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axially movable relative to the shaft. The plates coupled to the
shaft are interleaved with the plates coupled to the housing. A
brake actuator is disposed at one axial end of the brake and applies
a force in an axial direction to bring the plates into contact with
one another.

[0003] The housing for conventional ligquid cooled brakes
typically includes one or more rings encircling the friction plates.
These rings are generally seolid, 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 1s 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 cor 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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accor dape® sficond tird cpies aritateaverft ifdast support column is dlsposed
radially outwardly of a first pin of the plurality of pins and is
fixed at first and second ends to the first and second end plates,
respectively. Additional support columns may be disposed radially
outwardly of additional corresponding pins of the plurality of pins
and fixed to the first and second end plates.
[0007] A brake in accordance with the present invention
represents a significant improvement 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,
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[0013] Figure 5 is a cross-sectional view of a support column of

the brake of Figure 1.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0014] Referring now to the drawings wherein like reference

numerals are used to identify identical components in the various
views, Figure 1 illustrates a brake 10 in accordance with the
present invention. Brake 10 may be provided for heavy duty
industrial use (e.g., on oil drilling equipment}. Referring to
Figures 2-3, brake 10 includes end cap assemblies 12, 14, pins 16,
and two sets of friction plates 18a-B, 20A-D. Referring to Figures
1 and 3, in accordance with the invention 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 2¢ 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
axls 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



PCT/ US2008/ 052265 [ 0011 ] Figure 3 is an expl oded perspective view
of the brake of Figure 1. '
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shown) in plate 26 for a purpose described hereinbelow. Referring
again to Figure 2, plate 34 also defines an annular recess 44
configured to receive bladder 36 and one or more axial bores 46
through which pneumatic or hydraulic fluid is provided to bladder 36
via a hose (not shown).

[0018] Bladder 36 bears against plate 38 to move plate 38 in an
axial direction {(to the left in Figure 2). Bladder 36 is
conventional in the art and is disposed within recess 44 of end
plate 34. When fluid is supplied to bladder 36, bladder 36 expands
and urges pressure plate 38 in an axial direction to compress, and
cause engagement of, friction plates 18A-B, 20A-D, When fluid
pressure is removed from bladder 36, springs 48 disposed about pins
16 bias friction plates 20A-B and 20C-D away from both one another
and friction plates 18A-B towards their original position.

[0019] Pressure plate 38 engages friction plate 20D and, when
fluid is supplied to bladder 36, urges friction plate 20D in an
axial direction (to the left in Figure 2) to compress fricticn
plates 18A-B, 20A-D. Plate 38 may be made from conventicnal metals
and metal alloys. Plate 38 is annular and disposed about axis 26.
Plate 38 is configured to receive pins 16 such that plate 38 is
capable of axial movement relative to pins 16, but is prevented from
rotating relative to pins 16. In 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 conventionai in the art. Pins 16 extend axially
from end plate 26 to end plate 34 to connect end plates 26, 34.

Fach 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 z 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 als¢o 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



[0012]° of Figure Figure 1. 4 is a perspective view of a 6ortion of
the brake [0013] Figure 5 is
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16 to establish an initial axial position of end plate assemblies
12, 14 and friction plates 18A-B, 20A-D. In the illustrated
embodiment, four pins 16 are provided. It should be understood,
however, that the number of pins 16 may vary depending on the
specific requirements for the brake.

[0021] Friction plates 1BA-B are provided to transfer braking
torque from friction plates 20A-D to the driven shaft (not shown).
Friction plates 18A-B may be made from conventional metals and metal
alloys such as iron and copper. Plates 18A-B are coupled to a hub
60 fixed to the driven shaft (or directly to the shaft) through the
use of spline teeth on a radially inner surface of plates 18A-B and
a radially outer surface of hub 60 (or the shaft), respectiwvely.
Plates 1BA-B may include a conventional friction material 62
connected to each side of plates 18A-B by fasteners (not shown) such
as bolts or screws. Although only two plates 18A-B are shown in the
i1llustrated embodiment, it should be understood that additional
plates 18 could be interleaved with additional plates 20 to increase
braking torque.

[0022] Friction plates 20A-D are provided to transmit a braking
torque to friction plates 18A-B and the driven shaft upon engagement
of plates 18A-B, 20a-D. Referring to Figure 3, friction plates 20A-
D have a plurality of circumferentially 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 liguid 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



a cross-sectional view of a support column of the brake of Figure 1.
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Referring to Figures 4 may a ores 42 on
ei t her &yspebing braklng forces durlng operation of brake 10. A column 22

may be disposed radially outwardly of each pin 16 and extends
between end plates 26, 34. Although columns 22 are
circumferentially spaced around brake 10 radially outwardly of
corresponding pins 16, columns 22 are not necessarily rounded or
curved. As shown in Figure 4, in the illustrated embodiment,
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 B4, 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, %2, %4, may be disposed circumferentially between

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



16 to establish an initial axial position of end plate assenblies 12,

14 and friction plates 18A-B, 20A-D. In the illustrated enbodi nent,

four pins \%8 2%8?)89%9“ ded. It should be understood, hovﬁ?ﬁ%szo&s%?ﬁzﬁ% he
S or

nunber of prn may vary dependi ng on the specific requirenents
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and net adol beysnhsueheas:do.on and copper. Plates 18A-B are coupled to
a hub 60 fixed to the driven shaft (or directly to the shaft) through
the use of spline teeth on a radially inner surface of plates 18A-B
and a radially outer surface of hub 60 (or the shaft), respectively.
Pl ates 18A-B nmay include a conventional friction material 62
connected to each side of plates 18A-B by fasteners (not shown) such
as bolts or screws. Although only two plates 18A-B are shown in the
illustrated enbodi nent, it should be understood that additional

pl ates 18 could be interleaved with additional plates 20 to increase
braki ng torque. [0022]Friction plates 20A-D are provided to transmt
a braking torque to friction plates 18A-B and the driven shaft upon
engagenent of plates 18A-B, 20A-D. Referring to Figure 3, friction

pl ates 20A-D have a plurality of circunferentially 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 novable relative to pins 16.
Referring again to Figure 2, each of friction plates 20A-D i ncl udes
one or nore cover plates 68 and a fluid jacket 70. Plates 68 are
conventional in the art and may be made froma variety of

conventional netals and netal alloys including iron or copper. Plates
68 cl ose fluid passages defined in fluid jacket 70 and nay 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 conventi onal
liquid within brake 10 to allow for transfer of frictional heat
generated within brake 10. Jackets 70 are conventional in the art and
i nclude an annul ar body that defines a fluid manifold through which
liquid circulates. Jackets 70 nmay define a plurality of concentric

fl ow passages 72 and radi al flow passages 74 that place concentric
passages 72 in fluid comrunication with fluid inlets 76 and outlets
(not shown). In the illustrate enbodinment, friction plate 20A is

di sposed at one axial end of brake 10, friction plate 20D is di sposed
at an opposite axial end of brake 10 and friction plates 20B-C are
arranged back to back internediate plates 20A, D. In accordance with
one aspect of the present invention, friction plates 20A-D are
identical in construction allow ng ease of assenbly and manufacture.
Al t hough four friction plates 20A-D are shown in the illustrated
enbodi nent, it should be readily understood that additional plates 20
could be interleaved with plates 18 and used to provide increased
braki ng torque. [0023] Referring again to Figures 1 and 3, support
colums 22 provide structural support to brake 10 and provi de a neans
for absorbing braking forces during operation of brake 10. A columm
22 may be disposed radially outwardly of each pin 16 and extends

bet ween end pl ates 26, 34. Al though colums 22 are circunferentially
spaced around brake 10 radially outwardly of correspondi ng pins 16,
colums 22 are not necessarily rounded or curved. As shown in Figure
4, in the illustrated enbodi nent, colums 22 are substantially
rectangular in shape with radially inner and outer surfaces 78, 80



94, respectively, may be axially aligned. Al though bolts or simlar
fasteners are used to secure colums 22 to end plates 26, 34 in the
illustrated enbodi nent, it should be understood that other fasteners
(e.g., welds) mght be used and that colums 22 may be connected to
end plates 26, 34, in a variety of ways. It should al so be understood
that colums 22 could be constructed and oriented so as to be

di sposed I Eﬁgly outwardly of nore than one pin 16. The illustrated
arrangene vi des potentially greater reductions in weight, but

| arger col umms coul d be used wi thout departing fromthe spirit of the
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sized t0 kgeel¥eah9sEStROEEOEGIPrS: nualyvwalieh rEh HE dyvEsc proyi ged
to the inlets 76 and renoved through the outlets of fluid jackets 70.
[ 0025] A begk#ennshe€bt dance with the present invention represents a
significant inpr t [ve i o) ntli L4l k.quid. go -
br akes. Col unnrrg %Sgﬁgv%géﬁénu%{luaﬁa (s@\l?gpgdrogggﬁ Iggscls')rgbgb?gg?%blty ot
forces dupiing opéiatndnfofedrageinld trvdreghynr emdricageuhdusastrai n on
pins 16. In this_manper, br 1Q_i.s .abl e to rempve undue.stress on
Dl s 16" wPTHGOT EReSEXEbRt] [ hminith Tade! RGTPPom CROERLES ofS oot 1%
rings. Fuptheelitheocobimds{an beiksetdahdrfakesioh waayeng20)
di aneters providing a_ scal able solution. [0026]Wile the invention

has been SR&WA1BAJ® e} d berfFt nl 7B Wrgdoh@ToP2ABR8S p3t tf cul ar
enbodi nentsythereof, it will be WO 2008/ 097754PCT/ US2008/ 052265
understood by those of skill in the art that various changes and

nodi fi cations @aRTBashHReP VR tholds Jderarfiiavg o et ReLsptive naveRevpe
of the inYﬁngiQQrst axial direction towards said first and second
friction plates (18, 20}; and,

characterized by:

a first suppert column (22) disposed radially
outwardly of a first pin of said plurality of pins (16) and
said second friction plate (20} and fixed at first and second
ends to said first and second end plates (26, 34),

respectively.



CLAIM5S 1. A brake (10), conprising: first and second end pl ates
(2.6, 34) disposed about a driven shaft, said driven shaft rotating
about a rotational axis (28) and said first and second end pl ates

(26, 34) axially spaced from one anot her a plurality of axially
extending pins (16) connecting said first and second end plates (26,
34); a first friction plate (18) coupled to said driven shaft

for rotation therew th_and iall vabl.e rel at.i ve t aid driven
sharts oo 2ecH PrRke: SIORIoY TR Colidan ook 3TEP o aYES b
pi ns (16) candmhi xed) agai Astpsoddtton Selatduwaat-el lyaod peysathay 8f1 of
pins (16), but axially novable relative to said plurality of pins
(16), sai d2<8cBAETRHFEYi Oh PHag e“(écr) defining a fluid jacket (70)
configured for passage of a fluid, a pressure plate (38)
configured for selective novenent in a first axial direction towards
said first and3segbadbfaket idh prlatexrimd,, foythgwd cornriiaéner azegeond

by: ELEShn SYPPPr & Da1d! & gi !
outmardlysgPpgr?irst p?nvogpsérﬁﬂt ura |tf’095%?§sg{%g g%dgsg?ﬁond
second frpdni of phatepl{@031atd 6§ xeichat (Ifd)r sindasdisecendnénfisitoisai d
first and_secon d_pl.ates (26 4 respectively. . 2. .The
br ake (107 18ECN A0 In PRnST R i 5 475 G b aRssIE EBfSmio 2355 618t
di sposed waddaklhyseouanar séyood éesoidtass alde, 03430 dephuraliirbyyof
pins (16).
4. The brake (10} of claim 3, further comprising a first
guard (24} connected to said first and second support columns
{22}, said first guard (24) disposed circumferentially between

said first and second support columns (22).

5. The brake ({(10) of claim 4 wherein each of said first
and second support columns (22) includes an axially extending
groove (B84, B86) at one circumferential end, said axially
ending grooves (84, 86) of said first and second support
columns (22) copening towards one another and configured to
receive opposite circumferential ends of said first guard

(24).

6. The brake (10) of claim 4 wherein said first guard

(24) 1s ventilated.
7. The brake (10) of claim 3 wherein said second support

column {(22) 1is circumferentially spaced from said first

support column (22).
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3. The brake (10) of claim1, further conprising a second support
columm (22) disposed radially outwardly of a second pin of said
plurality of pins (16) and said second friction plate (20) and fi xed
at first and second ends to said first said first and second end

pl ates (26, 34), respectively. 4. The brake (10) of claim 3,
further conprising a first guard (24) connected to said first and
second support ) i defir u ISP
circunferentia?ly ﬁ§?§£é%gs }ﬁﬁfgk .L%%%9%§%%h%%§%gg0§tggggt SuP?%ﬁS
5. The brakéu@hO)20f tkaanuAiwdey estriesaireaf said first and second
support columms (22) includes an axially extending groove (84, 86) at
one circunferential end, said axially ending grooves (84, 86) of said
first and secomnd $H§pﬁfék§0w®m$oﬁ 22)z iopenivie leawalisds doRe ranokhgpoand
configured to recelve opposite circunferential ends of said first
guard (24polumn (22¢, dmgén%? akerFATHS off 0l &' rRReréily $BFETH| pige of
guard (24Ea18 ¥§nglgﬁﬁgort columJ :ﬂhecgﬁﬁﬁ%u&%%)t%frghéhqb3s$@§re'n
sai d second support co I'S C|rcunferent|a 'y spaced from said
first suppérstcpiomilép2and Sald secq@id T dirigke pLe@r é£0¢laim 1
wherein said first support colum (22) is a unitary structure.

9. The brake (10) of claim1l wherein said first support colum (22)
defines a recess.(8R¢ bnaker atbpldy dinar d sindaredh saiid first support

colum (22) _confi e D rec ve said first pin 6) and said second
Friotton pPacan sap) Get el T8l 25 Sl mad i P pt dhar it Endhad e s
said fi rsttesuppgntcgﬂty uréﬂﬁo defddiese fidstleran® ¥e6QRE axkal F¥rst ang
extending bores (88, 92) configured to receive fasteners fixing said

first andS€6eBAdCBABSOBFSaRT de?fstS@RP&&r {COdEPENT 222§ Ot 5248 BLFFE st

and secongngngegbﬁgeén&gglaggg (26, 34).11. The brake (10) of claim1l
further conprising third and fourth frlctlon pl ates (20) coupled to

said plurality of pins (16) and fixed agai nst rotatlon relative to

said plurality.of S rel 0_saj d.
plurality of pﬁgs ?&% b£%§%d ?ﬁ rgﬁgﬁgi¥ourth EP@ igébﬁﬁa%lna E%}rd
defini ng &hdi dohackefsi¢7O)n cold iegur € )f aroypdssiage ehisapduthlidy of

wh d d f t | 1 20 di d t
il endPonssdra) pates t10) SSEHTP MG Tt POR (VR E5( 201 0i 8

di sposed pwﬂarmt;? anophes axépl wnd Hfi=Saiyd rrake e 1@) a8Rdesabdsaid
fourth friction E at e(20) |s di sposed internedi ate said second and

third fri @th_éﬁlﬁ ¥t o5 P20y, (58 d SEDAdinthiand dedrtBufthcEiprt Pbates
plates (2QpoihdaRkkgahgi P1GORNS{LMUEd ON70) configured for passage of

said fluid

wherein said second friction plate (20) is disposed
proximate one axial end ©of said brake (10), said third
friction plate (20) is disposed proximate another axial end of
said brake (10) and said fourth friction plate (20} is disposed
intermediate said second and third friction plates (20), said
second, third and fourth friction plates (20} identical in

construction.
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12. The brake (10) of claim11, further conprising one or nore further
support colums which with the first support colum forma plurality
of support columms, each support column of said plurality support
colums (22) disposed radially outwardly of a correspondi ng pin of
said plurality of pins (16) and said second friction plate (2) and
fixed at first and second ends to said first and second end pl ates

(26, 34), reSPQQtiV?h¥-brake (1dB3-ofThe Phake EL@knek ebab®idZng one or
further conprising a plurality of guards (24), each guard (24)

di sposed ®pPreuffieEeati alpyobet oRBHN Bt icohmddtedheolirW6 SUPPOFE
| id pl ' f
col ums (%%ZLP% %Mlg %@mytga%ﬁw&tc%qmﬁs, ( %:hoFagg?gbe

brake (10) of clarm erein port col um

pl uralitycoflusappbr satdl phmsal ey udgpditr stolamdssd@@nddagpabes

ext endi ng_gr.ooves (84, 8 | ocat ed at opposite circunferential ends

of said SafortLiornietaly SEA do TR A y ek Pinarng b B5etrt gt
configuredihe neecei ¥edasgid csvdef@ntdiadt iemd pafateng 20f agdi dipkdratity
of guards and said second axially exIendin% groove (86) configured to
recei ve aféfPEuffer BREPRF BHE ofC atfothdri st €& SErardl FRY Bfagar 6<°-
15. The b@q?g €dQhepfigbaim 12 wherein each support colum of said

plurality of support columms (22) defines a recess (82) on a radially
inward side of said support colum configured to receive a

correspondi ng E%” Obn83), 82 P Uf Py tyr of1 Pis o 1) 2R S AL SEEORY a
friction plate (20).
plurality of guards (24), each guard (24) disposed
circumferentially between, and connected to, two support

columns (22) of said plurality of support columns.

14. The brake (10) of claim 13 wherein each support
column (22) of said plurality of support columns includes
first and second axially extending grooves (84, 86) located at
opposite circumferential ends of said support column (22},
said first axially extending groove (84) configured to receive
a circumferential end cf one of said plurality of guards and
said second axially extending groove (86) configured to
receive a circumferential end of another of said plurality of

guards.

15. The brake (10) of claim 12 wherein each support
column of said plurality of support columns (22) defines a
recess (82) on a radially inward side of said support column
configured to receive a corresponding pin of said plurality of

pins (16) and said second friction plate (20).
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