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BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001; Thi s invention
rel at es WO 100H38B3cool ed brakes and, nore : particul ar.l YPCHBS2006/¢4406 j acket
for use in liquid cooled brakes. 5 2. Disclosure of Related Art [0002] A
conventional disc brake enploys two_gets of friction plates that are
interl eaved with each other to transmt a braking 10 force. The friction

plates may be NMBAGATANTEIPREIOWCCOUIING WATEROMEKEER transfer within

the brake. Typically, one set of plates is fixed against rotation relative
to a stationary body BAMKGROUND O THRINVENDION s axially novabl e
relative to the statitonary body. The other set of plates rotate with a

rotati ng ghelpdy suehrageatdehven shaft, but are al so axially noveabl e
relative "to the rotating body. An actuator is enployed to bring the plates

into gene throu wh ch .t ta od ra 003] . Braking a
rota{%ﬁbody%éguﬁv Oél croenl\?er g i &cp %rﬁe?agrgﬁgrg aljg Iﬁ At ener gy.

| n reamtiicvdbahygestoia f:sm_t[) mettaﬁbe u@e purro\mldmﬂdopoeﬂfeelcbrabeqsenoval of
gome of the heat devel oped fromthe brake structure. One method of renoving
heat froma disc brake is to use a liquid to cool the brake structure and
transfer Bbsglaspreopft Relpkadelstructure. In one conventional form of a

| i quid cool ed disc brake, one set of the friction plates define 25 fluid
jackm@ozgor chL 6Utﬁéﬂll(ﬁtg%rﬁa£ﬁﬂ.sicd’l®rﬁ!kﬁi dm;tmy@tﬂwcﬂts@tts; @fr edticeion he he?t
generated i e _brake the friction n enent. o ction plates.
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Ifasstgese andha fatlcal o | whe s seye behabde sfram fdqpper to enhance

frictional heat transfer within the brake. Typically, one set of

plates is fixed against rotation relative to a statiomary body such
as a brake housing, but is axially movable relative to the
stationary body. The other set of plates rotate with a rotating

15 body such as a driven shaft, but are also axially moveable relative
to the rotating body. An actuator is employed to bring the plates
into engagement through which the rotating body is braked.
[0003] Braking a rotating body results in a conversion of
mechanical energy to heat energy. In many instances, it is

20 desirable to provide for effective removal of Same of the heat
developed from the brake structure. One method of removing heat
from a disc brake is to use a liquid to cool the brake structure and
transfer heat out of the brake structure. In one conventional form
of a liquid cooled disc brake, one set of the friction plates define

25 fluid jackets for circulating a cooling fluid therethrough to reduce
the heat generated in the brake by the frictional engagement of the
friction plates.
[0004] One conventional fluid jacket has a plurality of
concentric flow passages and a radial flow passage that is in fluid

30 communication with each of the concentric flow passages. A fluid
inlet and outlet communicate with the radial flow passage. In
theory, fluid is simultaneously delivered to each of the concentric
passages after entering the radial flow passage from the fluid

inlet. 1In practice, however, it has been determined that the flow



30 comuni cation wth each of the concentric flow passages. A fluid inlet

and out | jcate with the radial flow passage. | uidis
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simulta ivered to each of the concentric passages after entering
the radial flow passage fromthe fluid i'nlet. In practice, however, it has
been determ ned that the flow WO 2007/ 053333 PCT/ US2006/ 041067 -2 of fluid
I S uneven within and anong the concentric passages. In particular, fluid
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radially 1 nner portion of the plate. [0005] The inventors herein have
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accotarelatdit h the present invention 15 includes an annul ar body

conf tgaged f Ol RNYAYEREREs Whd o fh Tl k@Bogiitd@Ce ndhe RNY 2k ,pgdy defines
a plurality of concentric flow passages. gILhe annul ar body further defines a

X0 r siagketali £9g qwdiggsbagkei Bhat uiid lc SHmdBi eat 2emy oF thl ignimiatst opRoR¥ passage

of there Pbtirald LpRb-caBreNtiéq ddowiRassages. The annular body further 20
defines a second axial flow passage in fluid conmunication with a second

fl ow passage of the plurality of concentric flow passages. The second fl ow
passage i s separated frﬁﬂm&wmwBy a third fl ow passage of
't he E)I ural ity of concentric flow passages. _

00061 The present invention provides a fluid jacket for a disco

brake that results in improved fluid flow.
[0007] A fluid jacket in accordance with the present invention

15 includes an annular body configured for engagement with a friction
surface. The annular body defines a plurality of concentric flow
passages. The annular body further defines a first axial flow
passage in fluid communication with a first flow passage of the
plurality of concentric flow passages. The annular body further

20 defines a second axial flow passage in fluid communication with a
second flow passage of the plurality of concentric flow passages.
The second flow passage is separated from the first flow passage by
a third flow passage of the plurality of concentric flow passages.
The annular body further defines a radial flow passage extending

25 between the first and second axial flow passages and a fluid inlet

| in communication with the radial flow passage.

[0008] A fluid jacket in accordance with the present invention
represents a significant improvement relative to conventional fluidv
Jjackets ﬁsed in disc brakes. In particular, the inventive fluid

30 jacket significantly improves fluid flow among the concentric flow
passages of the fluid jacket promoting a more balanced fluid flow
among the passages. As a result, the fluid jackets more effectively

dissipate heat from the brake.



The annul ar body further defines a radial flow passage extendi ng 25 between
the first and second axial flow passages and a fluid inlet in conmunication
wit h t heWO28PH0S33330w passage. [0008] A fluid jacket in REIFGS266613¢06% t h t he
present invention represents a significant inprovenent relative to
conventional fluid jackets used indisc brakes. In particular, the
inventive fluid 30 jacket S|gn|f|cantly i nproves fluid fl ow anong the
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fluid flow anong the passages. As resul the fluid jackets nore
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gxanpl e. 5 BRI EF DESCRI PTI ON OF THE DRAWNGS [0010] Figure 1 is'a

cross-sectional view of a _brake ratin |.ujd jacket in accordance
RULEDLSCRY enl ar ged

Wi th the present iRERtFE -

cros??- igitl onal view of a f1 ui d jacket in accordance with the present
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V\,i t Ankbeppre&seng & NvAMd Grckdt DETAEERIALAZCRIIRRI ONe CErEMRCDI VENTS OF THE
NVENTI Clél 00131 Referring now to the drawi ngs wherein |ike reference

nurréf‘é{fag 4P8 used to identify identical conponents in the various views,

Figure 1 illustrates a brake 10 in accordance with the present invention.

1§raﬁgoiglnay pfg@fg%i%%gé%p%naggg¥dd&@é%s—sectional view of a fluid

jacket in accordance with the present invention.

[0012] Figure 3 is a plan view of a fluid jacket in accordance
with the present invention. A

15
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0013] Referring now to the drawings wherein like reference
numerals are used to identify identical components in the wvarious
views, Figure 1 illustrates a brake 10 in accordance with the
present invention. Brake 10 may be provided for heavy duty

20 industrial use (e.g., on o0il drilling equipment). Brake 10 includes
a housing 12, two sets of friction plates 14A-B, 1§, and an end cap
assembly 18.
[0014] Housing 12 provides structural support to the other
components of brake 10. Housing 12 may be made from conventional

25 metals, metal alloys and/or plastics. Housing 12 is disposed about
a driven shaft 20 and may be centered about the rotational axis 22
of the shaft 20. Housing 12 may be substantially circular in shape
and unitary in construction. Housing 12 defines axially extending
bores 24, 26 at either end configured to receive fasteners 28, 30

30 used to connect a friction plate 14 and end cap assembly 18,
respectively, to housing 12. Housing 12 also defines a plurality of
radial openings 32 sized for receipt of hoses and connectors (not

shown) .



20 industrial use (e.g., on oil drilling equipnment). Brake 10 includes a
housing 12, two sets of friction plates 14A-B, 16, and an end cap assenbly
18. [001WP 296UeN3#¥ 12 provi des structural support to tHRCHUSREN6/04dBHTpONENt S
of brake 10. Housing 12 may be made from conventional 25 netals, netal

al l oys and/or plastics. Housing 12 is disposed about a driven shaft 20 and
may be centered about the rotational axis 22 of the shaft 20. Housing 12

dfwalswbstaﬁﬂéuan %fagclél <3A 4hN $08PEre FULMRILALY 'tQaﬁQ:HﬁE ryiction. Housing
fines axially exten bores 24, 26 at either end configured to

rec@ir\?@lflasi:@ﬁ@ﬁ% og fEEtisn piabiet b Rthedtd 20 gPPBnepyIIeL &fd end cap

ass%ﬁiah:)éslﬁéz\[ espectiyel mﬂ&ﬂa%m& I2an H@J%&gdl%oahg@sﬁe(j e
Iurallté adi al openings 32 sized for receip pses and connectors

( nott3s$RBRA e OB 533 opet BEXREI D LLGE R 1% [OEEBit?—‘?rﬂ FIBF pl at es
J4A 14]34&35ar:eup1@d| tethdusilmgangnthreaugihriaia ngset @rfqus@ltinef teeth a3y pl3dt e 16 and

Shafé} %0 %8991?89%%? r nstt*raé':ltceplogt g&g&%ﬁ% 1]24%nd1% rg %R;\L}/I C\fpl %:t e 14Ais

fixe ousin eners endi ng throu on plate 14A
Fri cirdacpl afePSatMBH%: comspeetivel housimg iz mm&gh phetesHBfispl i ne

teetd 34, a38in8P RofAdidH |nL1lRRGE é&”ﬁé\?senfg Qou%hﬂgléZaﬁDQl%rradl ally outer
surface of "plate 14B, respectively. In this manner | ate_ 14 fixed

agalP¥eEPAst 81k TRl &0 |Wst16‘9h685| nyLdougyenly &%FaWPVab?ﬁ%v%)tﬂ@ réBative to
1bousisngnhd@n ﬂutﬂ@élgblﬂiﬁﬁ&aft@@ awa@ix@erm,atle; Buld bs sbawmyn the

| I ustrat ed houl tood th ddi t.i I
ol at BT ABopEnEnr Fi RTEH Pk 802085 LI (PR aP RIS AP st P
pr oiedéniteel eased bmdihnsrgi tt@r@me)rldEax:ﬂrcreﬁse‘d ibtaikangpkatese 14A EabhB .
[ I t th the
I nc ?c%l%@‘ioﬁr%f&% os N4 es_Lél% %ﬁﬁﬁué‘e %ﬁeﬁr dodée?n%‘%% 49¢L0 g? %&%Ce W

present i nven ai - Rerernb Pl ates 38
ar e dayidedackatl 4P nie hrccordance Wlth the present invention (described

15 in greater detail hereinbelow). Plates 38 are conventional in the
art and may be made from a variety of conventional metals and metal
alloys including iron or copper. Plates 38 may be connected to one
or both sides of each fluid jacket 40 using fasteners 42 such as
bolts or screws or pins.

20 [0016] Friction plate 16 is provided to transfer braking torque
from friction plates 14A, B to shaft 20. Friction plate 16 may be
made from conventional metals and metal alloys such as iron and
copper. Plate 16 is coupled to a hub 44 fixed to shaft 20 (or
directly to shaft 20) through the use of spline teeth 46, 48 on a

25 radially inner surface of plate 16 and a radially outer surface of
hub 44 (or shaft 20), respectively. Plate 16 may include a
conventional friction material 50 connected to each side of plate 16
by fasteners 52 such as bolts or screws. Again, although only plate
16 is shown in the illustrated embodiment, it should be understood

300 that additional plates 16 could be interleaved with additional
plates 14B to increase braking torque.

[0017] End cap assembly 18 closes one end of housing 12 (opposite

friction plate 14A) and provides support for brake actuators. In

the illustrated embodiment, end cap assembly 18 includes a plate 54
35 that is annular in construction and which is fastened to housing 12

using one more fasteners 30. Plate 54 defines.an annular recess 56



art and may be made froma variety of conventional netals and netal alloys
I ncluding iron or copper. Plates 38 nay be connected to one or both sides
of each fluid jacket 40 using fasteners 42 such as bolts or screws or pins.
20 (0016¥0keo7ms3zan plate 16 is provided to transfer brakiiR@adoglosiids; from
friction plates 14A, B to shaft 20. Friction plate 16 may be nmade from
conventional netals and netal alloys such as iron and copper. Plate 16 is
coupled to a hub 44 fixed to shaft =20 (or directly to shaft 20) through the
use of spline teeth 46, 48 on a 25 radially inner surface of plate 16 and a
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brake, it should be understood that the fluid jackets 40 described
15 herein could be employed in a variety of brakes.

[0018] Referring now to Figures 2-3, a fluid jacket 40 in

accordance with the present invention will be described and

illustrated. Jacket 40 is provided to allow for circulation of a

cooling liquid such as water or another conventional liquid within
20 brake 10 to allow for transfer of frictional heat generated within
brake 10. Jacket 40 includes an annular body 70 that defines a
fluid manifold through which liquid circulates and provides a
surface on which plates 38 (See Figure 1) are mounted. Body 70 may
define a plurality of concentric flow passages 72, 74, 76, 78, 80,
25 82, 84 a plurality of axial flow passages 86, 88, 90, 92 a plurality
of radial flow passage 94, 96 a fluid inlet 98 and a fluid outlet
100.
[0019]) Concentric flow passages 72, 74, 76, 78, 80, 82, B4, are
provided for circulation of a cooling ligquid adjacent to plates 38
30 and along the entire radial and circumferential extent of plates 38.
In the illustrated embodiment, flow passages 72, 74, 76,78, 80, 82,
84 are disposed on only one axial face of body 70 of jacket 40.
Referring to Figure 1, however, it should be understood that similar
passages may be formed on the opposite of body 70 of jacket 40
35 depending on the location of the friction plates 14A, 14B containing

jacket 40 (e.g., if friction plates 16 were disposed on either side



direction against the force of spring 68 to conpress, and cause 10
engagement of , friction plates 14A-B, 16. Wen fluid pressure is renoved
from bl a¥@0EE3380ring 68 biases friction plate 14B i PGI/USBRGHAEXi al
direction to its original position. Although the illustrated enbodi nment
enpl oys- a single actuator acting as_qQ tension brake, it should be
understood that the fluid jackets 40 described 15 herein could be enpl oyed
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15 communication between concentric flow passages 72, 74, 76, 78, 80,
82, 84 and radial flow passage 94} 96, respectively. Axial flow
passages 86, 88, 90, 92, are each in direct fluid communicétibn with
at least one concentric flow passage 72, 74, 76, 78, 80, 82, 84. 1In
the illustrated embodiment, axial flow passages, 86, 90, are in

20 fluld communication with the radially outermost concentric flow
passage 84 and are also in fluid communication with the flow passage
82 disposed radially inwardly of passage 84. A diameter of each of
axial flow passages 86, 920 extends across the full radial length of
concentric flow passage 84 and across only a portion (approximately

25 one-half in the illustrated embodiment) of the radial length of
concentric flow passage 82. Axial flow passages 88, 92, are in
fluid communication with adjacent concentric flow passages 74, 76.

A diameter of each of axial flow passages 88, 92 extends across only
a portion (less than one-half in the illustrated embodiment) of the

30 radial length of each of concentric flow passages 74, 76. The
diameters of axial flow passages 88, 92, are smaller than the
diameters of axial flow passage 86, 90. In the illustrated
embodiment, no portion of radially innermost concentric flow passage
72 or flow passages 78, 80 are in direct fluid communication with

35 any of axial flow passages 86, 88, 90, 92. Accordingly, the

concentric flow passages 74, 76, and 82, 84, with which the axial



the illustrated enbodi nent of the invention shows seven (7) concentric flow
passage 6, 78, 80, 82, 84, the nunber of ro assages coul d

vary. | f}w@%go?(fsmét rated enbodi ment, flow 5 passage 72 HdpRPLEY146Re

radi ally innernost concentric flow passage while flow passage 84 conpri ses
the radially outernost concentric fjJ.ow passage. Fl ow passages 74, 76, 78,
80, 82 are disposed between flow passage 72, 84. Referring to Figure 3,
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Flow Passaae 8 AP ALRES 98],y 72, Pest iay (@apprexi gately 25 one-half in the
illustrated enbodi rrent) of the radl al Ienq;t:h of concentric flow passage 82.
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threaded, to receive a fluid connector (not shown).
[0023] A fluid jacket in accordance with the present invention
represents a significant improvement relative to conventional fluid
20 jackets. In particular, the inventive fluid jacket significantly
improves and optimizes fluid flow among the concentric flow passages
of the fluid jacket promoting a more balanced fluid flow among the
passages. BAs a result, the fluid jackets more effectively dissipate
heat from the brake.
25 [0024] While the invention has been shown and described with
reference to one or more particular embodiments thereof, it will be
understood by those of skill in the art that various changes and
modifications can be made without departing from the spirit and

scope of the invention.



enbodi nent, no portion of radially innernost concentric flow passage 72 or
fl ow passages 78, 80 are in direct fluid conmmunication with 35 any of axi al
fl ow passages 86, 88, 90, 92. Accordingly, the concentric flow passages 74,
76, -and 82, 84, with which the axial WQ _2007/053333 PCT/US2006/ 041067 -7

fl ow passages, 88, 92, and 86, 90, respectively, are in direct fluid

communi cation are separated by concentric fl ow passages 78, 80. [0021]

Radi al fl ow passag€d.AMMS96 provides fluid conmunication between axial flow
passages 86, 88, 90, 92, and fluid inlet 98 and 5 outlet 100. Radial flow
passages 94, 96 extend between axial flow passages 86, 90 and 88, 92,
respectively. Aherdlicanateres obr raadiiak pfdiy paspagesnd4, 96, may be constant
“between axial flow passages 86, 90 and 88, 92, respectively,. Radial flow
passage 94,an98n%%/a£é’°dp’o§éf%%seﬁ 2P hed? i Je5ppte | ocations within

jacket 40 and mayplQr&EeiBXicE kynaéhgried bk hpdadddelsi;ons 104 in annular walls
102 formng concentric flqw passages 72, 74, 76, 78, 80, 82, 84, [0022]
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exit afirktufbd aRshbei 6f | ackebi1d4Pa1 10y off 88nadkt rieuith el Jé¥kamry;be | ocated
at radially outer points on_jacket 40. 15 Inlet, 98 and outlet 100 nmay have a
di ameter great eP SRAANE REadi AABY P29 fadPaf 1 11D WOPRNRLGRS B4 W88 And may

be si zedonanthov Ppaeaded, ot GaiaCplvar: thl Birdcenrnaatier £(oetpadiage), [ 0023] A
fluid jacket in accordance with the present |nvention. represents a
si gni a&én‘fe?‘?ﬁﬁir QWEH?&?aeqeaﬁe\Péri‘Be‘Eofrﬁ?é‘nFFbﬁaﬁ1’%‘51tuifaowzga?%a&?egg. 21n
parti culiad, fide garvagti ve ddid @i agkaly SIfgabhteitilcy BRI pyasagred optim zes
fluid fl ow am)n%fthe, concentric fl ow}Passages of the fluLd J acket pronoting
a nmore bal anced % FAf42F | D0 akBAgRehe = rRELEg e twae i spad b2t RBY | ui d
j acketsecoha eaefd1eGtbwebysslidesi;pahe, heat fromthe brake. 25 [0024] Wile the
i nvention has been_shown and described wiith ) )
a fluid inlet in communication with said radial flow
" passage
wherein direct fluid flow from said radial flow passage to said

third flow passage along said axis is prohibited.

2. The fluid jacket of claim 1 wherein said first flow passage
of said plurality of concentric flow passages comprises a radially

outermost flow passage of said plurality of concentric flow passages.

3. The fluid jacket of claim 1 wherein a diameter of said first
axial flow passage extends across a radial length of said first flow

passage of said plurality of concentric flow passages.

4. The fluid jacket of claim 1 wherein said first axial flow
passage is in fluid communication with a fourth flow passage of said
plurality of concentric flow passages, said fourth flow passage

disposed radially outwardly of said third flow passage.

5. The fluid jacket of claim 4 wherein a diameter of said first

axial flow passage extends across only a portion of a radial length of



reference to one or nore particul ar enbodi nents thereof, it wll be
understood by those of skill in the art that various changes and
nodi fications can be made w thout departing fromthe spirit and scope of
the invention. -8 CLAIM5 1. A fluid jgcket for a disc brake, conprising:
an annul ar body di sposed about an axis defining: a plurality of concentric
fl ow passages; a first axial flow passage in fluid conmunication with a
firstsildoquaskageowlpasaiadepbiiradid platatineaeft cbacéhion pEisages; a second
axial _flow passage in fluid comrunication with a second fl ow passage of
sai d B?ﬁaaqqpst‘y of concentric flow passages, said second flow passage
separated fromsaid first flow passage by a third fl ow passage of said
plurality of cqncentri.c,flow passages; a.radial_ flow passage extendin
phes P& FY

bet ween safd f 4hd I dtak SWEPELR Ry eE-A"EhEE AL rI% SPRPRE i n
comMuak Ll ifAwWhhsis&pd @xtadial addany ocpagsagewhienebn &irenalf bemgkH lodw from
said radi al flgw assage to sgi d ,dthilrdﬁil owassa e al ong said axis is

pr ohi BRI FERATRECY |IRAPF3PERE ST FLYF AT L-Xufdr EPRCSRFH S i St f1 ow passage
of sapésgdassal ity of concentric flow passages conprises a radially

outernost fl ow passage of said plurality of concentric flow passages. 3. The

fluid jacket of claim1l wherein a dianmeter of said first axial flow passage
extends acrossrie rfadial jhengt bfoklsanh d fwhestifil @aid passageaoialsd&ildwpl urality

of concentric flow. passages. 4. The flujd jack claim1l1 wherein said
i ooPasTage feoi RO SRR un eat o BB ARy SOt TP StEoar 1
passageugdlizgl df Pbrdarltriy BlowofteRbese a0 ARRATEAJESow SRIsdatourth flow
Passage P 2Relal A AL aly 88 % Bhs 281 A1 Mg Lhow passage.

8. The fluid jacket of claim 7 wherein a diameter of said second
axial flow passage extends across only a portion of a radial length of
said fourth flow passage of said plurality of concentric flow

passages.

9. The fluid jacket of claim 1, wherein said second flow passage
of said plurality of concentric flow passages is disposed radially
inwardly from said first flow passage of said plurality of concentric
flow passages and a fourth flow passage of said plurality of
concentric flow pasgssages is disposed radially inwardly of from said

second flow passage of said plurality of concentric flow passages.

10. The fluid jacket of claim 1 wherein said second axial flow

passage is smaller in diameter than said first axial flow passage.

11. The fluid jacket of claim 1 wherein a fourth flow passage of
said plurality of concentric flow passage separates said first and

second flow passages of said plurality of concentric flow passages.

12. The fluid jacket of claim 1 wherein a diameter of said
radial flow passage is congtant between said first and second axial

flow passages.



5. The fluid jacket of claim4 wherein a dianeter of said first axial flow
passage extends across only a portion of a radial length of -9- said fourth
fl ow passage of said plurality of concentric flow passages. 6. The fluid
jacket of claim1 wherein a dianmeter of,said second axial flow passage
extends across only a portion of a radial length of said second flow
passage of said plurality of concentric flow passages. 7. The fluid jacket
of claimlighergigraxai,dcsgseiimxi al flow passage is in fluid communication
with a fourth fl ow passage, of said plurality of concentric flow passages,
said fourtR FIdwPREyaleuistiS sHseaseddikauty & Ankren et tsafdid % derl ow

passagfaf 8. rothe ihhuisbirackebrat ichal mxi{swherein a diameter of said second
axi al fl ow passage extends across onl?a/otfa portion of a radial length of said
O

fourth floft phsade i6fin; Bt Hieucsrpt EoHEehtrs g 1Pon fpaed Agednsy. The

flui debegkedn ekigtalendo deher gbnssad,d second flow passage of said plurality
of concentric flow passages is disposed radiall i nwar dl g fromsaid first
S

f1 ow passageSeforhifdifftPalRidfForoBhRe it iseidf fpiynsdadestandtatdort h

fl ow passagePhndaksr Al b¥efént GRNGEAVE | & fd-0W RasSAYEshArS ;di Sposed
radially inwardly of fromsaid second flow gassage of said plurality of

concent ri c2f PERF PSS R4ate Aniimnees| {Pe SACrEL Ve eneRt1inherkitftsai d

secondxaxi adi Jdc@Won PESwAGR: =81 8Bl 4B ainB dbadry @rritcka%ns%iéiefsi,-rst axial flow
passage. 11, The fluid jacket of claim1 wherein a fourth fl ow passage of

sai d pl uralFPeyeHt SBdRcERtFt L FIGwOpaBS2ge deéparat esflddiddIpFke% and second
flow passages; of said plurality of concentric flow passages. 12. The fluid
jacket of claim1l wherein a dianeter of said radial flow passage is
constant bet weeARsAMRI AL HPAHNG FRAEHEI 28R Al a0 R aStHiqss.

a plurality of concentric flow passages;

a first axial flow passage in fluid communication with
a first flow passage of said plurality of concentric flow passages;

a second axial flow passage in fluid communication
with a second flow passage of said plurality of concentric flow
passages, said second flow passage separated from said first flow
passage by a third flow passage of said plurality of concentric flow
passages;

a radial flow passage extending between said first and
second axial flow passages; and,

a fluid inlet in communication with said radial flow
passage

wherein direct fluid flow from said radial flow passage to

said third flow passage along said axis is prohibited.

14. The brake of claim 13 wherein one of said first and second
axial flow passages is in communication with a fourth flow passage of

said plurality of concentric flow passages.

15. The brake of claim 13 wherein gaid second axial flow passage

is smaller in diameter than said first axial flow passage.



-10-- 13. A brake, conprising: a stationary housing di sposed about a driven
shaft, said driven shaft rotating about a rotational axis; a first friction
pl ate coupled to said housing and fixed against rotation relative to said
housi ng; a second friction plate couplpd to said driven shaft for rotation
therewith and for axial novement relative to said driven shaft; a pressure
pl ate configured for selective novenent in a first axial di recti on towards
said firstland sedodd fiackét dvrphatiese busker, ecomsaisdrg:rst friction plate
defines a fluid jacket . including an annular body di sposed about an axis
defi ni ng a" p Ura ]1 Ity o onceﬁ‘grlc fl ow passages; a first axial flow
passage in fluid ghumalnitgabif ocontdrrria flowtpddsawepassage of said plurality

of concentric fI 0 ssa second axial . fl.aw Rassa
communi cat i on ¥Vhlps‘at é‘g(“i‘;df?‘l’%\ﬁaﬁg@%g%n o%l"*sl%i BTl’ﬁ?g(falttVnoW@br&ent ric
fl ow fpastsajes, paasmlgseﬁora;dlﬂl pmmﬁs&gefseqnmeait&dcffmw s;ﬂs:kaf_:;leést fl ow

passage by a th| rd flo 2 £ of said plur Ly of concetntr t1|10W
passages; a radfaf® ?cfn a? 8 e EREP g be n S8R 3O RakE ! Second
axi al sétawd rfasas:age%agmdqf aaf BupTurtalliety bf\ @@mﬁmmtraatfm widsizagasd radi al

fl ow %a sa e&:%n ;EI n dlsrect fe w%gﬁ fre %ra{'ll %agio fal ow ga}ssa e to
sai d PRI d° S S R 4% §°BAT § f“s E]b:‘r Bi° 4 £25FRE" LT
cl ai miBravidrosi passagofofSaiaddf pIwtaldng secosttenaxiial fib@vpa(mgagesmm | n
commu 'éc nwthsafour Eflogv aSS%eof a}‘n EUIL: ‘% lf Eonc ntric
Frow BACE o padades Bt a6 SPERARIS: Ch o, ook tF Seadh dLaaf a5 | ow
passageécond axial flow passages and a diameter of said one axial flow
passage extending across at least a portion of a radial length of said
third flow passage and at least a portion of a radial length of a
corresponding one of said first and second flow passages of said
plurality of concentric flow passages;
a radial flow passage extending between said first and
second axial flow passades; and,
a fluid inlet in communication with said radial flow

passage.

17. The fluid jacket of claim 16 wherein said first flow passage
of said plurality of concentric flow passages comprises a radially

outermost flow passage of said plurality of concentric flow passages.

18. The fluid jacket of claim 16 wherein said diameter of said
one axial flow passage extends across said radial length of said
corresponding one of said first and second flow passages of said

plurality of concentric flow passages.

19. The fluid jacket of claim 16 wherein said diameter of said
one axial flow passage extends across only a portion of said radial
length of said corresponding one of said first and second flow

passages of said plurality of concentric flow passages.



is simaller in diameter than said first axial flow passage. -11- 16. A fluid
jacket for a disc brake, conprising: an annular body defining: a plurality
of concentric flow passages; a first axial flow passage in fluid

comuni cation with a first flow passage of said plurality of concentric

fl ow passages; a second axial flow passage in fluid conmunication with a
second fl ow passage of said plurality of concentric flow passages, said

second fl ogopaseage1uepal adiest forovnsah thd ivheteih oy dRsSaBELOY o sbhird flow
passage of said_plurality of concentric flow passages, said _third flow

passafB®i A uitd U MFTFALEAEFERDNF tIFTATE BRI% PSR dhFaideddAdPhxial f1ow
passagesg@iha sdianeh£fd Elowapdseatpe dfi ahidl PMirapasgage dendirng Ludwoss at
| east a portion of a radial length of said third fl ow passage and at | east
a por PRBTP97° a radial length of a corresponding one of said first and
second fl ow passages of said plurality of concentric flow passages; a
radi al fl ow passage _extendi ng between said first and second axial flow
passages; &hd, 99 15449 APt RIcSAAMI atERe W th EEERAJPEI2FATEGE
passage. sdild fihretf hid dbdRsigehx0h1 Cf WWwNpdBsiher @ixtehakdadidsd ak! ovapassage
of said plurality of concentric_flow passages conprises a radialjl(a%/@é

. 18.

out er RBELI9T G fadeatp! drergardopI FRANEEY OBE itk AT FF caRF RESHRESs
The fhukgagearhksat soidchBir118yWber &idtesdirdlc di BiR R safeSadh @necaxi &l flow
passage extends across said radial |length of said corresponding one of said

firstPARtFSend FROWRpaSIIGEsOb2 SAWTTIpftRaIRasFage ehriaitt Alerribw

passagescodébntthe i bdacket.of claim 16 wherein said dianmeter of said
one axial flow passage extends across only a portion of said radial |ength

of said correspondi ng one of said first and second fl ow
22. The fluid jacket of claim 16 wherein a fourth flow passage

of said plurality of concentric flow passages is disposed further
inward radially than said first axial flow passage and further outward

radially than said second axial flow passages.

23. The fluid jacket of claim 16 wherein a fourth flow passage
of said plurality of concentric flow passages is disposed further
inward radially than both of said first and second axial flow

passages.

24 The fluid jacket of claim 16 wherein said diameter of said
one of said first and second axial flow passages differs from a

diameter of another of said first and second axial flow passages.

25. The fluid jacket of claim 16 wherein a diameter of said
radial flow passage is constant between said first and second axial

flow passages.



passages of said plurality of concentric flow passages. -12- 20. The fluid

j acket of claim 16 wherein said dianeter of said one axial flow passage
extends across only a portion of said radial length of said third flow
passage of said plurality of concentric flow passages. 21. The fluid jacket
of claim 16 wherein a dianmeter of another of said first and second axi al

fl ow passages extends across at |least a portion of a radial |ength of

anot her one said first and second flow passages of said plurality of
concentri @éf.l ot peaﬂsagwmandsmgl east a portion of a radial length of a
fourthflow a pL ur I|t f. co enLri ow S S 22. The
fluid j acKet %g?§gﬁ9al mhle vvﬁgr%la}s our?lﬁt O%\% p%ss%}égeé gél %91‘3\1 urality of
concaitarftcrcbtaiwr{gasbagmans:tmts'pandaimt her i nvvard radl aI |y than sai d
first axig| flggv passage $Egtfurth 3° 5\/\@ O%g Ifsa/vé]t}alxeaal d ls}e%ond

axi al fl ow passages. ] ac et erérn a‘tourth flow
passag:&atmbnsmlchtplmr abl syidfhomenognt r| C fI ow passages i s disposed further

i nward radj al otho aldflr second_axi.al..fl.ow sages. 24
The 11 uf 0] SERETSort i arh Sh e edar 8 i 2 eP e s 88 e MRS
firstthemdwsels ol a‘x:rrahxidabvmqy&msagesebhthfver sof sa@ind alricieansh&ft ;0of anot her of
said fi rst, and secondl XI al lowﬁoda sagSele 2C5 The fluid j acktEt otf claim 16

wher ei n a dFanerer: ot sai 4 rs ow passalﬁree fno TOTst arit *betWeen sai d
firstaxiad denemtciothaWardé osm@assagEsandl&ecaﬁd flrib:rtaloa ptaves; sing: a
stati onar housl ng. di d.about a drjyv haft d drive shaft
rotating a ou 8 g% c{aﬁoongl frmtlon de| lrcstg? rjinéatl on ?ej c\okugl ed to said

housiingladdingi xed agai nst
an annular body defining:

a plurality of concentric flow passages;

a first axial flow passage in fluid communication with a
first flow passage of said plurality of concentric flow passages;

a second axial flow passage in fluid communication with a
second flow passage of said plurality of concentric flow passages,
said second flow passage separated from said first flow passage by a
third flow passage of said plurality of concentric flow passages, said
third flow passage in fluid communication with one of said first and
second axial flow passages and a diameter of said one axial flow
passage extending across at least a portion of a radial length of said
third flow passage and at least a portion of a radial length of a
corresponding one of said first and second flow passages of said
plurality of concentric flow passages;

a radial flow passage extending between said first and
second axial flow passages; and,

a fluid inlet in communication with said radial flow

passage.

27. The brake of claim 26 wherein said first flow passage of
said plurality of concentric flow passages comprises a radially

outermost flow passage of said plurality of concentric flow passages.



rotation relative to said housing; a second friction plate coupled to said
dri'ven shaft for rotation therewith and for axial novenent relative to said
driven shaft; a pressure plate configured for selective novenent in a first
axial direction towards said first and second friction plates; wherein said
first friction plate defines a fluid jacket including an annular body
defining: a plurality of concentric flow passages; a first axial flow
passage i n28l uiThe raKrBi 68tdHIimMEhwRerdin $hilll Olanpassage ehidaind plurality

of concenfric flow passages;. a second axial .fl.o assa in fluid
CoMmMUATEST | P WPERS S SRt GRST Fohy Theeage B AnilR0E0r & 114/ %1 concent ri ¢
fl ow passegesidingabfie sSeft aiad df Fovstpassingecsepaflaiwepatsagesafd shigast fl ow

passa by. a third fl ow.passage of said plurality of concentric flow
passagggf%s%yd OI%t RPPERY 5w Eigga%aesﬁaﬁefsl'ui d comunication with one of said

first and second axial flow passages and a dianmeter of said one axial flow
passage extendi cross at Jeast a portion of a radial lLength of said

PR T r| on s it BARHeapt | Shih 26 pebeTon it THISHEH hgPR: Orone

cor r eapoadi NMipwopas hgs adxdt chidShc ok s0eoNd pdicPassagesd tfadsandlemdun al ity
of concgentrjc flow passages; a_radjal_.fl ow passage .extendi ng between said

i r ot SEntPid EounASRRTAIY B BhostoETan (Ph% FYCEPd £ hPBPIErGBRmtn cat | on
wth said gadiaaktcl| v cqaenagec 2iow Hhesbseke of claim 26 wherein said first
fl ow passage of said plurality of concentric flow passages conprises a

radially outernost flow passage of said plurality of concentric flow
passages. 3%4- & vHarebofkelbim ChawneZbinvaanai 8ismdtkrdic@nBhed ofe sai d one
axi al f]| ow passage ext ends acr oss said_radial |ength of, sai %

axia ow passage extends across only a portion”of said radial length

of said third flow passage of said plurality of concentric flow

passages.

31. The brake of claim 26 wherein a diameter of another of said
first and second axial flow passages extends across at least a portion
of a radial length of another one said first and second flow passages
of said plurality of concentric flow passages and at least a portion
of a radial length of a fourth flow passage of said plurality of

concentric flow passages.

32. The brake of claim 26 wherein a fourth flow passage of said
plurality of concentric flow passages is disposed further inward
radially than said first axial flow passage and further outward

radially than said second axial flow passages.

33. The brake of claim 26 wherein a fourth flow passage of said
plurality of concentric flow passages is disposed further inward

radially than both of said first and second axial flow passages.

34. The brake of claim 26 wherein said diameter of said one of
said first and second axial flow passages differs from a diameter of

another of said first and second axial flow passages.



correspondi ng one of said first and second fl ow passages of said plurality
of concentric flow passages. 29. The brake of claim 26 wherein said dianeter
of said one axial flow passage extends across only a portion of said radial
|l ength of said corresponding one of spatd first and second fl ow passages of
said plurality of concentric flow passages. 30. The brake of claim 26
wherein said dianeter of said one axial flow passage extends across only a
portion of 3$ai dTheadirakel efigthaimf26sahdrein rad dikoat passhge idf radial dlowal ity
of co c fl g@ggﬁ 31.. o] [ net er
of ang)t%%ggé%fl% C%\g(Stgl rst an nsé%%)%gﬁam aFE?I%%v&%gdssg%g%mg%vgﬁgsgagé%és at

| east a portion of a radial Iength of another one said first and second

fl ow passages of said plurality of concentric flow passages and at |east a
portion of a radial length of a fourth flow passage of said plurality of
concentric flow passages. 32. The brake of claim26 wherein a fourth fl ow
passage of said plurality of concentric flow passages is disposed further
innmard radially than said first axial flow passage and further outward

radi ally than said second axial flow passages. 33. The brake of claim 26
wherein a fourth flow passage of said plurality of concentric flow passages
is disposed further inward radially than both of said first and second
axi al flow passages. 34. The brake of claim 26 wherein said dianeter of said
one of said first and second axial flow passages differs froma dianeter of
anot her of said first and second axial flow passages. -15- 35. The brake of
claim 26 wherein a dianeter of said radial flow passage is constant between
said first and second axial flow passages. -



