WD 03/021598 -1 24FEB2006 PCT/ GB02/ 03880 MOUNTI NG FOR DI SK DRI VE UNI T AND
METHOD OF HANDLI NG The present invention relates to a nounting for a disk
drive unit which has a data storage disk, a novable di sk head zgck mn& body
supporting the disk and 5 the head, and also relates to a neth 3

handl i ng Va0 I21IA8I ve unit. In a conventional disk drivePQEiGBO20BRS0dat a
storage disk is usually nounted horizontally for rotation about a vertical
axis, and is nounted in a main chassis body. The di sk head, which nay be a
read only head or a read and wite head, 10 is novably nounted on the main
body of the di SMOUNTINGIFOR DiSK DRIVE DT ANEMETHID OFsialieLgRsi red tracks.
Al t hough in sonme circunstances the disk drive unit nay be pernanently and
rigidly fixed in a frane of other equipnent, it often occurs that the disk
drive unit mnust ik QI porting
frame. For exarrp.f}gg ?ﬁgggﬁtﬁg\éﬁ?ﬁﬁ{g@s:ﬁfaﬁ?ﬂggﬁ%gﬁ%na rﬁ;te anEtS‘frH'%Sﬁégch di sk
drive unit #Adet sopep4slish @ mevablediskibeadient maintiady supporting theidisk amdhd f or

the carrder t I [ . r .| n_qther applications,
a rennv%bl@teg.%sgg' g??égadﬁi%iéﬁrgf %hégﬁ%ﬁla F"S/d ?rg%%tﬁé‘agiuﬂﬁ‘a conputer. In sone
arrangenents the disk drive unit nmay be nounted vertically for 20 rotation
about a horizontal axis.

ln.geper.al i.pn.thjs specifjcation, where an exanple
of a disk drive '[]r"ﬁ‘EOWVE“%E&a|5888VW?'Etth#@§Qj§t§{89P#'S} HOPYIY NS ane, it is
to be appresizohefyfhabtdtion abescs vgrtita axispahd ieIna e nYa Mainlchiagsig di sk drive
unit positjoned in a vertical plane for rotation about a harizontal axis,
or i ndeed i Bt Hes 8l RERGUIIER BRY biacead 2plyhEar ioaaaeadandwhiedifasn whi ch

.arises i t RenGRMhAoaRtellorthe ndh by sfthd BisRERW SnittiortRBventdtd c9kr t he seek
novenent of the di'sk head to a desired track. The access acceleration and

decel er at i ofhedtisk tecdasired fiagks. AFauan in syme Recunsianags itheedisledties unibar ticul arly
on high perf ot RKSrmIhSktyhhd’ foithD 'fked in"ePFath o biRePOqistHbN 2l 8RRk " €act i on

occurs that the disk drive unit must be mounted so as to be easily removable

from a supporting frame. For example in a tester rack it is conventional to fit
15  each disk drive unit into a separate carrier moulded of plastics material, and for
the carrier then to be slotted into the tester rack. In other applications, a

removable disk drive unit may be removably mounted in a computer.

In some arrangements the disk drive unit may be mounted vertically for
20 rotation about a horizontal axis. In general in this specification, where an
exampie of a disk drive unit is described with the disk in a horizontal plane, it is to
A0 be appreciated that the description applies equaily well to a disk drive unit
positioned in a vertical plane for rotation about a horizental axis, or indeed in
other configurations where appropriate.
25
A problem which arises in the operation of disk drive units occurs at the
end of the seek movement of the disk head to a desired track. The access
acceleration and deceleration of the actuator, containing the read/write heads,
particularly on high performance disk drive units, results in an equivalent reaction
30 to the main bedy of the disk drive unit. This reaction can cause the disk drive
unit to osciilate in its mounting, and hence the reaction provides an input to the
disk drive unit. The result is unwanted misregistration of the head to the track. In



30 to the main body of the disk drive unit. This reaction can cause the disk
drive wunit to oscillate in its nounting, and hence the reaction provides an
input to the disk drive unit. The result is unwanted m sregistration of the
head to the track. In WO 03/021598 PCT/ GB02/ 03880 -2- 24FEB2006 recent
years t he wobuetissss on di sk drive units have general | y arangmd/osssom | i near
to rotary operation, the read/wite hegds being noved in an aggFgﬁr s the
di sk, about a vertical axis (for a horizontal disk) position e main
body of the disk drive unit, outside the perinmeter of the disk. The
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actuator produce rotary oscillation o brive unit
i n a hori zdatralanpepefatiomiibe weag/wite headsbeing oovay ai ah arg adnessehé disks of such

vi bration i : R f . di Lve.upit v firmy in a
gr ounded fr%ﬁ@%?&ﬁ@%{ﬁ*‘%@“%&?ﬂ@%&%ﬁ b%ﬁ'@rﬁgﬁnﬁh? %‘ﬁggﬁi}’o‘?ﬁég method is
to mount t hdiskriive lrotlputside the pedimelerdif theadiskni Theoribratibhoaddimgframunt i ng, or
one whi g}nh al | opﬁ?m)ve ntcﬂ)nl% at\c such a | ow fre ugnc t hat the_ actuator
servo can fHAFFAHRANA Freis EPe Sy A rptaty acdyatpy profucs rotary opeiliationsk dri ve
unit is notofipél Risitbedy 6ftbe fskidios @nieid 4 RoMHN(d paindl y nounted or on a
floating nmounting) the nount vibration will appear on the 15 head/track

error signal after the disk drive unit has net its on-track criteria. The

resul ting msreghsd jay bPReduSind @ 8ei8Hlg tKAETRIoMIRh vicRat#PNS Idiotnknown as a
Wite Fault Error, preventing the diSk drive unit fromwiting, wth a
consequent thedarie Ppan of heshsls Giveund veof firmeing grruenied fsame secuzd | n

si tuatigns : I A f [ | Lt ui red,
mounti ng at A R S b BB A drothelim i S5 Fobh 8 A b of 88 £ £ ¢
In a disk disk deveurit on adloating mounting; cesrenphich allewmoravemkoidndy be as si npl e

as possible, ,The t e e efficient.. which rules out a
| ow f requen%:%hrﬁ)ﬁmfﬁasc@‘i:@?1 Fgrq%g }h%c%ltfarcg?@semnzoﬂﬁ?% ng u#hreew?rggorp 5’#68” &pace.
Final 1y, thenalestren If thentisicdrivel uhit2Snbemodnedhicoref of theud @aieutes (ﬂgid?r
reasonably | ow cgst. I n Wt) 01/ 4114 Ehere {'s di.scl ciFed aPBarat us for testing
di sk drive TRHRtEd or on a floafing mounting) the mount vibration will appear on the
15 -~ headftrack error signal after the disk drive unit has met its on-track criteria. The
resulting misregistration is detected, causing what is generally known as a Write
Fault Error, preventing the disk drive unit from writing, with a consequent

reduction in performance of the disk drive unit.

20 | In situations where easy removability of the disk drive unit is required,
mounting at either of the extreme situations mentioned above is difficuit. In a
disk drive unit tester rack for example, removal should be as simple as possible.
The tester shouid aiso be space efficient, which rules out a low frequency mount
option since this would require too large a space. Finally, the tester frame should

25 be capable of manufacture at a reasonably low cost.

in WO 01/41148 there is disclosed apparatus for testing disk drive units
including a supporting structure for supporting a disk drive unit, referred to in the
disclosure as a disk drive unit carrier, adapted to carry a disk drive unit and a
30 temperature controt device for controlling the temperature of the disk drive unit to
be at a predetermined temperature during operation of the disk drive unit. An air
flow control device controls the flow of air across the disk drive unit. In some



I ncludi ng a supporting structure for supporting a disk drive unit, referred
toin the disclosure as a disk drive unit carrier, adapted to carry a disk
drive unit and a 30 tenperature control device for controlling the
tenperature of the disk drive unit to be at a predeterm ned tenperature

during opeaxabieiseef the disk drive unit. An air flow corit©ko2@esshce :

controls the flow of air across the disk drive unit. In sone y\pF@glz 1598
PCT/ GB02/ 03880 -3- 24 FEB 2006 arrangenments there nmay be provide I sk
drive unit test apparatus for receiving a plurality of disk drive units,

the test ap 9 - ik Wei abLd ..receiving a
respective g?éérﬁéég% \./eml}irﬁt ﬂ%ﬁrhé%ﬁﬁ%m%%@?&%ﬂb@g%{aﬁ? | sré&éé‘ﬁﬁ%f i cation,
t he carri erpHegdityCfdlise drivie umits. the éert apparsivsemppging periwralityrof cemiered 5 to
allow a dis ' A i i nt.0 r d.fr he carrier. A
plurality O%aﬁfgﬁ?egg[vﬁgeér ges?gﬁm%?glktn%g’? pdcﬁt'at‘ rgg\eieﬁ( O}()f‘éa%éssgﬁﬁe}ciw Pt o di sk
drive unit spesificatippadnatasier bach deas dtdme fortvilich cantbEsoparadior rdibsed! | ows

i ndi vi dyal di drive ,.units,to be ved into and. out, of the test apparatus.
10 It hads b eﬁ%&’rﬂaﬁ\lﬁﬁf’ﬁ"? H%I§ R '”?%ﬂels)de'!?{j?r% rEmMyed rOMRithR.CRIARE Aigidly in a
carrier byplufgityof swes gasierd caife PEoRORI A dTRsdmhed A6 dRkdrivk uARi ve unit
conprises a orti nggcitrtécture for supporting a disk drive unit, referred

Su , O = H
to in the diestRRRATAYS. Siehasdgr pxagple adest gy TAissylows indiyigualidigedrivee di sk

drive unit Gaf te@eRERERtYand 618 9F irededt@ippanflat i onal use. The carrier has a
base and two opposed sides, and 15 first and second wedge neans which are

novabl e to act between the nmain body of the disk drive unit and the side of

the caryger, !0 1pREIbGer kifowl Mkndlbast® Uitile aBRIdE LHRYIERENR o Elrflld ve o the

carrier. The wedge neans inclu wedges W are novabl € 1n a vertical
di rection biy aseofwedges i\n¥4g& 785882 asnounting darex digadivie uititoomprisediask drive
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Costing. ThiSeTabo OBPEIRBANEng "aICRBRE TeS Alrant 885 BYP SrPaseRRidescafbncy

di st ur begicefirst sdmsermddiedgedhears wiith ateonevmdidweract etueenltideaghoddie rigid
of the disk drive unit and the side of the carrier, to secure the disk drive unit
against movement relative to the carrier. The wedge means include wedges
which are movable in a vertical direction by a control linkage operated
automatically when the disk drive unit is inserted into the carrier. A disadvantage

20  of the rigid mounting disclosed in WO 97/06532, is that where a plurality of disk
drive units are mounted together in a common frame, for example in a tester, the
rigid mounting resuits in cross torque between adjacent disk drive units during
testing. Thus the rigid mounting allows transmission of high fraquency
disturbances from one disk drive unit to another. Thus aithough the rigid

25  mounting can cure errors arising from the inertia of the disk head during
movement, it can result in a further difficulty in cross talk (i.e. the transmission of
vibration between adjacent drives) between disk drive units.

In US-B-6,209,842 (Anderson et al) there is disclosed a mounting for a
30  disk drive unit comprising a carrier for carrying the disk drive unit and four
resilient members referred to as damping devices mounted on the carrier for

securing the disk drive unit in a receiving frame, referred to as a system cabinet.



25 qvounting can cure errors arising fromthe inertia of the disk head during
novenent, it can result in a further difficulty in cross talk (i.e. the
transm ssion of vibration between adjacent drives) between disk drive
units. In US-B-6,209,842 (Anderson et al) there is disclosed a mounting for
a 30 disk drive unit conprising a carrf8r for carrying the d|§g£qumg uni t
and four resilient menbers referred to as danping devices mount on the
carrier for securing the disk drive unit in a receiving frane, referred to

as a syst effheabtilient eieﬁé’rﬂs%p&@[ﬁiﬁinealmmoméddmﬂde@fmmnbme‘ir gvgosi ti oned
two on each sjde of the carrier, ositioned towards the front of the

carrier anﬂoﬁ\HQ”ﬁ@éPWPEﬁfeﬂ‘ecféQ&HrQiéhQ ﬁéﬁfeéé’r”dd’?"o Resdtiongd tawards the fearAfi on
the disk dyjyg Hfé‘t i %\Rgﬁ{ etﬂ cﬂsﬂ gﬁvéﬁﬁxL\seﬁwoWﬂ éH‘m ReldlrAer Whi ﬁ'?&q}' nto
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the carri eis pyshed irto aBshdefimgy hggsrde\waus dstaaeaaagl Mdampﬁngﬁdev“b%bww by
the bolt and a V-shaped portion which is cantilevered fromthe bolt The
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of the present invention, at least in preferred enbodinents, 15 to provide
a nmounti ngCRBiera di sk drive unit which all ows easy insertion and renoval of
a disk drive unit into and out of a carrier, and an effective nethod of

handling a disk drive unit. In accordance vm'th one aspect of the invention

there 1& provi dgthar aekhile Aoualingwand naheds b Kasdlingeatendiscloead'in si ng t he

f: Ki di sk d by a f b d b
The’ uni t ab AR Clrsdesn Carepers ney andcUSEDER0 (EBLIS-A-Tepeb1 77

ini T by | SREMR). M ApRo R (pitBiel bho S ARRARR FREee “The. o deo:
releasing the first robotic device fromthe sides of the unit after the unit
'S It is an object of the present invention, at least in preferred embodiments,
15  to provide a mouhfing for a disk drive unit which allows easy insertion and |
removal of a disk drive unit into and out of a carrier, and an effective method of

handling a disk drive unit.

In accordance with one aspect cf the invention there is provided a method
20  of handling a disk drive unit comprising the steps of: picking up a disk drive unit
by a first robotic device by gripping the unit at the sides thereof; depositing the
disk drive unit into a carrier for carrying the disk drive unit during required
movement of the unit, by lowering the unit into the carrier whilst gripped at the
sides; releasing the first robotic device from the sides of the unit after the unit is
25 housed in the carrier; engaging the carrier by engaging a second robotic device
with a coupling structure projecting from the front of the carrier; lifting the carrier
by the second robotic device and inserting the carrier into a receiving frame by a
substantially horizontal movement; and releasing the second robotic device from
the coupling structure on the carrier.
30
In a preferred form of the method, the method includes retaining the disk

drive unit in the frame by a retaining assembly adapted to act between a main



25 housed in the carrier; engaging the carrier by engaging a second robotic
device wth a coupling structure projecting fromthe front of the carrier;
lifting the carrier by the second robotic device and inserting the carrier
into a receiving frame by a substantiallg hori zontal novenent, egﬂ

rel easing the second robotic device from2the coupling structuzé [ﬂe
carrier. 30 In a preferred formof the nethod, the nethod includes retaining
the disk drive unit in the frame by a retaining assenbly adapted to act

between a ngbdy obthefiSIEBACOGNRGM 1Bk rblﬂélvﬁ'igsf'ﬁarﬁel ¥Rd laematm@;okhtehetéamﬁgl vi ng

frame, and actuating the retaining assenb %/ to retain the disk drive unit
in the franessgymblydo egthrtheodisk hievmmtrmmﬂe refme hy theaeffeet ofi theanovement
recei ving frfatge 5.Pr. e;Pe{mbl%]et he thod i ncl udes retaining the disk drive
unit in thePf P& FETS in 'VI’% PI"™ht menbers bearing against the sides
of the disk drive unit and being resiliently biased i nwardly agai nst the
disk drive unit, each resilient nenber being novable between a first
retract & posi ti Breferabjhtrehmetieod reiudesmetainiegiibe disk deve ao'ﬂémitlvmﬁam by

tiall tside th ' he di
Gni t and’  BEBBRE! SERISHITHGTAE Peafi®y AoameLie figes LTS Bk drigtrafand
bi ased t owagels tr@enéﬁpfbeeeﬁ%wardmsggr_a@fthgrd;yedﬂvsrﬁmte cRYb@ent han in

the first p03| i on conprising depositing the d rive unit
into the cmembar beimgmoliable beween a i rekactedgusitreminewhich thhaesibént

t ted t b th ffect of..t \ of the disk.d t
b he c Hemaet s Pt M e o IR TRE spRgendnd GRS PLe
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t he effect of the noverment of the carrier into the receiving frame. In
accor dance mem’oeamsbivaedatswaa:ds tife said sipacein thencatier ¢o lasgrpatenejeehtahaﬂm

handl i ng asge disk.drive cO I i ng for
2 sk dr i Dot PoslieRighs meded aneiung FeroSing 48 R dnatoninlo B "
mai n body éé’rﬂeprlhblﬂﬁmbhﬂodin@keaiimrééil‘ré'ﬁt mteaser tbhﬁe@ékﬂ‘?ét%té&'ﬁé‘slt%hﬂﬂ a
carrier for carryin k drive unit during required novenent of
di sk drive tneieffeat thjamqvement of the disk drive unit into the carrier; and moving the
15 carrier into the receiving frame, including moving the resilient member intc the
second operating position by the effect of the movement of the carrier into the

receiving frame.

In accordance with another aspect of the invention there is provided a

20  handling assembly for handling a disk drive unit, comprising: a mounting for a
disk drive unit having a data storage disk, a movable disk head, and a main body
supporting the disk and disk-head, the mounting comprising a carrier for carrying
the disk drive unit during required movement of the disk drive unit, the carrier
defining a space into which the disk drive unit can be inserted; a receiving frame

25 into which the carrier can be inserted for operational use of the disk drive unit; a
first robotic device for depositing the disk drive unit into the carrier by lowering
the unit into the carrier whilst gripped at the sides and releasing the first robotic
device from the sides of the unit after the unit is housed in the carrier, each side
of the carrier having an opening exposing the side of the disk drive unit when the

30 disk drive unit is in the carrier, the opening being shaped to allow the disk drive
unit to be deposited into or lifted from the carrier by the first robotic device

gripping the exposed sides of the disk drive unit; and a second robotic device for



defining a space into which the disk drive unit can be inserted; a receiving
frame 25 into which the carrier can be inserted for operational use of the
disk drive unit; a first robotic device for depositing the dISk drive un|t
into the carrier by lowering the unit into the carrier whilst §fFEpg¥d

the sides and releasing the first roboti-f-device fromthe sides of the unit
after the unit is housed in the carrier, each side of the carrier having an
openi ng exposing the side of the disk drive unit when the 30 disk drive unit

is in the Qﬁé\ﬁlh?rthetcaﬂ'lé’rﬂﬁwé‘ﬂdbﬁt BotheRaRE bty%rangqvq fhesebicrd fioie  unit to

be deposited into or fted fromthe carrier I rst robotic device
gripping t mvmmwgbdhelcae'sserothet GRITigr @avmglweomm:ng steupdurg pregeatingr obot i ¢
device for E‘EB 2006

th t d t, of the f
cranos o IR oMo R B Yod b oA kR RlSh B o8lsek B i,
coupl i ng std%élfo?rﬁéﬂhg%é@gmé?qﬁwm ¥uf QAL Frami@nt of the carrier adapted

to be engaged by the se robotic device for noving the carrier into and
out of dhe frame. 5 Preferably the nounting includes a latch for securing
the carrier in the,sai and atc ctuat or nmoypted on .the coupling
Structure and adREaTeGTORRERGNS I & (HEN 1 RscurPaiDe cardhin dge £8d

rel ease therd ¢4 18EH d@ablof pipiRled ARG LBEBInG bt | dduhiad fo'go.ur e
by the secohé'ﬁé %%tlc vélI ce. 10 It :as pre err énq)% rt’e@ﬁggﬁguénﬁng |{nc udes
a retai ni nopEsatEnwith thesesendirobgic dévicelicstelersetbedaich automatieglly upan

osition, the retaini asse ein nt ed he, carrier and bein
bpor abl e t CTRAGEMERITE 10F SRUBIRY SUARILe PH 1P Sesubbianal aMGhe when the'
carrlquls inserted into the frame. Preferably the retaining 15 assenbly is

actuated by the effect of the novenent of the carrier into the receiving
. frame. Also prefldeisapllajenreétmaittlaemmg'ltmgsienhudysiasre&dablgemb&emnblgcfulrsemtnieg di sk
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‘ frame when the carrier is inserted into-the frame. Preferably the retaining
15  assembly is actuated by the effect of the movement of the carrier into the
receiving frame. Also preferably the retaining assembly is adapted to secure the
disk drive unit in the receiving frame by acting between the disk drive unit and the
receiving frame. It is particularly preferred that the retaining assembly comprises
resilient members arranged to retain the disk drive unit by bearing against the
20 sides of the disk drive unit and by being resiliently biased inwardly against the
disk drive unit. In such an arrangement it is preferred each resilient member is
movable between a first retracted position in which the resilient member is -
retracted wholly or partially outside the said space in the carrier, allowing the disk
drive unit to be inserted into the carrier, and a second operating position in which
25 the resilient member extends into the said space in the carrier and bears against
the disk drive unit.

In some arrangements, conveniently the retaining device includes an
outwardly extending actuating surface adapted to co-operate with portions of the
30 receiving frame, in such a way that when the carrier is located in the frame, the

portions of the frame bear against the said actuating surface and push the



20 sides of the disk drive unit and by being resiliently biased inwardly
against the disk drive unit. In such an arrangenent it is preferred each
resilient menber is novable between a first retracted position in which the
resilient nmenber is retracted wholly or partially outside the said space in
the carrier, allowi ng the disk drive unrift-to be inserted intotdirg g@rrier,
and a second operating position in which 25 the resilient nenber extends
into the said space in the carrier and bears against the disk drive unit.
In sone art ggggﬂ T : W] R GBit WG ;
outwardly é@?en in%ﬁgﬁfﬁatlng sur%gﬁgﬁgﬁg%?ggﬁgg co-og@}g?%haﬁﬁﬁcgggﬁPons of
the 30 recéhecagierrane, in such a way that when the carrier is located in
the frame, the portions of the frame bear against the said actuating
surface and push the -7 2 4 F E B 2006 resilient nenbers inwardly to bear
agai nst the dis LV ] j s I | Sk

exanpl e, the re?%?’ﬁ?r%(az@%hmay%}r@ﬁ és%ghﬁgﬂlrcawggégﬁsgﬁ{"r @#Jc?é{rtgnggsers

posi ti ohed positionedavittesid resiientandmberd owards thdfoht ohtheadartibeandtwoer and
two resilient _nenbers towards the rear of the carrier, relative to the
direction &esilieHgaembsrs swarks thareaief hacariere relative to tha-directinn of t he

carrier hayil : LG 1 i e.di i Lt _owhen the
G sk dri ve oy of B eaidier DAL Riniq BathSe bt fiafedigh nal bt BpnitiTy
di sk dri ve expbsingahbsidie pbithiet digk idrive unit whdr the digk dtiveronithe is dive tamieby
gripping the exposed sides of the disk drive unit. It is to _be appreciated
that wher e th@8PERBG RAINgG sBapad daEiley the diskdrive unit fpbeidepgsitad intg 4r difted
appar akgs i 1 i e . be provi ded
with rqegar gfot?@mgg ﬁ%‘i’ﬁ?@&g’;‘??ﬂw&é ?%bc{%gﬁ?%%/sgn %n@sg?l%weﬁjc@f‘)a 15 versa.
Enbodi nents of the invention w.ll now be described by way of exanple wth
reference to the acconpanying drawings in which: 20 Figure 1 is a

di agrammati ¢ pertisdedieapriesipted g?ﬁ‘&%’tﬁf@ features,plihe IRYERYRN ate BRlRUtdr i ve

uni t - enbodyngintyith Y4t b pparatus according to the invention, such features may

also be provided with regard to a methed according to the invention, and vice a

15  versa.

Embodiments of the invention will now be described by way of example

with reference to the accompanying drawings in which:-

20 Figure 1 is a diagrammatic perspective view from above of a mounting for

a disk drive unit embodying the invention;

Figure 1A is the same perspective view of the mounting as shown in
Figure 1, but with a disk drive unit shown housed in the mounting;
25
Figure 2 is a view from the side of a spring unit of a retaining device

adapted to retain a disk drive unit in the mounting shown in Figure 1;



Figure 1A is the sanme perspective view of the nounting as shown in Figure
1, but with a disk drive unit shown housed in the nmounting; 25 Figure 2 is a
view fromthe side of a spring unit of a retaining device adapted to retain
a disk drive unit in the nounting shown in Figure 1; -8- 24FEBZ$9% ure
2A is a section along the lines A-A in8Figure 2, shovm ng the spti éB Zb.‘%lt of
Figure 2, (the view of Figure 2 being a viewin the direction Ain Figure
2A); 5 Figure 2B is a diagramatic plan view from above of the spring unit
shown in Figure 2, (the view of Figure 2B being a viewin the direction B in

Floure 2 1 F g God e Sk RUdT I A AIOR Ml8 Uk oping Ut of

a retaining 10 vice a PRI A4 SK unting
shown i n Finitef Figuneddi( ﬂueenbvflpbﬁlgumez beiny astewin the dieglivreA % Figugdire 2D is a
section aI .the Iines D-Din Figure 2C, showing the spring unit of Figure
2C (the vi ew of Fi gure 2C being a viewin the direction Ain 15 Figure 2D);
Figure 2E is a di agramratl c plan view from above of the spring unit shown
inFigurz,%ZC (I'—"h w of Figure 2E being a viewin the direction B in

Fi gure 2D) %’ﬂf?ez is; 2, diggRNAGRUGRIAR VieWJEa peeve oltheiseling vailm above of the

mounting  o§hdwifini@GRA, MheNidh bESig Ui EPbaRY a"V:évplr?t‘Re?}gct%d 8 ﬁ@uﬁg\“ ce of.

a robot armfor noving the nounting; 25 Figure 4 1s I agr ammati ¢

per specti veAk ew from above of the apparatus of Figure 3, shown fromthe
front and shown with the gripping device gripping a coupling structure
whi ch projects outwardly froma front of the nounting; Figure 5is a

di agrammat i c perfspeetiVe ¥iview fsdtre wde of  mModded sbong unibbf aretaining

10 device adapted to retain a disk drive unit in the mounting shown'in Figure 1,

modified from the unit shown in Figure 2;

Figure 2D is a section along the lines D-D in Figure 2C, showing the
spring unit of Figure 2C (the view of Figure 2C being a view in the direction A in
15  Figure 2D); '

_Figure 2E is a diagrammatic plan view from above of the spring unit
- ~ghovn in Figure 2C, (the view of Figure 2E being a view in the directicn B in
Figure 2D); |
20
Figure 3 is a diagrammatic perspective view from above of the mounting
of the preceding Figures, together with an end-gripping device of a robot arm for

moving the mounting,;

25 Figure 4 is a diagrammatic perspective view from above of the apparatus
of Figure 3, shown from the front and shown with the gripping device gripping a

coupling structure which projects outwardly from a front of the mounting;

Figure 5 is a diagrammatic perspective view shown partly from above, of a

30 tester rack for receiving a plurality of disk drive units; and



30 tester rack for receiving a plurality of disk drive units; and -9 2 4 FEB
2006 Figure 6 is a diagrammatic perspective view of a side-gripping device
of a robot armfor noving the nmounting. Figure 1 shows a nounting 11
embodyi ng the invention, for a disk drive 5 unit. Figure 1A shdwsFihs
mounting 11 with a disk drive unit 12 +t%used therein. The disk drive unit 12
has a data storage di sk and novabl e di sk head (not shown) supported in a
mai n body 13. The nounting 11 conprises a carrier 14, also referred to as a

carrier tray. Fifd 8is GAtibylarmate pdradectue VRWIB! b side-gHpbing A bPd

nmovenent of the™disk driveTunit. The carrier 14 defineS a space into which
t he di sk rdbovarmafot m¥ingihebmountirg.t ed. The carrier 14 is adapted to be

inserted with the disk drive unit into a receiving frane 8 shown by way of
exanple in Figure 5 as a tester rack 42. The receiving frame 8 of Figure 5

provi des a pl Urighird ¥ sHowetndihigom Bitonfing (RERRRITIORD 1di%a Yisictivy © 10

(Figure 1) including a pair e rail escribed nore fully
her ei Baf twnit. Higare ddr sieowd the mobot1ngd1bfylth adlisld divenahik 1@dvdusedsthéfeina front

wal | 17, _a rear wall . ndafor19..reta|n| ssenbly 9 for

ot ai nf noTinaR drbe vt 42 T4 dnla Sheaaegiek 2Rt idvalile Shoirad erat i ng

devi ces | Wge t 3 ning devices 15 tovvards the front of

t he carrljszw%}? 3 v%\hré;t al nPng’gg’w ces towards 20 the rear of the carrier

14. In this enbodi nent each retaining device 15 conprises a resilient

nmenber 15. Each resilient nber, 15 consi s f a _spri whi ch acts between
the recei ving ?P%H@P'ﬂ” tng1 1 rRMprisgs &r‘WEehi]$vtaciﬁ‘%rEfEE'GHqgéaﬁ?F@Hﬁerﬁ%er 15

consitgl s BF cAng|RPE R BUS IR 2ARR I fbiRndVinghest ki Sk AL uAR. bY

bearing agarn sk drive unit y being resi |ent ased I nwar dl y
agai nst tTiee dagier23 defines aspace ifdo which thegdisk drise mmitnt2dan beansertbed rame 22

o ch ! o PR oiirdl 45 aBHel T b2 e B Bl SRR At 1S
o5 TN SR BB gliTReRgeiatkund, e By
t heret o biyamest oEhigunetS priovites.a plurality of bays 43 each having a supporting
15 structure 10 (Figure 1) including a pair of side rails 44, to be described more fully
hereinafter. The carrier 14 is formed by two side wall portions 16, a front wall 17,
a rear wall 18 and a floor 19. A retaining assembly 9 for retaining the disk drive
unit in the carrier includes four retaining devices 15 posiﬁbned With two fetaihing
devices 15 towards the front of the carrier 14, and two retaining devices towards
20 the rear of the carrier 14. In this embodiment each retaining device 15 comprises
a resilient member 15. Each resilient member 15 consists of a spring which acts
between the receiving frame 8 and the disk drive unit 12. Each resilient member
15 consists of a clamping spring arranged to grip the disk drive unit 12 by bearing
against the disk drive unit and by being resilient biased inwardly against the disk
25 drive unit. Each spring 15 is mounted in a sub-frame 22 which forms, with the
spring 15, a self contained spring unit 21 which is releasable secured to the side
wall portions 16 in such a manner that it can be removed for servicing. The sub-
frame 22 is secured by a dovetail joint 23 to the main part of the carrier 14, and is
additionally screwed thereto by a screw (not shown).
30
Considering now the construction of the spring unit 21 in detail, reference

will be made to Figures 2, 2A and 2B. As shown in Figure 2B, each clamping



30 Considering now the construction of the spring unit 21 in detail,
reference wll be made to Figures 2, 2A and 2B. As shown in Figure 213,
each clanping _10- 2 4 F E 0 2006 spring 15 consists of a sheet 32 of stiff
resilient material bent along a bend Iline 25 (also referred to_as a fold
line). The distal ends of the spring-I®-are curled to provide ¢é8hBeiiends
26. The curled ends 26 of the clanping spring 15 are intended to bear upon
conponents of a receiving frame (not yet described) into 5 which the carrier
14 is intended to be inserted. As will be described nore fully hereinafter,

the ends 26 are unded so that, upqn gconpression of the clappin spring 15,
the curl ed Y9 26° q‘f’ Pg% SF%ets?Iléicgét‘gl" gnhmgtegel ?@‘tﬁﬁrﬁa%ée‘a%ﬂ@%e angl e

of the bendzd (e Rfeirdd (Eas8ToNRS). tTHR AREI s iof tHesdrig 1BOTRERSE T

condition. 10 Figure 2B shows the spring units 21 in plan view ?r om above
and shows RIRVERdOYNEsE Bnds He Thp eurigd ensis 26ich thexdampingsphingdd ase t he spring
unit. Each ;spiHga hi ubsh | ' el . l.n_use, each
spring uni t'ﬁlfiddsgé%?sgg; %?/&' %ﬁﬁﬁ%dreﬁgét (I?lfeér I%S?Mtﬁﬁefﬂah%(gav@tgg%%s\eég{"ﬁ%dﬂé@:s sliding
into a dorrekigbitk aarrier d¢ iviatenged & be dseded.28s phlohe destribad tveefallyn carri er

structure (EL Qur | ' n.secyred. general ly

by the two lj's:éergt“lla g'r?il:sL)tr(])? éﬁﬁ%ﬁ%%\%ﬁ?ﬂ:ﬁfjé@% H%%Lg?rfé?rﬂgrisggﬁg{ ﬁ\?eclf?%'pgéch ot her,

t he sub-fr aspeing215, she ecledeendsy2tharedrezvo Shidd alshgameariey semfadengs thewar dl y

t hrough the_side_wal 16 into thﬁﬂgbas‘e of, the sub- frame 22. At the
[

| ti,0on
front of th%n%%roﬂh&b?‘ﬁgﬁrﬁlrﬁ]ﬂ”ﬁ@iaﬁﬁs WBER i 5PNa & inde s9MRIESSREs 20 from t he

front wall dohditRin.the rear of the carrier, the protruding section 28
extends froman end portion 16A of the carrier integral with the side wall
porti on'd6. Referri ng again to Figures 2 and 2B, each sub-frane 22 conprises

a 25 | over basemgefeti@@haﬁsmpaaﬂa%ngmppﬁashoiauﬁrpomlaha\'feegna Qh&@gh ot her by
two upright side portions 31 and 3 ositioned one at each end of the

sub-frame 220 engyev phfgideyetsl seetipri4? Mpach endichthedrringnnda Saghwirion t he
bend ine 2§, § identical, to simplify manufacture. In use, each spring unit is secured by
one or other of the dovetail sections 23 sliding into a corresponding protruding

15 . section 28 provided on the main carrier structure {Figure 1). After the spring unit

21 has been secured generally by the two sections of the dovetail 23, 28 sliding

relative to each other, the sub-frame 22 is secured by a screw (not shown)

*~axtending L:p’wardly through the side wall portion 16 into ihe base of the sub-
- frame 22. At the front of the carrier the protruding dovetail section 28 extends

20 fromthe front wail 17. At the rear of the carrier, the protruding section 28

extends from an end portion 18A of the carrier integral with the side wall portion

16.

Referring again to Figures 2 and 2B, sach sub-frame 22 -comprises a
25 lower base portion 29 and an upper portion 30, linked to each other by two
upright side portions 31 and 32 pesitioned one at each end of the sub-frame 22.
The clamping spring 15 has a main portion 33 in which the bend line 25 is
formed, and two upright side limbs 34 and 35. The sub-frame 22 has an inner
surface 27A on the base portion 29 of the sub-frame, and an inner surface on the
30 upper portion 30 of the sub-frame. The purpose of the inner surfaces is to

loosely retain the curled ends 26 of the clamping spring 15.



formed, and two upright side |linbs 34 and 35. The sub-frame 22 has an inner
surface 27A on the base portion 29 of the sub-frame, and an inner surface on
the 30 upper portion 30 of the sub-frame. The purpose of the inner surfaces
is to loosely retain the curled ends 26 of the clanping spring %5. -11 2 4
F E B 2006 In addition to the danping Bpring 15, the spring unit £4fith&hdes
a further spring consisting of a positioning spring 37. This spring is a
fine wire which is |located by passing through two apertures 38 in the
cl anping spring 15. The positioning.spring 37 is positioned approximtely
parallel to the ?g%f,of the 5 carrier and is threaded through the apertures
38 so as to pass'TAPAIRN 9UDE Cl28iing srsingt Tre thectrding LA 23 snludestafushieposi t i oned
on the inne i i i Y | ki IS and
éﬂﬁh@@éﬂ&gtlﬁgﬁ_a%%lit%ﬁm@%ﬁng_@7. ThSRhhY % 4 find Wre a@ﬁ%nfge

outside of the carrier’ e poSitioning spring” 37 exten ways at
each end a Hicgiaginerasing treyah twe apritured I8dnitheiciampingisgeng gér Thens 31 and 32

of the sub- . : i t carrier 14, as
shown in th 5@?@%@? pﬁ%g?z@@&%‘gmﬁ {?F&xgﬁértg‘gs%%@f ttohtggeég? Pﬁg'ﬁi ng spring 37
wi || be Hesceairigedndis thréadedthrough ienagerares Bliso et passadn the cutertdie mai n
conponents w )l .n riefl describeqd. 1n the absence of a, disk drive
unit 12 in %ﬁ‘eéa@\rq‘l”%?zéfa?ﬂ?o‘%/%p%ﬁ@”fg 0835%16‘?%5@%? ?ﬁge fﬂ”ﬁé}ﬁ”?%@e-

posi ti oni ngresipthieng tBE iride habstbive fof tHeathrrigrefl4atlineedsBionmacdpriag Rer . and
relative to the supb-frame 22. In the Ioose{ﬁ/_ ritted state, the clanping
spring 15 i &Xie88s piden@ys @t gAch 8t ISRy Cer SYRicenblogiRnd afindYemidapyenent
outwar dly (pehmhkea drii 3D06f Baklb a2l dheRebRofitht adictiBAS 1BE cont acting
the inner surface 27 of the upper portion 30 of the sub-frame 22. The

cl anpi ndOsprpiigr 18, #%shewn MlhAYEW ¢idHigufBerent inwardly (relative to the
carrier 14) by the positioning spring 37 bearing at its distal ends against
the side-portions 31 and 32 of the sub-frane 22. \Wen, as w Il be described
herei nafter, theTbeanppyrgossel thg restieringrerring 3wl ibel deseritegdamprteefulld to t he
carrier 14) : hgds 1R : S56d itioning spring .
37 bends inhgy%%évt{etsrhg%et ?nm\jvg?%féﬁ{] g\‘ﬂﬁ&@ég&{aﬁe |?\gn‘g@qyga}a6£b@$®t he carrier, and
described. In the absence of a disk drive unit 12 in the carrier 14, both the
15 clamping spring 15 and the positioning spring 37 are loosely fitted, relative to

each cther, and relative to the sub-frame 22.

In the loosely wtted state, the clamping spring 15 is restrained from

escaping from the sub-frame 22 by movement outwardly (relative to the carrier

20 14) by the curled ends 26 contacting the inner surface 27 of the upper portion 30
of the sub-frame 22. The clamping spring 15 is restrained from movement
inwardly (relative to the carrier 14) by the positioning spring 37 bearing at its
distal ends against the side-portions 31 and 32 of the sub-frame 22. When, as
will be described hereinafter, the clamping spring 15 is moved inwardly (relative

25 tothe carrier 14) by further components not yet described, the positioning spring
37 bends in a bow shape inwardly towards the inner space of the carrier, and
allows the bend line portion 25 to move inwardly into the interior space of the
carrier 14. In the absence of any inward force on the curled ends 26, the
positioning spring 37 exerts an outward bias on the clamping spring 15 and

30 moves it bodily outwardly to withdraw partially from the interior space of the

carrier 14,



allows the bend line portion 25 to nove inwardly into the interior space of
the carrier 14. In the absence of any inward force on the curled ends 26,
the positioning spring 37 exerts an outward bias on the clanping spring 15
and 30 noves it bodily outwardly to withdraw partially fromthe interior
space of the carrier 14. -12- 2 4 F £B 2006 Referring now to ZFi il @RA it
wll be seen that the | ower edge 40 of the «clanping spring 15 is shaped to
be inclined upwardly in a direction awnay fromthe fold line 25 towards the
di stal ends 26 of the clanping spring 15. As will be seen in Figure 2A the

effect of this is that, in the side sectional view of the clanping 5 spring
15 shown in Fi gufeeTRY ae g B %ﬂdew'ﬂ%ei%epﬁ@tit%lﬂ’%ﬁﬁgﬁ\48 of$hehe fol d
line 25. | ncibi@ingogsmigyr J1elshapédiche nbheal pvRiralg iﬁﬂ@ir@&i&ﬁa\gﬁﬁém‘}ﬂe@

hori zontal _upper surface 41 of the side wall portions 16 of the carrier
(shown in Fogline 43 towasds st endield eidbe clemping sing t. ovpiiibesseemg 15 i n
1 rest DORIFioAR2A, e BIEAS 19 is thC i BESIAAIBLIAGANE Ridrshbat the
clanping spring 15 rests on the upper 10 surface 41 in an FrATTHER position
as showb i nsfFingutesizavn Thieighenweh, tea hwef etdwe 40 findlinadrelalie extherfdikd sl i ght |y

ol a line oid &% TGt bf SBRE U BRMEnd NARERD EhBan SRS

sub-frame 2@ppefleraeasdnf iy sitbwal pesionpasicf trencaniéd (sheweipFigunesh more ful ly
her ei nafter, but isf I?e[‘ueralrlé i N ?arder to.fa%',\ini.tate insertion of the disk
drive unit 39°2Uss qiiliglqosg it gt ihe&lAmRIng sTkise! s FREhp asdiode terafiastiof t h
reference t@efh@ine@dovetddhddd RahataRe ERkipiiy YringhiS @B dMdthdRipher 21 in
clanping a disk drive unit 12 into the carrier In Figure 5 there is

\ K 14.
shown a'd es#EraGRLKINAD NEINHRATRG a8 SRWAMT Figuimeds Thedower anskefith. The rack
42 provi desfoy s fbkdendssiidRySndIne Mdliohayhdorthd anil h3, \ﬁﬁereggw In

Figure 1) which locate in the space between the upper portion and base
portion 29 epPes£rE &fibe foldfiee 25 10N agliaetad piosition withiBdbe intelier of4hext ends

i nwardly tosansextont fle ﬁés%%h f&rﬂ@ﬁ@%@%@fynmf"%&e Q%&HQ&%&E{&I{W spring unit

21, that 1S to say exten I nwar out t sitron o he dotted
| i ne R-R i nhffieqafter, 2t 28geriallyhfoctar tofacilitdte insertidmnatf thddisktdnige caitrizer 14 is

fully i pgt a’nkt?ﬂmea@aqrigpﬂcﬁged

There will now be described with reference to Figures 1 and 5 the
* gperation of the spring units 21 in clamping a disk drive unif 1Z into'the carrier

14. In Figure 5 there is shown a tester rack 42 for housing disk drive units for

20 testing. The rack 42 provides a plurality of bays 43 each having side rails 44
(shown in Figure 1) which locate in the space between the upper portion 30 and
base portion 29 of each sub-frame 22 of the carrier 14. Each rail 44 extends
inwardly to an extent of about one third of the thickness of the spring unit 21, that
is to say extends inwardly to about the pasiticn of the dotted line R-R in Figure

25 2B. The effect of this is that when the carrier 14 is fully installed and engaged
with the rails 44, the clamping springs 15 are pushed inwardly by the rails
(against the retracting bias of the positioning springs 37) and protrude inwardly
into the space of the carrier. Also the effect of the rails, which are of substantially
rectangular cross-section, is that the clamping springs 15 are positioned upright

30 with the fold lines 25 vertical, and are not inclined as indicated in the rest position
in Figure 2A. As seen in Figure 1, the distal ends of the rails 44 are tapered at
45. The effect of this is that when the carrier 14 is inserted into the rack 42 by



with the rails 44, the clanping springs 15 are pushed inwardly by the rails
(against the retracting bias of the positioning springs 37) and protrude
innardly into the space of the carrier. Also the effect of the rails, which
are of substantially rectangular cross-section, is that the clanping
springs 15 are positioned upright 30 with the fold lines 25 veztiﬁﬁgm%and
are not inclined as indicated in the rest position in Figure ﬁ seen in
Figure 1, the distal ends of the rails 44 are tapered at 45. The effect of
this is that when the carrier 14 is inserted into the rack 42 by - 13 2 4 F

E B 2006 sl idi t with th |s 44, the t d distal end 45 of
Gach rail SIHASESOLTIBERT Wik ineitalre. B PRer iR qiRec gl ng unit 21
and pushes th§agdd aRBHRY \ﬁmtﬂag;%nééehw@s dfﬁﬁe%nﬁ@@m@ﬁi ?acrtgi e;ﬁfsph@‘?hé nsertion

of the carrier |nto the” rack. 5 There wil|l now be desc e overall
oper ati on oflafHing pRIGS bninvrdy by Hie eftget oidheinisertibn df theocarrier iotrthieer 14, and
theinsertl of the carrier 14 into the rack 42. First, with the carrier
14 wit hdrawn #romthe rack (and the rails 44 of Figure 1 not present) the
disk drife unit 12 is inserted into the carrier 14 by a downward 10 verti cal

novenent. Becaus r cI| Figure,?2 with the
upper part of eaiﬂct.“#'y%l‘l"lﬁ %Wﬁ?scsf %ﬁﬁl’%sq %raql cﬁagr% ?’éerﬁg %‘%OHPF@%"SK drive
unit 12 candhee uommaemtowhe batier amWndalmg‘eettontdﬂme&taﬂﬁa wfintdteedhok drive
uni t, by engagenent h shar r_ edges of t rin 5. As the disk
rive ani v 22 Hisheybithe R A MPRi LR 4 ek Tk o il 40biuiey T and
assune a 15n¥epidseat) to8iskidale ummst.h@erfe@hﬁltolth@earaér Y&bY aCRiwraid! Yi ng

al ongsi de and adjacent to the sides of the disk drive unit 12. In this

posi ti on0t haegicakmavempent ripgcapse the ql%@'@WPf"}*&ﬂ th arednelioed Keiguter 2Akr 14, and
the springs,lj tﬁe Bsér ;?ér@ﬁpeééﬁequlkéhs%ﬁ’dd\éﬁ inEdd th rs%a;an@zé 3né G?ﬁkcar rier

20 The overall he carrier are orrre porti ons
16, and th@irisabnftﬂarﬁ@s\ beolowgiad withoubany daaege ioStheéfdﬁsgﬁm distedrivi de of the

carrier 14 i § e RUAEIRVESR Iir Stled SARESpATs HIALHERRSEAe LN S

clear region i1's
unit is lowered, the clamping springs 15 are moved outwardly and assume a

15  vertical position, with the fold line 25 vertical and lying alongside and adjacent to
the sides of the disk drive unit 12. In this position the disk drive unit 12 is loosely
held inside the carrier 14, and the sprlngs 15 do not clamp the disk drive unit

relative to the carrier 14.

20 The overall sides of the carrier 14 ara formed by the side wall portions 18,
and the sub-frames 22, but a clear space is left on either side of the carrier 14 in
the region between the sub-frames 22. The purpose of this clear region is to
allow, in an automated system, the disk drive unit 12 to be gripped at the centre
of the sides of the main body 13 by a robotic gripping device which can lift and

25 manoceuvre a disk drive unit. Thus in an automated system, to be described
hereinafter, the disk drive unit may be lowered into the carrier by a vertical

movement.

After the disk drive unit 12 has been placed in the carrier 14, the carrier 14
30 is then presented to the tester rack 42, and engaged with the rails 44 as has
been described above. The carrier 14 is then pushed home into the rack 42, and

the clamping springs 15 are moved inwardly by the rails 44, so that the disk drive



allow, in an automated system the disk drive unit 12 to be gripped at the
centre of the sides of the main body 13 by a robotic gripping device which
can lift and 25 manoeuvre a disk drive unit. Thus in an automated system to
be described hereinafter, the disk drive unit may be |l owered into the
carrier by a vertical novenent. Afterl4he disk drive unit 1% pfga?@gn
placed in the carrier 14, the carrier 14 30 is then presented tester
rack 42, and engaged with the rails 44 as has been descri bed above. The
carrier 14 is then pushed home into the rack 42, and the clanping springs

15 are noved . s . 44.. at.the disk drive =14 2 4 F E 8
2006 unit 1 nétg\ﬁﬁ%ﬁ}rﬁ{v%é?%%deé?#f ?ﬂﬁp'eggﬁ%{bﬁ&i%??%@%mﬁrgsﬁeéfnﬂ'“%onpressed.
ghi s conpre:sgipmssﬁcakmﬁeslpgxge Hq?/ché Eencg;artge géndh&wﬁdinb!oﬁégé%gbp%ng gpeﬂed

ressure between, the side of .the disk drive unit main bo and t he
cﬁrl gd end?rﬁub%g?wnaigﬁisﬁﬁOft”P?e‘%?’ﬁﬂ’é‘fe Yfraainody é al”ﬁi“l‘%célﬁd The

stiffness ofentb@cheatingRigamss Me iRGS tddesiot tHeahNs wcinh@em!e%so%{?@h that of the
posi tioning spring 37, which plays no part in exerting the clanping force
on the dPsk CHTRIBS SRARGS DRiiS YRIY MYSB Breatel taan thakolthe ppaifioning springe37.ack 42,

el ectri cal Gkl ORo iphrt IBAENAG IMESHTEHE Rkl BAlNEBRRBAIOLR, (not shown) on

the inner, rear end of the 10 di 8k drive Gnit and corresponding el ectrical
connectors provided in the inner end region of each bay 43. In prior art

arrangenent s wherg, . I dri j S nAigidly clanped in a tester
rack (for exanpl ggggril'%léﬂ%{séf\dﬁg%g{?er% Wek?g‘gﬁ‘%jr'eege(?g”%&)c NB@PH'%SSZ) it has
been necessanydd betpreoniciectidaicobietes golt sheal) oncthenert akad end drahgear of the

bay 43 s a.floating nounting, to aJlow the 15 connector to . nate with the
oaber ool etk Seulth A g bapt Ga denPealBp e AoV drSpbg A6 BEd er i n ¢ he

enbodi ment  $BWA of BaéMBafdgUN@Brié art IarRERBRRIwWhdrB WaIK ®ve dnitihgsi S not
necessary. The electrjcal connector on the tester rack, and the electrical

connect or orpe}eﬁéfgéﬂl\éﬁlaﬁ_m%"lﬁ??tﬁr fagl (en@xpririe p disgigsadovewithA  suitabl e
tapered | eadeidiehct BNAY GAH5842)8AR HeBRARBEIsREry 18 Prdidd th@f‘%ﬁe.%ltl ritlay 20

m sal i gnment due to tolerances, is taken up by novenent o e entire disk
drive connector in the rear of the bay 43 has a floating mounting, to allow the
15 connector to mate with the other connector when the disk drive unit is rigidly
clamped. However in the embodiment shown in the Figures of the present
invention, this is not necessary. The electrical connector on the tester rack, and
- the electrical connector cn the disk drive unit, may each be rigidly mounted. A
suitable tapered lead-in is provided at each cennector, so that any slight
20 misalignment due to tolerances, is taken up by movement of the entire disk drive
unit relative to the carrier 14. Because the clamping springs 13 allow a small
amount of movement, whilst retaining the required clamping characteristics, the
tolerances can be taken up by movement of the entire disk drive unit, rather than
by movement of electrical connectors in a floating mounting reiative {o the tester
25 rack. This allows simplification in the manufacture of the tester rack, with
conseguent savings in manufacturing costs, and maintenance costs. Referring
to Figure 3, the disk drive unit 12 is located inside the space in the carrier 14,
longitudinally by the rear wall 18 and by three projecting ribs 60 which project
from the inside of the front portion 17.
30
In Figures 2C, 2D and 2E there is shcwn a modification of the retaining
device 15 as shown in Figures 2, 2A and 28. In Figures 2C, 2D and 2E,



unit relative to the carrier 14. Because the clanping springs 15 allow a
smal |  anpbunt of novenent, whilst retaining the required clanping
characteristics, the tolerances can be taken up by novenent of the entire
di sk drive unit, rather than by novenent of electrical connectfr bqlﬁ
floating mounting relative to the testas-25 rack. This allows s ﬁ%ﬁ i8at i on
in the manufacture of the tester rack, with consequent savings in

manuf acturi ng costs, and mai ntenance costs. Referring to Figure 3, the disk
drive unit 12 is located inside the space in the carrier 14, |longitudinally

by the rear cWﬁ'{donbﬁtchmfoﬁr@iﬁggé ?Jﬁ{%ﬁ&héﬁ‘ﬂs i lb%ur@g [2)“’%3.*&5%33 get  fromthe

i nside of the front portion 1/. lgures 2 €re is shown a
nodi f i cat i ofnditated &y tiee shmengfereieeincmerd, big psinwgn ThuskHn §iguess 2C, 2B and 2B.

I n Figures L =15, : - - whi.ch correspond to
corrpo%ent s %ﬁd%&%ﬁetéﬁayﬁ%h%%g%%&g?F\%?@Eﬁ w %Pi“ﬂvﬁﬁéc gswal]‘éf’@?‘énce
nurer al , butsapre shege dBnthat shovki igFigseRC, 2R28nd aBobAkitH the I6veéraddyengy devi ce
15" consists of .clar’rgi ﬁ% sr%”ng 5' ﬁenerall of the sane shape as that
shown i n°Fi GEFRENIEUIBTAS IRk Lo 45" Rl o tRdONRARS enddsS' 48thes thasy brir@li cul ar
to the bendiddiAgd 35 shaeh ih Figure 210 WNdes tﬁrsﬁbﬁra%@émehﬁtuk@boéiﬁ@ﬁhné>8m§

inclined as shown in Figure 2A. Al so, in this arrangenent, the positioning
of the posiPPEBIRNIAG SPHBRY . 37d thafmensiongchitgsiagaes eempereniaief hesubonponent s

of the sub- 22 A : . itd.Qning sprin
37" hol ds tﬁ%@?ghgﬁensgéé(g??%eﬁgﬁi tﬁgémg@%??’gh&?m‘y?s%ﬁdé tggrfagespﬂ' ’

and 27A° of ctarepisaispiag fléama p@itiondgwametire surfaciegdi ca2X7Alwé the sutpi ng spri ng
Lo o TBLY s SR | L ke oG AR RAEF ] L1,
14 damage t dinel2S rsit estruding nto thiespade definedlby théeatiep 16f(Fighe Bl aNpémg spri ng
L0 o o U8 MBS, IR P Bl Sl s Rt Br AR e L
pushed i nt o tyhher@sel thengarfpingepind 4’ @iswided bddaasdlitksgingvienslivithis  pl aced
loosel y i nSitﬁiee SLQ ra(r:x%rﬁ %)r/ th1e4pggitgo%?n%tsp?igg S%QC,ﬂ?tttLig%th%r. (:;.g. bee)%grrettﬁg by the
15 carrer 14 is pushed inio the receiving frame 8 (Figure 5), the disk drive unitis
placed loosely inside the carrier 14 without any locating force exerted by the
clamping springs 15". Thus the difference between the two forms of retaining
deviea shown-in Figures 2, 2A and 2B and Figures 2C, 2D and 2E, is that.in the -
former embodiment the inclination of the clamping springs 15 produces the effect
20  that there is a small gripping force exerted on the disk drive in the carrier even
before the carrier 14 is inserted into the receiving frame 8, wheraas in the
modified arrangement of Figures 2C, 2D and 2E, no retaining force is acting
upon the disk drive unit untit the carrier is inserted into the receiving frame. The
modification of Figures 2C, 2D and 2E is simpler to manufacture than the
25 embodiment of Figures 2A and 2B. Apart from the difference explained, the two
forms of the retaining device operate in the same manner, by effecting the
operational retention of the disk drive unit after the carrier 14 is inserted into the

receiving frame, and the rails 44 push the clamping springs 15 inwardly.

30 it is a feature of the embodiments of the invention which have been
described that each resilient member 15 is moevably mounted on the carrier 14 by

a 'ﬂcating mounting in which the resilient member is loosely held in the wall of the



cl anping springs 15" Thus the difference between the two forns of retaining
device shown in Figures 2. 2A and 2B and Figures 2C, 2D and 2E, is that in
"the forner. enbodinent the inclination of the clanping springs 15 produces
the effect 20 that there is a small gripping force exerted on the disk drive
in the carrier even before the carrieil614 is insertedinto thezﬁé&@ﬁm%ng
frame 8, whereas in the nodified arrangenent of Figures 2C, 2D and 2E, no
retaining force is acting upon the disk drive unit until the carrier is
inserted into the receiving frame. The nodification of Figures 2C, 2D and

2E 1S 81! Rheridh TRBUEAREH FerhbaNs Tfunfey STROR BRI mOlerfd g s 27 and 28

Apart from erence explarned, t forms 0O e retaining device
operate in résliadmembents as bwheld etativedo tHeccarigre ddd, beehusecthenéigntof t he
disk drive unit after the carrier 14 is insert into the receiving frane,
and the 1 ai 1eeaSUSh MER T aF hesitng e Wl of adisr 556ar 'ealentf eat ur ¢
of the enbodhémbés 18 cdrheedury Bletdigndmval it 12MendrRBivirgarané Ba ddtay each
resilient nenber 15 is npvably nounted on the carrier 14 by a floating
mount i ngi n WEFEhDENEEndE? FiskiriveiRtde and thawseivipgrieanee Pn in previedsly of the
~16- 2 4 FER3ORGarfgeiints Bifieh Rl ided HayeBEBR Usd P1oTNIAE aR divelipinal | OW

movenment of the resilient menber 15 as a whole relative to the carrier.
Al so, becaudratraeeiviagiffanen eitharhrating Detweangheawead of theagceipiegifragnée and he wal |

of the carri . € i v : : : can.. t di sk drive unit
12 in the ré@éeféﬁ'r%’ ?fgaért}keg%‘ w&%&rf?r%%ﬁéla?%?{'f‘yU%g?\f\géﬁ"t e disk drive unit
12 and t he raeceigenrgt Hesombe8 enbedpingdh®pssgnt ikvembinn d siepiprapdtrsomeesi | 1 ent

devi ces _have been used t.0 ﬁleeec%e a disk drive unit in a receiving franeg,
ei ther by act| ﬁg"%ﬁ?ﬁ@@ﬂ”@ B B UThe receiving frame and the carrier,
or between the carrier and the disk drive unit, or both. The arrangenent

descri bed enbodying the present invention js sinpler and nore 10 effective
in securing the df WP@%‘"@H?P?SQ” e¢ %tgé?ﬂ%ﬂcﬁénﬁfheo‘g@‘é’ﬁgﬁeﬂ NWMPRT PEf er ence

~ to the drawifaggresicdibingto 8fve dneffvihRges @ MIRychndi Ve adtichrankpgeous
arrangenment. The action of sliding the carrier 14 into the receiving frame

causes the SpPEiCAGE’ 15 H9 PR reEiIEEEBE CasSINEERTGSOE PrRe JuMTEs:E  whi ch
have a t@perpahehbR€of @RGEMIsLAGRCH Rafeag tdpkt & tRe Rading edge to facilitate a

progressive clamping action. The single action of installing the carrier tray
containing the disk drive unit into the receiving frame enables the electrical
connector (not shown) at the rear of the disk drive unit to align and connect with
the corresponding connector in the receiving frame. The positioning spring 37,

20  which is a hair spring, retracts the clamping spring 13 when the carrier is out of
the frame, to protect the disk drive unit from damage that may be caused if the
disk drive unit were to contact the ubper surfaces of the clamping springs 15.
The floating mounting of the springs 15 and the flexibility of the clamping springs
15 enables the disk drive unit to have a degree of lateral movement, to permit the

25 final alignment of the electrical connectors in a lateral direction. The provision of
lateral movement of the disk drive unit against the clamping springs provides that
manufacturing tolerances can be allowed for witheut the need for a floating
electrical connector at the rear of thve receiving bay. The overall arrangement
illustrated has a low space requirement. The carrier tray contains all of the

30 clamping mechanism so that it is not necessary to suspend operation of an
overall test system to service the clamping mechanism. The clamping

mechanism can be serviced individually for each carrier.



progressive clanmping action. The single action of installing the carrier
tray containing the disk drive unit into the receiving frane enabl es the

el ectrical connector (not shown) at the rear of the disk drive unit to
align and connect with the correspondi ng connector in the receiving frane.
The positioning spring 37, 20 which isla-hair spring, retracts QHéanﬁﬁping
spring 15 when the carrier is out of the frame, to protect the disk drive
unit from damage that nmay be caused if the disk drive unit were to contact
t he upper surfaces of the clanping springs 15. The floating nounting of the
springs 15 and the flexibility of the clanping springs 15 enables the disk
drive unit to have a degree of |ateral novenent, to permt the 25 final

al i gnment of t heitéd tecte apgreciatzurtbattaithsugiinghe atnbodimetits tlostrated afbe provi si on

of lateral i sk _drive nrt agai nst .t he, cl anpi ng springs
provi des t h4FS Cﬁ?ﬁﬂ?%‘é‘f‘ﬁ?{g’ﬁegg‘?@ @rrefr%’g’é’ 8%{5 ing feNiess toPOWEN®But t he need
for a fl oat apgroxfhaeiy drieddt eaRAREMeP BT fie caier1a@akuridrob¥etHepcei vi ng bay. The
overal | arrangement illustrated has a | ow space requirement. The carrier

tray confai ﬁgaggqamsﬂtstq?@ bROPTEVIERD IMRPCREdANER Wittt iny ertion; tFar §Xﬂmplehecessary
to suspend Qﬁﬁé@ng o ;Srfafé‘r%d (A Rdst bRS fetSNRHYBEE 135 MldiRield 84&”13' ng
mechani sm The mechani sm can be seflvi ced |nd each
carrier. - 1$td620f4h¢:CPTF=8f V8. atiledss some@éﬂmﬂveoiaaeedfmlaamvearltmhoaglber n the
enbodi nent Ss C f our
retaining devr Ces ﬁ’gb%q dmfone Er%%‘g'rﬁﬂl QS“"? ggéﬁ 83{@%@%@ m ?ch:f t he
carrier 14, mnmhrmreomrsrnorterfeaed%czamomgfeﬂmﬁtsemde biehpraviedad plrd)jeamgdfﬁﬁnce W t h

ot ai ni A0, gtk 885 1 B B e gk RmoS e el e e Bk e W | cast

sonme of therraéuamageértmrm béreppramefetditaattﬁ@ﬂ.sh@nv@bhi@hﬂe@b fexaygovi ding a
single retaini né; devi ce 15 fon one side of the carrier with one or nore

fixed | ocat PEHEEHhOTHE" BPHRIXeg, ioeatighs PH@“Eéldrel%ilxhel‘??rﬁ?‘b]%&”idr’fﬂ”Pﬁom 10 the
side wal | s Qicatdrecs &id biPer dide %ﬂfﬂre'cﬁm@dﬂv@%nﬁ%@'tﬁ@Ern%l’éﬁﬂo‘éhﬁ%rélgmirj@)e di sk drive
s

unit. in such a case it will be appreciated 'that the di drive unit wll
be | ocated JdS¥ICREOPHINE BPenfffe fixed | ocations on one side of the carrier
14, and4will be located on the other side of the disk drive unit by the

single f oating retaining
, Numerous other arrangements can be made, for example two floating

retaining devices 15 on one side of the carrier, and a single floating retaining

+. device 15 on the other side of the carrier; two floating retainirig-devices 15 on
one side of the carrier 14, and a single fixed location centact on the other side

20 projecting from the carrier 14 to contact with the side of the disk drive; or two

floating retaining devices 15, positicned cne on each side of the carrier 14.

There will now be described with reference to Figures 3 and 4, an
automated system for handling the carrier 14 shown in the preceding figures.

25 The front portion 17 of the carrier 14 has a coupling structure 47 projecting
outwardly from the front of the carrier 14 and including side portions 48 adapted
to be gripped by an automated robotic gripping device 48 for moving the carrier
into and out of the tester rack 42. The robotic gripping device 49 comprises an
arm end 50 extending from a robotic arm (not shown) capable of controlled three

30 dimensional movement, and a pair of gripping claws 51 and 52. The claws are
movable by a rotary movement about two spaced apart vertical axes 53 and 54

on rotary bearings (not shown) mounted on the arm end 50. Each claw 51, 52



device 15 on the other side. 15 Nunerous other arrangenents can be nade, for
exanple two floating retaining devices 15 on one side of the carrier, and a
single floating retaining device 15 on the other side of the carrier; two
floating retaining devices 15 on one side of the carrier 14, and a single
fixed location contact on the other Sitle- 20 projecting fromthe Q:ﬁri@ 14
to contact with the side of '"the disk drive; or two floating rétaiﬁi @

devi ces 15, positioned one on each side of the carrier 14. There will now be
described with reference to Figures 3 and 4, an automated system for

handling the carrier, 14 shown in the preceding figures. 25 The front portion
17 of the M%7 ‘ﬁﬁaﬁﬁfﬁﬁf%%ﬁ?ﬂ‘i'?fgta?feﬁ%?m%:%ﬂ'? PAf P ticthis of aermasdl y from

the front ofectibr akalchaBé shdh a8th Eehatdic gt ' ted to be
gri pped by aen Iautaoma?t eg rsoboti C grif)%gg ldeegggg%&ygggﬁé‘épﬁggfhe carrier
6

into and oufdemtation 56 @sitee sidgqortion pepling siyurtors 43 dbesides4® conpri ses
an armend j r i C | e of
controlled g{hﬁ?g{@?@%% %ﬁie{%ﬁg%dr%gegﬁ% to?lﬁgé]g{bggggéé? o%pﬁgrggi‘ﬁ@”cl aws 51
and 52. STheemwississathat arteperst deduyinas povaley asthe vlens 5dlnoge fowsingnaged apart

- vertical axe- and. 54 _.on rotary bearings (net .shown nted on the arm
end 50. Eaclﬁc‘gpgar%i&qgﬁ s-sl'gtoi%it' @gggg@ggéﬂé[}f}gtmgqrga%ﬂ%. end a
rectangul ar, tapered, projection part 55 which is of a cross- section and

shape such as to, co-qgpera wi th a corresponding rectangul ar _indentation 56
on the side portﬁ“&ﬁe2‘%”6?’1tﬁﬁéot&%i‘i;ﬂ”ipﬂ‘ﬁg§F§'l9€t4§r‘%az?7o.leqf fNogE’  of t he

i ndent at i ona@dphiad & ¢RBRERE ﬁvﬂh%_QétEﬁfsBQPiguEem)th@nithSH%@tm%Ii the claw 5
ends 55 so that a tapered lead-in is provided as The claws 51 clTose to bring

the | otki ngfrysteeatt | Dislatah $thbas asential laveh g whichtis fexibleta allowaerangt i ons 56.

the |of 5 3% ¢ _ etnaliomae ns
{ ihe TrOnkoRh midVenlcM G, !0 b SIS LR dybgBuBERRESY | Debeld g

adapted to co-operate wth a fgure 1) formng part o
coupl i ng 10leger 22 isurised UpwWEN@ly| the dHcib@oh akown)de rmieaded! dVeen B@ lewardd® i s

flexible tOisarE{e%\é’eé’go]&Q&ﬂgﬂ&%@e@t\’%ﬁh {h‘éllﬁtciw Yseeﬁg%ggg.eTﬂgirQaﬁ\% t of the

coupling structure
positions of the indentations 56, and the claw ends 55, and the finger 57, are

15  such that when the claws 52 and 51 are closed and the claw ends 55 are
engaged fully with the indentations 56, the finger 57 raises the lever 59 and
releases the latch. The purpose of the latch is to lock the carrier 14 into the _
tester’rack, or into any oiher receiving frame having the rails 44 irito which the
carrier 14 is inserted.

20

There will now be described the method steps used in the autormated

handling of a disk drive unit. Considering a carrier 14 as shown in Figure 3, but
containing a disk drive unit 12 as shown in Figure 1A, the carrier is approached
by the robotic gripping device 49 with the claws 52 open as shown in Figure 3.

25 The arm end 50 is brought towards the front 17 of the tray and the projecting
finger 57 engages with the latch lever 59 and raises the lever so as to put the _
latch in the unengaged position. The claws 52 and 51 are rotated to position the
claw ends 55 into the indentations 56. The arm end 50 lifts the carrier 14 with
the disk drive unit to the tester rack 42 and slides the carrier 14 into a bay 43.

30 Figure 4 shows the arm end 50 carfying the carrier 14, with the claws 55
engaged with the coupling structure 47. When the carrier has been pushed

home into the rack, the claws 51 and 52 are opened and the arm end 49 is



| ever 59 is raised upwardly, the latch (not shown) is released. \Wen the
lever 59 is released to its downward rest position, the latch is engaged.
The relative positions of the indentations 56, and the claw ends 55, and
the finger 57, are 15 such that when the claws 52 and 51 are closed and the
cl aw ends 55 are engaged fully with th2-indentations 56, the Linggr,S?
raises the lever 59 and releases the latch. The purpose of th f 5EBHUES to
|l ock the carrier 14 into the tester rack, or into any other receiving frame
havi ng t he rails 44 into mhich the carrier 14 is inserted. 20 There w ||

now be descrl ed i.n .t he aut omat ndl i ng_of a disk
drive unit. &g Q??’ﬁg g egﬁ §§, Sgﬁ% e09P9s gl@nﬁ%&verggm aining a
di sk drive wtﬂatﬂf%iaﬂ:hshemmm BBgetwred e tdiflercBs intetheifantdpromenad by the
robotic grlﬁ)%ong device 49 with the claws 52 open as shown in Figure 3. 25
The arm end'30P¥L 158U8Ht towards the front 17 of the tray and the
projecting finger 57 engages with the latch lever 59 and raises the |ever
so as to put the latch in the unengaged position. The claws 52 and 51 are
rotated 2o posit|DFEEINE 2 ERAIRT éﬂ@ig'sggflvﬁht’@'t fra@ thadrateraerioribe pecedine ar m end

50 lifts th t 42 and
ol des. the Sarroier® ThE afbicho SIS iRl S Sl SERLRAT B2
carrying t herogmting dingeuS7 has heerhéﬂlxc Eagm&ﬁavltl‘ehhga@@d 58ito nefedse theupichng

t t 4 ed. k, th
SHruCture s MEn e (3L8 e e ARSI gl SHASEN, 1S,

renove the pdpedd nmgeeﬂlbaglemarﬁi,fbwaﬂhfﬁmvwgmgmrﬁr.wth the |l ever 59 so that
t he Iatﬁ? nmechani sm 58 secures the carrier 14 into the frane in which it
has been“inserted. 5 To renbve a carrier and disk drive unit fromthe tester

rack, the procedeigere GSEu&&H@&%@CbarIEﬁgta@é% eietaltOmbfedyesks! anardly thbe
coupl ing structure 47 until the %]ctl ng fi n er 57 has been fully engaged
with the | edisk dsge gt/ c@adke 'f’ﬁ%"tefddf’ ha”dHSmoTﬁ% oM Ber dAhdASHagr e t hen

cl osed i nt optde k8GR EABSsIPAhe B0 all BBe8bMhe carrier 14 are formed by the

side wall portions 16, and the sub-frames 22, but a clear space is left on either

15  side of the carrier 14 in the region between the sub-frames 22. The purposes of
this clear region is to allow, in the automatic system, the disk drive unit 12 to be
gripped at the centre of the sides of the main body 13 by a robotic gripping

we gevice 61 'shbwn in Figure 6 which can lift and manecuvre a-gisk-dsive unit. Thus
in the automated system the disk drive unit may be lifted from an entry '

© 20 presentation position by flat side-gripping elements 62 and 83 of the robotic

device 81, may be lifted and manoeuvred to a position vertically above a carrier
14, and may then be lowered intc the carrier with the side gripping elements 62,
63 of the robotic device 61 having a clearance at each side between the sub-
frames 22. The side gripping elements 62, 63 are then released and the robotic

25 device 61 removed. The carrier 14 is then lifted and manoeuvred, by the further

robotic device 48.

It is to be appreciated that the tester rack 42 is shown merely by way of
example of a frame into which the carrier 14 may be inserted. The rails 44 may
30 be provided in any other frame which is required, for example in a test apparatus
which can accommodate only a single disk drive unit for testing, or alternatively

into a frame of equipment to be used by an end user, such as a data storage



end 50 is noved backwards, to withdraw the carrier. 10 Figure 6 illustrates
an earlier stage in the automated process, whereby the disk drive unit 12
can be inserted into and renoved froma carrier 14. As has been described
previously, the overall sides of the carrier 14 are fornmed by 2% %hge wal |
portions 16, and the sub “ranmes 22, bu0-a clear space is left &8l 15
side of the carrier 14 in the regi on between the sub-franmes 22. The purpose
of this clear region is to allow, in the automatic system the disk drive
unit 12 to be gripped at the centre of the sides of the main body 13 by a

robotic grippi i ce. .1 I vﬁﬂg: i f manoeuvre a
di sk drive aﬁ%la?g uﬁ'ﬁﬁ'\sﬁlpﬁlg'rqgt %@g\éf%%}g?@c?g g:;i/g?rg% eéwigrﬂe'lc‘iﬂf i'bg uhit may be
lifted fromremgenanys @ nile seyttatprovidgbisi fudhetgonfipatenswhiehds itpelf ag el enent s
62 and 63 of the robotic devjce 61,.. be |jfted.an noeuvred to a

posi tion ve 5'?&3*@“3%%\%”%"@&%? @jbbt:cﬁ%’nsgﬁg dr?ﬂﬁpet tﬁ'ﬁqﬁtgﬁ Ir%?/ﬁté‘\aé‘bsm nto the
carrier W t4p A bl HRdas ilguk thg cefrieneirsarof thésd fofmd bEfrarabot i ¢ devi ce 61
havi ng a cl earance at each side between the sub- frames 22. The side
grippi n@ el enents 62, 63 are then released and the robotic 25 device 61
renoved. The carrier 14 is then |lifted and manoeuvred, by the further
robotic device 49. It is to be appreciated that the tester rack 42 is shown
nerely by way of exanple of a frame into which the carrier 14 may be
inserted. The rails 44 may 30 be provided in any other franme which is
required, for exanple in a test apparatus which can accommpdate only a
single disk drive unit for testing, or alternatively into a frane of

equi pnent to be used by an end user, such as a data storage -20- 24FEB2006
apparatus conprising a rack of disk drives in conputing equipnent. In other
arrangenents the rails may be provided in a further conponent which is
itself a <carrier and nmay be noved by a robotic transport device. The |atch

mechani sm 58 may be used to lock the carrier 14 in any of these forns of
frame. 5 2 4 FEB 2006



. -21.- CLAIMS A nethod of handling a disk drive unit conprising the steps of:
5 picking up a disk drive unit (12) by a first robotic device (61, 62, 6-3)
by gripping the unit at the sides thereof; depositing the disk,driye unit
(12) into a carrier (14) for carrying the disk drive unit duri%gFﬁédmired
novenent of the unit, by lowering the-@hit into the 10 carrier whil st
gripped at the sides; releasing the first robotic device (61, 62, 63) from
the sides of the unit after the unit is housed in the carrier; 15 engagi ng
the carrier (14) by engaging a secon@uMM@ic device (49) with a coupling
structure (47) projecting fromthe front of the carrier (14); lifting the
carrier (14) by the second robotic device (49) and inserting the carrier

ol oasi ng!the BAELP St gR PR YA R ot B Beng e i o (47)

on the carrier. 2. A method according to Caim1, including 25 retaining the
di sk drive unit, &_12) in the frane, (4%0)ebby a retaining assenbly (9) adapted
t o actd bet weenPiEKRE WP Botigk drivg ust (1&kbyiadikstapbotic davice (82) 62rk8) e
receiving,f anand: i etaining assenbly (9) to retain the disk
drive un9'{lﬁé}lrrl{sttpée1 uﬁtgé:tngH%yc{%é[Eg é‘ct of the nmovenent of the carrier (14)
into the 30 receiving frane (42). 3. A nethod according to Claim 2,
including -22 2 4 F E B 2006 retai ni n%gt,he di sk drive unit _(122}; n the frane
(42) by means depesiting tegdiskfiveaiyt (1E3yntafa ¢araer etdifar parnioadheidisk 9)
beari ng agai sthe Si : ' ' ' [ respljiently
bi ased i raarany s ingFaRred giaBrmor b bR, tildneth tE' i RS hid

10  carrier whilst gripped at the sides;

releasing the first robotic device (61, 62, 63) from the sides of the unit after
the unit is housed in the carrier;

15 - engaging the carrier (14) by engaging a second robotic device (49) with a

coupling structure (47) projecting from the front of the carrier (14);

lifting the carrier (14) by the second robotic device (49) and inserting the

carrier into a receiving frame (8) by a substantially horizontal movement; and

20
releasing the second robotic device (49) from the coupling structure (47)
on the carrier.
2. A method according to Claim 1, including
25

-retaining the disk drive unit {(12) in the frame (42) by a retaining assembly
(9) adapted to act between a main body (13) of the disk drive unit (12) and the
receiving frame, and actuating the retaining assembly (9) to retain the disk drive
unit in the frame by the effect of the movement of the carrier (14) into the

30 receiving frame (42).

3. A method according to Claim 2, including



5 resilient nmenber being novable between a first, retracted position in
which the resilient nenber (15) is retracted wholly or partially outside
the space in the carrier (14) for receiving the disk drive unit (12) and a
second, operating position in which the resilient nenber (15) ig ﬁ?ﬂﬁ
tomards the said space in the carrier -226 a greater extent than |n the Qrst
position; 10 in which: the said step of depositing the disk drive unit (12)
into the carrier (14) includes noving each resilient nmenber (15) to the
said retracted position by the 15 effect of the novenent of the disk drive

it (12 to th d t h d, st f i th 14
nto St boer geling e Sl AN AR it REmi4 2T Bk iear of Bsisrt (15)” i nt o
the S?CO”%eﬁgﬁér%t(‘ﬂB‘;loPﬂ% Fétamut%aséé?ﬁbng(éﬁs% rgfgaé SinB0N e BAEs Of tHd'iskar i er

(14) into t receiving frame cctording to any precedi ng
cl ai m i ncHudé ngittdns lﬁelnghesulenﬂapblaafed imegaly againbietheatisk drivé Ljt, Bgckngagi ng
the second robatic device ( structure. (4 proj ecting

h [ i 7
e o et tsnSmhe beia BRvakls betyBafa imah rERac@d AaLIon Igphsaingr 1 he
frame (8) ré’éflréﬂl%é%@? 159896 irScdBMISly drdiiti Wé\;t?&d@%é aféle'.M tﬁ@“ zont al

novenent; releasing th second robotic deV| ce fromthe coupling
st ruct ur ecé#igr (18pfasmecdigingathei disk dm@%ualt 41 3 anhd3a 2606ndyropRating tpositidins k

dri it 2 Al th d th first bo ol , 62,

63) 111ty RTBR GETRET 104 5 SRFEiQUATE gh B3 Shage Brng o El a

the si desi%g {}ggterr@xg@rﬁltﬁgnwﬁ‘é‘f,rrs%og,gg,qt| c device (61, 62, 63) fromthe
e

sides of t | i ng assenbly for handllng a dISk drive unit,
conmpri®i ng: _

in which:

the said step of depositing the disk drive unit (12) into the carrier (14)
includes moving each resilient member (15) to the satd retracted position by the

15 effect of the movenient of the disk drive unit (12} into the carrier; and S e

the said step of moving the carrier (14) into the receiving frame (8)
inciudes moving the resitient member (15) into the second operating position by

the effect of the movement of the carrier (14) into the receiving frame (8).

20
4. A method according to any preceding claim including the further steps of:
engaging the carrier (14) by engaging the second robotic device (49) with
the coupling structure (47) projecting from the front of the carrier (14),
25

moving the carrier (14) out of the frame (8) by the second robotic device

(49) by a substantially horizontal movement;

releasing the second robotic device (49) from the coupling structure (47)

30  onthe carrier;



10.a mounting for a disk drive unit having a data storage disk, a novable
di sk head, and a main body supporting the disk and di sk head, the nounting
conprising a carrier (14) for carrying the disk drive unit during required
movenent of the disk drive unit, the carrier (14) defining a sppggEBq@
which the 15 disk drive unit (12) cartdoe inserted; a receiving frame

into which the carrier can be inserted for operatlonal use of the dISk
drive unit; 20 a first robotic device (61) for depositing the disk drive
unit into thegdppinigethe disk daweunitg12hat thiei didesntherédfeoycte firat rolduticst gri pped
at the sides an? rel easing the first robotic device fromthe sides of the
unit aft BBVIERdE inP4. §¥ housed in the carrier, each side of the carrier
havi ng an openi ng exposing the side of the di sk drive unit (12) when the
disk drive unit is in the carrier, the opening being shaped to allow 25 the
di sk drive unlitingathbalislegasé uad (12} Bomrcadriiét gd) fwhiist gHippeduat ther sidgst he first
robotic device (61) gripping the exposed sides of the disk drive unit; and
a secondaPBbotic device (49) for noving the carrier into and out of the
frame by engaging the second robotic device (49) with the carrier, the
carrier 30 having a coupling structure (47) projecting outwardly froma

front of the eslensipg thadiet @botio devicengager, 48) fidm thesitud sfthetuntt. devi ce
(49) for noving the carrier into and out of the frame. -24 2 4 F E B 2006
6. A handling assenbly according to daimb5, including a latch (58) for

securi ng gt he (Aaﬁéﬁcﬂ né%ﬁ@?ﬁgéﬂhé@@gﬁaﬁg &lJe%ﬂpg?g#mﬁﬁ : (59) nounted on

the coupling strucC co-oper t he second
robotdc device 5 (49) to rel ease the latch autonatlcally upon engagenent of
the coupling structure_ by the second raobotic device. A handl i ng assenbly
according to @ITHPHFB”QFOVBG M driviendnibhavegarfiatg St‘a'@ﬁérﬁﬁly q ooveble diskur i ng

the df skydahvend Qihaltfay 8.8e SR IHEBRINS HER nebeuROnTeERGi o asserdly

(9) bei ng nDUnte T er elng o
comprising a carrier (14) for carrying the disk drive unit during required

movement of the disk drive unit, the carrier (14) defining a space into which the
19  disk drive unit (12) can be inserted,

a receiving frame (8} into which the carrier can be inserted for operational

‘use of the disk drive unit:

20 a first robotic device (61) for depositing the disk drive unit into the carrier
by lowering the unit into the carrier whilst gripped at the sides and releasing the
first robotic device from the sides of the unit afier the unit is housed in the carrier,
each side of the carrier having an opening exposing the side of the disk drive unit
(12) when the disk drive unit is in the carrier, the opening being shaped to allow

25 the disk drive unit to be deposited into or lifted from the carrier by the first robotic
device (61) gripping the exposed sides of the disk drive unit; and

a second robotic device (49) for moving the carrier into and out of the
frame by engaging the second robotic device (49) with the carrier, the carrier
30 having a coupling structure (47) projecting cutwardly from a front of the carrier
adapted to be engaged by the second robotic device (49) for moving the carrier

into and out of the frame.



retain the disk drive unit (1.2) in the receiving frane (8) when the carrier
is inserted into the frane. 8. A handling assenbly according to Caim?7, in
which the retaining 15 assenbly (9) is actuated by the effect of the
novenent of the carrier (14) into the receiving frame (8). 9. A handling
assenbly according to Claim7 or 8, i+24nich the retaining assqppg%]?@q IS
adapted to secure the disk drive unit (12) in the receiving frame by
acting between the disk drive unit (12) and the receiving frame (8). 10. A
handl i ng assenbly according to any of Cains 7 to 9, in which the retaining

assenbl 9) ¢ ' (N i the disk
arive uni & 128 B BED AL RrelRIRE S Clb s IO REREA el R Bt ®andt by
25 being E@@lizririgffﬁe' Yarbenfethe suiafcinye, agal & fitch Betuditei(5d) mcuiiad on the. A
handl i ng assenbly according to Caim10, in which each resilient nenber

(15) i's neveping Medcieen(4y )fandsadapted tacoapepieiwithing seeaiiccipbotie deyild i ent

nmb i t d |l 1.al | ' id int
ot e e R e M PO PR 8 RBESe bl e
carrier (@4)he 8Boid sssAARMHevi@Perating position in which the resilient
menber (15) extends into the said space in the carrier and bears agai nst

the disk drive unit. 2 4 F E 9 1006 -25 12. A handling assenbly according to

f dai 1. ' . t aj_ni ' 4 includ
Ut var dl y ext A g kel Y asbPRind G alE fidiiahdla IERHE® T
portions Gddambly (Oheor SRirivignBeldiserivdlinit (1R)SH e eguivel dositival thdien t he
carrier (14) is located in the frame (8), the portions of -the frane bear

agai N1 t resaidnglaasematy (9 being aweinigtiop thmmcamer { b andheingerassable(tos)

carrier) it AEFHRRE slT18] P uRlBtavIY fahdih WheBlub ke, "
whi ch t heinstPredah®d thefgaragsenbl y conprises four resilient nmenbers (15)

positioned with two resilient nmenbers (15) towards the front of the carrier
(14) and two resilient nmenbers (15) towards the rear of the carrier,

relative §o tha gif@fld QieMiol Bebkifd o Claim 7, in which the retaining
15  assembly (9} is actuated by the effect of the movement of the carrier {14)into the = -

receiving frame {8).

9.  Anandling assembly according to Claim 7 or 8, in which the retaining
assembly (9) is adapted to secure the disk drive unit (12) in the receiving frame

20  (8) by acting between the disk drive unit (12) and the receiving frame (8).

10. A handling assembly according to any of Claims 7 to 9, in which the
retaining assembly (9) comprises resilient members {15) arranged to retain the
disk drive unit (12) by bearing against the sides of the disk drive unit and by

25 being resiliently biased inwardly against the disk drive unit.

11. A handling assembly according to Claim 10, in which each resilient
member (15) is movable between a first, retracted position in which the resilient
member is retracted wholly or partially outside the said space in the carrier (14),
30 allowing the disk drive unit (12) to be inserted into the carrier (14), and a second,
operating position in which the resilient member {15) extends into the said space

in the carrier and bears against the disk drive unit.



of the carrier into the frane (8), each side of the carrier (14) having an
openi ng exposing the side of the disk drive unit (12) when the disk drive
unit is in the 15 carrier, the opening being shaped to allow thq {df k7086 i vt
unit to be deposited into or lifted fromthe carrier by gripping the
exposed sides of the disk drive unit.-2%- A handling assenbly accoording to
-any of Clains 5 1. 13, in which the receiving frame (8) conprises a tester
rack (42) adapted to receive a plurality of 20 carriers with respective disk
drive units for testing the disk drive units. 15. A handling assenbly

corpr | sedl 5 darh g Rl e idinaoe Y ¢ BFes 7aBar i Whieh ME of
carriers feldhing ddvic€sPaativsesdirséutdarig eufurnﬁng &Et)uafnﬂg émra@rcét (2epal use of

25 the disk drive units for data storage. A handl i hg assenbly accordi ng
to any ofadapieddo Sotreperate with\yeirkens (4d) of ﬁtﬁewax:engpg frame (B) ircomglt avesy a
frame of

nput adapt to, rece sin carrier thits
e oocat ofah PERAGRR 208 (% 6 \ieBt i i), 4 hOrhs o the Hae
bear against the said actuating surface and push the resilient members (15)

inwardly to bear against the disk drive unit (12) which is located in the carrier.

13. A handling assembly according to any of Claims 7 to 12, in which the

10  retaining assembly comprises four resilient members (15) positioned with two
resilient members (15) towards the front of the carrier (14) and two resilient
members (15) towards the rear of the carrier, relative to the direction of insertion
of the carrier into the frame (8), each side of the carrier (14) having an opening
exposing the side of the disk drive unit (12) when the disk drive unit is in the

15 carrier, the opening being shaped to allow the disk drive unit to be deposited into

or lifted from the carrier by gripping the exposed sides of the disk drive unit.

14. A handling assembly according to any of Claims 5 to 13, in which the
receiving frame (8) comprises a tester rack (42) adapted to receive a plurality of

20 carriers with respective disk drive units for testing the disk drive units.

15. A handling assembly according to any of Claims 5to 13, in which the
receiving frame (8) comprises a data storage assembly adapted to receive a
plurality of carriers (14) with respective disk drive units (12) for operational use of

25 the disk drive units for data storage.

16. A handling assembly according to any of Claims 5 to 13, in which the
receiving frame (8) comprises a frame of a computer adapted to receive a single
carrier (14) with its associated disk drive unit for data processing.

30



