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WD 2008/ 002380 PCT/ US2007/ 013227 PASSI VE CONDUCTI VE
COOLI NG MODULE FI ELD OF THE | NVENTI ON Thi s invention
wo edoanessgeneral |y to ruggedi zed el ectroni ¢ eqpCpPUBII7/013227
and nore 5 particularly to ruggedi zed el ectronic
assenbl i es using conduction cooling. BACKGROUND OF
THE | NVENTI ON To prevent el ectronic equi pnent from
over heating, there are many existing nmethods to help
control thermal managenent. The sinplest is allow ng
abundant 10PASSIVEWONDUMITVE COQLNGISODUIE cool
el ectronic cards directly by convection. In
envi ronnents where convection is inpossible or

FIBRDAaOF meat INVediMotnal cards may be built on a
thermal ly conductive frang so that heat is conducted

away FH®HveRtoR Frlates gapsratie i sugesdizsd elsciiopiy ¢yupment and more

pRARBRIE, tolrﬁg%eeﬁiear@emf@as@émw@sf Bhe ERRGAEE BbolirtP aY
cooling may be used to bathe circuit cards directly in

a liquid coolant. In sone 15 systens, a heat sink or

I%Ah(gkg}?d?/gglgféphﬂqg RA{GRGPERY | S attached directly to

the el ectronic conponent that generates o
t he Hemprevenieeleetoonic squipoesmbifices oves beding dlere arhienany existing

' | C el eghi of s
lARTR RO UhaF Pl Rbentb. Mk B0 LRI ne abundan
aftflopr Buesglonscand dhassiscto toaacldsrafi¢ eardsvdiredtiyche @onvegtion. In
| ev af .processjn [ equire. o . . .
eh ety S S ElnesSble orilhdliog) uiigphpapds may be
bhiladn al thermalbe caduegve ifiraaieess thag hyatdis fdondudted tavay from the card

BRSP4 9, ST b PSR Gmgomons, oy
cdﬁﬁﬂg %mye bé JleékS &0 G‘ﬁmﬁ Eiréufit! chrde _&lif%ﬂ?' hiat a dfqu@h cbalalit. In some
t he physica) . ruggedi zat.i requi red for use, in a
SHHiFRbe beab APk s M-C%@éﬁigﬁt ciehanger i iaghed digectiidp i body of
i Gl EIHIE SoboRdif Bt GEkdrRikE fle heat MMARY OF THE
I NVENTI ON I n" accordance with the present invention, a

cooling nodule includes a thermally conductive pl ate,

bl i ' .
“he, SR RRREIRY Bl SAStll f FRhpf Bl of bos
rejpetiarh ant ethempfial t endgeavtaidr  GAdiSe(epnumercid| efffdibe shelfyncomputer
pgcgﬁfeg%gﬁgnﬁték%it' CRESSIRT HBE ik sidp016RAULE pRRALASRE AWer, but

require correspondingly larger power inputs and produce more heat. It is becoming

increasingly difficult to properly cool these cards, especially in compact installations
or in adverse environment. It is desirable to use COTS circuit cards that often lack
the physical ruggedization required for use in a military environment as well as

manage the thermal challenges of modern equipment.

SUMMARY OF THE INVENTION

In accordance with the present invention, a cooling module includes a
thermally conductive plate, a bladder disposed on at least one side of the plate, the
bladder have a chamber, and fluid disposed in the chamber of the bladder wherein the
bladder in an inflated state impresses the cooling module against an adjacent
electronic circuit card. With such an arrangement, the cooling module is forcibly

pressed against adjacent electronic circuit card providing increased physical stability
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electronic circuit card. Wth such an arrangenent, the
cooling nodule is forcibly pressed against adjacent
WE@k@so380 c circuit card providing increased phgEUSZNT/013227
stability 1 WO 2008/ 002380 PCT/US2007/013227 to the
electronic circuit card as well as provide a cooling
mechani smfor the circuit card. In accordance with
the present invention, a cooling nodul e adapted to fit
5 between two rack nmounted el ectronic assenblies
tq thelelpsgronic ¢itritraard gs wollds pravide prenling medlianiiie for the circuit
cHiysposed on one side of the plate, the bladder having
an inflated state and a deflated state, the bl adder
havi ng a chanber with fluid disposed in the chanber

The frSrQtite vl Y- BRAPGLARA ABRES riculy “Fpfat gt

bdten miatmgownadi elbarotio as@itlieciheides otmerﬁmangs&em{weqﬂate a bladder

di tl ctiQn 0 the bl adder jn an
SRR o IR0 8 R b PRt it ing iEHed shyB Pnd o doflated
sﬁafaae thed lﬂﬁdide@ mnhﬁlngaﬁﬂﬁ{ﬁliei' 85tht fuig Hikpbﬁk&l iadHé th&afiBdr and radiative
bilit ai nst, vi brat.i.on. ch an arrangerrent

iR A ppidor SLGRAT® Fide SR blat AP AL 1B ApAgan alttiow
mlelo‘éﬁhﬁé mtRule BToBI SléétEthic hskaadlids AaRbitBNbRBéhvection when

tgekilonal resi stant .to shock and vibration to the
deg i an lrglaéféfmﬁqeé@mefsesshp Epo B@@Rﬂwa@m@;ﬂrvﬁ@cmm
a@%‘ﬁh% Qlcfe%rdﬁﬁiﬂnﬁgstﬁﬁiﬁEW£g'ﬁlsQfVlﬂrQﬁ&1 'Wi{? 'QHIP{ih aif@ngement,

as the invention itselT, nor e
a@dia@msltceebng isarpvided ﬁ@thecﬁlmﬁ@nmembwm well euhprowde
i [

R8Pt A otk b 88 i 9 Y st
assemblies. card according to the invention; FIG 2 is an

i sonetric view of a cooling card accordlng to the

invention; FIG 3 is an isonetric view of an
BRIEE DESCREPHODO OFEHE DRAWVBYGSi ng card according to

l.an vi ew. of .one S|de

the i t |G 3A.Js. .
Lo aBSEPidsSie tbartipsdh il BBl 4 Wl B el ilelf; may be
mdrafidhrdidegstdal frb the ¥elldwiap description of the drawmgs in which:

FIG. 1 is an isometric view of an electronic system with a cooling card and a

COTS circuit card according to the invention;

FIG. 2 is an isometric view of a cooling card according to the invention;

FIG. 3 is an isometric view of an alternative embodiment of a cooling card
according to the invention;

FIG. 3A is a plan view of one side of the cooling plate used in the cooling card
of Fig. 3 according to the invention;

FIG. 3B is a cut away view of the cooling plate used in the cooling card of
Fig. 3 according to the invention; and

FIG. 4 is an isometric view of a cooling card used in a rack mount that would

be disposed between two rack mounted devices according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to FIG. 1, an electronic assembly 100 is shown to include a cooling

module 10 (sometimes also referred to as a cooling card) and a circuit card 20
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FIG 3B is a cut away view of the cooling plate used

in the cooling card of Fig. 3 according to the
WO noosf033em; and FIG 4 is an isonetric view of PET/US2007/013227

cooling card used in a rack nmount that would be

di sposed between two rack nounted devices according to

the i nvention. 30 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Referring nowto FIG 1, an electronic

assenmbly 100 is shown to include a cooling nodule 10
d(@emﬁ ofies cdhdactical essled dhassis 38. ddel codingand)dutendOaincludes a

et bl 81 e i PR SR AR ) Yol 306 a thermally

c@@aidung prardulde AQidcaitlcactes0 & difsb@sedhiem b addelind thodule 10 with

filled with ermal |y con uctiv cool ant .

g G e PEHeED R ) Begpieles 207 This Herghgemmapibrovides a
tetBnighiedios OO HAL m@gﬂ-pb‘&el&cﬁ‘ﬁﬁ’t cirds M dIbendiRtivhicboletihgssembly as
CII‘CUIt card 20 t ween,.two cool.i ng nmpdul

ta ],t e ear ?ttlé)gt;fm ’a{qé: Gt capsls IIZ oqu lbe noted that

ik QQCIHQW albw§ Yot adRfudfe Edblig C@F‘dﬁhﬁbﬂﬂi&dcegfl%dcucult cards in a
assenbly as well as_praqvide addl ti onal %ngdl zation

raggedized ef theapmplly hallenging cHyliPRMBRY. 6t dwilitay envitepgent.  The
cf)@l‘\ngg' b4kde1 RLAPYE of UunfRPIEAHGhEORIs RS Qfsnfgmgt ﬁﬂ &t electronics

circulrt cards in a ruggedi zed or thermall

chissid ¥hgilThe ceoling madelator cardel0 has 3 PWC‘@WP@Iﬁﬂ@ﬂﬁte or frame 14
fgﬁ?ans‘f&ginﬁr}% ‘g{ ﬂllt ﬁ)@{b aBsis. I BATY md% 8&"‘1&5 Bah fd %és a flexible

0 a SI el ectroni cs assl s
bledeer dal ﬁliugl mothué ethmnaila(r ebntlQctiness liquicloprhbatti oAftepdheedard 10 is

lgsﬁgﬁeg %ﬁggsglsdbe agl‘?l (#o gd 2%?\% 1&18 %%gs gO, the bladders

afd iﬁﬂabelcbsuchl thatdbey aiz 1fn| donexatt wiithnthe thdramahabinponents of the adjacent
conductj v, I'qU|d 00l ter the

FREE Pl Ty I PheefingBr dianil Se0m RS a7 apporbs thermal

eﬁbh@@tﬂ)ﬁ&brﬁﬁmﬁaﬁ tion? the ddjscht arﬂdﬁf sardanre, amd trahsfersttiatenergy to
that they are in act wj e the ent.s -

tof, SeormAL TR A USOHE FHY - ARHHL 05 GOOIE GRURIE g WiiFl in tum

thahSi<] tﬁ@fﬂeaf”to ithe tdMAsdRS @d)derﬁlelzhﬁd@i%%@sprbbﬁleﬁﬁks own cooling
ener gy b¥) conducti on fromthe adj acent_circuit cards
F

meshagism. beyend bescoprel Bieinygrien. Inrddition ipprovpding cqoling, the
ifakd ecomlad&é}ﬁ dl?r" GRRVicRY P ddOT Slglrcﬁfi'ﬂ' @a'i‘dé 20, providing

turn transfers heat to the chassis 30.
indreased splnGiqat @tqb@letg ituggegdigationoppdh gesistance to shock and vibration.

Another embodiment of the invention as described in connection with Fig. 3 allows

the coolant of a liquid-cooled chassis to circulate within the "dummy" card or cooling

module 10, reducing the need for conductive cooling of a thermal frame.

It should now be appreciated that commercial of the shelf circuit cards can be
used in a ruggedized system using such a technique. The latter can be used with a
closed-system liquid cooling environment and is a solution for any chassis-mounted
electronics. It provides full-face cooling of another card, including a COTS card
designed for simple convection cooling. It is removable, reusable cooling that is not
dependent on the type of card being cooled and as described it provides structural
stability to adjacent cards. It requires no modifications to COTS circuit cards in

rugged systems and is fully compatible with typical conduction-cooled chassis.
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mechani sm beyond the scope of this invention. In

addition to providing cooling, the 20 infl ated cool ant
whbadae3so 12 "sandwi ch" the COTS circuit car dsP@DUS2007/013227

providing increased physical stability,

ruggedi zati on, and resistance to shock and vi bration.

Anot her enbodi nent of the invention as described in

connection with Fig. 3 allows the coolant of a

l'i qui d-cool ed chassis to circulate within the "dunmy"”

card or cooling nodule 10, reducing t he need for

con I 0 r R ﬁ\ﬁ] a0ul .
now%g%%%rlg(g‘gé Gf %a? r%:ljc;)r%m“rer cll g]ﬁ%{?e e é%g?@ﬁg m%dme 10 1s
shewnc UThe caad (ftanmam I’ue:ludsseﬂemral alam@glaﬂjtczeldxmxymb ewpling module
u echn |atter can b Wi
10078, 0 S8 cad I B0en 1260 3ok HBniie Foiebly Sodlant bag
dispokett oo ithd card &amecwam}mwm uhé ecblant eagtwiaps amunkltthe edge 13 of

ndeisine - 5be B0 By 1P aplun i toaror e tes s pdeRpmodte

thd coblant ®apYahl &,deflatesiatlode C iftdrnald rdtiatioh S‘métm*amsm contracts the

eﬂggg% 8{’3’ rtﬁ}q’g\‘/t c&q{%&ﬁqe' ng)( filg%gg%sat e coohng card 10

is aﬂhea@s Nbetwaéd] swo |cﬁrchﬁ°dékdl£$.0 norlﬁ@dhzfslsﬁaéd&fl%lit@ dolpresses the
circuit cards in ecéqmt systens and i s

coe@ﬁbh%g (hieddgr 4R) o5 frecentedaadé of & 59 |18dv18ﬁlasrsﬂa§es the bladder
12% #a0 &/ lﬁgze%&%n%éif %@2@1@ 7&%3&28@ RefBEds! Sthe ¥chi® cards 20. It

2, a nore detailed figure of the cooling nodul e
shf_midu be appsogiated wlaat the alqdriarrrmax beifabriepteds fromeammpurgtaseyssistant

[ h
s ki ot G0y OO Mo e ot
the)blgdder 1A egudascanyoeolant mageriad ifaluding m nmt ﬂh@mﬁ t he
cool ant bag waps around the edge 13 of the card frame
14. The card frane 14 includes a chanfered edge 1

ac c dhefsEErZEnoY R FIG O, apalismative gmbodivagnd of dx%wémg module 10
is 'sﬂct)\%‘ﬁ N ﬂh@teh%hhﬁéht"&@é&mﬁ@ ﬁeam@afd Slstlhs‘am %%dﬁéed with a

to allow renoval of circuit cards fromt
coehagﬁpmngm@tmﬁhﬁ garddrame 4 linslusiﬂﬁsénen@d (ﬂ@mm é&’ toygdamp the

I: ' s I &:C > s
coB B a2 04e SHIGEARSH! B BRI, Sp SRR Gar 12 i
digpos¢chen eachdside oﬁ,l.hedhamqﬂnam ist hsrbice dnksmtedl_ﬁoblmetr lsadlant bag
gt h K f. 0
g5 30 A" Do), 368 Uy Bl S SRR ramr
edgdd 6blt@ddemmegatbahé adolantbayiof bladdemi2’pdncealamt inlet port 17 is

prov1aec§ as shown and a coolant outlet port 19 is disposed on the underside of the

frame 14°. A surface mount liquid crystal thermometer 15 is provided as shown. In
operation, the coolant inflow inflates the bladder 12* and bladder 12° makes physical
contact with the adjacent circuit cards. The coolant flowing system delivers coolant
to the inlet port 17 and accepts flow from the outlet port 19. In a deflated mode, the

bladder 12’ is retracted to allow removal of circuit cards 20 from the chassis.

Referring now to FIGs 3A and 3B, the frame 14° behind the bladder 12’ is
shown in FIG. 3A and a cut away view of the frame 14’ is shown in FIG. 3B. The
inlet port 17 is connected to coolant supply channels 25 which are connected to
coolant injection ports 23, here having four in number. The outlet port 19 is

connected to coolant recovery channels 27 which are connected to coolant recovery
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and heat capable material such as a polymer or silicon

material. The fluid |ocated in the bl adder 12 can be
wapysoasB@ant nmaterial including an inert fl uorP@BEUSHB7/013227

Referring nowto FIG 3, an alternative enbodi nent of

the cooling nodule 10" is shown. In this enbodi nent,

the cooling nodule 10" is neant to be used with a

cool ant flow ng system The card frane 14" includes

thermal clanps 18 to clanmp the cooling nodule 10" to
pdrie2 LRSS havid@. eight ih musnterb odiprssire rabefSedad 29 §s provided at the

bl.adder. 12 20 dj spase onech ide of the fr
copt et Bom 13, ARG S0F STSHIO OB AHEMAGHEr coolant to
theiiSIeOF6HE 19Ank RBcdpd HoWIfEoiR ﬂie40utws pshavn. The card

frame 14' includes a chanfered edge 16" to

accommodat e the cool ant bag or bl adder 12'. A cool ant

i nl ekeﬁ%h% héw t8 FIG! @Véxﬁﬁ%rﬁa%\%fh@ﬂﬁbd@rﬁgm%%oﬁﬁ module 40 is
out | et |sposed on the undersi de of

shovayd he 4;oolmg mdfllfc@ inslwdes piflguible blagderA2 filled Yﬂihéh@‘mally
cqlﬁui;év@ﬁ&w A Rant A ¢ epngy e&fdgagwg} td B ¢ ﬁ%adg@mne
I nf an 12

ow i nflates the bl ad er

sige 9§ﬂ1¢a:ondu@meadate\m4t # ptwf@htmf sediativecfinedf areglisnbsed Thehown.

Dfégg%&fﬁiv C E eﬁ%l of ﬁﬁ‘i 1g9.g|u tow §h901§d1% Rflﬁﬁlonally
a ﬂblhﬂtty of fansdii) arg Imu:ludrldatddmvwiﬂé 'alrlfk)w everra;hd: edlidtovedinsol6. This

| 9, d he ch
R ' Sl B st B DR i fgoni
as&hﬁbﬁésaﬁdﬁ)bl e eld:cﬁronﬂi’h?ﬁﬁﬁnbl’ied:dlﬁctl?/hyamdva:tfdﬂ a:ﬂmllyeri the
nle

RS if pn ated ST igtbrodsS BbreRAling masile Abmingt dicelodonic

assbinBliesioSpre ¢ide ediRidnhistai B/ aainst HibegionOn ports 23,
here having four in nunber. The outlet port 19 is

connected to cool ant recovery channels 27 which are

CONNEGl R ddGe 00l Aifout SMY8IentdolBe FARHIAZRHould now be

PCT/ US2007/ 013227 ports 21, here having ei gh
anpueieted that greesking madale ascording to the preseptripven inn iaclodnga

th ﬁﬁ&@éoﬂﬁkﬁ@%@fﬁr b bia%dep‘ﬁlspgs%ﬁrdnb.ﬁ %zﬁ{ o ?989 b tplz_)[t% the

owm'ng syste Ivers cootant to
bladdir dave pichambenyahd Suid ﬁispwﬂllethmbmof &emézﬁchier i Fhg

c&(ﬁgg odjﬁeﬁna% mﬂﬂd@gbﬁﬁﬂ&t M‘?xeea o?gélqﬁp{h‘?g)la&le? 93%11- ed

i ncl udes
arblmekatobwd bf thetgdate Athetdih itiedblaiddr it hdaptead toyinflate when a cover is

pressed against the portion of the bladder wrapped around the end of the plate. Itis

desirable for the fluid to have a high thermal conductivity characteristic. Furthermore,
the thermally conductive plate includes a plurality of apertures disposed through the
plate allowing fluid to pass from a portion of the bladder on one side of the plate to a
portion of the bladder on the other side of the plate. The cooling module is adapted to
fit between two electronic assemblies and when the bladder in an inflated state, the
cooling module is impressed against the electronic assemblies to provide additional

stability against vibration.

Having described the preferred embodiments of the invention, it will now
become apparent to one of ordinary skill in the art that other embodiments

incorporating their concepts may be used. It is felt therefore that these embodiments

5



conductive fluid (i.e. coolant) and a thermally

conductive plate 44. On an opposite side of the
w@omndue3sve plate 44, a plurality of radiati veP€T/nS2046013227

are di sposed as shown. D sposed over the plurality of

radi ative fins 46 is an airfl ow shroud 48.

Additionally 10 a plurality of fans 50 are included to

provide air flow over the radiative fins 46. This

enbodi ment is a cooling nodul e adapted to fit between
shondd nacke himitedad discdoded amitodimensts ok ratbert shoulbbe tihsted only by

elqurogic assﬁaplies thc gy by convection and when
ﬂFﬁ?ltﬁp PGPS PhSAPPHISa e St at e i npresses the

cool i ng- nodul e agai nst the electronic assenblies to
provige add#}io al stability against vibration. 15
Haviwgmﬁé§8 Pﬁgguwarious enbodi ments of the invention,
it should now be appreciated that a cooling nodul e
according to the present invention includes a
thermal |y conductive plate, a bladder disposed on at

| east one side of the plate, the bladder have a
chanber; and fluid disposed in the chanber of the

bl adder. The 20 cooling nodul e may include a bl adder
where a portion of the bladder is wapped around an
end of the plate wherein the bladder is adapted to
inflate when a cover is pressed against the portion
of the bl adder wapped around the end of the plate. It
Is desirable for the fluid to have a high thermal
conductivity characteristic. Furthernore, the
thermally conductive plate includes a plurality of
apertures disposed through the 25 plate allowing fluid
to pass froma portion of the bladder on one side of
the plate to a portion of the bladder on the other
side of the plate. The cooling nodule is adapted to
fit between two el ectronic assenblies and when the

bl adder in an inflated state, the cooling nodule is

i npressed agai nst the electronic assenblies to provide
additional stability against vibration. 30 Having
descri bed the preferred enbodi nents of the invention,
it will now becone apparent to one of ordinary skill
in the art that other enbodinents incorporating their
concepts may be used. It is felt therefore that these
enbodi nents 5
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WO 2008/ 002380 PCT/ US2007/013227 shoul d not be
limted to disclosed enbodi nents but rather should be

wo povsiedsonl y by the spirit and scope of the e@pesmedo13227
clainms. What is clained is: 5 6 WO 2008/ 002380
PCT/ US2007/ 013227 Cains 1 1. A cooling nodul e
conprising: 2 a thermally conductive plate; 3 a
bl adder di sposed on at |east one side of the plate,

t he bl adder have a 4 chanber; and 5 fluid disposed in
Cidivaschanber of the bladder. 1 2. The cooling nodul e as
recited in Caim1l wherein the bl adder conprises a 2
portion wapped around an end of the plate wherein the

1.bl addetodlinganedile domprising ate 3 when a cover is

~pressed against .the portion of the bladder wapped
arouﬁgh"t'ﬂ%ﬁgr?ang‘l’wv& #& plate. 1 3. The cooling

mod uh ®lasler @6pdRd dnut @3t Helsidd 6 BleplitBahé bldddelidsetn
hi h thermal 2 conductivity characteristic. 1 4. The

dypdul e as recited in Claim2 wherein the

bl adﬁa{dm SHedRp BRCHAMbEr 8RR blARr.0f the plate with
the porti on wr apped around the end of the plate and

having 3 a continuous chanber. 1 5. The cooling

2mdulge %oﬁﬁ%'rﬁf‘(ﬁﬂé s Cbated th %el '%vﬁeli‘&nttﬁg WiZddeY comprises a
“conducti ve te cor;prl ses luralift aperture

mlgpmnpwdmmgﬁ anrradfzthe plate whenfgnfth@ bédtier isdgpied to inflate
wfxér? H‘c@v&D{ngrQ%F&’ tfaﬁ%lﬁgtl tg(é:j ggnq:ﬁ)rn @fnthg ?) ?ﬁ/ﬂlﬁ;{pehg@ lBdeaﬁng end of

ort 4 on
ﬂllehnéatpl ate. 1 6. The cooling nodule as recited in Claim
1 wherein the bl adder conprises a 2 puncture
resi stant pol yner. :
3. The cooling module as recited in Claim 1 wherein the fluid has a high thermal

conductivity characteristic.

4, The cooling module as recited in Claim 2 wherein the bladder is disposed on
each side of the plate with the portion wrapped around the end of the plate and having

a continuous chamber.

5. The cooling module as recited in Claim 4 wherein the thermally conductive
plate comprises a plurality of apertures disposed through the plate allowing fluid to
pass from a portion of the bladder on one side of the plate to a portion of the bladder
on the other side of the plate.

6. The cooling module as recited in Claim 1 wherein the bladder comprises a

puncture resistant polymer.

7. The cooling module as recited in Claim 1 wherein each side of the plate
includes a bladder and the thermally conductive plate comprises a plurality of
apertures disposed through the plate allowing fluid to pass from the bladder on one
side of the plate to the bladder on the other side of the plate.
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1 7. The cooling nodule as recited in Caim1l wherein
each side of the plate 2 includes a bladder and the
W b@soed3By conductive plate conprises a pl ural P€TUSI008013227
apertures disposed through the plate allowing fluid to
pass fromthe bl adder on one 4 side of the plate to
the bl adder on the other side of the plate. 7 WO
2008/ 002380 PCT/ US2007/ 013227 1 8. The cooling nodul e
as recited in CQaim7 wherein the thermally conductive
8.2 . P L’ghe cG?liﬂyhﬂnSglﬁleﬁ rédifedtin Obaim gm&gﬁ ack therrﬁahﬂfl conductive
chanber . of t adder on.one si.de.an 3.an outlet .
PIA5GOmESiSHe 2 Gk BT FRANERHHER Frecshampber Bf e Aladdsrop e side and

arS @@ Pofti dAnédteOW e charthbet of thebRAder dif ®&sacorDEidS A/ wing
source through the bl addz;u on one side of the plate io
flujdite pagy @ ierpalsograsdhrasighdhe bladder an opesideotfhe plate to

th® BlRIdRAbn BRLEAEr side 8f thEMPats BDhh egemaﬂgﬁlﬁc@ss recited in

Claim1 wherein the cooling nodule is 2 adapted to
fit between two chassis nmounted el ectronic assenblies

g.and yhe @o&lzifﬁ oRiRALSEcitel i T1AR] | AHReLis iRl &olikg module is

cool ing no e is inpressed against_the electronic

adaptasip|titdstwesndineshassismeountedeg ctronigmssembliespadrsien the
[ 2 .

i dh o8 Eptded ot BORRIE O3 RATRRDS Y apic i B ronic
asveniblies Wi wpvikledddifioasletability dgainst vibnatiasl ect r oni c

circuit 4 card, the cooling nodule conprising: 5 a

thermal |y conductive plate; 6 a bladder disposed on at
10.eas Ancappasatubecopbpritimeg: pl at e, t he bl adder have a 7

chanber ; and | ui d.di sposed in the chanber of the

bl adﬁ&%@???‘?ﬁ?ﬂ’é’ %’i"é{%&s’r‘fi nan 9 inflated state

conpaeiesst vnk keokigwinodglerdishdsed adjateis tt lehst ople@bdctronicceircuit
cagig,[dxﬁu” 10 card, 1 11, ,The apparatus as recited in

FrcolRhBodRle comPrisingider conprises a portion 2

wr apped amn%a@?@aduafvetﬂ}aepl ate wherein the bl adder
Is adapted to inflate when a 3 cover iséﬁresse

agai nst t Blader Filkﬁ?oﬁﬁd Rt leash are sidgPERIS atﬁ*%‘ﬁ%éadldﬁéhave a
cifitbe?d artdhe -
fluid disposed in the chamber of the bladder wherein the bladder in an
inflated state compresses the cooling module against the electronic circuit

card.

11. The apparatus as recited in Claim 10 wherein the bladder comprises a portion
wrapped around an end of the plate wherein the bladder is adapted to inflate when a
cover is pressed against the portion of the bladder wrapped around the end of the

plate.

12. The apparatus as recited in Claim 10 wherein the bladder comprises a portion
wrapped around an end of the plate wherein the bladder is adapted to inflate when
pressure is applied against the portion of the bladder wrapped around the end of the
plate.
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4 plate. 1 12. The apparatus as recited in Caim10
wherein the bl adder conprises a portion 2 w apped

wae@ana3an end of the plate wherein the bl addePCT/8S2007/013227

adapted to inflate when 3 pressure is applied against
the portion of the bl adder wapped around the end of

the 4 plate. 8 WD 2008/ 002380 PCT/ US2007/013227 1

13. The apparatus as recited in Caim1ll wherein a

bl adder is disposed on both 2 sides of the plate and

18he tTierapphtayuscasndeitdd meClpinafl @ vdeenginiaddsdder jd dispdsed yn both

of apertuyres di,sposed through the plate allow.

sRes B Hecp S and A IRBRAE consi Rt plel wihndties RSB ot ppertures
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ot her side of the te. : e appar,at a

Sile ot taSIPiRfe (& LRk oR s FHieE o IhciaBE: side of Sdgs: on

each 2 side of the plate and the thermally conductive

plate _conprises a plurality of apertures 3. disposed

1thr olidie apparabisasaesitedoip; (gio |1 Qiwherein gldadder isdipprsed on each

stlleHIRE pRAk AREhS iKenRily BRdudtive |f?fft€ cbRphif& ab;!»lﬁ(siﬂiﬁ* oPfpertures
the other side of the plate. 1 15. A cool |&q§rm)du e. :
dispaprdidreughrthe plate aldewing fbid feRassdinm ehe ipdderopging side of the
[ | SiBg- I 'y conductive plate;

p?iﬁiﬁﬁl‘lg g&g%%igﬁ&oﬁé%ﬁg&gﬁ;égaof the plate, the

bl adder having an inflated state 5 and a defl ated

tate r ' ' i
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asyepidics eomipdsingf t he plate adapted to receive 7

abundant ai.rfl ow thro _.the cooling nodule to cool

el ecta?tgﬁ%al s%oél\r%ﬁ“ées&g{érectly by 8 convection

wher ai bladdee dispasketeon bme side bfitHegilstd, the dleldenpadng as irfhied state

| | dul e 9 inst th t roni l.ies t
a7 B el a3l ive pepadper he B ARPRGA in the giamber;
The gadibtitgfif®dishesedSon RCopipoditd KdClofthy pltedapred % Rgeive

cooling fans to faciljtate airflow through the
a %‘Eﬁainﬁﬁirﬁﬁﬂl}h%’ng ghe cooling module to cool e{ectronigc assemblies directly by

convection wherein the bladder in an inflated state impresses the cooling module

against the electronic assemblies to provide additional stability against vibration.

16. The cooling module as recited in Claim 15 comprising:

cooling fans to facilitate airflow through the cooling module.



