬁfétfﬁ%%&’@@’?@. Tiuef the PaRllly inner
passage. However, the central axis of the entrance portion 176 of the outlet
passage 76 may be offset from the central axis of the exit portion 174 of the
5 outlet passage. If desired, the enirance portion 176 of the outlet passage 76
may be disposed to one side of ’che exit portion 174 of the outlet passage so
as fo have one fluid flow path from the radially inner channel section 894 and
a second, separate, fluid flow path from the radially outer channel section 82,
The inlet and outlet passages 70 and 76, which provide a greater rate
10 of fluid flow to the radially outer channel section 82 than the radially inner
channel section 84, may be utilized in association with cooling fluid channels
having a construction which is different from the construction of the cooling
fluid channel 64. Thus, the inlet and outlet passages 70 and 76 may be
utilized in association with radially outer and radially inner channel sections 82
15 and 84 which do not have the projections 110 and 112 and/or the ribs 150,
When the coupling assembly 10 is in the disengaged condition of
Fig. 2, the friction pads 24 and 26 on the disc 18 are slightly spaced from the
axially movable pressure plate 40 and the stationary mounting flange or
pressure plaie 42. This enables the disc 18 to freely rotate relative to the
20 stationary member 14 and housing assembly 32.
When the coupling assembly 10 is to be operated from the disengaged

condition to the engaged condition, the piston 46 moves the pressure plate 40



channel section 84 extends in both a clockwise and counterclockwise 10direction (as viewed in Fig. 3)
from the inlet 68 to the outlet 64 (Fig. 4). The fluid flow is equally divided, in the radially outer channel
section 82, between the clockwise and counterclockwise flowing sections of the radially outer channel
section. SimitARV#REXAHE flow is equally divided, in the radially inner chaRhdEe4{51$#32° between the
clockwise and counterclockwise flowing 15sections of the radially inner channel section. The outlet
passage 76 (Fig. 4) has the same construction as the inlet passage 70. Thus, the cylindrical outlet
passage 76 has a radially outer or exit portion 174 wih a larger diameter than a radially inner or
entrance portion 176. The fluid flowing in the radially inner channel section 84 is conducted to 20the
entrance portion 176 through connector passages 180. Similarly, fluid is conducted from the radially
outer channel section 82 to the exit portion 174 of the outlet passage 76 through connector passages

182. 22- The ﬁ Iindric:# Exiéﬁl%rtion 174 of the outlet passage 76 is disPosed in a coaxial
relationship wiﬂ"?%g' COMRIHIOPIRRERERL BRIGS P7ETERMEDBIALE sl MR 1B, the central axis of

the entrance partion 176, 0of the outlet passage 76 aﬁ ge offset frgm the central axis of the exit portion
174 of the outlgfsgat?sglgggv ﬁed.letsﬂlfeeaﬁ%gué &Eaﬁgé{-g I H%?&Qﬁg%ﬂg [5’25@%5@ 76 may be
disposed to ong, si Qf the exit portion 174 of the outlet passage so as to have one fluid flow path
from the radially inner channel section 894 and a second, separate, fluid flow path from the radially

outer channel sectiory 2. T8fIe! ASA RIS RASSADBRAD A0, WHIRh BIRUIG AgHggter rate 1001

fluid flow to the radially outer channel section 82 than't y inner
5 similar to the construction of the pressure plate 40. Since the components of

the mounting flange or pressure plate 42 are the same as the components of
the pressure plate 40, similar numerals will be utilized to designate similar
components, the suffix lefter "a" being associated with the numerals relating to
the mounting flange or pressure plate 42 in order to avoid cénfusion.

10 The mounting flange or pressure plate 42 includes a base 56a and a
wear plate portion 60a. The wear plate portion 60a and base 56a are fixedly
interconnected and cooperate to define a cooling fluid channel having the
same consfruction as the cooling fluid channel 64 of Figs. 3 - 7. The cooling
fluid channel in the mounting flange or pressure plate 42 is divided into

15 radially inner and radially outer cooling fluid channel sections, corresponding
to the cooling fluid channel sections 82 and 84 of Figs. 2~ 7, by an annular
wall section or rib corresponding to the wall section or rib 86 of Figs. 5 — 7.
Projections, corresponding fo the projections 110 and 112 of Figs. 5— 7, are
provided in the cooling fluid channel sections. |n addition, ribs, corresponding

20 to the ribs 150 of Figs. 5 — 7 are provided in the cooling fluid channel sections

in the mounting flange or pressure plate 42.



channel section 84, may be utilized in association with cooling fluid channels having a construction
which is different from the construction of the cooling fluid channel 64. Thus, the inlet and outlet
passages 70 and 76 may be utilized in association with radially outer and radially inner channel
sections 82 1%978%843iHth do not have the projections 110 and 112 and R EAB2A#ROEEG When the
coupling assembly 10 is in the disengaged condition of Fig. 2, the friction pads 24 and 26 on the disc
18 are slightly spaced from the axially movable pressure plate 40 and the stationary mounting flange
or pressure plate 42. This enables the disc 18 to fregly rotate relative to the 20stationary member 14
and housing assembly 32. When the coupling assembly 10 is to be operated from the disengaged
condition to the engaged condition, the piston 46 moves the pressure plate 40 23- axially toward the
mounting flange or pressure plate 42 to firmly grip the disc 18 between the pressure plate 40 and
mounting flange or pr1essure plate 42. The mounting}flange or pressure Elate 42 has a construction

which is similar to the' 85HBPHBHBH BRAGS SR Al Shrz afoe dided BB mounting
il e wtlred B BN AR e AR LHIC e ebe e A5G BT Rne numerals
e e TR R PP LG B TR R UL R0 EIRE BT movnting flange
fluid inlet 68a and the cooling fluid outlet 74a in the mounting flange or
5 pressure plate 42,
In view of the foregoing description, it is apparent that the present
invention provides a new and improved coupling assembly 10 having an
improved flow of cooling fluid to promote the transfer of heat from components
of the coupling assembly. Convective heat transfer from components of the
10 coupling assembly 10 to the flow of cooling fluid is promoted by increasing the
velocity of the cooling fluid at spaced apart areas along a channel 64 through
which the cooling fluid flows. Upon engagement of the coupling assembly 10,
more heat tends to be generated at a radially outer portion of a rotating disc
18 than at a radially inner portion of the disc. To remove this heat, the flow of
15 cooling fluid adjacent to the radially outer portion of the rotating disc 18 may
be larger than adjacent to the radially inner portion of the rotating disc.
The coupling assembly 10 may include the rotatable disc 18 which is at
least partially enclosed by a housing 32. The housing 32 may have a plate
portion 60 with an force transmitting surface which is engagable with a side

20 surface area on the rotatable disc 18 to retard relative rotation between the

housing and the disc. The housing 32 may also have a cooling fluid channel



wear plate portion 60a. The wear plate portion 60a and base 56a are fixedly interconnected and
cooperate to define a cooling fluid channel having the same construction as the cooling fluid channel
64 of Figs. 3 - 7. The cooling fluid channel in the mounting flange or pressure plate 42 is divided into
15radially inn&PaAWP#adaRy outer cooling fluid channel sections, correspoREiFEEEMHEESBIing fluid
channel sections 82 and 84 of Figs. 2 -7, by an annular wall section or rib corresponding to the wall
section or rib 86 of Figs. 5 - 7. Projections, corresponding to the projections 110 and 112 of Figs. 5 - 7,
are provided in the cooling fluid channel sections. In-addition, ribs, corresponding 20to the ribs 150 of
Figs. 5 -7 are provided in the cooling fluid channel sections in the mounting flange or pressure plate
42. -24- The mounting flange or pressure plate 42 has a cooling fluid inlet 68a and a cooling fluid
outlet 74a. Inlet and outlet passages, corresponding to the passages 70 and 76 of Fig. 4, are provided

in association with the cooling fluid inlet 68a and the cooling fluid outlet 74a in the mounting flange or
Spressure plat\(la%?f p”cﬁl it \ﬂ%%?/aosf&t%%r%@g%ﬁaﬁfgggﬁpﬂgﬁ, ¥ e Rl ReH0 FR PPessie invention
provides a new:gnd {H;rpfg%%dn%%@m%gss ‘?fékélé; 10 having an improved flow of cooling fluid to

0 nents o

promote the transfer of heat from compdne the coupling assembly. Convective heat transfer from

conpners o ve 0RO LR g e e

velocity of the cooling fluid at spaced apart areas a through w e%ooling fluid

flows. Up(_Jn enggggmy_aaf gf.dj&ﬁ@,t,@mg ﬁﬁﬁe’m@)éﬁgnﬂ‘mi%ﬂ‘?éb ﬂ%%%@gggﬁﬁ\?ﬂﬁ% a radially
outer portion of a rotating disc 18 than at a radially inner portion of the disc. To remove this heat, the
flow of 5 through the cooling fluid channel 64. Turbulence may be induced in a flow of
cooling fluid by having ribs 150 project into the cooling filuid channel 64,
A fluid inlet 68 to the cooling fluid channel 64 may have a relatively
large cross sectional area portion 160 connected in fiuid communication with
a radially outer portion 82 of the cooling fluid channel. The iniet 68 may have
10 a relatively small cross sectional area portion 162 connected in fluid
communication with a radially inner portion 84 of the cooling fluid channel 64.
A coupling assembly 10 constructed in accordance with the present
invention has many different features which may advantageously be utilized
together as disclosed herein. However, these features may be utilized
15 separately or in combination with various features from the priéf'art. For
example, the cooling fluid inlet 68 with different sizes for radially inner and
radially outer portions 82 and 84 of the cooling fluid channel 64 may be
utilized without projections 110 and 112 into the cooling fluid channel. As
another example, the projections may or may not include the ribs 150.
20 Although the coupling assembly 10 disclosed herein is utilized as a

brake, it should be understood that the coupling assembly may be utilized as



15cooling fluid adjacent to the radially outer portion of the rotating disc 18 may be larger than adjacent
to the radially inner portion of the rotating disc. The coupling assembly 10 may include the
rotatable disc 18 which is at least partially enclosed by a housing 32. The housing 32 may have a plate
portion 60 withG#HgfEdtansmitting surface which is engagable with a sid&-Z68aPf308243¢a on the
rotatable disc 18 to retard relative rotation between the housing and the disc. The housing 32 may also
have a cooling fluid channel WO 2009/034438PCT/11B2008/002330 -25- 64 which is at least partially
defined by a side of the plate portion 60 opposite frapgthe force transmitting surface. To improve
heat transfer and minimize the occurrence of hot spots, a plurality of projections 110 and 112 extend
into the path of flow of cooling fluid through the cooling fluid channel 64. Turbulence may be induced in
a flow of cooling fluid by having ribs 150 project into the cooling fluid channel 64. A fluid inlet 68 to

e cooln il 64 304 KGR SIS o coconal v gt 160 comectd

fluid communication with a radially outer portio

10a relatively SEESHANBALHIRAA A AR IRRJAZ FoNNected in fuid



communication with a radially inner portion 84 of the cooling fluid channel 64. A coupling assembly
10 constructed in accordance with the present invention has many different features which may
advantageously be utilized together as disclosed herein. However, these features may be utilized
15separately or in combination with various features from the prior art. For example, the cooling fluid
inlet 68 with different sizes for radially inner and ragially outer portions 82 and 84 of the cooling fluid
channel 64 may be utilized without projections 110 and 112 into the cooling fluid channel. As another
example, theqrejaetions may or may not include the ribs 150. 20Although the coupling assembly 10
disclosed herein is utilized as a brake, it should be understood that the coupling assembly may be

utilized as -26- a clatebuplingiassemisaniplated thataherniitiplirfgrassemid youpfite #ssembination
clutch and brake assembly. 27
comprising a rotatable disc, and a housing which at least partially encloses said
rotatable disc, said housing having a plate portion with a circui'ar force transmitfing
surface which is by a circular side surface area on said rotatable disc to retard relative
rotation between said housing and said disc, a cooling fluid channel which has a
generally circutar configuration and is at least partially defined by a side of said plate
portion opposite from said force transmitting surface, an inlet through which fiuid s
conducted into said cooling fluid channel, an outlet through which fluid is conducted
from said cooling fiuid channel, and, a plurality of ribs each of which exiends between a
radially inner portion of said cooling fiuid chanﬁei‘-and a radially outer portion of said
cooling fiuid channel, said ribs being spabed apart from the side of said plate portion
opposite from said force transmitting surface to enable cooling fluid to flow along a
circular path extending across said plurality of ribs.

2. A coupling agsembly as set forth in claim 1 further including a plurality of
projections disposed between and spaced apart from adjacent ribs of said piuraiity. of
ribs, each of said projections zs disposed between adjacent ribs and is spaced apart
from adjacent ribs of said plurality of ribs, each of said projections has a side surface
which is éngaged by the side of said plate poriion opposite from said force transmitting
surface to at least partially support said plate portion with side of said plate portion
opposite from said force transmitling surface spaced apart from said ribs.

3. A coupling assembly as set forth in claim 1 wherein said cooling fiuid

channel has a circular configuration, a first projection of said piurality of projections is



Claims: 1. A coupling assembly for use in transmitting force, said coupling assembly comprising a
rotatable disc, and a housing which at least partially encloses said rotatable disc, said housing having
a plate portion with a circular force transmitting 2@rface which is by a circular side surface area on said
rotatable disc to retard relative rotation between sald housing and said disc, a cooling fluid channel

which has a ner crr ular configurati tIe ially defin dh i id plate

portloﬂ’%‘bﬁéﬁ % iP5 r’?@] Oﬁsasfur cen i%a%hrgﬁgetf 8|c gf%u%d?lrsg%cgn dﬁr:ted into said
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support said plate fe portion opposite from sal ransmitting surface

e A, 'dé'gzggﬂgext P RURS 2TELGN AR SRIEA DR R AL IR al Coo g

fluid cfi igtration, a projection of sal ality of projections is
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said p éjr?daht y, of ?ettho srrs1 disposed in a radially inner portion of said cooling fluid channel and has
a sec [ﬁﬁpg 83? ﬁ ﬁudrnal central aX|s of said second projection, sard first length being
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walt poriion being engaged by the side of said plate portion oppoesite from said force

transmitting surface.



