WD 2005/ 024831 PCT/ GB2004/ 003802 1 TEMPERATURE
CONTROL DEVICE, DI SK DRI'VE UNIT TEST APPARATUS, AND A

wORNSIORXSEF TESTI NG OR OPERATI NG A PLURALI TY OFPCI/6IK2004/003802

10

15

20

25

30

DRIVE UNITS 5 The present ihvention relates to a
tenperature control device, a disk drive wunit test

appar at us aj esting or operating a
plurality i—é QLIBEW G &3 St BRI WE

of di sk dr i IAREARATUES ARBF RSIBTHOD GEoSE ST

drive wunitfs to ensur

speci fi cat i cQPERATIAG ARLYRALITES OFDISKPRIYE IONITS t

is necessary to control the tenperature of the disk

drive units. The tenperature of the disk drive units

Is varied across a wde range during testing. In one

of the_applicant's own known testing apparatus, the

t enper f(:he(rngeénhahuerwon rlﬁl'atels wagemgerai@ﬂet é‘onvt\%l dﬁwce a disk drive
controlle [ or nheating alr Ich 1s

c BfkRst apPatfius andt i ethad.Otkestjag Grppsrating 4 pluraligoof disk drive
dggjts abl e to mai ntain the tenperature of a disk drive

unit to be wthin a predeterni ned range during nornal

operation of the disk drive unit, i.e. 20 when the

di sk dry ve unit 's ljc,@L_use an end user. It is
conmon “pi &8 TEaY ﬁqt”re&ﬁ‘a %’etLB“tﬁr tia a%%ﬁseaotq tegt therdisk drive
\g’\()gﬁé‘ :t:cg éng%?gntpgﬁm{eﬁ*ﬂget‘?tﬁé ?@%ur#)&fs gs s pdrPof ih%VYestmg :

papefationaitliy nebessaPy o cmntrojrthbtempedaﬁfrs di@h@drsk@nve units. The
However, this provides

t era ure nponent s.

F‘%B W&o‘?fqﬁa ﬁ%@ 1% WS4 yarisd @crras wisla magesiuring testing.
s
et o iy O S, iyt e
t disk ctﬂvskurdts is eontrolied By usimgasoating ©r beatin@birdhiclt B ¢dmmon to

mt{ tpat enabl es the tenperature of a disk drive
8"6 ﬂ'? iVEdNShere i s disclosed in the

appl icant's own international patent application 30
nunmber WO A-01/41148 a system for tenperature control
of a ditdk atha desitabig to maintain the temperature of a disk drive unit to be

within a predetermined range during normal operation of the disk drive unit, i.e.
when the disk drive unit is in normal use by an end user. It is common practice in
computers to provide a cooling fan which draws in air and causes the cooling air
to flow over components within the computer including particularly the CPU, in
order to keep down the temperature of the components. However, this provides
a crude cooling mechanism and does not provide for separate control of the
temperature of the individual components of the computer and particularly the
disk drive unit. A temperature control device is required that enables the
temperature of a disk drive to be controlled.

There is disclosed in the applicant's own international patent application
number WO-A-01/41148 a system for temperature control of a disk drive unit.
Reference is also made to our PCT/GB03/02828.



Ref erence is al so made to our PCT/ GB03/02826. WO

2005/ 024831 PCT/ GB2004/ 003802 2 In systens in which
w@basab4sdi sk drive units are connected toget hePCHGBR004/003802

as, for exanple, test racks, it is desirable to be

able to fit as many tenperature control devices and

di sk drlh\sgstem'stis whrehleral disk teve vrotsuare casngmbed tdglether Such as,

dj of 4 h t ti
e Rk, Boflt 3tis BEREe B nd e e FER ety ihieshle
du Sntrdf devdcasnarid disherivecumgriatow lenie@idighe d8\bossible.
corrprl Si ng:. a housi ng for connection to a carrier for

a disk drive unit; an air flow generator arranged in

5the ho‘ﬁdc@ﬁdlr@{o Pf &Véﬁé&goﬁhé 'p%eﬂf ln%ﬁcpotn?tr%ré’issé‘rlovided a
an arr Tlow

drive unit 1In connected carrier
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t cgetrieeatdr siranbyedvie thmlnctusmgfobprowuﬂh’cg DAdbwdf a»ﬁ@@ardibkftmvb@mt in
a second, aspect of .t he esent vention, there i

- prbfiisgted farpery P?‘?fea“ﬁ% °"¥ E%Qtf%gsw%?%n@%ﬂr atrtee éMﬁ qighe air
10 a flowigenarhtor aﬁd deisktivéty étﬁxfgﬁl*ab!?e toldoftrblaRé aﬂrﬁ]omﬁ ¥hefeby

E‘grl Si n El ural ity of tenperature control devices
thSeP air flpwingito H?p‘@é‘f didve ynitcar kesegntrolled.

|nvent| on and a plurality of carriers, each for

connection to a respective one of the tenperature :

cont r olAcgerding:to asrtond @spéatiof thequresarit nrg/eatmme‘.penetls peovided

or A e Tyt Rt anpr AR ind & fl ot OF SR R s, st

15 t eazdparaju@ nmpr‘ism@r@pldnaﬁty of ltempeﬂamré gontréleleficBs BbBEording to the
ne or nore djsk drive

éSiP§°§ ﬁ?fd'é% Bﬁ‘&em 'PXPFE'SH@PG 13 Rlerafityraf sarriesss garh fost
t fdbnﬁé@d@n%'aW%s?@UtVé onklpe t%@ﬁ@@?&t%ecohﬁblg&v%@ténﬁl dafl for

using a tenperature control vice according to t
f|f¢§Q'V'H§ﬁé’€§PQﬁ¢W€H@k&”égélﬁtt i nvention. 25 According to
a fourth aspect of the present invention, there is
provided a nmethod of operating one or nore disk drive
20 uni t s, Ashendiigtotahthird aspeat af th'req)reéentaa/ehtimf thdre iopmvided a

«?tngb %Fte%hg\;/ &né'd 'an%re &sf( HH\%’ Srrﬁg e elr%: nttemperac{ure of each
of the one or more disk drive units is independently controlled during testing of
the disk drive units, the temperature being controlled using a temperature control
device according to the first aspect of the present invention.

25
According to a fourth aspect of the present invention, there is provided a
method of operating one or more disk drive units, wherein the temperature of
each of the one or more disk drive units is independently controlled during
operation of the disk drive units, the temperature being controlled using a
30 temperature control device according to the first aspect of the present invention.
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operation of the disk drive units, the tenperature
being controlled using a 30 tenperature control device

wa@e@seisay to the first aspect of the present PCT/GB2004/003802

i nvention. WD 2005/ 024831 RCT/ GB2004/ 003802 3 The
tenperature control device enables the tenperature of

adiSkl'deHve unit to bf controlled to be at a _ )
pr edet BINSTAREAMIFE SPAIRY de\ich eraplep diatareperature ok a disk drive
dinfttodid déntrdlield: tolbe HY duti ;
p[actC)i_ce, the t_eﬁp%r%ﬂéuégg\%\}#ﬁﬁgéé{egﬁﬁ?r%gﬁéggnﬁg gpgration of the
Wishdrive enitaitrwill ibei urdesstoad thatdiet mraviice dhé eampemtureavill be

m ned tenperature” shall be

TR e T
%Ya@"ﬂrédéférﬁﬁrﬁﬂteﬁﬁpérgﬁéez"&ﬁlﬁléﬂe\/%cﬁs&é@? bR %lhh%ince the

tegﬂperat ure control ‘devi princip
taefiave cghtrpl devicpiseatrangedhat the sider aftthe dan adthl thle temperature

S5 Epio emiume Sy e deribaccumibhnhrfemperature

ichAtrbNY&ViEE RNsmMafY iﬁ%nﬁaa?EbH% Bﬂe\}i&élfl‘ Sv@!]égl’v\%] %S%rﬁg@re

providing a tenperature control "device’ W
cenisel devices.oAceordingty, dné invention provddede sohutionab ties! problem of

RROVIEPR rmierbuR Septh{ Srvic it which ths tpreparetyae oda disk drive
Unit dahebd 8OMPSIRIAUREe SRl of ‘éﬁ\é’ oftrer Oéﬁt%gg@gy%ynits

of the present invention w be descri

ihilsbsimuitanenusly misirisingthetvolurhe requitsibfanid@mperature control
greg ngs, in which: Figure 1 shows a perspective view

PVIER- exanpl e of a tenperature control device

according to an enbodi ment of the present invention;

20 Fi %re 2 is a view showing a perspective view of an
exanph@ @nbodineerntaf feipeesenhinvehtiatewilbeow 4% ddseribed By way of

Lgur having a, tray connected to it suitable for
Eggép\% ﬁ&ha{eﬁ‘?@ﬁc“dﬁ {f,\g;acggmﬁa@Mmg awings, ¥ wihichi om
above of the tenperature control device of Figure 1
in a selected configuration; Figure 4 is a view from

abov e Figure Heshamp s nerspestive niewobf areekamply of4 gsmgerature control
device according to an embodiment of the present invention:

Figure 2 is a view showing a perspective view of an example of
temperature control devices as shown in Figure 1, having a tray connected to it
suitable for receiving a disk drive;

Figure 3 is a view from above of the temperature control device of Figure
1 in a selected configuration;

Figure 4 is a view from above of the temperature control device of Figure
1 in a different selected configuration; and,

Figure 5 is a perspective view of a composite disk drive unit test unit.
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1in adifferent selected configuration; and, 30
Figure 5 is a perspective view of a conposite disk

wa@leoo@2488i t test unit. WO 2005/ 024831 PCT/ GB20Rdr/GB3BA/A03802

4 Figure 1 shows an exanpl et of a tenperature control
device 1 for a disk drive unit according to an

. ; i I
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i . ow via
EEtHRt BB Pulol 4B o o e S v 1Lk enpe a fow 12

bV air m &b Siskdrive uplt. a desired tenperature to
provi de either cooling or heating to the disk drive

unit. To achieve this, the tenperat urle 8on_trol 2gevi ce
ani on 8 YePEtiReq el deviser L B RISRle o Ahagy theiraturning air
fibw 12 viafd svediednatte siah st 6@? {t)% Je%eivfeg\%@%ﬁrﬂpg%%gan 6 it is at

the tenperature of air provid y the f.
didgsirgd itempetatutectoqravidel dither cogling om lesatihg tarnie Hiskadéve unit.

FOREIER sl Tadlonianréfig el o Heowide! Wi anvaieow

f 1. . . 1 i .
i L

e aroute
path cambe coaltelieth ghecqrdinglys tumtemperatuyeoé ait)provided by the fan 6

t 1. f the heat x¢hanger copld sinply be . . .
T R A T G R P
wall of tite ROGYIhG 2, Bné A tnd'Fohtéld 6Me Houdid ! & the other at the
necessary for the outside at nosphere to~be at a | ower
'f%’rﬁ%\daﬂféh@maiﬁlgt%e di sk drive unit. The apertures 25

16 and 18 formpart of a sub-system 20 including a
val ve 22 used to control the

As will be explained below, apertures 16 and 18 serve to provide a route
for air via a heat exchanger (not shown in Figure 1). The function of the heat
exchanger could simply be provided by a vent to the outside atmosphere. In this
case to provide a cooling function it would be necessary for the outside
atmosphere to be at a lower temperature than the disk drive unit. The apertures
16 and 18 form part of a sub-system 20 including a valve 22 used to control the
flow of air and in particular the direction of the flow of air so that it can be
controlled to flow either through the heat exchanger where it can be cooled down
or to flow directly to the disk drive unit so no cooling of the air is provided.

The housing 2 is also provided with openings 11 and 13 which provide a
path for air from the heat exchanger used to cool associated electronics such as
a control board (not shown) for the temperature control device 1.
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flow of air and in particular the direction of the
flow of air so that it can be controlled to flow
weRdaokee4s8hr ough t he heat exchanger where it caPCbheB2004/003802
cooled down or to flow dir¥ectly to the disk drive
unit so no cooling of the air is provided. 30 The
housing 2 is also provided with openings 11 and 13
whi ch provide a path for air fromthe heat exchanger
used to cool associated electronics such as a control

board_(not shown) for the tenperature control device
1. WOF 008 209 £gArspegtivepgon Qi @isexampls crtﬁa;tmpqraﬂsreacontm'
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b5l héew/ith O MMre HonBfrbf vﬂﬁér?lé"!‘?ér% ﬁ% bBPat@H‘ rr@ference

content of which is hereby |ncorpora y ref er
The coomeneshpagaof &@tempwatwnmnamdewce rit witll bedéesczrebed below

il "aoraiert Y Pt §f Ay BelerPadS Ao s bty iydviced
With a 8 tit§ wHIE aWhSI@Bn@e dhig shdivh\eehepdtical Tgwn ?hantom can
schematically in phantom can 10 be inserted.

tse mrf@dbofhe)tfas@rh@ﬁ:a bptigrosuriree hirrevided withea n@fnber of
QQ% §ﬁ e%'&b?é“&?&ﬁﬁérk&é%:%fcﬁj}b Fhe%h e&é&’@&% cHVe unit. As

ser a ne

‘Whlebeier(plameldfMoﬂed'léwlrﬁshprdv&imﬁﬂiy’&\thﬁ t@mmrbtmle gdevrot device.
Figure 3 shows a plan view of the tenperature control

device with the top 15 renoved. As in Figure 1, a fan

6 cang @%{éal ! \g@béiblawv’%f/\) ?ﬁﬁetté’mpéfé’th@céﬁ?olfdlé?ﬁ% \ﬁlth the top

and 12 ntia ar al a lon
wemeverf. Abdn Figampdr, atfand cambe seedeavhice fur&ibnsyetpemldé the

{iws Ranhs? of Sinsubotanyily parsiieL i b fongifudinel Bscftnd' °°
@ﬁ%’&ﬂaﬁ:re'o%ntr@P&é\ﬂbéV%JbQ%ﬁ@&hrz‘ﬁ can'Be4Rehas ifEludeUMear air

of ‘openi ng apertures 1 A 20 nmotor 24 iIs
racv atiene sidecafriihe dan Bhel pvaive @2, efsodimeas inthiasgample, is

CONS: egree of openi.ng of apert

GRS T ROt B 75768 Br BlptE T B Blefing B fncHyfSs 16 ana 18. A
nmfraznl ngrprafutdea t@{]c@nftl@?ﬁé BOSIBGN bﬂbalﬂ”@\z@r@m c@rﬁsédaﬁzntly the
val ve al t hou

degree of opening of gpertures 16 and 18. In the example shown a rack and
pinion mechanism 26 is provided to control movement of the valve 22, although

any suitable mechanism could be used.

Air returning in air flow 12 is therefore directed by the sub-system 20
either directly back to the fan 6, or via the heat exchanger or a mixture of the two.
Air is received by the fan 6 through an opening (not shown) in its housing,
typically provided underneath the fan. In the example shown in Figure 2, a ramp
19 is provided and serves to provide a route for the air under and into the fan 6.
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exchanger or a mxture of the two. Ar is received by
the fan 6 through an opening (not shown) in its

the- exhieL SRRt or T B0 3RR VoSt 2oy qeranged
asglcs trat ¢ise tmarnlbemzje pogitiited th Mo etures R8N Ajr flow 12
into the fan 6. 30 WD 2005/ 024831 / GB2004/ 003802 6

| Fetumeng BRM @l?r%lﬁlﬁ grive Hoikis direqted by@ @weﬁendlmilsqyalamzz to

tzlgod(\:ll% éézg‘p%eregfj fraggk? Q%a ﬁélreglzg@ rgpn?é’lﬁ@tga,?byztﬁeegﬁ Lﬁtg?ﬁ% air flow 8.
f Simvetthe disistrivl ume(nmnshom iAfigaed S)jtokWhl%h G Yé‘rﬁp@%re control

of the valve 22 to flow by the sid fan 6 and
dfieee is corngqied oane@ies heatdn usa, $lmpd>y tetc@'cbmg afrlfmm 81e disk

ARG haf o O B bt S 5P ana o

geigk daive urltedcordinglye, sinply recycl ing air fromthe
disk drive unit via fan 6 has the effect of _
increasing the tenperature of the air and the disk

b d
?L' ;’ﬁe’f'lglé &g@/té%gérp 8%@0\#& gqggﬁﬁé\éﬁq{?&nﬁ%ﬂ@r D4'slich that the
aamrturessl 6lénding caf béaparhéllyoéﬁﬁjllﬁlbbﬁn@d td éhéMeoéﬁ @%W out

nable air to flow out through aperture 1
'?E?thwé%ftﬁifﬁt P and &rgm there éfﬁg@rheaﬂ%Ch@merexEmh@rexchanger

f I
B0 R A0 B Ao B A o Sl T n e
deéttlanm‘.frthe an 8t iSuthad comfyuratioroftRedzfld ZPBARH %MEEratu re
15 control device is showmn 1n Figure 4. Figure 4

LoNteal, devise iashowndn Figiredenper ature control devi ce.
In the configuration in Figure 4, the valve 22 is in
an internediate position such that apertures 16 and

18 ar eFigardi4shotisad Vigwolpem dbodeAtihe ﬁéd‘lyer@hﬂ‘é%ntrbi device. In
Vtgn be _seen 20 that returning air flow 12 is split by

B\RONfiguration 'f‘vﬁdgléférﬁaéh%ﬁ@lvﬁlzr? islinas lrztsrraadlateaposmom such that
H%E’V?\’Itl%%s :1? %idr ‘th'ég% chéh bAidly BpefHAIREHSEERS 1t25h be seen
that returning air flow 12 is split by valve 22 into two component air flows 28 and
30. Air flow 28 is directed to the heat exchanger whereas air flow 30 is directed
directly back to the fan 6. It will be appreciated that apertures 16 and 18 can be

open or closed by any desired amount such that the relative proportion of air flow

12 that is cooled and that which is not cooled but rather directly recirculated, can
be controlled.

In all the examples shown, the air valve 22 functions as an air flow control
device and is arranged at the side of the fan. In other words, the valve 22 is
substantially on the same level as the fan i.e. at the level of the housing. As air
flows from the disk drive unit and is returned via sub-system 20 to the fan, at all
times it is substantially at the level of the housing 2 of the temperature control
device. This enables the volume (principally the height) of the temperature



10

15

20

25

30

directly back to the fan 6. It will be appreciated
that apertures 16 and 18 can be open or closed by any

wale@sneg3anount such that the relative proportPONGBR004/003802

air flow 12 that is cool ed” and that which is not
cool ed but rather directly recirculated, can 25 be

| h h
SIS defice 1o beAine AP IERe RS Ragd REaMuft AT antS different
alevalisgaridare inerviedtiornd] §ybténﬁ§m In ot her words, the

valve 22 is substantially on the same |evel as the
fan i.e. at the level of the housing. As air 30 flows

;Lgms;,g will % ?gi'e%’cﬁatgﬂgﬁrh@rggirﬁ FES%#‘(#E@%I)Y iqagecirculate around the
sdibk deine |asl ih yhatonfiguragoreshen iMEiguee!si te ténqierét%?e of the disk
(%ﬂ) ture control devi ce. Thi s enabl es the vol ume

willgise: y1his erovidemtor féﬁldth@tlﬂgrﬁ;ﬁ&%dﬁgéirmumt This is
acad Sbvahtobta? Wl St atinB Ao Fd Bt Afighsr®

drehﬂmramres lsa‘eqhsediasdmmwsﬂth@%%@ﬁérwﬂbe@tﬁﬁe%ﬁﬁ be§chieved

wi | | ciated, when air is caused sinply
ers Guickloaliounados s st gausR i o dRkeIVa uile during testing. In

f
FRBIBEASABRBHT SRV PHEREL 1108 AETREERL HESeP'7
rm'atndreg intthe biz fidinspattfrons thenbitiet Bfithe 4 6 RATHd Gr%k riv¥ unit. The
rgﬁagt%e us, when ‘testing of the disk drive unit at

r grsplecdively CPR.ﬂjaiQdetQ heat the air,| therebyhtosachieve more
s Pﬂnerilaﬁﬁ leQﬁ ucﬁ;‘{r% _ frore quickly,

ow ng ast cir roug di sk drive units
duri ng testlng In 10 a preferred enbodi ment shown in
Fi gur an electric heater 17 is provided in

t he a.e\&hénfﬁﬁﬁ femReratiyie qanirobdeyiee inepenating dmachilledtaiemode
Wﬂ%ﬂnﬁ‘ gr‘g‘o‘l éehélggzgar{ i ﬁé?}%edctﬁgl‘ag} $ver]tﬁ% F@%&dr{"@ unit, thereby

azﬂmlrag ¢herdisk drrverurﬂt a@netessanf. Ube oflchiledairnlowd totd rapid
q% a E\h t he terrperature control device is

cﬁ?&&lﬁg 8‘? isg drie|unddodieraghiened. shown in Figure 1,

chilled air is caused to flow over the disk drive

unit, thereby cooling the disk drive unit as

necesﬁ; gppidpeiatef padifidning ohthe vdiveRe bedtweer & Extreme positions
c% f t he, di l§dr|ve unit to be achieved,

own M gures 1an a mix of chilled air and directly recirculated air.can be
caused to flow across the disk drive unit, the mix being in any desired proportion.
The valve 22 and more generally the sub-system 20 can therefore be configured.

to achieve and maintain the temperature of the disk drive unit at a predetermined
level.

Figure 5 shows a composite unit of four temperature control devices
connected to a common heat exchanger 32 at one side of carriers 36. In the
example shown, the fan 6 of the top temperature control device in the system
can be seen as can the disk drive units 34 arrénged in carriers 36. By arranging
the air flow control device at the side of the fan 6 in each of the temperature

control devices, the volume of each temperature control device can be reduced
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20 By appropriate positioning of the valve 22 between
the extrene positions shown in Figures 1 and 3, a mx

w@boosiop4sBed air and directly recircul ated air PERGB2004/003802

caused to flow across the i sk drive unit, the mx

being in any deS|red proportion. The valve 22 and

nor e sub-system 20, can .t herefore be

SO iR Bvetay e i S O R Rt SYb e e haunTpiey iguresS can be
@Bnbgﬁoﬁuﬁgy%ﬁt\!@edi NAthoSird 40 %dpﬁ-g)?gj centd ﬁw‘éeéarners 36

ure 5 shows a conposite~unit enper a
&Imqmlnmg\ﬁhc@ectmmfmd to abmmmhnn aire‘hiw gen@r@wtgedrz in this
xanpl e shown

at . on e of
Ekaficd 4 14 BEeRbr 8 darfie® s Asbatioriged ke pnsrats ar
BEAYESA % élé@tr&‘ﬂc§@8ﬁtaﬂ'$eo°|ﬂﬂwdd% ﬁm@bné&ﬁyﬁem@a Wﬁer 32.
arranged in carriers ) arrangi ng the ali 0
control device at the S|de of the fan 6 in each of the
trol . devic the v

*cmporapthel g b euiiGeBLaevEes Beiibediasove an be used to

8@@@6&%%@&&%&@Wﬂ(&%%%n@jurrﬂéqasﬁ bf fh!éedl's_k drive unit as

overal | volume of the conposite system s’ﬂ‘rgv\m I'n
pag i tie nogoak e pufagturifigyproeessetthe Aligtodrivengnit0 Eush of the

PR PR 5 o B 5 R 6L B of
dRRedriveQinitdurindnbithal opRXaBN 6 tha disk & iRAGHit BY fw%dsuser

carriers 36, is also provided to generate air
bet ween the el ectronics contai ned i n housing 40 and

dovi c AN PR FRalues Birdladis i Bt Bireroaratasbin or
hesarabrRAUA® @bk @ln@é%’ﬁnt%é’c‘éﬁ)dé?éﬁjs dwdméis F&%Hﬁ:lé’% tb8€rack. In

di sk drive unit as part of 'the normal man cturi
Hrioways plyralidisk drivg ugits gan bmtesteEandepﬁndehﬂy dbeach other with

rERBEDRL ot e G GFR 2P oBe2 1 58 3R Hrve v tating

plicenI THY alléws ﬂml\ﬂﬂuélftﬁslddﬁ\ke Qﬁhé’&) B hiovY iffd Sflout  of the test
user. A plurality of tenperature control devices ca

BEPaAAteY Wihaukaffegiingrthe M@gtﬂfe:tﬂhéﬁdlﬂ( diied udits u'ethemﬂparatus

g te ABBRAIY St S AR R 1 ST bpbalus bin 2
el diefdrb it POmMEhe NeibBRItuM <§f*bthé|”<§i§l? %H@é nits ‘Prmr{é’épparatus.
of the tenperature of each of the disk drive unit

T Britegpperature of each of the disk drive units can be controlled to be at a
predetermined level, which may or may not be the same for all of the disk drive
units, regardless of the power consumption of the individual disk drive units and

local conditions at each disk drive unit.

In addition to use in controlling the temperature of disk drive units during
testing, each of the temperature control devices described above can be used to

- control the temperature of a disk drive unit when used by an end user as a data

storage product. Similarly, plural temperature control devices can be
incorporated in or assembled together to form data storage apparatus having
plural disk drive units which may be independently operable, the temperature of
each of which can be independently controlled. The temperature control devices



pl ace. This allows individual disk drive units to be
nmoved into and out of the test apparatus w thout

w@bdosoe4say t he testing of other disk drive uniPGI/GB200MA03802
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apparatus. The tenperature of individual disk drive
units in the test apparatus can be 20 markedly
di danchreemias$ manufaotured aprelatively dowtostt [Téae teiinperatlireentrol device

1 s eRpkib el RoBERR b inonlE TuhATRETE soe S Ras cartbe buitup

prtedether witheut dffevirg thelpefatioRyf otheMBcH WRvide8. t he sane
for all of the disk drive wunits, regardless of the

power consunption of the individual disk drive units

and | 96 8l parRiifliriexanpied thee@fipeflitdre &% et n2$e

addi tion tpo use in @%nt’rol I_iﬁ-'r?g tﬁdgdt?gn%geﬁ%ﬁvuer%a 0 %@éﬁ?”ec{
drtp\be inpiussorduinke d degeas: samgjgragda off thef targed taneperatune inrtbe range

Con APt GEmEC T R ROYR R by

blyacaielvebté assetypiaallysbedattthe lo&teo obg7 Qe n'gﬁut% ghmtﬂaeamirﬁmum
pl ural, fenperature control devices can be . _
P 185 et o oSt B PicaliEhn 6F ecraio rGaper minute

storage apparatus having plural disk drive units

whi ch nmay be Lndependently operable, the tenperature
of ead YRbogiment efdhe peeseRbByRITigamas eena deseibedwithe

t j 0 4 . .

O S Rp RS e SR AR Hae Mol wil g appreciated
r dhattvaviatigns and nwodificatitine roaynipe matie te thecexamgie desaribed within

i tlLvel ] in that nmultiple tenperature
c§H$§%ﬁ%%§vﬁ8%@g%ﬁﬁmgé“kﬁr|t up together w thout
affecting the operation of other such devices. 5 1n a
particul ar exanple, the tenperature of a disk drive
can be controlled to be in plus or mnus 1 degree
centigrade of the target tenperature in the range, of
about 20*C to 700C. The maxi mumrate of increase of
tenperature which is achievable can typically be of
the order of 4-70C per mnute and the m ninum rate of
decrease of tenperature can typically be of the order
of 1-30C per mnute. 10 An enbodi ment of the present

i nvention has been described wth
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particular reference to the exanple illustrated.
However, it will be appreciated that variations and

wore@s24sat i ons may be nmade to the exanpl e descree#2004/003802

within the scope of the pnésent invention. WO
2005/ 024831 PCT/ GB2004/ 003802 10 CLAIM5S 1. A

tenperature control device r di sk drive unit, the
tenperature control devi ce—gétllbgéi'si ng: 5 a housing

for connection to a carrier for a disk drive unit; an
air flow generator arranged in the housing for
Br ovi & tegperatuse,contreli deviee fog addisk ddye vait ﬂhﬁttemeaature control

cte ier; and, an air flow control device
§§9§§ &ﬁj rfsar{iie si de of the air flow generator and
sel ectg h&iﬁn?fﬂifdoﬂhé@tmrﬁot@céﬁié? féHa dikR daive unitow pat h
whereby the tenperature of air 10 flowing to t he di sk

dri ve afrait flowgeperaionarangestin the hausingfer RfQyiding @rfiow of air to

r|S|n at | east two
%pcﬁ#lg(@%%%gm%g hge?gat é&% %E hg forgprovi di ng
possi Rineainfiowidoptrobddvice aﬂ-‘Enéed At thergigé af thiecaif ﬂB‘Wrgénerator and
devi ce according to claim 2, nprising a |inearl

selagbvely\canfiguiable toneqrirol éh%lé@rﬂ@w reth etmgtratqnmerature of air

ARk e Aot Ak URR T e RAEE. i on mechan smto
operate the linearly novable valve. 20 5. A

tenperature control device according to any of clains
2.t o 4 teropgraiuergntral drudge asedrdingde dainchraamprising ehleast two

Sk Rulsgfncy okt e ARGARGTE PRI iore b AL Bl

disk drive unit thereby to provide chilled air,
mhereln the air flow control device is selectlvely
Sper alf} temperabire seatokdeviee aceardingupalaimi2.reamprsing a linearly

BipRtin FafR S ¢ pkdfe Y oerlia bEREMERRRGS G5k °
drive unit to pass through the heat exchanger.

4, A temperature control device according to claim 3, comprising a rack and
pinion mechanism to operate the linearly movable valve.

5. A temperature control device according to any of claims 2 to 4, comprising
a heat exchanger in communication with the apertures arranged to selectively
receive and cool at least a portion of the air from a said disk drive unit thereby to
provide chilled air, wherein the air flow control device is selectively operable to
cause air to recirculate directly across a said disk drive unit, or to cause at least a
portion of the air that has passed over a said disk drive unit to pass through the
heat exchanger.

6. A temperature control device according to claim 5, wherein the first and
second apertures are capable of being open or closed in a desired proportion
such that air provided to a said disk drive unit is a mixture of directly recirculated
air and air from the heat exchanger.
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6. A tenperature control device according to claimb5,
wherein the first and 30 second apertures are capable

wo@Ro0sm24831 open or closed in a desired proportiPCI/6BeIV4/003802

that air provided to a saididisk drive unit is a
m xture of directly recirculated air and air fromthe
heat exchanger. 7. A tenperature control device
according to any preceding claim conprising a
sel ectively operable heater in the air flow path to a
said disk drive 5 unit for selectively heating air
pr-i or A tersper@turercantwhdavicaacossling tosany pieskdingi alaim,

it . Al rat ontrol .device according tq, an .
Savising, 2 e e afie Nerterinite BB IRuCHRRaP & o g Bk arve
[fpitfopuBlectvel heathg airpidr td Qafa-aiﬁ&bi{\@?cﬁﬁsélé‘ shidt &isk drive
apparatus for receiving a plurality o I sk drive
Wik s, the test apparatus conprising: a plurality of
tenperature control devices according to any of clains
1to 8, 15 and, a plurality of carriers, each for

@Nned températire! @TRRE HeVite @@6orling 16fany SEREHR Ll:rlﬁ(ren, wherein

. control devices and each for receiving 'a respeCtiv

dhe irdlaw genenator is@ RO blewaronasadial fasst i ng one or
nore disk drive units, wherein the tenperature of
each of the one or nore disk drive units is

igrdepemigie akvy upftitbsapRAaristbNgcehtty & 'b%r@lfitggi?%iéﬁ $ive units,

drive units, the tenperature being control using a
thentest Apparatys sorprisingii ce according to any of clains
1to 8 25 11. A nethod of operating one or nore disk
drive units, wherein the tenperature of each of the

one org f@%ﬁb?l@rﬁ;ﬁéfé&r@?&oﬁ&oi GeViCEL A8 !tY any of claims 1 to 8;
controll ed during operation of the disk drive units,

tand, t enperature being controlled using a tenperature
control device according to any of clainms 1 to 8.
a plurality of carriers, each for connection to a respective one of the

temperature control devices and each for receiving a respective disk drive unit.

10. A method of testing one or more disk drive units, wherein the temperature
of each of the one or more disk drive units is independently controlled during
testing of the disk drive units, the temperature being controlled using a
temperature control device according to any of claims 1 to 8.

11. A method of operating one or more disk drive units, wherein the
temperature of each of the one or more disk drive units is independently
controlled during operation of the disk drive units, the temperature being
controlled using a temperature control device according to any of claims 1 to 8.



