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WD 2004/ 114286 PCT/ GB2004/ 002505 DI SK DRI VE SUPPORT
ASSEMBLY, CLAMP ASSEMBLY AND DI SK DRI VE CARRI ER The

w@e@3ani286 nvention relates to a di sk drive suppOr/GB24/002505

assenbly, a clanp assenbly, and a disk drive carrier.
There are a nunber of applications when it is
necessary to nount a disk drlve in some ot her

appar at us. Theﬁf t he di sk
drive is tested 6

di sk drive tsamp HSSEMBLY mabaoﬁmr@xgﬁ/@mkmﬁmons or
the like. A particular applitcation i S Wien Servo
tracks are witten to the disk drive during the

f . | .
nor el ot SreTho R G VRN 3 g daAve Whppor
aSBEE ¥ | ea hebslug a4 Soekolomn @i taweim@dmwdwmct)ri@fr :

the disk drive to know its |ocation over the disk(s).
Two particul ar energent technol ogies for witing

servor{ & ACksre A nihiSe S& 4 a%?ﬂlVl%a"Hstngqh%rnoc‘lecs%sand

the self-servo fill process.” In the tornmer case, the
m@@wmrhe@@ neunfsed disR0lmirveg eLralsionta‘ atfhe rs@pparatus.
tracks st .the disk driyve in t.he servo
10988 o ePle Lo T T T i e B o i s
GF Vg th@skSa @t @ravwdid efhdly dhe d?Lrstléﬁ_'tlvéanad hidsst for
the disk drive is in the servo witer station, the

fehdi pHRFagRi %@pwwﬁwi Rfaithoyl e prodadt IsH@T 25
e N T e L T A
teade i Sunsed tloe | @t adctiwelfg Quercddre, dikdecvdOtduks are
SA0S1 o, RS S Tor coPva .0l U, S, S48 1
gxterhal Ly Qéa&h@aﬁéékkné%h(gé\%he|ﬂ}dHﬂ¥¥ Hy dag¥ the

vi brations, which mainly arise from rotation of the
di sk duxvagtqahlencsxervbs wdcamigorproces s he keisk (s) . Two

particular emergent technologies for writing servo tracks

are the self-servo writing process and the self-servo fill
process. In the former case, the product head is used to
write all of the servo tracks whilst the disk drive is
mounted in the servo writing station. 1In the latter case,
only some of the servo tracks are written by the product
head whilst the disk drive is in the servo writer station,
the remainder being written (again by the product head)
after the disk drive has been removed from the servo
writing station. In either of these types, the product
head is used to locate itself over the disk. On the other
hand, the more conventional type of servo track writing
uses a separate clock head provided externally of the disk

drive.

In order to damp vibrations, which mainly arise from

rotation of the disk during the servo writing process, the
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WO 2004/ 114286 PCT/ GB2004/ 002505 -2 disk drive is
typically clanped to a relatively massive bl ock

wokioghi4286 t ypi cal |y of steel or granite. A typPCHIGB2004/002505

arrangenent is disclosed in US-A-6018437. This
docunent discloses the use of_ four clanps to clanp a
disk drive 5 directly to a relatively massive bl ock

dﬁy% %!ik gﬁ%y%ﬁgh aq%nu%l %peaaquapgt9aé9$e?gg@§sgﬂge

manoeuvr e tha appropfi ate”dat a

aloetd, r imﬁlcmqrm&q/tplms 1tyo otfheteails brdgkaﬂl aee nadeypical
However, this and the other sim

HRAIGEREY T - S 6 isstl 9s&Rd lflhéh%sérééwy aut $%Fea°%ment
&l%q'd%%sa%eUQJs%aQJf@o@f @u%épgr k%es1URbNg HOLRt 8rdve

ot her aut omat machi nery her nmount1 ng
dﬂnamuyynnusafnalaaneL@rmm9§1aeebldckclo§bd dnsk drive is

TG, A P CT6 CLRee SR BRAPEECS BT RAY 5o

HIANGRRIY S ated A Gnand 1erel-aeRingofhetheodsko the
drive'is in essence a manual operation, and the

Hrrkarfgdisnta mrydiatie dodlowede . ey l§t§éﬂfth900ther similar
t t d
]%#%ﬁ%?ﬁgggg¥%%§ﬂﬁ%cﬂ?r%ﬁ:Q%%d tg%b%gégégv €n nggﬁted

not operate e en
leaetimf ketd Jil ddwd ree edndi iakd dirfiivied uélnghesbopsior other

art arrangenents the disk drive is not fully clanped
afana ad MacHddtrounted in a tester rack or servo
track witing station or the like. 25 It is an object
of the present invention to overcone one or nore of

t he mﬁﬁhhenm:wmﬁﬂﬂgnamraﬂgmmantAcé@mdﬁﬁgkterVEBrQKe

2 L

vmipaltgﬁ/bzl% SAPPUdwedreh, slarﬁrtlh\ée fishsbrseneget bagks art
are witten to a di sk of the disk drive, the assenbly

mqyrqegmerrgts,a ¢leannidls] endl skcdampd neaefi dhef gisk drive is

éé@éﬁ%e a manual operation, and the arrangement again
does not lend itself too automation. Also, the wedges,
which provide the clamping force, do not operate
independently of each other. In the second and third of
these prior art arrangements, the disk drive is not fully
clamped until it has been mounted in a tester rack or servo

track writing station or the like.

It is an object of the present invention to overcome

one or more of the problems mentioned above.

According to a first aspect of the present invention,
there is provided a disk drive support assembly constructed
and arranged to support a disk drive whilst servo tracks
are written to a disk of the disk drive, the assembly
comprising: a removable disk drive carrier for carrying a

disk drive; a relatively massive block; and, a clamp
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di sk drive; a relatively massive block; and, a clanp

WO 2004/ 114286 PCT/ GB2004/ 002505 -3 arrangenent
w@oemgtir4286 ed and arranged to rel easably cl anp BCT/GB2004/002505

drive to the block. By using a discrete, renovable

disk drive carrier 5 instead_of clanping the disk

drive directly to the relatively nmassive bl ock

aut omat f th ' d | gadi f d
PO CPRE CEPGLRS S PaRfF7LAFRACD Fet cAstbh clame a
davQi dsit/Be sl eweand ckabori ous manual | oadi ng and

unl oadi ng of the prior art. The disk drive and di sk
drive 10 carrier are clanped together to the bl ock.

The r MWItI be f,th .
selfégepgé dlg g%¥e’ rE8§KSé? ?? ge?%o$ ks Gt e
1W@kébdnoﬁycﬂbmpﬂh@dm©é Head dmﬁvésﬁlthetﬂyskodthwe i's
cl.anped _to the bl ock, or the servo fj

b f
le}ﬁél\xﬁéﬁ’eméﬁlsﬁv@oﬁ’é%ﬁ( tﬁé¥§@§9309raékgh%r%oa@mg and
uwllotah%ﬂgb>5ft *&%sﬁkr ngesh%ﬁgowtahéssleeﬁ %Sfagili’@?ﬁéd

clanped~to the I'n a preferred enbodi ment
A@&ppamuoass@wbww t@@npdpwesnd ¢agernnuahmehuahel@¢®©mg and

mount ed f relatlve rocatin n .

ARG ok “tene Stkge RGi HuSh Shale FHSrgoek Brive
ctalﬁltélrslsx@rlc\i%n@%r it@lgethBe €bafne Bnbamgenfené servo
conprising an actuator that is operable to nove  the

Wrage ndelati e o1t keapbdek o§oths selérampva Wriking | vece

GRS Bt he sk dine o8 (L oL cL bhechLogkoxia: tHea

ive carrier.
whdr sa nwebeliskofdrddeantagéampdependihg bmothe or may be of
enbodi nent__as will be discussed further bel ow,

Ghgc Is§divieg ﬁ&#‘éﬁ@ﬁbW@eéespﬁﬁVesowpaﬁﬁlFaeaF?ﬁﬁ@eﬁﬁﬁ?ks are
#%f%%@%Q@hﬁQﬁx Bl ﬂgaﬁh%hlﬁgkaEhgehisHa§§hV§ is

bl ock | e access for the | oading 30 and
alimpedi g dfhet i odiksk drive carrier with disk drive.

In a preferred embodiment, the support assembly
comprises a cage in which the block is mounted for relative
reciprocating movement in a first direction, the cage
having a space to receive the disk drive carrier, the clamp
arrangement comprising an actuator that is operable to move
the cage relative to the block so as to clamp a disk drive
carried by the disk drive carrier to the block via the disk
drive carrier. The use of the cage provides for a number
of advantages, depending on the embodiment as will be
discussed further below, including for example a simple
clamping arrangement, a convenient mounting of the
relatively massive block, and simple access for the loading

and unloading of the disk drive carrier with disk drive.

The cage and block are preferably arranged so that the

cage can move relative to the block only in said first
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The cage and bl ock are preferably arranged so that the

cage can nove relative to the block only in said first
wOD020012860 14286 PCT/ GB2004/ 002505 -4 direct i oPCT/GB2004/002505

this enbodi nent, the cage is constrai ned against

moving in directions other than the first direction,

whi ch helps to mnimse vibrations of the disk drive.

UL IR GAERGiSE RN AL BLAL ¢ARLHBLOL nea

t
arrangeglbetmee and € cage Suc
agﬁﬂmﬁn(mbvuﬁgtﬂnaduﬁéc&h@hbeoanbuaEQEnf@heesltbe cage
move relative to the block . in the first dire

SNt 41 6 SO0 M af 158 Sil Py 1oper Qtfe%%ef i sk

&%apl e by connection to a source of pressurised air
with appropriate control valves, and can be arranged
so that the clanping | oad |s spread evenly over the

di sk drive .carrier, even her e variations.in

he MEIGHE o oy CRBES 0 108 ek angFe TP

e AP EPetrebt Rale O affdl fGel @adeCancheasiky ib€lation
varied by varying the air pressure. The support

ofs Sdvep | iy Tiradfadr b | AL TasrRo $8& Cgshiths ﬁggealtpaﬁ‘@éfﬁeﬁﬁlatlve
OQO”&FJ Yot ed. and & taf(}gc;%%e‘dgr@cﬁo%he %ﬁ%e.lhgla%gb&%e

rection opposite irection in wh the ca
dcstuaived cam dpersatnpdry @@e&b&e@ct&@toexamplbhby connection
enbodi ment, when the ,actuator i,.s not operated

9 3 SRS R RIRASURITe R diiithe SRR CREATES Hé‘tml

Jelwrasednd tdis MOk VRS @ &l |t0"r‘.’hteh%lghr§>lin%r N¥&ed is
carrier to be renoved and anot her disk 25 drive

srgdkerevan e mnsrertthaj diBfke dgdge iceirpriefrer gyey 1f there
support.e l.ur V|bra |on d nount

PG G o Tl R e £ e Searker ohe
dngd IRg. frmwloﬂlatb@rapgfretdi%t@dslth@lﬂ ith@ themping load can

easily be varied by varying the air pressure.

The support assembly preferably comprises a biasing
arrangement constructed and arranged to bias the cage in
the direction opposite to the direction in which the cage
is moved on operation of the actuator. In this embodiment,
when the actuator is not operated (i.e. it is intended that
the disk drive and carrier be released), the block moves to
allow the disk drive carrier to be removed and another disk

drive carrier to be inserted.

The cage is preferably supported by plural vibration-
damping mounts. The vibration-damping mounts serve to damp
vibrations arising from rotation of the disk during the
servo writing process. In one preferred embodiment, the
block is supported by exactly, three vibration-damping
mounts provided under the cage. By arranging the three

vibration-damping mounts appropriately, the mounting of the
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30 servo witing process. In one preferred enbodi nent,
the block is supported by exactly, three

W@ Rinat428h- danpi ng nounts provi ded under the PEIEB2By/002505
arrangi ng the three vibration-danmpi ng nounts
appropriately, the nounting of-the WO 2004/ 114286
PCT/GBZOO4/002505 -5 bl ock can be nade to be

gf%ﬁ?(ﬁa b oétigb ee% g?%elyh%lggggg%IVIbr %Igg the

can Ona an
1 i f r\eqxterm;ona/mmcz:lueheifpsthef beekikveandaapmageoto be
vi brations ar|S|n%-fron1rotation of the disk. 5 The

RS dAle At rdferl Pt dFERAENF Yhay DAl &R LePampsecrers
ARG, d&%?% dﬂ@aéflsl%% ¢Sl dhicue; s rBEeEhe disk.
Preferably, the

plural clanps are arranged to clamp a
disk drive via correspondlng pl ural posts prOV|ded on
a saig 10,di sk, drive and wh

o ar patia S e Ge T PER SR Tanty Grry BLuFLs Ciamps

o desp i secidie dalamiongnef dtilke alrikredera\feleme
di sk drive carrier may conprise plural disk drive 15

%@ﬁa@bmt@wwﬁa@wwgﬁ erEaggek gei géamp a disk
cglafxfé %f oolﬁfééﬁlcgaﬁuﬁg»m LRGK- y}%v‘i'd%‘& dri e s‘égﬁ

e nDu the arri er posts
dinksdﬁnvéranﬂnwnﬂch\@aéstﬂneﬂﬂama<sufﬁeeeredueesoppesed

sel f - ex0|tat|on effect of. the bl ock, ich can act
Hirigeie Rt er“% Ve werd s %Oﬁéﬁeﬁrégéntsecluﬁe

& Prehes r&j_d @[@Q@ig@ram\;eh_e di sk drive carrier

conpri ses plural clanp arms and opposed di sk drive
carrier posts between which a disk drive can be

cla c% %Qeﬁd'sk 25 dri.ve carrier qets %SSIH%. rive
Ehr QUGS (e 1 e B 1A "oy (Y, OIS o Carrang et

Ok Nk € ONSS # S Chieteransh s rtarmﬁght @heCliamx ardivek cdrirder to
such that a lid of the cage bears

bear against the block. The disk drive can be mounted on
and supported by the carrier posts and thus is in contact
with the block. This reduces the self-excitation effect of
the block, which can act almost as though the carrier were

not present.

In a preferred embodiment, the disk drive carrier
comprises plural clamp arms and opposed disk drive carrier
posts between which a disk drive can be clamped, the disk
drive carrier posts passing through the disk drive carrier,
the clamp arrangement being constructed and arranged to
clamp a disk drive such that a 1lid of the cage bears
against a first face of each of the clamp arms, a second
face of each of the clamp arms bears against a first end of
a respective one of a plurality of disk drive posts
provided on a said disk drive and which pass from one
surface to an opposed surface of a said disk drive, and a

second end of each of said disk drive posts bears against
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against a first face of each of the clanp arns, a
second face of each of the clanp arns bears against a

wo peogtiieesed of 30 a respective one of a plural i pgT/GB2004/002505

di sk drive posts provided on a said disk drive and
whi ch pass fromone surfacego an opposed surface of
a said disk drive, and a second end of each of said

[ ry J S ai_nst 2004/ 11 -
Bt 00 D025 0 S o s o Sk bt e sh6  PRe"aT Sk
tdrei ot hear rerer gqfosthe, ditshe dativer cardiot pbetdi bkadinge
canrigé osts bearing against the block. 5 According
395 &S égﬁﬂkﬁéﬁ%%t of the present invention, there is
provi ded a clanp assenbly for clanping a disk drive
to a substrate, the clanp assenbly conprising: a '

cl amgcamomditnge tel anpeaomdbeispgctr afiskheabresbatklangntion,
faorth . alaong .a first .direction, and_bein ivotabl e,
TR 5 B Bcd Eansrereat $OFnatrRpLRb e Busk
dhirectdoony suddursitdi asiengladpr asgensny, eonpkibched a
and arranged to bias the clanp arm _in the first
B FFh tSRardem® Sranpicigdpssprprsatahleskaghgand forth

i-asSi ng Aar .constru a e bias;
A e e hust Sheur g prvar BtPefebly e ivor
aks sadtneatsore s frtac e hagdiinstt whirektdoonl appfiekeabéasing
actuator can bear; the assenbly bei rranged such
THAATET A0SO RO EyGras6l Pofdr 4ot fLsmp arm
i &R g RAsidi@ng FUeRrdshat wWhepiaqChasRtheheage
actuator bears agai nst the actuator sur?ace, the clanmp
SEAANTOVES ima e fangeme2( dionstriushedwapdf pomenped to bias

| anpi_ng posi tion .and pivots . about. t he. _pivat, axis.
Fiso i R by ik Rl P agl kel of P Ehe
dHtske i e SO rdg aAssaTiing e sc il bed-abovastorcd88tor can
durin 25 servo writing, though it can be used in any

REF i (S GrP STy edingk admapgerasuel bBagl Ghfedlepp arm
fyuﬁg¥ﬂaﬂf§ﬂﬂiased towards the clamping position and such

that when a clamp-release actuator bears against the
actuator surface, the clamp arm moves in the first

direction away from the clamping position and pivots about

. the pivot axis.

The clamp assembly has particular application in the
disk drive support assembly described above for use during
servo writing, though it can be used in any application
where a disk drive has to be clamped to another item,
including for example in disk drive testing apparatus, data
storage applications, etc. The clamp assembly may be
provided on a disk drive carrier for clamping to a
relatively massive block generally as describe above, or
may be provided directly on a block so that the disk drive
is directly clamped to a block. The clamp assembly allows

a disk drive to be inserted and removed in a direction
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including for exanple in disk drive testing apparatus,
data storage applications, etc. The clanp assenbly
woregp4bei28gr ovi ded on a di sk drive carrier for BPCEHGBR0VG/002505
to a 30 relatively nassive block generally as describe
above, or may be provided di+ectly on a block so that
the disk drive is directly clanped to a block. The
cl ssemhl 1.0 : [ driv o_be in t a
RS & el o B 5308 1 asas clamb 88k Edn?Pvor
RET/BAHA/LRA25FTF travedr alfl ehet dikhedkifst dirhéstion
as the clanp armcan pivot out of the path of travel
K- itlHe ok FHUAPEE F ©F AETRNEaRES HOLORRENENOS! S disk

d-2adl ng gpd HNG Qe @ctigkordiiy 1 i ded
C anp-releaéggggﬁhatoﬁ Fs pric§f|§gp?88;5§é gtpgoyﬁee at
tre eacleassthatstortian whi ethizhdiasklidki deivs Leadeddedt onto or

or re ed fromthe substrate. The first biasing

LAt rﬁﬁﬂm.ﬁﬂﬁ<ﬁﬂﬁﬁ%ﬁé €at |east one spring which is
normal |y under conpression. The or 10 each spring of
the first biasing arrangenent may be a coil sprin%.
The dheeddr spiiimping eggiangenensr sasngearwics at least

not her. spr.i.ng,.of. di ff reng I th t
Ogrfea i %{lonr(ﬁéA’ htr:k g:nh elasgiqoyr%[@%’e?l EqtC%I}btglatrtrlggtg ggéggépr ?gte eBg
dart hep ine wiktianc ekl rstlhibtke ngeeetrdnbeasnignay be a coil

arrangenent may conprise a |leaf spring acting agains
S of TRCTISARS SRR 18 SRStdyr égtsﬁﬂsﬁaa%ﬁé Wit

%ﬂéﬁﬁ%fﬂgbfﬁﬂgiéﬁKHﬂ%%éﬁéﬁt 540 YRl edicbR 1 3gPk¥AE the

whi'ch 1s nmounted for transl’ational novenent in
¢leenyd i fotcalicactdami livh ke saisitiog beTheslioapipgpriate to the
refer b%y has a first surface that is generally
A9 the first direction, and a second, ranp
surface at an angle to the first surface, the first

and second surfaces .
The second bilasing arrangement may comprise a leaf

spring acting against an end of the clamp arm.

In a preferred embodiment, the clamp arm is pivotally
mounted in a pivot block which is mounted for translational
movement in the first direction in a housing. The housing
preferably has a first surface that is generally parallel
to the first direction, and a second, ramp surface at an
angle to the first surface, the first and second surfaces
acting to guide the translational and pivotal motion of the
clamp arm. The pivot block and housing of this embodiment
control the translational and pivotal movement of the clamp
arm, and also facilitate the fitting together of the parts
making up the clamp assembly.

According to a third aspect of the present invention,
there is provided a clamp assembly for clamping a disk

drive to a substrate, the clamp assembly comprising: a
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25 acting to guide the translational and pivotal

nmotion of the clanp arm The pivot block and housi ng
wo@kooshiesenbodi mrent control the transl ati onal P@nGB2004/002505

pi votal novenent of the clanp arm and al so

facilitate the fitting together of the parts naking

up the clanp assenbly. 30 According to a third aspect

f present. .inventio there i rQyi
T R e e A R
tthe «llap dsset haamm iasiprg:]j ea tWOn2604/ 2h4286ng and
PCT/ GB2004/ 002505 -8 clanp elenent that is, novabl e
ISR Wi R i ARt idse 10 tahéilélkaﬁlﬁlgﬁenéﬁ? ﬁi@i“ﬁg a

Pra&at 1 Al eG ath LNAYENI thet BuBBL2ReE! HEGing
In ads rive, the clanp elenent further having a
T aram it e tdwer mAstinding Kavithg San camfsgef afethe clamp

orrespondi hg to the camsurface of th a
S e BiG Gl s, ThRe CepRRpeLement
£ fean ife Ofi 0y Lo Wlthrawhowatef oitherpaeh 6F a disk
travel of a disk drive to allow a said disk drive to

del v daed o drsaifl sHded driom ttise bsuBepdgte ongRdOr
Juddipte fhe e\?\n%b]sgcregt%ne%gﬁdg%\ﬁg:% ‘%’ha‘&a@hgecﬁg}ﬁgd

't 0 engagenen sai d r'i ve Wwhen a sal
¢li shertt inveve s d1© d¥n danpadd drthe engubsineatewdttbha said

that the projection on the c]Janp elenent enters a

) n
Gt 1S e A PSRN W TH5d ISudh CRacleRRedcam the
Surdaces: ofydiheried @ £ el ang he 3ubshbg :e@ea@%

15 each other to clanp a said disk drive to t

snibst§ e dgereamgagenentsasfd tdiskprdojioet aondd wuch &hedi ghe
aperture in a said i sk drive. The projection_of the

PR BTHEREHDI G oS T FUETIG GIShGEE PPN BRESoFR920e
dden fopidrg 19l €Barids Qvigledi Ry CorMaRtd @R the hessidee by
wal I s of a disk drive. (The position and size

engagement of the projection with a said aperture in a said

disk drive.

The projection of the clamp assembly of this aspect
engages with one of the fixing holes provided by convention
in the side walls of a disk drive. (The position and size
of these fixing holes are determined by an agreed
standard.) Because of this engagement, the disk drive is
held in a predetermined and therefore predictable position
in the substrate, which facilitates automation of the
loading and unloading process. Moreover, because of this
engagement, the disk drive can be held securely in both a
horizontal direction and a vertical direction.
Historically, disk drives have been restrained only in the
horizontal direction. However, with the increasing use of
automation instead of manual locading and movement of the
disk drives, vertical restraint is increasingly important.

In addition, the relatively new small form factor disk
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of these fixing holes are determ ned by an agreed
standard.) Because of this engagenent, the disk drive

WO 2004hed286 i n a predeterm ned and therefore prePCTGRRI08/002505
position 25 in the substrate, which facilitates
automati on of the | oading amd unl oadi ng process.
Mor eover, because of this engagenent, the disk drive

SR 18 8 SO Do 8 P BELERLg) Shpectighs ety

a vertica i’'Storica

Thaye keeh) riefstocd et tanliyieidn velre 130 1hor bzenflakble to
direction. However, with th%ei nGreasi ng. use
I

;
PARTGIatd N A Inst &&d O Tmitu & el é&&ﬁn@nawa_iﬁﬁvgﬁém agf
ﬂgﬁitéafﬁﬁfyﬂﬁ”%%adgﬂﬂ'H@@we%%s%rQbﬁﬁihé/hH§6§@§Ppg%fation

inportant. In addition, the relative new sma orm
dratteorsadivwk MR JO0WitE4286 aRCThGB2004£0025%85 TBis is not

drive of 2.5" aor approx..6.35cmdianeter) are .
ok oty il ah i e i SPETeRsiABa v are PR fjameter
il |dables tQuhikuneer oWt dafamtear kirer e bReabpkexi.n
which they are nounted during transit between a

§ St ng/ JHIssaditite femviier soaveniisspdo lergek @Alpmefrer

tafi t ' IS | a:prablem
G Bt gditng T heithl s BERal TR g
{uids tote e ch dsanetdrslofdrdve' carr rdppr, owhe8e@enkthe newer

Al so, the heavier conventional |ar ger di anet er . Sltsgnd

T4 e TGP 1T SOae EHOMES! PEE Brapeery 1naie
SUbsdF Rt sUCh asca HigK WaitV @ Hedldei19s Weheas yt !w%thout

newer snall formfactor disk drives are’lighter i
s hxtarhat heriefaree | edhd idel purd asest prbedsel eg

rly without so ext ernal _qui dance. The cam
UHTEEEE SHATRIET 0 6 GarTiPe B STRLNg "S54 e EPanp
S iToyEesh i tHe diSs kenrpagenentrivist B e géimsh tdakee ds
Thi s arrangenent avoids having to clanp the disk

RE Vi from bpey et hearft s sbiatroiipem @bavsi-ngndsipdgo avolids
éfér&ﬁir?&’uMgChfrcn%lciroerﬁuuhf& %%e%'s‘ﬁﬁ'ty in excessively

high forces being applied to the disk drive.

The clamp assembly preferably comprises a biasing
arrangement for biasing the clamp element in its rest
position towards the disk drive engagement position. This
preferred arrangement means that in general the disk drive
is held securely without any further external influence
being required. The biasing arrangement may comprise a
spring fixed at a first end with respect to the substrate

and engaged at a second end with the clamp element.

In a preferred embodiment, the clamp element comprises
a retraction post for engagement with a retraction device
that is operable to withdraw the clamp element and thereby
retract the projection of the clamp element from a said

aperture of a said disk drive.
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hi gh forces being applied to the disk drive. 20 The
cl anp assenbly preferably conprises a biasing

wa@eeoangesent for biasing the clanp el ement i n PCEGB2®H/002505

position towards the disk drive engagenent position.
This preferred arrangenment -neans that in general the
disk drive 1is held securely w thout any further
external influence 25 being required. The biasing
arrangenent may conprise a spring fixed at a first
end wirt e mespeairdietrive sulsidiateat,antdeendagedaatseably
second end with the .cla In a preferred

| t.
S Heht? et dnp s @ﬁgﬁfgggﬁﬁrF§§5W1§ gespect to the

§ 8 S B O P EnJfe ENRGAGE R oNW Lhgawhehr ekl @lamp
device that is operable to withdraw the clanp el ement

rRneHer&by biagimgttthehe sy edementofint héscikgap position

SUBRTIL 4D Lo dizsh ottty §oBR A oflos 16y Sarpeg

eelrdmoehi tiredp i el rod anmreassertdilon poeRprogesngagpmend with
fixed at first_end with respect to the substrate

et of secoridPend WY he tclafpSBrérdnest
drHasivg dhen Sl AMm el @il i ehksit’ 85k Eﬁ%%&bgrgﬁgract

towards the disk drive engagenent position,
Wemm] eonprn sihdghe adtamgc tdlemepastt rbor aesgademprtcture of

with  the second end, of the spri such_that th

LTy TE TGNt o T AREhA S ROL ARGORrBRaR thRyefore
ddherebyenetdact A d e prewaetingh a.obikke el app ehanpnt
froma said aperture of a said disk drive. The spring
dfenents ambadimaFhanifdr dogr &/l theraed ngh&hguall ampl element.
providing a bias to the clanp elenent and a

mechanismfor withdrawing the clanp elenent. 15 In an

al t erratar ea bt ANt r ddgyetilcdnt) asecabbyp eeBRmbI S
a biasing arrangenent for biasi@g the clanp el enent
t

FHNFESI2t DIATIIDRALRAP IR (the Blegiag roe clamp

element in its rest position away from the disk drive

engagement position.

It is preferred that the clamp element is able to move
in three orthogonal directions. This best accommodates
manufacturing tolerances in the clamp assembly and in the

position of the fixing holes in the disk drive.

The clamp assembly preferably comprises four said
clamp elements, the projection of each clamp element being
engageable with a respective one of four apertures in a

said disk drive.

According to a fourth aspect of the present invention,
there is provided a clamp assembly for clamping a disk
drive to a substrate, the clamp assembly comprising: a

clamp spring mounted in a wall of the substrate and having
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engagenent position. 20 It is preferred that the clanp
element is able to nove in three orthogona

walreoeai428ms. This best accommpdat es nanuf act uUPCTIGB2004/002505
tolerances in the clanp assenbly and in the position
of the fixing holes in the diysk drive. 25 The clanp
assenbly preferably conprises four said clanp

LA JOG ROIGEL 9 Un3elCHRTRL SRR LRS! Bking

engagea a respective one o

rojsaitts difsdoulyt we a3@ rAceer dnnghkowalfogptheagpgehent

the present invention, there is provided a clanp

“ﬁs@bm Ford ) Emsiatg 18 dildk Us@r Ve the gubgbspEgf eand, an
dda L ANMEAS e HNPe 2 i ! i n
e Lubat Pt s and RPN E i 300 a7 1 T aeeame
FRCH/rEBAC0 4/ 10G2E6CE saitll dd stkeairiivg por beohotHatl bntbher

rest. position qof th pring projects through an

SERATRE 5170 HP S SO Brigagenent wi th a di ok drive
carried in use by the substrate; and, an actuator for

wi t hdrawi ng the bearing portion of the clanp 5 spring

to allhew dasmm ¢ diesie lar iofe thd sh@speadedabnbg arranged such

f t rat.e, e.cla ssenhl .
%tgq%ggcelca{@aln%eag fd;r? gé%ds EEB h t?lte hgg S%oag aﬁ%uﬁfgéjd
dessiappl | edydicdlHey difdle dreileeturitciall tOndesktieds have been

typically after e|lectrical, connections have been nade,
5] He d%é?k @Llr%]i/é!r%'cl‘i’ 1SN 1 Scoht FREE LRt sbReSpREoPTLOT

. I
At ﬁﬂ?ﬁr{;ﬁﬁ{eﬁs& Sm 130 %%%%%q,aeaﬁ be at&%ﬂg@e{ such

such t k drive i's only clanped at
Wiates;he hlisslavdiidiend: shaviliyy dlenplednptotee shdesoptbfis

the disk.drive. . 15 .The cla pring can, _pe arranged

A H TR PR FI S en ePa e hGo! GFEE BaLve-
T&{eSQ:l_QaQ@ HES AP d_ja&mbe \driadige@nSudhi $hAd €YrhBd only
rotation of the disk. The cl anp

provides a clamping force but also operates to damp
vibrations arising during rotation of the disk. The clamp
assembly can be arranged so that operation of the actuator
is achieved by moving the actuator back and forth in one

direction only, resulting in simple operation.

In an embodiment, the actuator is a push rod which is
connected at two positions to the clamp spring, the
connection at a first of said positions being a fixed
connection and the connection at the second of said
positions being a sliding connection such that movement of
the rod in a first direction moves the two connection
points away from each other so as to withdraw the bearing
portion of the clamp spring and movement of the rod in a
second opposite direction allows the two connection points
to move towards each other to cause the bearing portion of
the clamp spring to move to a position at which it can

engage a said disk drive carried in use by the substrate.
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assenbly can be arranged so that operation of the
actuator is achieved by noving the actuator back and

w0 ooothi14286 one 20 direction only, resulting i n BCTBB2004/002505

operation. In an enbodi nent, the actuator is a push
rod which is connected at LT?_positions to the clanmp
spring, the connection at a first of said positions
being a fixed 25 connection and the connection at the
second of said positions being a sliding connection

such mtrhain reeyERrencf, thie cledp Bpaihgsstrdi meahted in the
noves the two connection _points away from each ot her

ved laok cthva T AT B8N §damposPraRdonalhBIcPaRparing
fs it n s 0

ot o T e o CEStnaety Sh parnie 18 ogacces

ﬂhnmugh;aﬁnapanﬂuﬂelmm ¢a@swaﬂhefbeaengggpmentowibﬁ a disk

g6 R A e Ehearr R e guchy g the €43
Sue M SO 14355 FET/CB2004) 80208 53R Lmios.

enbodlnent two clanp springs are nounted in the wall
Tfe tant uRist rig @refaghbdlvamp esebileg tl@awﬁédéakieﬁhﬁn@earlng

ort.i on that |n the r i.tion [
é%%ﬁ%ﬁﬂs '$rou éﬁgékégghﬁég%n l&é %BPSEQ.
engagenent with a disk drive carrled in use by the

substrate such that the two clanp springs engage the
sane  de Wtsta R iedicsk sofdmertne tAgt GafBP pssembly

cpc;ﬁ:gffsa@é Ve ealaaqﬁgr; 4 M diaw e ﬁe%' ngaR0r bLiroRs e

ri-ngs sinmultaneousl I'n a nost
:p.rkﬁtezrartmj, @ntxbd:tcnmm,setshe:wd a:rmn@ssS@rrblnygs m@rmprtlesiesn a

S nmounted in.the wall of .

HEt R o b 8 VA iy S p PGS AR S85LAT
l@avﬁ?& @Qpﬂﬁdpaﬂlorpftﬁafte iSURSE 3@t @RAGH tebamBf the
spring 15 having a bearing portion that in the rest
@pmnnq(prqﬁeqm@ through an aperture in the wall for
engagement with a disk drive carried in use by the
substrate such that two of the clamp springs engage one
side of a said disk drive and the other two clamp springs
engage a second opposite side of a said disk drive, and

comprising respective actuators for said two clamp springs

and said two other clamp springs.

In an embodiment, the or at least one of the clamp
springs has a projection for entering and engaging with an

aperture in a disk drive.

According to a fifth aspect of the present invention,
there is provided a clamp assembly for clamping a disk
drive to a substrate, the clamp assembly comprising: a
clamp element mounted in a wall of the substrate and having
a bearing portion, the clamp element having a spring arm

integrally formed therewith or attached thereto, the spring
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spring projects through an aperture in the wall for

engagenent with a disk drive carried in use by the
waagtirase such that two of the clanp springs BCIa§2004/002505

one side of a said disk drive and the other two cl anp

springs 20 engage a second-gpposite side of a said

di sk drive, and conprising respective actuators for

j : r.el
2B (bl A SO YRR 5 SRDRE % e
T @anpu 25 smrtm@sw$bﬁ EbrankampHM@ &mmlenbermng andagement
engaging. wth an a er e in a disk drive. Accordlng
‘t’b&%n 3 i(%t# Bt e %Yn\F@ﬁt SYRStrekEre is
provi ded a clanp assenbly for cl anping a disk 30 drive
to a substrate, the clanp assenbly conprising: a
cIanﬁMQ§tnnﬂnV¢nﬁﬁnEﬁYArthﬁ\Mﬁamnﬂéhﬁmsniubﬁmr@Eef@mmed

V|n rin orti.on, the cla eIe nt
SRR ChET T A, b TR R the
éb&ﬁ;ﬁet@lexﬁ&et SEdn Nge WRROCAH Jallb?&q%&p%E{eG@%QM/ 0@25@%e
-13 arm biasing the bearing portion to project through

B U Eper tXREC T rP‘?chetJvSﬁ}rl e £lammslegesdsiisi dn £6e

i e
su%g?]?g?ggo%l st a%rgd}]iciéon%m Y, tC{%Jel%%l an‘a}je%%e:%ﬁltaﬁcan
b@atmmm@dt0|ammgﬁv&quamgjngluaﬁnﬂérmyansnthamdtmhuslamp
t he e of the clanpmp elenent can be de as a
SR B oS t15TR 4 LS A 50 S0e. SStrGs offe when
@ﬂné‘”@u]@s‘@f@'@é is p&idd snoxféoara%tgmp%%ttwe% andtdees or
not require any external 10 features to achieve

ethepi hiprtares. neégisetthrlate o Mh@a:ssré.mWn(garload can
cla a dl&k drlve .0 substrate

Be atb }rltg r%aélao L, ound:bbert \/\/elé(n srteatwlhoeﬁ:s? g:rhe disk

3UbST At el
ethes {4 ch}?]kﬁ.ﬁ§tecﬁ\|€b’}erérmﬂﬁﬁenta&ﬁ ghefeacdua®)i R@id0ad a rod
can be achieved at the station or other fixture where
PRePHPERCEion provided at the station, with the spring arm
to cause the spring arm to bias the bearing portion more

forcefully.

Preferably, the bearing portion comprises a projection
for entering and engaging with an aperture in a disk drive.
The projection of the clamp assembly of this embodiment
engages with one of the fixing holes provided by convention
in the side walls of a disk drive. Because of this
engagement, the disk drive i1s held in a predetermined and
therefore predictable position in the substrate, which
facilitates automation of the loading and unloading
process. Moreover, because of this engagement, the disk
drive can be held securely in both a horizontal direction

and a vertical direction.

In a preferred embodiment, the spring arm is

integrally formed or attached to the clamp element at one
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15 drive is operated by engagenent of a feature, such
as a rod or projection provided at the station, with

W0 b@4aprscig arm to cause the spring armto bi BET/GB2004/002505
bearing portion nore forcefully. 20 Preferably, the
bearing portion conprises a_pyQjection for entering
and engaging with an aperture in a disk drive. The

' ' f I I f _thi [ .
ST 8, 2 18 S A S0 KBl D SIOBLTERL g i

eaneringRiyed Witthe tsiedeaval b eheasdbskrdeeveucBecausethe
of this 25 engagenent, the disk drive is held in a
et SR ek Saivd thehdrerdrg pradiienabPePB83rEfoRFAUTh an
ﬁtp!éer LrALS, ‘M&Hﬁh fofra%'n'g'ag;%h‘éﬁ/ga%‘eﬁ%' Qe s@f d‘iftﬂ@?

oadi ng and unl oadi ng process. reover, because o
dadhirsieehgagersentoy tthe diudlstrditieve can be hel d securely

in both a horizontal direction 30 and a vertica
direction. In a preferred enbodi nent, the spring arm

is imHegaldy d1emea re&tatr%ll?dhta@ theaekalpoel eueRtce
at one WD 2004/ 114286 PCT/ GB2004/ 002505 -14 end oniy

agfaitnsg $Priighy carahampha edelise asdustorheaspbeay &pninove the
bei d.w Il of .the.substrate such.ihat
gﬁﬁgﬁg§g2%§9%1n1 Rﬂgéeso ghg clgﬁ§1§§r§%s§ ?oﬁ. Tke

ng ar m bi eari on 0 project
dlmqpugle lara sapertusted st hgpdalkll 1oprengageamant tiet Bracach
disk drive 5 carried in use by the substrate. The

i e dmeit Gy &f ek PrHys af aeedafoPnéar pacgemoved
fggﬂr§ﬁ$\Myggkf%gg_anp-release actuator can bear to
t he

nove bearing portion away fromthe cl anpi ng
position. The 10 cl anp-rel ease actuator is typically

Proy e plihe o, Sachy Siaion ol alch 2 QoK LS.,
A diNDH AR i@l H RiasPeeti vef chhe iresent chR¥§ALGOR, disk
drive, the disk drive carrier comprising: a casing; the
casing having a first region for receiving a removable disk
drive card that provides a data connection to a disk drive
mounted in the carrier; the casing having a second region
for receiving a removable motor card that provides an
electrical connection to a motor of a disk drive mounted in
the carrier; and, the casing having a third region for
receiving a removable data and electrical connector which
can be connected to a said removable motor card and
removable disk drive card; whereby the disk drive carrier
can be used to provide data and electrical connections to a
disk drive carried by the carrier optionally: via a
removable disk drive card, removable motor card and
removable data and electrical connector received in the
first, second and third regions respectively; or: via a

product card of a said disk drive carried by the carrier.
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15 there is provided a disk drive carrier for carrying
a disk drive, the disk drive carrier conprising: a

we2®iungt28¢ he casing having a first regi on forPCT/GB2004/002505

receiving a renovable disk drive card that provides a
data connection to a disk dciye nounted in the
carrier; the casing having a second region 20 for

rece%%engl%kr%qq%%bkg ?g%grcgﬁo thag g&g S%f§erent

el ectric connect on

typunt ed idlisk kieicerr iecludidg theseaghag bﬁ&vmgeafor
recei ving a renovabl e data and

thlrd region for
C@% 20 P& CH1t BWTORRECE4RNBe UBBRReERB AL 8 adBAVE!
ﬂﬁﬁg@”ﬁﬂd% 1d%aE@ra%qe%%rl%gQVQHhZog'égtgrbgﬁngéﬁgons

whereby th drive carrier can be used to provi
adatthneanc ael exft rtlh@aldi@dmnledniieonandothosell skatdrhgege their

carrie rler opt i_onal viag a_ reppvab

L AT S o Ao AP “AP61 LERE A BREe T BRovabEets
data nid el &bC&htC@&nQ%h@WerQﬁélY@ﬂoﬁﬂbl@edﬁgk drive
first, second and third regions respectively; or: via

@ rdyr gRmavakded Moo saird @nsk rempyabéar dakda Bpdt he

P LR P ROMONEETS o5 e o

difs kdidadd vdr.i vejorencleudi et temevhbat pLeki deifer card,
electrical and/ or data connecti ons under the_disk

THNPEP 1 e RO T KT drovh dETCIAPeredRFPcaNdaRUPEFTdaRA
SRR f“8%55é%éiﬁ@eb%e%%agﬁehh%oQ'8Ef95k¥ﬁt apdekhose

that have their own so-called product card asSoci ated
ddﬁﬁnﬂmHQ10dtthe;pnamyﬁengwdgéapﬁ toski drover enBhe tihek
4 empvabl e .di sk drive abl e not or

SR T b A e e roB O RasE ol s rERL g arive

stapendi iy aihd he dRe iefe s@Ppdirgk ageeiBlyMaEgeyebedt BBove
renmovabl e di sk drive card, renpvable notor card and

fragroveeh | W Iddtc SETd e MEGttingal thesahedtoranaheetsery iBeany
5%%%& é%féﬁ-d%gg e@ﬁé%y%%%ve has to carried to and,

possibly, clamped to another item, including for example in
disk drive testing apparatus, data storage applications,

etc.

The disk drive carrier preferably comprises a biasing
and laterally compliant arrangement for biasing a removable
disk drive card received in the first region into
engagement with a disk drive carried by the carrier. This
biasing with lateral compliance helps to improve the
connection and also allows for some tolerance variations
that arise during manufacture. The biasing and laterally
compliant arrangement is preferably removable from the
carrier. The biasing and laterally compliant arrangement
may be mounted on a tray which is removable from the disk

drive carrier.
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dependi ng on the precise nodel of disk drive. The disk
drive carrier has particular application as the disk

wa@leiowa1428 carrier of the disk drive support asBENisB004/002505

descri bed above for use during servo witing, though

it can be used in any application where a disk drive
has to carried to and, possibly, clanped to another
itempjgc n | di sk ve testi

e phachudlng: (gr exarple b, Aiple AU SR Mg

k:IEI vemoaedi E‘b piLeber ﬁlbhyr’cbcﬁrﬂi)raﬁfsr@td}laﬂswlg atarllﬂaast one
g 6al|% | i ant arrangenent for biasing

Penb MOYe

abF ke dit gk %%%Her%ﬁ%ﬁ«uﬁfm9YQQ%?meQRr card and
ESﬁb@le@tQagé gRgagesent w4 1 .fr've carried by
the carrier. This biasing wt ater conpl i ance
hel ps to inprove the connection and also allows for
er.ance, _var i ons arise duri

S fbEaRessy %‘Faé?%gpsﬁﬂerf Do O sty e be

aesangBesBNbyi Gaprefes dprlé eVt & Sramed e Ithe
carrier. The biasing and |aterally conpliant

aFFamBRREARY #agvbedfoubtedhbpha tray which is

renovable fromthe disk drive carrier. W 2004/ 114286

PCT/ GB2004/ 002505 -16 The di sk drive carrier may

conprse. alcbvea péa$peanlv@eviamn&ﬁmmtuh&ﬂﬂnnmt of an

i nser |on and of at | east one _ of the
LENE

PETBRabI 8T df's Qr FUPR VLTSt gt S rghRce with
Eﬁ”@M@thmgﬁanﬁnghglﬁfé§éﬁ@| QhPMlE% @ﬁ%} R Sre
of the present invention w |l nOMI e describe y way

m@u@kadptbeMﬁLh,r@h@rén@@ttwalhexfaﬂﬁnmpaﬂymhgve carrier
Fig. 1 is a perspective view

raw ngs, in ich;
5?6ﬁ9t%%m?Y%ﬂr@8¥ %ﬁar%§%hple of a disk drive support
assenbly in accordance with
Fig. 2 is a perspective view from the front of the

disk drive support assembly;

Fig. 3 is a perspective view of the disk drive support
assembly in an unclamped position, with a side and part of
the base of the cage and part of the relatively massive

block removed for clarity:;

Fig. 4 1is a view corresponding to Figure 3 with the

disk drive in the clamped condition;

Fig. 5 is a perspective view of an example of a disk
drive carrier in accordance with an embodiment of the

present invention;

Fig. 6 is a detailed perspective view of the disk

drive carrier showing particularly a portion of a first
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an enbodi ment of the present invention with a disk
drive nmunted therein, the front wall of the disk

waleiwe1286 ri er being renmoved for clarity; 15 FCTGB2004502505

a perspective view fromthe front of the disk drive
support assenbly; Fig. 3 is-a7jperspective view of the
di sk drive support 20 assenbly in an uncl anped

PORhAI O£ W LY ! Lo Apdh At oo Ia AR B Ahe
cage and part of the rel atively massive bl ock renoved
grpoctiregntt \of Fitp plréserst Virewenddrargspondi ng to Figure
3with the 25 disk drive in the clanped condition;
Fig. 5is a perspective view of an exanple of a disk

driverL@l i efs i) pocHsdaice Witdy adbedednEmng oo Heure 6
present invention, 30 Fig. 6 is a detailed perspective
Wi e dfckaer BBk Clrilve ¢@anm @ssambdivhg fpdtidung & mpvad

pocsian n%f%%%% Y0, 2004/ 114286 PCT/ GB2004/ 002505

exa np assenbly in accordance with an
enbodi nent of the present invention; Fig. 7 is a
perspective view corresponding to Figure 6 5 with a

cl anp? ¥ m b1 % e RELERSASSEhRPIaded ey @ fndisy clamp

d L oy, i NEpef Aldiyeg position; Fig. 8 is a perspective
expl oded view of the clanp assenbly of Figure 6; 10
Figs. 9 and 10 are partially sectioned side views

show t he, cl a ssembl v of .Figure .6 clanpi.ng and
uncl aﬁ%%sd' 1 ot sﬁ(r%rgf%%tlraels]ﬂg&%o\;&oﬁe%l views
showing the clamp assembly of Figure 6 clamping and

unclamped from a disk drive respectively;

Fig. 11 shows a perspective view of a disk drive
clamped to a disk drive carrier using a second example of a
clamp assembly in accordance with an embodiment of the

present invention;

Fig. 12 shows a detailed view of a clamp of the clamp

assembly of Figure 11 engaged with a disk drive;

Fig. 13 shows a cross-sectional view of a clamp of the

clamp assembly of Figure 11 engaged with a disk drive;

Fig. 14 shows another detailed view of a clamp of the

clamp assembly of Figure 11;

Fig. 15 shows a perspective view of a disk drive
carrier using a third example of a clamp assembly in

accordance with an embodiment of the present invention;
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15 Fig. 11 shows a perspective view of a disk drive
clanped to a disk drive carrier using a second exanple

w@booa/112B@np assenbly in accordance with an enPOOGBeIWY/002505

of the present invention; 20 Fig. 12 shows a detail ed
view of a clanp of the clanpjgassenbly of Figure 11
engaged with a disk drive; Fig. 13 shows a

Cr oSSy Ctlﬁ%' g ew aﬁl%'da% of okhe p%@EB aéﬁe't?’ﬂlsy

of Fig enaedvm adls drive;

cslrmmpsmrihﬂjy d;eftarlﬂcﬁxievll@wwdfchaacbam’p off the sthdanpall of
assenbhx of Figure 11 F%g‘ 15 shows a perspective
AR T8 TS @ade T &FAt¥F using a third exanple

of a clanp assenbly in accordance with an enbodi nent
of the present invention; WO 2004/114286
PCT/ MOMO@Z@@&; amrléip@ctiaesmw afdét dillséd dyiiew

of a orti.on of cla SS gure Wi, t h
e e S it 1o e oa) PrarPe B SR o
aCdcamdamceS wHitdh ah7 e'srtmeﬁ.n@nmebspe@bl peec¥caw Qﬁv@nﬂiii&h;
drive <carrier using a fourth exanple of a clanp
assenmbly in accordance with an enbodi nent of the

preseﬂt rih hio% I o%ta]ﬁ_ ﬁz,o‘?z‘é’%w oge%a'c'l‘éﬁgv' %Wt‘ﬂfe @lamp

clanp asse ure 1
ad s e iy Estrgnwe iV ,a tlhea«bédmpcbeﬁngushblwnn ;nFlaglo;h@ed

S rspective view of a disk drive carrier wth a
‘Eﬁiclog‘l—‘?&\}ﬁoé’ard removed; 15 Fig. 20 is a perspective
view of the disk drive carrier of Figure 19 with a

tray renoved; Fig. 21 is a perspective view from bel ow
of thHelagli S is a perspective view of a disk drive carrier

with a disk drive card removed;

Fig. 20 is a perspective view of the disk drive

carrier of Figure 19 with a tray removed;

Fig. 21 is a perspective view from below of the disk
drive carrier of Figure 19 with all removable parts

removed; and,

Fig. 22 is a perspective view of the disk drive

carrier of Figure 19 from below to show the cover.

Referring initially to Figures 1 to 4, there is shown
a disk drive support assembly 1 having a disk drive carrier
2 removably mounted therein. The assembly 1 has a housing
or "cage" 3 which has two opposed sides 4,5, a lid 6 and a
base 7. Mounted internally in the lower part of the cage 3
is a relatively massive block 8, which may be made of a

high density material, such as steel or granite for



10

15

20

25

30

20 drive carrier of Figure 19 with all renovable parts

renoved; and, Fig. 22 is a perspective view of the
waele@k/10rseve carrier of Figure 19 from bel ow t BCEHOB2004/002505

the cover. 25 Referring initially to Figures 1 to 4,

there is shown a disk drivejgsupport assenbly 1 having

a disk drive carrier 2 rennvably nnunted therein. The

oppgsed S|Jg§%£%§bQH§fﬂgC€ age bggglgqegbinkggnally

imt@ranaidped mpate dbwebre pcazrgte df the cage 3 is a
relatively massive block 8, which my be nade of a
hi gh density material, such as steel or granite for WO

2004#@&ﬂ%&@A%EVé3§“%EH§¥&§Q§ock1% @éaﬁghﬁteah%nd'Sk

drive carrier 2 is received internally in the upper
Hidra gfontiampdge nourtes rewatlicvie by sra$Sireeghl ook r@spending

on Vi on-d [ nt whi ch pass
E{Eﬁr ouug% co(r roetspﬁggﬂr? rLna‘p’:)lcélﬂ%t %r%ésgot}no? %ngg)agfen%t heThe
ﬁaﬁﬁatﬁcﬁf—rrtdammgﬁ nbunflie 9 wirer atriedaraDURt nademoEnks 9
referably made of an elastoneric material, such

Iams (@ le mtdD) as RREORTNENEr dEErABI Padkder
mral %%%m&%mmnd%% Wdre lzg 190%%&4%?%9& fuf—\tsh%[kLll be

bel ow, the cage 3 'may be nounted in a In arac
dﬁsqﬂaﬂeﬁ ﬁuﬂﬂhar'ﬁﬁiqwnnuhaugage Suohyt bat motihéed in a

4 on-da ts 9 the fl f the
St TR ion Thal e GRSy ofhengoLREsng e Agen shat

KHH“&%HraﬂMdﬂldéﬁbfﬂgﬂﬁbdﬁEst@esﬁﬁ|bn thel F130R! Bfrekhedcell
enbodi nent, exactly three vibration- danping nounts 9

e YN thets Udporiagad Ifodlkeg caghe3 FSunos dnbepngact
AANGRd M AL TP Jpunts 19 at the front

In a preferred embodiment, exactly three vibration-
damping mounts 9 are used to support the block 8, the
mounts 9 being arranged with two mounts 9 at the front
corners of the assembly 1 and the third mount 9 mounted
centrally at the rear of the assembly 1. It has been found
that this arrangement causes the first vibrational mode of
the block 8 to be rotational and, furthermore, of low
frequency, such as 10 Hz, which makes for effective damping
of vibrations arising from rotation of a disk drive mounted
in the carrier 2 in use. However, in some embodiments, a
different number of vibration-damping mounts 9 may be used,
and/or the mounts 9 may be arranged in a different fashion.

Other vibration-damping mechanisms may be used.

At least during the operative mode which will be
discussed further below, the block 8 does not contact the
base 7 of the cage 3. On the contrary, one or more

inflatable actuators 10 are positioned between the base 7
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corners of the assenbly 1 and the third nmount 9

mounted 20 centrally at the rear of the assenbly 1. It
whaw4sbeess f ound that this arrangenent causes PECEGBRI03#002505

vi brati onal node of the block 8 to be rotational and,

furthernmore, of low frequengy. such as 10 Hz, which

makes for effective darrpi ng of vi brations arising

d¢n ”2}5%}' on and di sk dnJ e 1o tf%dtég. -0 ‘eh% Off the

carvier vveer i’n “Somé “end

i ffkersent mwﬁteradﬁua\udﬂsatllooma@amsal ne mrhentfs)r& nsa-‘y be
used, and/or the nounts 9 nay be arranged.in a
idE e fHSmgRImsa el ol @rrét CORNGENEnd M SRafPs fs

%?i ‘% ég%fgel cféggﬂfﬂiehh§19per@Eb%gngDQ% mind
ck 8

di scuss further below the bl
tduaes JItOtl&':dIﬁGidIlCtCHe 8 bdsd Zsofefifketdage y3si@timnigeon the

BRI R Do 4o s T b 2004 PEABIG RO eSO

i@@ﬂ@@p%ﬁ%@%ct@d}fs tlh')e dzage s3 tardpble bl @ek tBe cage

tolift the cage 3 off the bl ock 8. These actuators

lmmeQﬂpnmetff%rqﬁQﬁ iaff |2atdisile dicapmeagivs, WRILGh
%O%eaq}d?ds | 1S gﬁnta ofcocﬁk”% Lahl %b%%f “t% fblock 8

pr sssurised & r. Beari 5 Faf
dandde 1w hate ilsiefd extt mlesl y:as;et l3| ng Towe ttlyelcfallomov@fnent
the cell (via the vibration-danpi ng_nounts

Tt 18 iUn die 1 ctUat BFs OF0 SPri véset ﬁ@tb‘§§é’r7’3 I e
L8808 ved anfdl ghierefore the,oage 325 a 1whele o%%"‘”&‘@art@l% base

This action reduces the height of the space above the
blatkte Mrgnd meidwithé ldak & .of A e asdge :&rrﬁh@ement

ﬁ%@';@{ venent, nmay J:'cOf t.he order of 4mm o

Whttlor SUG dte G e iR 95n “Egaifetcém?fepsrs&\?nde&re
pibRldd easdtvien ofhd hedassurffe UFe t0R0S1DANG el the
bl ock 8. A biasing arrangenent (not shown), such as

kil 16 3 it eaRer3 OISR die, biee Thepcagiealdd upwards so
ferwesn Ghe upper; swiace of; g blagk §and {8 tapie

actuators 10 uninflated, the maximum gap between the block

8 and the 1id 6 of the cage 3 is present.

The basic operation is as follows. The actuators 10
are allowed to deflate by removing the source of
pressurised air. This allows the springs that bias the
cage 3 upwards to push the cage 3 upwards relative to the
block 8, which ‘increases the space above the block 8. The
drive carrier 2, with disk drive 12 mounted therein, is
then inserted into the space above the block 8. The
carrier 2 is pushed home so as to make appropriate
electrical and data connections provided in at least one of
the cage 3 and the cell in which the cage 3 is mounted.

The clearance x between the top of the carrier 2 and the
1lid 6 of the cage 3 can be seen in Figure 3. The actuators

10 are then inflated, which pushes the base 7 and therefore
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lid 6 of the cage 3 in order to bias the cage 3
upwards so that in the normal, rest position, wth

w0 b@4iinf2B@t abl e actuators 10 uni nfl at ed, the PERGB2OVM/002505

gap between the block 8 and the lid 6 of the cage 3
Is present. 20 The basic opemnation is as follows. The
actuators 10 are allowed to deflate by renovi ng t he

r rt@‘?‘es%é & i 'de% alJ; aws h‘%h%p Bgﬁetween
éﬁé‘at&ﬁ? as 1 egseg A

upwar ds 6 push t
Uhonelrats cr@ltata \maltml.etﬂ’leQ 2 bl thek lad \ﬁhloofhtlhrecrce@ee§, as

the spac ove the block 8 The_drive carrier
W G s I S b threr &PRLY oot e bpLadive

émﬂﬂ&ec;s,pa@@e ahoMe ddhe QK oF ulheg CRkl I8 mdrkS

pushed home so as to nake appropri ate el ectrical and
Uaﬁlaafcezmrﬁeaqmtqm)vwelcs |trhaa:t tlheaptla@@en@f 13@dt ken be
e d the ceII i n t age t ed
e cqaear An Jt3</ve Vhe]t he c?g o% hé‘néjarcralg r% Yhgen
a&@amddb&@fvaﬂea@ag% Jcathdeiseenfi Rhel gure v3dduihe
actuators 10 are then inflated, which pushes the base

OMBRN&HT ot forte and S Uyt 42 88 IodT AEEPG0 2L66 2505 £ 1ngy
%ﬁ%ﬂm& fod h@né?@% M@H@ds, cl osing the gap
the "carrier

et ween e top of 2 and the lid 6 of the
cage 3, as shown rmst cl earIy in Figure 4. Apart from

th | at dvant
st ng o AR (41| Sl AT SPERIG S Ehengee of 2

ddrer d ANDIi 1Y ﬁloadsm béne Scptrse;@diﬁlaaer i, @AeNlntOVer the
the bl ock 8 and cage 3, which accommobdates vari ations

¢30¢ hi y&@mfgnwlmoﬁmmat@om@mmom ofhghe loading
sl y. & V\élré:rhocrgl%sh n:ég i se..during manuffact yre Q Olr)lgd

es.e conpo arrangerrent SO descrl
peisoi tcud heanusel ofo#ding and unloading of the disk drive as

in the prior art.

As can be seen in Figure 1 and as will be discussed in
more detail below, the disk drive carrier 2 has a clamp
assembly 13 at each corner, each clamp assembly 13 having a
clamp arm 14 which has a projecting lip 15 which projects
inwardly of the carrier 2. The base 16 of the carrier 2
has a disk drive carrier post 17 at each corner opposed to
the lip 15 of the corresponding clamp arm 14. The clamp
arms 14 and disk drive carrier posts 17 are made of an
incompressible material, such as steel. The disk drive
carrier posts 17 pass through the base 16 of the carrier 2
so that when the carrier 2 is mounted in the cage 3, it is
only these lower surfaces of the carrier posts 17 that are
in contact with the upper surface of the block 8.
Similarly, it is the upper surfaces of the clamp arms 15
that are the only contact point between the carrier 2 and

the 1id 6 of the cage 3. Moreover, the disk drive 12 is
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carrier 2 to transport the disk drive in and out of
the cage 3, which greatly facilitates automation of
wao b@4hogsé ng and unl oadi ng process and avoi dsP€TI6Ba@ai02505
for I ow and 15 | abori ous manual | oadi ng and unl oadi ng
of the disk drive as in thepprior art. As can be seen
in Figure 1 and as will be discussed in nore detai

e aWe 4 e dish ddMe Cqfkher %I%E%Sd?i%aggﬁ%%eis The

assenbly 13 at each corner, each clanp as
dredd g @aatl ahys kardnilc whisth 1Baara propéeti ag khp Gpper

whj ch proj ect in Ly of the carrier 2. The,base 16
A neRea st opS s SreafR kA doc der PER BOSEELsTaE 50
@Rah RN ARRYRA} 1Q thRepbisBtienobrt RBe 1ip 15 of the
corresponding clanp arm 14. The clanp 25 arns 14 and

diasie @rimge ldaranderthsoposts7 1dr efmstie ehraper 2.

i nconpressi ble material, such as steel. The disk drive

carrier posts 17 pass through the base 16 of the

carr idcoxdise liyhata v ble seanr iL@r F2gugenmayinivedni Bhe
it is only these | ower surfaces of the

the cage 3, , _
laafr%%t@?olﬁoﬁ%tufmrrﬁatl Arg e38 A ag6At &6t LRWER tRe dpPef of
f f S ARLY ek § ot per
1§ﬁ{#g§§§q%f tﬁeq%ﬁgﬁﬁ§gﬁﬁgl?g %?ﬁaflgbgl?ﬁeggﬁﬁs ¥l between
dontdctckpd mndatheearmagehe eartsi enl®y ahdoughethed 6 of
the cage 3. .Moreqver, .the disk drive 12 is WO ._, .
AL RS SCTAESH0GH065568° 337, 89Tudd  alll 84cRATLve
ML gVt &11H 18 K diiey & aReser1@osTRe 17endsd0hoea6her acts
di sk drive post 18 are |located at the upper and | ower

iqurs ddes dthatwhdidiesdr iopapbReans -pofihtisomednso thekano

ey R o R T

Becorglnkglty argb, G dafreygethien maixduie &1awpengt ierce is
i nflatable actuators 10 are inflated to lower the lid |
TRILed 10 ddife B Tt itite 1ar r il8r asidithene| Ahgi Agsk drive

ff”féeé%ﬂggﬁﬁﬁgly clamped to the block 8 and is not for
example clamped to the block 8 via the carrier 2 as such.
Accordingly, the use of the carrier 2 does not affect the
damping of vibrations by the block 8. The clamping force F
applied to the disk drive 12 corresponds to the pressure
applied though the inflatable actuators 10, which may be of
the order of 6 Bar (approximately 6 x 10° Pa), less the
spring force of the springs that bias the cage 3 upwards
away from the block 8. The total clamping force may be of
the order of 165 N per actuator 10, such that where two
actuators 10 are provided, the total clamping force is
about 330N. This may be increased if desired by using more
actuators 10 and/or increasing the size of some or all of

the actuators 10.

It will be understood that the disk drive carrier 2

described above has particular application in allowing a
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10 the block 8 and the cage 3 acts only through the

i nconpressible materials of the clanp arm 14, disk
waleiwe142p0st s 18 and di sk drive carrier posts RFT/GBa@4/002505

noreover acts in a line through these conponents.

This means that no bendi ng-pBaent arises through any

of fset clanping 15 arrangement and, noreover, the

diesyd pTyG anpidg Heorcqeamp%d aBphi ed160ithe dinsksdkbvBlock
12. In addition, the disk drive 12 is ef?ectlve 'y

fd rardpendp itngy vhie sl toickn 8 cawrd nigs SREYOf oritéranpl EogkdApedas

the b k 8 VI the carrier 2 a such
rr5§cctolrO erﬁ}glay% “FHe ue G e garcfalne}r%ez aggslﬁotangffect

dprel i2Q tdampivie f avidirst idenseby 2t hasbkecke8triheported
clanping force F applied to the disk drive 12
s eson@satd ahd preddhes agpshredatkdggnh2t Rgovides a

, h
LI il a0l e ple oty Loesor deteot:

dtdrece aoft dntee- espmargsitehat bias the cage 3 upwards 25
away fromthe block 8 The total clanping force may be
of the order of 165 N per actuator 10, such that

wher eraMe:a Asitdat orsndl G rar @ reravirdgdc16h® kekahblies 13
clamping force is about 330N. This may be increased

Wl ldeiw & Isld amisrpchoire n@@teualteélasll@lahdp@rrtlcular

h
LRI A A AL B AT oF il cRbre®8rhids, 4
giivotea Iday maainted deiscrd Redroaboie R@s bpakkleaultao arms 21 of

appllcatlon in allowng a WD,2004/ 114286
B0 2505 thezyldfostk Pdni ¢& f2tigipg @ aiyed egis of

éeélairﬁ &l My MBSS Vﬁl@%%tsblf R 93MRING LV lc?*%re tQNg
uring servo witing wever menti oned above,
Hduﬁxngrdnn"ﬁbWEmfkﬁﬁl&nﬁjqam aﬂydeamplm@dlﬁ@wnwheeeean in

d to be t t f,
A R T RS

I%Lf@lrﬁ; g1 anges@nird Rats i e oehiPpladled Oy nd Akt drive
égrrier 2, pegs 24 being provided on the base of the
housing 23 for this purpose. The pivot block 22 is biased
as a whole towards the base of the carrier 2 by one or more
coil springs 25 which at one end are received over locating
pegs 26 on the pivot block 22 and at the other end bear on
an opposed surface 27 of the housing 23. The coil springs
25 can be selected to have an appropriate spring force, and
may be exchanged for other coil springs of different spring
force depending on the application and/or the particular

type of disk drive to be carried by the carrier 2.

A leaf spring 28 is mounted on the pivot block to
project upwardly between the two arms 21 so that the free
end of the leaf spring 28 bears against the innermost side
of the lower portion of the clamp arm 14. This therefore

tends to bias the clamp arm 14 to pivot about the pivot
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ot her automated machine. The carrier 2 and the
preferred clanp assenblies 13 10 wll now be
waele@suseed in nore detail with particular refPCEOB2OOHO02505
Figures 5 to 10. The clanp arm 14 is pivotally
nounted via a pivot pin 20 between two arns 21 of a
pi vot bl ock 22, the pivot pin 20 defining a pivot axis

Oiis the d-AdP e M 4.1 sTher Rinedtc1kiRCk X242 1145 Jmyated i Br
a 15 housing or "tower" 23 and can slide up and down
theer@dnrier 2. direction that is transverse to the

pi vot axis. The housing 23 is securely fitted to the
base of the disk drive <carrier 2, pegs 24 being

proviwes pivdhepbasie of Hdre athausd Nowed ol L Sictuator
pur pose. The pivot block 22 is biased 20 as a whole

$ & 2%he b FALEIRr caltdera2 geho @ reve Ingine apegitire
ri ' r i wed aver | i.n
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D grrorectan wpposete suldrge e XSerdfl t I8 Heudiing 3o The

coil, springs 25 can be selected to have _an

PTG i 4t RS AMGT Gl Hhd 5 SHEFRIE Exfgdd f or

others £01 | £ $PEA OIS Of ol fferent spring force

dependi ng on the application and/or the particul ar

type of disk drive to be carried by the carrier 2. A

| eaf ri 28 i s_mount on. the .pi.vat bl ock t .
or o] 21 bt U HERE e (I @ AR 5P Do Erldr thhich
14 egar£TIe Df £ & hehd edfrSpridig 28 thearss aAadain3gt rid®ment of
i nnernost side of the |ower portion of the clanp arm
e Pamp tder et br e TheRD Ui nhe o Ifags hermhes 8o

Ry shed ey 0 G000 MRS T SO
matarall y I atdearcqred erpwardihe guidv atuthlaoek 22 thaheat

its Jower end an actuator 5 surface 29. The carrier 2
fst R each corner an aperture

In the rest position, shown for example in Figures 6
and 9, the coil springs 25 bias the pivot block 22
downwards. This biasing causes the back of the clamp arm
14 to rest against the planar back wall 31 of the housing
23. In this position, the lip 15 of the clamp arm 14 is
positioned above the carrier post 17 such that a disk drive
12 can be clamped between the lip 15 and corresponding
carrier post 17 at each corner of the carrier 2, thq

clamping force being provided by the coil springs 25.

In order to release the disk drive 12 from the carrier
2, the actuator surface 29 of each clamp assembly 13 is
pushed upwards from underneath the carrier 2. As can be
seen most clearly in Figure 10, this pushes the whole pivot
block 22 upwards, against the action of the coil springs

25. This causes the clamp arm 14 initially to move
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30 through which the actuator surface 29 of the pivot
bl ock 22 projects when the clanp assenbly 13 is fixed
wo oooshe28carrier 2 (as can be seen in for exanptEGB2004/002505
Figure 21 discussed further below). 10 The clanp
housi ng 23 has a planar backowall 31 which is
parallel to the direction of translational novenent of

S SLATRIAL Yoy TS0 o 19308 25,1 45 DR BA5iBrive
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aﬂyallrrﬁstt tthee Jpdwararershekf wald c3bmgf atrtne 14ogsiusgs 2Be thamp
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tdfé e rdize € an. berid amaedefureenet B2 birpvideadnd back-stop
correspondlng 25 carrier post 17 at each corner of the
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t carrier 2. ca be een st clearly in Fi )

WS S fin/Thes 00 o ogoos e s the disk
SGafSt2  heyaoiHan cP.ﬂcskE hfrl% |125Qra'nn%§xen2%e Bh%ed into
causes t he clanp arm 14 initially to nove WO
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TR A ool st LR 2B Nedl slplZendd o BRe
¢amnecitd 0 kel weleing Reheplrnar SWiKf aaa w3l 1and ot ke cakgheder 2.

Accordingly, there is provided a simple clamp
mechanism by which a disk drive 12 can be clamped to a
carrier 2 in which the clamp arms 14 can be moved in a
simple manner out of the preferred path of travel of the
disk drive 12 during loading and unloading. Most
conveniently, the present arrangement lends itself to
automated loading and unloading of the disk drive 12. 1In
Figures 9 and 10 there is shown schematically an actuator
block 33, which may be spring-loaded, on a disk drive
presenter station, the presenter station having four such
actuator blocks 33, one for each clamp assembly 13. In an
embodiment, a robot moves the carrier 2 to the presenter
station and lowers it such that the actuator blocks 33
engage and push up on the actuator surfaces 29 of the pivot
blocks 22 to release the clamp arms 14. When the robot
lifts the carrier 2, the clamp arms 14 automatically move

to their clamped state.
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surface 32 of the housing 23, the |eaf spring 28
bearing 5 against the |ower end of the clanp arm 14

w@augesi2she clanp arm 14 to pivot in order toPEDGB2G0MO02505

lip 15 outwardly of the carrier 2. The angl ed surface
32 provides a back-stop for,the pivoting novenent of
the clanp arm 14. Accordingly, at this uncl anped
state, the disk drive 12 can 10 be |ifted vertically
out of the carrier 2 as the clanp arns 14 have been

rmveatrwtcl@‘dpt hes faatdl ofl 3meereAbeal abB@edhsk pdfk¥eular
12. Anot her sk drive 12 can then be |loaded into the
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Hxnﬁnqﬁ}nﬁuﬁnnﬂxﬁﬁﬁnﬁ} Mssik headvepifeiibky setliie sprasent

nge | ends |tself Q tonate o
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Rt G ST o de By s gﬁblvot bl ocks 22 to
rel ease the clanp arns 14. Wien the robot [lifts the
carrier 2, the clanp arns 14 automatically nove to
t hei rRecﬁeaﬁmereg St e£0 D OGS 114286 IRCTAGEBRO0A06X8061e of

a é&amp assembly 113 suitable for clamping a disk drive 12
to a disk drive carrier 2 or other substrate will now be

described.

In this example, four clamp elements 120 are loosely
mounted in respective slots or recesses 121 in the carrier
2. A clamp element 120 is provided for each of the fixing
holes 122 which are conventionally provided in the so-
called small form factor disk drives (which have a diameter
of 2.5" or approx. 6.35cm). The position and size of these
fixing holes 122 are determined by an agreed standard.

Each clamp element 120 has a projection 123 which enters
the respective fixing hole 122 in the disk drive 12. The
projection 123 is generally triangular in lateral cross-
section so as to present an angled clamping face 124 which

faces downwards and outwards in use and engages with the
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The clanp assenbly 13 descri bed above has particul ar

application for clanping a disk drive 12 to a carrier
WQ@2004h0d2860 in turn has particul ar applicati on P@I/GB2004/002505

transporting 5 disk drives to and from apparatus such

as disk drive testing apparabys, data storage

apparat us and servo witing apparat us (whet her servo

t anal n Lnal;

1(lﬁ IL eagpé)%E gﬁe&gglc?{%nlérvod ephléstlépqg roef)(;%t%t h%leng

Bekwold211 type). Neverthel ess, the 10 cI anp assenbly

13 can be used in other appli cati ons to clanp a disk

drive 12 to other apparatus. For exanple, the clanp

assemiy dBamane Dendised 10 GlamR A Sk HanV&ukFace 126

directly to a relatively massive block 8, w thout any

wh s%&h mlg@%mllbrowmd]g:mrté@emlaﬂmnﬁeff@ma Ag 4newd

second exa f

SO Y08 alfedti oty SRR o P Bl By s v
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described. 20 In this exanple, four clanp el enents 120

%ﬂ‘%m“?rb‘bsje?@ hagan eléP@'rt?ﬁr}C%ﬂs‘]&ecrtqt\F@@Il&% st dédsyddch is
d2dcdd Hhey CaIL | Blar Zufrlamp elamnt. 13005 Aequidedz.

|X|ng es 122 whi
conventionally provided in the so 25 called small form
f act dj sk drj ves V\,hl ch hay net er . of
apprgy&g1 JGS ' pds 9%rt pofelteﬂ@s"és 129 may

bé xingr hel @st 1221: af & ﬂmé@dcm ahAW erd :%tlﬁn%%@h
Each cl anp el enent 120 has a projection 123 which

ehep selementeshelt i s fm%tri@rtﬂﬁre tizp QMM@l@H@IntS 120
févfoc}gethPﬂfg’%dp{ gcﬂ;é ganec]t elssl% nseroa J:}{ecesseﬁt 121 in

rrangul a era Cros SEC Ion SO as 10 prese
elle atgt et €1 2nPi Tige f @Ml 24 epiircds  12AC e dQWBMRYIGS raft@ined
outwards in use and engages with the
in a vertical direction by overhanging portions 129 of the
carrier 2, there being in general a gap between the top of
the clamp element 120 and the overhanging portion 129 to

allow some vertical movement of the clamp element 120.

In addition, to restrain the movement of the clamp
elements 120 in a lateral direction across the disk drive
12 (to the left and right in Figure 13), a biasing
arrangement in the form of one or more elongate spring arms
130. There may be two spring arms 130 on each side of the
carrier 2, or there may be a single but longer spring arm
130 on each side of the carrier 2. In the following
discussion, it will be assumed thét there are two spring
arms 130 on each side of the carrier 2. At a first end 131
of each spring arm 130 on each side of the carrier 2, the
spring arms 130 are fixed to the carrier 2. The other end
132 of each spring arm 130 is received in the space between

the retraction post 127 and the rear face 128 of the
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of the chanfered periphery 125 of the fixing hole
wa2m4/1T4286 cl anp el ement 120 further has a cam BUF/GBE@4/002505

126 5 which is generally opposed to the cl anping face

124 and which faces upwardsjpgnd outwards. On the

opposite side to the clanping face 124 and the cam

e ¢l l,enen 2 S u andi
Rl e BT ph 2R s ena2vagy Bon
cllarfracd ehizdh tofl Ahen o anp celten®all y1Z26cingOb\Mhicbat 1661 wf

one, two or three clanp el enents 120

b
RARY iATERLCT} SRETs GREBAEE PRACH: hoFecBE fdar ofubhe clamp

LM EIBN S 105 AR AEREHRIGd E%aﬁ'ea%lglserﬂﬁﬁt 8lamp
120 are loosely fitted into respective slots or

9lameydes 2P £ d mddp it Hdiec @moiper osThé ool dupisbemdamping.
120 are loosely retained in a vertical direction by
over hangi ng portions 129 of the carrier 2, there

bei ngd mggneiad cagdrbet ueendhkiedt aptef a thadehgmBtation
el emrent 120 and the overhangi ng portion 129 to allow

ForRE At thicdiusfo\admeritl & & K s& &wp vel dgeie beologdefninto
i1j.0n, re i t e of. .t La

R0 o R SR T O D AR gpes (nor

ghrawe  efyqdeo dithdreftthargdminghtarms E3Quoe t8e, ratraction

bi asi arrangenent in . the formof _one or nore )
Das%, TGS, L She {oLn o one o e aag (1ee.
& o3 in celaé}ﬁb o dgneft & _*190 G kel r%gh‘%r ihh‘i"ri%gg%gfm) .

be a single but longer spring arm 130 on each si
Thes geavwdertie goolidwtifapls dwingf dihecwdsimpn e lietmenits| 120

SRR 0 DS PP 1B 90 oyendl
SR g Ardarl dhan wach sirde Ofintthe te@r chetridr Rhe The
clamp elements 120 are then released and, under the bias
provided by the spring arms 130, the clamp elements 120
move inwards. This causes the projections 123 on the clamp
elements 120 to enter the respective fixing holes 122 in
the disk drive 12. At the same time, the cam surfaces 126
on the clamp elements 120 engage corresponding cam surfaces
134 provided on the carrier 2. As can be seen most clearly
in Figure 13, this engagement of the respective cam
surfaces 126,134 provides a wedging action that drives the
clamping face 124 of the clamp elements 120 downwards
against the lowermost chamfered surface 125 of the fixing
holes 122 as the spring arms 130 drive the clamp elements
120 inwards. The disk drive 12 is thus securely clamped to

the carrier 2.

The carrier 2 can then be lifted from the station with
the disk drive 12 clamped to the carrier 2. It will be
immediately appreciated that the engagement of the
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spring arnms 130 are fixed to the carrier 2. The other

end 132 of each spring arm 130 is received in the
wG@paea142ed ween the retraction post 127 and t hBCT/682004/002505

face 128 of the WD 2004/114286 PCT/ GB2004/ 002505 -28

respective clanp el ement 12059The rear face 128 of

each clanp elenent 120 has an outwardly facing button

PSP 25 155 63ARE° STARERRR, LORCHLH CufECRER o

Hgleas 1t7e iel ajm 511eslkem&r1tve12@ beoadapt fbhepptRpeErtical
position during clanmpin use, the carrier 2 i

Jrshded izand-ad |r@édar@@n§t & 6ﬁe Gr-Skt HEEVE kEur eTa@Sdlsk
d%‘lﬁ 1%%%# fHd IS 12 Rerl ggd%gahegert& afeﬁ HeEn the

e station, arnms or ot eattres (not
cshovire)r éngagﬂmnﬁihamnmh@gspmmn@faths ¢3®r®ertae Moreover,

tré]et ract,i Qn Doft% 127 | regt lteﬁ OF%QéVg\éthPgh?26n?51er 2

ﬂéweflrxeqﬁttd y I-H @eﬂg%)ee oFNice raY s vl hohPER) @g&mmﬁates
123 of the clanp el ements 120 out o¥ the path of

nheamklcﬁg tdfe adiesik rdidade cpzmemeoaﬁs rarlshar Liykel1pochhe
§ﬂ]éﬁi é%jl %&%t % C%rrler h?vo k?ggk writer or

are hen re ease er t

ﬁHstHﬁkﬂkknmtdubﬁayérnadmwa& t&&,lume)clanp elenents
120 nove inwards. This causes the projections 123 on
the clanp elements 120 to enter the respective fixing

hol es; 122 g}eﬁ&rﬁé@ tHa3K g ‘é?)r]_r_%g Atmkhesgapge bLirmg,

the cam surfaces 126 on the clfanp el enents 120 engage
dammm&hpnmchqﬁpaﬂﬂﬁdnﬂdnaﬂaalnhﬁ4l@W@vldggeon Thes may be

rrier As can seen .nost_cle ure
@V&%ﬁ@%ml% e FPEC 3% 0%t hERgnate o two
ﬂ@l%tll%w oM fhep neh BAGIING @G{dHoR st hatadr byepibBei2s)
cl anpi ng face 124 of the clanp el enents 120 domnmards
kejaierst Wihiech oviergisivichad e eprsudfiggébigsmeteghal, which

nﬁeli%“r?g holgae?, a1r122acﬂie51hfee prTlhrlgs %rrr}%n:!ﬁ%eqq:' %%o‘irhaes for
good damping of vibrations in addition to the good clamping
force provided by the spring arms 130 acting on the clamp

elements 120.

Whilst the spring arms 130 have been described as
tending to bias the clamp elements 120 inwards towards
their clamping position, in some circumstances the spring
arms 130 may be arranged to bias the clamp elements 120
outwards away from their clamping position. Some other
arrangement is provided to drive the clamp elements 120

inwards towards the clamping position when desired.

Referring now to Figures 15 and 16, a third example of
a clamp assembly 213 suitable for clamping a disk drive 12
to a disk drive carrier 2 or other substrate will now be

described.
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120 inwards. The disk drive 12 is thus securely
clanped to the carrier 2. 30 The carrier 2 can then

wheookiliezed fromthe station with the di sk driReT/GB2004/002505

clanped to the carrier 2. It will be inmediately
appreci ated that the engagemgnpt of the WO 2004/ 114286
PCT/ GB2004/ 002505 -29 projections 123 of the clanp

el enents 120 with the fixing holes 122 in the disk
drive 12 provide for both vertical and horizontal
restri nthid d¢tenplisk tdrd Wi IR .drihve dasdeiedr i2veg ok2 otarr

Hgfrefore be safely transported around in the 5 )
THTE D v@%omm{ﬁﬂém%gsm ¥ lishe 20arty &@ck of which

M W@rinwémg%ééﬂrgf Herihbydisgk dr iAV%l]a%\gr elatinge 222
to the carrier Is fixed toa high degree of
emaimtsd i edch aaddning €21 .t h&amikiolgmef spiréotor 2@&l is
connections ar.the like to the disk drive 1 t a
S G TR 1L " SIS SR W P S e P YRR YR
THi St A0 raeki &Fed Ney Indeng Ithd T1RM epraddshabot be a
spring arns 130 be of a _danped or so-called
kuhist3 s el 1y efe kafplere Inhi sl i) Mk e rdeise ey as metal
i i 130 . inate .o :
iR ah ] T X B dlBE poel sty
et eveien] whirlcich ansadwpclhe bea amraeitfdsaxichl e Thrtser i al |
which may sinply be an adhesive. This arrangenent |
%W%@é&e%rpgﬁ%&e%d‘?ﬁ RPBt ABRAG s itk raddiorison
ditheogond charnpbdd cfanse Pravided by ithe $RY i clamp
arns 130 acting on the clanp 20 el enents 120. Wil st
spielngs i4%2 arnms 130 have been described as tending to

bias the clanp el enents 120 i nwards towards their
cl anpi ng position, in some circunstances the spring 25

arms AR38 MRyl Heidd renged gt i as tiheLlarrrelieneispect of
éﬁg of the side walls 220, it being understood that the
arrangement for the other side wall 220 is the same. An
actuator 223 in the form of a push rod passes through an
end face 224 of the side wall 220 into the side wall 220,
and is connected at two positions via respective pins
225,226 to each clamp spring 222. Each pin 225,226 is
fixed relative to their respective clamp springs 222. The
first pin 225 is fixed in and relative to the side wall 220
and passes through a short elongate slot 227 in the
actuator 223. Accordingly, when the actuator 223 slides
back and forth within the side wall 220, the first pin 225
remains fixed in its position in the side wall 220 and
moves relatively along the elongate slot 227 in the
actuator 223. The second pin 226 is fixed relative to the
actuator 223, for example by passing through a narrow
aperture 228 in the actuator 223 of a diameter close to the
diameter of the second pin 226. The second pin 226 can

slide relative to the side wall 220 by virtue of a short
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outwards away fromtheir clanping position. Sone ot her
arrangenent is provided to drive the clanp el enents

wa2®4/11428@r ds towards the cl anpi ng positi on WhBGI/GB2004/002505

desired. 30 Referring nowto Figures 15 and 16, a
third exanple of a clanp assenbly 213 suitable for
cl anpi ng a di sk drive 12 to a disk drive carrier 2 or

subst r.at OMIb 200 86
%%é@%ﬁfb ?7 é%%%ﬂ §gl TRH I %g dis %ﬁ%ve
LAUd 5 r 2 {Dmdtdrerbackisidr &toa:)thhasl tuiaet amdlenga$ude20,
wal Il s 220 in each of which are two inwardly facing
IpehitRyEement R Wy issgorgl v | §2ﬁoaﬁ€¥dapﬁi e3¢k -
openi ng 221. Each clanmp spring 222 is again
preferably of the danping or constrained |ayer type.

Thi s Traychee et eosd thyonmekfi rdpet Imeaﬁipaisprspgian§22220wn in

f Ianinate of two relat,ivel id nateri
ie hra R R IRy ey Biichons TBYAdRInagte the
Baue d4 exridl e A dter i alne \Whiseh @@h&@@pwzber@n extended
adhesive. This arrangenent provides for good danping

wagd g iToriee | aneddiRAren stigptlive byosd séliagpithg peteators
ciif ng% 2 T |
%{:‘S\é” p%c@l ¢ arrc Ao YNGR 13222080 tf%l hp%‘é’h\ggt

on W I'ven i n réspect of “on e

EdKEEyWﬂHé5é§Kbndtpﬂnﬂ m@eJmeWS&ﬁQﬂith@hrth&spectlve first
arrangenent for the other side wall 220 is the sane

S et rat'PrL 2341 He idahtom cfrhﬁuﬁ%aﬂ@d Sp&dsgs 222 and
LA OUGRL A0 8001 68 G4 Rfs e %Iél ‘i&@{%&'g 2208 'aﬂztagstf'%%m

side wall 220, 20 and’is connected at t positio
the hrm;oeco:ff i Mee mausrle&a 226Them édheh odlaarpp spmmnigg 222. have

Each 225 ed rel at.ive

%%’be Zﬁpy s‘blrii w2’22.‘5‘ _Tlfieg\f‘ idirr‘-é"te ﬁiaii 555 Logded
csmﬁ@dth@ @éhdri@i al ] verHeo ddiiaticde wald 2220 thend rRassesd,
through a short elongate slot 227 in the

allowing the clamp springs 222 to relax to their bowed rest
position at which they clamp the disk drive by friction.
The disk drive can be released by again pushing in the
actuators 223, thus withdrawing the clamp springs 222. The
actuators 223 are operated by push rods or similar provided

at the station or other fixture at which the disk drive 1is

loaded and/or unloaded.

This arrangement provides for zero clamp force when a
disk drive is loaded onto or unloaded from the carrier 2.
Each clamp spring 222 operates independently of the other
clamp springs 222, thus providing optimum clamp loads.
There is a simple single direction for operation of the
actuators 223. This arrangement is particularly suitable

for automated loading and unlocading of the disk drives.

Whilst the clamp springs 222 in the example shown

clamp the disk drive only by friction, one or more, and
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25 actuator 223. Accordingly, when the actuator 223
slides back and forth within the side wall 220, the

WO poogtiiq8e 225 renmmins fixed in its position PET/GB2004/002505
side wall 220 and noves relatively along the el ongate
slot 227 in the actuator 223, _The second pin 226 is
fixed relative to the 30 actuator 223, for exanple by

ssin hr h rro aperture 2 in_the actuator
glg% ) aq%f%iaa e‘?af carbesegm%“é)ﬁé’rl&ﬁgﬁné?(gr T8¢ ‘l%ﬁé’esgcond
Pt &) @261 ol her Seeish pidy 226y Lthers inde hr ehat iove rodet BE the
side wall_ 220 by virtue of a short WO 2004/ 114286

Pereplvoly D02sP5 ded P | iy isinott m ihe §idge vailds of a
220, T . act uat 3 n

(}{%%h In et’hg%%' o‘gﬁovag%lﬁb%,d@t%tst%ﬁr}o\?%ﬁi S?gl??iags@tohghe

secpact poms 2288 baft ke rence faoudlle B slaustskeel bedbwpaedithi on

of _.the clanp springs 2 sha in_the draw ngs, the

B SR s Do R T it iy | N0 RS Iy eht aze of

€ $d ef i & nd Neo IHd AN SRId 1384 e e lhended shawainds . )

a nore planar formsinply by pushing the actuators

Bocay sive? dst h ot gdersi dehaldis R 20 i vEhils mevehdm a

. the se d pins. 226 frraom_t hei.r. .

FERIREETTAY S0 VSR 05 el ro s & e

shiogipr S | NEsi A2 2 il 1 $diiss dnanatienc lodMeheprlioads ng and

222 outwardly and away from the body of the carrier

L eRend Her et spFaTRRY 22 hesAdtsshedn tadef edigasempnt
SN [ nt,o

%\Pé% P(Fj{er 2.rfﬁ:1éej éa%% S%ét \gfesftg%&glrﬂeeqﬁg% %gltgat?egfoquontal

&l touk hon tdred cd argor tsiprd Ingdl 222 itam .r elTdve o gelyementowed h

rest .. position at ich they cl he di sk drive b

FRF LU, A2 TR R S TP DO dirested opga kY o

O&Eh YL 1 dh the £ acdtadOrsh @ b cHdiis W hdhawRatt RE the

clanp springs 222. The 20 actuators 223 arée oper at ed

byopeehleonts) oridh nillarf priow ded e @) tile tdeadiek oirive, or

géfgiyfﬁ§t%ﬁ§5ﬁ%cﬂgﬂfghfrg%égégﬁéﬁg\G%If%e projection(s)

with the fixing hole(s) in the disk drive.

Referring now to Figures 17 and 18, a fourth example
of a clamp assembly 313 suitable for clamping a disk drive
12 to a disk drive carrier 2 or other substrate will now be

described.

In this example, four clamp elements 320 are mounted
in respective through holes 321 provided in opposed side
walls 322 of the carrier 2. Each clamp element 320 is
generally planar and has a retaining tag 323 at one end.
The retaining tag 323 fits into a slot 324 (shown in
phantom in Figure 18) in the carrier side wall 322 such
that the clamp element 320 as a whole is cantilevered to

the carrier 2.
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| oaded and/or unl oaded. This arrangenent provides for
zero clanp force when a 25 disk drive is |oaded onto

w@eownissded fromthe carrier 2. Each clanp spei/cg2@2802505

operates independently of the other clanp springs
222, thus providing opti mumghanp | oads. There is a
sinple single direction for operation of t he

actu 23. T I8 anr e i's ularl
suitg%ﬁﬁlcéﬁngbﬁ aHFona?gg g%ﬁd?nﬁegﬁ ?838%%8 3> An
itrhe gdiask cdmnitiasveWeld spriihg @kﬁlﬁBZSpbiIBg§1832th8 bpening
exanpl e showmn clanp the disk drive only by friction,
0PINGIGE Ua5RT WOTEG0S 114586 POTRGBE0RAFEH980S tag2327

jobel %ft%b'dﬁéw%'dab tyotal&%i %b%%@ré@%eﬁtgstﬁézmgﬁ‘% Béﬁﬁogg the

proj ection or n for engage h one or
aﬁamgueldmemthZWOIe@hﬁr@mﬁded byrecohwept ebamentt B20

d di, th t but t
i R s S Tee 2at FORE Sbo oP St RePaHREFEO™

wHisussed hel ewarighl ieher emgra@nygémg p¥o3B8dtifn 328.
(The position and size of these fixing holes are

deternmi ned by an agreed standard.) Because of this

enga [ ld Ln [ etern1 e
and t ere%tlégg?gdﬁéta Fé%m sF??ggn#nB?Regi FxE4aE gne
eﬁubshka&me\Myﬂyidrm@Itb@aees aut Bt sddeofal he3bpadEnghe
and . unl oadi nhg process. Mreover, because of this

t, Thene r@icslendr iP¢€ 4neBENhEPAIRECAFBI y2fnengages
Lath aaﬂbcirﬂl%@ﬁt@'o H et isqRea 391? ggﬁthﬁﬁkhd#,éeﬁﬁ:%gﬂged

The engagenent with the disk drive may therefore
igcﬁrﬁh&h(hheomPWln@yaam152éonb|paeﬂoadeﬁ éndcbbwr and

4ﬁi§§%} %aéweﬁésgggkugrﬁse eﬁ&go )ymﬁﬁgﬁhgn turn

Hmwlt%@ p%g]mmts a2t hawRkar§Chbironhs) cawriBrt he  The
fixing hole(s) in the disk drive. 20 Referring now to
M girienst pladdel & lager @lemenéganpleare arranged such that

the projections 328 each enter and engage with the standard
fixing holes provided in small form factor disk drives when

the disk drive is in the carrier 2.

To release the clamp elements 320, the carrier 2 is
transferred to a loading/unloading station. At the
station, guide rails or fingers 331 or the like slide
relatively longitudinally of the carrier 2 and engage the
release tags 327. Because of the outward angling of the
release tags 327, this engagement bends the clamp element
320 as a whole outwardly, thus withdrawing the projections
328 from the disk drive. The disk drive can then be
removed and another disk drive inserted and clamped in a

similar manner.

Again, it is preferred that the clamp elements 320 be

of the damping or constrained layer spring material type.
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el ements 320 are nmounted in respective through hol es
321 provided in opposed sidesgqualls 322 of the carrier
2. Each clanmp element 320 is generally planar and has

t [ T r 1N ta
(SRS 08BN s B S R0
H_ﬁ)lméntet hef claws i mlsﬂﬂaal/yalﬂlﬁl& H&U:Ceirlatllsat(smm (Blsamétal

ele nt. 320 as a mhol cantllevered to the carrier

Yot h 12988 04 (RFPSHY: Chegs SEHOH ScIdmy Lble
r@é@mal 320h has rﬁ’a}?eé"ltn‘[ﬁ qpeeramqad%%%lvfén irpligar al

canti | ever ed spring arm 326 overlies the opening 325.
P 2ed e’ ot &m@?kﬁﬁﬁ|ﬁpnlupddndamﬁlmgIQﬁ vade attagn3d2Zn

S do mardl Qut war of the of
#éﬂé%éclanp é%ﬁ?plﬂﬁa S frPW&d@laﬁﬁ'gﬁéhéﬂﬁmp
S&hePposi2 @. the retalnlng tag 323 carries a bearing

portion, which in this exanple is an inwardly facing
projection 328. As nentioned, each clanp el emrent 320

o Fi o
Itﬁe Is% \?\%’f%%o%; thdéé5"rjch"IaAr}'re|Scra?‘%l 'Fhen#j?glg endtt%fgdwk
afieach Bpsipge a3t difagesovidd Foa perttiiea133@ ofll as
e LSRN e suaneed, SuCh UL Ll
DU VM Ehge (BS éﬂﬁﬂwblﬂkéﬂﬁBH§3WHych-QFf%e'@urﬁh@ H@eratlon

bi ases the projections 328 inwardly of the carrier
Jhethgodisk cﬂlﬂsl‘(ﬁf tf@&:lceﬂmmeleé@msszaoan@naheam@@@ as a

P o ect| ns 328 each.enter and_e ga
éﬁ'{&;t{@é and’ar éfl A A S SHRYadd T r?x?mﬁm ?’é(rm
$teahingli ke dsd ke snanhnia It her ddyslmddlrlld\ieagl S iThet RGamp
carrier 2.
elements 320 are therefore simple and inexpensive to

manufacture and install in the carrier 2.

In general, disk drives come in three main types. In
one type, electrical and data connections are made at the
rear wall of the disk drive. 1In the second type, the disk
drive has a so-called product card at its base such that
electrical and data connections are made under the disk
drive via the product card (these are of the same type).

In the third type, electrical and data connections are made
under the disk drive via one or more separate connection

cards provided separately of the disk drive. 1Ideally, the
disk drive carrier 2 should be generic to these three (two)
types so that the same basic carrier 2 can be used for any

of these types of disk drive.
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20 To rel ease the clanp elenents 320, the carrier 2 1is
transferred to a | oadi ng/unl oadi ng station. At the

wa@e@titongs gui de rails or fingers 331 or the |iREI/6B2@a/002505

relatively longitudinally of the carrier 2 and engage
the 25 rel ease tags 327. Becajse of the outward
angling of the release tags 327, this engagenent

bends e 320 as a ol e Qut war dl.y,

t hus WI t dgrl'ﬁn Jlthgeﬁa(%)ﬁr o] ectiong %h FOSHY oSl seearty
il | Pegudde T s1ko dr2 ve Thed dder e zrerm:svgd gaﬁm@rlqtyh@nanar
di sk drlve inserted and clanped in a 30 simla

Badmetl AhER oPresed bretlerandl Tmk a5k WAldidp 4é4 drfent s
320 be of the danping or constrained |ayer spring

material type. WO 2004/ 114286 PCT/ GB2004/ 002505 -34
This Tiay beracdi e¥ eth Hythmede nmgitmua:lcai'rwaejtérmﬂlas: 320

f | f t | at | h
S deeaf T o) ST Lo Bethebn Wit o e ey Chee
gonerd 1 ey @clrl] r 1B £t & & a il L MBe 1S v leanaH:he base 40

adhesi ve. is 5 arrangenent provides for good danping

BriGh beal | BReeiTe aderneGrrie dirk ghddecicamst rid fleese
P[%}&Qeﬁ# by ﬁ]‘ﬁg gé(%?ﬁl Leé?eﬂ?rp lf’5 BJ%SO pd:oh}lde%%gp ah aperture

vides for secure ¢ rive.
Melqnmm@cbam%@z&mmwaie zfelfemea“ta RimoA bR ImaASr card
hgrl zontal restraint of the disk drive. The clanp

&P eheht RTOBHHI RS e Tt e SRR IS WiR Gheardiigd drive
HYE 6P PPEE At b 08y &flwelzﬂl Skr}?é'ﬁ’fﬁrdﬂl%gcﬂo%"&7 is an

el ements 320 can be nmade as a one-piece part,
bee nadee sﬂrpﬂymmh extagrpt e hywdlbl stZanghiindy tdae bmeuve a

mat er no Th cla ele nts 320 are
f?\%?‘é?%i% "i“n%laemg %ie?%e?p%%s Yrarfiiact ure and
install in the carrier 2.

As will be immediately understood, the removable disk
drive card 44, the removable motor card 46 and the
removable data and electrical connector 48 may or may not
be fitted depending on the particular type of disk drive 12
to be carried by the carrier 2. Where the disk drive card
44 and motor card 46 are fitted, a flexible electrical
connector (not shown) can be used to provide an electrical
and data connection from the motor card 46 and disk drive
card 44 to the data and electrical connector 48.
Ultimately, data and electrical connections are made
externally of the carrier 2 at the rear of the carrier 2.
By way of example, in the servo writing application
discussed above, the riser card may be fitted to the

relatively massive block 8.

Where a disk drive card 44 is to be used, it is
preferred that this card 44 be biased into engagement with

the connections provided under the disk drive 12. This can
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In general, disk drives cone in three main types: In

20 one type, electrical and data connections are nade
wa@eooshes28¢ ear wal |l of the disk drive. In the SPCDG#2004/002505

type, the disk drive has a so-called product card at

its base such that electricalg-.and data connections

are made under the disk drive via the product card
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used for any 30 of these types of disk drive.
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2 has three regions of particular interest. The first

P&y DY 4BL FRNGERSH at FRFSS | Higyecardydifetmmayr dsquaielsor
|
LESEANYY! S8 QPEL %@%fx%kﬂrgr%bg Jggﬁ j.% ‘é\l‘;t Qﬁ%k drive

recelrve” a renova igure
52. Theisezormahgageon dbso oprodaeddry lat eaedr taamge 1liGince,

R 50 DPOS R N Gl IHBing i i dhe s e 12
ghek €rdvearrpipro of A%\%ﬁkszdrdawbléscmetdﬂtrdﬂ th4e2

region 47 is an aperture 47 through the rear wall
Qhrchetan tfecle¢cvle ‘@he rewplebd er afete kied pelndct ricdihe

congecto§ r1 re Il be inmediately understood,
the et a%?e ik rive card 44, the renovabl e notor

card 46 and the renovabl e data and el ectrica

connector 48 nmay or may not ) )
Embodiments of theée present invention have been

described with particular reference to the example
illustrated. However, it will be appreciated that
variations and modifications may be made to the examples
described within the scope of the present invention. For
example, in the preferred embodiment, four clamp assemblies
are provided, one at each corner of the carrier. However,
fewer, such as three, or more clamp assemblies may be
provided. As another example, instead of inflatable
actuators being used to clamp the disk drive to the block
and springs used to bias away from the clamping state,
springs could be used to clamp the carrier to the block and
one or more inflatable actuators used to bias away from the
clamping state. This arrangement would mean that the disk
drive would remain clamped to the block in the event of
failure of the air supply, though it may require strong
springs to provide the required clamp force. As another

example, in the preferred carrier a bias for the disk drive



be fitted depending on the particular type of disk
drive 12 20 to be carried by the carrier 2. \Were the
walk®wiorseve card 44 and notor card 46 are fi tP@HGBa004/002505
flexible electrical connector (not shown) can be used
to provide an electrical ang;data connection fromthe
notor card 46 and di sk drive card 44 to the data and
eIe trlcal connector _48. 25 y data and
Grgher S e E Grd Laed” b TR ERY Raf| sigr BeRge of the
e paat Zaatt tikeer.eamsofant la@t@@hatetrez spByn#aycelild be
exanple in the servo mwitin% application discussed
Re triesdy ther ¢ovey Badt pt 6éAILB-PhECer BRAEFVERG -
massi ve bl ock 8. 30 Were a disk drive card 44 is to
be used, it is preferred that this card 44 be biased
i nto engagenent with the connections provided under
the disk drive 12. This can WO 2004/ 114286
PCT/ GB2004/ 002505 -36 be achieved by providing a
two-part cartridge having a tray 49 which is received
in the aperture 43 of the carrier 2 and a
corresponding card carrier 50 fitted to the tray 48
so that the card carrier 50 can nove up and down.
Three 5 conical coil springs (not shown) are fitted
over pegs 51 on the tray 49 to bias the card carrier
50 upwards. Wen the disk drive card 44 is nounted on
the card carrier 50, the biasing arrangenent forces
the card 44 upwards, thus ensuring good contact with
the contacts of the disk drive 10 12. This
arrangenent al so provides for lateral conpliance,
which facilitates automated | oadi ng of the disk drive
12 onto the carrier 2. A cover 52 can be screwed to
the carrier 2 to |lock the various renovable parts to
the carrier 2 as required.



15 Enbodi nents of the present invention have been
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vari ations and nodifications may be nmade to the
exanpl es 20 descri bed w thinjghe scope of the present
invention. For exanple, in the preferred enbodi nent,
four clanp assenblies areHnayisded, one at each

corner of the carrier. However;— fewer, such as three,

or nore clanp assenblies may be provided. As another

xa e,. l,nstead of inflatable 25 actuators being used
Fo el Ve s e € o Ha o don s fdqnaed
t® dimsoney diromdhersaipldtg ssrate t ragsisl Rge 6AUlkden to
be used to clanp the carrier to the block and one or

Frovksk T dihd E Hetdritrs hfed IeHilys campy ifsdom:t he
| anpj - Thi . . t.hat _th
clamy %ﬁ@at@le cﬂfﬁ(r Zc{ff\/rég ee\éwlfloq BN a dﬁ.ﬁg

di sk 30 I ve wou mai n clanp to the bFoc
avierg; of failure of the air supply, though it may

require stron springs tq prqvide the required clanp
force 7 aa%‘?w maef}(%ﬁfﬁ g’,lqcﬁ('t K€% referred carrier a
bi as £ Q‘!lafnttﬁ a{jérselﬁcﬂé'lﬁé/rﬁ: %M&%@Z%ﬁd arranged to
PCT/ GB2004/ 002505 ~ -37 card is provided by springs in

mtspEP hhekamwp pardislofdaive tavihgsabtiockrt ri dge. As

an alternative, springs could be provided between the
cover and a single-piece cartridge. W 2004/ 114286

PCT/ BAPP OO 5 s emi38; AAIWRIinG tA @il&Knldﬂi,V%oﬁtgﬁQ%ﬁhg a
assenbly constructed and arranged to support a disk
WIS e MHIHGD s Phrae s drained fer welasiyedi sk of

10 A Ao/ o Jdife ASSEI Y GAIPIISIRYs oF), 1 RIRVRRIR
disk drive carrier tor carrying a disk

having a space to receive the disk drive carrier, the clamp
arrangement comprising an actuator that is operable to move
the cage relative to the block so as to clamp a disk drive
carried by the disk drive carrier to the block via the disk

drive carrier.

3. A support assembly according to claim 2, wherein the
cage and block are arranged so that the cage can move

relative to the block only in said first direction.

4. A support assembly according to claim 2 or claim 3,
wherein the actuator comprises an inflatable actuator
arranged between the block and the cage such that inflation
of the inflatable actuator forces the cage to move relative

to the block in the first direction.

5. A support assembly according to any of claims 2 to 4,

comprising a biasing arrangement constructed and arranged
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drive; a relatively massive block; and, a cl anp
arrangenent constructed and arranged to 10 rel easably

w@b@api1asdi sk drive to the block. 2. A supportPEEE8aM04P02505

according to claim1, conprising a cage in which the
bl ock is nmounted for relativegreciprocating novenent
ina first direction, the cage 15 having a space to

Cej ' [ carrier, the cl arrangement . .
cacslye, e Ak 1o S SLoL IEIAT SLIAPHE cion
cagehict atheecdge the mbwek @0 @St idnamF and Jetdiaiteg .
carried by the disk drive carrier to the block via the
disk drive carrier. 20 3. A support assenbly

gccordli NgAor€l 8l fard, 1 Yhet &l e tOC%.gﬁ/ yd éiltag_‘fﬁ? &0 5,

arranged so that the cage can nove ative

pheckimnthe inleok di s i swppai tetthiopl @ 14 vid sppor-tdamping
gsggnbly according to claim2 or claim3, wherein the
1R¥ T or conprises an inflatable actuator arranged

bet ween the bl ock and the cage such that inflation of
the inflatable actuator forces the cage to nove

fel ath vBIPRRF & s $peky iaradwsdima do giledet ifon whagredn Ahe
SYOPOT i Ye AGEOTdiNg. | 60Ty 16, Al T8 agkﬁmﬁhg

conpri si ng I asi ng arrangenent constructe
o uang ol WO 2D 44 ridel? 8th PCH 882004/ 002505 -39 to bias
the cage in the direction opposite to the direction

in which the cage is noved on operation of the -
act uad Osfup;@orStA a?éé@&ﬁ’éiy ASSEITH I AGCPIG NG, £ Q:l%'%nsgfl to 7,

clains 2 to 5, wher'ein the block is supporte y
pherealn vile adi oin-dakpe neprmimmthsis plural clamps for

clamping a disk drive to the disk drive carrier.

9. A support assembly according to claim 8, wherein the
plural clamps are arranged to clamp a disk drive via
corresponding plural posts provided on a said disk drive
and which pass from one surface to an opposed surface of a

said disk drive.

10. A support assembly according to any of claims 1 to 9,
wherein the disk drive carrier comprises plural disk drive
carrier posts which pass through the disk drive carrier to

bear against the block.

11. A support assembly according to any of claims 2 to 7,
wherein the disk drive carrier comprises plural clamp arms
and opposed disk drive carrier posts between which a disk
drive can be clamped, the disk drive carrier posts passing
through the disk drive carrier, the clamp arrangement being
constructed and arranged to clamp a disk drive such that a

lid of the cage bears against a first face of each of the
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7. A support assenbly according to claim®6, wherein
the block is supported by exactly three

W@ Rirat428m- danpi ng 10 nounts provi ded under thECT/&H2004/002505

8. A support assenbly according to any of clains 1 to

7, wherein the disk drive campcier has plural clanps
for clanping a disk drive to the disk drive carrier.

r N | ai rej

TR S e e P M e s B, o B
agalncora eSiposidi ergd pd ural rqeqetcs ipreovinded forr @ lsaiadity of

jsk drive and which pass from agne surface to an ,
Sttt Gnche drari et S ¢ deak ghive drige ARd which
SAPPOF £ orR SHEITHL r BECOTED N TR Ofs LGRS oF 20 sRid disk
wherein the disk drive carrier conprises plural disk
Wriver @ rd evepusd seivhich qeads athsaugh dilsé dirskved piows s
SaLLL el 10 . 25, bears agai nsto Lhe Bl acks, L, ASURPOLL o
assenb %/ dttordi ng (%o any ot rciais 2o 7 &
theribsloskiye e rétie €AY it HY Widlk elrdfRe datsier
and opposed di sk drive carrier posts between which a
RPSkS Jearive i bEt cHmpgEd®ck-he disk drive carrier
posts passing through the disk drive carrier, the

cl anp arrangenent being constructed and arranged to
2 an aalhmgk absarebkypciot hatamping @& ofi stkhelrdage tlhear s
agai nst_a first face of each of the WO 2004/114286
?5%5]*7 4 02505 R A5 3§ G288 ond face of

each ofc1dig CAANP BB DO S rnfGRIIDY 3 1Sl 8N¢ Yack and
respective one of a plurality of di'sk drive posts
Provi delbroh & Shr et diskeeldare aned bekdingh pipedelcombong a

urface 1o .an opposed surface..of .a said.disk 5 drive,
S BSOS S0 O S S G st &
bear sa agfat $iStb pds Bigl Of r #n gBEPRCIdoNS ta tHdte adics larranged

églgfgs the clamp arm in the first direction towards a
clamping position;

a second biasing arrangement constructed and arranged
to bias the clamp arm to pivot about the pivot axis; and,

an actuator surface against which a clamp-release
actuator can bear;

the assembly being arranged such that the clamp arm is
normally biased towards the clamping position and such that
when a clamp-release actuator bears against the actuator

surface, the clamp arm moves in the first direction away

from the clamping position and pivots about the pivot axis.

13. A clamp assembly according to claim 12, wherein the
first biasing arrangement comprises at least one spring

which is normally under compression.
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carrier posts, the other end of the disk drive carrier
posts bearing against the block. 10 12. A clanp

w@s®ebi2ge f or cl anping a disk drive to a subsPCEHGB2004/002505

the clanp assenbly conprising: a clanp arm the clanp
arm bei ng transl atable back and forth along a first
di rection and bei ng pivotable about a pivot axis

ansye 0 jrs [ L ect|qn; a figyst biasin

%1% i an% eef:r%%?g c%%%%‘%%}f e‘—%zlC %%%‘?lgﬁrdr gcgjg ecéﬁa Jt%]o 1bj|f 2 (He 13,

chanpimriohe nsédend i 5ds the et d a0y ey dSorpr i R NGaf
osition; a second bjasing arrangenent constructed and

PP HRGCTC TS (RARL 1he &h sl 6 in {6 SO0 dodRA t he

pi vot axis; and, 20 an actuator surface agai nst which

a clanp-rel ease actuator can bear; the assenbly being

v r anyedl e e s sembiheaedanpiray md snynerfiredlains decdo 14,

t he c] ampi ng positio d such .t hat, when a
Véﬁ?ga\@n%&?e %%s%iaa uAtBr-bears’" 'Yn&°W§ng%£ G2 block
shiitRces Mmden €d@mpoar i myes: idhdihendddnidn i I8 HHOFirst
away fromthe clanping position and pivots about the

PERELERR sin azhowsEranmp assenbly according to claim
12, wherein the first biasing arrangenent conprises

at | east one spring 30 which is nornmally under
tonprissiam AUy 14486 IR /(EB2A4MAZ50whe&linl4he

cla assenbly according tqQ claim12 or claim 13,
OHEFERS 7% S e b?%%ﬁfge dritdin gemSRN CShpry e lel to
teaf £i89F | Mor &6t i, afed NStsbiRNd Qfnd N8 AND A By Jngle

15. A clanp assenbly according to any of clains 12 to
19, thehkiesh swefatanpthe niisstpianst Adoontbunimethdes acting

Rovahidt File R R T sl var Rl g o ehe ctame

17. A clamp assembly for clamping a disk drive to a
substrate, the clamp assembly comprising:

a clamp element that is movable relative to the
substrate, the clamp element having a projection for
entering and engaging with an aperture in a disk drive, the
clamp element further having a cam surface;

the substrate having a cam surface corresponding to
the cam surface of the clamp element;

the arrangement being such that the clamp element is
or can be withdrawn out of the path of travel of a disk
drive to allow a said disk drive to be loaded onto or
unloaded from the substrate, and such that the clamp
element moves or can be moved into engagement with a said
disk drive when a said disk drive is to be clamped to the
substrate such that the projection on the clamp element
enters an aperture in a said disk drive and such that the

cam surfaces of the clamp element and the substrate engage
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10 16. A clanp assenbly according to claim15, wherein
the housing has a first surface that is generally

w@amaiiieBsto the first direction, and a seconeCT/GBRgD4/002505

surface at an angle to the first surface, the first
and second surfaces acting -4@-guide the translationa
and pivotal notion of the clanp 15 arm 17. A clanp

@§§1@'"@tklyezfot[o C(':?{EF?[!) ng & di sk dri e Jo @, tsf‘}éosstJbﬁt“arate by

the clanp assenb conprising: a clanp el enent
aovaerentel af i wmtzmmhectﬂcﬂn sulbst raatssyid lkppedtame in a said
gle drlhaV|ng a projection for entering and engagi ng

an é%erture in a disk drive, the clanp el enent
further having a cam surface; the substrate having a
cam surface corresponding to the cam surface of the
£ anp® S ermtassemb he aeerdiere i tyémgl sWioh adwgptritsieg a

04’ tra(sem%“%érg €rf%9%£ailvﬁgtah:l ow A gut il th%dﬁr\/éts

tos bepd oibtdisch ondwaods tind adickdd furions téi@a’i}éﬂﬁﬁtatpﬁ)sﬁtﬁdm.
such that the clanp el enent noves or can be noved
into engagenent with a said 30 disk drive when a said

do sk grd vand Sa$ 9ehS1 ¢! ey trR_; tdhe clsdli*&?tlrsat &Y n the
that the projection on the clanmp element = énters an
bpesing e frargenent digkprirsase ampsingh fihed tdte a fdmst end

es of, the a el.e and the su strate en
T S oS s B T sta Shp B i tooh G o end
w1 et ive S@l £hnsli Skerfiéitve to the substrate by
engagenent of the projection with a said aperture in a

said disk drive. 5 18 A clanp assenbly according to

B Sl 17 Tar P & AR S 17 w0 1o,
wioswwe O e ol akp daslemerelngﬁ:g@ffﬁﬁesocasmdtmﬁa,ctlon post for
engagement with a retraction device that is operable to
withdraw the clamp element and thereby retract the
projection of the clamp element from a said aperture of a

said disk drive.

21. A clamp assembly according to claim 17, comprising a
spring fixed at a first end with respect to the substrate
and engaged at a second end with the clamp element for
biasing the clamp element in its rest position towards the
disk drive engagement position, the clamp element
comprising a retraction post for engagement with the second
end of the spring such that the spring is operable to
withdraw the clamp element and thereby retract the
projection of the clamp element from a said aperture of a

sald disk drive.
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19. A clanp assenbly according to claim18, wherein

the 10 biasing arrangenent conprises a spring fixed at
w@2dosnsesend w th respect to the substrate aneiCEGBawea02505

at a second end wth the clanp elenment. 20. A clanp

assenbly according to any of,glLains 17 to 19, 15

vvherei n the clanp el ement conprises a retraction post

21, SPERTdl SABATH 90, SR B <

Fiedgiant ddrendenggractican bafa stimey ctlh@nﬁlemprremtemémrma its
sai.d aperture of a _said disk drlve 20 21. A clanp

RS HQoraliag TR ItiemOE Pk S8hyei sPAgISmes sy pﬁaltlon
fixed at a first end with respect to the substrate
and engaged at a second end with the clanp el enent for
3 asiPng:JtahI@ o sapniel e rrertoridinigt $or ety pdsictiadmst datkds 22,

th 25 t th
it oA 10 e s BoSfoPSy LanGag8fent
dyrﬁ}{bgd}gllseﬁoj&tlemg of the spring such that the

spring is operable to wthdraw the clanp el enent and
thereby retract the projection of the clanmp el enent

Hoars fA2He PeT b hT05e S 308, A e & to 23,

asgentd iyn cactordi segl d cclcainm m].’bmem:csrrpmhsl moaectmlaml pd each
rangenent faqr biasin cla elenent in,its rest

%&i%’?%oﬁeﬁd}ﬂt %"‘\% “\r;gheﬁgatééﬁ’@ﬁttlﬂésuoﬂ foff

o123 arfe 1 s ass el s Acandidig 0 any of claims 17

to 22, wherein the clanp elenent is able to nove in

three orthogonal directions. 24. A clanp assenbly
S A T e BRI Gl oF echo 3
substrate, the clamp assembly comprising:

a clamp spring mounted in a wall of the substrate and
having a bearing portion that in the rest position of the
spring projects through an aperture in the wall for
engagement with a disk drive carried in use by the
substrate; and,

an actuator for withdrawing the bearing portion of the
clamp spring to allow a said disk drive to be loaded onto

or unloaded from the substrate.

26. A clamp assembly according to claim 25, wherein the
actuator is a push rod which is connected at two positions
to the clamp spring, the connection at a first of said
positions being a fixed connection and the connection at
the second of said positions being a sliding connection
such that movement of the rod in a first direction moves
the two connection points away from each other so as to
withdraw the bearing portion of the clamp spring and

movement of the rod in a second opposite direction allows
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cl anp el ement bei ng engageable with a respective one
of four apertures in a said disk drive. 25. A clanp

w@s®eibi2ge f or cl anping a disk drive to a 15 sPOBFGB2I02/002505

the clanp assenbly conprising: a clanp spring nounted
ina wall of the substrate and - having a bearing
portion that in the rest position of the spring

PLOI £G4 Scémgéggboﬁn?élgﬁ%é ure 40,4 he yall for W, TG

engagenent rive carrie n UsE
saibs¢ rathe; beadingnpact Lat a5t fidte vé Ity asmdlichd o move to a
[ portion of , the <clanp spring to allow a said

bearin
8?§kth‘g| DVRE 1B bel | DadeRP P I%rd WA Chdbd  rbm imearried

§I§lb§§é e tRe LBsfrst@mp assenbly according to claim
5, wherein the actuator is a push rod which is

connected at tmo p03|t|ons to the clanp spring, the
gonne n at_a

f,
cohne %n%lsﬁfg Jz%n%%%%éolﬁ‘gagc%l%oé‘i egon fcajsad:“)éez%

@mpn@mg bewdgcBamb | hnthgoHmReid QD 30 wichidihator the
movenent of the rod in a first direction noves the

BWoS eohRct PoRN pol MR SBMNT iR drdReri ngo mzsrtti@n that
' M8 S S0 RERE LAY, ORI IO At U PRI,

novenent e ro in a sec di rec
MWDWMMﬂﬂm%Mbﬁ&B%&Eﬁ&ﬁ%&@ﬂwﬁmﬁxa&ﬁdm@ﬁmm
conngc ion oin%s to nove towards each other to cause

tHEL bedArthg Y oh%f S 11 e Wit 1 TR & o ¢ lemp
Qpﬁmwne@gag@ €he i §afk@ns £0a%e A Sl cﬂs% e

carried in use by the substrate. 5 27. A clanp
assenbly according to claim?25 or claim 26,

npr t wo_ ¢l S r|n nted in t |l of
Ehe R ophimh e Selthy SR BT Ry Znddigsgn the
ﬁﬁﬁﬁatwrthﬁloperable to w1thdraw the bearing portions of

the two clamp springs simultaneously.

29. A clamp assembly according to any of claims 25 to 28,
comprising two clamp springs mounted in the wall of the
substrate, and comprising two clamp springs mounted in a
second opposed wall of the substrate, each clamp spring
having a bearing portion that in the rest position of the
spring projects through an aperture in the wall for |
engagement with a disk drive carried in use by the
substrate such that two of the clamp springs engage one
side of a said disk drive and the other two clamp springs
engage a second opposite side of a said disk drive, and
comprising respective actuators for said two clamp springs

and said two other clamp springs.

30. A clamp assembly according to any of claims 25 to 29,

wherein the or at least one of the clamp springs has a
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in the rest position of the spring projects through an
10 aperture in the wall for engagenent with a disk

waleioea1428@arried in use by the substrate such tPert/GBR@4/002505

two clanp springs engage the sanme side of a said disk
drive. 28. A clanp assenbly aecording to claim 27,
wherein the 15 actuator is operable to w thdraw the

r n : anp. spr.i

e A R e C e E A S S E S SIS SEERS
dfsklariwe 25 to 28, conprising two clanp springs
mounted in the wall of the 20 substrate, and
conprising two clanp springs nounted in a second

0S [N
925. nﬁd%y%g%r?%%é%fl on t(ﬁ‘ ﬁﬁfhe r??d%g@]l tl%gn “of
$lhlest5@t¢ngtlp¢ of bz d dwemiglhy ammersumrge in the vval I

isk drive c rrled in use

f
the 75 SLBS A P EUCHTHA W0 6f " Biaibespriiggate and
EOGRGE HNBeaBikle @r@&ﬁ' kil < 64, éﬂ 62 g tt I?l%v‘?.trﬁea sprlng

two clanp @frln engage a second opposite side “of

BT oL By QUL omiR WERRWisimen edfechiode r‘:@@traatoor she
LR S B2 S DAL W Bk ok TRpuan

o edper R5r¢ 0i2 %t he wheleito tehe leimpiing @asti taoe @brt he
cla rings has WO 2004/ 114286 PCT/ GB2004/ 002505
¢ n%%?%‘{:t i 1 et SHIG ST dfgadimnygsa P &he
apestgesin a disk drive. 31. A clanp assenbly for
clanmping a disk drive to a 5 substrate, the clanp
assenmbly conprising: a clanp elenment nmounted in a wall

hstrat e ha earin rtio
an‘plfe? arFépnt PV atﬂd’fcsc\é%l’ﬁgﬂﬁ‘ g:lpmcilﬁ’g@ggél'l V%F&er‘ré‘dthe
Eé&ifﬂ@tﬁbﬁﬂldﬁtéﬁﬁﬁ%ﬁéﬁﬁﬁﬁ&ﬁxn%&%ion for entering and

- engaging with an aperture in a disk drive.

33. A clamp assembly according to claim 31 or claim 32,
wherein the spring arm is integrally formed or attached to
the clamp element at one end only of the spring arm, the
other end of the spring arm being engaged with the wall of
the substrate such that the spring arm biases the bearing
portion to project through an aperture in the wall for
engagement with a disk drive carried in use by the

substrate.

34. A clamp assembly according to any of claims 31 to 33,
wherein the clamp element has an actuator surface against
which a clamp-release actuator can bear to move the bearing

portion away from the clamping position.

35. A disk drive carrier for carrying a disk drive, the

disk drive carrier comprising:



10

15

20

25

30

spring arm biasing the bearing portion to project
through 10 an aperture in the wall to a clanping

w@omiiieee f or engagenent with a di sk drive careT/682000/002505

use by the substrate. 32. A clanp assenbly according
to claim31l, wherein the 154fearing portion conprises
a projection for entering and engaging with an

aper tupgsiifqa di sk drive. 33. A clanp assenbly

accor di ng tg claim 31 or claim32, wherein the spring
ar m icsei peegngl hpviiognedforsat raghed for 2écehwingaap

| t,. 1d_onl t ' he ot her. .
GG B L 185 FRG VAr RPHE! hboEnBRGE NP R TRES WP EFEion
the gul%t Hateeswehintlat ihhenspehngia@rm bi ases the

bearing portion to project through an aperture in the
wal | ther cagpgaglrEAnInet Begoafiskedipvefear Fpedivingse

5 tr . asse 1 dj .
e R
tan aagbtatrob fsur Haek agdiveshounbhedhia thanparelieaseand,
actuator can bear to nove the bearing_30 porti on away

f r om'Re CRPARGI RGVPESi 8 GRITS5reRlaR skOAr FEESL Xt PP ef

Ao vadiley idag 22 adliuS k 14k Y€ cati NBonfb sKo 8l iNecRaEEhEhe
conprising: WD 2004/ 114286 PCT/ GB2004/ 002505 -46- a

coasietged he easieng Wewiongbaef mpsorregrdnandr remevkbilagdisk
da.vrengﬁgﬁle di sk drive card that provides a data
donnect to a disk drive nounted in the carrier; 5

the qasire@yhawnengiakscieond cagrobrfeanrpeei¥edgta provide
renovabl e notor card that provides an, electrical .
dediinédd 6decte igagprennsrtacarskodei ¢eskotdni®a FATERBD DY
G T80 & %ptﬁ%%aﬁﬁ%hng having a third region for
recelving a

via a removable disk drive card, removable motor card
and removable data and electrical connector received in the
first, second and third regions respectively; or:

via a product card of a said disk drive carried by the

carrier.

36. A disk drive carrier according to claim 35, comprising
a biasing and laterally compliant arrangement for biasing a
removable disk drive card received in the first region into

engagement with a disk drive carried by the carrier.

37. A disk drive carrier according to claim 36, wherein
the biasing and laterally compliant arrangement is

removable from the carrier.

38. A disk drive carrier according to claim 37, wherein
the biasing arrangement and laterally compliant is mounted

on a tray which is removable from the disk drive carrier.
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claim 37, wherein the biasing arrangenent and
laterally conpliant is nmounted on a tray which is
renmovabl e fromthe disk drive carrier. WO 2004/ 114286
PCT/ GB2004/ 002505 -47 39. A disk drive carrier
according to any of clains 35 to 38, conprising a
cover that can be renoved to allow insertion and
renmoval of at |east one of the renovable disk drive
card, renovable notor card and renovabl e data and 5
el ectrical connector.



