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[0003] The housing for conventional liquid cooled brakes
typically includes one or more rings encircling the friction plates.
These rings are generally solid, relatively heavy and must be
customized to the diameter of the brake. Other conventional liquid
cooled brakes have eliminated the rings and have instead used a
plurality of pins extending between end plates of the brake. This
arrangement is disadvantageous, however, because the pins are
required to provide both structural support to the brake and absorb
braking forces during operation of the brake creating undue strain
on the pins.

[0004] The inventors herein have recognized a need for brake that
will minimize and/or eliminate one or more of the above-identified

deficiencies.

SUMMARY OF THE INVENTION

[0005] The present invention provides a liquid cooled brake

having an improved structural support.
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repreggl%)é)rat sﬁ%kygl]garpce %%ovement relative to conventional liquid
cooled brakes. 1In particular, the use of support columns between
the end plates of the inventive brake reduces strain on the pins and
provides a housing with improved structural support that is strong,
yet lightweight and scalable.

[0008] These and other advantages of this invention will become
apparent to one skilled in the art from the following detailed
description and the accompanying drawings illustrating features of

this invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a perspective view of a brake in accordance

with the present invention.

[0010] Figure 2 is a cross-sectional view of the brake of Figure

1 taken along lines 2-2.



the end plates of the inventive brake reduces strain
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end cap PaSsenb encl oses one
1 and 3, in accordance with the 1nventlon brake 10 also includes

support columns 22 and guards 24.

[0015] Referring to Figure 2, end cap assembly 12 encloses one
end of brake 10 and includes an end plate 26. Plate 26 may be made
from conventional metals and metal alloys. Plate 26 is annular and
is disposed about a rotational axis 28 of a drive shaft (not shown).
Plate 26 may include a plurality of stepped diameter bores 30 each
configured to receive a corresponding pin 16. Plate 26 may also
define a plurality of bores 32 configured to receive fasteners (not
shown) used to mount brake 10 to another object.

[0016] End cap assembly 14 encloses an opposite axial end of
brake 10 relative to end cap assembly 12 and provides support for a
brake actuator. Assembly 14 includes an end plate 34, an expandable
bladder 36 and a pressure plate 38.

[0017] End plate 34 is annular in construction and disposed about
axis 28. Plate 34 may be made from conventional metal and metal
alloys. Plate 34 includes a plurality of bores 40 aligned with
bores 30 in plate 26 and configured to receive pins 16. Referring
to Figures 1 and 3, plate 34 may also define bores 42 on either side

of each bore 40 that are aligned with corresponding bores (not
3



end o f brake 10 and includes an end plate 26. Plate 2
6 may be made from conventional netals and netal
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rotating relative to pins 16. 1In particular, and with reference to
Figure 3, plate 38 may include radially outwardly extending flanges
39 defining semicircular recesses configured to receive pins 16 to
prevent rotation of plate 38.
[0020] Referring again to Figure 2, pins 16 provide a mounting
structure for friction plates 20A-D and structural support for brake
10. Pins 16 are conventional in the art. Pins 16 extend axially
from end plate 26 to end plate 34 to connect end plates 26, 34.
Each pin 16 may include a head 50 at one end that abuts against a
shoulder formed in a corresponding bore 30 of end plate 26. Each
pin 16 further includes a shank 52 that terminates in a threaded end
54. The shank 52 of each pin 16 is configured to be received within
aligned apertures in friction plates 20A-D and also supports springs
48 between friction plates 20A-B and between friction plates 20C-D.
Nuts 56 and washers 58 may be disposed about the end 54 of each pin



16 bias friction plates 20A-B and 20C- D away from both
one another and friction plates 18A-B towards their
W@r0giopEs4 posi ti on. [0019] Pressure plate 38 ePQR{B08/052265
friction plate 20D and, when fluid is supplied to
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pin to prevent rotation of plate 38. [0020]
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of pl%lgﬁss %ﬂyg%{ry dépendt ht ﬁguspedl f récglon plates
D haveegurlnenentg éDrcitdvemfeadretially spaced radially outwardly
projecting tabs 64 with apertures 66 configured to receive pins 16,
In this manner, plates 20A-D are fixed against rotation relative to
pins 16, but are axially movable relative to pins 16. Referring
again to Figure 2, each of friction plates 20A-D includes one or
more cover plates 68 and a fluid jacket 70. Plates 68 are
conventional in the art and may be made from a variety of
conventional metals and metal alloys including iron or copper.
Plates 68 close fluid passages defined in fluid jacket 70 and may be
connected to fluid jacket 70 using fasteners (not shown) such as
bolts or screws or pins. Fluid jackets 70 are provided to allow for
circulation of a cooling liquid such as water or another
conventional liquid within brake 10 to allow for transfer of
frictional heat generated within brake 10. Jackets 70 are

conventional in the art and include an annular body that defines a



[0021] Friction plates 18A-B are provided to transfer
braking torque fromfriction plates 20A-D to the
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absorbﬂr@dj udeskiagerOfcdereny edpdaaties &8 miatealdl uid column 22
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may b%%é;
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columns 22 are substantially rectangular in shape with radially
inner and outer surfaces 78, 80 that are substantially flat.
Columns 22 may be unitary (i.e., one piece) structures. The
radially inner surface 80 of each column 22 defines a recess 82
configured to receive a corresponding pin 16, tabs 64 on friction
plates 20A-D and springs 48. Columns 22 further include axially
extending grooves 84, 86 at each circumferential end between
surfaces 78, 80. Grooves 84, 86 are configured to receive
corresponding circumferential ends of guards 24. Referring to
Figure 5, each column 22 may further defines axially extending
closed bores 88, 90, 92, 94 formed in each axial end of column 22.
Bores 88, 90, 92 94 are configured to receive fasteners such as
bolts, screws, or pins used to fix column 22 to end plates 26, 34.
Bores 88, 90, 92, 94, may be disposed circumferentially between

recess 82 and a corresponding groove 84, 86. Bores 88, 92 and 90,



conventional liquid within brake 10 to allow for
transfer of frictional heat generated within brake 10.
wJaakepEs¥0 are conventional in the art and i nECT/U820881052265
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Figures 1 and 3, one or more guards 24 may also include apertures 98
sized to receive hoses and connectors through which fluid is
provided to the inlets 76 and removed through the outlets of fluid
jackets 70.

[0025] A brake in accordance with the present invention
represents a significant improvement relative to conventional liquid
cooled brakes. Columns 22 provide structural support and absorb
braking forces during operation of brake 10 thereby removing undue
strain on pins 16. In this manner, brake 10 is able to remove undue
stress on pins 16 without the excessive weight resulting from the
use of solid rings. Further, the columns can be used on brakes of
varying diameters providing a scalable solution.

[0026] While the invention has been shown and described with

reference to one or more particular embodiments thereof, it will be



pl ates 20A-D and springs 48. Col umms 22 further
i nclude axially extending grooves 84, 86 at each
w@ 2008001784 enti al end between surfaces 78, 80. PXDOS98/052265
84, 86 are configured to receive correspondi ng
understogurdyerrente adf erkdd lofn guar dst24hatRefagrioupgciandasgane

h I t | .
mOdlfgc%%ln %né:gglgsecﬁ%%ogggh%g{ ‘%83 ggﬁé %SO r%hgdL lnrlé:agl d
scopeaxf alheendvefitcwi.umm 22. Bores 88, 90, 92 94 are

configured to receive fasteners such as bolts, screws,
or pins used to fix colum 22 to end plates 26, 34.
Bores 88, 90, 92, 94, may be di sposed
circunferentially between recess 82 and a
correspondi ng groove 84, 86. Bores 88, 92 and 90, 94,
respectively, may be axially aligned. Although bolts
or simlar fasteners are used to secure columms 22 to
end plates 26, 34 in the illustrated enbodinent, it
shoul d be understood that other fasteners (e.g.,

wel ds) m ght be used and that colums 22 nay be
connected to end plates 26, 34, in a variety of ways.
It should al so be understood that columms 22 could be
constructed and oriented so as to be disposed radially
outwardly of nore than one pin 16. The illustrated
arrangenent provides potentially greater reductions in
wei ght, but |arger colums could be used w thout
departing fromthe spirit of the present invention.
[0024] Referring again to Figure 4 , guards 24 limt
access to novi ng conponents of brake 10 to prevent
damage to brake 10 fromforeign objects or injuries to
users. Guards 24 may be nmade from netal s or netal

all oys including steel. Guards 24 are spaced
circunferentially around brake 10 between col ums 22.
Each circunferential end of a guard 24 is received

wi thin a correspondi ng groove 84, 86 of a colum 22
and are slid into grooves 84, 86 fromone axial end of
brake 10. Guards 24 nay be ventilated to allow

di ssi pation of heat and reduce weight. In particular,
each guard 24



may include a plurality of vents 96 extend
longitudinally in a circunferential direction. It
weh@slog77s€ under st ood, however, that the nunbePCT/HR288/052265
and shape of vents 96 may vary. Referring again to
Figures 1 and 3 , one orCludIMSguards 24 may al so
We cliafiel ude apertures 98 sized to receive hoses and
gonngct ors th%%u psyM|ch fluid is provided to the
|nIe P76 Hnd gnoveélthrough the outlets of fluid
jfacket and Bedof026hd A lartakedi WCH:'(E@O adam:ea wittilvetthghaft,
saia BLESENL LRYeNLian [eOnesent § 3.5l gnifi.cant L grraverent,
t1ve to conventiona I gqu coo rakes. ums
and SQQO@¢ONKUelst$wG¥UEQRYSﬂEpUKifanm aps emotbeaki ng
f.o 0 [
inBaarathal AL AR Y FreehaRig R chhfE A kg SIDY! Pkac
and S@b¢@ﬁtamdreh@b@§AJndue stress on pins 16 w thout the
%X%§§§£V§rl"éﬁ'l%t?[%'&theér@d“sta@% He v 3Qlekdeor
rings. Further he col umms can be used on brakes of
rotatyep yﬁh@ge@malﬁe@r& SXPROVY digijld eseal ablve $61 aeidrAriven
shartf 0026] While the invention has been shown and
described wth reference to one or nore particul ar
EnB8aPRRNt S hEReBFa LY COWPT Y Helif@dFsPbidiR 1oy vt Rbskist and

flxengéélnétnrbh§tfHﬁ ﬂéﬁ@%lV@fﬂdJ%%lghéfﬁﬁﬁiﬁ% of pins, but
nmodi fi cati ons can be nade w t hout dagértln romthe

axiallpinquabdfdretdplercofot peld misweildhy QAMNBSweseiGisacond

frlctloﬁ\ﬂﬂd%%edeﬁﬁﬁﬂﬂd Sl ROuidi It ke@ngo§fﬁéﬂyide@grp$§g§§%e of a
- ,ddlsposed about a driven shaft, said driven shaft
ul

rotating about a rotational axis and said first and

sepepdsend plaatesodi Aldey spACR fh o Oy ARALheR & first
plurality of aX|aIIy ext endi ng pins connecting said
aXlalf‘F“rl’s&iC%ﬁ’& EQEIP eAddpf ats g PRYQRd fATIEEion piadess and,

coupked $ppaitdcdrimeriisbabéa ffdinot at b@twddierevetd first
and aX|aIIX povabl e relative to said driven
pin of said plurality of pins and fixed at first and second ends to

said first and second end plates, respectively.

2. The brake of claim 1 wherein said first support column is
disposed radially outwardly of less than all of said plurality of

pins.

3. The brake of claim 1, further comprising a second support
column disposed radially outwardly of a second pin of said plurality
of pins and fixed at first and second ends to said first said first

and second end plates, respectively.

4. The brake of claim 3, further comprising a first guard
connected to said first and second support columns, said first guard
disposed circumferentially between said first and second support
columns.

5. The brake of claim 4 wherein each of said first and second
support columns includes an axially extending groove at one

9



shaft; a second friction plate coupled to said
plurality of pins and fixed against rotation relative
wo oosaddspl urality of pins, but axially novabl BCT/US2008/052265
relative to said plurality of pins, said second
circuhfécdrtorlpkatie sefd niknglay fdndiidgj ackete sc ofif bgidt e rfsar and
secongasggggaertmco?ur%rllsul d e.néllngr?oswsaurrdes glngt a?n Cc%%frl gggegogfqr red to
Se Ve Shovenent Sh TSt axi al “diTect i on towards
receigai cbfdaise ahdogerardtial cdridenopfl ates;fiasd, gaafdr st
support col umm di sposed radially outwardly of a first
pin of said plurality of pins and fixed at first and
Fecofitle épeiket 9fsaldin i4 sheaptdn sedondientd plagdess
Venti?§§@§ptively. 2 . The brake of claim1 wherein said
I rst support colum is disposed radially outwardly of
| ess than all of said plurality of pins . 3 . The
br akenof, £lial Welciafdird Bk -6 ORI BY8nFCGRRM rEURPAIn is
col umm di sposed radially outwardly of a second pin of
circuggeeepiiglali e9aedd FirRs amtd filved aerriitstcoand” second
ends to said first said first and second end pl ates,
respectively. 4 . The brake of claim3 , further _
SonpEisi g ke Pifr stafudr dhesphectaEd forshi tHHRTSt Cahgn 1s
a uni8gePNet SURPeLt colums, said first guard di sposed
circunferentially between said first and second
support columms . 5 . The brake of claim4 wherein
eaachrr_aél }lslae'u&b foir gyaﬁmdl s@eendn SéHZQD_rftirgﬁ} sbl[’ﬁb‘br!tnléblhﬁfrﬁﬁd
. an axially extendin ropve at onecifrcunferential en
defingg; § LBGearl 9“e?1d§ar?d%ég¥o%"éali9f sddPOF i56C 4RaSeTHIRgLt
colum8UPEOS tgueehutbsrafErRiengat ®Wainds pne. anot her and
configured to receive opposite circunferential ends of
said first guard. 6 . The brake of claim4 wherein
sia.d fTheshrausapd tdament whateth said first support column

defines first and second axially extending bores configured to
receive fasteners fixing said first and second ends of said first

support column to said first and second end plates.

10



7 . The brake of claim3 wherein said second support
colum is circunferentially spaced fromsaid first
waeEpoo1’s€ol uim. 8 . The brake of claim1l wherPCTHUSZH08{052265
first support colum is a unitary structure. 9 . The
brlakeToé lefeaiemot wheireiln fsatief igspriapporithical ant fourth

a recess dlal LD d.sid f
erictf) R RS M tebdmBlrlatTof S ELr B pgpinee
rotatpom. re11(33.t1Vhetd>)rSi4<Lei ofiuckhitm bifwhénei rwakdiélFgtmovable

relat§9@pégts§iglgfﬁkéa S§ éi{€; %ng §ﬁ¥¥%ﬂ%nﬁxkgu£@% frlctlon
b to

exten dlng res po I gu recei ve fasteners |X|ng
plategadlef friingt fanid skecdrds et igfuredi 8o inastsagappbryaid fluid

%%EQ@Bnt§éfﬁms@cghaSfrfyyio§e§f5¥% %@dd@gﬁ$§gﬁ %&oxIHﬁ%e one

~ brake of claim1 further conprising third and fourth
axialfengtqfofaprabeakvogpiedtibrsdirdcpion aliaty 6fF P IROs8Ad

proxJné’E(@Qarﬁ‘Jg;@'egsgxfﬁ atiqoBrr &l @t ekt 0asi QiR Wbt ¥erQktion
pins, but axially novable relative to said plurality

platepis pf?lr?spos§§| gnavinedighel s SI8CPRA canbrihgirdt Bsiction

platedefiNingebbHhd dracketaqcasfiguiedcf oin RASsage; &ntS@hd in
flui d wherein said second friction plate i s di sposed

ConStﬁP%&Wﬁate one axial end of said brake, said third
friction plate is disposed proxi mate another axial end
of said brake and sajd fourth friction plate is
di“s po8 e 3kt e CABAF 51 €' %ai d second and third friction

Ffil@tsesan@aééj:o%@c@ﬂ@ pﬂ&'e@ddﬂgﬁogéﬂl BbBufra Cdrlle@anFﬁﬁtﬁ
identical in construction. 12. A brake, conpri S|Vg
said griegn shafseEort@9d aBP‘é’f &5 r&itéﬁb%%?dl aﬂi‘d&t a‘éidd?&l Flrst

and s8B&id ,ersabdatéd VBN a3N3f pdiAtir-Be eROWnoAnEOL at i onal
axis and said first_ and second end plates axially

§"p§&éaa%%%Oénéxéﬁb%%&)‘tﬁnﬁmﬁ? aﬁ’%“lsy 8PNt 19 ?ald first
and sga&ﬁmdgda;gpmha@sconnectl ng said first and second end

gt 31 frlfétrl%% Lrictin pLate, counl §d: £, sal g dplyen
rotation therew1th and axially movable relative to said driven
shaft;

a second friction plate coupled to said plurality of pins and
fixed against rotation relative to said plurality of pins, but
axially movable relative to said plurality of pins, said second
friction plate defining a fluid jacket configured for passage of a
fluid;

a pressure plate configured for selective movement in a first
axial direction towards said first and second friction plates; and,

a plurality of support columns, each support column of said
plurality of support columns disposed radially outwardly of a
corresponding pin of said plurality of pins and fixed at first and

second ends to said first and second end plates, respectively.

13. The brake of claim 12, further comprising a plurality of
guards, each guard disposed circumferentially between, and connected

to, two support columns of said plurality of support columns.

11



rotation therewith and axially novable relative to
said driven shaft; a second friction plate coupled to
wagaod/opl7ed al ity of pins and fixed agai nst rot aPCDHS2008/052265
relative to said plurality of pins, but axially
novabl e relative to said plurality of pins, said
con J.chlonepl At f 2 [ e .
ggnflgrbgr edr%?(ce)rof)aé%égnquf mgél?% éacg %ﬁéﬁgﬁ{}r%oﬂl@ eOf said
plurabrmqujusedpérn dluacs i vecInpeemEnt st rana EecsmdeaxuMlly
irectiaon.to d flrs C o)
eXtengjrr}ﬂ egr g Jx_/vaca% ur al: supgré?%fg%%unns (ﬁhOf said
SuPPOSUpmunmmncobmrd1ﬁﬂissaadliﬂhM'aREEydzﬁgsgq@p@etcmnﬁuﬂmmsd to
reces§L SA0AGHL AULAIL | CULMAE0h 0D 2. 201 LRIDONILIG lglaths ana
lurality o I'ns an xed at first and secon
said @@rdsglct @xsaiLbIYfeMt@pdan@i W@dcenﬁlq}l@tdeéio receive a
circuhESREGLLY el Yy J:‘.Sanggﬁepr@ﬂ(%agfj gl @il okubihels.
conprising a plurality of guards, each guard di sposed
circunferentially between, and connected to, two
38PPOfie Gl KENS £ Of 1 S (i3pluh|é1_aél|r¥ ¥alh SHPRAM plurality of
colums. 14. The brake of claim 13 wherein each support
guardgolufierét 13884 plurality of support col ums includes
first and second axially extending grooves | ocated at
opposite circunferential ends of said support colum,
J&ird T K73k af | L% dRdV AT YrodvET2bhtY G e4PPor®
columfi €CRieV @ idchf£rurftenent i sbaad of one of said plurality
of guards and said second axially extendi ng groove
configured to receive a circunferential end of another
Qf7 .sarite prdkal bfycofirguar dserdim efba bumke tototlman mfl3aid

erein each of said plurality of gquards is
pluraliii (AR edHoTs, COMBTBr Bk PSP AY nT TP UREF ol
plurality of support colums are circunferentially
spaced. 17. The brake of claim 12 wherein each_su

port
&SI unhDIPISERdCpI Tt Y BREEUPhERENCBIRRATE cg1am ot said

plurauit arfy ssbpolet WBumns defines a recess on a radially inward
side of said support column configured to receive a corresponding

pin of said plurality of pins.

19. The brake of claim 12 wherein each support column of said
plurality of support columns defines first and second axially
extending bores configured to receive fasteners connecting said

support column to said first and second end plates.

12



18. The brake of claim 12 wherein each support colum
of said plurality of support colums defines a recess
wora/0pEa al |y i nward side of said support col B@TUS2008/052265
configured to receive a corresponding pin of said
pbur athd yprakepbnsclali® 17heutnrake cofpcl @ing tBiwhesrel fourth
ort colum of i,d ural i par.t
frlCth Lég e?Qurpgle Itcr)s aldsézlélég%n axtf éllny ?fq ed agalnst
rotat.‘ocm ec&laomze gtu:r editopleceliivy baspierer @ucoame@thmglosabbe
Qrt ¢ a |rst nd.gn t es, 20;
retat R SRS BT 1oF i Ther SR RATc oy P g Coten
plated alerftinifgi £luioh jpkates cofpbeded ofcsralp(dSpb@ue adf tay fohid
Q?ear{]dsaflldxggcgrg?l r%ctlg}x;%]]aoc% gl {Léeﬁ/ §8§(Pmate one
ut axi |ve
axial Sealcd opfl uaadilktxya]«ef paing, trsaiddfthctnbralpdateum histrp|osedon
at es fining-.flLuid ackt fl fo S
orox iy, Rt IhErd 5 uarh SotoRaFr i U0 A pl Srut $808eson
plate di sposedspd omtrmtnedomEe asalail sendnqbfarsiaitdlbd aks,ctgand
higd 4 RASBf: AN BRL B ANQINERE ca1
plateé 5JraIqd E%l%l#&sal %ragl}e an ga?dl olurt %rlec?i on lcgt eln
Constrlsctmogposed i nternedi ate said second and third
friction plates, said second, third and fourth
friction plates identical in construction .
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