WO 02/ 087211 PCT/ US02/ 12262 HARD DRI VE TEST FI XTURE FI ELD OF THE | NVENTI ON
[ 001] The present invention relates generally to an environnental chanber
for testiwgohasridri ves. More specifically, the present i meartSoom26el at es
5to a fixture for securing and testing a hard drive while in an

envi ronmental chanber. BACKGROUND CF THE | NVENTI ON [ 002] Conputer hard
drives are generally subjected to a "burn-in" testing procedure conducted
in an environnmental |y - congARD pRIVESTESPIIRAURENESEe 10 chanbers are
designed to isolate the drive fromvibr atl ons, fromtenperature changes,

and from hum dity changes soquﬁthﬁ{EI N@Eowf act urer can obtain

accurate mance est resul.ts. . uter hard drives are also
usual | y sﬁabéﬁ ed to %r%e tté’%‘fqnﬂb Y?%lat@n\%% nrloalanc%‘ﬂfocntn&l#aﬂg testing
during the g@ibenfanestREaad Mﬁv&g MB%S@%c&fcau;lﬁhé ?f%séfﬁnﬂée%%ﬂ rbas Pr ocess.
This testing, al so known as "final verification" testing, Is also typically
conddict ed iR & dixguedioviseoningnand tasdsg achardbdnie. whileiingan eideementals, it is
desirable t aﬁj%vle controlled and stabilized air tenperature and ai rflow
rate arouncf: € devices under test. The test tenperature and airflow rate
are selected by the nanufm&(cng&owNDsmpummmTlmNr mal stress range of

cxper i ence B0 (2" sarofBf Bt Alfts bE Byl SBiopR B ufEREbER ' ona

ai rfl ow mayprbeedad eohdidtddoin nal eifgroamertallpdonimplied Qésttctlﬁm\bef stTigspect ed
conditions. These tests can provide a valuable tool to verify product
quatPty andcheBIPERLIIE ‘i%?lgé‘ﬁ@l tt) dS(&é‘@uﬂi@ driyst ff?lﬁe"lh’éi\tlﬂn%rff%steﬁ’@éltatum ndustry

standards. c%%n% é%d-f%ﬁi ésV& {h%f}( flﬁﬁufa {el?eca rdppfipart are
pr eci si on hed to ¢ ose nce I'ng hem T el ative y expensive to
fabricate. achnater;mrfmnencepestmsuhst test fixtures are typically built to

handl e onI Y, e type har rive. Consequently, there is need in the

art for a 18QFkost nhd %FHH‘FtF’(/]éarSélﬁves e, r e talbn stpestedstorthermpl desfig ch i s
adapt abl e L& AGHOTHDHA RnditidKing"tdXi58 dAfing the design and prototyping phases of

15 the manufacturing process. This testing, also known as “final verification”
testing, is also typically conducted in large environmental test chambers. During
these tests, it is desirable to have controlled and stabilized air temperature and
airflow rate around the devices under test. The test temperature and airflow rate
are selected by the manufacturer to simulate the thermal stress range of conditions

20 that the device under test is realistically expected to experience in its useful life.
Alternatively, the test temperature and airflow may be selected to include some
multiple of the worst expected conditions. These tests can provide a valuable tool
to verify product quality and reliability and to assure that the hard drives meet
industry standards.

25 [004] Typical hard drive test fixtures in the prior art are precision
machined to close tolerance, making them relatively expensive to fabricate.
Furthermore, prior art test fixtures are typically built to handle only one type of
hard drive. Consequently, there is a need in the art for a low-cost hard drive test
fixture, and for a fixture which is adaptable to accommodate disk drives of

30 varying sizes.



30 varying sizes. -1 WD 02/087211 PCT/ US02/ 12262 BRI EF SUMVARY OF THE

| NVENTI ON Accordingly, the present invention is a test fixture for

supporti ngoazisnd: drive during testing. The test fixturePcarusbpiazsed to
store hard drives undergoing testing, and can be adapted for insertion
into an environnmental testing chanber. 5 The test fixture includes a pan, a
test card coupled to the pan, and a bearing surface for guiding a hard

drive to the test card. BIQ@]SUMMﬂRYQquwENmﬁDNS are attached to the

a heari ng cur 1 ace R PG ERIORL FIRRRRhr Br ABeB MRt B a5

| ocat ed in @iwchrhgtiveng. e tdd fixairk Sadbélusedl t3dapt agkdf @ives aAMegdingn to the
hard drive. The test fixture also includes an ejection rod for

facilitati rgstignavdrcanpe pheptethfof iggeartjen fm@ﬁmeﬁ@r%@%ntal tegtig chamber n
al tegnate e‘mofésﬂ?ﬂ{ e il8udes S P@Aﬁws?caﬂcé(gﬁgﬁﬁﬁ anaaﬁcF%tbea&?lﬁgd coupl ed
a Tl a e ot

to the pan, r st ear|ng surface coupl and a sec
bearing surduafaeefar@upliega hardtdive pathe tddteardli r st and second bearing are each

15 adapted to_gui de hard d e of a particular siz e test card. In
this confi @Qﬁﬁti on, a@h%net %‘E‘{’ Q{W{‘tulr%‘lﬁ %re@é@%e? tﬁo‘hﬁﬁ’éﬁ? PothecRd™ Ard drives
of varyi ngolgdo%i%ﬁl t[r&Q@al \é\ﬁ'ﬂr)ﬁcﬁt R kifd !n? aﬁ%@#ﬁﬂ%sa ¥esifd SakRsey Still

ot her ments of the esent I n entl on beconme apparent to those
skill ed i n pdsgionang off ﬂlorlmatmérl‘feol Aweannggtide tcaid ie dochésicini ppadedreiwednethei n i s

showp and descri bed onI 20 the e he invention, way of

1T AR, Fat i oS ghd BB 1 oo G e ALt (I e a0 RS

i nvention. #ASej¥dtlon 188 féraatiliz8dg rdrhéval BY@BhhRINv frid Btk fikturBDdi fi cations
in various ObVIOUS aspects, all w thout departing from the spirit and

scope of the present At pltdroate embedinatinhghy fest fistwe andludss aaraa, adettai | ed
Seser P! on. a8 Spb P BESEASTBrR bbb AR B BHABS: B0 Yo, o (o
view of a hgdagingrdurfacdde sburfléd talfis paCCOrtd fift taBd Ga€ond bearing are each
15 adapted to guide a hard drive of a particular size to the test card. In this
configuration, the test fixture is easily adapted to test hard drives of varying sizes.
[006] While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent to those skilled in the
art from the following detailed description, wherein is shown and described only
20 the embodiments of the invention, by way of illustration, of the best modes
contemplated for carrying out the invention. As will be realized, the invention is
capable of modifications in various obvious aspects, all without departing from
the spirit and scope of the present invention. Accordingly, the drawings and

detailed description are to be regarded as illustrative in nature and not restrictive.

25
BRIEF DESCRIPTION OF THE DRAWINGS
[007] FIG. 1A is a top view of a hard drive test fixture, according to one
embodiment of the present invention.
[008] FIG. 1B is an elevated rear view of a hard drive test fixture,
30 according to one embodiment of the present invention.



enbodi ment of the present invention. [008] FIG 1B is an elevated rear view
of a hard drive test fixture, 30 according to one enbodi nent of the
present iwoenosmt -2 WO 02/ 087211 PCT/ US02/ 12262 [009] PC&USBX11262 a
perspective view of a hard drive test fixture, according to one enbodi nent
of the present invention. [010] FIG 2B is an elevated side view of a hard
drive test fixture, according to one enbodi nent of the present invention.

5 [011] FIGoo®] is an E]]CEVaAeIi Erpdﬁpe\tﬁﬁeyvv@éwaoﬂ al hed efivd hesthBx@re]ri ve test
fixture of FIGS, 1A and 1B. [012] FIG 4a shows an el evated rear view of an
array of haAcgording e opgsm 06%%“@ the prese AAYenfipls, 4b i s an over head pl anar

view of a % 9][ drive Flﬁ%gﬁﬁfg@b‘%ﬁfﬁtg @@g\ﬂ%doft 1 & NELE tggt Aare

envi ronnmental test cha is a SI perspective viéw of

hard drive a;:smdmgﬂo@me embotindintrefthe pfeséitényemésent i nvention. [015] FIG 6a
sho a sec f a hard drjyve test sse |y according to a second
enmbodi ment [bi'ﬁ?he pr t3 ’isrﬂ?eﬂ?\’aé‘?d %?@ Yiew eyt aader gh thenfd dEivE desti onal
view of a rﬁ,{t{lrquq;qggl D8 2h@1B. second enbodi ment of the present invention.
[017] FIG 6c shows a sectional view of a hard drive test assenbly

accordi ng tl812& secondfléndedhoenen elevathé rgr esnof ameeay pbhard[ddiv8testl G 6d
shows an over head planar view of an ejection plate. 20 DETAILED

DESCRI PTIC]\?f e® SAs shown in FIG 1A, the present invention is a test

fixture 10 [osgeci al | yﬁl@a@t@qnt&eﬁfé@@?rahmawe@r& Anarddrflertbfhsie@siiyng and to
interface thereto. The subject invention is especially suited for use

witHn an emgpgadinarshelf opan @mméwntabw ¢hembgsi |y adapted to cooperate with
racks or stlﬁlig]ge cabi 'IE%. S5 tmhgtm&r %ClSpCCthe view of a hard drive used in one

embodiment of the present invention.
[015] FIG. 6a shows a sectional view of a hard drive test assembly
according to a second embodiment of the present invention.

15 [016] FIG. 6b shows a sectional view of a rail according to a second
embodiment of the present invention.
[017] FIG. 6¢c shows a sectional view of a hard drive test assembly
according to a second embodiment of the present invention.

[018] FIG. 6d shows an overhead planar view of an ejection plate.

20
DETAILED DESCRIPTION
[019] As shown in FIG. 1A, the present invention is a test fixture 10

specially adapted to support a hard drive during testing and to interface thereto.
The subject invention is especially suited for use within an environmental

25 chamber, but is easily adapted to cooperate with racks or storage cabinets that are
generally known in the art.
[020] As shown in FIGS. 1A and 1B, in one embodiment, a pan 12 forms
the “backbone” of the fixture 10. Preferably, the pan 12 is fabricated from
nonmagnetic stainless steel. Two bends 15 extend longitudinally along the pan

30 stiffening the pan 12. Airflow holes 11 are punched in the pan 12 in a pattern



generally known in the art. [020] As shown in FIGS. | A and 1B, in one
enbodi nent, a pan 12 forns the "backbone" of the fixture 10. Preferably,

t he pan IROig/08Rbri cated from nonmagnetic stainless steelPCTAWO2/b2rzs 15
extend longitudinally along the pan 30 stiffening the pan 12. Airfl ow hol es
11 are punched in the pan 12 in a pattern -3 WD 02/087211 PCT/ US02/ 12262
generated to maximze the flow of air through and around the inserted hard
di sk dri vegehératsshiowmaximize dbdhBaw loff piz shronglFi@Siro@Al thadns2Byd hardidisk

mai nt ai ni ng, ad e stiffness. to. [ rigidity. [021] .Connected to the
pan 12 is adrbvgglg%uﬁ%o‘%i’? Qﬁsg‘eaﬁpﬁsrfn%%eggt%d gﬁ?’d@&%&%&n BE8drive 16 during
i nsertion ia{a@@ugt@%fffﬁ@ggwl@mi@er%ﬂgtyto | ocate the hard drive 16 during

testing. FIGS. 1A, 1B, 2A, and 7B show one enbodi ment, wherein the bearing
surface i nd0@dtles a pl beriected totherpan|1e is a bebtigeusfe¢owhishiserves i gwidg i ty of

cur 5o cahtifoB%s 188k LR @Mk s B abf i SGulhishehl Tt M ompri o

of mul tipl edulfhgsedtingt @S, CAMBIPRA)hed PBIskbR®nt BmboOR&H WIRReih ¢hegui de and
| ocate a hard drive 16 wthin the fixture 10. [022] Screws 10 are

posi ti oned Reguipg surace ipeedasiagnarabity affraily igiqospergtighwithe plyalityf. I n the
preferr ed SEHO Meha pd tEalibd vy ullEnaPR!the ARGHade biRnBGLE pa”d L wo

dowel pins, Wth pI ns erm ni ng € positron an 12. 15

The rails I@naise Headonpratddf phef siuaturyl cormponentdoscingaised of pukigié c materi al ,
for_ _exanple (RTP 387 TFE 10) .carbon fiher filler PTFE )

(polYtetr af%twgw%lmw@ﬁ@)ts WOHHRS Bat00neT3EPY g idnanddocaly anplriver koo m RTP

| magi neer i ngi:@k MY ARG 10.M nnesota. [023] Preferably, each rail 18 is

i dentical, thereby reducing 20 manufacturing costs. In one enbodi nent, the

rails are dgoRgfal ly TSghwapédammmbshiosed polx thedoetiosnof thataik IS8estthag sight is

defined betwe t rails. The rail efin eneral | y orthogonal first 24
and second %e@url}l‘\gl& etﬂegﬁ"g’ﬂﬂ%ﬁ‘r“?’ tg‘ﬁﬁ‘ﬂéf}? e%osnﬁlé‘reé byiteg S%F?”@e 16 as it
i's insertechndthidl ddweld fink] withl B dbkel FR6 AetepthininkBhabs@tibeh Hd§an 12.
15 The rails 18 are fabricated preferably from a dissipative plastic material, for
example (RTP 387 TFE 10) carbon fiber filler PTFE (polytetrafluoroethylene)

lubricated polycarbonate, available from RTP Imagineering of Winona,

Minnesota.
[023] Preferably, each rail 18 is identical, thereby reducing
20 manufacturing costs. In one embodiment, the rails are generally T-shaped and are

positioned so that a testing sight is defined between two rails. The rails define
generally orthogonal first 24 and second 26 surfaces which support and guide a
hard disk drive 16 as it is inserted within the fixture 10. Each rail 18 also includes
a slot 20 for locating and supporting a test card 22. The rail 18 also has a plurality
25 of recesses 28 wherein a roller is disposed.

[024] The rollers cooperate with the rail 18 to guide and locate a hard
drive 16. In one embodiment, two types of rollers, idler rollers 30 and pressure
rollers 32, are used. FIG. 3 shows an elevated view of a pressure roller 6. The

sleeve 36 for the pressure rollers 32 is fabricated from a rather low durometer



a slot 20 for locating and supporting a test card 22. The rail 18 al so has

a plurality 25 of recesses 28 wherein a roller is disposed. [024] The

roll ers cwopenster with the rail 18 to guide and | ocate a ramdiSozirizér 16. In
one enbodi nent, two types of rollers, idler rollers 30 and pressure

rollers 32, are used. FIG 3 shows an el evated view of a pressure roller 6.
The sleeve 36 for the pressure rollers 32 is fabricated froma rather |ow

dur onet er hmﬂmﬁwOEW@BWmelﬂ{ﬂmmﬁmﬂwrmBﬁﬂumhahuﬁammﬂaaﬁhwpﬂ$$nsuch as a

neopr ene or ret ane ssure rol trude
i ontly frsrERe marp R EBntios i 1O B BRSuolFse PRt o pr oxi mat el y
0.060 i nch fppeRikdaR1PONE@E&Rh Fonk R sifthde Jhe AMAIE hnd § iSRRI ST Of
conpressi ng about 0.030 inch,. AIternatlveui the pressure roller 32 can

2]

al so be 5 aprrpwing aeeH0.03Qmsh. PMermatively, [preésursmliemélz@eueglsabbr ass core
34. ;he sl e §¥% %@mgé the idler rollers 30 is pressed on or glued to the
core and is Bricated froma hard pl astic such as POMOLUX or stainless

steel . The Jodber rol | Theidk? relle@BOUAEudes|al l3iMs|cpre 340 Mht BRevedd oflBe | N One
enbodi ment, the idler rollers 30 protrude 10 approxi mately 0.030 inch from

the right (lékergwéﬁxm@rﬁnrﬁ@?d Ql;zxyr@@@@r%tap coigead és fapHeated pm algard[ 026] I n one
embodi ment, ﬁ.&m F@Mligﬂuxgﬁ ds%%teei hPhéfa r&?err%jS@ﬁ]'tﬁd di sposed in
ral IS a In

bet ween a apted to Fot 20in a
| oose fit mmghﬂyfmmmﬂmnmlé&bhdmm&mﬂmdhnﬁnnhsMﬂaabﬁmﬁzohﬁanahﬂut 0. 015-0. 030

vertfcar: canebrainakdy Bosinch dio B Hath (o supvre i BTN rriscnble by o0

i ncl udes angjniger face which coupl es to a hard disk under test, and enables
the test card to communicate wth the hard disk. The test card al so
communi cat el926] t h a hhrcdlecﬁnshodtre@ﬁj asghowevi Eig. ¢mand 4hohwniest casd Z2is be

ol Y, aPRfgelah e EaSi biE b Rt Bt L DRARAER BB o i ve
16 under goi Jagsd ishbii@r. FosReMmuAhdnt de fstbed 20thadhiduer.ers-0l08t cards can
be used in conjunction with the subject invention. The test card is
sli §ably inches of play parallel to the surface of the pan 12. This limits the vertical
excursions permitted for the test card 22. The test card 22 includes an interface
which couples to a hard disk under test, and enables the test card to communicate
with the hard disk. The test card also communicates with a hard disk testing
device (not shown). As can be readily appreciated by one skilled in the art, the
20 test card is typically custom fabricated to interface with the specific hard disk
drive 16 undergoing testing. Consequently, a number of different test cards can
be used in conjunction with the subject invention. The test card is slidably
removable from the rails so that it is easily replaced by a different test card.
[027] As shown in Figs. 1A and 2A, in one embodiment, the fixture 10
25 includes an ejection mechanism to disconnect a hard disk drive 16 from the
interface on the test card 22 and to partially expel the hard disk drive 16 from the
fixture 10. The ejection mechanism includes an ejector rod 38. The ejector rod

38 extends laterally across the pan and engages guide holes 43 located on bends

15. The ejector rod 38 has a back end 40 located adjacent to the test card 22.



removable fromthe rails so that it is easily replaced by a different test
card. [027] As shown in Figs. 1A and 2A, in one enbodinent, the fixture 10
25 i ncl udwe tasejiecti on mechani smto di sconnect a hard di PkTdrSoye286 from
the interface on the test card 22 and to partially expel the hard disk
drive 16 fromthe fixture 10. The ejection nmechani smincludes an ejector
rod 38. The ejector rod 38 extends |laterally across the pan and engages

gui de hol esTHEdckead ¢d 1Mabﬁi1ti$naﬂl53p'5hﬁ)n€thﬁebﬁb exead3Brobgsthe tback end 40
| ocat ed adj ac nt to the test car 5 WD 02/087211 PCT/ USQ2/ 12262 The
back end 40°4&2%ugadect 8 hawdhiske! atE?GF?Cl @ﬁrﬁﬁ%e?l?dﬁﬂtcérde%lérﬁ’&mﬁiﬁdough t he

test card Z\gltﬁghﬁf%rlh%ﬁtagﬁrloﬁﬁﬁtg i@l &PaiRht AL, LRIk The test card 22

is provided wth a hol an appropriate location to allow the back end
40 to travetheretirewght bk cubiplar bumparidiids cdimepted tol@e baclcemivifoe dottactige back end

40 f r conta sk drive. The a material such
as a soft Lﬁ%‘?fﬁaﬁg‘:‘t qurl‘nﬁ%{nagﬁ?f?ﬁ‘é ﬂ%h&§agafd?1?t}ﬁ5‘Fltlé3& agai nst it
to di sengaggit g nﬁ’d’r'tN@dﬁ\feoﬁ‘lifﬂ%uﬂ@cﬁ&gaufs@ft@o a%enéaggale driVeQhtn BIEREMI ment . as
shown in FIG 4b, the physical position of rive is controlled by the

first 24 armird@2ond surface 26 of the rail 18, the 10 bunper 42, the test

card 22 e, oS g S Ry BeRbboslBhat 5

| ocat i on oftht BEvEBLVhiroDe Sy ﬂleﬂglzaSanaaecoﬁﬂ@mf&eSZMﬁh@raﬂeﬂss pective view of
a hard drive 36, having nounting screw holes 23. The hard di sk drive 16 is

inséPted ibwmeperke, the deshead 2Rdthe sdlgrroters 30end peessuse roliess 32. Bhaabl i ng t he
d 1 g hard
test car Zl%gélgg:i)u{%?)&/&ﬁg tﬂeSha\.% gﬂktdpee lfﬁ@ﬁe?é&{éra?lyr éﬁle &I[\ISIA‘%&&{ ar

drive is suc I'nterface I'ng circuit is
conpl et ed allobalw'nnﬂ thﬂoﬁnting dereghhole23. [ BIRRD shb®s a parsplaiws view ef 4 ay of the
har d drive t leé re. 10, accordin t g _one enbodi nent of the present

i nventi on. QH?S%FI visgaroupsing sefewholes 3. The barddsladive g ipdnsested i sk
drives | ongist gl felnh¥ ahh@?srg%%d Bk dost Al ehfink VRl t\éaﬁfqmasmt&ﬂ@e ina

frame, to create an array of sixty drives. The~sixty- ve array so
condf r uct edwitlp tHechaod digh frize box Aftboahard dxive iscsuRcdsefatly ivtarfared awithi the
construct edtest card, a testing circuit is completed allowing LED 7 to light up.
[029] FIG. 4a shows an array of the hard drive test fixture 10, according
to one embodiment of the present invention. As shown in FIG. 4a, the pan 12
accommodates five hard disk drives longitudinally thereon, and is stacked twelve
20 pans high in a frame, to create an array of sixty drives. The sixty-drive array so
constructed would occupy a box about 2 x 2 x 2 feet. An array is constructed
incorporating front and rear “angle iron” frames 44 that define the perimeter of
their respective locations. Side panels 46 are attached to the frames 44 by several
SCIEWs.
25 [030] In one embodiment, each of the pans 12 is extended to
accommodate five hard disk drives 16 and secured to the proper location on the
side panels 46 by screws. The rear panel 48 is secured to the rear frame 44 by the

same screws that hold the side panel 46. The rear panel 48 is fabricated to carry

the appropriate interconnections to the outside, fans, devices for heating or



incorporating front and rear "angle iron" franmes 44 that define the
perinmeter of their respective |ocations. Side panels 46 are attached to

t he framewoddokeiseveral screws. 25 [030] In one enbodi meatrjusezcizénf the
pans 12 is extended to accommodate five hard disk drives 16 and secured to
the proper location on the side panels 46 by screws. The rear panel 48 is
secured to the rear frane 44 by the sanme screws that hold the side panel
46. The roealinganéwhBvesedquihnént atiest| boxoocar enyironmentabghraober stquires

i nterconnections. to the_.outsid f.ans vi ces.for heatin . -6 WO

021 08 721 35 PR TersSR et | s B i TR B PR PR box o an
envi r onmefh dhsifRefked &L BuPdexRabe120, 930em0r 860, foyBdatepns. The basic
bui I ding bl ocks for testing sixty drives can easi [y be Stacked together to

bui | d t egltivesapicity 2y simgply cansguctpge, mowntipedeaueawork dfi ve capacity by sinply
construct a nounti r 44 3 Fl .. ba.and. 6h,..shows one
oopodi morip3fl, 2, MoUHERd of LATE Ryt critbimad O e G g B 00 <

conf i gur aliiege the sabjeonttat 30 id colfighiibles Rtomuridytedgsksdraesof AS shown in FIG
6, a third surface 52 of the rail 18 can be utilized as a bearing surface
for gui diRyREBIEeer Matgwaiia K1G ¢ ndbird paréace iSgiptherail I8caepes 53 can be

attached gL h Qi(é ﬁédriné%ug’?cetﬂaia villlh s}rfaﬁref ﬁ?%g%%/&@gp R&aiftBAA

0
accomodat e di sk dri1veEs varying-si zes shown 1 n E;IGS 6¢ and
6d, the dhetisiSGrambe htmthsdtctn ral $®so thachomestdag erdaann beinmkde ts | ves of

varying sizes. An legc jon plate 54 is coupled to the back end 40 of the
ej ect or ri§EOIEodatR diskidrives ghvatylng 81789 travel s through the test card 22

al ong a gpgsy 56 extengdig eyt dduesd ﬁ&téjé!ﬁoﬁ%ééhé’rﬁsméﬁﬁ higtion of the
ej ector rod 38 would al so activate the ejection plate, the ejection plate

54 cont actémmgpotiste hdidsdisldiives of Garying sizessiAwgejectianppldiesddrigagpled t h t he test

card 22. 033] , Wi, | e present .Lnyention has n_d ribed with

ot or oo bl Dk o8 4B oE I TR 35 nl e b e R SR EonEE e e ¢ i1
recogni Z@Qest ahidorrSalosh 2HIGES6 é}h@ﬁdiﬁ@thr&%hrtﬁ@l@smg &pd b2 dapavitioadff rom t he
spirit and scope of the clained invention. Accordingly, this invention is

not |i m ttBelcieetonknst 3§ would@lag activate the ejection plate, the ejection plate 54
contacting the disk drive 16 and causing it to disengage with the test card 22.

[033] While the present invention has been described with reference to
several embodiments thereof, those skilled in the art will recognize various
changes that may be made without departing from the spirit and scope of the
claimed invention. Accordingly, this invention is not limited to what is shown in
the drawings and described in the specification but only as indicated in the
appended claims. Any numbering or ordering of elements in the following claims
is merely for convenience and is not intended to suggest that the ordering of the
elements of the claims has any particular significance other than that otherwise

expressed by the language of the claim.



the draw ngs and described in the specification but only as indicated in
the appended clainms. Any nunbering or ordering of elenents in the

fol | ow ngwoloiose11is nerely for conveni ence and i s not intremdsd21265uggest
that the ordering of the elenents of the clains has any particul ar
significance other than that otherwi se expressed by the |anguage of the
claim -7 WO 02/087211 PCT/ US02/ 12262 CLAIMS W claim 1. A hard drive
test fixture conprising: a pan; 5 a test card coupled to the pan; a
bearing surface for guiding a hard dCL##&MB80 the test card; and an ejection
mechani sm 2. widhgaifd: xture of claim 1, wherein the bearing surface includes
a plurality of rollers coupled to the pan. 10 3. The fixture of claiml,
wherein the bearing su;$ ce includes a rail, connected to the pan. 4. The
fixture of cldim1, wh Ewﬁdpﬁﬁﬁ= BYREOBRFE¥ce i ncludes a roller di sposed
within a recess in the ggnl. 5. The fixture of claim1, wherein the bearing
surface includes a 15 pressure roller coupled to the pan, the pressure
rol l er beitg rel ativel y* e¥sagcasdediodhe B The fixture of claim1, wherein

the pan includes a plurabdatiyg erfacéfd‘rgl%ghé)hzﬁ§ it MO GSeéRd; BnRlagr al ity of
rails are connected on the pan to define a plurality of testing surfaces.
20 7. The fixture of clegcHpameglisarsei n t he bearing surface includes a first
beari ng surface and a second bearing surface, and wherein each bearing
surface guides a different sized hard drive to Ihel%est card. 8. Atesting
fixture for aR envi ronnjg}?tfg‘lt“rﬁﬂg‘fjrﬂ@rl’ G5t By hgpring surlace includes a

plurality of rollers coupled to the pan.

10 3. The fixture of claim 1, wherein the bearing surface includes a rail

connected to the pan.

4, The fixture of claim 1, wherein the bearing surface includes a

roller disposed within a recess in the rail.

5. The fixture of claim 1, wherein the bearing surface includes a
15  pressure roller coupled to the pan, the pressure roller being relatively

compressible.

6. The fixture of claim 1, wherein the pan includes a plurality of
airflow holes, and wherein a plurality of rails are connected on the pan to define a

plurality of testing surfaces.

20 7. The fixture of claim 1, wherein the bearing surface includes a first
bearing surface and a second bearing surface, and wherein each bearing surface

guides a different sized hard drive to the test card.

8. A testing fixture for an environmental chamber comprising:

a pan adapted to be inserted within the environmental chamber;



a pan adapted to be inserted within the environnental chanber; -8 WO

02/ 087211 PCT/US02/ 12262 a plurality of rails connected to the pan; a test
card | ocawed2log72at pair of rails; and an ejection nmechani ®ar/i$02/T4262 fi xt ure
of claim8, wherein a roller is disposed within a recess 5 in each rail.
10. The fixture of claim8, wherein the ejection nmechanismincludes a rod
havi ng-a secured portion that is sel ectably extendable through an aperture
in the test card. 11. The fixture of claim8, wherein the test card

includes an interface 10.L@GarBRKdofkltdto hpanine fixture of claim8, and
further conprising an indicator nmechanismto indicate proper insertion of

a hard drive. 13. An erdtestorddenated by epeir nfradsianer conprising: a frane; 15

a pan received by the framp:. ality of rails connected to the pan; a
plurality of rollers di élp selmpéh%ﬁ%hé recess in the rail; a test card

| ocated between a pair of rails; and a hard drive ejection nmechani sm

coupled to the pan. 20 it fixhhe oMy WIBRIA] roffaBigFosed wihighRckd and
further conprising a tenperature control. 15. The environnmental chanber of

claim 13, andifesehkdlk conprising an airflow nechanism -9 WD 02/087211
PCT/ US02/ 12262 16. The environnental chanber of claim 15, wherein the

airflow nechanismincludes a plurality of bl owers. L
10. The fixture of claim 8, wherein the ejection mechanism includes a

rod having-a secured portion thatis selectably extendable through an aperture in

the test card.

11. The fixture of claim 8, wherein the test card includes an interface

10  to ahard drive.

12. The fixture of claim 8, and further comprising an indicator

mechanism to indicate proper insertion of a hard drive.

13. An environmental testing chamber comprising:
a frame;
15 a pan received by the frame;
a plurality of rails connected to the pan;
a plurality of rollers disposed within a recess in the rail;
a test card located between a pair of rails; and

a hard drive ejection mechanism coupled to the pan.

20 14, The environmental chamber of claim 13, and further comprising a

temperature control.

15. The environmental chamber of claim 13, and further comprising

an airflow mechanism.



17. The environnental chanber of claim 15, and further conprising a
humdity control. 5 18. A hard drive test fixture for accommodating hard
drives ofwomiosizpli e si zes, conprising: a pan; a test cardPcausbhrt2sn t he
pan; a first bearing surface coupled to the pan; and 10 a second bearing
surfaced coupled to the pan; wherein the first and second bearing surface
each guide a hard drive of a different size to the test card. 19. The
fixture of claim 18, and further conprising an ejection nmechani sm capable

of electing digk drivesnRlnVainlohd Gha8er orthirkds, Willeeif inkbithgyof cl aim 19,

wherein the ejection mechanismin a rod extendi ng through the test
card and a pl areehasismaneidey aphrdiigbf blowersard, the plate coupled to the rod.
21. The fixture of claim 18, wherein the first and second bearing surfaces
are defined by an L-shaped portion of a rail, 20 22. The fixture of claim
21, and furthi?- conpr i sib§gErPIMEBREE ¢hamesh elkaina 451284 Auhernsammgisggef ace f or
accommodat i Nghamfdgy dorifive of a specific size. 23. The fixture of claim
20, wherein the first and second bearing surface each includes a roller
partially protruding froma recess in the rail. -10

5 18 A hard drive test fixture for accommodating hard drives of
multiple sizes, comprising:
a pan;
a test card coupled to the pan;
a first bearing surface coupled to the pan; and
10 a second bearing surfaced coupled to the pan;
wherein the first and second bearing surface each guide a hard

drive of a different size to the test card.

19. The fixture of claim 18, and further comprising an ejection

mechanism capable of ejecting disk drives of varying sizes.

15 20. The fixture of claim 19, wherein the ejection mechanism includes
a rod extending through the test card and a plate extending through the card, the
plate coupled to the rod.

21. The fixture of claim 18, wherein the first and second bearing

surfaces are defined by an L-shaped portion of a rail.

20 22, The fixture of claim 21, and further comprising an insert

connected to a bearing surface for accommodating a hard drive of a specific size.

23. The fixture of claim 20, wherein the first and second bearing

surface each includes a roller partially protruding from a recess in the rail.

-10 -



