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Describes is a aew aad novel approach for cooling
auelear ir.strusentacion oodules via haae conduction.
*e will shew the siapiicicy of liquid coolad erataa and
ease of thersai sanageaent with coaduetion coolad sod-
ales. Vhile this systtoi was developed prlaerily for
the higher =over levels expected with Tastbus elec-
trasics, it has =ar.y general applications.

laua tie bars froac aad rear, tha eattradad plates ae:
both aa tha guide rails for the awdalas aad as heat
conducting aaaifolda.

It has btta the acctptad procedure in tha past to
chili :h* air in rocas containing alaetronlc equlpaeat
ar.d then forca :his cooled air past tha equipnent so b«
cscled. This is "sots a wasteful and an uncoafortabla
s:-«.-«. Va =r*ita: iaio-j a si=?ia aad uacosplicatad

Va viZl cascri:* tha saceanica of a aulticrata
=scular ;a-* ;athari={ systaa -iiizj forcad liqeid soa-
d-j::icR ccolisj. This syssan vas davalepad at 3rook-
havea National Laboratory eo handla tha largar ?o«ar
recuirasaats (1SCO vatts par crata) anticipatad in
"AST3VS cracas. tha syscaa is presently being used in
ar. 3x?eriaes: at 3raoichavas's Alteraatinf Sradiaat
5yr.chrstr9= (ASS) :o tast tha txtaat of tha validity of
tist ;*varsal invariansa.

Tna sasi^a 30a! was :a develop a siapla and cost
«ffactiva system that could easily handla the increased
thermal load axpecsed frcn tha higher power deaslsy
"AST2VS =cdul«j, withcut the drawbacks of large noisy
sir zzalii sysstas. v« «eliev« rhac va have acsoa-
?ii3h*a this.

Zs larger =uiticrate syssass forced liquid cooling
;cr. provid* =srs thar. a zagsitude sreatar :.u: transfer
per surface sr*a thaa dses forced air cooliag. This
:srni:s oae ts cosstruc: a vary coapact coolisg syacaa.
Ty?isail>- a ssnslata ssslisg systav -Jill add 3 M af an
tr.z'r. so tha erica haijhc ** coapared to 12-14 inches
f=r -ir incake/exhaust ?lacuss. Plastic cubing asc a
ssurce of tap water are all that are generally required
'.-. provide efficient cooling.

Many of tha problems associated with moving large
cr.our.es or cool air are elioinated. The use of liquid
ccsiir.g ali=iaatas tha accoustis noise and vibrational
probieas associated vita forced air cooliag faaa. Za a
zars air flow systea sany of tha dust and dirt related
prsblass are also eliainated.

TH£ CUTS

The crate is fabricated froa two heat conducting
vatar csoled sanlfolds. side places, caaparacure oper-
atic flow valve and a printed circuit backplane.

Zach sanifold consists of two identically extruded
iluzir.un ?la:«s. (Saa ?i|ura 1). Tha*a plaeaa ara
alijnas and sechanicaily held ssgecher wish two alua*

««ori ;ar£oraed .sader the auspicaa of tha U.S. Depart-
-tr.t of Zstty/. Contrast :«o. 5S-AC32**SCHSC016.

"igura 1. A water coolad Faathcs Crata

Coolant flowing thru 3/8" co??«r t=bi=; {eacedded
ia the aanifoie} reaoves the heat trsa the crate. Zt*
use of copper tubiag eliminates the need for ia-ionized
water. Tha tubing is pressed isto the axtr^sioss with
a special jig vhich daiar=a tha soft copper ustil it
t«kes tha obrousi shape af tha axtrsded chassel. This
shape vaa chosen to retaia the copper vithis the =aai-
fcls. and ts provide « • " « — surface contact area for
efficient heat craosfer. 3y folding the copper tubi=g
back on itaalf wa can aaincaia a tesperacure differ-
ential of less that - 1'C acrosa the craca.

The side panels are *caaped out af 3.362"" (15.?S
==) flat sheet alualnua stock, tha paaels are ex-
tended in the rear approximately 3.3" (59 =s) se?ons saa
extruded saalfolda to srecact tha backplane asd -jater -
flow valve. Tvo hand grips have bee:*- provides ia. the
rear of tha panels to facilitate easy installation is.
a rack.

The resaladar of tha crata is fabricated uslsg
standard extrusion aad flat acock.

coamtoL
One of the aajor probleas associated -Jit's li?--ii

cooling is tha condensation of jater :n the scolisg
sasifold vheeever rha surrausalai tasptratura fells
below the dew point. To prevent this frsa hapte&lsg
va have chosen to restrict tha flaw si csalar.t ts the
srasa with a ssall sachaaical taspara:-.sa iitiit*; f-ca
valve. The arrangeseat is csapletelv sachaaisal.



The flow concrol valve (Figure 2) Is constructed
using * standard nta.tr or lever operated flow vslv*
and a heat sensitive actuator. The actuator consists
of two "Solar Thrust" theraei elements with a eoanon
ss«s batvees taea. Tat capper senator eleaaacs eon-
taia a sos-tsxie cheaieal which expands when It salts

Figure 6. Shews power for a single aanlfold vs. tea-
perxEure. Crate power levels (2 asnifolds) should be

Figure 2. Flow Central Valves. Shows :-sm. cop ::
'aoccaa is a. rscary concrol valve, a lever operated
central valve and she actuators.

a: a pradetaralsed taeperature. (Tigura 3). this ex-
saaslon stretches A* dltphraja -Aiea pushes atalsst
:'-« caaaon scaa lacreaslnf the ovtirall ienssh of cie
2c;ui=or. The -liniaua travel is 0.75" (1? =x) with
a force of 35 lbs. C16 3Cg). The teoperature eleaaacs
zs& 2* aanufactured with any starting taaperature be-
=v«en 15*C and 120«C.

4

?igure 3.
actuator.

TIMKHATUU
Tesperature-scroke curve a "Solar Thrust"

ZACXSUXE
The fASTSUS baciplaae is c:nstruc:ed as & 3 Isycr

priated circuit board contafaiag signal lises, ?cw«r
busses and ground planes.

The vnloaded sigsai lines appear as as iZ .'aicrs-
icrip. A grausd casaeetles is prsvided at e\>ar? iiitb.
pin on the connector. This provides the low iapariance,
high fraeuency ground recurs path necessary far 3 d
sigsals.

A high quality brush contact type aati^ connector
(130 pin) aanufaetured sy 3endix Slectrisal Ca=ponencs
division was chosen for the backplane. Th* co=aector
has a high currant capaci;? '5 asps :«r :=zract), low
i=sertisn farce asd zclarasce :s alsaligsatr.ts sf
jraater than 2.Q4n Cl = } ia :oth "sorizsstal asd ver-
tical directions.

The high current ssrryiag capacity all:vs the :=taX
paver requiresents far a sodule to be carried iy a.
single pin.* This alisisates the ̂ rcaless assaciated
with current sharisg over sany pias.

OtAT* SKC1TZCX7ZCSS

The crate is 15 W J400 =s) high. 13.3T5*" fic6.7
= ) deep aad accepts a standard 19" rae'x =ounti£f.
Tvasty sodules at a pitch of 3.550" £21.9 =s) cas a*
housed. The casplata :rate vith backplane, copper
tubisg and flow valve veighs 35 lbs '16 3Cj;.

CCZZSG :A ?

~igure -4 is a curve of power versus aaniiold cespera-
:ure. The crate was disassembled and a sisgle sanl-
fold vas tested. The pressure vas 3 ?S1 and :he flow
rate was 1/2 gallon per alsucs. Curva " V is vitheut
a flov control valve. Carve **3" aad "C are vlth the
rotary and lever actuated valves.

Slectronlss coapenents pracuca heat. As the heat
is generated the teeperat-ra af these caspenents fa-
crease. The heat atseepts :a flaw t=r-i asy ;ach it can
fiad. AssuBlsg a constant heat ssurce, =he tesperature
af the cosponests will cantisue :o rise ^atil the rate
of the heat being generated is ec.ua! :s the rate af the
hsac flawing away fro* the :c=?or.»a;s.
steady state heat transfer exists.

At this ;ais

•Oa board switching regulators power canvcrsicn



Has: always flow* ffroa high eaaparaeura araaa ee
Isv tesperscure t:ui. Vhea a sysxee) la la operation,
the •lectrsnic csspsr.enca will generally ba tha hottest
jsit af the svates. Zr :dar co control tba component
;«sp«ratura*. tr.« *-.eac iisv path suss ba controlled.
:f thi* is sec isne properly, :ha cocpoaaat tespera-
tures vill be fsreed to rise ia as attaepc to balaaca
the ;.u: Isad. Eventually tha s«3?«racura say becoae
ss hijfc that tha cospenents vill be destroyed.

Thare art sany technique* presently available to
cptisise these heac flaw pacha, "or low power aodules
a heavy copper ground jUst say be sufficient to re-
-ov« ;h* haat. Moculas tha: dlsaipata =or« powar aay
trar.sfar thair haat fraa tha tap of tha IC's via a
haat ssr.d»ctLi| radUa to a iid« plaea or covar placa.
Still higher povar sodulas say raqulra a haat cesduesinc
la:tite. alusir.va cora print ad circuit boards or haat
;i?*s. Sc=* o: these secheds ara sora practical and
Isss axper.sive th*r. sthars. tha techniques ara le*t te
:he desigr.ers.

Isaadlad with this arrasga

Zach module consists of a .0623" (13.75 as) alua-
ir.<j= csver plate, tvo "T" extrusions, spacers, printed
circuit bsards, vedgir.g aachasisa and froat panel. A
haat :cr.c-_;;ir.g lattice ar.d rear panel ara optional.
rher=al csrtsact is -u=e becveer. tha sodulas sovar plate
ar.a tha cratas csolir.g =ar.irald by actuatiag a top and
bett== vesgir.; =schanis=. (5«e Tijure 5.)

~iS'«re 5. A rastsus conduction casled xoi-jia. The cue
Is ;ranjf«rred frsa the tap of she IC's via a silicas*
rubber sheet to the cover -slate.

wi;h a

?i.£urs 5. detail or wedging sechanisa. Ho:a:l3g the
lacking knob svings cue tiie caxs and forces Che sodule
tightly asainst the crates sanifold.

7h* vec^inj rsechaaisa is an integral part «f tha
tap and bottaa "T* 3xcrusisns, which with the caver
plata :sra the basis sodule. The wad$e consists ef a
srav bar. caa, stop blocks and a captivated nut actua-
tir.s knob. 3y turning the locking inob, the five saa's
rota:a out and force the sodules cover place tishtl?
agair.st the crate's sanifold. This then provides a
hest csscuctir.g path senfeen tha sodula and sraca. 3a-
varsir.; the direction of rotation releases the sodula.

A TYPICAL CCS3l'C7IQS C00LS3 M0D'-1£

?-:̂ ure i shows a typical conduction ceded aodula.
the -cat is transferred from tha cap af tha ZZ't via a
iCcsne rubber sheet (charaal coefficient .304 •> ,01
-^t:s/inch 'C to tha cover placa. Tha silicose nibber
has * law durasetar index (approx. 2C) thus allowing
z:z ilijbc differences ia She heights of the integrated
circuits. Th» *C's ara located between eh* pristec1

circuit board and tha sovar placa/silicsaa rubber
sheet. The axtrusica and spacers caaplaca tha sas4-
uicr. type icracjeaent. Separate seusciaf acrava far
the zsver place and printed circuit board allow oaai to
riaai; the unit withauc iisaaaaavblinf tha entire ao4-
ula. Module power levels of up to -5 vacsa caa be

levels (up to SO watts) can ;e handled.
lattice arrac^caesc. tSee Fitvrc ?). Each 1Z

straddles the lattice. Heat is transferred f;== the
boctea of Ehe incesrated circuits via tha heat catwJuc-
tinj alusinua lattice. Alu=ir.ua rails ara placed as
regular intervals between tha lattice asd csver plate.
These serve the dual purpose af defining the sap be-
tween the printed circuit board asd csver plate asd af
transferring heat to the cover place. Additional heat
paths can be provided by placing siliccse rubber pads
between ehe IC's and cover plate. Cacbinations af the
two proceeding cooling schaaea ara also possible.

Several socules vith power discipaciss levels zacs-
lag between 33 and 33 watts have baea constructec.
Vith tha exception af a thersaseter test aedule, tha
case taeperaturea af the IC's have beea xeeaured with
a teoperacura prabe.

Toe sathod was to tanstnet x power iissipatias pro-
file af each aodule bM*mi upon tha ZC =anufacturers
"worst ease"" poner levels. ?otestial sac spocs were
iefised and a ssail 1/fi" disaster hole was drilled thru
the cover platea directly above each IS ta be aaaaurai.
Tesperacuraa ware saasurad by inserting x isalll tes-
perature probe directly agaiasc the :c cases. Sue
temperatures ranged frox aabient ta 52 *C.



Figure 8 is a junction se*p«ratur« p
ealsed wlch iifty of the ealccer fallows* circuit*
(ICO Ot? packages) constructed on * Tascbus printed
circuit beard. The 75 vect ?oiwc lead w i distributee
evecly becven * U 190 SZt

figure 9 sives the rang* of juaccio* temperature*
fsr three sodule jcver levels 25V, 50» aad 75V. IS*
effects of adjacent aodules is also shown.

rat»re rasge as s. z^zzizz. :z

Figure 7. A Tastbus Conduction Coaled Module with
f h bLattice. The heat is traasferred froa the bottoa of

ths :Cs via :h« haa: =c=iuc=iag lattice. Crass rails
»r* provided :s :raasfar :he heat from she lassice :o
the cover plates.

Ac°diciocai :«ats v«ra perforsed usieg a specially
dasijned therseseter test ssdul*. ?lassic 51? tC
packages sontaisiag transistor arrays and resistor
;asita were configured as esittar followers. 3y cc&-
trslliai the base aad collactsr voltages the pever
dissipation iavel is. the packages oauld b« veil se-
fir.*<i. The ;unctia& tasperacure -.-as i«c»—in«c sy =al-
isratir.g the base-eaittar voltaj* of a separata trass-
istar (located en the sase substrate as the «=i:tc?
follower transistors; as a fuactiea c£ tas;«rafure.

~igure ?. Junction t
total acdule pouer.

ZSSCJiSZSS

Seventeen sonduetiea cooled asdzles and three
vater csoled crates have been constructed. The -zst-
ules co&taised bosh ;ria:cd circuit lavosts a== viz*
vra? 'TC1SECE" boards, the =a^ority sf the =scaies c=«s-
taia ZCZ logic. Module power dissipation levels ranged
between thirty-five (25) ari eight? ;5CJ vat:*. Z-ery
effart vaa sade to hasdle the thermal -artsegeat via
conduccisc cooling asd ta fabricate zhe sodsles far
ease at repair and =aintenance. Is. r.c instance zis. i:
case taeperature exceed 52*C. The crates vere cooled
-<fith either tap water or th* ccslast discharge fro=
the bear transport =agsets tsolin; jvstes.

cf ixo ==rths during =he sicsar ar -rcC in sn txperi-
=ent at 3raokhaven"s ASS. Zr. r.s sase vers i=:- co=?c=
<nt failures attriiu; : ts ovtrheatin;.

la conclusion ait aperatir.; *x-*riar.;t v.h :he
conduction cooling of ?est;us ^eules has ";*«- i posi
tive :ne. '•• have ieaenscratec the feasibility i-z
case effectiveness of such an approach, fcr sets law
tss hijh sever aodslest is saall iss large systems.
is aur Intension to censisue vith the ievcl=pr;*r.t asc
retisesenc of this approach.

Figure 3. A function tesperaure profile .*i=g a ther-
=osecer test nodule. "5 wact power load.

The aitchsrs vouls like ts express their apprecia-
tion to the SSST people ae 3roc<uu,ves, for r:-.«ir interest
in, and support cf this project. Zz. particular ta
Al 3oebuck is the *hvsics =asht&e shop v=s :is ru.cr. zi
the original prstacrpisg verk. Ts Ti= T.ttl* izi 2ill
leu for their vcrlt as the tecperat.re flew ;al.e. 4=i
ta ?ac lesitsici vho has t^ped the sar.;-- papers i=c r*-
ports associated with this project.
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JUNCTION TEMPERATURE PROFILE *C
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150*C
Manufacturers rated max. junction temp, for long life

1. Single nodule
2. 3 modules (test module in middle)
3. Sane as 2 with power on all modules
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