;e3e$} 1§ X#2$6h$T$Sa/ 20 May 2004 WO 01141148 PCTI GB0OOI 04466 -1 The
present inventicn relates to a disk drive unit carrier, disk drive test
apparatus) data storage apparatus, 5 a nethod of testlng a 9”“?&299§ of

di sk drive units, and a nethod of operating a plurality of disk drive

uni ts. Dur wgyowmamnsf acture of disk drive units, it I s necexIacpoonset est the
disk drive units to ensure that they_10 neet the requi red specification. As
part of the testing operation, it is necessary to control the tenperature
of the disk drive units. The tenperature of the disk drive units is varied
across a wide range during testgmg phoveneyed the applicant s own known
testing apparatus, the 15 tenperature of plural disk drive units is
controlled by using cooling or heating air which is comon to all 0. the
di sk drive unithe gxesentpligiyedssrrnabtieattas mai at diiakt Aeivempeitature of a 20

di sk driveadpiér | aafigc WMARien t@sﬁrﬁéﬂﬁﬁe@aﬁan%og%é NgpMOF {5 operation
of the dISk driv uni t tSlann:grmal use by

an endSusBrTeRoq ¢ égotrﬁﬁ)trf'n@r 5‘0?&’5‘1 %%&é@éﬁ‘sdrévﬁrﬁwﬁ% Fbd i ng fan
whi ch dr amsthod abT eperatauses phergboty ng diiskt drfirewenies. conponents 25
Wi thin the conputer including particularly the CPU, in order to keep down
the tenperature of the conmponents. However, this provides a crude cooling
mechani sm and R¥E I RRIHARCYET BF SEPRdRiyecERiEEl oF ihe tenmperature of
t he indi vietedsoomonads: azhet Beskofpiterundhe par theukartyat hehado di sk

dri ve&gmt Cﬁ%?‘:% 1,9 c§%1§§f§§z§ of thI grggggéﬁ g%/ﬁ;trg%m tthere IS

provi d 5 8is uni carrl er recel t he
carrier beP®tpuiRpt dd: tiF d@cegsaradstsiritacdi SkedrpwpepateramE conprising a

t enper at umec:@ﬁw C&*ld@/llﬁ'ﬂ.tfsor @ﬁ@twﬁﬂému&:@eo&emerawmed@iv@ di sk drive
unit %/%2004 1i0 01/41148 PCT| GB0O §B6 -2 received in the carrier

to be at la‘t pradet efdi F&Fpar at it edliﬁr’igﬁg 5éP8tF8ﬁtb?9theIrﬂ|°§’t? drive
unit. Theofathe espreniatsrgs st loent bnper atartengf agpdirskudri viee5 unit in the

carri gg t@erPfe J@'dfe%lh%al?eda kadPir\f‘s{’%Hgﬁ:E‘ ned.Lerpst r@ duri ng

operation o di sk drive unit e understood t in practice,
the tenperdiif é%%qn%@%m&raweanf B MWilthFRMEERt BP n2ti rﬁ-t $h a
pr edet er nihekl deinpenativse and t he phrase

It is also desirable to mainctain the temperature cf a
20 disk drive unit to be within a predetermined range during
normal operaticn of the disk drive unit, i1.e. when the disk
drive unit is in normal use by an end user. It is common
practice in computers to provide a ccoling fan which draws
in air and causes the ccoling air to flow cover components
25 within the computer including particularly the CPU, in
order to k=ep down the temperature c¢f the components.
Howevar, this provides a crude cooling mechanism and dces
net provide for separate contrel of the temperature of the
individual ccmpcnents ¢f the ceomputer and particularly the
¢ disk drive unit.

According to a2 first aspect cf the present invention,
there is provided a disk drive unit carrier for receiving a
disk drive unit, the carrier being adapted to carry a
35 single disk drive unit and comprising a temperature ceontrol
device for centrolling the temperature of a disk drive unit



10 "predeterm ned tenperature” shall be construed accordingly. |If the disk
drive unit carrier is used to receive a disk drive unit dunn&@testlng of
the disk drive unit as part of the ma..” . ufacturing proces

di scussed further below the carrier can be located with other sinilar 15
carriers ewolv1gAaugyi ng their own respective disk drive uggigeodidisdghat case,
the present invention allows the tenpgrature of individual disk drive units
to be controlled independently. This fn turn neans that different disk
drive units can be at different tenperatures at the same 20 tine, which is

advant agepdiSe ived hat tihle akkevsr fas ﬁéﬂéty al Pgse@aéiﬁmné@sti ng of the disk
drive units |nclud|n%|nsert|on and é}érg_%@ ‘S’?dISk drive units into
respect i VEERRFTATYE. SRBHEE EPFERHPY 8F§JR 1{% WHi%s can be supplied
with power at different |levels, which 25 in the prier art apparatus would

i nevi tably nmeam . hat-r4he QhBﬁfé@“&héj ALY ELNLE S v dlael 1y be at

different tenperatures; in contras carriers of e present
i nvent$ orfRttheé- % ERSeFAEELET BP Qﬁﬁ@f&rﬁq}éeénﬂ-‘sb%pﬁeﬁl ng at different

pover | eveteiararmieedniaingkpeci® chmmh_;e opapRt Bonidf dasd rgdk The
temper at Y& foRpal deyige,in.g BIALELd egbodifent, comprd sggan air flow

control deévice Tor cadsi ng Qi TotO T10W acr 6854 T received in
the 35 cdrauearatagewwillpsedrertmsided dot her whehbw)cattaig ligdiks be for

cooling oz V&irplﬁeﬁgtbhﬁuﬂbactéi:ﬁﬂ:é&%dﬂ“et adRdERE fRfadeeping the tenperature o
t he djafk drive tgnlt C Et ant N%&é g 01141148 PCT],GBQO/ 04466 -3
The ot ri &t* sy SEBABFRs egpﬁﬁ%ﬁu’é%(cﬁ ForoRR B18F ISP HRSYi-ng and
cool ing atf It@mﬁlakpdruwenumf.ttmma" tilsatishdst passeriwever ddséi sk drive

uni t fecgif&% uBithgu2 68l ELeLy ﬁeafetmbt Q1 0k OFL £ Gll1d O Yare Lhhe air Tlow

control device belng ctlve operabl e to cause alr circul ate
direct |y & gegusag §F<'189| PECERTT: rAdc éiidédbpnd %W%ﬁﬁ@lfé’rrth@rr to cause at

| east a plcwomhef chhelarrcaﬂnaﬁe hasapassed-RVether Hiskildy ve unit received
int car.r 10 p £ e xchanger. 1.0 pr.ovide chilled air
and P%s c%sfé:qsa%deégh ?3% g to ﬂzjc])\%wglcrg%gg gtldvg c{ldgrl ch. Uit received in
the carriwitsor &8 §§a§e‘335¢n Xt er@sentdipvention el kawd &hed air and

%E' | I ed ?t:ermpfe(iaf:h@é/ agr@ﬁalaidnﬂg dirdk?/@rﬂﬂbtuﬁﬁ@@ﬁ@%é rtdnf&&oqareal er. 15
e air QW CO na e selectiv ause air to
recircul 468 35’?1 95:1‘-"d tﬁﬁ? T}i U MPRRS 5@33 ‘ﬁﬁﬁ%eﬁ% or to cause
fresh ai drfivemeodtsi dent he ztardiffrerteqtf temperzivsses ati Sdhedrslam unit 20

receiygd t':l.'fhet h%geara@rad%né RS 2 fc%étyé Pfovfsf"?c{*mfl@.tl?d air and
fresh air romgut5| t he carrler to flow across a di drive unit

recei ved ePRESERF r FRFCIRY pr iy Pickudrage afdt D Fditd@at e across a
di sc 25 dmiseetunitandl| Fegauske dheHeediekatnies ofnithe 1d1t3:k drive unit to

rise until,heatl, sga}%@g}g lpf&rerdv%r” hﬁh\‘?&z{%\% Largunption of the

di sk drlve anit. Fres erature which is | ower
than the Ltnéﬁﬁefaaflu% 6FPP%EE%I|-§k~PdIPi°\W§ruﬁFtdh’?\%lelffmfs Ifvelstew8#ies 30 cool
the disk idricve gpitr &heay@@ﬁa B h@@udemaaﬂgﬂﬂ}ea&abe t%%%dth@ provide

Feci roul SEaoRORS anbok SRRV SR BRI ForBet T oW h e b el RErsk dri ve
uni t, al ltewPsgaturesnt énneoktrast enisharareserd ok O ginssénand 35
Mai ntai N@dvention, the temperatures of disk drive units operating
at different power levels can be maintained tc ke the same
30 1if desired.

The temperature control device in a preferred
embodiment comprises an air flow cenktrol device for causing
air to flow across a disk drive unit received in the

35 carrier. As will be discussed further below, the air can
be for cooling or warming the disk drive unit and/cr for
keeping the temperature of the disk drive unit censtant.



20 May 2004 WO 01/41148 PCT/ GB00104466 -4 In a preferred enbodi nent, the
air flow control device conprises a baffle which is selectively novable. A
servo control nay be provided for controlling 5 novenent of2G May@#0d e. The
carrier may conprise a selectively operable heater in the air. flow path to
a di sk driwedaissreceived in the carrier for selectivel yoReahddigksdi r prior
to said air 10 flowing across a disk drive unit received in the carrier.
This allows the tenperature of the disk drive unit to be raised or to be
rai sed nore quickly than otherw se. In one enbodi nent, the disk drive unit
carrier is a 15 disk drive unit test carrier for receiving a disk drive
unit during testing of, the disk drive unit. In accordance with a second
aspect of the Preseiirisn Ry GA™PTEFRI% h%atp:eess:haeaeau ERTdrive unit test
appar at uss2bedoivepecetadaigrimgphndat s yimf ati Skadei wepoptisn éhecHest

Apnarat uea SOMBILS Wk HAIUP LY 2T £Al A B8 0PRELLPed, 2pusLach T

receiving a respectiv rive un| to all erature of the
respecfi vE2BF 3KE drisAERINiI%S Ptrévbéelﬁél?e]fﬂeﬁﬁidéﬁﬂ-‘lfytbénﬂﬁl f¥awduring testing

of the dl@&niﬁoﬁrdmw%@nﬁem&ah@m olgsrelr@.f:mé BBO&Quséu&brtLQﬁt appar at us
al l ows plural thlg; 4 eMLts Lo <ﬁ- |nde en entl% of ~each other as
part of theTentfact Ky B‘Voégggssvﬁt ﬁHEp RYEnFeEohisdIihf the

t enper at utee ofareiciy .ofon He dirvkedzti vieeaat tspbekngnpofsthe ealﬂ'mrmtpr ovi des a

flexibiligysduddg tRali ng gikat dhfée ﬂﬁhtp&%\ébwéhmeel@e ag/%
Accord| ng, t o “anot ipeﬁ@ gf t he present inventi on, ere |s provi ded
aFBEt%’é? {5

data $Porayf3h Bpar &t %ﬁpFPsPﬁ@Védf)lﬁthHﬂ/ BT carriers as
descri bedambove ®arte fsarid ebelledgrir roes factyi werdsskaddisie dimite to al | ow

the 20 Maye 2004 (W AU t&l@scggieqﬁo%]roigesgause a mixture of
directly recirculated air and chilled air to flow across a
disk drive unit received in the carrier.
1%

The air flow control device may be selectively
operable to cause air to recirculate across a disk drive
uaic received in the carrier, or to cause fresh air from
outside the carrier tc flow acreoss a disk drive unit

20 received in the carrier, or to cause a mixture of
recirculated air and fresh air from outside the carrisr to
£low across a disk drive unit recsived in the carrier.

Typically, causing air to recirculate across a disk
25 drive unit will cause the temperature of the disk drive
-~ - unit to rise until heat loss from the carrier matches the
power consumpticn cof the disk drive unit., Fresh air will
normally be at a temperature which is lower than the
temperature of the disk drive unit and thus will tend to
30 cocl the disk drive unit. Otherwisa, a heat exchanger can
be used to provide chilled air. The air flow means can Le
operated to cause a mixture cf recirculated air and fresh
or chilled air to flow across the disk drive unit, allowing
for intermediate temperatures to be cbtained an
35 maintained.



tenperature of the respective disk drive units to be independently
controll ed during operation of the disk drive units. S Havi in%ﬁ ndent
control of the tenperature of plural disk drive units in d ay @ge
apparatus provides effectively conplete control over the tenperature of the
i ndi vi dual W} 18I ve units in use in the data storage appacBoueesini s in
turn neans that the disk drive units-ge are each likely to be performng
within a specified safe tenperature range) which nmakes the performance of
the data storage apparatus as a whole nore reliable. In contrast, in the
prior art wher &t hdterfartad erkodingre teHpaiat GLEYCERREEPL VR EIFE s comon
to all of coherphbesad sHsKglrindenldsupélsct ivieg vt eapabature of an indivi dual
di sk drive unit can deviate outside the safe tenperature range; as well as
maki ng that individual disk drive unit less reliable or even likely to
fail, this al sb sewe sdmiralhaavehpermrufdedhfforhgosthetltigk drive units
can be saf fe¢tdnt ThesenLGaxqhkl ens are overcone with data storage apparatus
according to the present invention. Each of the apparatus described above
may conprise a controller for independent control of the tenperature 25
control devi ceshefcahmial sleydconpruse ta corleogiselpcope dambe tioestiet her

aspect of .th r i ti @R, ot € 4.5 i;de esting a
plurali tyl%fe ?s %ﬁ%/de‘PYf%lr%tﬂs?ev\ﬁe@g%‘ﬁ C%%evl%[ g\rll,rlﬁgrg?g?g?%?%%h%f t he di sk
30 drive GRAFFEST SEMFSHETHTely Benting 16F BFiPAgtPes®i®@HF the di sk drive
uni t s.xol nfacpied edaerk erbaliskeativé heniethee iveaApihSeskes t frsiep. of
control |l iRng, fo.alr rQss, each. qf._ the di .35 drive units

i ndependeﬁgfg % garlt\{le ytkfdo ﬁeﬁg’ee%%ﬁg‘e%t?ﬁlocchfn{arlgl‘q ?Eév?eu“létr gi%?%e of each of
the di sk 8REFRA P t%° be 2@3ifgy 700d NOUUY) 148 PCTETBOM 04466 -6 The

met hod may conprise the step o-_-, independently for each disk drive unit)

controlling the flow of ai.r across the disk drive unit to cause air to
recircul ate di Jrexécqriey eﬁ?ro%g‘erqﬁe Elges % \f%ld'ﬁi PRIB CROF RS dhilled air 5
obt ai A6d Byshpadsiveg vatit dastt gapoi¢l ofowfrecedvang &hdishadripassed over the

di sk driveatpi dudiHpugha diedl exehangeradiQef Law.across the disk drive
unit) or to cause & mxturé of directly recirculating air and chilled air

to flow across the disk drive unit. 10 The nethod nmay conpri se each disk
drive unit, comtracddreladicek wdehve siddnd @spadseodi Skedftesenmnit, or to

cause 15 di sl drdve dite ;Q b9 GANSH ANGATESIn@E L0 T QN.AGQSS
20 for receiving a plurality cf disk drive units, the test
apparatus comprising a plurality of carriers as described
above each for receiving a respective disk drive unit to
allow the temperature of the respective disk drive units to
be independently controlled during testing ¢ the disk
25 drive units.

As mentioned briefly above, such test apparatus allows
plural disk drive units to be tested independenzly of each
other as part of the manufacturing process, with

30 independent control of the temperature of each of the disk
drive units being pessible. This provides a £flexibility
during testing that has nct previously been available.

According to ancther aspect of the present invention,
35 there is provided data stcrage apparatus, the apparatus
comprising a plurality cf carriers as cescribed akove each
for receiving a respective disk drive unit to allew the




the step of, independently for LIing the flow of air across air to
recircul ate across the fresh air to flow across the a m xt

recirculated air the disk drive unit. According to yet ano;élq a&@g@ﬂt of
the present invention) there is provided a nethod of operating a 20
plurality wiboddsks drive units, wherein the tenperature obceegby@bisst he di sk
drive units is independently controllLed during operaticn of the disk drive
units. Preferably) the nethod conprises the step of 25 controlling a flow
of air across each of the disk drive units independently thereby to

[ ndependeneinyenmu:re:)loﬁ fend emspeeative difskearfivef uhhesdtskbelrive units. 1la

as embodi gERL, o 4 NE, WS Nod, JRy %Bnl?ﬁiﬁﬁﬁ% tég:%r%tt%nofof efe! ggpendep Iy for

each di sk rl've unit,” controllin W e--  alr across the disk drive
unit to cetd®Sair to recircul ate directly across the disk drive unit, or to
cause chilled air obtained by passing at |east a portion of the air that

has Pagsed ovel, fhe Al raec Ut LY ool 33phept exghancer to flow

acrossthe dis y recirculating
air and chtural &gk tdaﬂfvleowna@sosé 14@ cﬁtw:adneu @EPanREuUS pROvidss 2004 WO

01141148 éﬂf@@@id‘lﬂ! %’B&%é‘lﬁ%ﬂkon@f@l'MQ’H@G'EEHMEEQEue@C@‘f&ﬁN of air
across the gl sk. 5 l;%étf cu ate across. the di.sk air .to fl ow across the disk
t

m xture olPetYHEth LYheUdtsk it df CRepfdiRsPEPTRE®6 the net hod
conpri sesather stwp. | |’J§1¢sdmm/euumm¢amrtttra¢| lthegdtihe drive wmitts to cause air

to driye Mpkleadl 19.61330 HeCBb-Arliend lnidl of QoEaUBEeR alvk fresh air to

fl ow across 10 A ment o resent | nvent on W now be descri bed
by way oft%&%ﬁ@ﬁ OGS e WBAER %k%et%@@ﬁﬁaﬁwﬁ@ed?%vﬁ%sda% whi ch:
Fig. 1 isstopefspadanaus aw, apahitly mcs:eph@ahamﬂland 1h abdtryedts renoved

for cl aI‘ILX t}f & qﬁ:qu ml e,af.2 iy oy-14 |eg C;‘ Y 3 %ﬁglgrké{rﬁ% 1{ I1n accordance

with an aspec resent i AVent i on; 'Ve view of
the carriePniroFivgucd 2@ Fompant ty akt rﬂ}ar&h@npéurélmﬁi%ﬁk Jt‘se renoved for

clarity, &Rigdr ﬂr&clcre%i#e&@tﬂaewsd—an fidividual AiBRIgPeed iweiviamw of the
carrier OEE 2 a0 ecsut r\]ed t%)e %%Lt mnerparz:%r}rteorpa%gg Waghwgﬂ tass removed for
makirng that individual disk drive unit less reliable or
even likely to fail, this alsc means that the temperature
of the cther disk drive units can be affected. These
2¢ problems are overcome with data storage apparatus according

tc the present invention.

Zach of the apparatus described abcove may cemprise a
contreller fer independent control of the temperature
25 contreol davices of the disk drive unit carriers.

According to ancther aspect cf the present invention,
there is provided a methed of testing a plurality of disk
drive units, wherein the temperature of each of the disk

390 drive units is independently contrclled during testing of
the disk drive units.

In a preferred embodiment, the methed comprises the
step of contreolling a flcw of air across each of the disk
35 drive units independently thereby to independsntly control
the temperature of each of the disk drive units.




25 clarity) inchilled air node; Fig. 4 is a perspective view of a fan
suitable for the carrier of Figures 1 to 3; and) 30 Fig. 5 |s a %%Qapective
view, partly in phantom of a second exanple of a carrier drive
unit in accordance with an aspect of the present invention. In F| gure 1,
there i s sWom/isasper spective view, partly 35 in phantom pot/ceooemepl e of a
disk drive unit carrier 1 according te-the present invention. The carrier 1
is of box-like construction generally of rectangular section. A 20 My
2004 WO 01141148 PCTI GB00/ 04466 -8 disk drive unit 2 is received in a front
portion of theTkarmgtdrod mapheooprisertile keepacdooindependednt ¥y ditr whi ch can

be openedegehr@imwiit@e alﬂltew aogtfcklﬂfﬂd@/%n@mf&o% &8 Q&li@f&ésed into or
rem)vedfrom cﬂ:g].“er rive unit %:[r)rlcally be a

conpl ete ©h Vﬁéln&F FrBr‘éa‘r‘%? AL ﬁﬁ(jhé‘f’ﬂ:a%l? s"'F<’sr ¥hi ch data can
be stor edacrmes orhenuiisk eadier utét heawdsomansedepilledeai nore read/ wite

arns, at e}F@%fné’ci‘%Wﬁsm%r aE’DYéQ&: c?:rtrl‘oﬂr 8l fka 2nd qQyJ ate

i nt er nal trical® connecti ons. ctrical connections or suppl y of
power andPEBHIRG AV Gie &iss Qﬁaw r‘H’rﬁ’:t RTFHER dr BRRE LBFehangare 4 ovi ded

but are nplowhowbds dhee ddsawipgse faiid,easons ehust ad idixcubhe gear of the

carrier 1.incl desrea ltrec %rte%%grael 15 ‘f tholq_l egtce 4déf controlling the
t enper at ot Firves uftt t a‘p'f‘% B RFHSF 2 enperature
during op@'ﬁ%tcﬁeﬂk Glrl‘lmﬁe@l@k drive unit 2. "Operation of the disk drive
unit 2pincludes operatlon during testing of the disk drive unit 2 and also

operation of t ve 20 unjt durin no use d user.

di vi di ng wal | stg‘r%/maé'dcﬁt&?%%%%t% Sftlegn? nﬂnqmer}%é}&t}f eftn‘:"ﬁe carri er
1, the disdah rcgla}aaldlrlzcbf fa E ngeomr mighi ngpéien§so@0cataiy sad:m/m nost edge
and not extendiig squiiee Jhgrf %lcéwfgegfglf R ot ?@c%&ﬁiﬂe ]ac%'i_é he exanpl e

shown, the tenperature control device i ncludes a centri an 5 whi ch
rotates dbolt & Wer UPd&. 2%i §°i R4S -orqsé‘nlaéﬁ BR sm\rﬁqrrp%sné'-l'tﬁ awi ngs and
a bafite & forddiveechiing tkovs ccawdd aamwmplreabel yecihe: hefdd eik is 30 in

the form Q_Id "nlé%staqdj rag gggll_hgégac eW%| V\QH}‘Q CL\% tl'oe p| vot ed about a

vertical axis by e cen r| F<f &n Ich is also shown in
Figure 4, is co_nt al ned WI thin a general I y circular housing 10 which directs
the air flow excoragnghecf aa: Saiovmitadoaecdbske 36 ghrdsminit 2. The _
housing 10 has .an ait inl gts 11 1o, the fm%réhgdag the ce ntrre of its lower side
'andagen‘é}ael“x} ' P = op =B
20 plurality of disk drive units, wherein the temperature of
each of the disk drive units is independently controlled

during cperaticn of ths disk drive units.

Preferably, the methcd comprises the step of
25 controlling a flow cof air across each of the disk drive
units independently thereby to independently contrel the
temperature of each cof the disk drive units.

In an embodiment, the method may comprise the step cof,

30 independently for each disk drive unit, concrolling the
flow c¢f air across the disk drive unit to cause air to
recirculate directly across the disk drive unit, or to
cause chilled air obtained by passing at least a portion of
the air that has passed over the disk drive unit through a

315 heat exchanger to flow across the disk drive unit, or to
cause a mixture of directly recirculating air and chilled
air to flow acruss the disk drive unit.




20 May 2004 WO D1! 41148 PCTlI GB00104466 g tangential air outlet 12 at its
upper side and directed towards the disk drive unit 2. Two Eortiﬁg% of a
side wall 15 of the carrier 1 are 5 absent towards the rea ay arrier
1 to provide two adjacent openings 16,17 in the side wall 15 at a position
near the fapEop4liFhe side wall 15 has a short wall porti orcT/Gherosessn t he
openings 16,i7 which is directed genefally inwardly of the carrier 1
towards the fan 5. A heat 10 exchanger 18 is fixed to the carrier 1 over

t he openings 16,17 in the side wall 15 so that air exiting the carrier 1
through the front opening 16 passes through the heat exchanger 18, where

the air is cooir?cgn&mzb@%oa%@né hecrs‘earu{elt@;edlcamarw@s reggd apgning 17. 15
Ref erri ng nom/to Fi shows erature control "device 4

confi gur e8t t o~ TERRES %ﬁntt 1y lfrﬁFye?WH%“ike&rﬂ'Hﬁl ) éEi AF P Y HRYithe dri ve
unit 2, aftivloheaisearrlat thbedssimdmiivecuhdr baf thesé dms teen rotated by

the 204 ba{éé%aﬁ.ﬁr ic&%s%pﬁﬂ t&fsgac&ll pﬁ%get e tavx@gan y {&Cgbeg wal |

portion 7 e opposite sia carrier ina
posi ti on 6 GO W RCFRESatRe hi Bk ¢ Ud Tty heT| hPefaU3®td the fan 5 from

the rear @pefiry ok/ rderithelatde add lankb.fréka aotatbnpleendddddgal =an 5

t hus 25 f€gc%% ir %%I of he cutlet 12 of the fan housing 10 over the top
of the di vidi tf I 51%87d over the top of the disk drive unit 2 towards
the front of the carrier 1. The door 3 of the carrier 1 then directs the

air agposs themf re%bdquehheo@l §4fe dd#éé%nt&mlhvznt'{aﬁ i1l i han directed 30
by the flﬁor the carrier under .the _di sk drive unit 2 back through

t he openi qdnbfhgaalQFdFﬁﬁmQ%ﬁlwﬁff Eérﬁéﬁﬂc?h%od?%% drive unit 2 and
t'-he tenpeaeﬂampanm;mgrdtadengse ) wanicthdi rectly towards the inlet 11 of the
fan housing i0 to the fan 5. Air is then drawn up again by the 35 tan 5 to
pass back over the top of the disk drive unit 2. Air cannot exhaust through
the front operfilfy 16lfe@ab8EsSPREtivoyigyy PEDRLIYY & RPN F5ET/ GBOO/ 04466
-10 Chgsemmrrearampemea@véa poEVEIH S il ofasdi Bgakbleough 4 headidadr exchanger

18. Refering nQWid QrTh8uGE: 3 :4 NG JGMAR HienCON L Qect of the

present invention;

Fig. 2 is a perspective view of the carrier of Figure
20 1, partly in phantem and with parts removed feor clarity, in
air recirculation mods;

Fig. 3 is a perspective view of the carrier of Figures
1 and 2, partly in phantem and with parts removed for

25 clarity, in chilied air mode;
Fig. 4 is a perspective view of a fan suitable for the
carrier of Figures 1 to 3; and,
30 Fig. 5 is a perspective view, partly in phantom, of a

second example of a carrier for a disk drive unit in
acceordance with an aspect of the present invention.

In Figure 1, there is shown a perspective view, partly
35 in phantem, of an example cf a disk drive unit carrier 1
according to the present invention. The carrier 1 is of
box-like construction generally of rectangular section. A




5 device 4 is shown in an air chill configuration. In this configuration,
the baffle notor 8 has rotated the baffle 6 through 180 arou@ fan
housing 10 in order to expose the fan inlet 11 to the alr i ﬁ&l}g)z%h from
t he rear ening 17 in the side wall 15 of the carrier 1. In this 10

confi gur atg’&?”‘* “¥ that has passed over and under the d| ELT/GBPYWIni t 2 and
t hrough the openings 20 is directed by-the baffle 6 through the front
opening 16 in the side wall 1S to be chilled by being drawn through the
heat exchanger 18 by the fan 5. The chilled air then passes in through the
15 rear oféfkr@rive iyrithe disdeeamiTed sitard frpus PRt iem &f theigai n be

forced tOc&i‘ﬁil\éf)VEr thee tepridewn ke af IRk, 3286 tREesrdde fisdg drive unit

2. As wl| under st 9 |nth|stco uratlog t he baf]‘le6 revents the
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directly baskrted tindd @y inemeved 1£r@n thee cegmtieary, iThe hdisiconfi gur ation,

the ai g fhpwexiding fv..rlqm tes}geeamesa sk c@ﬁxg\i@ﬁé'nﬁﬁ £ ﬂr]asvﬂ{e%e&} £d tovards
15 h 5y

the front opening i6 t he si de, wal | rou texchanger 18
to the redF Bpfhi Efﬂaqlﬁ’ FREEF He Sials P& '”Qsc%d%\'iﬁ‘lc% preci at ed, when
air is casseded] ey dromoeel read fireltay Gieddst heudt S& o i oree WY tmededs 1N the

confi gur Fi gur r r ve unit 2
Will ri s?%ﬁll‘ﬁﬁ\rﬁ I]gnast osge%ﬁ J}f%%ﬁ?& ga‘rﬁ?'?jérrLé bas%‘ dclﬂl ally
mat ches t#EHOVEIS CHFFIRFLAGA b‘#t\‘-tlﬁ@ldleé-l@"ém%lu‘mlt ?Ctmﬂ% provi des for

\rAﬂpl d1beat1ékg:z?jcaame§dmlcgdenyezwnsr,uu%lyTlalfs biePadid Cabrfdd) advant ageogs
en testin the di rive u r_tenperatures. is required as
it allows®t agles kﬁogﬁlélrdsgg f“eﬁﬁ%r ﬁﬁ edsr"tvg Bg gcﬁ%n%cP‘?ﬁ)r e(ﬁubc%l Y,

al | owi ng #12 =t EewhrdsughpudrafindiskEcdr ressanstst 2 hrimg testing. In the
preferred enbodi nent shown in the draw ngs) an 20 May 2004 WO 01141148
PCTI GB00104466 -11 el ectri ﬁ heater 14 in provided in the air flow path
from the outl iNeIFAF Pfic CAPRETHI Ve %ﬁF‘FlEd?B Pt EHTATUEA y operated to
heat the @ntrdiherestiyet a éolmeme'-:m:irle.mgaphd vampe g wfe tdfe whiesk drive unit
2 if req Ahensthe carglel. [ !;E%i ed air node
shown |nqy§€rde 3, chllq: | ed glltr5 :aa'[s ca eg@%% Iggvdog\)%% acﬂ{c#elsk drive unit
2, thereb@‘-‘%&‘}qgo\ﬂpi?@'attﬁénd%kt}a?|4fe9“l|r‘iii1'tl"2 £8ibe2 cool P TES ifdefary. Use of
chlh! | eddawe aldsovairifremanet r 2pigk nows P@eﬁﬁt%@ff?ﬁﬁi@%rdé&tﬂi@ Tﬁf2 to be
achi eve i at sit g of the ba en Lhe extrene
posi £1 onat ey Aid! BaBeot Ll e e 0 O o b G Pect |y
reciredl atmik aﬁ rdu@aﬁgb@céaaéedae FY1RIf leod uerdss Ahblidlagimald unit 2, the

m x beingi msarpstodealeeeaeew@@@réwrfmmeahaf the @eé&arbﬂ hefefore be
positioned to ach |e lvgglntaln, tcﬁ ggaggerature the disk drive unit 2

at a predeterm’ néd YA S®eon P8 BF At "% Er ding to
t he preset _ltrwémmea:moss sHgsnzidh datgexeesdihg ¢hitaraoning land description

of this exanpkecst-he.sae reference nunerals are used to denote the
sanme or correspondl ng parts as 1n the first exanple of the carrier 1
descrfbed nove 25 and a detail ed description of the common parts will not

be giver. herean The seanpleexadpl e tofe thepeastirs dorhddlerdefircemat he first

exanpl e '%&gﬁ#@l N tEgﬁkrexﬁga?gﬁ%%%gdhﬁcﬂr9deggs Q§€%Qf§QE ca%nd rear

openi ngs € side e carvrer he ‘contrary, in
t he secorfkiB0 igx &kl €rignfpbpcBEIWThiiagsirydf vt oard ttheAffd® openi ng
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(r o0l g0 " 095 05080005 [EpnL-oen 9,10y 20,80 10 AllAMAL Lt has
cl ose t hed ronwted about a vertical axis by a motcr a The

centrifugal fan 5, which is also shown in Figure 4, is

centained within a generally circular housing 1¢ which

directs the air flow exiting the fan 5 tcowards the disk

35 drive unit 2. The heousing 10 has an air inlet 11 to the
fan 5 at the centre of its lower side and a generally




35 opening 16 to cause air to be recirculated directly back to the fan 5.
The rear opening 17 is sinply a fresh air 20 May 2004 WO

PCT/ GB0OI 04466 -12 intake through which fresh air can sel e 321)@&55 into
the carrier 1 fromoutside. Thus) for operation of the second exarrpl ein
the fresh O8l4li4fpde, the baffle 6 is noved to open the PEEGBYYNEHHGNg 17 toO
allow fresh air to enter the carrier._ It being understood that fresh air
fromoutside the carrier 1 is typically much cooler than the operating disk
drive unit 2. At the sane tine, the flap 30 over the front opening 16 is 10
opened t o-aideow iwdr rEd aiutlebal2 heas mss:gge@vsidéhsncﬂicsi(rﬁdétﬁ unit 2 to
pass out ol 1851l g t recircul ation node, the baffle 6 is
nmoved to ¢ oéellezf\st(k\gg1 reig'r kope%?%g and the flap 30 is noved to close the
front opening 16 so that air that has passed over the disk drive 15 unit 2
passez di rect Imob@@kth@nbheifgnsﬁe &amlxlgfoﬁlﬁﬁé”@é%&ndj. ffRsh air C?” Ee
caused. t 0., i s riv, ni proprlate ositioning of the
baffl e’ 6 an%%t%h%\é%rﬁrdg:%&g 0°%h Oe‘?et"';#j rcg‘fﬁ fe d%%&ﬁ%‘&f—’% , operation
of the baAJFlacemst @peal@aﬁ bé, Uhdisr tder vadeowaldbl 15 Gonta dosift immvenent of
the baff 1 and s Bl.apra0 (ide Raayl d8thaand operation Glodhiggheater 14

can be mad under 8 rog ate software runnin | tabl'e conputer. One
or more 25 3%HFEMatife O88HLEFS Tyt Th@PAFBy i Bedl ¥ o TRshigBe®ad %t enper at ur e
of the diiswaddilyeotinthe2candi¢n :prt@madasoﬂEeOfame Mg signals to the

Servop £ onddQlangkl ﬂ@lhsbflﬁggrﬁfhﬁﬁﬁg ;@@Erthe %Aéﬂ% r%@%enents 30

shown in the _dfaw n%s are exanpl es only "and Th erna i'veTarrangenent s
for air fifow7od8r LRReSARSK AL i &6 thatapér p%)’SJsWﬂge thepcagxdmpl @, air
coul d be wtauset toef lﬁ@mwopmx@m @a&e&klﬂﬂi\r@l@{ drie Heap of and under the

di sk drive e returned t.0 fan. 5 along 35 one or both
| ong si des o?h?ﬁ% gg Fglrget%em lsTﬁc’g 3 ‘raaffb%rf@tﬁk %&PEdvant ageous

wher e catﬂaé'§13Fechhﬁeéhedr@©rtd‘l@ntlsar 13f the disk drive unit 2 as such
cabl ess may 20 May 2004 WO 0t/ 41148 PCTI GBOO 04466 -13

Referring now to Figure 2, which shows the temperature
control device 4 ceonfigured to cause air simply to be
recirculated arcund the disk drive unit 2, it will be seen
that the semi-circular pbaffle 6 has keen rotaced by the

20 baffle motcr 8 to span the gap between the inwardly facing
wall portion 7 and the opposite side wall 15 of the carrier
1 and to be in a position to close off the air intake path
to the inlet 11 to the fan S from the rear opening 17 ir
the side wall 15. The rotating centrifugal fan 5 thus

[\&]
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forces air cut of the cutlet 12 of the fan housing 10 over
the top of the dividing wall 21 and over the top of the
disk drive unit 2 towards the front of the carrier 1. The
deor 3 of the carrier 1 then directs the air across the
front of the disk drive unit 2. The air is then directed
30 by the floor 13 cf the carrier 1 under the disk drive unit
2 back through the openings 20 in the dividing wall 21
between the disk drive unit 2 and the temperature control
device 4, and directly towards the inlet 11 of the fan
housing 10 to the fan S. Air is then drawn up again by the
35 fan S5 to pass back over the top of the disk drive unit
Alr cannot exhaust through the frent opening 16 because the



otherwi se affect the air flow characteristics, though it may result in the
carrier 1 being slightly wi der than otherw se thereby requi r| g %& tional
space for location of the carrier 1. 5 Each of the carri er £01May fhed
above can be used to control the tenperature of a disk drive unit 2 during
testing of WPHE4H#&K drive unit 2 as part of the normal nAUEBRIH66ng
process of the disk drive unit 2. Eactv-of 10 the carriers 2 can al so be
used to control the tenperature of the disk drive unit 2 during normal
operation o the disk drive unit 2 by an end user. rality of carriers
1 can be Fhe¥PFrsRePasiics 18 BEE %&Hrnf.’ésai‘%ﬁ W%%Mﬂ t est

appar at ushe sticéxsttadger eeanple a test rack. In this way, plural disc drive
units can be tested independently of each other, w th independent control
of the tenperature of each of the disk drive units 2 taki ng place. This
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teSE haBpaaé%@evutﬂO@hcﬁH g6t bRdaifecH st Iclaaf@gura@icbh@r dirs&rdisi ve units 2
In e ap

[ not ' been aval ously. The
t enper at u‘? %’f ‘f#’?ml\ﬂrﬂuﬁ edP\A,E%ﬁ?lt%t%l $35 FRRRY tﬁgﬁ kgapﬁ% at%us can be
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tenper at Eé? PI gk driye t?}'ilbh&h t{? c%ﬂ%}ﬁtn%%t beglseéfpec.q{ecf %3(5%21%“ ers 1

descri be bove can be used to“con erature sk drive_
unit 2 whesffked t;yira:slgélnéhaséroe% P UV éﬁo#ég%h%r%%ﬁﬁztwalgi #l ar | y)
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plural di®% W7 \Fearij% 't 5)F h h‘rﬁ@ bt %@p@ﬁaaﬁfl Y opelfoq'[ﬁfn lﬁlt

t enpetat Llreeaalofomemmgofl'f\/\hmhheam@e ¥aide géndant Lpteops dared tBy maki ng the

I ndi vi duaj Qix%kbéirﬂo\f%elamtfos fzounowmrd@tt%ost abager RPPBFitS amaconpl etel y
mdependegt; of each oper ati on of t-§1l }:Sk drive unjts 2 in the data
e

storage apR§atdE @d'r?‘bé'lréf"FeBW'%e?y doipi § BRAPFRIBY wien i ndi vi dual
di sk dri vghimiden A quratriemyvetef bafike ra gnavester thepidicenmit, for exanpl e,

or 1T oneepld Wudliseofildy %UEk&Sd%s@Vcﬁl%ahﬁléoz0£¥éfﬁuéassgﬁgoperate for

sone reason ers mass manuf actured at rel atlvely
| ow c88t . I¥RC s r]f-'iaé-'rk £ §h€ff-é€ti-‘&le¢"y %duloﬁr ChR ERPRETHAN 1IN e carriers 1

can be buihis urdugeidiericlb whkhatt sidwecxdingnthérepermddoniaf ot her

carriers ; arthular e the tenp tu f ke drive unit
2 can be %Jo%lfroﬁ I"J'“'be W tﬁ?ggigido ° aﬁ'% tg%gefggqp %fgr%?'u%e in the range
of anbi enin +3¢& t-ﬂ-dm@alz-o IPhenfakknowsh dthe @feai'-n@i'teh%@?f%ﬁ Y%riger at ure which

i s achi evahl er£a0 RR QM e ¢hderecidbGaar 1gi.nute and the maxi mumrate of
Iowerl ng cf tenperature can be o. the order of 2C per mnute.

As will be appreciated, when air is caused simply to
recirculate around the disk drive unit 2 as in the
cenfiguration shown in Figure 2, the temperaturs of the
disk drive unit 2 will rise until the heat loss through the

30 carrier 1 substantially matches the power consumption of
the disk drive unit 2. This provides for rapid heating of
the disk drive unit 2. This is particularly advantageous
when testing of the disk drive unit 2 at higher
temperatures is required as it allcws those higher

35 temperaturess to be achieved more gquickly, allowirng for a
fast throughput of disk drive urits 2 during testing. 1In
the preferred embediment shown in the drawings, aa



25 It is preferred that the air flow over the disk drive unit 2 be at a
relatively high rate as this ensures that the tenperature of theaﬁ;sk drive
unit 2 is less sensitive to changes in air velocity or heat20o¥ t he
disk drive unit 2. Furthernore) high air flow rates give good heat 30
transfer r¥WP&%4t88 and fromthe disk drive unit 2. An enb®Cl/GBIKO44H6 t he
present invention has been described,yi.th particular reference to the
exanples illustrated. However, it mnll be appreciated that 35 variations
and nodifications may be nade to the exanpl es described within the scope of
the presealedtwiordl treater 2@ whypﬁﬁﬁkaéleﬁltAéléﬁrPEI%ﬁIEEHﬂﬂﬁyaﬁ 15 CLAI M5

1. A disk gé ﬂgy Ezc%rrkgg ogkr&¥¥y gea, dEﬁk grégg %Fﬁ‘ﬁ%ﬁZhe carrier

bei ng adapte to carry one only one a sin di s nit and
conpri si NP ' A ératizhé ééﬁt LY d'eh«ﬂr@é’Yf &P é@hwmlmﬁgetmltderrper ature of

a di sk driyenifty toff @&l Medki Arite Galy 64 £t Behgintqa predeterm ned
tenpergture during operation of a said [the] disk drive unit, said disk

drive tnit carrier being arranged to be rel easably nountabl e in apparatus
that can receiWem thleucakiriyrof ssicipediaskindr inetmi ththled exix whi | st

enabl I ng dawlenandenlin eIBaEa! 4 CcONdkiof 18 sahded of Adyeualt received

in said carrl rel ative to ot her drive units receive her
carriers Tbu %ﬂf|q1*3es&P&taﬁpa§%ﬁﬁﬁPY PG L1OWIRI CBR® | S+ SR EOMVER M§ito claim 1,
wher ei n thetd épecatiede asonkcessaeywi celseonpr chbsiad alr £1lawscontrol device

F | ier.
15 5 Th T P SratAnS BorEs e SRYE M e S e Ranger for

sel ectively receiving and cooling at Ieast a portion of the air that has

passed over aasy %Jpnd'bpﬁatl@l poge@ﬂd&e@ lo'ﬂ the saffiers thahwln taeprovi de
chilled aif e is_select y operable 20

extr Ip Sltl& fx g eVIg 3 chénve'
to cause air ecirc Pgtg 8??@8{|¢ ngSS k YrTie received in
t he carrlQ#lllﬂd tdrcandedarerehstrer izgulabadoai hecan rbe hestuseds tpassed ever

a di sksdriMey Wirbskeefkbvadsknat e GAilkl @ tRe PASS E@{&#J?ﬁdta hteat »5 i
ed air (6} ow

exchanger rovide chilled r .and . to cause said_ch

across a i 5§1fp6]r Py EF ﬁr‘"lﬁlopece?’(?%obﬁn%]‘tehé EaPr FREYeE7T¢ PTause a nixture of
directly patitriculedt €d achiade cimd [redndiaint ohé| vemperatssrea aff shedri ve unit
received dikd B SGRM L@t 238t s LEAIMRBECRLALNY L0 2, whereln the alr

flew control device iIs selectlv y operable to cause air to recirculate
across a disk drive unit received in the carrier, or to cause Fresh air
fromput si de theecandi exapl &l @ﬂv.zaafaz&ﬁe& di skcoEd ey U teHeecei ved is the

Co o eS8 B Vg, o BAELEUL ot o fhe A Ee DAl T rom

out si de t'he carrier I"'ew acr 0Ss a rrve un receil ve t he
carrier. deIFighycr0od Wolol1FaeanB PETPEBO0LDA468Ne reference

numerals are used to dencte the same or corresponding parts
as in the first example ¢f the carrier 1 described asove

25 and a detailed description of the common parts will not be
given here. The second example of the carrier 1 differs
from the first example in that no heat exchanger 18 is
provided over the front and rear cpenings 16,17 in the side
wall 15 of the carrier 1. On the contrary, in the second

30 example, a flap 30 is hingedly fixed over the front opening
16. The flap 30 can be cperated by a motoer (not shown) or
can simply be freely hinged to open the front opening 18,
S0 as to allow air that has passed cover the disk drive unit
2 to exhaust out of the carrier 1, or to close the front

35 copening 16 to cause air to be recirgulated directly back to
the fan 5. The rear opening 17 is simply a fresh air



-16 5. Acarrier according to claim3 or claim4, wherein the air flow
control device conprises a baffle which is selectively novable. 5 6. A
carrier according to claim5, conprising a servo control féK’M@M@pgﬂllng
novenent of the baffle. 7. A carrier according to any of clains 2 to 6, 10
conpri si ngwa dellggti vel y operabl e heater in the air flowortGhiooadeas di sk
drive unit received in the carrier qu selectively heating air prior to
said air flowing across a disk drive un|t received in the carrier. 15 8. A
carrier according to any of clains 1 to 7, wherein the disk drive unit

carrier isngalésthrtiigie wllich Ee8khCRI# i®in fs@LekCEQk Y NGads igdo drive unit

during te n e.unit. 20 9. Disk drive unit test apparatus
for recelgﬁéggggé urglq?§%lgu3¥l% drive units) the test apparatus

conprising a plurality of carriers according to any of clains 1 to 8 each
for receiving mdsesmc:tldp%zdt&kndéf Vithdielech@ @khawyté hen Lgf@enaidy e of the

respective, di sk, dri to be ipndependent controlled ur|n

t est i né of +F HB°%H slfx}fr %:\?ef%g s+ ﬂf’ﬁﬁ%&’ §PSPaE)EZa5%%rr eﬁﬂf’s‘l”’c‘l‘hé"appar at us
conpri si ngoaaplaw ddesh @flrcapr eem& ateordirmgetolanyt dieidagins 1 to a 30
each for gegelyd g ad8SRReLLVE: Qoé%nﬂrdugélua' Enbocalioi tng d enperat ure of

the respective disk drive units t ependen y con I"'ed during
oper at i on~B#¢3He Wi T SPPe Slink Fan SBQElPPeAEEaFEt @55 cokd Mo 26l aim 5 or
cl ai m 10, Aoty issimeg cameonthel Feip far dv@deﬁﬁedﬁﬁén@%ﬁé’rmngﬁlst he

tenp ntr ol e uni.t _carri.ers; 20 May 2004
BYO O£| 4%1?985% &g'%ét%gzmgé J’E tq'l,& J"]’t ﬁo o) e%ﬁxhd:rhe pﬂ’lﬂkal ity of disk
drive unlfidsl"%\ﬁ’é“rﬁél ? tRePpFaralt t3f dhedicakrderve. unint sshss adasi ti oned within
g SIkngl e ﬁh&krdiﬂla\t@.oﬂn::jnbdb?%h@fﬁtﬁﬁﬁ@% ll.@”fgog@cg tSPRIH W ]Eifeaﬁ'acg OL t he
isk drive units .is en controll.ed du t est of the dis

drive unit&¥ l,& ‘2 gg d?l%g"st Fovedi Fr?l% %n‘ﬂ?q sf:‘r?g"tt he step of
control | iomereind dw sb ahauae:ns!shaaamrasobaslaeddosdxr drievelis tdxrivedependent |y
t her epy tuqu'mcieeﬁ@@@et hxrseeu daém%ot @n&efyﬁfgwﬁﬂ gach of the disk

drive units. 14. hod accor to clarm 1 conprising the step of,
|ndepenckﬁﬁq%P%ﬁ5FdeéEﬁ arerRI R iv %E1PF CéBﬁ?@o¥?|9ﬁF%tﬂ¥qq eof air across
t he di sk dirskvelximet uhdtcause @pyrdprikher posleibainy df atid ywadeness the di sk
drive unigd ., 0f 4@ gagg sghilled air obtained by passing at |east a portion
of the air t at has ssed ever the disk drive unit through a heat
exchanger to flom/across the disk drive unit, or to cause a m xture of

direcidy recinmeukathag aiimpldl dd¥ddi@dd above, operaticn of the
baffle motor 8 can be under servo control. Control of

movement cf the baffle 6§ and the flap 30 (if provided) and
op

eraticn of the heater 14 can be made under appropriate
software running con a suitable ccmputer. One or more

25

T

emperatur2 sensors may be provided to monitor the
temperature of the disk drive unit 2 and to provide one or
more control signals to the servo contrel.

It will be appreciated that the air flow arrangements

30 shown in the drawings are examples cnly and that
alternative arrangements for air flow over the disk drive
unit 2 are possible. For example, air could be caused to
flow in the same direction cver the top of and undsr the
disk drive unit 2 and can be returned to the fan 5 aleong

35 one cr beth long sides of the disk drivs unit 2. This
arrangement may be advantagecus where cables are connected
to the rear cf the disk drive unit 2 as such cables may



20 air to flow across the disk drive unit. 15. A nethod according to claimn
13, conprising the step of, independently for each disk drive unit,
controlling the flow of air across the disk drive unit to 2o May2004t o 25
recircul ate across the disk drive unit, or to cause fresh air to flow
across t heW@idi1ld¥i ve unit, or to cause a m xture of reciPCTIBg0/@ds@i r and
fresh air to flew across the disk dripg unit. 16. A nethod of operating a
plurality of disk drive units, wherein each of the disk drive units is
received in a disk drive unit carrier, the disk drive unit carriers are

rel easabl gtnexmisd dfifectsivhgl eidat howtciagetappatatss thatgkalk receive a
plurality sy di h rature of each of
t he di sk [a%vée unll%jsl%#stq{éng:grggg n‘tfaéé rﬁ]ﬁl& ?’q&bdﬁr ?%gpgperatl on of the

di sk dri vetkgryikse w%bYAr@vﬁéanacmlamaﬂosplaaf-rrf@s leoapidsi ng t he
step of centtied |daxgimed llow of air across each of the disk drive 20 May
2004 01/41148 iscr/csoo/044ss -18 units independently thereby to

i ndependently control the tenperature of each of the disk drive units. 18.
A net hod accorBRdiy afo tdlsaicartisrsohpidsimgerthebstvvepcsnobe iswtbpendently for

each di skeglfd M8 W ,ce%@@trra@h&bnafti\@dlfé,@\eivqizeahhlelCEC’&é the disk drive
unit to cause, air (0] recwccu ate dlrectly across t Jf( ive unlt or to

cause chi T$EdE Plobtls G 0§ pER sty & ¥SeRSELaCHoFREOROEIat he air t hat
has passethmuicturs ngi pkodeisgeofintte tdirskughriast anbeat . excdangey to flow
acrosgot Eﬁuﬁd Sledidrge 2“’&'&5 a®6ot B Cxt?%]éﬁfe é:% %g&%? Qﬂediéﬁééxla}’t reC| rcuI ating

air and led air to flow across Frve onit

accor di ngP% F18 z?ilrﬁkl‘?ln(‘,'ér’rﬁflf%l huas negmad eperahtiepertici v for each
di sk dri v@igkidriveontviel ki Bg hheetd aweaf. air across the disk drive unit to
cause air to recircul ate across the disk drive unit, or to cause fresh air
to flow across the disk drive unit, or to cause a m xture of recircul ated
air and freshPaiPlugglitywoicrassiexs ttheadi bk dncoeponited in or

g g[s)/TNP] NF;J&NM@E{ mnx@bNa@/sN]rrh#M N@NWS@W&%E&%Mé N@AN]W j% ! ]K Jcal
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described above can ke used to control the temperature of a
35 disk drive unit 2 when used by an end user as a data

storage procduct. Similarly, plural carriers 1 can be

incorpcrated in or assembled together to form data stcrage
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drive units 2 in the data storage apparatus can ke
effectively completely unaffected when individual disk
drive units 2 are removed for maintenance or replacement,
for example, or if cne of the disk drive units 2 overheats
or fails to operate for some resascn.

The carriers 1 can be simply mass manufactured at
relatively low cost. The carrier 1 is effectively modular
in that multiple carriers 1 can be built up together
without affecting the cperation of cther carriers 1.

In a particular example, the temperaturs of the disk
drive unit 2 can be controlled to be within +1°C of the
target temperature in the range of ambient +3°C tc 70°C.
The maximum rate of increase of temperature which is
achievable camn be of the crder cf +6°C per minuts and the
maximum rate of lowering ¢f temperature can be of the corder

of 2°C per minute.

It is preferred that the air flow over the disk drive

- unit 2 be at a relatively high rate as this ensurss that

the temperature of the disk drive unit 2 is less sensitive
to changes in air velccity or heat ocutput of the disk drive
unit 2. Furthermore, high air flow rates give good heat

-~

transfer rates tc and from the disk drive unit 2.

An embodiment of the present invention has bkeen
described with particular reference to the examples
illustrated. However, it will be appreciated that
variations and modifications may be made to the examples
described within the scope of the present invention.
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temperature control device comprises an air flow control

device for causing air tc flow across a disk drive unit

raceived in the carrier.

15 3. A carrier according to claim 2, and comprising a heat
exchanger for selectively receiving and cooling at least a
pertion of the air that has passed over a disk drive unit
raczived in the carrier thersby to provide chilled air,
wherain che air flow conzrol device is selectively operable

20 to cause air to recirculate directly across a disk drive
udit recesived in the carrier, or to cause at least a
perticn of the air that has passed cver a disk érive unit
received in the carrier te pass thrcugh the heat exchangexr
to provide chilled air and to cause said chilled air to

25 flow across a disx drive unit received in the carrier, or
Lo cause a mixture of dircctly recirculated air-and chilled
air to f£low acreoss a disk drive unit received in the
carrier.

30 4. A carrier according to 2, wherein the air flow control

device is selectively cperable tc cause air te recirzulate
across a disk drive unit received in the carrier, or to
cause fresh air from outside the carrier to flgw across a
disk driva unit received in the carrier, or to cause a

© 35 mixture of recirculated air and fresh air from outside the
carrier to flcw acress a disk drive unit received in the

carrier.
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1¢ comprising a selectively operable heater in the air flow

path to a disk drive unit received in the carrier for
selectively heating air prior to said air flowing across a
disk drive unit received in the carrier.

15 8. A carrier according to any of claims 1 to 7, wherein
the disk drive unit carrier is a disk drive unit test
carrier for receiving a disk drive unit during testing of
the disk drive unit.

20 3. Disk drive unit test apparatus for receiving a
plurality cf disk drive units, the test apparatus
comprising a plurality of carriers according to any of
claims 1 toc 8 each for receiving a respective disk drive
unit to allow the temperature of the respective disk drive

25 units to be independently controlled during testing of the
disk drive units.

10. Data storage apparatus, the apparatus comprising a
plurality of carriers according to any of claims 1 to B

30 each for receiving a respective disk drive unit to allow
the temperature of the respective disk drive units to be
independently controlled during opetation of the disk drive
units.

35 1l1. Apparatus according to claim 9 or claim 10, comprising
a controller for independent control cf the temperature
contrcl devices cf the disk drive unit carriers.
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14

15

controlling a flow of air across each of the disk drive
units independently thereby t£o independently control the
temperacure of each cof the disk drive units. '

14. A method according to claim 13, comprising the step
of, independently for each disk drive unit, controlling the
flow c¢f air across the disk drive unit to cause air to
recirzulate directly across the disk drive unit, or to-
cause chilled air obtaired by passing at least a pertion of
the air that has passed cver the disk drive unit through a
heat exchanger to flow across the disk drive unit, or te

- cause a mixture of directly recirculating air and chilled

20

16.

is

air to flow across the disk driwe unit.

15. A methed according to claim 13, comprising the step

cZ, independently for each disk drive unit, ccntrclling the
flow of air across the disk drive unit to cause air tc
recirculate across the disk drive unit, or to cause fresh

air to flow across the disk drive unit, or to cause a

mixture of recirculated air and fresh air to Zlsw across

the digk drive unirt.

A method of operating a plurality of disk drive units, wherein each of the disk drive
units is received in a disk drive unit carrier, the disk drive unit carriers are releasably
mounted in a single data storage apparatus that can receive a plurality of such disk

drive unit carriers, and the temperature of each of the disk drive units is
independently controlled during operation of the disk drive units.

17. A methed acccording to claim 16, comprising the step of
controlling a flow of air across each of the disk drive
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flow of air across the disk drive unit to cause air to

recirculate directly across the disk drive unit, or to

cause chilled air obtained by passing at least a perticon of

the air that has passed over the disk drive unit through a

10 heat exchanger to flow across the disk drive unit, or to
cause a mixture of directly recirculating air and chilled
air to flow across the disk drive unit.

1%. A method acccrding to claim 17, comprising the step
of, independently for each disk drive unit, controlling the

e
wn

flow of air across the disk drive unit to cause air to

recirculate across the disk drive unit, or to cause fresh

air to f£low across the disk drive unit, or to cause a

mixture of recirculated air and fresh air to flow across
20 the disk drive unit.




