WD 2004/ 114286 PCTI GB2004/ 002505 DI SK DRI VE SUPPORT ASSEMBLY, CLAMP
ASSEMBLY AND DI SK DRI VE CARRI ER The present invention relates to a disk
drive support 5 assenbly, a clanp assenbly, and a disk drive carrier.

There ar of applications when it is necessa di sk
drive inaggﬁgug?ﬁgi apparatus. These include for exa%%?éﬁﬁﬂgM&%ﬁg di sk
drive is tested 10 during manufacture and when the disk drive is in use for
data storage applications or the like. A particular application is when
servo tracks are witten to the disk drive during the manufacturing
process. Servo tracks ar eDISKPRE(E SUPPRBT ASSEMBLY the disk drive to

~J

enabl e the 15 read/wéﬁmﬁ%%h@p&gﬁ%g%ﬁ@% E'Aﬂﬁgﬁﬁ head) of the disk
drive to know its | ocat T 5 ul ar emer gent
technol ogies for witing servo tracks are the self-servo witing process
and the sel f-segy i pr. t.-he former case, .fthe product head is
used to 20 wri '?%hegléﬂeo%entthégggﬁgjéoﬁ'[&}ealc 5P 8t {'ﬁg drefe dsquP(?ritts nount ed
in the Serassewbly ng stlampoassemblfe dmaf sedigrs@rivontyrsiye. of the servo
tracks are witten by the product head whilst the disk drive is in the
servo witer station, the remainder being witten (again by the product
head) 25 after therdisde dr nwRbBasobegipliaRyedsf yREntHE Servo witing
station. In either of these types, the product head is used to |ocate

i tsel f oveReEPESRVIO @PUfedofihek dMgrRd 1nt BemappEhesmRIATSVE- type of
servo trac i t4 af at L d ally of the
Ol F s e Lt L B R TR SR R S
rotatidf oflurheg diakufhntivyg ehd wkewdther idiisikgdpiveess, in hse for

data storage applications or the like. A particular

application is when servo tracks are written to the disk
drive during the manufacturing process. Servo tracks are
used during normal use of the disk drive to enable the

15 read/write head (also known as the product head) of the
disk drive to know its location over the disk(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

20 write all of the servo tracks whilst the disk drive is
mounted in the servo writing station. In 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)

25 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

30 drive.

In order to damp vibrations, which mainly arise from

rotation of the disk during the servo writing process, the



-2- disk drive is typically clanped to a relatively massive block, which is
typically of steel or granite. A typical 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 nmassive bl ock. The disk drive is
manual |y | oaded onto the bl ock and manoeuvred by hand so that appropriate
data and el ectrical connections to the disk drive are nmade. However, this
and the other simlar known arrangenedts do not |end themselves to
automated 10 | oadi ng and unl oadi ng of disk drives using robots or other
aut omat eddinsie nersy . 1 Ot ther i ol | elpraredingenents] doivel sknaks Mes are
discloseq?ln WO A-97/ 06532, WO A-03/021597 and 15 VK)Ar03/021598 However,

[

inthe f o el b7 i o Hr L Lt hngeientE EdhdiSy dhd i ahmi ng of

the di sk ghiafydfent N £SERHCE SedrBials-Opes@ld O3 . angh { heg Sk dRdigement again
does not lend itself too automation. Also, the wedges,  which provide the

cl anpi ng dor&loseid Hr wperat ef@or |¢ﬂdi§mafndm1t¢15ﬁlm ®athslotderve I n the second

and t hj r 0, S i enent k d Jve S, not. fully

cl arrpe%l uth]'I?CéJth’?htg% elgénla?rgou %a i n ER rl?ackTskb‘? Je?]% THYSAE wri ti ng
station ararlel 1y Kevad&d ldnts e ol @it a:xfd trﬁuildﬁﬁsﬂti BVieid odb t 0 overcone
one or nore of the problens nentioned above. According to a first aspect of

the preseta MRRAEIINL ALY I‘F@T@ | AN Probs Hed @R Hi s R Veorupporthassenbl y
constructed, :ﬁng qﬂ%f SWRpor t (TRY t fyvo tracks are
witten to a glﬂs of %1 sk ?ﬂ ve, thetahafs%s:Aré]ocfj (e m%élsn%% aaorr enovabl e
di sk dri vViewwar raerarfgemeratrs ydowgnat sk tdrem/ﬁlxaesr ettcatau/tecbryattm$| ve bl ock; a
cage ig VYga 135“%nd unloading of disk drives using robots or other

automated machinery.

Other mounting arrangements for disk drives are

disclosed in WO-A-97/06532, WO-A-03/021597 and

15 WO-A-03/021598. However, in the first of these prior art
arrangements, clamping and unclamping of the disk drive is
in essence a manual operation, and the arrangement again
does not lend itself too automation. Also, the wedges,
which provide the clamping force, do not operate

20 independently of each other. 1In 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.

25 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
30 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; a cage in which the



-3- block is nounted for relative reciprocating novenent in one direction,
the cage having a space to receive the disk drive carrier; and, a clanp
arrangenent conprising an actuator that is operable to nove the cage
relative to the 5 block so as to clanp a disk drive carried by the disk
drive <carrier to the block via the disk drive carrier. By using a discrete,
renovabl e di sk drive carrier instead-9f clanping the disk drive directly to
the 10 relatively massive bl ock, automation of the |oading and unloading of
di sk dri wdantie tdeerlear K drs feGitiveatretdip ritaomald ebwan@mds itrhersd ow and

| abori ous, manual | oading and unloading of the prior art. The disk drive and
di sk dri W& TeSHler A% CAGREY NSy ét IRB2 A% tch& nisdcle the Sétkio 15 writi ng

may be f o i€ 6 ir it e Eeld - SeiP WrdndhdMP S orjdt Y A | servo tracks
are mwittéﬁ'by thelbﬁbduct head j%ff%téﬁ e di sk é?#ggﬁggﬁglanped to the

bl ock, oratmatiye dfhatt He sgrermlflid |td yperentidree candey rsdrmet iofe ttre t3er vo tracks
are itten by the product head, whilst, the disk drive.is 20 clanped to the
bl ock\g T?Peloﬂ% ot atshB:Oc Tt (?vidd'\é{]( f%rlva? Wéﬁdgfby Zra\f‘aﬁf]asd%éﬁld@pendi ng
on the enhadiimantc AT Id1R& Hisaussed didhele RelaWed ncl uding for exanple
a sinple 25 clanping arrangenent, a convenient nounting of the relatively

massi ve bl ock, and sinple access for the | oading and unloading of the disk
drive carrier JMth .di sk dy.ive. .The cage d. bj.ock ar.e prefer.ahly arranged so
AL gqﬂ%ﬁ: <§%kY%)

that the 30 c¢age car r?ovdelsrcerleattel’veret 5% FS T irst wo

2004/ 1142865 RGH GR AP The ik eitiven dilreddliys ol ment, the cage is

ConSt{§JQ%ﬂatively massive block, automation of the loading and
unloading of disk drives onto the block is facilitated.
Automation avoids the slow and laborious manual loading and
unloading of the prior art. The disk drive and disk drive
carrier are clamped together to the block. The servo

15 writing may be for example of the self-servo writing type

in which all servo tracks are written by the product head
whilst the disk drive is clamped to the block, or may be of
the servo fill type where only some of the servo tracks are

written by the product head whilst the disk drive is
20 clamped to the block.

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

25 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 sc that the

30 cage can move relative to the block only in said first



against noving in directions other than the first direction, which helps to
mnimse vibrations of the disk drive. 5 The actuator may conprise an

i nfl atabl e actuator arranged between the bl ock and the cage such that
inflatio i nfl at abl e actuator forces the cage tive to

t he bIocEwP%&?ﬁgﬁ??rst direction. The inflatable 10 aé?ﬁ§?§¥&%@%k§e si mply
operated, for exanple by connection to a source of pressurised air with
appropriate control valves, and can Bg'arranged so that the clanping | oad
is spread,evenly over_ the disk drjve carrier, even if there are variations
in the hei ahEecgﬁlOa -anﬁ“nﬁp}&i frRofyrenty dhensrge 18 aPPFtHELNGshreci ated t hat
the clanpi agaioad aningeas Wy rbetverd ettt RhW et PErsd r pressure. The
support assenbly,prefenabl& conprises a biasing arrangenent constructed and
arranged t®pPelsidThe Whgd inglpoote Helndimise véhroppors tef tiehe i sdi rection in
which the gage.is noved on operation of the actuator. In this enbodi nent,
when the actuator is not operated (i.e. it is intended that the disk drive
and carBi er be rel eased), the block noves to allow the disk drive carrier
to be renoved d anqt her disk _25 drive carrie be inserted. The cage is
pref erably supgfc}lret %cf%blﬂ?%ﬁrufngly VB st o R délr%ia%ag uﬂ?é‘?atﬁﬁa

vi brat i on- dasphges EtHeRns &@heeblockladf thebicalgeoBtchl t i T1Bilfet at i on of
t he di sk duri t he 30 rvo witing process. In one preferred enbodi nent,

the bl ock®f stRupgbriEd by acabetyr tHcke Fhsr s2P8nt ARV g e dfddies provi ded
under the €30¢ne BIGK anPithe Fhest e ctMidy.at tal- dappipg,ount s

approp&%atelg, t he mounting of the WO 2004/114286 PCI/ (GB2004/002505
actuator can be simply operated, for example by connection
to a source of pressurised air with appropriate control
valves, and can be arranged so that the clamping load is
spread evenly over the disk drive carrier, even if there
are variations in the height of clamping points for
15 example. It will be appreciated that the clamping 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

20 the direction opposite to the direction in which the cage
is moved on operation of the actuator. 1In 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

25 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

30 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



-5 block can be nade to be relatively rigid and, noreover, the first
vi brational node of the block can be nade to be rotational and of |ow
frequency, which hel ps effective danping of vibrations arising from

rotation whabhddA1fdkek. S5 The disk drive carrier prefer al cl anps
for clanping a disk drive to the disk drive carrier. %EH%?Q@% isugthe pl ur al

clanps are arranged to clanp a disk aﬁlve via correspondi ng pIuraI posts
provi ded on a said 10 disk drive and which pass fromone surface to an
opposed sui qge of a said disk drive. This provides for secure clanping of
the disk d? Stk B Nader PePR aF 34 viedy 6é%¢|%@dp|m9%ﬁmmrsktam ve 15

carrier postssihj gt Ha%hahkedghot hendlistocl! LUR B8TMAEL (P pdear against the
bl ock. The di sk drive can be nounted on supported by the carrier posts

and t hus |§°?¢Fkﬁﬂﬁkﬂﬁﬂd\Mftﬂoﬂhér%ﬂuﬁﬂcy:TMﬁsCheHebps ¢fhecidlfe excitation

ef fect of ;ﬁgl,ggl Qfé(’vn.\m:'a goﬁgnagﬁlﬁ rg}%h] ggtggo(gl? ?/%hteneca [ r were 20

not present. 1n a preferred enbodi carrler conpri ses
plural &l anp arns and opposed di sk drive carrier posts between which a disk

drive can be cl e the .di sk _25.drive carrie ost Ssi.n hr.ough t he
di sk drive carrfég)é§55u95ﬁ“§nﬁaﬁf+%ﬁdﬁﬁgﬁ?abgy ﬁ?gﬁk %Eﬁd arranged to
clanp a di shrdcflat@ﬁigﬂh tiatk drblvé of ﬂHEdQ@gedBQﬁéScaﬁgﬂéf\St a first face

of each of thg C arnms, .a second face of each of the clanp arns bears
agai nst a FF$ ?r%ghymﬁthﬁoP&“Fé%p%%ﬁWRﬁaQ§ﬁe36F3899¢u?%l¢%%mRﬁa(ﬂ%§% drive

posts proyided vy aco%aﬂe%p%a&ngrgaylﬁaaln%g\gg' sCBrBESGed ML Surface to an

opposed surface of a said disk drive
10 disk drive and which pass from one surface to an opposed

surface of a said disk drive. This provides for secure

clamping of the disk drive.

The disk drive carrier may comprise plural disk drive

15 carrier posts which pass through the disk drive carrier to
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

20 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

25 drive carrier posts passing through the disk drive carrier,
the clamp arréngement 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 clamp arms, a second
face of each of the clamp arms bears against a first end of

30 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



second end of each of said disk drive posts bears against WO 2004/ 114286
PCT/ GB2004/ 002505 -6 an end of a respective one the disk drive carrier
posts, the other end of the disk drive carrier posts bearing against the

bl ock. 5&63@1’4%&9&" a second aspect of the present iﬂ&‘f?éﬁzbtga%nzso% here is

provi ded a clanp assenbly for clanping a disk drive to a substrate, the
clanp assenbly conprising. a clanp ar the clanp arm bei ng transl atabl e
back and forth along a first directioh and being pivotable about a pivot 10
axis transverse to the first directign; a first biasing arrangenent

const r uct e & & EnFeFPEELEY 8 NS SdFkaf Rt ve rca et POStdir ecti on

tovards a EAAIBIHGE RO lirORhead1 SN Dicask Ngr 356 HWEsBIHI igonst ruct ed and
arranged to bias the clanp armto pivot about the pivot axi's; and, an 15

act uat or sFFeL dd dockhi ch a cl anp-rel ease actuator can bear; the
assenbly being arranged such that the clanp arm is nornmally biased towards
the clanping position and such that when a clanp-rel ease actuator bears
agai nst 5t he adtamtmiingurtbaeesetdmrd dspEetanth by gsreserithe mvienstioB® direction

away from the clanmping.position_and pivots about. the pivof, axis. The.clanp
assenbl y ha2SHhrS cﬁﬁog'rldggplai Eg?rf‘%naﬁpsr? & %BFsﬁlﬁPﬁ’théfsau assenbl y
descri bed @bpye Hora s stuaic8y tRS SEIMO a\y@bﬁ\bng,cérg;%mrigt: can be used in
any application where a disk drive has to be_clanped to another item

i ncl udi ng FHATREDI &hen CdrER BFF Ve ks thitagsappab bt LRackand forspage
appl i cati offont£ £ik& W12ERLASHCH Yod Y B?yo@ég}.’éd o0 A il drive
carrier for clanping to a 30 relatively nassive bl ock generally as describe
above, 18r axis transverse to the first direction; a first biasing
arrangement constructed and arranged to bias 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
15 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
20 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

25 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

30 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



may be provided directly on a block so that the disk drive is directly
clanped to a block. The clanp assenbly allows a disk drive to be inserted
and renmoved in a direction WO 2004/ 114286 PCT/ GB2004/ 002505 -7 parallel to

the firstwdihf@hiRp as the clanp armcan pivot out ofgtihe, travel of
the disk drive. This facilitates automation of Ioadigb éndﬁﬁﬁﬂggéing of a

disk drive. The clanp-rel ease actuator is typically provided at 5 the or
each station at which a disk drive is [oaded onto or renoved fromthe

substrate. The first biasing arrangenent may conprise at |east one spring
which is nB?F&&#%}|ﬁﬁh§@ecéﬁgﬁés§?5§%tlﬂmea§r¥ﬁe E42AP sHFT PTLPURE fir st

bi asi ng ar pangefeiie BB rateaibl SPrMIdiEReqeveachrsying is easily
interchanged with another spring of different strength, neaning that the
cl anp for cé2ehhl =gy putomasiopoobel oistimdappdopniaading eha ddiskcunst ances.

15 The sec i as rLa0ng ri.se i t.i.ng agai nst
an end of ?ﬁg‘r% asrrl;':)l{%r%an?’n gﬁg‘?%‘? Q%te%%e@r%bégi ﬁgﬁ#ggi%sﬁdﬁn%l eglf raﬁti S
pi vot al by tR€® emwrHEU statd opi abt whidtlka whiskhdr$veoiat bohded dntansirat i onal

novenent in_the ifst 3§rect%o ig a housing. The housing preferably has a
first surfARBVHATID Jdiferl Pgrﬁ Fallel to the first direction, and a
second, ranp surface at an angle to the first surface, the first and second
surfaces 25 acting to quide the translational and pivotal notion of the
clamp arm The P& ot Bitodl 28489 BESIRARRSNL Ry cABPElPRML l&@ftrol the

translatiopgl ghehm Widn TRVABEREL L) iR ClAfBre@tMnandnil 23 facilitate
t he fl%%lng together of the parts

each spring of the first biasing arrangement may be a coil
spring. The or each spring is easily interchanged with
another spring of different strength, meaning that the
clamp force can easily be set to be most appropriate to the
circumstances.
15
The second biasing arrangement may comprise a leaf

spring acting against an end of the clamp arm,

In a preferred embodiment, the clamp arm is pivotally
20 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 surfaée, the first and second surfaces
25 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.
30
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



maki ng up the clanp assenbly. 30 According to a third aspect of the present

I nvention, there is provided a clanp assenbly for clanping a disk drive to
a substrate, the clanp assenbly conprising: a WO 2004/ 114286

PCT/ GBZOOQ&%&EP& 86 8 clanp elenent that is novable relative to

substrate e cranp el ement having a projection for %ﬂ¥§?yﬂﬂmﬁﬂﬁ engagi ng
wth an aperture in a disk drive, the clanp elenent further having a cam
surface; the substrate having 5 a cam=$arface corresponding to the cam
surface of the clanp elenent; the arrangenent being such that the clanp

el ement i $18RPcaheBeNti Ehelk alth Mowebde rebatyidieh tef Uhﬁavébsbraéedlsk drive

to allow agai élgfugk géhgl?%tﬁavp%r#)gag§gij 8&!0 norfor“%'n‘ﬂ%%ﬂ %ﬁ’&“ t he
substrate, and such that 't noves Of e noved into
engagenentemgahlagsaiﬂh dms&pehtume whea alskudtnﬁesktﬁelaéamp to be clanped

to the sub trat t the projectiop on the cl enent, enters an
aperture |ﬁ §m§3 EQ a%%%?%ﬂuf §h@hSFﬁgﬁc?¢u§h gEFFg%egaﬁﬁ“Qhe cl anp
el ement @nd icaa subsaéet@oﬁf@@gﬂldﬁge%ht@é h&dm téﬁx@:"a@@'poﬂ eRédothrgk drive to
the substrate by en agenent of the projection with a said aperture in a

said di sk SdEMRL ThBe pREF2RIGRAN oLl RE enehthadsdig ¢lamrt ® %m%fsfpect_zo
engages W tiiy gpeqah Béewitmm:m%%soﬁrexéfig&r%m&\é%e&' BF a @Jhénpe si de

wal I's of a disk drive. (The position and of these f|X|n es are
detern1nedcbyvantagﬂééqw stamuhmdsy Béaaastocﬁetﬂuadedngagenent t he di sk

drive is rqaf%awg Sdg gg%}a%nd ghgref %?ﬁ e%hpt%? % position 25 in

t he substra Pac |ta €5 AUt Onat T on”
10 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
15 each other to clamp a sald disk drive to the substrate by
engagement of the projection with a said aperture in a said

disk drive,

The projection of the clamp assembly of this aspect
20 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
25 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
30 horizontal direction. However, with the increasing use of
automation instead of manual loading and movement of the
disk drives, vertical restraint is increasingly important.

In addition, the relatively new small form factor disk



| oadi ng and unl oadi ng process. Mreover, because of this engagenent, the
di sk drive can be held securely in both a horizontal direction and a
vertical direction. Historically, disk drives have been restrained only in

the 30 hﬂb!ﬁ(ﬂﬂtl gdirection. However, with the incr eaﬁjﬂgsdil@{mgdgos

automation i nstead of manual | oadi ng and novenent of the rives,
vertical restraint is increasingly inpgrtant. |In addition, the relatively
new smal |l form factor di sk WD 2004/ 114286 PCT/ GB2004/ 002505 -9 drives (of
2.5" or approx. 6,35cmdianeter) are rglatively light and, if not

restrai nedg%ﬁ’?? c%ﬂgyz,'sar &7 PRBF8%t oG'gcﬁ?h@éaB‘ﬁFeESf are ¢t Wil he like in

whi ch they]ager dpuntied (B iRgttEansd tvdrativaenya Leadi napuoladi ng station 5
and a servo track witer station or the like. ¥ﬁl$ is not so nuch of a
probl em wi PAUBPR dWhvadhtd GRFIEirar QBrthe dridicedn ghirhdERe¥saShi ch have a

di anet er O@?gﬂ@ngﬁufﬁHH ans§t988%we§ﬁf§%1daﬁﬁnBZGMESA?g&ngggﬂ' al 1arger

di anet er drives t'ended to seat ensel vés~“proper substrate
such as 5a dndkadséwer daradkewrinker ebat idre orewbe lskal| Toisn factodr di sk
drives are _lighter in weight and_.therefore |l ess likely to,seat thenselves
properly Ws?hrg‘ﬁ?h %%rﬁs péﬁ% Rar - §hi %cceo.nuﬁ%lc?&ﬁ#sg? %%Jésdlp%%ﬁed:e f or
effective gisrpinpves (WifidH Wapeassedthet ¥0\GES 3i. 8t 0ot Sappgagenent with the
di sk drive. This arrangenent avoids having to_clanp the, disk drive from
above, and®aPe®) avohiRo, dibsnpieayiBEi FRPYEONGH, LRKPRR SXPFEUIt i n

excessivel y; sRi ghi $08 ceshdRi 19 3BRLT exbd g ‘ﬂirgbegi%(vfn 20 The clanp

assenbly preferably conprises a biasing arrangenent for biasing the clanp

el ementll nsbbstrate sydsiad on dickaddive heaniiisit ,dwheseaagblyemgneposi ti on.

Thi s small form factor disk drives are lighter in weight and
therefore less likely to seat themselves properly without
some external guidance. The cam surfaces provide for
effective clamping as the clamp assembly moves into

15 engagement with the disk drive. This arrangement avoids
having to clamp the disk drive from above, and also avoids
clamping using friction, which can result in excessively

high forces being applied to the disk drive.

20 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

25 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
30 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.



preferred arrangenent neans that in general the disk drive is held securely
w t hout any further external influence 25 being required. The bi asing
arrangenent nmay conprise a spring fixed at a first end with respect to the
substrate and engaged at a second end with the clanp elenent. In a

pref erredygntadid¥gnt, the clanp el enent conprises 30 parfcb@mbisen post for
engagenent with a retraction device that is operable to wthdraw the clanp

el ement and thereby retract the projggtion of the clanp element froma said
aperture of a said disk drive. WD 2004/114286 PCT1GB20041002505 -10 In a
nost preferred enbodi nent, the clanp assenbly conprises a spring fixed at a
first end wwth respect to the substrate and engaged at a second end with
the clanp 5 el elrerd daxt hiresenged hempddimenel, etrrat clanp tassagtl yposi ti on

towards the_ disk drive engagenen osition, the clanp_ el enent nprising a
retracti on“PORE§o1 %ﬁﬁd&‘ﬁeﬁﬁxaﬁ%t‘ﬁt %H‘Jelr§§08ﬁg ‘éﬁgho]fest%eecrf&ﬁ ‘rifg‘esuch t hat
the springsubSstes alE dngayetingdt aav $dvorel 3B QL ERephe agthmder eby retract 10

the projection of the clanp elenent froma said aperture of a said disk
drive. Phe®spReRly BT tHiasidgh5Br el RdeErste instEdeseTheP RN 1Mol e of

provi di ng goblAgs tind het Al AP veCbREBMnad LR sTREBAN Si2 Yy t hdrawi ng the

clanp elenment. 15 I'n an alternative arrangenment, t he clanp assenbly
conpri ses alérert neprprigigementetsachicsinegtt fercenapdemerheittin its rest

Phat the clibp erSidnfd o st ¥E=1EpUARARRLLRERE pBBad b i rocti one, This
best acconppdatiebe tmniftdcinawi hhet olan@rdementt the thamgbwsssaAce and in the
10 the projection of the clamp element from a said aperture of
a said disk drive. The spring of this embodiment therefore
serves the dual role of providing a bias to the clamp

element and a mechanism. for withdrawing the clamp element.

15 In an alternative arrangement, the clamp assembly
comprises a biasing arrangement for biasing the clamp
element in its rest position away from the disk drive

engagement position.

20 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.

25 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.

30 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



position of the fixing holes in the disk drive. 25 The clanp assenbly
preferably conprises four said clanp elenents, the projection of each clanp
el enent being engageable with a respective one of four apertures in a said

di sk dri vewo 360sAgserding to a fourth aspect of the presep&plodyenidson. there
I's provided a clanp assenbly for clanping a disk drive to a substrate, the

clanp assenbly conprising; a clanp sprfing nounted in a wall of the
substrate and having WO 2004/ 114286 PCT/ G832004/ 002505 -11 a bearing portion

that in the pest,position of .the,sprjing rojects through an aperture in the
wal | for eﬁgéﬁ%ﬁéﬁ? POF T4+ Thadk 18y Fb@ E%l%' igé’(flitﬁc’ﬂs@fb heneP&istrate; and,

an act uat profiectyi thes @y nth bHirerbaasi 19 QR tWaad ebrt Begsyamand spring to
allow a said gisk drive to be Iocaded onto or unl oaded ?ron1the substrate.
The cl anp 425BnBl 918k ¥hiee L£o3ededcan Bee &ty ddgegubathnatehatndo al anp | oad

(s appl ied abeubBer bk fine-aibil ch Hesiiier pobybhabEyeRl Ler el ectrical

connections have been nmde to the dis N contrast to some
prior art SEriffigeeealbov Fheadldampshsdeind ypacde headedaoged such that the

di sk drive i, 88%"& ﬂgrgpﬁge %glb%lﬂgaﬁi des, thus avoiding having to clanmp over

the top of t ISk drive. hé cFérrp spring can be arranged such that it
not only provides a clanping force but also operates to danp vibrations

ari sing during tatjon of the._disk. The clanp assenbly can be arranged so
t hat operation @get‘ﬁ a’&%t‘iﬁ;ﬁeﬂ%lyi §§a5m%v3e‘§i’°6} 8% R #RE2REIIAUSH back and

forth in oraa20ndi &Bghp aronlis, abﬁwéaiﬂg_ﬂwe HiBR roperahton. In an
enbodi nent, the actuator is a push rod which is
10 desired, typically after electrical connections have been
made to the disk drive, which is in contrast to some prior
art arrangements. The clamp assembly can be arranged such
that the disk drive is only clamped at the sides, thus
avoiding having to clamp over the top of the disk drive.
15 The clamp spring can be arranged such that it not only
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

20 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

25 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 twoe connection
points away from each other so aé to withdraw the bearing
portion of the clamp spring and movement of the rod in a

30 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.



connected at two positions to the clanp 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 that novenent of
the rod i f direction noves the two connection oints away from each
ot her so vgcsﬁ?o(%h\{,éi%ﬁ]dr aw the bearing portion of the c?&ﬁﬁ%ﬁq‘fo?ﬁ" nd
novenment of the rod in a 30 second opposite direction allows the two
connection points to nove towards eaéR-other to cause the bearing portion
of the clanp spring to nove to a position at which it can engage a said

di sk drive carried in use by the substrate. WD 2004/ 114286 PCT/ GB2004/ 002505

-12 In an enbodi t : i are mounted i I f the
subst 1 at e, each ramsmst AEREE SR A4elbPrERuE s adise 1 BRS¢ et
posi tion ofallheisphengupsoreted s eadihrodugb aprihmeriawiang rr bearwabl for

engagenent_wi t.h a _di sk, drjve carried in use by the substrate, such that the
two cl an‘pp%rdﬁoﬁlgﬁ‘éﬁgéﬁe%ﬁer%% ASiLd OBf Og E%‘? FRENE HEAUECESThe act uat or

is prefgraisoupeaabhectreuret Neraw ti2a 1besti 88qafaiddtons t¢f at keskwo clanmp
springs sinmultaneously. 10 In a nost preferred enbodi nent, the clanp

assenbly o icdeTiefoinl 4pp RByrihrysubstinetd such HdhataltheotwPhe substrate,
d i | } : ; Il of th
and conpri é@“&%%ﬁggﬁﬁﬁﬁggﬁh e‘glh%eéf. s esong cﬁ%qpt%ﬂ:g.gr\é/a 0 €

substrat e, 1 aving a bearing portion in the rest
posi ti on dfhe hectuggoirng sppopéerablhropeglabdn tpewdtthdxadw thee bealringor
engagenent V\]II:_ N a diStSK drivg o armrliesd iin %Sg.b¥ %he S\ hstrate such that two
of the cld%% n gﬁ&aag ot R FE 105548 b HER M ve and the ot her two
cl anp gprings
In a most preferred embodiment, the clamp assembly
comprises two clamp springs mounted in the wall of the
substrate, and comprises two clamp springs mounted in a
second opposed wall of the substrate, each clamp spring
15 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
20 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
25 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
30 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



20 engage a second opposite side of a said disk drive, and conprising
respective actuators for said two clanp springs and said two other clanp
springs. In an enbodi nent, the or at |east one of the clanp 25 springs has
a projection for entering and engaging with an aperture in a disk drive.
Accor di ngwbaom/id2ké h aspect of the present invention, pcirfiaeossasps ovi ded a
clanp assenbly for clanping a disk 30 drive to a substrate, the clanp
assenbly conprising: a clanp el enent_ygunted in a wall of the substrate and
having a bearing portion, the clanp elenent having a spring arm integrally

formed thegeyi ﬁfaﬁqé‘tér?ec%%%_rﬁﬂﬁrg%%%& etosg)&ioagcm&99¢éﬁﬂa‘&?86

PCT/ GB2004/ 002505 3 armbiasrn earing-portron project through an

aperture iapehtupalin tthe walldnping pbmigiingn phed téngafienesgagentemta di sk
drive carr| in use by .the substrate. 5 st ,conveniently, the clanp

el ement cal'r%(f i ?oérijlrrse a/ﬁlrﬁeeézl’léﬂl%/dv\ﬂ'? huﬁehggséipfanﬁuwlfﬁa%%d thus the whol e of
the <clanp elenent can be nade as a one-piece part. In the natural "rest"
position, the clanp elenent is- in its _clanping position and does not

requirezany ext¥PHalCoOMYSHENHYs £ LI E1eMeRpi AT % EorRaths that the
clanp asseRbbyr£AIy A t%edisgbsif#?iyﬁn,t Qi€ n3UbEhE ko Y &Lk RN  the

substrate i s being noved around beiween stations or other fixtures.
Nevert hel es$amp @l gt Gapiengareads carrneb@igchi pesltl- at In Hdsst ati on or

other TixtHee,yherexddior digclandrine dradPenateflePysepgagerent of a

feature, such as a ro projettion pro ion, with the

spring arnclanpieyseoditel gprindgdaes tot e itree ahgaskbgrpal t i on nore

forcefﬁk§yfeatures to achieve clamping. This means that the clamp
assembly can clamp a disk drive to the substrate even when
the substrate is being moved around between stations or
other fixtures. Nevertheless, a higher clamping load can
be achieved at the station or other fixture where the disk

15 drive is operated by engagement of a feature, such as a rod
or projection provided at the station, with the spring arm
to cause the spring arm to bias the bearing portion more

forcefully.

20 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

25 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

30 and a vertical direction.

In a preferred embodiment, the spring arm is

integrally formed or attached to the clamp element at one



20 Preferably, the bearing portion conprises a projection for entering and

engaging with an aperture in a disk drive.
assenbly of this enbodi nent

by convenyygghel

engagenent,
predi ct abl

| oadi ng and unl oadi ng process. Nbreo@ér because of this engagenent,

the disk drive is held in a predeterm ned an

The projection of the clanmp
engages with one of the fixing holes provided

4384 he side walls of a disk drive. Becgys EG&B%;QP% 50r22

e position in the substrate, which facilitates autonmation of the

t he

di sk dr|ve an be held securely in both a horizontal direction 30 and a

Ye@Ion Of Fhg BPELRY ra e RIS PHBATE , @R PSPt FREIRY &M ntegral |y

formed or @é:t hegalgadt hecs! anp @mrmst (A 008sMQ 2004388 the
PCT/ GB2004/ 002505 ~ -14 end only of the spring arm the other end of the

verti cal

spring ar nfPHEIhGREnGigeaswiin erting postipheteubteiete Wrsdbhan t he

spring ar
wal | for

AS6Y Uhe healklg POr LN daeRtoLeeh 1 hiouahAn, aperture in the

erngagenent wit

cl anp ebenemmrmmbﬁerabbybhaghansumﬂuEHMH.surface agai nst which a

cl anp-rel ease actuator can bear to nove the
cl anpi ng position.
the or each

t he substr

ate, According to a sixth aspect of the present invention,

carrle in use by the substrate. The

bearing portion away fromthe
The 10 cl anp-rel ease actuator is typically provided at
stmid @lagip wlefbnd pieteblyvehns bpasiethord© irfaeeoved

from
15

there is p‘?%%‘beé'd whighse GLepR-Eete3ss aICGPaESFr‘i"r‘%gb%a]altsomeYﬁ ¥82 the disk

drive carrheiy GTRIdrider adaGagLom tﬁeh%la

recei vi ng
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3
a renovabl e disk drive card ? provi des a data connection to a
di sk diPveclamp-release actuator is typlcally provided at the or each

station at which a disk drive is loaded onto or removed

from the substrate.

According to a sixth aspect of the present invention,
there is provided a disk drive carrier for carrying a 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 sald 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.



R .

mounted in the carrier; the casing having a second region 20 for receiving a
renovabl e notor card that provides an electrical connection to a notor of a
di sk drive nmounted in the carrier; and, the casing having a third region

for rece{v\gzmgmggsgrmvabl e data and el ectrical connec;l%l[Té&%iongafﬂan be

connected to renmovabl e notor card and 25 renov Pve card;
whereby the disk drive carrier can be used to provide data and el ectrical
connections to a disk drive carried BYthe carrier optionally: via a
renmovabl e di sk drive card, renovable notor card and renovable data and

el ectrical connkkg ctigkeckiivedcanrite G fher sisedsecthddaffetdntr d regi ons

respectively. . Or Vi 1Qr dug f ai isk drive.carried by the
carrier. v&¥38§4?ﬁ£%§§§ %GB%BS%?%%%@&g%S-1§g?ﬁesﬁ?gkd%r¥%% carrier can be
used with diétererdl dndpex odltdi sknoettvions naked thet dbske diate provi de for
el ectrical End/or ata cagnne tioni?undﬁr t he ﬁisk drive, those that provide

regfe e rpﬁﬁﬁ%gecgﬁﬁeﬁ ORE B L AnEReT, 8aF2 oFORKRCHIWE dri ve, and

for electri

those tisat abavget hed¥ oOWhes@ich! Hedvd) aiirtthededtASE0RERE eghdherewi th. It
is only necessary to fit or renove the renovabl e disk drive card,

renovabi e RBRoPOTER L &thProsGFaBRED das sP et egl sberpehFheonblector as required
dependi ng gﬂlgpﬁeeé@@aﬂf toéq_éﬁldak E'é;hé!vﬁ? .S %%%S(rabﬁéFedIEEDa & disk drive

card, renovable notor “car renova ta an ectrical” connector can
easi |y be swaappedethaovraklie frotont caygeand degmevdibdg datahangreci se nodel of

sk 011 ve s TIErSLaK <Al Rt ELolasePalauLa SRPLCALLAD o he, sk
during Ierdaswr dting, tNuegiveirt, ¢he bemessdd WidRydrive card,

removable motor card and removable data and electrical

connector can easily be swapped for different types

depending on the precise model of disk drive. The disk

drive carrier has particular application as the disk drive

15 carrier of 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 carried to and,

possibly, clamped to another item, including for example in

disk drive testing apparatus, data storage applications,

20 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



application where a disk drive has to carried to and, possibly, clanped to
another item including for exanple in disk drive testing apparatus, data
storage applications, 20 etc. The disk drive carrier preferably conprises a

bi asi ng I I'l'y conpliant arrangenment for biashpgchib@iipéaP! e disk
drive carvgargoé]é@%@geﬁg inthe first region into WO 2004/ 1945%6

PCT/ GB2004/ 002505 -16 The disk drive carrier may conprise a cover that can
be renpved to allow insertion and renoval of at |east one of the renovable
di sk drive card rerrpvalsocle, notor card and renovable data and el ectrical

connector. 5 Enbdgi HedHt Sve RETPLEELMY i GRBELPEn2wWFPYehoWde Safescri bed by

way of exappl eembidd res efanse iheekBeon Aot MRABYENJoHr WM 1&Sst ighanhi ch: 10
Fig. 1 is a perspective viewfromthe front of an. exanple of a disk drive

support as8énbhg remenadhalsick Wirike edrdniréaorahteorotpr erESaANd i nvention
wth a di Slfeﬂgi’gﬁle nEpAL e.ﬂlc{ %ﬁ{g%itgigéfecéﬁn%tto‘f"?" | of the disk drive carrier
i'g.

bei ng renove or clarirty; 1 I's a perspective view fromthe front of
the disk drive support assenbly; Fig. 3 is a perspective view of the disk

drive support assenbly | n uncl anped posi.tion ith si de and part of
the base of theg'g%%‘i”&%%aor{ tg1|e PHSS?’%&[’]‘}\.@?&%&O%EH?&O‘B%%k removed for
clarity; Fidgsc4ibedabyiwyy F eaappldi AgtK ardfiegenee3twi thet he 25 disk drive

in the clanped condjtion; | ) )
accompanying drawings, in which:

10 Fig. 1 is a perspective view from the front of an
example of a disk driveisupport assembly in accordance with
an embodiment of the present invention with a disk drive
mounted therein, the front wall of the disk drive carrier
being removed for clarity;

15

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
20 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 is a view corresponding to Figure 3 with the

25 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;

30
Fig. 6 is a detailed perspective view of the disk

drive carrier showing particularly a portion of a first



Fig. 5is a perspective view of an exanple of a disk drive carrier in
accordance with an enbodi nent of the present invention; 30 Fig. 6 is a
detail ed perspective view of the disk drive carrier showi ng particularly a

portion Ofwododdifisdss VO 2004/ 114256 PCT/ GB2004/ 002505  -pPi/ExRilossoef 2 cl anp

assenbly in accordance with an enbodi nent of the present 1nvention; Fig. 7
is a perspective view correspondi ng tghfigure 6 5 with a clanm arn1of t he
cl anp assenbly of Figure 6 noved into an inoperative position; Fig. 8 is a

per spectiv d i f th assel::%l of Fi gure 6; 10 Figs. 9 and
10 are par t%I gﬁ'%gsggtélo@g é\)(rs " Show l"%(/:I‘?e"“’c’:l mBlassenbl y of Figure

6 cl anpi ngeabddimact anpechd n;ﬂms&ndl skvertishr espectively; 15 Fig. 11 shows a
perspective view of a disk drive clanped to a disk drive carrier using a
second exanple of a clanp assenbly in accordance with an enbodi ment of the

present inventipng, 2P i & plAspeewsva dfé@léﬁcie\é'p%wd%%atsl @ggupé ¢ he clanp

assenbly of Figure 11 engaged with a disk drive;
Cross- sesct MoREI 2R faEn Qfadheoriane a%$%mhi¥a9§ferﬁﬁlgyref 6Fngeed 11 engaged

with a di skndpi X8, lgépgﬁ&lv]éﬁ%%g\e?ggnot her detailed view of a clanp of the

cl anp assenbly of Figure 11; Shows a perspective view of a disk
drive

Fig. 8 is a perspective exploded view of the clamp
assembly of Figure 6;
10
Figs. 9 and 10 are partially sectioned side views
showing the clamp assembly of Figure 6 clamping and

unclamped from a disk drive respectively;

15 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;

20 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;
25
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
30 carrier using a third example of a clamp assembly in

accordance with an embodiment of the present invention;



30 carrier using a third exanple of a clanp assenbly in accordance with an
enbodi nent of the present invention; WO 2004/114286 PCT/ GB2004/ 002505 -18
Fig. 16 shows a detailed view of a portion of the clanp assenbly of Figure
15 wit h aw@dos@fszdshe side wall of the carrier cut aWT{E%Eoo?)o&%&sty; 5 Fig.
17 shows a perspective view of a disk drive <carrier using a fourth exanple
of a clanp assenbly in accordance mﬁgpsgn enbodi nent of the present
invention; Fig. 18 shows a detailed view of a clanp of the clanp 10
assenbly of Figyte 1 I ei.ng shown in a | gaded _conpfiguration;
Fig. 19 is a pe?égéc Fv%#§7%W?oEﬁ%léﬁgkvﬂ?Tﬁ% ¢a ﬂ%%;OWMQthﬁedisk drive
card renovedampSabsgmb2P ¢85 Biqersidcwive &ipyiofoft ReedisslgedwhYe ogarri er of
Figure 19 with a tray repoved; Fig. 21 is a perspective view from bel ow of

t he di sk edFF5€lﬁgr?? %Y HYucd@Idthith all renovabl e parts renoved:
and, Fig. 22 is a perspective view of the disk drive carrier of Figure 19
frombelow to show the cover. 25 Referring initially to Figures 1 to 4,
there is®shown Faddi Lk HheWe awmayerechitentisy rhavidigkaddisk drive carrier
2 renovabl yJmyate rei empl ' "cage" 3 which
has two op?)bosedggi ggisﬁﬁ,%f]%u% eg;%glg'ggaé!géa @?ﬁg%%ﬁggd%nt ernally in
the | ower pacordinchevtblyeard enbwdimestatf vieley prmssinte iblveaki8n; whi ch nmay be
made of a high density nmaterial, such as steel or granite for

Fig. 18 shows a detailed view of a clamp of the clamp
10 assembly of Figure 17, the clamp being shown in a loaded

configuration;

Fig. 19 is a perspective view of a disk drive carrier
with a disk drive card removed;
15

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
20 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.
25
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
30 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



WO 2004/ 114286 PCT/ GB20041002505 -19 exanple. The disk drive carrier 2 is
received internally in the upper part of the cage 3. The relatively nassive
bl ock 8 is mounted on 5 vibration-danpi ng nounts 9 which pass through

correspongdioNgos3dpREt Ures (not shown) in the base 7 of $A8G00s The
vi bration-nounting nounts 9 are preferably nade of an elastoneric material,

such as Sorbothane (trade mark), which is preferably under sone 20%
conpression. As will be 10 di scussed further below, the cage 3 may be

nounted in_a Cﬁ“ iq{hﬁascf.agé( of, plural, cells. The pounting is such that the
vi brat i on- 84ABFP Y o S LgR FREF oG 16F TERETERA| 1ntREP&lich that the
base 7 of thetB@Qfpofer pard JMmteentagé 3with the floor of the cell. 15 In a

preferred enbodi nent, exactly three vibration- danping nounts 9 are used to
support the block 8, the nounts 9 being arranged with two nounts 9 at the

front corner s sl LA ASSAIY) habsaD8 5115 1 4 FBURLE] gRUNted 20 centrally

at the rear of the assenbly”l. It has en foun i s arrangenent
causes thhevibratientianpigrgmimownds &f whidhe pelssclth@otighbeoroéspiratialg and,

furthernor f ency, .su s .10 Hz, ich_nakes fqr effective
danpi ng o?p\?? ?'Jé%\,o %th?%ﬁsqw% flflorErF?g?aastel c?nogf \e,gedfzgﬂedﬁr ve unted 25 in
the carri eriBrabiosauoddoyigne mounfi ssdnere hedierably, madedbf f&ient nunber of

vi bration-d Lng nmounts 9 may be used, d/or the mpunts 9 may be arranged
in a di ffePiggk?fg%lFﬁ%ﬁf}atec’iﬁw FHERaR? o‘-?f’-fgﬂé’r%‘fiﬁs EERIRI BakKk vy be used. 30
Al | east dyhiBH 196apedAdIMe uide VOhEDod IdomBeesdi 8AUSSEE i1t Rr Dbel ow,
t he bl ock 8 does not contact the
10 discussed further below, the cage 3 may be mounted in a
cell in a rack of plural cells. The mounting is such that
the vibration-damping mounts 9 sit on the floor of the cell
and such that the base 7 of the cage 3 is not in contact
with the floor of the cell.
15 ’
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
20 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
25 in the carrier 2 in use. However, in some embodiments, a
different number of vibration-damping mounits 9 may be used,
and/or the mounts 9 may be arranged in a different fashion.

Other vibration-damping mechanisms may be used.

30 Bt 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



base 7 of the cage 3. On the contrary, one or nore inflatable actuators 10
are positioned between the base 7 WO 2004/ 114286 PCT/ GB2004/ 002505 -20 of
the cage 3 and the block 8 to |ift the cage 3 off the block 8. These

act uat or syl ipaiig in the formof inflatable di aphr agifepydolsRsaAr e
connected in use to a controllable source of pressurised air. Bearing in

mnd 5 that it is the block 8 that |s_€ fectively sitting on the floor of
the cell (via the vibration-danping notnts 9), inflation of the actuators

10 drives t ase_7 a 3.apd t he fqore the cage s a whol e
downwar ds. hFE 8%9?0% ‘gdﬁggiﬁﬁgkhgi 5t %éii: & §ﬁ§@eaa86§e %ie bl ock 8 10
and bel ow lbhecﬂcl 6.6 Dhesbeactighors Ibemaymes:am e TRt offey be of the order
of 4rmm or The, actuators 10 are, recelved in pockets 11 provided in at

| east one dﬂ tlpeaBhe cdigphyagnty &QdéhBaﬁﬁdF?Wﬂ9QHQ§b&n8USR bPadi ng

arrangerremcone@eugﬁwngwmm%r@%hrma s un%@aﬁ%@mﬁsam@ are 15
provi ded between the upper surface of the block 8 and the 1id 6 of the cage

3in ordérﬁh@tbiﬁslﬁhéh%a@boqkd%ﬂﬂw@slSOfo¢ﬁthQiﬁIﬁ;h@@mgabp teet position,
with the inflata c 1 ni,m e ga bet ween t he
bl ock 8 a%g %% Qk Ehg % L a(%Hé b BLE{l&hrﬁgM§££%$H§H§ES|g)

cage 3 S prese bperation is
as foll ows m’fhataohuafot]se 18t artes ral tLOwdda.t@s oefd daseby €malie ngagde source

Co push the e5c CHEEBIEFasTHeISAIY S F5 PHETDLS BIUERSE Cun SHCFner cases t he
space abovediienbkeakc8s the ndlignte o@athéeé a?ce wWiddvredittle dnb¥e 42 nount ed
therein, is then inserted into the space_above the bl ock 8. The
10 ‘and below the 1id 6 of the cage 3. The typical movement
may be of the order of 4mm or so. The actuators 10 are
received in pockets 11 provided in at least one of the base
7 of the cage 3 and the block 8. A biasing arrangement
(not shown), such as coil springs under compression, are
15 provided between the upper surface of the block 8 and the
lid 6 of the cage 3 in order to bias the cage 3 upwards so
that in the normal, rest position, with the inflatable
actuators 10 uninflated, the maximum gap between the block
8 and the lid 6 of the cage 3 is present.
20
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
25 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
30 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
lid 6 of the cage 3 can be seen in Figure 3. The actuators

10 are then inflated, which pushes the base 7 and therefore



carrier 2 is pushed honme so as to nake appropriate electrical and data
connections provided in at |least one of 30 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 1id Q®iniQ2820€e 3 can be seen in Figure 3. The 0 are then
i nfl ated, which pushes the base 7 and therefore WO 200%?%%&%@@ﬁnﬁ%

PCT/GBZOO4/002505 -21 the whol e of th? cage 3 downwards, closing the gap
between the top of the carrier 2 and he lid 6 of the cage 3, as shown

nost cl earl ur art fromtheir rejatjve licit the main
advant age of u5|nggoﬁg B?eﬁg i4%”@§958?e ??kHQM@?ei aPstﬁéfeThe
cl anpi ng | caet: cap be tﬁéreaﬂri@i rd arRVeRkYyloyes dheHd QGlgeB3andscage 3,

whi ch ' acco dates variatjons in the size of the individual conponents of
t he assenblij'm%’“v\ﬁf’éﬁ ﬁﬂ-@ﬁ?léﬂr%eﬁcﬂ]’rriend nﬁﬂ%’f%oﬁ’iﬁﬂet@feltrhé@ea‘éb%onents 10

The arrangemdptn&@tyartﬁesxﬁéirb%%t Sokhﬁsﬂgcf e oo [gier 2 to
e

transport the disk drive in and out of the 3, mhlc greatly
faC|I|ta?eé”ﬁﬂ@@ﬁﬁﬂ?oﬁcbﬂathesVbhdﬁhqhaanuhewﬂkﬁmpﬂny proadessnabe avoi ds the

need for 20 %g%kfggébgyf%e seethe glgureaﬁ? ngggglagrﬁf he di sk drive

in the rior ar n'in di scussed in
nnre det ai ladmsinowdatbe daskadione icartheesiZe he® thelianiivaQuassenbly 13 at

each corner, each a senbl a clanp arm 14 which has a

proj ecting q9ﬂ?°f§n&ﬁ'gﬁ gﬁ%jiiﬁ %I aa ththl Sur3ngThe base 16 of
the carri emashufasuaedbskiHesy ecdidrie@spost 17 at each corner opposed to
t he I|p 15 of the corresponding clanp arm 14. The cl anp

The arrangement so far described permits the use of a
carrier 2 to transport the disk drive in and out of the
cage 3, which greatly facilitates automation of the loading
and unloading process and avoids the need for low and

15 laborious manual loading 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

20 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

25 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

30 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 1lid 6 of the cage 3. Moreover, the disk drive 12 is



25 arns 14 and disk drive carrier posts 17 are nmade of an inconpressible
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 nmounted in the cage

3, It is wMoyyiipge | ower surfaces of the carrier pos§sydg re 30 in
contact with the upper surface of the block 8. Siml ar(lsr)ﬁt,:; zloéﬂlﬁgsotghe upper

surfaces of the clanp arnms 15 that arg the only contact point between the
carrier 2 and the lid 6 of the cage 3“Mreover, the disk drive 12 is WD
2004/ 114286 Pg:l’/ 2004/ OCS}Z]SOS -22,€r ovi ded gt .each cor n@r with a disk drive
post 18. TRECVEAR 2 287h PILTAFibR Hobisk§rive PEEht b8 at' e upper and

lower surfaag@s of ddeh disdk ddive pds@Nh RAS tilceReddset thatuddgy correspond
to the position of the lip 15 of the 5 clanp arns 14 and the posts 17 of

the carriePn8. 1o¢ernifices &f tha Bbslsedrivien 12 goderesithened 1 infl atabl e
t uat i pf j f 3 th i
actuators 1fafrendy éc?ﬁﬁ%sep%cﬁ'nd Q\Ae'i:h%%ﬁ%co% g’faﬁg)QS%EBQES ogﬂéh% e carrier

2, the clanping force F ween 10 e’ cage acts only

t hr ough X helampcarmps ebbidrice thet poshsslbfoft Hdeclcanpiarn®?14, disk drive posts
18 and di sk drive carrier posts 17, and noreover acts in a line through

t hese conponents. This nmeans that no bending nonent arises through any

of fset cl anpi ngAdEortirayigemesy candbe MPEQOVIRT FilgheemaXi when clipgpi ng force is
appl i ed to.tEgadis drive 12. h@ addition, the disk drive 12 is effectively
t

cl anped toPhe2bRRtk IFTHRFITS At 2F8rintiahas EocraBEdths 1 hick 8 via

the carriernd asgsUthont AR FaR@h¥r 3 NecHS@10pliRG ¢8LELEF KetdRRS NOt
af fect the 20 danping of vibrations by the bIocE 8. The clanping force F

appl i ed-& o threblpek Hrand tire cagredpans ardyt Kerpughsihe

incompressible materials of the clamp arm 14, disk drive
posts 18 and disk drive carrier posts 17, and moreover acts
in a line through these components. This means that no
bending moment arises through any offset clamping

15 arrangement and, moreover, the maximum clamping force is
applied to the disk drive 12. 1In addition, the disk drive
12 is effectively 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

20 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

25 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

30 the actuators 10.

It will be understood that the disk drive carrier 2

described above has particular application in allowing a



applied though the inflatable actuators 10, which may be of the order of 6
Bar (approxinmately 6 x 105 Pa), less the spring force of the springs that

bi as 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 where two

act uat or swiwayaamsovi ded, the total clanping force ispcpRipyaa@ This may
be increased if desired by using nore actuators 10 and/or i1ncreasing the
size of sonme or all of 30 the actuatgrs 10. It will be understood that the
di sk drive carrier 2 described above has particular application in allow ng

a WD 2004/ 314286: Ped/ 3B2004/ 002508 04~ £3 éﬂlrsé&a%'v\égyl%agelbs 5ladped to a

relatively massive block 8 for danping vibrations during servo witing.
However, a$Ornfalp e dvdheatelonshdushng i eervo mantb@gusedownvany ampplication

shere a di skndipie Lobns, |hPEILA0TPLLEL B Ligm gReahpoation to another
a

as the carrier provi des’ a arrangenent B8 be mani pul ated by a
robot or @Pnéwaui@rmmleejrmmm dfbee clr rhasr t2 aadtthﬁspbﬁ&@dred cl amp

assenbll now he dIS ssed in nore detail with_ particul ar
ref erence to%lu—ll 85?\,\550%%30011 -© PRE E?’érﬁ)sa f&‘rréerp?vafaw Fdtinted via a

pi vot pin 2@mbéeveefatyeméiiindl okn Be Marilpulla®eld B9, at Bendt Vot pin 20
defining a hvot axis of the clanp arm 14. The pivot block 22 is nounted in
a 15 hou5|ﬁ% §F apbomatednagidn@an slide up and down therein in a direction
that is transverse to the pivot axis. The housing 23 is securely fitted to
the base of the disk drive carrier 2, pegs 24 being provided on the base of
the housing 23Thercapisep it puske thehprepiamtediddeakmp?asissmbl heedl 3

10 will now be discussed in more detail with particular
reference to Figures 5 to 10. The clamp arm 14 is
pivotally mounted via a pivot pin 20 between two arms 21 of
a pivot block 22, the pivot pin 20 defining a pivot axis of
the clamp arm 14. The pivot block 22 is mounted in a

15 housing or "tower" 23 and can slide up and down therein in
a direction that is transverse to the pivot axis. The
housing 23 is securely fitted to the base of the disk drive
carrier 2, pegs 24 being provided on the base of the
housing 23 for this purpose. The pivot block 22 ié biased

20 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

25 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 piveot block to
30 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



20 as a whol e towards the base of the carrier 2 by one or nore coil springs
25 which at one end are received over locating pegs 26 on the pivot bl ock
22 and at the other end bear on an opposed surface 27 of the housing 23.

The coi |l @Ry 10fF1420¢5 Can be selected to have an appropgéphgcabhdB8 force,
and 25 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 nounted on the pivot block to

30 j ect | t 1 t hat, the f d of th
Iea?rg%??néﬂggﬁggaﬁgggggﬁﬁg%{$ﬁ%§?ﬁ%gﬁgggga%§§§m1 4 fwgwﬁg§g¥ g rt?on o? t he

clanp arm the Thrsithetefore tends to bias the clanp arm 14 to pivot about
t he pivot WO 2004/ 114286 PCT/ GB2004/ 002505 -24 axis to nove the |ip 15 of
the clanp arm 14 outwardly of the carrier 2. The pivot block 22 has at its

lover end an actruat givop SUSERCE 3Qs EREIERM TRl 2 a orner an
aperture_ 30 througp whi ch the actuator éurface]EQI%?%Ph%cgﬁgg?fblock 22
a

proj ect s° wid fgge mpThgseadrier1 ¥ hesfakethely admercamr aperfutas can be
een in for Fi ' e h b . .10 The. cl.a
seen 10 foreXauBlentLLs &le Mlagussed Lrddely bl Qi 10,108 Slamp

housi ng 23 has a pFanar whi' C 'S par ction of
transl ati or#@ pwoyemtat wbén tihe clanmp aasemilly Thel<lfAmedhegsthg 23 furt her

vl | 131 and RAdREa” aRRar S TRC N ddr Grh SRR Bitecrlz in the rest
position, siiewsted exagpee HeLdw)gures 6
10
The clamp housing 23 has a planar back wall 31 which
is parallel to the direction of translational movement of
the clamp arm 14. The clamp housing 23 further has an
angled or ramp wall portion 32 contiguous with the planar
15 back wall 31 and angled upwardly and outwardly of the

carrier 2,

In the rest position, shown for example in Figures 6

and 9, the coil springs 25 bias the pivot block 22

20 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

25 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
30 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



and 9, the coil springs 25 bias the pivot block 22 20 downwards. This
bi asi ng causes the back of the clanp arm 14 to rest against the planar back
wal | 31 of the housing 23. In this position, the lip 15 of the clanp arm 14

IS positywoeyakaye the carrier post 17 such that a di*(ﬁ‘fcﬂlioh @250g2 can be
cl anped between the lip 15 and correspondi ng 25 carrier post at each

corner of the carrier 2, the’ clanplqﬂ%force bei ng provided by the coi
springs 25. In order to release the di drive 12 fromthe carrier 2, the

actuator s 29 .of ,each cl sse 13 j.s 3Q pushed upwards from
underneathH%kggg%rrlQﬁcéz MOASS Eggbg g% Hﬁiﬁglél8£rEpe|ﬂ1%# flfeelo, this
pushes thelghol engé vigie ﬁﬂvmﬂ<p32nupwﬂrﬁﬁh AgRilRsShakhRoacd! 8§ Qe the coil

springs 25. This causes th % arm 14 initially to nove WD 2004/ 114286
PCT/ GB2004/5B%58%n 2o PLAARE hSwlASSe t3HeanFlpth9 apgkedl y of the disk

drive 12. s@e€gcs Ne2 ¥ OlhdddidHs i bHE tﬁ{énlje%fhé pIRYe gg éﬁﬁaegl uncti on

bet ween the planar surface 31 and t he' angl ed housi ng 23,
t he | eaf® spARrhBS Rt FIWRE ?né’gaﬁn§het¢ﬂeamz)we?m éﬁdceﬁsehetlmé ariamgr m 14

causes the,gl,a | ler, o the Ii twardly of
the carrier % f?h @dag%%dlgh% §%% ég %%gvﬂzéélépb 2K° EF%%PH%%rq#he pi vot i ng
movenment oftheheactiem Zr mThe aAgdeddsmmﬁace 32 phovides! anpesk-sdtaipe, the disk

drive 12 ¢ O be lifted vertic f the carrier 2 as the clanp arns
14 have. beolE nENBP BT U1 MATBETR BF T eb GFDAG- di sk —drive 12

Anot her di akcofrdieglly, can dHienubelbpge@dstidie) thBeqsakr§give @n¢ahhe pivot
bl ocks 22 Leleased so that the clanp arns 14 pivot inwardly and then

downwarldl y P8t 11 hked svehiGadilyo opg ef abke t9rrmiext 2drsktlei vRAME axgist he
carrier 2.14 have been moved out of the path of movement of the disk

drive 12. Another disk drive 12 can then be loaded into
the carrier 2 and the pivot blocks 22 released so that the
clamp arms 14 pivot inwardly and then downwardly of the

15 carrier 2 to clamp the next disk drive 12 to the carrier 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

20 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

25 Dblock 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

30 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.



Accordingly, there is provided a sinple clanp mnechanism by which a disk
drive 12 can be clanped to a carrier 2 in which the clanp arns 14 can be
noved in a 20 sinple manner out of the preferred path of travel of the disk

drive 12 ¢ i0081i483di ng and unl oadi ng. Most conveni e sent
arrangenment |lends itself to automated |oading and unr%gﬁﬁﬁ%ﬁ§?8§ e disk

drive 12. In Figures 9 and 10 there is_shown schematically 'an actuator 25
bl ock 33, which nay be spring-loaded,'%ﬁf’a di sk drive presenter station,
the presenter station having four such actuator blocks 33, one for each
clanp assenbly 13. In an enbodi nent, a robot noves the carrier 2 to the

presenter —stattRg aldp WRienlly 9Chelbilndd1@nickURhel pBLPELS A3 SO engage
bPocks %

and push up on the actuator surfaces 29 of the pivot to rel ease
the clanp &PReitatigmefoxX relamiog 2l #isk dhierecd?r iter a2cathiec|2np arnms 14

aut onat i calty -foyg tyhal S - 0Q4/ 114286 PCT/ GB2004/ 002505
-26 The cIgnpcassen%+€hfgﬁ%é?%#?gggggb%%gﬁﬁég%é% fc FQPSP%iEﬂ?%ation for

cl anpi nd addsskddives 4@ arod & roar Bppar&tus Whiahh aisndiskndbase parti cul ar
application_ip.transportin isk . drives to and from apparatus such as disk

5
drive tesgfﬁglﬁﬁp%? ?fﬁf“éﬁan &t SFRERIS AR SaABds R Y BO WHE 1§ iy

apparat us @pbetbens Senveotver tddiFol Grofidde LYV Rkl eBabent YPEaUSi Ng an
external clock head, of the self-servo witing type or of the servo fil

type). Nevé¥PReP8iRY ¥meeX(Prdnslaskerendy ©Ff che bBeldsedrvea ot her
applicati oRgitOngCtipe S BSknd is¥evd2eim ALARN aPRALALUFe: &S ol e, the
cl anp assenbly 1% can be used to clanp a di rive %g glrec{ﬂy 0 a
rel ati v y cAasBi gesemotk 183 aant eutsedyindicther applications to
clamp a disk drive 12 to other apparatus. For example, the
clamp assembly 13 can be used to clamp a disk drive 12
directly to a relatively massive block 8, without any disk
drive carrier 2 being present.

15

Referring now to Figures 11 to 14, a second example of
a clamp assembly 113 suitable for clamping a disk drive 12
to a disk drive carrier 2 or other substrate will now be
described.

20

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-

25 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

30 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



drive carrier 2 being present. 15 Referring nowto Figures 11 to 14, a
second exanple of a clanp assenbly 113 suitable for clanping a disk drive
12 to a disk drive carrier 2 or other substrate will now be described. 20

In this exgRofradgur clanmp el ements 120 are | oosely g{)ﬂg’égﬁ?’é‘ﬁ respective

slots or recesses 121 in the carrier 2. A clanp elene SFovided for
each of the fixing holes 122 which arg_conventionally provided in the so 25
called small formfactor disk drives (&%Tch have a dianeter of 2.5" or
approx. 6. %ﬁ&?' AThe po§itio anqlsize of these fixing holes 122 are

det er mi ned B AR°5§r BG sPAnHRS FShamfered| Raplehenek25 2 hhe &ipteyection
123 whi ch endley 922t.he respective fixing hole 122 in the disk drive 12. The
30 projection 123 is generally triangular in |ateral cross section so as to
present an angl ed clanping face 124 which faces downwards and outwards in

use and engages p¢ist R1} / 1382004/ 002505 . - 27, ower nost
part of the qhanfergé ggr¥%%ﬁ€§€i%%6§§§FEég}$£%rﬁ)éﬁﬁﬂégrifﬁe %%é clanmp
el enent 120vrieht her geasraltunoppodeac¢ol2he Slapialy ifaqgenenakhy opposed to

t he cl anpi face_124 and ich, faces war ds and outwards. On the opposite
side to t%l&%a%ﬁfzﬁa nggr%f%ﬂ\c?“t F’f@rg m s?n‘?f‘g'bee OPRPS1tReSEHANYP el ement

120 has an thestdadpiggr €a6acl 2o EhelddmWhh fFads 140a¢ed Eigmpthe rear
surface 128 of the_clanp elenment 120. 10 Wiilst only one, two or three
cl anp elenéﬂfgmf§01§ﬁyhas an upstanding retraction post 127 which is
spaced from the rear surface 128 of the clamp element 120.
10
Whilst only one, two or three clamp elements 120 may
be sufficient, it is preferred that there be four such
clamp elements 120, As mentioned, the clamp elements 120
are loosely fitted into respective slots or recesses 121 in
15 the carrier 2. The clamp elements 120 are loosely retained
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.
20
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
25 130. 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
30 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



be sufficient, it is preferred that there be four such clanp elenents 120.
As nmentioned, the clanp elenents 120 are loosely fitted into respective
slots or recesses 121 in 15 the carrier 2. The clanp el enents 120 are

| oosely rgbabiiadszsé N @ vertical direction by overhangigegyd@odddeiss 129 of the
carrier 2, there being in general a gap between the top of the clanp

el ement 120 and the overhanging portign 129 to allow sone vertical novenent
of the clanp elenent 120. 20 In additi®on, to restrain the novenent of the

cla elepents 120 in a lateral, djrectign acro the,disk drive 12 (to the
Ief?pand rfaﬁ?g?%%ﬁﬁlﬁ}%§P1 gmgnBiL%fhghr |'F§ﬁ§2§ﬁﬂ? }2éf?ﬁe?%ﬁ&n of oge or

nore el ongalemspliang:id MR02hat38n JieF£rd1By fheihyobapfomgl 38 e 130 on each
side of the carrier or there na%%be a single but_longer spring arm 130

. 2, .
on each si BRFbfSRIFFIGHY kP applintle qhokitRgendi $3%set oie i4lafiP | be

assumed t hatmt {185 @t t WarhSRr bAgt SHBrik3q QRagaCheshélecid dibgrarrier 2.
At a first end 131 30 of each sgrlng arm 130 on each side of the carrier 2,

the spdinglapemt 15 dre adopédthe PHePemmasdtion Fhsing helarmidg.132 of each
spring arm 130 is received in the space between the retraction post 127 and
the rear face 128 of the WO 2004/114286 PCT/ GB2004/ 002505 -28 respective
clanp el ement 129.uskhe thearcafrader 128 ofleaichl ickanp bbadibnd <20 ilbas an

132”01 1 he B AN T s paarbBRr B d:Ske TP ok SRab®Ind pePhe o amp 5
el enent 12@héocaeiopdr the mropee pestiddn s B 6LASPI Patuddk Uset the
carrier, 2 is loaded into a loading station or _other fixture at which a disk
drive X0 t 8hewn) SRAAES @ifher the spring arms 130 or the retraction
posts 127 directly to withdraw the clamp elements 120 (i.e.
to move the clamp elements 120 to the right in Figure 13}).
This moves the projections 123 of the clamp elements 120
out of the path of travel of the disk drive 12. The disk
15 drive 12 can then be inserted into the carrier 2. 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
20 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
25 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.
30
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



the carrier 2. In the station, arns or other features (not 10 shown) engage
either the spring arns 130 or the retraction posts 127 directly to wthdraw
the clanp elenents 120 (i.e. to nove the clanp elenents 120 to the right in
Figure 13). This noves the projections 123 of the clanmp elenents 120 out

of the pawb20fstid28eel of the disk drive 12. The di sk g MeobZesan then be
inserted into the carrier 2. The <clanp elenents 120 are then rel eased and,
under the bias provided by the spri ngqar ns 130, the clanp elenents 120

nove inwards. This causes the projections 123 on the clanp elenents 120 to

enter the pect.ive fixin |l es. 122 iin 20 th isk drive 12. At the sane
time, the é:rgog escﬁtr é%es'}z?zgg gﬁet%]éa“@ ngpéﬁeﬁ%cg "I dlifade *d8Pr espondi ng
cam sur f aceslesl 32 2priovittheddOBk t el WA @iroRiddSESRL e SRS i1Rst clearly in
Figure 13, tcgi S en %gerrent of the respective cam surfaces 126, 134 provides a
wedgi ng acttold Aty E§SERRIND T I thepdpgkt dEEVe I of Thige ddB%np el enent s

120 downved fisve agaidast thReekonerposd S fixing
hol es 122 as tehe spri r&g}@arﬁs 130 driav%lmgéﬁgﬂ%%%cg%:rnts %%Ortlnﬁwards. The

di sk drPvecasriey t#hwd thestr bpyneinmpadt o theecawridmer2.2. M3@ePhercarrier 2
can then [ d.romet S ' AT h j sk drive 12 cl.anpped to the
carrier Zb\?rllét ﬁ\(/(\,%sﬁcht?g ra}fmlgrgaig?%*%al\é%r Ig(‘:’zi g?g%g%‘ﬁ%ttcf ht\g‘ee#é’lé:é:éﬁén of the WD
20041114286s FINeEB20@041002508egr&d qff ajeathintg, IR« fdvd lditampsel enents 120
with the fj:xei r}[gak.hol esf 1%2 ;;n.thg di sk drive 12 roviig%for oth verti cal

and hori zontal™ &% S I8P he® i PRREGIERE 29T THIE di & itW& 12 can

t her ef ore diskafrelwe tiraaspar segt tsroundidhnn akhg servo track writer or

10 test rack or storage rack or the like).

It is preferred that the spring arms 130 be of a
damped or so-called constrained layer type. This may be
achieved by making the spring arms 130 of a laminate of two

15 relatively rigid materials (such as metal or plastics)
between which is sandwiched a more flexible material, which
may simply be an adhesive. This arrangement provides for
good damping of vibrations in addition to the good clamping
force provided by the spring arms 130 acting on the clamp

20 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

25 arms 130 may be arranged to bilas 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.

30 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.



5 carrier 2 wthout bouncing out of the carrier 2. Mreover, the position
of the disk drive 12 relative to the carrier 2 1is fixed to a high degree of
certainty, which facilitates the naking of electrical connections or the

like to tHgobliSksgrive 12 at a station (such as a seryqy ﬁﬁg@gogter or 10
test rack or storage rack or the like). It is preferred that the Spring arns

130 be of a danped or so-called const @jned | ayer type. This may be

achi eved by nmaking the spring arns 130" 0f a lamnate of two 15 relatively

rigid materials (such as netal or plastics) between which is sandw ched a
nore flexible material, which may sinply be an adhesive. This arrangenent

provides for goad:AasPétgnsife,vicheati 9RSdi iveaddirddiaR po (bheoamed cl anping
force provided by the spring arnms 130 acting on the clanp 20 el enents 120.
Whi | st t he SYBFERGES} nBad 3P ipgenidestrifed28s int eaghngftehifas the cl anp

el ements 130Q¢i BYBT eywd PYBY d&cigt&ebgag%ﬁ?%i%%dgoﬂ]gilgﬂgnggé?g@ﬁ rcunst ances

the spring 25 arns 130 ndy be arra nts 120
out war d® awdympubhed hbh reatmmpendngog?li orfacdomd asphepriagr 22 enent i s

provi ded t LV I 120 _inwards _towards the clanping

posi tion mﬁggaéegfég%%%efgﬁgs%aﬁ%ﬁ?t%r Fgur-é&* m@agay‘i’é,t%pe['hi rd

exanpl e of Thaschagpbassembdwe? by sakiayl ehd arlamdparpiriggs g2skofiri ve 12 to a
or substrate will ngow_be described. WO

di sk drive canrigé 2 ot her gt
2004/ 1142863PERP 2664‘?‘6‘?)2‘5%‘5“1-"3 Y| RAOHT abeRhdle, (BHENdRSKMHANe carrier 2
(or other osubshbeled) hastwist amdicAdi §i Sendwldre220mbReeatbx pf1ahich are
two inwardly facing openings 221. A clanp spring 222
10 material, which may simply be an adhesive., This
arrangement provides for good damping of vibrations in
addition to the good clamping force provided by the clamp

springs 222.

15 The following description will be given in respect of
one 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,

20 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

25 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

30 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



5 is nmounted in each opening 221. Each clanmp spring 222 is again preferably
of the danping or constrained |ayer type. This may be achi eved by maki ng
the clanp springs 222 of a lanmnate of two relatively rigid materials (such

as netal wahoRlidiks CS) between which is sandwi ched a mhfdbhiikbihe 10
material, which may sinply be an adhesive. This arrangenent provides for

good danping of vibrations in additi%ﬁm:o t he good cl anpi ng force provided
by the clanp springs 222. 15 The foll°owi ng description will be given in

respect of _one of the side wal]s 220, it being understood. that the
arrangerren?l?%?atierleS]&thérzgsilﬂet%)\%ll"rldzez()“ail%- £RE- safRus ARS dd¥uat or 223 in the

formof a pucHatd NO5RYeLNbAURNAD fHH (ACENE24i @ dIL Sdg wal | 220 into
the side wall 220, 20 and is connected at two 805|t|ons via respective pins

225, 226 t otehEHeyengnts marages2bhe madensd pin28282ba¢k and xéarthel ative to
their respective clanp springs 222. The first pin 225 is fixed in and
relative to the side wall 220 and passes through a short el ongate slot 227
in the 25 actualwrtiZ2ZXestcpositbgh yqf Wien cllampaspuangs 223 slawdedn back and
forth mﬁthL si de Q, the firs 2

th L1 2 in 225 repmpins fixed inits
posi tion inH?rﬁf%ﬁ%ﬁ§§Mﬂ hezfgagﬂdSPﬂBVEEEFEIEPVV Vvaﬁﬁﬁ%gupﬁéﬁgﬁongate sl ot
227 in thebodgtofitithe 2xEritire2sectinel @lianp22prifghi 322 64 adtemrdea the 30

actuator 223, for exanple_ b assing through a narrow aperture 228 in the
act uat or 25‘3""%’?‘?%1 %i‘%ﬂ% al%lagsiom TP LYaPaneRERing e 3@ TSi n 226. The

second pi n2226; gddird$ iR il 8hbVeidd Wd18 sShdg . wathi £ 2RPumety tue of a short
WO 2004/ 114286 PCT/ GB2004/ 002505 -31 elongate slot 229 in the side wall
220. TH®¥s, fascepethe second pins 226 away from their respective first
pins 225, which tends to flatten the clamp springs 222 and
thus draws the clamp springs 222 outwardly and away from
the body of the carrier 2. When the clamp springs 222 have
been sufficiently withdrawn, a disk drive can be loaded
15 onto the carrier 2. The actuators 223 are then released,
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
20 actuators 223 are operated by push rods or similar provided
at the station or other fixture at which the disk drive is

loaded and/or unloaded.

This arrangement provides for zero clamp force when a
25 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

30 for automated loading and unloading of the disk drives.

Whilst the clamp springs 222 in the example shown

clamp the disk drive only by friction, one or more, and



s e ——

actuator 223 noves back and forth in the side wall 220, this novenent
carries the second pin 226 back and forth. 5 In the rest position of the
clanp springs 222 shown in the drawi ngs, the clanp springs 222 bow i nwardly

into the WB%%Q{IQIZS& he carrier 2. The clanp springs 22%@&2%@5@@ t owar ds
i S

a nore planar tormsinply by pushing the actuators 2 nwar owar ds the
side walls 220. This novenent 10 forces the second pins 226 away fromtheir
respective first pins 225, which tent¥to flatten the clanp springs 222 and
thus draws the clanp springs 222 outwardly and away from the body of the
carrier 2. pweéarehbycd ahrihegslapp springsH@@? makf havently withdrawn, a

di sk drive ; n t i el act.u S are then
rel eased, p%??&&?hggﬁﬁgq%%gﬁ%‘ﬁgfiE§§g§§é9f§>4iﬁha§ﬁF98%h§§$éd%ﬁe E?esp
posi tion atfiwhinghhtbey mitanpldchéydcskveltitm by fthiecsida. walhe ol sk drive can

be rel eased,. b ain pushing.in the actuators 223, thus w thdraw ng the

cl anp spriﬁdé*z%g?v?héﬁfbfggpﬁﬁF&PE.9§3bégk933 89&9ealﬁ§fﬁﬁsﬁor or sinmilar
provi dedh lrotjBetsbasi 928 At GiHeClexbingl &r & SusthicchbeiBR ¢ick drive is | oaded
and/ or unl oaded. This arrangenent provides for zero clanmp force when a 25

di sk drive fefergaaedtontigwiesuii’oadaddl® r om Bare pogitien 2nd ghem ff anp spring
222 operat %%e'sedfgﬁmg%wesof ﬁeh%lefewfﬁine&'%”%ns%p&@ga §@$nd£ﬂ!ﬂ?} provi di ng
np | oads. | e di

optimum cl a efe is a sinple sin ection for operation of
t he actuatBecsu2g3of Thiss cengaypeent, the pdirdk cidiael yssbieldbie 80 for
aut omat ed Ioaﬁ

springs 22858 e2ﬁ5%g§3 Q#g?§#%§ﬁ&%6%gﬁﬁg%ﬂéﬁgﬁgi%§F#§gghkié hgff!???on, one
or norei0 antbéPra004/ A A8 6 RGN/1EB2004400ARON or 32 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. The engagement with

the disk drive may therefore be by friction only, by a

15 combination of friction and mechanical engagement of the
projection(s) with the fixing hole(s) in the disk drive, or
solely by the mechanical engagement of the projection(s}

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

20 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.

25 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

30 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.



A

preferably all, of the clanp springs 222 may have a projection or button
for engagenent with one or nore of the fixing holes provided by convention
in the side walls of a disk drive, the projection or button being simlar

to the 51\9621%03?11{%_9@5 328 of the exanple discussed bel Q'\HTY&&ZH“C‘,‘{“é%Bi;gnce to

Fi gures (The position and size of these fiXing

determ ned by an agreed standard.) Because of this engagenent, the disk
drive is held in a predeternined and38herefore predictable position in the
10 substrate, which facilitates automation of the | oading and unl oading
process. MoreoVéch igdeagselemerth 2 hgageneantral epafiigic diSve Ban be hel d

securely i a h.ls i i f di .L.on. The
engagenentfﬁéégga%I%?ﬁ&ﬁgggég%%eggéﬁﬁgIﬁ%&e?ggegzggiﬁ#%fﬂQ§i%ﬁ?gghﬁy, by a 15
conbi nati ofdf fAN eicdtoatandsnelécemiicalthenfageneiita ofelidese prag) 887i on(s) with

the fixi hol in th i sk i lely by. t i cal
engag;ﬁéng{éaéﬁé?[ﬂ#%qgégpgk?g?gréﬁ%ﬁ?ﬁﬁhg %?xf%%lﬁ%Vb?§¥HF%E?ﬁ %gisk drive.
20 Ref e6r i opanove Jemenitgares 1Thanéhd &f anboulahp expemdrer 30 a cl anp assenbly

313 suitable for clanpi n% a disk drive 12 to a disk drive carrier 2 or
ot her subsPPRATLHG |YRenFRTBENIABSERT biP CABTIRS t fijREFIADHIROL ST ¢l anp

el ements 320 4 ised xahP1E €SPt | \HiatrRI QUEA Srekfilavihded in
opposed sicé?é%éﬁls 322 g? he carrié} S.BEgch %?gagﬁélenéﬁfﬂ3gggis

general ly planar and has a retaining tag 323 at one end. The retaining tag
a1 159 AinelEheben ol B, MIANLAD VAP AP Brkle oL
t he canpi een@. v 12@04etb4BR6gPCI¢ GB2DA4 @8258bde wall 322 of the
carrier 2. The free end 329 of each spring arm 326 engages
with a portion 330 of the side wall 322 which is arranged
such that the spring arm 326 is prelcaded and bows
relatively outwards (as shown in Figure 18). This in turn
15 biases the projections 328 inwardly of the carrier 2. The
positions of the clamp elements 320 are 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.
20
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
25 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

30 similar manner.

Again, it is preferred that the clamp elements 320 be

of the damping or constrained layer spring material type.



-33 Each clanp el enent 320 has a central opening 325. An integral
cantil evered spring arm 326 overlies the opening 325. An actuator surface
in the formof a release tag 327 projects dowwardly and outwardly of the

mai N bodwy@hodsfiezs C! anp el enent 320. The end of the glg 320
opposite the retaining tag 323 carries a bearing porti gnmz\ﬁrdﬁﬁﬁﬂén this

exanple is an inwardly facing proj ect|3q!n 328. As nentioned, each clanp
el enent 320 |s fixed at one 10 end viYa the retaini ng tag 323 to the side

wal I 322 o rrier free end 329 _of ea ring arm 326 engages
with a porﬁjl on r&%’g of %ﬁ%‘ée"ea‘ ?ﬁa’f‘?k’fﬁ;z S CRArE ﬁf?%\?\ &Y SUAT ehat the

spring ar m3@bnaise prEltoaded lantvedywsrieldidatekyadyt \Saes 4dametaQWn in Figure
18). This int 15 hiases the projections 328 inwardly of the carrier 2.

The posi tPBn%f%?t%?Fé dehwses Eﬁeﬁ?sl%ﬁ?“&”écaﬁﬁaﬁg@@r% keridie the
proj ecti onﬁagggldelacmkeir&eha@ngl@gg?g@e W hdhleistandagds fixing holes

prOV|ded|n small form factor drives wnen the dlsi drive is in the
carrier 2. azoamm@temmﬁeswanpg@emngzof vherationeri? is

transferre a At statlon |de rails or
fingers 33% %?tf%l{oﬁaéike sl 8 gh‘%ﬁ% @%orcﬁ Rélot ug?ﬂalw Ibef T&Pcarrier 2
and engageelémets r3i®ase tags 327. Because of the out vvard angling of the

rel ease tags 327, this engagenent bends the clanp elenent 320 as a whole
outwardly, thus withdrawing the projections 328 fromthe disk drive. The

di sk drive can THid dxanpe0yedvands apet hicudesk1 dhbyRy i osefiedard cl anped
be 18 UMl B Grofeliitns Sa8 DR ¥oF vertical as Wil as o 0
horizontal restraint of the disk drive. The clamp elements
320 serve to damp vibrations which arise during operation
of the disk drive. The clamp elements 320 can be made as a

one-plece part, and can be made simply for example by
15 stamping the base material or by moulding. The clamp
elements 320 are therefore simple and inexpensive to

manufacture and install in the carrier 2.

In general, disk drives come in three main types. 1In

20 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).

25 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. Ideally, 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

30 of these types of disk drive,



of the danmping or constrained |layer spring material type. WO 2004/ 114286
PCT/ GB2004/ 002505 -34 This may be achi eved by nmaking the clanp el enents 320
of a lamnate of two relatively rigid materials (such as netal or

pl asti cs)whehi¥pghsyhi ch is sandwi ched a nore flexibl e pdBtShbdlorsohi ch may
sinply be an adhesive. This 5 arrangenent provides for good danpi ng of

vibrations in addition to the good clsgping force provided by the clanmp
el ements 320. This exanple provides for’secure clanping of the disk 10
drive. The projections 58 rovide for vertical as well as _horjzontal

restraint of the@"dP¥R" SHE® @ SAprefements Shepp Beshecle Bhnp

vi brations jwhirgguaes Se9 ot i700. OBkeatheRiePf2 i & kndihyey ghengd anp

el enents 320 can _be nmade as a one-piece part, and can be hade sinply for
exanmpl e by PESestAnpikly epresRts £noaterndl rerr Mpdwigldisndl - the clanmp el enents
320 are therefore sinple and i nexpensive to manufacture and install in the
carrier 2. In general, disk drives cone in three nain types: In 20 one
type, el®ctricalfhandadatier chrivescttihgre aeeiomsleofapariiéculear wall of the disk

0 Ve L SR BREENC 1o 1 ity 43718 Do sigaaL b otuct cord

its base such ectrica "under the disk

drive via tgemepadliyckqeard qit hestaagelalr iperiaaee 4Bypa) thaSvagetd® third
type, ‘el ectri,cal and data connectio are made under. the di sk drive via one

or more sepdri&fleCBBNREEEI YN @ SRV ARy ANRl Leys £°E0y 441 (FR® disk drive.
Ideal |y, thaqgudesk)driv¥ge Cadddl r2q3bBaukd Pe GRRAKEE b9 Eﬁeggefoee (two)

types so that the sane basic carrier 2 can be used for "any of these types
of diskl@ridpein the base 40 which can receive a removable motor card
46 for providing electrical connections to the disk drive
motor of the disk drive 12. The third region 47 is an
aperture 47 through the rear wall 42 which can receive a
removable data and electrical connector 48.
15
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
20 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.
25 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.
30
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



WO 2004/ 114286 PCT/ GB2004/ 002505 -35 An exanple of such a carrier 2 is
shown nost clearly in Figures 19 to 22. The carrier 2 has a generally
pl anar base 40 with opposed front and rear end walls 41,42. 5 The carrier 2

has t hr eewiegionssef particular interest. The first rggi@hofobss?

relatively large, generally square or rectangular aperture 43 Iin the base
40 which can receive a renovabl e disk,drive card 44 (see Figure 5). The
second region 45 is provided by an aper ure 10 45 in the base 40 which can

receive a ey 9 6 _f row din ect ical connections to
the di sk dri ve\éﬂrr%?%r o’? %ﬁoqhgi n% é%trﬁ F‘é‘&ﬁBﬁ 475 an
aperture 42% Whoahis heeceiarednalnl t-ﬁa mﬁep&ummr Q(feltVlé darkegpvabl e data and
el ectri cal gnnector 48. 15 As wi | be, i medi at el y understood, the renovabl e

di sk driv@iapdcaarespn \F&ﬁﬁecﬁﬁ’fb?rcféorcf%éegn&ot kee Eeapvibl e data and

el ectrical seorneet ee 48 FiR YT iRRY 500k an Hfodd tutpeénféea%{}?l' NOrRA:4 he
particul ar type of disk drive 12 20 to be carried by the carrier 2. Were

t he di sk diicReCahr 8ot LssriH Yot (Fotcahawab ane Flitteddovarf pegsbde agl ectri cal
connector Rt 380V AL cE? Eé’i’ fégcr &y ‘E'p%%&rg'sglil Wh&gdtlgeata

connecti on fron1tge not or cartﬁl 46 an ive ~car 0 the data and
el ectri cal ddokndecive @8:d 28 Ulst mosnéey, ordaihae matdelcacrird.ecal‘:Opou:ﬁmct i ons are

xaml o 1 EoeRatger ot Yorted. the G i rekBEBoohE  he rier bard
may be fittemdutrdnthgood et@ttiaced wllﬂ:aSShde::(h{’c?aﬁts8of3Qhe dlsk drive
10 12. This arrangement also provides for lateral compliance,
which facilitates automated loading of the disk drive 12
onto the carrier 2. A cover 52 can be screwed to the
carrier 2 to lock the various removable parts to the
carrier 2 as required.
15
Embodiments of the 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
20 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
25 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
30 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



Where a disk drive card 44 is to be used, it is preferred that this card 44
be biased into engagenent with the connections provided under the disk
drive 12. This can WD 2004/ 114286 PCTI GB2004/ 002505 -36 be achi eved by
provi di nowa 2hida1L28t cartridge having a tray 49 whi chditcE86R03%8¢ i n the
aperture 43 of the carrier 2 and a corresponding card carrier 50 fitted to
the tray 48 so that the card carrier_ §Q can nove up and down. Three 5
conical coil springs (not shown) are Pitted over pegs 51 on the tray 49 to
bias the card carrier.SOdu war ds, \Wen hﬁﬁ disg drjive card 4 i% nmount ed on
the card c8FFfer® SFOVEREY BY a8PRY"% r’é‘né@ RE™f bPC eB¥P RAT A @44 Gpwar ds,

thus ensur tig-goad aithraageW t Ast e Liraetsvef speigyskeslilavee 10 12. This
arrangenent al so provides for |ateral conpliance, which facilitates

aut onat ed PHRAGHIR dreteenditir apvee arwl ao§EBILRePERfe i @@riridgecover 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
described with particular reference to the exanple illustrated. However, it
wi |l be appreciated that variations and nodifications may be nmade to the
exanpl es 20 described wthin the scope of the present invention. For
exanple, in the preferred enbodi nent, four clanp assenblies are provided,
one at each corner of the carrier. However, fewer, such as three, or nore
cl anp assenblies may be provided. As another exanple, instead of inflatable
25 actuators being used to clanp the disk drive to the block and springs
used to bias away fromthe cl anping state,



springs could be used to clanp the carrier to the block and one or nore

i nfl atabl e actuators used to bias away fromthe clanping state. This
arrangenment woul d nmean that the disk 30 drive would renmain clanped to the
block in the event of failure of the air supply, though it nmay require
strong springs to provide the required clanp force. As another exanple, in
the preferred carrier a bias for the -ditssk drive WO 2004/ 114286

PCT/ GB2004/ 002505 -37 card is provided by springs in between the two parts
of the two-part cartridge. As an aldrgimgti ve, springs could be provided
bet ween the cover and a single-piecé cartridge. -38- CLAIMS 1. A disk drive
support assenbly constructed and arranged to support a disk drive whil st

servo Lracks of Qi (A d Qupghdtdiale Bl RS NP o d1e BRSgID Y

conprising: a renovab rive carrier for carrying a
rel ativelto raggiorer bl atksk awiage wini Wi clertviee tilaatds |a5rmm1tﬁdarf ao rel ative

10 rec pro ng ement .in one direction, the cage having a space to
recei éia ]‘slgf(rjﬂ%i\{'\?e C{,}aﬁ]? iBrlvendhey acﬁsfrﬁ?léf r%'i‘&é’ﬁe?ﬁn%onprl sing an

act uat or that d SrenRRAIAR! &1l MG d NG GRS T Ald e l%q[ k SO as to
clanp a disk drive carried by the disk drive carrier ‘to he Iock via the

di sk drivic@irier. 2. A support assenbly according to cIa|n11, wherein the
cage and bl ock ar r.r ed so that the cage can nove relative to the bl ock
only in said ﬁlréi%¥ 98’ H) Ek;

a cage in whlch the block is mounted for relative
10 reciprocating movement in one direction, the cage having a
space to receive the disk drive carrier; and,
a 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

15 block via the disk drive carrier.

2. A support assembly according to claim 1, wherein the
cage and block are arranged so that the cage can move
relative to the block only in said first direction.

20
3. A support assembly according to claim 1 or claim 2,
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

25 to the block in the first direction.

4. A support assembly accerding to any of claims 1 to 3,
comprising a biasing arrangement constructed and arranged
to bias the cage in the direction opposite to the direction

30 in which the cage is moved on operation of the actuator.



3. A support assenbly according to claiml or claim2, wherein the actuator
conprises an inflatable actuator arranged between the block and the cage
such that inflation of the inflatable actuator forces the cage to nove
relative 25 to the block in the first direction. 4. A support assenbly
according to any of clainms 1 to 3, conprising a biasing arrangenent
constructed and arranged to bias the-3%ge in the direction opposite to the
direction 30 in which the cage is noved on operation of the actuator. -39-

5. A supmrt assApor e sy tLdd g dRidmy ot & rhimderel iy the bl ock
i's supported by plural_ vibration-danpin nmounts. 5 6. A support assenbly
accor di ng'h&F&imithe bk ein qwcmﬂ&zﬁ:&ay P Igulo rildar L axatanpitchr ee
vibration;dapi ng nounts provided under the cage. 7. A support assenbly
according to any of clainms 1 to 6, 10 wherein the disk drive carrier has
plural clanps for clanping a disk drive to the disk drive carrier. 8. A
suppor %%senbly according tqo claim7, wherein the | ural clanps are
d

arranged G0 clfamRP Ui SIA IR X/i 26 A5 Herd dshsiidi iy Pl Utk rios 1 9r ovi ded on
a said digk,drijve s@%k?i:ﬁ’%c?*b;paé?acf{l esq;fkgr_faﬁcgfcﬁqo—ac{bngiﬁgfgsed surface of

a said disk drive. A support assenbly accor an clainms 1 to 8,
20 wher eimpurtiss diskvidied/earcder itere comprd ses plural disk drive carrier posts
whi ch pass through the disk drive carrier to bear against the block. 10. A
support assenbly according to any of clainms 1 to 6, 25 wherein the disk

drive carrier £oises Ml ¢l AR ARy _Nhmprosed dipgk driye carrier
posts between which a disk
wherein the disk drive carrier has plural clamps for

clamping a disk drive to the disk drive carrier.

8. A support assembly according to claim 7, wherein the
plural clamps are arranged to clamp a disk drive via

15 corresponding plural posts provided on a said disk drive
and which pass from one surface to an opposed surface of a

sald disk drive.

9. A support assembly according to any of claims 1 to 8,
20 wherein the disk drive carrier comprises plural disk drive
carrier posts which pass through the disk drive carrier to

bear against the block.

10. A support assembly according to any of c¢laims 1 to 6,
25 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
30 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



drive can be clanped, the disk drive carrier posts passing through the disk
drive carrier, the clanp arrangenent being constructed and arranged to
clanp a disk drive such that a 30 |id of the cage bears against a first face
of each of the <clanp arns, a second face of each of the clanp arns bears
against a first end of a respective one of a plurality of disk drive posts
provided on a said disk drive and whirdR—-40- pass from one surface to an
opposed surface of a said disk drive, and a second end of each of said disk
drive poghass Heams cagaisnstfagre ¢nd aof ocppoespestirfeceneft e sdiisk ddrkikve

carrier posts, the other end of the disk drive carrier, 5 posts bearing
agai nst @ﬁévﬁroé%. £1 5S8R0 L% eﬁﬁF@ P%rséﬂgngﬁ & gr&wgkp@ﬁﬁﬁe to a

subst r at @eatride aglaame tasse @y oFOHP HepRaet i Cladp talMyitdie &ligEp arm bei ng
transl atabl e back and 10 forth along a first direction and being pivotable
about a C@irvéEraRes tisyandgeoddetro enife offi itde dilsécdirdive gafrindstr bi asi ng

arran 0 I e rr.ang 0 bias the clanp armin the first
direc?fgﬁgkgéaggérgggbggﬁggﬁg 5%%i?ﬁ8€%'15 a second bi asi ng arrangenent
constructed and arranged to bias the clanp armto pivot about the pivot

axis; and, an actuator surface against which a clanp-rel ease actuator can
bear; thédlassénipmBeidsgeiitlanded sdeAPingt at Rds& ¥ var i @ 20 nornal |y

bi ased t Qudsaithe ChamRing oSN ARdrqlthat  when a cl amp- rel ease

actuat or bears against the actuator “sur clanp arm noves in the
first directi ancdway afmmomtiiee cdlazppiamg pedinki amraard apiawdtes bakdutnthe pi vot
aXiSJIFSf%%thAai%%gpaa i%g%l%i%%%%&%%n%n%pb%&%%nb%%btg%%%eggohgea
pivot axis transverse to the first direction;
a first biasing arrangement constructed and arranged
to bias the clamp arm in the first direction towards a
clamping position;
15 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
20 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.

25 12. A clamp assembly according to claim 11, wherein the
first biasing arrangement comprises at least one spring

which is normally under compression.

13. A clamp assembly according to claim 11 or claim 13,
30 wherein the second biasing arrangement comprises a leaf

spring acting against an end of the clamp arm.



first biasing arrangenent conprises at |east one spring which is normally
under conpression. 13. A clanp assenbly according to claim 11l or claim13,
30 wherein the second biasing arrangenent conprises a |leaf spring acting
against an end of the clanp arm -41- 14. A clanp assenbly according to any
of claims 11 to 13, wherein the clanp armis pivotally nmounted in a pivot

bl ock which is nmounted for translatiddal novement in the first direction
in a housing. 5 15. A clanp assenbly according to claim 14, wherein the
housi ng Bds aAfbdsmpsasham@lyhatcbxdgegemalhmypafabﬂehmbollthe fiizr, st
direction, and a Eeco d surface a;&an an to the first surface t he

first andP§&ESRAT ﬁngéggr i A§ PAVPGAGLYgEOR éegréﬁsPaPﬂaﬁél PaREXpi vot al

mot i on of;nt ke @gamgun@@@nf%@ téa%%QEE1%%§§”Hb¥eR@htcH%”E%@gfﬁr@%Sk drive to
a substrate, the clanp assenbly conprising: 15 a clanp elenment that is

nmovabl e ﬁéﬁ&?ﬁv@nt@ntﬁeh0§§b®0rate the clanp el enent having a projection
for ntering and engaging with an aperture in a disk drive, the clanp
el enent further having a cam surface; the substrate having a cam surface

correspondi.ngat elaz@ tReetdMysuckagaiag thecthanp 1l epmateihhenar rangenent
bei ng such that the clanp elenent is or can be Wi t hdrawn out of the pat h of
travel Poaséﬂgkhaér?vélﬁétaﬁpéﬁaﬁeséhétdﬂ§kgGﬂPWélﬂd parpdagédtont o or

unl oaded hromt e §ubstiate, and SUGRCLAl LRRCLATRA23 glhedRnl gpyes or can

be noved I'nto engagement with a sai eén a sai rive is
to be cl aopédet ditrbé surface, the first and second surfaces acting
10 to guide the translaticnal and pivotal moticn of the clamp

arm.

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

15 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
20 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 tc allow a said disk drive to be loaded ontoc or
unloaded from the substrate, and such that the clamp

25 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

30 each other to clamp a said disk drive to the substrate by
engagement of the projection with a said aperture in a said

disk drive.



——————— I

substrate such that the projection on the clanp elenment enters an aperture
in a said disk drive and such that the cam surfaces of the clanp el enent
and the substrate engage 30 each other to clanp a said disk drive to the
substrate by engagenment of the projection with a said aperture in a said

di sk drive. -42- 17. A clanp assenbly according to claim116, conprising a

bi asi ng arrangenent for biasing the chdnp elenent in its rest position
towards the di sk drive engagenent position. 5 18. A clanp assenbly accordi ng
to clai ml¥7, dhelemp tbeembilysiangoatiaggeneniatonpri,sesmpripinggafi xed at a

first egg. wi,th respect to the substrate, and n%ggeg at a second end wth
the cl anpr8F&REnFITEHIFTENL (P 13§§8ﬁbF§eaE 8F8i RgeENanyof tél ains 16 to

18, whereish bHbeielianp tehareiRt theMar ke ra veekhgahbBnROSbskieh onengagenent
with a retraction device that is operable to wthdraw the clanp el enent and
thereby retract the projection of the clanp elenent froma said aperture of

a 15 sai.d disk drive. 20.. A cla ssembly accordi,ng to _cl.aim 16,
conprﬁgi%g'a is rﬁﬁg Pﬁigﬁbéy gcggfgﬁngggwa?ﬁlPeiBécV%F5eﬁﬁe%§8bstrate and
engaged afagisgCardagdementh com@ rélsalp aelkeienly Faked0aki asifigsthenal anp
element in its rest position towards the disk drive engagenent position,

t he cl anpyiéhe®eaPectolpr itdien§ruRsteatscenencpasgeroptefga§ERBRt SRt h t he

second %EQhth%h%l%R?iQQeﬁgﬁQ that the spring is operable to wthdraw the
clanp el enent "and thereby retract the 25 projection of the clanp el enent

froma said aperture of a said disk drive. 21. A clanp assenbly according
to claim16, conprising a ) .
10 19. A clamp aSsembly according to any of claims 16 to 18,
wherein 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

15 said disk drive.

20. A clamp assembly according to claim 16, comprising a
spring fixed at a first end with respect to the substrate
and engaged at a second end with the clamp element for

20 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

25 projection of the clamp element from a said aperture of a

said disk drive.

21. A clamp assembly according to claim 16, comprising a
biasing arrangement for biasing the clamp element in its

30 rest position away from the disk drive engagement position.



bi asi ng arrangenent for biasing the clanp elenent inits 30 rest position
away fromthe disk drive engagenent position. -43- 22. A clanp assenbly
according to any of clains 16 to 21, wherein the clanp elenent is able to
nove in three orthogonal directions. 5 23. A clanp assenbly according to
any of clainms 16 to 22, «conprising four said clanp elenents, the projection
of each clanp elenent being engageable with a respective one of four
apertures in a said disk drive. 10 24?41rclanp assenbly for clanping a disk
drive to a substrate, the clanp assenbly conprising: a clanp spring nounted
in a wall28f thechkunstzasenahy apeoidina beaingportamsthattdon2t he rest

position i ojects through an aperture in the wall for 15
engageneﬁ?g%é%ﬁifiﬁﬁsi&%é%v%f%%???ehﬁi%bb%et%yn?%% l%u%%f?%te; and, an
act uat or éothovdéhalr aad pget henbearing portion of the clanp spring to allow a

said disk drive to be | oaded onto or unloaded fromthe substrate. 20 25. A
clanp assenbly according to claim24, wherein the actuator is a push rod

whi ch gs gpnnegt ed it t spf | e_connection at
a first o% sai d @ﬁ%s t%%%%ﬂgg$n%9§§¥?£§ -%gﬁ%gg??%ﬁgg%gﬁ%h%gc%%nggtion at 25
t he seconcorafrsaing pbout i vasd bel agp ae sémet g, commest o Pact Some ho £ hed ciovenent
of the rod in a irstafgrection noves. the two connectjon points away from

each ot heT ¥ &1 T8N Wi PR AvPRIRIERRYE Hg Pord | RS RECE hee PP Spri ng and
nmovenment pdut hepd O +&s 35 $e£ 084 9PPEsi ter- g ection allows 30 the two

connection points to nove towards each other to
10 24. 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 a bearing portion that in the rest position of the
spring projects through an aperture in the wall for

15 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.

20
25. A clamp assembly according to claim 24, 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

25 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

30 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.



cause the bearing portion of the clanp spring to nove to a position at
which it can engage.a said disk drive carried in use by the substrate. -44-
26. A clanp assenbly according to claim?24 or claim?25, conprising two
clanmp springs mounted in the wall of the substrate, each clanp spring
having a bearing portion that 5 in the rest position of the spring projects
through an aperture in the wall for &fgagenent with a disk drive carried
in use by the substrate such that the two clanp springs engage the sane
side of a said disk drive. 10 27. A clanp assenbly according to claim 26,

wherein t ctuator is o able to, w thdraw t he arin ortions of the
two cl a#@pr%ﬁ@%?%ﬂ%l@qc%”ﬁc % aa’é%eﬁ%l?/ra Eglrrﬂi to any of
clai M 2441 2ifs ing S @ NPr A Ngo £ Woy £ I i ih 5 | OScHoum ed 4 dhe wal | of the

substrate, and conprising two clanp springs nounted in a second opposed
wal | of tHesupsteateaceaehared afpr Bpg iy inge fepar Bearp gt por tifat that in

the rest positio f the . sprin rojects through an erture in the wall
for 20§enb%gteﬁnéen]{]eé\/)\nt t%osal%}ogra %]?i@ée T e B scetsbyég Oeuél%uﬂt rate such

that two afetthere! ammprispridys Sngageyanenersi deitd 2 sidid g ske drive and the
ot her two clanp_springs qugge a second opposite side of a said disk drive,
and conpFasi IR riespete iR RS It R et cthRepteprébyae 25 and said

two ot her }ﬁg%s 'g]%s.tg?q.sﬁnglﬂ@ asseql y; aceordi ng: $o any of clains 24
to 28, V\ﬂgI‘EI teﬁr{eéo at Teast one of the cé%llarrp lspri ngs ?Ofas a projection
for entering and engaging with an aperture in a 30 disk drive. 30. A clanp
asse r clanping a disk drive to, a
nP&y g?. A é%gm assembly accoréﬁng to claim 26, wherein the
actuator is operable to withdraw the bearing portions of

the two clamp springs simultaneously.

28. A clamp assembly according to any of claims 24 to 27,

15 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

20 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

25 and said two other clamp springs.

29, A clamp assembly according to any of claims 24 to 28,
wherein the or at least one of the clamp springs has a
projection for entering and engaging with an aperture in a

30 disk drive.

30. A clamp assembly for clamping a disk drive to a

substrate, the clamp assembly comprising:



substrate, the clanp assenbly conprising: -45- a clanp elenent nmounted in a
wal | of the substrate and having a bearing portion, the clanp el enent having
a spring armintegrally formed therewith or attached thereto, the spring
arm bi asing the bearing portion to project through 5 an aperture in the wall
to a clanping position for engagenent with a disk drive carried in use by
the substrate. 31. A clanp assenbl y-dbeording to claim 30, wherein the 10
bearing portion conprises a projection for entering and engaging with an
aperture in aadcskmdreVemed2. mbuntaapiassenbly accendi sgbkergkai ghd0 or
claim31l, wherein the sp rlng armis integrally forned or attached to 15
the cl anP2BFBAeft PSRTERE BAATAANY bhet ALAERr PhEMERH NEH&NEt RePPERATOf t he

spring aéﬂhbﬁhegg§99§9e@ofhga thervphtnobr LPeasHbSt EALesHChLfBat the
spring arm biased the bearing portion to project through an aperture in the

wal | for5pemgagenmnblaﬁuhgatdeshedrnng partied tn psejbytt hbr20gbubstrate.

33. | bl dj 30 wherein the cl
ol enoit RG> AR SR Br COir PARE AGaPnCLTGhr EnPAOLFARp. FBF chse. act uat or can

bear to sRyagbhenbeRitAga28ipRr tirefeavayritamhhgsel pyptAg position. 34. A
disk drive carrier for carrying a disk drive, the disk drive carrier

conpri si AgPskradsing; 30 the casing having a first region for receiving a
renovabl e di sk drive card that provides a data connection to a disk drive
mounted in the carrier; -46-

31. A clamp assembly according to claim 30, wherein the
10 bearing portion comprises a projection for entering and

engaging with an aperture in a disk drive.

32. A clamp assembly according to claim 30 or claim 31,
wherein the spring arm is integrally formed or attached to
15 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

20 substrate.

33. A clamp assembly according to any of claims 30 to 32,
wherein the clamp element has an actuator surface against
which a clamp-release actuator can bear to move the bearing

25 portion away from the clamping position.

34. A disk drive carrier for carrying a disk drive, the
disk drive carrier comprising:
a casing;
30 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 renovabl e notor card that
provi des an el ectrical connection to a notor of a disk drive nmounted in the
carrier; and, the casing having a third region for receiving a 5 renovable
data and el ectrical connector which can be connected to a said renovable
notor card and renovabl e disk drive card; whereby the disk drive carrier
can be used to provide data and el ect4Gcal connections to a disk drive
carried by 10 the carrier optionally: via a renovabl e disk drive card,
renovabl e not drhearak iranchaeimy abl s datd bl @l efd s | eade DOIMEE or recei ved

in the first,kgfcond and %ﬁgl' regi ons, respectively; or: via a product card
b

of a sai of TS V& & 1S FhPrE des @rerelegf rica GOMeStelTarri er

accor di nged & Gld® M £ e Sl AUDG Rhd Aeraldy, ol fant
arrangenment for biasing a renovable disk drive card received 1n the first

region into 2hempaforemawing a diisid drégiercaren ekdyitiheycarrier. 36. A

di sk drive carrnier accordi to claim35, wherein, the biasing and laterally
conpl i ant® A Gttt samrger‘rlo%tbqjecq‘nj} O HHE S r"fl'é’r(ﬂ1 Z:Caaré%e A di sk drive

carrier assHehtiH 1t o addi BOenRlfi ) mdthy RiAs] hArFaoeEn ande
|aterally conpliant is nounted on a tray which is renovable fromthe disk

drive caﬂ?ﬁkﬁ@ FOB8. A disk drive carrier according to any of claims 34 to
SRR T S E AR P e AR N
and renowidtde adat @lawkrical connections to a disk drive carried by
10 the carrier opticonally:
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

15 carrier.

35. A disk drive carrier according to claim 34, comprising
a biasing and laterally compliant arrangement for biasing a
removable disk drive card received in the first region into

20 engagement with a disk drive carried by the carrier.

36. A disk drive carrier according to claim 35, wherein
the biasing and laterally compliant arrangement is
removable from the carrier.

25
37. A disk drive carrier according to claim 36, wherein
the biasing arrangement and laterally compliant is mounted

on a tray which is removable from the disk drive carrier.

30 38. A disk drive carrier according to any of claims 34 to
37, comprising a cover that can be removed to allow

insertion and removal of at least one of the removable disk



el ectrical connector.

-47-

drive card, removable motor card and removable data and

electrical connector.



