WO 03/ 021597 PCT/ GB02/ 03871 -1 MOUNTING FOR DI SK DRIVE UNI' T AND METHOD OF
HANDLI NG The present invention relates to a nounting for a disk drive unit
whi ch haswoa3datsa7 st or age di sk, a novabl e di sk head and neicm/drRIdp3871
supporting the disk and 5 the head, and also relates to a nethod of
handling a disk drive unit. In a conventional disk drive unit the data
storage disk is usually mounted horizontally for rotation about a vertical
axis, and is &. The di sk head, which nmay be a
read only head 24 S D RORINEN DsMERHOD O BANRLENG, t he mai n
body of the disk drlve unit, for anenent over the disk to desired tracks.
Al t hough in sone C|rcunstances the disk drive unit my be permanently and
rigidly fixed ifhe preserd infentibheelatsgutopmmotnting favf disk dowes unis whivh hadie di sk

drive unit_nu ed so sily renovable. froma supporting
frame. For?@ 8@3?1‘6{6@9%35 t@é‘?% eaé'ﬁk?‘leag nddheiarhqdyrsaPPegingithe dis di sk
drive it reh | I rial, and for

t he cat‘?l e?He?ﬁ%n@tazﬂﬁggFﬁ?%éb|ﬁ8f®ﬁe&?}g&eé¢&%gﬁ$ &'ﬁ’ﬁm ﬁer appl i cations
a renovable disk drive unit may be renovably nounted in a corrput er. In
sone arrangenents_the disk driye uni unte vertic for
rotation about &] %8??&%%%3‘?8%%9”"?H“&gﬁ%fjaia TR Sksﬁe‘!ﬁulaﬂ quated V\/ner e
an exanpl RoRforallli # réfative avBLt a *\/érﬂ@QS@m ke l‘éﬂrﬁ&ﬁté@lrﬁé $aith Ehés%l?“ zont al

plane, it is to_ be appreciated that the description applies equally well
to a di sk E@dWeTbﬂldﬂSkfmﬁd twmmmayrbeaamct@rdwhepﬂam read andtveritedveagbout a

hori zo, h con ratlons re a riate. 25 A
probl e ‘Sqﬁoa??l 6'1ﬂﬁ8§%8 tﬁ%éﬁé{? %SHV(?{ ﬁk QF'Y%EnWE ?Oggg'ﬁpgo‘é?r t he
end of thetregikk r@Yesead traékd. haltsigh |h%@€hetQro@nﬁ’&éhée%%érd@ékkdnv%lﬁccess
accel eration and decel eration of the actuator, containing the read/wite

heads, paPMayces BeIyarentlyiaj feidlydiadiea fan ofiethes eguipment.reeftén s in an

| ent t hi
Canct on cQHERS AR AU ETE s PRE I loted o 3 68 ier R iAW ng. and
hence the freacaisapportiogifase afor Bpathpliedn htested radk idfsi aopventidnal Thet result is

unwanted m sregistration of the head to the track. In .
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 speciﬁcatidn, where an
example of a disk drive unit is described with the disk in a horizontal piane, it is to
be appreciated that the description applies equally well to a disk drive unit
positioned in a vertical plane for rotation about a horizontal 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 body of the disk drive unit. This reaction can cause the disk drive
unit to oscillate 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



WD 03/ 021597 PCT/ GB02/03871 -2 recent years the actuators on disk drive
units have generally changed fromlinear to rotary operation, the

read/ wi twohsadsIbei ng noved in an arc across the disk, @oautBe/0ssntical
axis (for a horizontal disk) positioned.on the nmain body of the disk drive
unit, outside the perineter of the di sk2 The vibrations arisi ng from5
accel eration and decel eration of such a rotary actuator produce rotary
oscillation of the main body of the disk drive unit in a horizontal plane.
One way of raceativeas tbe aiuatarsnen disk deive woits hete gaoerally thabgenfrom lirearount

the mai n bpd r Y firmy i.n _a grounde fra

secur ed 1o%aﬁé’é|&“£&¢%€%’?§hg r%#(gwr{'?n %c%deleaﬂ%{rh% 4R R -agxqsaq the
mai n body abodtheverdicakaxs i(foe atitrizotal disk) peditidreed O tHd Rin %dfﬂﬁth@’“' ch

al | ows m)verrent only at _such a | ow frequency that the actuator servo can

fol | ow t hedigkiiriyei Wi, qHiside e raimeaapl therdish. . The thh@tmsmsmg fremunit is
not NoUnt e?%@élet%'f'is Ynd er%ﬁ&r'; lfcf{é'r&lagJ X‘ftHng Cﬂ{fngPf}aﬂngh? oating

nount i nQ) e m)un vibration WI appear / N signal

after the dfthe rdalnvmodwoftthbﬁsl{mtve drdt iare hor@ntalrgldes.i @ The  resulting
m sregistration is detected, causing what is generally known as a Wite
Fault Error, preventing the d| sk drive unit fromwiting, with a consequent

reduct { on i1 DeLkRNERRE el dald PNEaHILL of 20 DAL LoRm. T €

easy rennvablllty 0 rive un 1S rTequirte i ther

of the extthenmasi body obime dmlndmzmerdt adam]\mmhsmoti gfdundked franme, c'Secdréii( drive
uni t tﬁiter rack for é rrg c; enpval uld be as sinple as possible. The
t est er 1&hoBPANSE DA IRRLER. 3F P%‘Ptgﬁfm dc'ﬁ tPl’i’I"é@téth main body Pfe@?@ency

mount  opt §@R cﬁiv@ciﬁnttcm f%thm&ﬂHpé ot 2 WRIASIB F?ﬁ&\?emé:ﬁtrlﬁ'l X/¥‘ ot he

tester frame should 25 e cap manufacture a a reasona w cost.
| n WO 01/ 44det8atdwe fredusndy ﬁmmls@dctaptmrsammcdrofollbwahe vibraliicrkwith iong aini t s
mcludmgasg portl{lt% Sdtruature{ ortin i_@&drlve unit, referred
to in the SHRIETREUIENELISK g urjt st mgynted P’é@o BteéHeF@Sdélgidy/a di sk
drive unitpRyghtéy §Poﬁ%%tﬁb%@ur%@§ wé m@@m ﬁsra‘tfaﬁ H%e the he
tenperature of the disk drive unit rrperature
duri ngﬁ)pehaad/(b'mbferrcdriélgnaé; Iaftdlrhhee‘ilsjﬂdmve uﬁmlt aas ma‘thtswnetmuikmlter@v‘rbe
controlstpeflo w_of iroacr g e disk.dri uni t . Ipsorre )
esulting mlsregls ration IS detectéd, causing w at |s 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 difficult. in a
disk drive unit tester rack for example, removal should be as simple as possible.
The tester should also 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 Dbe 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 control 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



WO 03/ 021597 PCT/ GB02/03871 -3 arrangenents there may be provided di sk
drive unit test apparatus for receiving a plurality of disk drive units,

t he test wppanatses conprising a plurality of carriers ea®QTiGB02/0887¢i ving a
respective disk drive unit. In the exanple described in this

specification, the carrier has a door at 'the front which can be opened or
renoved 5 to allow a disk drive unit to be inserted into or renoved from

the carrier. A plurality of such carriers can be incorporated in or
assenbl ed AMWBRILINERISHREIEMaibe prowided giskcdriveudit tegtappasatusrfossenepling a t est

he iest apcs B BEURRHYE Rl hRla S AnbiretR hie Bng PRYERLLARE ok "o ve

uni t ri gi deych foraecsivinges reshectivgedisk driesignis. In the\WRaBHIO 8B 3eritedRURAL! ng for
a disk drive unit conprises a supporti ng structure for supporting a disk
r

drive uni t SPefAtioBgthecarret has a.d§er aiirdronhwhicheean be opeded pnremovedpace
t h d. f t |
e, Tre’ cigafouf & M ubiild bf PoRE TRIRK Pthved RTINS L Mr 001G second

wedge meanpluvdlite bf sueh caviets ear be mdormbtwan dr kesembledip®ydisebrivdandi sk
drive unit agg the side of the carrier, to secure the disk drive unit

agai nst molPShBRPaTALISSUGR asdot warprlpd st ratke T\R&@@Wﬁe@ﬁé"d%ﬂﬁhé’rmdges
whi ch are Yo 52 Hbvad gﬁ{oté ut‘Bfrtr%fésPQpﬁ’é{raﬁj control Iinkage operated

automatically when the disk drive unit is |nserted into the carrier. A
di sadvantage 20 of the rlgld nounting disclosed in WO 97/06532, is that

wher e pI urali of di drive units are no together in a comon
frarre or exan%)(‘@ br?eQ rpg\frblp tﬁgﬁ@sttpl Hr%aﬁ'ﬁ‘ fﬂb’er%ﬁfl‘ﬁ'gl)ﬁ'rﬁacﬁ%ﬁ%rtorque

bet ween adb%@@tofwe'agegr'wwery?f/@es%éré unf. 9 1oriis W BHPe LR cbhididedmunt I ng

all ows transm ssion frequency | st omone drs
unit to ansgprartingstisctare fm@ppbhmgra gjskl dB%e it n‘efengad:mnndm dlserdsurs

arising fromthe.in a of thed n | n result
5 ot na agiaret deriyhors sasedticyneh At dék na% AHSEREE iswyebili br ati on
bet ween adm@@ﬂea el d);y@ai'o«b@tué%errr@ Hfriei Nakes Hﬁéé find ko H§p§sé‘n 3@% s 84rd
(Anderson et al) there is disclosed a nounting for a 30 disk rive unit
conmpri &% ngfl@t ead isegend M@@@rmﬁimﬂgwhl@b alé stovabievte anhibetveern fr‘@unalnrtasjyl i ent

menbers refefledst 8ndS LR Re IRY $3Re IR 69 20 LN SR bfle LY

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 results in cross torque between adjacent disk drive units during
testing. Thus the rigid mounting allows transmission of high frequency
disturbances from one disk drive unit to ancther. Thus although 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.



securing the disk drive unit in a receiving franme, referred to as a system
cabi net. WD 03/021597 PCT/ GB02/ 03871 -4 The resilient elenents are

posi ti onewotodao213n7 each side of the carrier, two position@dTiGBensky1t he
front of the carrier and two positioned,towards the rear of the carrier.
In operation the disk drive unit is rmt'JrAIt'ed in the carrier which in turn
is pushed into a bay defined by side walls of the bay. The danpi ng devi ces
are 5 nmounted on the carrier by bolts. Each danpi nfg devi ce has a pl anar
portion fadheneslient elementy arensitipned dwapeEasoraidenfl thiei aariers tweant i | ever ed

fromthe bl i i t he .l of the system bay
and t he \/\/a?{bglg?n%%govg%grgrtﬁgFr.gﬁggﬁﬁF%gér%é%%g\gﬁggosﬂpn\éﬁéo‘ﬁ?réjééﬁ? r?%\féfnti on,
at | east i thepeatier.r eromeration trendisk drive upit &vndentedTRYRS tagicl Which iflitadn drive
unit which all ows .easy insertion and renpval of a disk drive unit into and
out of a c&r@‘ifg‘lefi HiR RAY defineq by sideavdlisoine brundiherfiprepiag grviges aee uni t .

15 Accoy di | ti i e i -ovi ded a
rount | g1 et Of v SRR e BERS, Ealn danii BREEhat BHE S RIGLLI ¢ o sk
head, andfastersdbyptieybslippdatV-sbapérpaitiok varich @i cintiwackd frtve thewelti ng
conpri sing carrier, for caryying a dis rive unit during required
novenent oFﬁ?ﬁj@Wﬂ'@Qd&?’ic;@@‘:t%élg?"’,e%ﬂﬁ@e(‘f“é%lﬁrqq(g?e estemibry andsthgael efttbewni ch
the di sk dghygrunit can be inserted, 20 and the carrier being adapted to be
inserted wwth the disk drive unit into a receiving frane for operational
use; and at | east one retaining device nounted on the carrier for securing
t he di drive ynit in.the receiving frame en the carrier is inserted
into the frame; "i"h@ bé?‘Fthfu@%Preé%ﬂ”\’%@%a”n\éﬂﬁaa@@iRf@%”?drﬁm%‘?ﬂ'meﬁﬁ;nt ed on
the carri et bovild 2WATMRGEDE a Akl dHyedfit WiRcRaIGwWYRaS P inseHRn affy to the 25
carrier, and the or each retaining device is arranged to secure the disk
drive unit remavalied adiskdvvagnitirdo@ntdyuhof acgrritirr aud by effectiveemettoe afi sk
drive unit an(gl.the rsg(c%ivi@g frame. Conveniently the or each retaining
device is AfR A 4K Y Yt ween the 30 disk drive unit and the receiving
frame in use, by the effect of conpression of the retaining device between
the disk drive unit and the carrier. Preferably the or

According to the present invention in one aspect there is provided 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 a 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,

20  and the carrier being adapted to be inserted with the disk drive unit into a
receiving frame for operational use; and at least one retaining device mounted on
the carrier for securing the disk drive unit in the receiving frame when the carrier
is inserted into the frame; in which the or each retaining device is movably
mounted on the carrier to allow movement of the device as a whole relative to the

25 carrier, and the or each retaining device is arranged to secure the disk drive unit
in the receiving frame by acting directly between the disk drive unit and the

receiving frame.

Conveniently the or each retaining device is arranged to act between the
30 disk drive unit and the receiving frame in use, by the effect of compression of the
retaining device between the disk drive unit and the carrier. Preferably the or

each retaining device is arranged to be compressed between the disk drive unit



each retaining device is arranged to be conpressed between the disk drive
unit WO 03/021597 PCT/ GB02/ 03871 -5 and the receiving frane by the effect
of the nmowermfr1sef the carrier into the receiving franme. PCa/GBop@sszicul arly
preferred formof the nmounting it may bg arranged that the 5 or each

retai ning device is novabl e between a fI'rst retracted position in which the
retaining device 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 secoffd thspeaceiving freos by te effechnl e meementfhegartieviinte tht ends i nt o
the said s carrier and bears against the disk drive unit to a
greater exf%%ﬁ'ﬁifr%%%n the first 10 position. The resilient nenber may
include an outwardly extending actuating surface adapted to co-operate
with a portion of the receiving frame, in such a way that when the carrier
is located in tHea PREIIaRIeiRIFad fofm of theneoLpting it gy ke amgaged thatitike sai d

actuatidg r.dl r,, agai nst
The di sk af SaT ARl IRNEE s a8l A B PR RE RS o B € ar
preferred faaimng demlmt@btain&ﬁdlytdiqiarﬁm@ cUtsi@a ek sdigisphbb PtHdevi ce is
mounted in a wall of the carrier and extends inwardly towards the said

space in tﬁ%”'@érar”ioé’r‘”g Bie digk dave knito be insedtedunindhalcarries, andagecond
receiving § ﬁ@%@ltbmn%ﬂéﬁ fle r‘e?alrlnﬁg% Lk éx'ﬂerHlEintroEEﬁgﬁ\éVg; f regﬁgr[q?l n one

20 arrange or each retain has a port udes

i nwar dl y tanmar dsdtblearsagdmspmeejlélodmxehﬁmdﬂoSé(gt#alta'tfexwmttharﬁldw i firbt 1S
incli nfcﬂ to a rg endicular to a roo[ of the carrier, the inclination
bei ng aPQsiHg FeSiliRnt MerpReri mak inciuste a5y ovardly eatqwgmmailmﬁ o the
space caus en i on of
the retai n?%gééo%?/(?éé%gd%gﬁ%ﬁé%gvg@sasﬁ e%eogh%/éghﬁnt%ﬂr e aﬁ?%%ew ce
out wardl y aaytthat wim@kthtr carglenisi lbcated imther frarde | the@ortien ofsthadmmeibearsi n a

ni.n vi ce has whi ch extends outwardly

f d for. h t
o 5 1 ecBGenbH e PALAUNG HESEa AR BRSGr (PSS SPUCRABRTED 1o cor

operate W pBaPaSHRHAREIdIK ddid uRDWhiRE i€ %@téﬂ Adh tgfRrsuch that when the
carrier is inserted into the receiving frane, e rail engages with the

outwar®y protruding
In one particularly preferred form, it may be arranged that the or each

retaining device is mounted in a wall of the carrier and extends inwardly towards
the said space in the carrier for the disk drive and outwardly to engage the
receiving frame when the carrier is inserted in the receiving frame. In one

20  arrangement the or each retaining device has a portion which protrudes inwardly
towards the said space for the disk drive unit and which is inclined to a
perpendicular to a floor of the carrier, the inclination being in a sense such that
the insertion of a disk drive unit into the space causes the disk drive unit to
engage with the inclined portion of the retaining device, and to progressively

25 move the retaining device outwardly as the disk drive unit is inserted into the
space. Also in a preferred form, the retaining device has a portion which extends
outwardly into a recess in the side of the carrier which recess is adapted to co-
operate with a supporting rail on the receiving frame such that when the carrier is
inserted into the receiving frame, the rail engages with the outwardly protruding

30 portion of the retaining device, and compresses the retaining device between the

rail and the disk drive unit in the carrier.



30 portion of the retaining device, and conpresses the retaining device
between the rail and the disk drive unit in the carrier. WO 03/021597

PCT/ GB02/WB33/@21596 Conveni ently there may be provi ded fourPCofGBaiosk71
retaining devices positioned with two retaining devices towards the front
of the carrier and two retaining devi (:Qs' towards the rear of the carrier,
relative to the direction of insertion of the carrier into the receiving
franme. However in other arrangenents 5 there may be provided nore than four
retai ni ng devi céonvenieatly therre mayebgpravidad faut 9f $aid netasdmdevides of t he

Gk ari veronnoRRE A S RIREBY o\ B AT ne, fBatombe Shinantona | ow t ne

di sk dri veretaining Geiee<IRMEUS &tk idat of e ddrfibeteidfivd fPeidiRcRah bEer by
gri pping the exposed sides of the disk drive unit. Such an arrangenment is

conveni ent ISRt efithewatrar isipdhe eeaivingdamey Howedersik atiménarrangement®l so in
such a sys i : . carrier has a coupling structure
pr oj ect?ng{ﬁ%mr/gard yp?@é@}ééwgﬂﬁn{;@h[ Légglgﬁ‘%rcieé'tjceafa%{ B to be engaged by a

robotic device for noving the carrier into and out of the frame. 15 In
accordance with another aspect of the invention, there may be provided a
mounting as has!MeenP3giculiy faep famhesidr ef therrastemiasean epening iIxaosisgei vi ng

mounting as ha ; . GGRItHaRan Gpening lexRosioge
operat | onal * 1188 i1 AEKGHER RN HERLE T WS o kL ) " rce

nunber of dpéhiagaring2hdmed®. allow theeliskanm enit foche 86pdsiteddntoran®egonpri ses
a test% r?ck &ga%ed to receive a plurality of carriers with respective
di sk dt¥ ve'@Rl per RE TIRRNg ire axrisedHideseoffie sk qdriveatt nducheganpl e t he
recei vi ng [ : : 2cej ye a

Pl ural i1y o e R G oA T oA iten STREol IR A SRR IRl use
of the di sRistrinveichrd systémrit ohal desdrcaraygel. thatheroatr terhasxaophming stideeure
receiving frane. co i uter adapted to receive a single

carrier wi PPRIFEEIGR r:??‘ﬁis’érg’”girﬁgrg‘&gf e e adzpt 109 PBgRead hya | n
el vee HOSIE OB NG 00 Sl filoie e ey, o comer s, o
is 15 '
In accordance with another aspect of the invention, there may be provided
a mounting as has been set out hereinbefore, in combination with a receiving
frame into which the carrier can be inserted with a disk drive unit for operational
use of the disk drive unit. The receiving frame may take a number of different
20 forms. In one example the receiving frame comprises a tester rack adapted to
receive a plurality of carriers with respective disk drive units for testing the disk
drive units. In another example the receiving frame comprises a data storage
assembly adapted to receive a plurality of carriers with respective disk drive units
for operational use of the disk drive units for data storage. In another example
25 the receiving frame comprises a frame of a computer adapted to receive a single

carrier with its associated disk drive unit for data processing.

In preferred forms of the mounting the or each retaining device comprises
a resilient member. It is particularly preferred that each resilient member is
30 formed of a sheet of resilient material. Conveniently the sheet of resilient
material has at least one bend line about which the sheet is bent to provide two

portions of the sheet inclined to each other at an obtuse angle, the resilience of



30 forned of a sheet of resilient material. Conveniently the sheet of
resilient material has at |east one bend |ine about which the sheet is
bent to pwowddzispivo portions of the sheet inclined to ea®TaiBvVR03&I an
obtuse angle, the resilience of WD 03/0;1597 PCT/ GB02/ 03871 -7 the
resilient nmenber being provided by conpressing of the resilient nenber by
openi ng of the obtuse angle. Preferably the resilient menber is positioned
so as to act against an outer side of the disk drive unit when it is

i nserted iWetigeilieat megiber being pravidesdycampressing|of thesrasdieng memberdwd in a
pl ane or pbé’%\'gﬁg I%;F’H?et é%kglalné(? Fpr%'féf%hgthé?eé Pe%t%%u%ﬁgﬁgﬂ)%&ﬁtﬁgége di sk

drive unit I's 1nsert carrier

anot her astoesdt aghirtsheni sutensitdenf tHeedisk Heveuaitinted ieis imgiredinahe f&émﬂr' ng a
di sk drive unit rising the steps of placing a disk drive unit into a
carrier folhecsd 5?%8 lipgor dinek baing\asranged 'B@rmﬁ@e Peplaneegubsiastieit of the 10

di sk drg vepuiby to%&%@:‘té]%n@@@f{ﬁ rJ:éke mpé/ ro%gh]ﬁh@l%he @g .b@rtﬂsvcafe W th a

coupl i ng structure projecting rom S ng the
carrier by the robotic deV| ce and |nserting the carrier into a receiving

frame by a substantl al | ri zontal nove and rel easing the robotic
devi ce from t he!"@EO rqizﬁéoe with gRetheE agpedt Q:%W’PB?O” there s RIOMIdEHe red form

of the mtm%oa@ﬂqa%%cﬁua dl@k@ﬁ\/é‘@ﬂ&'&%ﬁfﬂréhg%?urtdénéft %%@;ac&l dﬁ%“ef

conprises picking up thé disk drive unit er evi ce
gri ppi ng t heit ino & carrlerhf@rsadwsgttlhedshfdnvenmltdnpm@lrEqu:mged hovdirsnt df thee un| t

mtotﬁg | ower.i ng t he i nto. rier. whi ] st gri pped at

e s s GRS it cB05GnE fhe PSrEREY chBhgnb  wBolCESTiPRt A COuRIES of t he
unit aft ersttr@&u#é“;brto écﬁmghﬂ#ﬁ‘?&’e fr8nttcﬁTQhé%éFr|e‘?*hftlr?§ ?rfé éd?né’rr ﬁ)&ﬁt J @Bofier s, the
met hod i ncl udes retalnlngt e disk drive unit y a retaining

assenbl y adaytedndonsarting iaearmiet into tmece%md;frwhe bhe SlmSteahtlalty drive unit
and the recgei.ving frane, and ,a uatl ai. ni senbly to retain the
di sk dri Veﬁgqut?lr[n%%m]epgﬁgd@ e?ﬁ'é‘ggﬁ? é&m@f(}?\’ﬁ@ %UZ&%HPUB%QL he carri er
into the regeegtMid@n e BEriePr ef erably the nmethod i ncludes retaining the disk
drive unit in the frame by

In a preferred form of the method, the step of placing the disk drive unit
into the carrier comprises picking up the disk drive unit by a further robotic device
by gripping the unit at the sides thereof; and depositing the disk drive unit into the
carrier by lowering the unit into the carrier whilst gripped at the sides and

20 releasing the further robotic device from the sides of the unit after the unit is

housed in the carrier.

Also in preferred forms, the method includes retaining the disk drive unit in

the frame by a retaining assembly adapted to act between the main body of the

25 disk drive unit and the receiving frame, and actuating the retaining assembly to
retain the disk drive unit in the frame by the effect of the movement of the carrier

into the receiving frame.

Preferably the method includes retaining the disk drive unit in the frame by
30 means of resilient members bearing against the sides of the disk drive unit and
being resiliently biased inwardly against the disk drive unit, each resilient

member being movable between a first retracted position in which the resilient



30 neans of resilient nmenbers bearing against the sides of the disk drive
unit and being resiliently biased inwardly against the disk drive unit,
each resiwpanw2150enber bei ng novabl e between a first retr&CraBopo3471i on in
which the resilient WO 03/021597 PCT/ GBQ2/ 03871 -8 nenber is retracted
whol Iy or partially outside the space i1 the carrier for receiving the

di sk drive unit and a second operating position in which the resilient
menber is biased towards the said space in the carrier to a greater extent
than in tMeMberss retoacted avholly e pasialy outsidmthesspagede troscarriegfarhe di sk

ar e Sl or . i ncl udi o ' i ot menber
the sard r S1Ppa i ok s Ty i e T PRSnlit, 855 FitbicB the FsTiamy °
drive unit migmigertib®ifRid tofardaihd SRy speke iRhe ¢afridr €6 algibMet Egrehﬁﬂf‘énvihng

frame, includi n? nmoving the resilient menber into the”™ second operating
posi ti on bihe frst aesitien: the netbodwompasingatendsitingahe disk driveauntitiieto thecei vi ng

f . £0 - j d he i I h i
ot el aCAnREREAAREE LG B0 DRl ATHERbePl hESA R hoBpky &
novabl e di tHe bféead of thnthovermint obh@)diskIfNGs Lhinthtd e elrikr 2nd rﬁbﬁlﬁ%*ﬂﬁéd the

nmounting conprising a carrier for carrying the disk drive unit during
required nﬁ%&%mtoglﬁef@ﬁ?l‘angﬁramq,wlq@n@mqwnqm resifienteneadrr intagher space
into which i i t i e i bei ng
adapt ed { o°BehoaeEho KEstehioy P epeel B ictem Ry LGB! RIS ane for
oper at i onateagheng fmanvéhi ch the carrier has a coupling structure projecting
out vvar‘fidy froma front of the carrier adapted to be engaged by a robotic
device'for noving the carrier into and out of the frame. 20 Preferably the

mounting i ncl udgsagcdrahnde With a'ﬁ%ﬂ'}érriaﬁﬁe&htﬁ th&irviefifion fhgtrggs Er%.\/giedfaf ame, and
ng adapt €

a latch actuator nounted on the coup structure an pt to co-
oper at e wi tourtiegrfobadisk dfvei wret havingh eatestohegd disk,a movabigtdiskehéad upon

AR R AR M A M AT N
carrier for carrying the disk drive unit during required movement of the disk drive
15 unit, the carrier defining a space into which the disk drive unit can be inserted,
and the carrier being adapted to be inserted with the disk drive unit into a
receiving frame for operational use; in which the carrier has a coupling structure
projecting outwardly from a front of the carrier adapted to be engaged by a

robotic device for moving the carrier into and out of the frame.

20
Preferably the mounting includes a latch for securing the carrier in the said
frame, and a latch actuator mounted on the coupling structure and adapted to co-
operate with the robotic device to release the latch automatically upon
engagement of the coupling structure by the robotic device.
25

In accordance with the invention in a yet further aspect there is provided 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
30 unit, the carrier defining a space into which the disk drive unit can be inserted,
and the carrier being adapted to be inserted with the disk drive unitinto a

receiving frame for operational use; in which each side of the carrier has an



mounting for a disk drive unit having a data storage di sk, a novabl e disk
head, and a main body supporting the disk and di sk head, the nounting
conpri si yoas/oeEpTi er for carrying the disk drive unit duPCmgBoegss7ied
novenent of the disk drive 30 unit, thegcarrier defining a space into which

the disk drive unit can be inserted, and the carrier being adapted to be
inserted with the disk drive unit into a receiving frane for operational
use; in which each side of the carrier has an WD 03/021597 PCT/ GB02/ 03871
-9 openi ngCBYPPYiSXHOEING thpsidaef thadisk dvegunit whemithe diskdrivaendiisio thei ve

unit is in rL4.ef i i | Low the disk drive
inits to bSHenobEding bafigaRaR:d b abthe HEREEYD Rufs 5 B5 HBRRMIR: he
exposed si s oofiftedhfrodh tHe chrrigebygripping thenelasddedasides bbtheidisk Grivey @figr r ed
that the nmounting includes a retaining assenbly for securing the disk

drive unit in a required position, the retaining assenbly being nounted on
the cargier and i | i -k ~ 0L 5.0 the
recei vigng franelraﬁsl%trrq'g? e E:%ﬁ}rllggﬁé??'gsé mée}rt@%@ﬂmr@ﬁgt'ﬁéeluqlefsa#gé.tgmﬁ{bef erably

t he ret ai nasgerablydobbgcurngiteutisledriveyutinie efdeitdgfosition, heveranihgof 10 the
carrier into the receiving frame. Al so preferably the retaining assenbly is
adapt ed toa§%%ﬂglé( B&ieo Hi‘%&‘t%q PO &g IRRAET ”EI"?@‘ rablgdoretairetheydisiet i ng

bet ween t hgrivdial idfHe/ i t LAHi&Gs fik R ihlo icularly
preferred t H\ét t hé r e%ﬁémlrﬁr\ggﬁg@see%@ﬁ%gdr%?%ggéﬁ r esidl Ilhtgntb rfr%?fﬁbée'r s arranged

to retai n Prhefeditdk thir ratainingnassebybly esaadtuated dyi the teffebeofshd esoveiméntefdi sk
dri it d by bei Ll.iepntly 15 bi d.i dly . i nst the disk
ari ve i « 1R Feree R e e Bhme: Ao bRt Ue reialuind Aesembbile menber
i s novabl e BghieaeB seclifd fe disk BAG BFit RPHtEE8IvInG frg?héB_ El?,ﬁn bERYdd Pl

I e say sp% r} e

menber is retracted wholly or partially outside™t cein
carrier, aHisswirivg uriteanid gie wcelvingdrmmet & ib@artisidartyeurefented thbkethear ri er, and

Car - space TRV Ry sclbleha *BRlict AembRG el Gistn e ARk Brvn sons

ar r angenenyait by paeeingetdinstthe sides af Hadiskayil € @nit ReH AR reQidnigr dl y
extendi ng actuating surface adapted to co-operate with portions of the

recei vihg Piased inwardy egansie distadrivihenit.t lesushran afrangerentdt isgrefertade

];L?][rg&et gﬁ gaélﬁ gﬁﬁlﬁ%ﬁé%ém@ér }sn%owbefg%ewgén g8 %%it nrgttraétgg p(sag'litign (flr? \BVH% itpwg
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 the resilient member extends into the said space in

20  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
receiving frame, in such a way that when the carrier is located in the frame, the

25 portions of the frame bear against the said actuating surface and push the
resilient members inwardly to bear against the disk drive unit which is located in

the carrier.

In one example, the retaining assembly comprises four resilient members
30 positioned with two resilient members towards the front of the carrier and two
resilient members towards the rear of the carrier, relative to the direction of

insertion of the carrier into the frame, each side of the carrier having an opening



resilient nmenbers inwardly to bear against the disk drive unit which is

| ocated in the carrier. In one exanple, the retaining assenbly conprises
four resiwoaam2rsenbers 30 positioned with two resilient mmemGH02/088INar ds
the front of the carrier and two resil1 nt nmenbers towards the rear of the
carrier, relative to the direction of ~Insertion of the carrier into the
frame, each side of the carrier having an opening WO 03/ 021597

PCT/ GB02/ 03871 -10 exposing the side of the disk drive unit when the disk

drive uni teXrosing theesidg of the diskdhve opénheg theidisk divepenit ison e cavriehe di sk

dri i : ' ' i from.t.h i er by gri ppi h
v o Bt g oy thd B R B D B e
appl i cat i offofritha daarieH Hhyngrigsing Y ¥xposelidesl Gfaha dEkMHveNshisuch as has been

set out hereinbefore, in conbrnation wth a receiving frame into which the
carrier can be inserted with the disk drive wunit for operational use of

t he di drive Lt | i r. i the carrier into and
out ofsdt<he franzﬂ%;i/nveeﬁggaﬁﬁgggﬁgicﬁggﬁbggﬁé& '8%%”9@5386\3 ling 10

struct ure pompesingrgmouhting dush hs bas bbenfsepott méretnbefdrar i mbikarier abl y
the handling assenbly includes a further robotic device for depositing the

di sk dri veWtls feceiving ragedaio WRiEh Bie Fier £ary be iesanted withthe dinle doweri er
whil st gri j ; | r i Vj : t he

ol des of t BT o dpel Aorkl 58 of MEEELRASLAR itba TR d AP BT e
appr eci at ecatrieatntelaedet edthe amefbytdregagmgethtirobotis éeied withtthe Beugliry Wi t h

regard, to par at us . accordin o.the invention, such features may al so be
provi d@j mﬁaﬂ?%&P%a%e%gaP%gﬂﬁﬂﬁa@&BP qo_,%o% g"eﬁ?é”‘?rnv%rﬁﬁréﬁly thAd" vice a
versa. 20 fgha & iﬁéw%ésrwﬁmh'e%wﬁk'dég% ﬁ?dgﬁéﬁﬁﬁﬁ% akae of
exanple wth réference’to the acconpanying drawi ngs In rch: Frgure 1 is
a di agr ammanit ntpéhne parter by lewering themratioteethefcaarieromnitst ngpped at e sideld sk
drive unit _e odgi.n hhe i nvention; . , .

and rele snnat e robotic device from the sides of the unit after the unit is housed

in the carrier.

15
It is to be appreciated that where features of the invention are set out
herein with regard to apparatus according to the invention, such features may
also be provided with regard to a method according to the invention, and vice a
versa.
20

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

with reference to the accompanying drawings in which:-

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

25 adisk 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;

30 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 same perspective view of the nounting as shown in Figure
1, but with a disk drive unit shown housed in the nounting; 30 Figure 2 is
a view frwmosleissi de of a spring unit of a retaining devi ®eET/GRI2js8d t O
retain a disk drive unit in the rmuntin? shown in Figure 1; WO 03/021597
PCT/ GB02/ 03871 -11 Figure 2A is a sect bn al ong the lines A-Ain Figure 2,
showi ng the spring wunit of Fi gure 2, (the view of Figure 2 being a viewin
the direction A_in Fi 5 Figure 2B is a diagranmatic plan view
from above of tﬁ@uswgwg mqtlonmt erlines duAdn EJgL(reﬁeshowwgdhelépguge 2B

the 9 de. of 5 RGIRLFe 2GR ofFiobee Bhius Sl ingh? HisSolen adn BidisPea (o

retain a dlz,s\}g drive unit in the nmounting shown in Figure 1, nodified from
the unit shown in Figure 2; Figure 2D is a section along the lines DD in
Figure 2C, showing the spring unit of Figure 2C (the view of Figure 2C

bei ng ag vi ew i ngi e, 9| %&.8 rd?hr’ngtl? &I%Hﬁ)lgigﬁrﬁﬂg%%eféfqg%%@ﬁﬁg Ir‘l'%if?gure 2C,

di agrammatic plar view rom bove

(the view sfiown guFigu2é& 2h¢theyiew of Eigure2Bheint & 9kl PrthB dirdctidn BURFigRk: 20
Figure 3 i E'ﬁa di agrammati c perspective view from above of the nmounting of

the preced Figures, together with an end-gripping device of a robot arm
for nmoving the nmounting; 25 Figure 4 is a diagranmatic perspective view
from above of the apparatus of Figure 3, shown fromthe front and shown
with the grippi AguleeCcis gviepydron tee sndetmlal modified spting enlvof ahefirdhgct s

out war froma fr 9 ure 5 is a diagrammatic
per s_pe_gé geWF%\ﬁdéﬁ&%top@ﬁ'Pf cﬂ%}&'%@@'&'n tgre MROUNS gt SEOMEY INrFAgyres br
recei ving gadifidcPdrbimtneiur sHowiih egBiZ s; and WO 03/ 021597 PCT/ GB02/ 03871

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

shown in Figure 2C, (the view of Figure 2E being a view in the direction 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 S is a diagrammatic perspective view shown partly from above, of a

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



-12 Figure 6 is a diagrammatic perspective view of a side-gripping device
of a robot armfor noving the nounting. Figure 1 shows a nounting 11
enbodyi ngwolg/oerseenti on, for a disk drive 5 unit. FigurePCAGH0QN387Ihe
mounting 11 with a disk drive unit 12 hgysed 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, 0 for.carr¥in the disk drive unit 12 during required
movenent of t hel WR SdFidd BFﬂ%ﬁmat"ﬁ'ﬂ%VSEQ?tNee‘f'e‘ﬁ!@fée?‘q’%éﬁpﬁ'”gﬁ&&@eithab whi ch

the di sk drdeR i for AoviddtiEmbsg €d.-  The carrier 14 is adapted to be
inserted with the disk drive unit I'nto a receiving frane 8 shown by way of

exanple in Figure 5 as a tester rack 42. The receiving frame 8 of Figure 5

rovides a plurality of bays 43 each_havjing.a supporting 15 structure 10
(pFi gure 1) !Oncl E@uﬁ% 1as"l53aW"‘)r/a(5'?°U§‘i 'agqﬂaﬁr‘i@‘gﬁ?g ﬁ’@qg)ée’ﬂ@gfqr@e@ishﬂf'éef ul l'y

h i t it T 1 { i iSh - i f t
er ei nag t egnit TRRyEAMA %oxiﬁéﬂém&@ﬁt‘f@d}gw&‘@délkQﬁyé‘"ﬁhh19W%F§@Sh%§|rn.a ron

wal | 17, a rear wall 1 a floor . Aretaining asse
retai ni ng tThe disksdtriver URié 120vsista datatsterage diskeand molaklesliskchead @ioai ni ng

devi ces 15 L{Lone (th two retaining devices 15 towards the front of
the carri eﬁﬁﬁﬁhféﬁ%‘ﬁ%ﬁ {ﬂeﬁ é’laH? h%éydﬁegi ces towards 20 the rear of the
carrier 14. In this enbodi mrent each retaining device 15 conprises a

resilient menber 15. Each resilient nmenber 15 consists of a spring which
acts between thBedapynting 14cemarisesa gagier ddi elgoualerretizo aBactarriestray ent

menber 445 j f o : ' il r. Q grip tk Lsk drive
ani 157 by GRS R B B R R 2R B P AUt eS8 a ot Be i b v

bi ased i nwahdlaarigal Naéfitdtea dpate dto whichehedisk driv@ahitsT eagbd hdestegount ed
in a sub-frame 22 which fornms, with spring 15, a self contained spring

, ( th the .
unit 21 whilBR GeE9e]bissadaried ixbe é@eﬁsgﬁm@ the gisk drvel unionta areceiéngn such a
t hat,.i i i ng. T, - is. d
by dovet 2T & $lpRE SEREYBE ekitholih FGliE® acldfeddettack k3™ ETep 8" ©
addi ti onal Framec8 efEiuredr providey agplsligvof(bayt 4Sheauh) havity Q@DF;:J&%@; ng now the

Fi gur 6852, SEuCtrra 8 ouse IhBiaaing wPgince St bk O eingrsegioed more Tl
hereinafter. The carrier 14 is formed by two side wall portions 16, a front wall 17,
arear wall 18 and a floor 19. A retaining assembly 9 for retaining the disk drive
unit in the carrier includes four retaining devices 15 positioned with two retaining
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 carrier 14 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



WO 03/ 021597 PCT/ (B02/03871 -13 spring 15 consists of a sheet 32 of stiff
resilient material bent along a bend line 25 (also referred to as a fold
line). ThwodBme®b7 ends of the spring 15 are curled to pr@e¢raBoossided ends
26. The curled ends 26 of the clanping gpring 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

h i naf .th ds. 26 ded . so that ] i f th
Ol aming - Spinhas FaEsfeof, ned G s ilesiS maeboat slene drgddngear i ng
surface as2thglso3e@rRddb 48 fhENAe). iﬂgeBaigﬁl BRES BP é’mfng ‘H‘Sresa&%r&iqﬁi 51N

the conpressed condition. 10 Figure ows the spring units pl an
vi ew from REWEE ennded@mss 26 Erelcuiehends 26ef thevaamplngsstingors 2@ at each

d of the, spri it. Each spri it is identical, to sinplif
manut act ur SdRtodedr uatichinendiis ofF eesbiing BaMs, (o el dascrbherints ¢ he
dovet aij sedidhone cadrisr 141isNetdnaba 16 b6 Mo s Ry ﬁAQ%éa%ieﬁ%&r% fﬁﬁ%“ on 28

|
provi ded on the main carrier structure (Figure 1) er the spri uni t
21 has beehewirafiesdthgeandsa?® grepipunded sadhatamonstmnpissine adthvetlaimpidp, 28

sliding r L sub-fra 22 .1s .secured by a screw
(not shown bﬁ@ﬁn‘hgnﬁﬁ@gmﬁ%ﬁ? ?rﬁ??g%?gﬁ’ $iids ﬁ%amp[ln%apﬁg%%@q nto the
base of thengletof the omd 2ife 28tintleasés whkenQhe bPEnE RIihitEE chPrddselr udi ng
dovetail sectign 28 extends 20 fromthe front wall 17. At the rear of the

carrier, tReYHYRruding section 28 extends froman end portion 16A of the
carrieg integral with the side wall portion 16. Referring again to Figures
2 and % each sub-frane 22 conprises a 25 | ower base portion 29 and an

upper portion 3Biguré @Beshdws thecipriag imits 2y it \wian viewi fedth adbde ap8shb@Rs 31 and
32 positioned gne at eacg end of the sub-frame 22. The clanping spring 15
has a mai n@P&NGi\RW 94 11\ 0Qrstah SeetionEhat eagheentsof e spaingaait. &achtspsingpr i ght
si de |inbs 3¢ iaRensel 2 h ' Losur A.on the
base porti Sn I29 oP ﬁe@ﬁgﬁy a@éﬁun%ﬁ%g%nﬁf%%%réagﬂs ggé%gmﬁcﬁ%&%ﬁdﬁﬁper
portion 3000¢ of bthesutithie doeetalsectnns@sslidrg e aicorespstdih@pestriding 0
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)
extending upwardly through the side wall portion 16 into the base of the sub-
frame 22. At the front of the carrier the protruding dovetail section 28 extends
20 from the front wall 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, each 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 positioned 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.



| oosely retain the curled ends 26 of the clanping spring 15. WD 03/ 021597
PCT/ (B02/ 03871 -14 In addition to the clanping spring 15, the spring unit
21 i ncl uowe 0a/0k¥91 her spring consisting of a positioni ngPSpraBIg/O371 Thi s
spring is a fine wire which is locatedjpy passing through two apertures 38
in the clanmping spring 15. The positioning spring 37 is positioned
approximately parallel to the base of the 5 carrier and is threaded through

the apertures 38 so.as to pass on the outer side of the fold |line 25 and
to be positi oneg1 %‘?Omd'ﬁwé%‘? slampdigsREing; tre the Bping uriid 1 wsludesed furthes to t he

i nsi de andg@uh S} i kil ; S alo i 7 xt ends
Sl deways 20" i pOBiding Ofa pRStORNGPIng SR T AR SR ER WRCten Rlc
portions 3lbcatetl Bppassingehroughtwampelresvdtein theetarfipingsphieg @5t amheor of the
10 carrier _14.. as_shown 47n t he. vi ew of Fﬁur? 2. hle full purpose of the
posi t i oni nBCEBPIIAG SBYNGY Is RosHiosed ARREPX ?@wmqai[e tndhePase pkthe but the

| ocati o otafride aRBiiNtHE tHd agEw Igl ' he
absence of a di sﬂadri veagﬁciﬂ]fﬂﬂ?gg%”ét%e ce[?f?grgo%?l,%bpoa'(tgﬁ%ﬂﬁeqe%gn%dﬂ%%i ng
spring 15 ahtretfald [nes2% eoditapepositioged pnadhe inreosiadep dfithe edrled ehds Rge t o

each ot her . tive to the .sub:frane .22 In the loosely fitted state,
the cl anpi Bedgtg%rﬁbﬁtbgi%&ﬁg ans?L&Sﬁ%88{*‘@&%'6%%aﬁh%QOF'bBWﬂBﬁ@rlaa@-f rame 22
by novenmenexentivaldéwayisr £l edchwhd Ddishmce AUHiEnt 1@ Bxikhl deniddgecdisd ed ends
26 contacting the inner surface 27 of the upper portion 30 of the sub-frane

22. The cl BAPHIOAG 3Ipnthg2 pbthessueamei 37 avencraamdiaming exteriaaothe (rel ative
to theld:ar Eér‘?fer]rﬁ) a§¥h5\% @%?%ﬁ{a%nﬁ%&g%ng 37 bearing at its distal ends

agai nst” t hé si"de-portions sub-frame 22. Wen, as wll be
descri bed hereinafter, the clanping spring 15 is nmoved inwardly (relative
25 to the carrier 14) by further conmponents not yet described, the

posi ti oni ng spr i Ag fulBpuipasaiithe pogiinniagapeng Avaritibg desorbragsmorefullgner

o the i Hes oot B8pefickMing FRIPENOMIRRE hhdetia any i nwara

force on tHesgibddednehdab2éncé bla dRRIrive UmitM® iBRRE RErrdf 18XB6ththan out ward
bi as on_the clanping spring 15 and 30 noves it bodily outwardly to wi thdraw
parti al? y elamrinseriing dpiand g positigningripring 37 are loosely fitted, relative to

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

In the loosely fitted 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,



carrier 14. WD 03/021597 PCT/ GB02/ 03871 -15 Referring now to Figure 2A, it
wll be seen that the | ower edge 40 of the «clanping spring 15 is shaped to
be inclinwooapsptly in a direction away fromthe fold |ipeg/G2088%&ar ds t he
distal ends 26 of the clanping spring 1p; 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 Figure 2A, the |ower edge 40 is inclined relative to the

fold line 25. |n_the Ioosele/_ hel d state, the clanping spring 15 rests on a
horizontal uppBFf&UPg oW tFigere 3 Kyildesaan that thedpwer edae 201 ther r i er

(shown in Elagif dring BEGAUREHQS 1o ieinkMARPublide o] inl DG ELADLOS, RBEH A 15 TN

its rest positioh, the effect o e I'ned T‘ower ~edg t he
cl anpi ng sfoid fige 25 towatds the distal enfse26 dDthewldrapiegdbring 180 Agetli ede@psi tion

as shown in Eiqure,2A. The |ower. end of the fold line 25 extends slightly
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upri ght
There will now be described with reference to Figures 1 and 5 the
operation of the spring units 21 in clamping a disk drive unit 12 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 position 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



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 rail swod3mes9t apered at 45. The effect of this is thaCTidemosdre
carrier 14 is inserted into the rack 424gy WO 03/021597 PCT/ GB02/03871 -16
sliding engagenment with the rails 44, the tapered distal end 45 of each
rail engages snoothly with the curled ends 26 of the spring unit 21, and

pushes the .clanping sprin 5inwardly by the effect of the insertion of
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present) the disk drive unit 12 is inserted into the carrier 14 by a
downwar d léa%rti cal novenent. Because the clanping springs 15 are inclined
(Figureg2A) wth the upper part of each spring 15 hidden inside the
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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 springs 15 do not clamp the disk drive unit

relative to the carrier 14.

20 The overall sides of the carrier 14 are formed by the side wall portions 16,
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 manoeuvre 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



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 haswowgemsgescri bed above. The carrier 14 is then pershaBoRossI1i nt o
the rack 42, and the clanping springs. Jrlé_are noved inwardly by the rails
44, so that the disk drive WO 03/021597 PCT/ GB02/03871 -17 unit 12 is
firmy clanped by the clanping springs 15 bei ng conpressed. This
conpr essi on es_pl ace by the pend at. the bend |ine 25 being opened by
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a tester rack (for exanple as discussed above with reference to WO
97/ 06532) it has been necessary to provide that the electrical connector

in the rear of DaginhaysétBomastre ddraatinROthanEak kPGeletPical dPWethish L5 |
connector to mate wth the other connector when the disk drive unit is
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be ri gi dl yregionoedacibaguidt ahlpgiot aperefgberdts Whe PHRKIFRE ualt Heach
connector, so that any slight 20 m salignnment due to tol erances, is taken

up by noveRBAP rigidly slamnrd ina tastar raek (fer exampleasl disqussed @bowe withr ri er 14.

Because th i i 5 I 1 ement . whi | st
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nmovenment of electrjcal conpectors in a floating mounting relative to the
tester 125 FARRECIFHiSMALS Witk 1Re pifler creaestenwhen fieedinkdirasniiisrigdlyt he tester
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costs. Referrin
invention, this is not necessary. The electrical connector on the tester rack, and

the electrical connector on the disk drive unit, may each be rigidly mounted. A
suitable tapered lead-in is provided at each connector, so that any slight

20  misalignment due to tolerances, is taken up by movement of the entire disk drive
unit reiative to the carrier 14. Because the clamping springs 15 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 relative to the tester

25 rack. This allows simplification in the manufacture of the tester rack, with
consequent 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 shown a modification of the retaining

device 15 as shown in Figures 2, 2A and 2B. In Figures 2C, 2D and 2E,



to Figure 3, the disk drive unit 12 is | ocated inside the space in the
carrier 14, longitudinally by the rear wall 18 and by three projecting

ri bs 60 wwoob/oprse] ect fromthe inside of the front porti ®eTAB028887IN
Figures 2C, 2D and 2E there is shown a_pgdification of the retaining
device 15 as shown in Figures 2, 2A and 2B. In Figures 2C, 2D and 2E, WD
03/ 021597 PCT/ GB02/03871 -18 conponents whi ch correspond to conponents in
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15" is avoi ded because the spring is held with t he sub-frame 22 by the
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retainin devj ce shown in Figures 2, . 2A and 2B and Fi gures 2D and 2E,
is that |gn e disksivres '%oﬁ%fse'"?h&@ﬁhe@ﬁ@'qrﬂéma}m%w the sidrs @i thagishgirygr i ngs
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t he recei virgstb-tnana 22 \byehe assitinningesprim &@7f.i Atthis staggemﬂiefcurb the gures 2C,
L RN O, SO AT O
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
device 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 thatthere 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, whereas in the
modified arrangement 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
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 movably mounted on the carrier 14 by

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



nodi fication of Figures 2C, 2D and 2E is sinpler to manufacture than the 25
enbodi nent of Figures 2A and 2B. Apart fromthe difference explained, the
two fornwooB/ottse7 retai ni ng device operate in the sane mame@rGBRM3sif ecti ng
the operational retention of the disk_qj?i_ve unit after the carrier 14 is
inserted into the receiving frame, and the rails 44 push the cl anping
springs 15 inwardly. 30 It is a feature of the enbodi nents of the invention

whi ch have been Zl%escrl bed that each resilient nmenber 15 is povably nount ed
on the car FREIET1JNGyeslien mambey S/BQHRIES] 38 inelloy Mevemest pf &t nermber i s
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enbodyi ng thecaries asttbdtweenthoparisr ShahEaisRAAVERAR orlibtal freet i ve in
securing the disk drive unit. In the enbodi ment described with reference to

the draw ngyangemenbeeseibed ermpodying Hinpiesent ioventies iasirapleaandgeares
arrange nEffegtk\fe |ﬁC§f|§?JB fthéhlsﬂ Cﬂggsu@k]{e carrier 14 into the receiving frame

causes e sprin be” co 15 by nmeans of the rails 44, which
have a taper at the | eadi ng edge to facilitate a progressive clanping
action. The single action of installing the carrier tray containing the
di sk drive unit rim%ewﬁ@dmréidﬁéﬁﬁ@edrwﬁerefﬁmcestoﬂmﬁedéaveags,la:aumbeonhector

(not shown), aqgretsheoraﬁ.%t gt dAndGd iR AP dactfert! HOR %eggp PapgiRl Wt

t he correspondl connec e re el Vi g 'RY spring

37, 20 \mltmdncar$1ea1han1ro tsuarrea:@vmgeﬁrtarhae;:t:aust,ézr,etheIspl‘ﬂfigil%$cl$>blerlﬁrrﬂpﬁeﬁ‘é‘!a@i1 t he
carrier _is out of protect the disk drive unit from damage

that may b@yéﬁ%%re?j"{ ﬁhetrﬁés ggi ‘Q’R'Carhia% aPer aihe leading gelge o fasditatemer
surfaces ol ddiesSl@BUMABIngRItiBAS 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 whichis a hair spring, retracts the clamping spring 15 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 upper 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 without the need for a floating
electrical connector at the rear of the 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.



The floating nmounting of the springs 15 and the flexibility of the clanping
springs 15 enables the disk drive unit to have a degree of |ateral
novenent ,wom3perseit the 25 final alignnment of the el ectri ealr/GBwMssItors in
a lateral direction. The provision of _Jpteral novement of the disk drive
unit against the clanping springs provides that manufacturing tolerances
can be allowed for without the need for a floating electrical connector at
the rear of the receiving bay. The overall arrangenent illustrated has a

| ow space requirenment. The carrier tray contains all of the 30 cl anping
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arrangenents can be provided in accordance wth the invention. r exarrpl e
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of the carrier 14 projecting from10 the sid s of the carrier 14 and
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be app{dam ﬁteesqd% mqlstotﬁﬂwéjb§#§lepﬁh\éﬂptl'%attmyaa{drail%ftl{lzg 8%2)3@&%1'5}9%@%% at ed .-

nore fixed I'ocafi onS ‘on one side o

the other gigehod chdeitdvis bedippyariatad thadtithé igsksdrivel hitf it @lel (BBategt ai ni ng
device 15 on the other side. 15 Nunerous other arrangenents can be nade,
for exanpl BEWREINSRET Mgre fixechiogrtiepsiev Pee sidepidhe saGiesildeand vilhbecarri er
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carrier; dev one
and a si ngtevi€e Xédr tmfeamthenSIdent act on the ether side 20 projecting from
t he ca{gi er 14 to contact with the side of the disk drive; or two
Numerous other arrangements can be made, for exampie 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 cther side
20  projecting from the carrier 14 to contact with the side of the disk drive; or two

floating retaining devices 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 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 49 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



floating retaining devices 15, positioned one on each side of the carrier
14. There wll now be described with reference to Figures 3 and 4, an
aut omat edweyswerspt or handling the carrier 14 shown in thePpraBsdiosry1
figures. 25 The front portion 17 of th% carrier 14 has a coupling
structure 47 projecting outwardly fron1the front of the carrier 14 and

i ncluding side portions 48 adapted to be gripped by an autonmated robotic

gri ppi ng device 49 fo ving the carrier into and out of the tester rack
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when the clr?i\r/\%ﬁggi and'tt%gogb@yr gﬁgﬂ%ﬁqﬁ% arcl? 35 Tedelatigaged ful Iy
with the i misiticasiafnise &ﬁi,enté‘t@ntﬁ@gehd e clau»s@’sdstw dnBMRE fiRfeddd grE €l eases

t he Iat h. Thgrﬂﬁ) \pose of the latch is to lock the carrier 14 i'nto the

t est er Packelc Be%fﬂ? _6’?Wér52r%rt§bﬁlﬁfﬂgdﬂ$%ﬁrﬂn%§ﬂﬁ glgwrangisrZdiare 44 into
which the £LREEE8TURAWIS thdFRERES NS 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 other receiving frame having the rails 44 into which the
carrier 14 is inserted..
20

There will now be described the method steps used in the automated
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 armend 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 carrying 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



20 There will now be described the nmethod steps used in the autonmated
handling of a disk drive unit. Considering a carrier 14 as shown in Figure
3, but cwotoaiomisay a di sk drive unit 12 as shown in Fi gur ®@CTIABORA887Carri er
is approached by the robotic gripping.device 49 with the claws 52 open as
shown in Figure 3. 25 The armend 50 i's"®tought towards the front 17 of the
tray and the projecting finger 57 engages with the latch | ever 59 and

rai ses the lever so as to put the l|atch in the unengaged position. The
claws 52 aiyesedlogemave tbe nrojeptoyg fingat S7/Hfeomangagemast ihitne evien &9

i ndent at i 20, T d. 50 Lifts t [ 14 with the disk drive
ani ot n VRS S e RRT o pabdebilie E8ier 35 e Prame BayPaRt S0
Fi gure 4 shaybedhsirf@gend 50 carrying the carrier 14, with the claws 55

engaged with the coupling structure 47. Wen the carrier has been pushed
hone into the rack, the claws 51 and 52 are opened and the armend 49 is WO

03/ 021597 PCT/ -2 [ renpve the, projecting finger 57
from eﬁjgagenenteﬁt\gm?é%%tééjea ?aer\alérrérgjg&sggﬂf’%g‘{"tﬁrﬁ@ ﬁ}ﬁt(‘?ﬁteﬁé%ﬂ%\rcw% YR ur es
the carri e rédedsBto THeeadm @@ 501s wovel tbwardiase Reaplingsiidte’d 4P ud@ thenove a
carrier and disk drive unit fromthe tester rack, the procedure 1is

reversed. AINEGNG 69er 57 has brandully sngaaes witk thelayer 5Y tatelesathe latchunt i |

the projegki fi 7 f : i I 59 to
B0 o5b! Tl 3h/ 5P sht L SRR MRS, LUGD B
i ndent at i oasd 56,is ang/edieackwards el widraw thevestribackwar ds, to wi t hdraw t he

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

e 12 are PRRETDRES S BLERE I PR S Al BR T o,
but a cl eadiskpisive unst 12&an os irdertedrintbfars @enamfedt frem @acariier 14.4Ashashe regi on
h the aut e HESSREEREVIaHE St B TR S0aRIT MooRiBnes 268 [BPEd ot ene.
centre of gfag pdidssriehs 1BCanBHE QftlitatkdsDp, Buf QRAIEr SpEé RAEADN either
15 side of the carrier 14 in the region between the sub-frames 22. The purpose of
this clear region is to aillow, 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
device 61 shown in Figure 6 which can lift and manoeuvre a disk drive 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 63 of the robotic
device 61, may be lifted and manoeuvred to a position vertically above a carrier
14, and may then be lowered into 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 49.

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



device 61 shown in Figure 6 which can Iift and nmanoeuvre a disk drive unit.
Thus in the autonmated systemthe disk drive unit nmay be lifted from an
entry 20 woasentsati on position by flat side-gripping el eneoragGE®2/0387d 63 of
the robotic device 61, may be lifted d manoeuvred to a position
vertically above a carrier 14, and maythen be |lowered into the carrier
with the side gripping elenments 62, 63 of the robotic device 61 having a
cl earance at each side between the sub- franes 22. The side gripping

el ements 62pp&3tusr eOrOpEsing alraelseﬂdiahdrive@irrcmopmtmgéqmpmeﬂe wmlothenoved. The
carrier 14 | t hen and nmanoeuvr e further raobotic deV|ce

20 1t i veinaenpisdbe SRisMen BE HRUIPEL a RiRhcompaners mih Releifa by vy
of  exanpl garfier and Wbé ﬁid?/e%y(%‘rdﬂwc(fﬁnrsbéﬁ d%élc@‘iyl'ﬁéelal dr‘ﬁé%%lsﬂznhe rails

44 may 30 be provided in any other franme which 1s require or exanple in
a test appad Maysbewsed te ek die oaniedad dn any of thesierfgtres dof Samer i ve unit for
testin or alternatively into a franme of equipnent to be used by an end
user, such as a data storage WO 03/ 021597 PCT/ GB02/ 03871 -23 appar at us
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 may 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 WD 03/021597 PCT/ GB02/03871 -24 CLAIMS 1. A nounting for a disk
drive unit having a data storage disk, a novable disk head, and a nmain
body supporting the disk and di sk head, the nmounting 5 conprising: a
carrier (14) for carrying a disk drive unit (12) during required novenent
of the disk drive unit, the carrier (14) defining a space into which the
disk drive wunit (12) can be inserted, and the carrier being adapted to be
inserted with the 10 disk drive unit into a receiving frane (8) for
operational use; and



at | east one retaining device (15) mounted on the carrier (14) for securing
the disk drive unit (12) in the receiving frame (8) when the carrier is

i nserted wotog/o2etshe frame; 15 in which the or each retaini RgTABROS7(15) is
novably nmounted on the <carrier (14) to.allow novenent of the device as a
whole relative to the carrier, and thé2§r each retaining device is
arranged to secure the disk drive unit (12) in the receiving frane (8) by
acting directly between the disk drive unit (12) and the 20 receiving
frane (8). 2. A nmounting according tCIOAMM®N 1, in which the or each
retaining device (15) is arranged to act between the disk drive unit and
the receiving frane in use, by the effect of conpression of the retaining

devi ce between AhRodhtig riad@skiBiie urPnadRY aaduiafsttﬁagémék‘?% rﬁé«fﬁble Jisk"
h C

mounting according to Caim?2, in which the or ea etal ning device (15)
i s arrangebead 3 ongp eosly supportingrihe Wiskdirskdisk head ithetmdgurtingand t he
recei vi)g]g E&% 3616) by the effect of the novenent of the carrier (14) into
the 30 recéiving“frane. WO 03/021597 PCT/ @B02/ 03871 -25 4. A nounting
according to any preceding claim including at |east one said retaining
device (15) nounted on each side of the carrier (14). 5. A nounting
accordi ng to an§ SeFeRrdditniprarsing a diskisirive uitd1dr dwinghresuired aoMementevi ce

(15) is no ey i.rst. l i tion.n i . .r et ai ni ng
device is Ese . a%'? ggwmﬁgpﬁytfhgr&tﬁ%%rﬁit‘g?ﬁ%ﬁﬂrﬁgfs‘&éb?ﬁrhetb%\?@ g%a@gﬁldﬂv? he
carrier (1dpit (t2) e bgirseeted| shd the aerignbéing kdxpted tbad inseré@dithihe the
carrier (14? and a second qperati ng@gosi tron_ 1 n which the retaining

devi celQ 15fiskdrvgdint inta resrivisg framed éof oparationshuseeantind bear s agai nst
the disk drive unit to a greater 10 extent than in the first position. 6.
A mounting according to Caim5, in which the or each retaining device
(15) includes aat astvanergtaenigedeliog (Hhtmadnted oauhé aarief 264) fadeptathgd 0 co-

\mg;a’; ﬁeWi Ehhe g’lsﬁ%rriglie%rhit((ﬁg inotLetrggei\r/iﬁg Ef\;a\gen PS)fsthaerLethggc)a’rrielrnis Sinuscerr]te% i\rlm\%y that
the frame;
15
in which the or each retaining device (15) is movably mounted on the
carrier (14) to allow movement of the device as a whole relative to the carrier,
and the or each retaining device is arranged to secure the disk drive unit (12) in
the receiving frame (8) by acting directly between the disk drive unit (12) and the

20 receiving frame (8).

2. A mounting according to Claim 1, in which the or each retaining device

(15) is arranged to act between the disk drive unit and the receiving frame in use,

by the effect of compression of the retaining device between the disk drive unit
25 (12) and the carrier (14).

3. A mounting according to Claim 2, in which the or each retaining device
(15) is arranged to be compressed between the disk drive unit (12) and the
receiving frame (8) by the effect of the movement of the carrier (14) into the

30 receiving frame.



15 carrier (14) is located in the frame (8), the portion of the frane bears
agai nst the said actuating surface and pushes the retaining device (15)

i nwar dl y wo oBe2rs97 agai nst the disk drive unit (12) which PETIGRDaOERI1I N t he
carrier. 7. A nounting according to any_preceding claim in which the or
each 20 retaining device (15) is nountee®in a wall of the carrier (14) and
extends inwardly towards the said space in the carrier for the disk drive
(12) and outwardly to engage the receiving frane (8) when the carrier (14)
is inserted in Amsousite acewgdingrtampy E8dceddtg 8laimd inoludinigray lewst ondigzgd t o
Caim?7, in,which the each retaining.device has ortion which
protrudes [FARINE YIS {%)gn?wéte (%noeasc}gg%ge Pt&et%r'?ﬁ@ﬁ drive unit and
which is inclined to a perpendicular to a floor of the carrier, the
inclination being in a sense such that the insertion of a disk drive unit
into the 8paceAdnoseriiNg Aecaiiog tdiany ereseding olangagyéich the oreadhncl i ned

portion: of the.30.1etalni evice, .and to ogressjvely nove .t retaining
Govi co but P SETRALTS R kb eefiien 4'08] RERRElA e PriEB e vio
03/ 021597 REin(RP3S QS8 FlretradfePwhAllyBrptrtiay aasidedhd daidspdcaiimtye or 8, in
whi ch the retaining device has a portion which extends outwardly into a

recess in EaEes(tp, aflowing thadiskedrivighinit(12) txbs isested datotted caviec¢Idper at e

with a sup i i . - i V| . such 1 the carrier
s i naert ot etohl dpsRaind Bo Rt e o' Btpin Bl SRR Bt v a1
prot r udi ngthEosdit @paoé i tree catial andbesie\dgzinst ansldisarapive Le@ 3o Bhreatert ai ni ng
devi ce between the rail and the disk drive unit in the carrier. 10. A
mount i 1y a¥Enbthag ndhadysthasdieni ng claim including four said retaining
devices (15) positioned with two retaining devices (15) towards the front
of the 10 carrier (14) and two retaining devices (15) towards the rear of
the carrief, relAanhbustingattwdihgrte@iaionsoh winisiethe oneadh fchginingrdeviie i nto t he
recei ving fLéame (gé each side of the carrier (14) havi ngi; an openi ng
exposi ng t hEP)dNelEdes apRutyredly gxtepding Actugtng)surigeei2emdaptiektaseve unit is
in the cartg i } t W i i L to
be deposi tgg@faﬁ?gﬁ@ré’ﬁ@]ﬁ !tdg‘g(d']? fgﬂqu ﬁgéﬁgﬁﬁi%ﬁ%@gﬁ%%hnégw?gé%é’v @%(ﬁ;gHseed
si des ©5 t kerrdirdk4)disiloeatadiin the frame (8), the portion of the frame bears against the

said actuating surface and pushes the retaining device (15) inwardly to bear

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

7. A mounting according to any preceding claim, in which the or each

20 retaining device (15) is mounted in a wall of the carrier (14) and extends inwardly
towards the said space in the carrier for the disk drive (12) and outwardly to
engage the receiving frame (8) when the carrier (14) is inserted in the receiving

frame (8).

25 8. A mounting according to Claim 7, in which the or each retaining device
has a portion which protrudes inwardly towards the said space for the disk drive
unit and which is inclined to a perpendicular to a floor of the carrier, the
inclination being in a sense such that the insertion of a disk drive unit into the
space causes the disk drive unit to engage with the inclined portion of the

30 retaining device, and to progressively move the retaining device outwardly as the

disk drive unit is inserted into the space.



11. A nounting according to any preceding claim in which the carrier has a
coupling structure (47) projecting outwardly froma front of the carrier
adapt ed two ob@2espyaged by a robotic device (49) for novi ng@CrhaBoeass7ier into
and out of the 20 frame. 12 A nounting %cordi ng to any preceding claimin
conbination with a receiving frame (8)<i1nto which the carrier can be
inserted wiwth a disk drive unit (12) for operational use of the disk drive
unit. 25 13. A nmounting according to Claim12, in which the receiving frane
(8) conpr9ses A mewtng acookding X Ciaiapf ed8t o whicktheeredaipingrddvideyhas a

i - 30 hdpton R kel Bkl h A Bt ine SRELGR o B BRI L1 g

frame (8) reeespid é@épt@dd@t@-o?&e@été@ﬁtfﬁé%@ﬁf%rﬁn@@éﬁpé@ﬂwé RceRGR] fgma plural ity
of carriers oénl4) WD 03/ 021597 PCT/ GB02/ 03871 -27 with respective di sk

drive uni tsuqtbpt phendpecatriesiminsaged gitothe refieikngiframe, the tail éngagedat a

(8) oot haBHHARE AR68ERG M Sl AThiing Bellernd BompRERES Y or
(14) with jetsiningss@dt@betivadinake dail 5rd td Hisk arivéana iptRcessicng. 16. A

mounting according to any preceding claim in which each retaining device
(15) conprises a resilient nmenber (15). 10 17. A nounting according to

Claim 16, im whi i o] i S : t.of
Ceai 11 ent W arhaoiiie SRR R BRCedrkbdate? ing BAFG 1o sty poBing.e
sheet of rdwsiitesms)misdidnel withbtwrarstaihingesicesriésbiendrds tre f@R)ofakeut whi ch
the sheet is bent,to provide two ortions of the sheet inclined to each
ot her T aFATERE LA e eaaingaiefoRs 8 Gmaris e @ar of e Cariberiahes ng
provi ded HRRFRESh T i ¢ B8 ichieht; ' tuse
angl e. Zobﬁfg. A nount p;gl]r%faegcdgfoitng Ctht) ‘%tlgﬁn géc%n%hﬂ?@ﬁ M’eégrcerfslgﬁleg)ﬁt
menber ( 15%heicarrier (14) 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 the

disk drive unit to be deposited into or lifted from the carrier by gripping the

15 exposed sides of the disk drive unit.

11. A mounting according to any preceding claim, in which the carrier has a
coupling structure (47) projecting outwardly from a front of the carrier adapted to
be engaged by a robotic device (49) for moving the carrier into and out of the

20 frame.

12 A mounting according to any preceding claim in combination with a
receiving frame (8) into which the carrier can be inserted with a disk drive unit
(12) for operational use of the disk drive unit.

25
13. A mounting according to Claim 12, in which the receiving frame (8)
comprises a tester rack (42) adapted to receive a plurality of carriers with

respective disk drive units for testing the disk drive units.

30 14. A mounting according to Claim 12, in which the receiving frame (8)

comprises a data storage assembly adapted to receive a plurality of carriers (14)



positioned so as to act against an outer side of the disk drive unit when
it is inserted in the carrier, the said bend line or lines (25) being
arranged wop oaopisane or planes substantially parallel to Phe/GRo®s878i de of
the disk drive unit when it is insert_%_into the carrier. 25

with respective disk drive units (12) for operational use of the disk drive units for
data storage.

15. A mounting according to Claim 12, in which the receiving frame (8)
5 comprises a frame of a computer adapted to receive a single carrier (14) with its
associated disk drive unit for data processing.

16. A mounting according to any preceding claim, in which each retaining
device (15) comprises a resilient member (15).

10
17. A mounting according to Claim 16, in which each resilient member (15) is
formed of a sheet of resilient material.

18. A mounting according to Claim 17, in which the sheet of resilient material
15 has at least one bend line (25) about which the sheet is bent to provide two

portions of the sheet inclined to each other at an obtuse angle, the resilience of

the resilient member being provided by compressing of the resilient member by

opening of the obtuse angle.

20 19. A mounting according to Claim 18, in which the resilient member (15) is
positioned so as to act against an outer side of the disk drive unit when it is
inserted in the carrier, the said bend line or lines (25) being arranged in a plane
or planes substantially parallel to the outer side of the disk drive unit when it is
inserted into the carrier.

25



