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DI SK DRI VE TESTI NG TECHNI CAL FI ELD [ 0001] This
di scl osure relates to disk drive testing. BACKGROUND

wQ 0@9ay94» sk drive manufacturers typically tesPCT/US2008/086814
manuf act ured di sk drives for conpliance with a

col l ection of requj lpment and
t echni ques exi st F@ﬁ@hﬁ?@gﬁi%ﬁﬂﬁgpﬁbers of di sk
drives serially or in parallel. Manufacturers tend to

test |arge nunbers ofppdirpkicdfl ves i nul t aneously in
batches. Di sk drive testing systens typically include

one or nore racks having nultiple test slots that
[0Petlei ve dTukdieliosws relates toeditk digve EHOW3] The testing
environment i mredi ately around the disk drive is
closely regulated. Mninmumtenperature fluctuations in
the testing envi ronnenEAQKé}%@nENiQal for accurate test

ditions. and faor f : [ LV.EST A Ve
oGt onisPald AlanBALEht Bpidefle (& HonBbYER iy s for
chgRaEd WaR a chRsdien of edqiremnatk. Speedsipaedt suiebiheiqure axist
cl earance, are nore sensiti\/? to vibrati . I;.x ess d
fou e 1agas TERDeaT Tbik TS PEIATALATID PiFaDF ME Ty gnd t
tegggrlgg NEmb 89 Eﬂswﬁriﬁés %r QfihidoRal i BABRG! MBS drivd@aing

conditions, t Ives thénsel ves can propagate
sy¥ichisaypioalsy inbiude ghe stupperecksdasingmetlipleges slofs tRatyeesve
to adj 3cent .units. This vibration "cross-talking,"
diglodatqsder \WF4H ext ernal sources of vibrati on,

09Ot I i but £%e &0 RUIRIrBAKLSKIS mnhAadc]§ lhaRindmek disk drive is closely
[ nojr:]- repet?lt%i ve1 run- gut (NRIIIQIO) , V\,h?ch may result in

repotaed. Vésituyi ehypsraturd flupoedersdd thalgainacnyirprgerigse gitical

0004] Current.disk,drive testi St e :
0D PR Sl e L G TP YR TR nerations of
AisIOBL v dsbWhRhthavEXigREScaphdiied] [R1S ratatidrabsgysd @ sandleohead

require large footprints, Current disk drive testing..
cleysnaenereanare sepstivario yputiang rE)@PSScVéW@%%Fa"&éf@Ft {%8 reliability

Ladi vl guald Hefigeekdl | aki (B9 BYSLEM, th
Otjftssg r?sélgf Prﬁ%%eé‘%%%\?s%ggﬁ%ﬁﬁ?}l gﬁgﬁg'sggct R isk e
Arids Vet RBlek 0gh piyph@ie Vibeltiodethratghl seppdrtiogstruadives drisinms

defining a first axis subst Ent iall nor.rRaI Lo @ fl oor
togdiecartamitrh shis gBwelien wronsiiakpgeriaptheriyth gitenal RISt gh

RraRbd k&4 b heafQ trep@nfletron-8xt @NICRO),
VI?%% |0§1 (i%;i}ﬁ{%% t ﬁ’gj‘bfelhr%ét’ gxi sg.q) EJII\/UI ti prleg racks ar e(ENER )
which angedsarialoder the yididotridonencasefl gnanufacturing costs.

[0004] Current disk drive testing systems employ automation and structural
support systems that contribute to excess vibrations in the system and/or require large
footprints. Current disk drive testing systems also use an operator or conveyer belt to

individually feed disk drives to the testing system for testing.

SUMMARY
[0005] In one aspect, a disk drive testing system includes at least one robotic
arm defining a first axis substantially normal to a floor surface. The robotic arm is
operable to rotate through a predetermined arc (e.g. 360°) about, and to extend
radially from, the first axis. Multiple racks are arranged around the robotic arm for

servicing by the robotic arm. Each rack houses multiple test slots that are each
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servicing by the robotic arm Each rack houses

mul tiple test slots that are eachconfigured to receive
wa@2abskoddr i ve transporter configured to carry BCTUSI008/086814

drive for testing. [0006] |nplenentations of the

di.scl psure may .i ncl.ude one or re aof the fqllow
copbiies BECCTE LOHe Orpi BERE S saneerfe HEpoflok S ior
teégﬂg.l udes a mani pul ator configured to engage the disk

rrve transporter of one of the test slots. The
[00@Bot i ¢ dmplansnspienabl Bediscloaricynaiginglude ere o o qfghe

fO‘ﬁg‘giflg ks %ur%g ielvnreS(gFg%eta}:QnS Pegrgérrﬁ?egié) ?’ r%g ?oallatogg Sl? gﬁ:ﬁ ae? F )r/nanipulator

co{s%gdrtedifd bgmtel@iisr,_kgirsfra\z@hgmtevofmftamsttms,r Abkbatid
1e transter station are a dwithin th Ki

oy epase YOTURN BAISSAFVS 615 OB SFHE TRBBBEPL AP | Tt for
tesii?lgg rq{gée( Whg g{m tdgﬁné'saa%ﬁst%gall{yr&?liﬁﬂﬁ&ﬁ; fverkifg atveRipcdlotume,

( at l'east a partia cl osed pol ygon about
antl Hig: datkssindaké saatertsheion abroirranged withifitbe mackiag rayelene

VORI R P B FOME ATy TEOs PR T B ried e ranster
sta[tngﬁ% Jéﬂgg& RPN @f)éﬁiai?%clbgedi bt tHE Fivdt aes ofaeh

st slot "by retrieving e di sk drive transporter
robotanron & hofradksendydst arsingeds equadistanths fadially aiay o fhedirst

between a.transfer .stati and the test slot. In some
axisrﬁﬁ@?]@m%‘f fIgher al cral?tscﬁg%‘?‘(ﬁe%e testing system

[obdgl udes aeughdti Cathl faprdURind B EiepacEst catadst doiporetrieving
thée robotic armand is operable to nove tg_ekr o,boLi
X .

th?mt dg’m franspbyieirein ope epiisttest slofsre trapgfer 2 digk deve et’?vl‘?sn a
[ rive testi t ] incl -
g BB P SR TR e isean

sybemTBMBddshey orehdilyiactuating b oindt abpporaltioangbbiearn et is
surface. In sone inplenmentatio [

: , the di d .
opeesbld tagnaspdherabioHe P gertigal 36‘["5{3 gﬁpgctt?%a]lezé%pﬁ réllllr\faece. The disk
SUppPoOr i i :
R AR s At e
anti@s bfeatiié momostihkadentic[BR08Tizditellyhlokg thei flaer sedadendn some

, t . | ngl : [
gl g5 Sk P SDGETIaE ST TRGCES AROHERagas ['ghopport
th? UL HRInd R DePBltodhElcahe BIHRKIE afth 3ol sé@sndf £xiis

esting. I'n some i npl ement ati ons, the transfer station
substargdly abtrealtto theoflereuefbesut a | ongi t udi nal axi s

efi ned t ransfer station su ' g
00§ 1 ooteclivt b e THERGR Dy PERRb B AL o0 Fabnced
fob §@eingbyth@fdvenc AAk STREtrhkdr stitfohnesorffighadd tandpid e andidr
opposite'facing tote receptacles. In sone exa

starhdiskrdaives tor testiagi nsonpcimpdaiserdatiqngs the ,t]ra@sjgres’teggneig operable
to Srgtg{édalbguteaxltoggi%d?lgal %Ql‘é%’éﬂl‘l&l W&%ttx%ﬂgiiefaétht%r{%%htially normal
to a floor surface. The transfer station includes a transfer station housing that defines
first and second opposite facing tote receptacles. In some examples, the transfer
station includes a station base, a spindle extending upwardly substantially normal
from the station base, and multiple tote receivers rotatably mounted on the spindle.

Each tote receiver is independently rotatable of the other and defines first and second

opposite facing tote receptacles.
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fromthe station base, and nmultiple tote receivers
rotatably mounted on the spindle. Each tote receiver

Wo soopfziependent |y rotatable of the other and de€T/mex08/086814
first and second opposite facing tote

recept acl 009] The raoboti,c arm may i tl

(08&Hlvi ce eﬁ?ﬁg Pl Jrg’l BEY By R "?”éiﬁ%t?ye?eﬂ ' eacﬂg ggnv ey

trePSEWER  &sk @ﬁ@é Y& bl 8 kecdiviel Qisk@riee @fte bh&lc&ﬂ’aﬁﬂﬁf &htion and
station and the test slot. In sone i Ienentatlons

the kst dots Kn doing empletmeniafiensy desdisk @ro\tcéotydaslu%ﬁ taterRpdy

ti tive recept 4
ogsaRy gl R R PO ER FOLINAEE LRPRTY T
digk Stikrebdptacte &eima@ B sk Qv QiR cto(ﬂﬁgumnaxls Supportentenehl
portion of a received disk drive to n|p | ati on

pagtfion; plen gceikedidisk drivg wridlonomaRtlagen B@ﬁhF id&‘ﬁ? nVE Oél&?gn'
ceaé%%ﬁ?c?ﬂs tI??mg ngg?lkél Ehd @El@dﬂl%%qﬁ@uéestaoﬁ)?e BRRMefining

urm cavities and nultiple
xnm@@khkﬁmﬁmeﬂndmskﬁdrlve supports dlsposed in each

| » t .g. off
eIl i e SRSt s droes By rieb R Pt 2P g
rer \!vM?ﬁf t‘g)g %Q\tl%péo%?mﬁﬁ alvidhe 1RaGNEP BV QURednilaplcaissk dteve

rive.” Each disk drive sup Eort is configured to
resmmmsttha aceerchabnfpeired treedivaa diss drivedEeghsdiskgdii veesupgort 1s

COBlglgltcl)I}élg g@?ﬁ&éé%eg goaﬁ%@rﬁofg%regelg% ?k 3111‘960% a{ﬁ%@'lﬁ%}bﬁﬁhon

ofSREELK BB Se hIBR) HERSerral bitRs.Syst em di SpOSEd on the
robotic armto aiding guidance of the robotic arm

(oMMl e tr aﬂmﬁk e taStneshysgr spaetimes pglydes g vayion pskem
d1§3958<? %ﬁ}é §§?hcga?%ht8% OCH ég 1g§&cg%f erﬁ%ﬂbtpéjérﬁ{ PhilOfarld @rtmg a

|ve transporter

disingevd. Thhartbuik tHe Vi¢ntsysompot eved sabelly alrmﬂnqnudHter of the
the test slots or a disk drive tote. i on tem
rohetye &6 Bt 1 @ik GBBENEENED P BrUE kRS R aRr &

sa?erlgli] ?oﬁ‘e bt gy %S@Lloan % &k R tbRCKThd GSibn %%Q&m may clahbrate

sfer s ation or disk drive tote. 1001 1]

ths e tic Iﬁﬁhé)@’&lhgﬂﬂhg olmsrobbtieant tka fiduciad ntagk b thy regis testrslot,
i n¢gl udes at s ne conputer i n comruni cation with
“¥ﬁ3”§@§Pn§W€@§ 18 MCsyst em suppl i es power to the

roflh ﬁk drivg ﬁﬁ*tlhﬂgan%%t%ﬂb aRddiRyribetes@iyf 4ygtenethctudes at
itor and/or regul ate power to the received disk

legkt oue compitheintcestmgligition Avithethp éqsmltzNSe A systegy surihies

p(fvgqg%éﬁgt%%f%v&ﬁ%@%asg ér?x ea?%:& T e coﬁﬁg%rég g& rém%m@r and/or

%@a& pofw@Plo @ReERDleE disk dHveGh! kh’cbttesta ot. A\t&ﬁpﬁﬁltdfd)crontrol
hrough the test slot. A vibration control system

sysient ¢anltrolsrthe kenyicbatarei qﬁ ﬁgch( t@st@lotv iTge paysTpere control system

may include an air mover (e.g. fan) operable to circulate air over and/or through the
test slot. A vibration control system controls rack vibrations (e.g. via passive
dampening). A data interface is in communication with each test slot and is
configured to communicate with a disk drive in the disk drive transporter received by
the test slot.

[0012] Each rack may include at least one self-testing system in
communication with at least one test slot. The self-testing system includes a cluster

controller, a connection interface circuit in electrical communication with a disk drive
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danpening). A data interface is in comunication with

each test slot and is configured to communicate with a
waele@r/otuisve in the disk drive transporter receP@EUSIIY8/086814

the test slot. [0012] Each rack may include at |east

g e R T P T, Bl bR
thé hé’rﬁk@t‘forﬁﬁf&fa@é Ligduit. AHYISRGhicefcd ﬁt@ﬁtﬁ@e@fi@uﬁnﬂotwhﬂol
electrical communication with a disk drivereceived in

potwtee andtempstature of e testislosckhe pensestipneintriaggpifcyiipnd the block
1nt€rf?1%%?1{cu%.laﬁe cqrjfigy e%atg LQp }h\@ f[lnctfolﬂgh'&%[ﬁ NeRh: %Ee IC%EBI{G%F &t

Interrace ci IS Ccon

th€ @3k Ul c ROWSE S}%t’lﬁh (eﬁg,ﬂ‘w&st &iewa@ctﬁfnahﬁye)ftmtbstsllcﬂmhlI'Eh:elpty or
connection interface circuit. and the block interface

while haypingardisked e held B2 disk dgge teRYOFEHCt i onal ity of at
? St ong %?ﬁ@ ?ng&neﬂfatﬁ)f?? cAiskcd Lﬂc‘ﬁﬁieg §131Eé§[‘ gné ﬁﬁltcﬁéﬁal
f nct1ona

tes of the test slot whil
tesﬁﬁﬁ@tsystem incdmenunartomyith adlet&kt cheitese slag [Tde kﬁwcalodalgkstmg

drive transporter) 001
syalgEving 4ee § et dosbiraten gt ono el widrer Srrhg
el%ﬁ&a? %ﬂlﬂluﬁﬁ;gw{vﬁﬁttﬁ@&ué%rt ddndbliéeast a @ettestinghfate circuit

uncti o testing systen1|ncfudes a cluster
inectuetrical ¢cenmusitaticeasith ediskfdgive récsiver in Hhedest slodard theui t

fopdliebr Bt eEiCe G0 B RECIR L fet PRl i¥pbfiaed o
cofil B £dt€ RfurABRA RésE AitaB t(y\ﬂlfemls'k dHhek Iesdie cxaagby e i n
the test slot and the functional interface circuit.

futmnaliegtingotyatem incladesmel hemeUiitshdor pr ding dactpieal
cogﬁ?mle}ugga{tlﬁﬁ etw enlﬂQeC élh%%&a(loni ﬁﬁér Jn‘a%é Qqe%590$é1ﬁngﬂlo°r{(al interface

exa _ e functional testing system
mﬁﬂﬁjudes an Ethernet switch for providing electrica
comruni cati on between the clyster controller and t

[0gt4]l east lprieothgnesprenameridaf padermeing Ak dnve §514¢ iefudes
pr?s'ég{gi dfiR %F&E forde gh%a%fng%esﬁﬁg?é FIbRdc Sins ko R the

I'ncl udes preSenting a disk drive for testing,
pré&htd:ﬂtdhsrkgirﬁ/esmd ghey thehbsk driartmattest skt hpesgd in heack of a disk

presented di sk _drive and.car d
drivedestige évstﬁauﬁ ba rohptig apg A% ORSE Xbele E‘? @kat%hﬁf%@@/ag%ff&%mmed
arS Y54 % g}x Mtéﬂ%&aﬂy &M 4 Bre@ Qﬁﬁ Abfifedtyy hetedogictahhough

a predetermned arc” about and to extend radially from
substhitiadly nexingl td efﬂcnve durffiycet fibe mstlestd incladen astissing Hig rgboljc arm

rfa The net

to é}&steﬁ&}eq ﬁsl‘ék aﬂ gsteL{ tgl?)ﬁ]pteggfmmgr ?(ﬁc ogghtgqgsg on the disk
drlBtButddan eStestSi@t andoer forming a functionality test on

the di sk drive housed in the test slot, and
actuating the robotic arm to retrieve the tested disk drive from the test slot and deliver
the tested disk drive to a tested complete location, such as a transfer station. In some
implementations, the method further includes loading the disk drive into a transfer
station, such that the disk drive is presented for testing, actuating the robotic arm to
retrieve a disk drive transporter from the test slot, actuating the robotic arm to retrieve
the presented disk drive from the transfer station and carry the disk drive in the disk

drive transporter. The method includes actuating the robotic arm to deliver the disk

drive transporter carrying disk drive to the test slot, and, for examples after testing,
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actuating the robotic armto retrieve the tested di sk
drive fromthe test slot and deliver the tested disk
wa@leiwe744e a tested conpl ete | ocation, such as BCT/US2008/086814
transfer station. In some inplenentations, the method

BT S50 380 PR OR Shr Bag e s i
AiVESER IRAcftQlot bAS BEING: tRAEHUETE HiBIP dEi bR O telrak far btation.
retrieve a disk drive transporter fromthe test slot,

[0Attluat i ngintyebarashestaprechrametbod et paryaingdiskdrbeetsstay

. di sk dri.ve from.t ransfe ti.on car :
ol BT B TR I okl g
dr}jﬂ:@ lini6l @k agive addep@clich eefﬁxmho;gn' ax:(iag ani teototte hind/ Brading ehadisk

drive transporter carryin IS rive to_the test.

drgjegpte B to Pce@%iﬁpfie@éle%gvéﬁf%%{ $tRiep c?hamﬁq&dﬂﬂ%lu‘les
o QTR LG S AL B it SRSt B
raclelaint @ctutitivez the setedicadimko ditiisne dnaok theodiskhédrivasdres e transfer

tati . 001 1 yet X { t.hod of .
scgtsprasnr o SRk (Y98 QR AGYs RRREthe: OB Rge o s
N b}ié’ Bl Btaftl BloubhiavyBsddiHhnd dré aRsf SindSb akteADrddfl Y- fr@s, a

oadi ng the disk drives into disk drive receptacles
fidediinéciney ba thé shote pve substaatialindormeh i hfoerrarfges kThe

dri i . | fj. .
oGS B BB HSERBL A SRS, Bl

can QR d GisRBAVE @ theldsi @V a] iridemelid & Binbli@nsiporetienn the divk
a‘test slot housed in a rack, and actuating the

n a h
drivstioniest byt e resepved diskydsive iangriorich andithg kesiiplPy esheghpd then
. the transfer, s I t I | i [ -
e 5T bIP PRtV o iR b er b
tested aisk dtihe Goghtha tqat ddedrelrdeinadhatwsteddisktdrivarbdck ® the transfer
extend radially from a first axis defined by the
stgtsiot i ¢ arm substantially normal to a floor surface.
met hog J, el CGhé g ihdGddsQPRbife BlePob&ic arm t
[Oggﬁiver t §°§?§§9@?F€b ?ransparterscarrJi%gea digfnnf)
deghbiivehetdiskt drevettastpesieotn thamest per feay. nftenglepositing theopsed digk

test on the disk drive housed by the received.disk. _.
i e Bvediosorecarelny gk B6v ey T YRS TR Pdiprine
th B&k WHeS varddoatt 3ant Rt ODALILGesAR B theldiskay R ett@sporter

di sk drive transporter carrying the tested disk drive

cafnyorp thhdisk @sive sitotheatngt stilin theragkh estaldishiag agi cdgetiiy gapgection
back to .t transfer station. [0016] In sone exanples,
befyee ?HEE%PH8PW§&§IQ§?uating the robotic armto
[odeposi t tieoficSkhptidneationd PeERiThag al findthaaligsést ohoite
(e.'g. after depositing the tested disk drive in a disk

rechivededisledoyt mcludenregrlining theperpero@rg Qftthy test Holsyhige operating
exanpl.es, ,deliveri sk drd: NSR&L L &fork®nd he

f BERRETE: A R BT SR ifF i FRA0RE borkfnd

rebdifR aROWBhg 6884t kdhetdivk dHivek hulsdnveexantded, e hethod sicbtdes
in the rack, establishing an electric ?onnectiqq]

one or more of circulating air over and/or through the test slot to control the

temperature of the test slot, monitoring and/or regulating power delivered to the

received disk drive, and performing a self-test on the test slot with a self-testing

system housed by the rack to verify the functionality of the test slot.

[0018] The method may include communicating with a vision system

disposed on the robotic arm to aid guidance of the robotic arm while transporting the
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bet ween the disk drive and the rack. [001 7] In sone
i npl ementations, performng a functionality test on

wao b@oneaed ved di sk drive includes regul ati ng tPEI/US2008/086814

tenperature of the test slot while operating the disk

drive. Also, operatjn he recei.ved disk. drive . ,
NS OR S AR A S AN R
rolb kel o V& dulc il SRABLSURTRUE Sost §15€ traBdfhaghtiodchntl@sdisingrive
or nore of circulating air over and/or through the
totegstogalzot by thaoombneysttthe t enperature of the test slot,

itori and/.or .regul atin I ILYBI
[Ogggeived €§E%H P&g?ggﬁﬁog@rE%%&?ﬁﬁgggggﬁ??gggﬁu%ﬂﬁ%ﬁ%

foktB S thelaBbordpdning E@kingt e&d ihedesyriptionbblous edthbyfentoers,
rack to verify the functionality of the test slot.

olj @031 2] adwaatages Wobbaenparent framehe desetiRtientnhyawiigs, 4d from
thviCIséion syst em di sposed on the robotic armto aid
Gi'd%hce of the robotic arm while transporting thedi sk
drive. The method may al so include calibrating the
robotic arm by alj.Qmi tAl to a fiducial
mark on the rack?hggggggpggfﬁfggﬁé gﬁﬁglation, and/ or
[od'wgk dri V|G Olisea pEsmgni e eidwhyf atdisk dri e tening)sgitem
BO 19] The details of one or nore nglenentations of
[0DRH di sclsu? & atop vaey of Ak driNe fesEna e banyi ng
W ngs - 1, P : : fseatmr es,
e e R e
[0dBHCr i pt i KIGSand ae awi vigss dakdrife tastingisystdnas Iying different
_DESCRIPTI%N OF DRAW NGS [0020] FIG 1 is a perspective
siggidgarksfand INBRNSr j ve testing system [0021] FIG 2 is
[ogzzi]op Vi g0k i fhrshecHld Viewl Estdiadsystamg hQ0a2] Fl G
I'S a perspective view of a disk drive testing
(0895t em [IGR3]s F$idGSview- & agpboticogm virnested os kegicaland
testj systens _having different sized racks and
m?@BP%P%ﬁ?%ggfﬁﬂﬁﬁﬁ'FlG. 6 is a perspective view of a
[08bK drived g$d 4 passatavetew dIQ2Bik dive testingSyatesildeing two
vi ew of a robotic am supported on vertical and
roboti¢ @owt al actuating supports. [0026] FIG 8 is a

opgEePect i 8, 4 irisﬁ%%o%]Ech%&g}‘géisgrdgiY/? st LGS YRESI N AYIRE

r obot op view of a disk
arflf dupBort@Bdd NEpragtsappérncl uding a robotic
[0028] FIG. 10 is a perspective view of a transfer station.
[0029] FIG. 11 is a perspective view of a tote defining multiple disk drive
receptacles.
[0030] FIG. 12 is a perspective view of a tote having cantilevered disk drive
supports.
[0031] FIG. 13 is a perspective view of a disk drive transporter.
[0032] FIG. 14 is a perspective view of a disk drive transporter carrying a disk
drive.
[0033] FIG. 15 is a bottom perspective view of a disk drive transporter

carrying a disk drive.
[0034] FIG. 16 is a perspective view of a disk drive transporter carrying a disk
drive aligned for insertion into a test slot.

[0035] FIG. 17 is a schematic view of a disk drive testing system.
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arm supported on a rotating support. [0028] FIG 10 is
a perspective view of a transfer station. [0029] FIG

wa00087|4per spective view of a tote defini ng nedT/U§1068/086814

di sk drive receptacles. [0030] FIG 12 is a perspective

[ ew of ote. having cantil evered, dj dri :
o8ifport s TiEobSiA e f Gt ST ATEUHEI L e v s
teSingkind FhkGiohslaBsREIChebiliti®032] FIG 14 is a

perspective view of a disk drive transporter carryin
[083 Wi sk drlie refprgogayynioty infle yagioys HETYIBE 1B #C%tﬁz iC{FgTents.

view of a disk drive transporter carrying a disk

drive. [0034] FIG 16 is a erslgective vi ew of a disk
dri \é:etit(r)anisp?(r)t er RETAYLIHY REMISRTEPNve al i gned for
o ermt CoR PSR FESS, Bhh bRl ot ey sy

syFtef@ 10b8ntladés 8 Chaei@ic roboti cannafO0aietinig adfiisvaxit 283 subgtantially
systemw th selftesting and functional testin

nagaapkiiA flearsyrfaqeola 7herrpRaticaamer iz PEyIH &Y ©t1f trpuzh a
var : °11 . | y
AR O PELFSL 4 PR P o
20_5rmi|1 e%fﬁe teﬁzirhl:jis tharotibskardr 20eistopstablego sytgteeid0 aigout the first
incl udes at | east . ' 2Q0 fini i
eSS PORn QI ANRT A0 RO R ok Ao O P adoll'sEh
20016 gﬁ&h@ta!d?s T0e208 ah&oPREIsR G e LandpRiat §5¢ RQughtha disk

predeterm ned arc about the first axis 205 and to
drexct @0 dsacadg. A1GH. T3-0M). tMaultipia reeksa30saro amanged asypd the robotic

ex es, the.roboti,c, ar [
oL B P FO T e 0BT R TREE SR Sk hhithéres
s16@ 11 P eb At Rk e PibFectivPasedivls 580 dbistedinge Mthe@bbdtivesrm 200
robotic arm 200 to handl e a disk drive 500 an

. to . nd/
defiinska swtistestiall nedpericarvabmecarelgphyelums 24P skith thevacsggo

ol b e N i P08 BU g o
a&ég@iwlngk@ctﬁem sP1010 Eackrvicnk b3ad toboikesnm200 i Hee

test slots 310 configured to rece'éve di sk dri

subgiantiadlytqyhgdricphar ol BB P eeloftenioBEDe Akt PRodKicy? corh et Tootprin
PSP ey erkpamsughape volure 2
[0089]ki Nng eTivelobptc ol 20em2L be Codezueedyto irdapgndentlyserviay each
tegtosgot 310 to provide a continuous flow of disk drives 500 through the testing
system 100. A continuous flow of individual disk drives 500 through the testing
system 100 allows random start and stop times for each disk drive 500, whereas
systems that require batches of disk drives 500 to be run at once must all have the
same start and end times. Therefore, with continuous flow, disk drives 500 of
different capacities can be run at the same time and serviced (loaded/unloaded) as
needed.

[0040] [solation of the free standing robotic arm 200 from the racks 300 aids
vibration control of the racks 300, which only shares the floor surface 10 (see ¢.g.
FIG. 10) as a common support structure. In other words, the robotic arm 200 is
decoupled from the racks 300 and only shares the floor surface 10 as the only means

of connection between the two structures. In some instances, each rack 300 houses
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accessibility of each test slot 310 for servicing by

the robotic arm 200. The substantially cylindrica
wowrnkiorg4envel ope vol unme 210 provi des a conpacPCT/US2008/086814

footprint and is generally only Iimted in capacity by

hei ght, copstraints 0039]. . The rghof,C, .ar 0
b g Gl b1 BB ABHTF Ui e CDgefy Tl i S8
(B%QjQJOVide a continuous flow of disk drives 500

hr dugh the testing system 100. A continuouys flow of

[O(igldi v: dudh thii etamplgsibastmog inkTGE g3t the racks PR greypss
allo a St ' i sk.
N e e
théliaks 800 ves bbaRaiged e anypatain anta anysistalct atvaué thidrebotic

t d dti . i [
arL B RIS KOG FG CBUEoBY el e Bntl Atk PO 68 EaHetEn o
leél.:]sg g ng[g.ah? glé)igfﬁcilg%fﬁ?abﬂﬁgthé S Mg RO 06| pagdedboi aaceeh), sédh as

ation of the free standing robotic
anarpen 306lofadormtdgdoe, sqmetes trd@@leairamzoidopmetherrpodygeny efanggles of

the racks 30 ich only s es the f SUY.
whigbwreaiin i oS of S atferatbsalnay b syt SR B EeR
an@sASes YOS partiblaf RBYine AhdmrtidemendaGaklzed staadthdie

racks 300 and only shares the floor surface 10 as the

mﬁmﬂqmnnédﬁ@n?yb@mmm@@@ﬁﬁnaﬁ@mme@ﬁ.the two structures.
sonme instance . 3
[Oé&dt s 3 1dn%il€heW?gé? ﬁlﬁ(‘)&g}t 15%58. 9 ?1&(28’#2% E@%gg%rr@ 2?9 ﬁsleénévated

ances,

by_se'lnﬁ%u?ﬁtﬁm‘d&)%_ta sddestalcapiEc? 30yon fheGbdt surfuct he. Ekappdessl or lift
illustrated in FIGS. 1-3, the racks 300 gre arra

. | : d, .
258qusrdasss thetheight afithswapkiagapveleRmyalmac i sy aﬁ%‘ivglggg@?m&fmc
t r t
ohDYRREH SoEED 30 15 B b s SOR B 21,
THedht of e Rgwhnt ¢lope tdiemedi Ricagbefwrdkoipereasddiyeadding a

210. Th ks 300 . [ . .
e P el R g g TR FR s PR
sugg(ﬁi 59?91%{8 %1&)251% #Q0ebsteChmaR 02tk MBeM iRFIG! PSERE vertically

tagon, re, triangle, trapezoid, or other
acpaliygempoendaips eperdfle whinoke thegobdtovammi 20reSally vgth rpppect

racks 300 e configured jn di.fferent..si -
toghepiens Seedh 10 AR sk ErRES Oy i Rl SShelhz
coRfighiRE K8 a 30QicAr AR AupRtRtin OBRIbBotRY diin200 A8 Y¥nddedes an actuator

symetric or asymmetric. [0042] In the exanpl e shown

(cigndiyaachallgscagd oBbelt) e moup dici rebelinaraod | wridgadhy Hang thy track.
B GHBR S EDgBeRSEERL Pk M B0 0
mégﬁié@{ﬂégggé isv%:ﬂi)%n\/bﬂé kibagc ey 2@ ped VobputEb] @ iOmbye thk rawitiegirm
200 horizontally along the floor surface 10. In the example shown, the combination
of the vertically and horizontally actuating supports 252, 254 supporting the robotic
arm 210 provides an enlarged working envelope volume 210 having an elongated
substantially elliptical profile from a top view.

[0043] In the example illustrated in FIG. 8, the disk drive testing system 100
includes two robotic arms 200A and 200B, both rotating about the first axis 205. One
robotic arm 200A is supported on the floor surface 10, while the other robotic arm

200B is suspended from a ceiling structure 12. Similarly, in the example shown in
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arm 200 to reach not only upwardly, but also

downwardly to service test slots 310. The hei ght of
W b@9iorkd ng envel ope vol ume 210 can be furt hePCT/US2008/086814

i ncreased by adding a verti cal actuator to the

FBES gLl o o AR bR P SEf Lo

Sugp(gug; shown in FIG 7 The vertically actuating

upport 252 is operable to nove the robotic arm 20
[00&4] i cal | Tp tht mnrpé«sﬁ@enrat@@m HE- A psdiskihpadesting Syqtﬁn 100

mglgge ¢ agr&?ag%lee Bibled ﬂ)% &' Fﬁ(?‘#s e ARLHALLR 906 UPROFdiataNE tdbke

as a ver I Ca ac supporting the ro otic

268 EbRAeb1a RsIrdtaie tedebotanarac2 0atbont { sxcgnd alvis Qéh substantlally
bal | -screw or bel t(%‘ to nove the robotic arm?2

noygt fodht figorsueiaee |haharebackrovidingg BLesherye 51&%% Ypgpme

2 1IDHRROL fobda? af 280 r@atid G aiiil Rt Bk axi@b@0 shown in
I@%pn%o ﬁ‘g usre(gat upgort t he ra(;%otl c arm 200 and

[0bgsloper atRcefeﬂrmglhavletd &S Gbbiin sorae mlopetaiionsoe giskydrive

al ong the fl f. 1
(e SHOYHEE O GRS \art FEA g TAHRPRGR DR Jopge rm 208 The
VIQSB Ey?sftérﬁ 97§ Mﬁﬁ%&a@@@md@{’da&@@@ﬂh& rét@tichen rzob athile ar m
O provides an enl arged worki ng envel ope_vol une 21

trehmp@rtlgg adisll doivg 208 d Ispiss e, el i1gioR rswtqﬁ Pépidy @BWP@“ of

o3t PRl AP RO B HI BT, b SR e
sldst@qgtah@/oam@ 430 0haisiod @dBem R0 Iaamﬁmae t}mgobdﬁo;wtmt m) by
first axis 205. One robotic arm 200A i s Su rt
alighingithombotie praao o2 figegiplanarke 1Rdhe 4361585(? %Fe ’fﬂbg’d&“}%
S end f c I 21 »
tef,t ﬁlot% EZB egna%%? eé & ﬁl' ﬂd&&a@ﬁnﬁﬂ(ﬁjdl t1|§ 8.1%61{, ?})&Iggé Iﬁ{cakl?{élro%ted
nedPH comyr mnoﬁﬁﬁﬁgﬁ(m@lf thartedtisbot 3&0 b dwl I‘aglk 3. ubhd mgotlc arm

5 e ol SR S AL 105
CI{P% ﬁ%g?lh ﬁgfag gﬁ@%ﬁv'a%{anw%s@ Hihen mabet terinpu20Q.

e 260 is operable to rotate the
dri\@kﬁ@()b cThe ri0alabbetic @msdigonentxinbarethembetragit 4nd | y

n fl f 0 h
repaDhy Sgbkian e ATe RO O s PR Bn A e
treglgﬁ ok 253D 'cBthﬁQ |a>ﬁ1ﬁbﬁWe StOb?whithﬁayaﬁéklﬁt RQmalgf @Ak disk

erring back'to FIGS, 7-8, in sone inplenentations,
driviees Ofiagid/od thiovdisk drid tﬂ@mﬂgyséfﬁfém H9® i ncl udes a vi si on

[OQE@ em 27 dlgfé@%%f nben Lt n th& ngﬁ 'dﬁvg{e%rggo tef ?OO’fnau‘aQs a

em 27 0 al ui danc

tre[r@ﬂ:@%ﬂaﬁo@ﬂﬁ@ 2Q9Gh i LIEFTIGSanspad igwailel lrSckthekrlmpéerﬁﬂﬁatlons
In particular, the vision system 270 aids
ltg &ot Q‘lownt) or

the Hisk dirisk t@;ﬁfmgf systeraASp srciusie iEBOinclyde @ cpgveyRRbe
an operﬁor tha f'éec?slcgsk ér(i)\res 508 & [HeQBbdtR d-fiS0beTh examples including a

transfer station 400, the robotic arm 200 independently services each test slot 310 by
transferring a disk drive 500 between the transfer station 400 and the test slot 310.
The transfer station 400 includes multiple tote receptacles 430 configured to each
receive a tote 450. The tote 450 defines disk drive receptacles 454 that house disk
drives 500 for testing and/or storage. In each disk drive receptacle 454, the housed
disk drive 500 is supported by a disk drive support 456. The robotic arm 200 is

configured to remove a disk drive transporter 550 from one of the test slots 310 with
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sl ot 310 and/or tote 450. The vision system 270
calibrates the robotic arm 200 by aligning the robotic
w@ewwnA0344 0 a fiducial nmark 314 on the rack 30BCT/US2008/086814

preferably the test slot 310. In sone exanples, the

fiduc k.314. i
g BB T BEBAI P an ot Ll Oef G R B MR s
4548& kne3PPsfeF Biatis O BOS With @id@iR208ri & frgRporitdrSEDS and thdsn tehen the
duci al mark 314 before accessing the t

dlgledrgve transportdg &P O,p\iV]élp( a gﬁkéip'l\@ pge éheaelg,l tg lghcdt,c,?t\,sz)t 310 %or testing
ofté%%?g x%ee 0P Rtter VYF%&%% ﬁﬁ%%%%cca%rﬂ)br}&n@v&' K e W&k drive
e Contlnua botic arm al I gnnment s enhances

sdohfeorR Elete @G ot 3ma, Hya[éhhbabﬂglthct msloﬂnt/thti'altspbﬂen S0anamyB@0he
while mnimzing msp di sk drjve

tetip Al Orive OB EOMCRF Pt ot ont xS 24 sagpyine
thé ‘?e%{é'dtdléﬂhrﬂf%%%n iR &h@dr%stkan%drve% 5508 MedaQsfet h@tuﬂi 00,

testing system 100). 46] In sone
aﬂdnﬂirﬁﬁﬁﬂﬁﬁrfg thedsk drive ttdnsllortdlr 5iﬂet0tret$1tn thg tesyasltdagly drpe 500 to
transfer, s 400 S sh

i ncl ud
o e G SRR s BRI
th%ﬁﬁ&lhﬁ‘@a SHRIneTEERAG 70N tHe BobFBY abi CbO, dBe BAGOAMENRT lbeﬂldy be
not shown) or an operator that feeds di sk drives 500

lotaed ibjaceoboid @ rapindBOiriviereesptasiss 484 Fnif gaidagogot the robotic

o fapereRer Joaai i A SPRA| g Pafligigp 400

[obsAnst er rimgransthr skatioh HO® ibeEmbexanesies, ﬁlhﬂaudes ansfien housing
station 400 and the test slot 310. The transfer
41§t tb@tu dshnapplongierdigdaxind 16i (e oF Grage FU BSEIYETSER 0 ggyrotatably

mag} Agll'ﬁlg Lg ﬁg\fs% APCENex El%to% dd e é)@érﬁhggong the

I'nes drlve ecéptacl es 454 at house d
lofigitudeisal 20 4 61 Ehﬂﬁttotdl@cemﬁ/@o nsztyuma?g@on hmingagduadireskective

drive tacl e 454, k d
PO Sarby a8 RPBF G2 Aot e ErRd BBt P e
seégxgi épﬁ)ogl@@fa'c&grt&@ it Q@ fa@ﬁ@!%& aflil AK0BIr [V@e ek ANSRRRSW@H, the

om one est slots 310 withthe mani pul at or
tréb Ry staliem 490 oicludes ﬂnr@h tole rdedivars sz)@stm@m@rtbe ﬂh@(ﬁé 4%k Each

dri t agl 454 h
ofaec €00 pecrerdn BRI s iR aen B by ARl
dl%éﬁvéjﬂbtevﬁ()tﬂe@ﬁ%oi §e@s‘1c1§? Posivibi (k.2 adb@lﬁblﬂbwal &f¥eator) and a

erein, to the test slot 310 for testing of the disk
testinigesB00 acassible tyetbe rahgtic afre 2PBbbt the eaprploghown, each tote

S50 P52 e 180 R P s ons
pdéﬁfdh)(tdslﬁné péxsiti@s! &hith ig Khdifilsv posidy, b Omrhtlomstlﬁsmdsd adcess
e., wth the mani pul at or 212& carryi
toﬂb@ﬁ@dtom Ekeningly 43&homdrihe bons arm 409 %ﬁé’r?Y’Q‘ﬁ‘g%&FiS&n the
opg)%gltet sgdé E)e[h% LRRE ?th ?clc@}gtégg 4468, vARL: iR RUbA f)&glctnnﬁe
rive transpor to return the tested disk
rodﬁﬂuv £nboW & @r@»ﬁ@ecbefccéda ehalfisktoth ieveptade ¢pAMcindsindppdragr is
the transfer station 400. In
provided access on the oppos?te side to the secgfrEil t%{ge rgge%ttac?es 430B. As aresult,
an operator may service the transfer station 400 by loading/unloading totes 450 into
tote receptacles 430 on one side of the transfer station 400, while the robotic arm 200
has access to totes 450 housed in tote receptacles 430 on an opposite side of the

transfer station 400 for loading/unloading disk drives 500.

10
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that include a vision system 270 on the robotic arm

200, the fiducial mark 314 may be | ocated adjacent one
wWo@roosTR4di sk drive receptacles 454 to ai d guiPERTU2008/086814

t he robotic armin retrieving or depositing disk

(004 ine er St 306 Tof Bsvista Sitegoint A GG and
re%@fn‘g%kﬂﬁ%k R0 fbléhdt hath teledibin@syatebiaipaiybidh 1ol "I?:h)eltstes

One or nore tote receivers 420 are rotatab
45i®ca1i1nww dperatéreo selvdrend reueyegbatalnot digh driyespP &0 élhd from
[
BB FoMaSnThEN b T RGO, MR 43 iy AL

acC&SPRCHrbv esppétnd t@te‘ké&:l@errs 410 i theseond ppitiai mayi b2 designated
Each tote receiver 420 defines first and s

aS(SpEf@S tates 434cton gflnpbitl%g digk dpr actWs Oaé?é%i’é’ai’ioasﬁf%été‘a“% (qtpp*0
fOfe xampl & SOk ﬁgg sL4o@n ﬁeg{maﬂoﬂttb@g‘ 45'(5)91215/ BElclidgfed E‘sl' ee

e recel vers st ack on the spindlé 412. Each
“pa@le@ réteeabiesT oti‘r‘Efﬁ)iledSretumd eperidentebyivngtrespadive diskodni en 00

ot her and nmay k d 4
b e PEBEY PE TG BRUTCBR Y 4oy FaRetlelibl o by an
[08 rator)a ﬁegsélgg H&ﬁtci'lﬂgs ﬁ’iQ&atl?/ Qp sl%%ﬁysz&tabh&i 0)thd Rensfer

otic arm I'n the exanpl e showi, each tote
statemehousang 420 andcomgigatalb eroadeemenatar gacesstto PB% Px MeFe tote
rvi,cing osrt i op) ,and a,sec
o 6 TR PR AR GB G g

toRRBEM Q142D Fo Ra@Nih AR 2261 &1S6 ikt thdw@sidctisé tdte)teeeptacle 430. The
receptacle 430A, and the robotic arm 200 is rOV|d8d

tractce setion4@hemap ﬂjp seifigired wholdthegespseesgterrgeeaver 42
st?.tgx[%i& \g}(l: Leetrl}]ég%gmam'ho%sm ég'leé‘rl%elg 3p position the

rovr access the first tote
[oos@ept aclg séﬁﬁ/éxalaﬁkés ahe opesfatsttionstOp imhidied statioesisdicator
t he opposite side tg the second tot ecept acl es 430B
Bleindcqtionsal

418sw }adii pEqyfdes vighalp peshibleorr GRS e {oR{ Of Qe or more
stfic’[gs £ tﬁ@ tr%%%%aé o32BoNGA Yl 9 thodtffortin@ichio} 216 BlcRides

on one side of the transfer station
th%XengﬂEsmhﬁnnmbﬂbwdwaDneBﬂﬂmhmsﬁaEGB$§Sﬂ%On@ﬂé§ﬂ4@0g

h d
(e rkHoed (e 0gPagy el PSSR Badt i SR Envte.
thd Eﬂaﬁgﬁn%%tdrg(?é%cla—&@ oh BRARLRS ki A8dvaeEs 4@9r0|3)'ldé\/dn@€2ﬁ névre

service point for delivering and retrieving disk
auditily agnzﬂ@()e g chaps ciacbsmetdi)etomglial ar onﬁéatpie@tsieﬂfgcestilgrrérﬁfer

sitgan 40Dy g She Arbyten D8 i GREUELEY el M Y huaRE axis
415" 8NsHoSh, 5t &t Eddfe Gk pdrilont BEthe X@MBh Bosdeywid.n FI G 10,
each tote 450 that IS accessi bl e fronirezgective t ot

[Oﬂéﬂeiver§n4ﬁ@emmmﬂhéh§§@@ﬁﬁiEﬁ%ﬂﬂi%Hﬁﬁﬁ?) é“ﬁé@?@ﬁﬁ?gﬂdy
tot s 450, f

B SRR TP A e L

43498k %@nﬁigrﬁkd  hiotes a 300 .drive DO Nat thiwexhoipbs emim@n@e

classified as
receptacle 454A includes a disk drive support 456A configured to support a central
portion 502 of the received disk drive 500 to allow manipulation of the disk drive 500
along non-central portions. To remove a housed disk drive 500 from the disk drive
receptacle 454A, the disk drive transporter 550 is positioned below the disk drive 500
(e.g. by the robotic arm 200) in the disk drive receptacle 454A and elevated to lift the

disk drive 500 off of the disk drive support 456A. The disk drive transporter 550 is

11
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"passed return totes” or "failed return totes” for

recei ving respective disk drives 500 that have either
weamget4er failed a functionality test, respecRCEb3008/086814

[ 0049] A housing door 416 is plvotally or slidably

attached _to th nsfer St n
iy Gan e gy TaE GeREclsTRcatEtfdine 3R ggvg so0
fo¥ QLifef f&eaoc!e@ﬁhﬁfon%@et AchaRertadt Qlot 9p@ns t he housi ng
door 416 associated Wth a particular tote receiver

[0452) to | dadhaenaoade Hluseated 4501G. 1207 et Yk mebideya iqtpbedy
4{2%0&%9{%?853 s“? grﬁoiggvel it rm%f &lidh %tb q %(%%Qe We@@les 454B by

respective tote recei

méliptd dadyvedupbertd mﬁasswlm cﬁdvd‘ﬂnpﬁwrmﬁmre 4arﬂtﬁe\re$ed off
open. [0050] In sone exanp

f
2 800V Ul ol 5 a7 Bailbr SR PORPoE dop e
conk‘ %fi to g) a%enfFhl tr&ﬁ‘fédf&ﬁﬂ@fe%@ibls@ disR Qh‘}@tSO@bealQ)fw

st ates transfer station 400. In one
m@mgﬁm‘x@ of the dkalrive 500 aAlbng abwicent i porionedébe Car@ﬂﬁ@r ed disk

T o b R RS0 215, 4 i
a &iSk gﬁvéléghs 51%'9 ﬁ@r(f: o CA AbwhOh BI1G. epﬁ'lﬁk@%néﬂ‘%)y dikBdrive

anot her ex the station indicator i ncl udes
recepeachy 4 Y Exs«amm\@ anl@hftmsth@ dish flaw 8e0 e shedislpiige support

di bl hi
B peradol Mo ueFoRu e K OpaR P TH° TpShfing sty HRhued
1n5r5\§’etrée%r bEHskRb e disk 8riv@yoi tHE BROSTIB. aAQElg)vtrb ﬂle bottom
| ongi tudi nal axis 415, as shown, or on sone

dlgiodmvmcmﬁaqlm@@i it qash colomsi Gayitn 495 B [sdel ex_ﬂptx W f?ﬁétafe
re{en)é)a O‘i’ ! rﬁl&)q}%u Bl d&}} {e&%ﬁac‘ig Qéum nGldes a

|nes nu drive
Cé26eRIna¢] 188 dAb4AyeEs@mdstdle ldarded eurﬂeaﬁe;i tima bequéBidal order in a

configured to house a di sk drive, 500 IS ex le,..
pasRtHArcHORIN Y TIPSV P BT e 245 40Tt & s é%ﬂéﬁ 9 ydition
}égggggﬁ?4§pA configured to support a central portion
0 he recei ved di sk drive 500 to all ow

[O0B3T pul atReferrofg tb FeGHI Bk 1@rin yemsetanaplon ghent@ﬁ-SLfé it 9 éﬁ
partigns. To re h dd 5

coPgRR 1 P dupa AT T e i Qe AHIe P ARTOA 210

co%%gufea 1D P kive nEd s 8 Vs At eHHandliel ¥§ tRODbOE: Gum RYO. In

robotic arm 200) in the disk drive receptacl e 454A
usanmeejfelwdxeld dtive traxfspo:tqcre 589 memowisfrgmmr@foff thst tegtistots 310

wRa B EbHeROTERDDsar POl PR ATe R b bE, AL TRRAILR RS2 of

thwahs%oﬁ@f 550 mh tﬁwnmlp‘&a@f DYEoBOO rétan 2de). IAlﬁrlljasttzﬁe(hm FIG
destination target, such as a test sl ot 310. [005%] U
ally u-

13, e &xkadmyetransperserrSap aerlides plfame 360 defingfes sibganti
e
collectively allow the frame 560 to fit around the d1sk drive support 456 in the tote
450 so that the disk drive transporter 550 can be moved (e.g., via the robotic arm 200)
into a position beneath one of the disk drives 500 housed in one of the disk drive
receptacles 454 of the tote 450. The disk drive transporter 550 can then be raised
(e.g., by the robotic arm 310) into a position engaging the disk drive 600 for removal

off of the disk drive support 456 in the tote 450.
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mul tiple disk drive supports 456B. The di sk drive

supports 456B are cantilevered off a rear wall 457B of
W0 ool cavity 453B. The di sk drive supporPGI/USHBS/086814

are configured to support a central portion 502 of the

ei ved d 50 | .
Oé?@k driv téglbe érs]bﬁrév QQ]Ot lgé)ﬁ?CFng},t}B n}eﬁgaﬁlget 5(%10&{16 EEE drive
traﬁ]@mrtér 8%6rRE ddk Ak ve frhYPoabiPIHr ind HOBBK atil @900 e)tgéﬂhex\/@b be

k drives 500 fromthe tote 450B by insertij nOg
mdv@leoydhf: vabotic aris g6 farplgsocpewihingne ok szeﬁtﬁ oty &0 ggyhown
t
in Aﬂ% . henﬁ %( Rgllagll§ ZQE reﬁ%({e &)&18%&\1%? t& i gé,tg a%tki%orrp@eaoé’fﬁmpmg
médh@ﬂ@ﬁﬁS?@&ﬁ@ofs@f mrtbmmhldnw ﬁm@bﬂeﬁﬁ@k Tohis allows actuation of

(np GlrIDUE T EFhaB LS Tl R BR G500 4% B fopihe fog 450 to
’[hIfA:r 23B10 OStP MMibit A cROAL R '@1«9@1@5 dﬁl{/é Y& feBEORPtAGk ik Re

n eac um cavity 453B is left enpty to facilitate
traneparwals SOﬂuangzlﬂskncmeL Peiob O:Omhfcrugedn lihn teshelodd Kk t}dar ive

receptacl e 454B. above Conse
R PR: StHC AR D N aiE F T SEaT R & CRgHIsTS tp disk
ARl vifhiR (RATdh SR ITIRO LI fob Qi@@t‘(ﬁ)h ofl tigy Bl @xﬁve transporter
storage density is achieved than the tote sol ution

55Howrprierof EieGest Blots wn@gqﬂ tRéﬂ@krdFlﬁg 5PQisHp@edest pgsitign with a

d@%‘ﬁ\’e\/ ngcéoras 10ter1‘1§ré e tt}?élgeétp%&t %ﬁgﬂﬂ#ﬁéﬁr gﬂgk B ve

clAhPRg BRIch&fisth 300 infay @0l tegioh igured t¢ gy ehettbe shblt 3 IkO once
drive 500 and be handl ed by the robotic arm

re@rsvéed thersinpto mhibiigneyenant ¢ b thedisk<Pbiet Enerasess S; %r‘?%ﬁﬁ\}% the
te?t gpom3 ?6‘ eInOJucB r\ﬁpfeﬁi%}ltaﬁln% %ng’elt%e \Ms'khintvg 806 %?Hh@&@t position,

g, or otherw se engagi ng,
thé Bldﬁijbi@tmecrhaﬁﬁﬁl 10 it eegdeedngpole.ef bﬁﬂ@ Immrtlpiulaﬂqezu) to

PRSIl F ARk SoraHE O s 1Ss AR, B 1. e

FTRSPR ARCITRotaRrscRit L b ELaPR Rpeguno; iton

dm:rmlgltmhgvhi sonad &omlése afteranserts@n theolisk dn\@rtmmﬁort%éw and

digh S dBrieReh 18 Pobbtitd Sttt Rutifhiohes |\
m&l@mﬁauy wifhiA 20@dst L16t 91 (B R ASlallbddesbipiest &F (B elaﬂlfpnighe
di sk drives 500 housed in one of the disk driv

mederipmatllemd 4BaEr dttailhend &a@r@g@mbnpp@lqugk thpse \(}@scnb ed herein

t
e e o S e
en@iflh&eDfSI@ﬁMVHmmPoqu CIIfAN/IhH\I(dIAS‘RDdi‘HSZﬁNSlJ’pwﬁhtattomey

456 in the tote 450.[0054] Wth the dIS drive . 500 in
dogkefawmbier:Hi8a23-RE74Hatry enlors: Sriap Adereavekt Hp apd having assigned

Lransporye the disk drive transporter 550 and
Sefl?il (51% ld/r9|5§/gg 00 together can be
[0055] The disk drives 500 can be sensitive to vibrations. Fitting multiple

disk drives 500 in a single test rack 310 and running the disk drives 500 (e.g., during
testing), as well as the insertion and removal of the disk drive transporters 550, each
optionally carrying a disk drive 500, from the various test slots 310 in the test rack
300 can be sources of undesirable vibration. In some cases, for example, one of the
disk drives 500 may be operating under test within one of the test slots 310, while

others are being removed and inserted into adjacent test slots 310 in the same test rack
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noved by the robotic arm 200 for placement wthin one

of the test slots 310, as shown in FIG 16. The
worempptd4at or 212 is al so configured to initiatBCT/US2008/086814

actuation of a clanping mechani sm 570 di sposed in the

di sk drjve, tr. orter 550. [ | | t gat.ion. of, .
sthdTemaing g R aREnrPea0 e e e s apS b Bhye
tréxﬁg&%%@OflJ RAMytiRRtb@tRo HQedt ot BE0,tag Fbscibed aldh@, ¢4 help to

inhibit nmovenent of the disk drive 500 relative to the

reducstordiniiy gibratmns by Hinstinstho ceutpsirgd sHapwg\petwopithy digl drive

. ti . h . _ _ .
o BOAEED bR HEFt 7 S ok TP plac AR e
trareh&asesshe di sk drive 500 within the frame 560. This

allows for insertion of .the di dri t 55,

(0PR8I0 one by ieTig tp €56 U1 o1 Sorss BT EHER e G SR Qe tine

syg%gu {60 ihPufed aqsf%asp@rﬁ:' cto'nﬂﬁltéiv'ﬁb iRcHhkinidhd HewRRARaeH Qlots
engaged wth a test 'slot connector (not shown).

3 (TheTtel campiuteg 3@ ahigiesmbZGedrypralsle ilbenton torgral ef thealisk

OTARABY BB e REPPSIP APIOLTE FABE (o] Mgt e 100

ATSYRE §)6Bent 936 BB plieShowdrad thdlfsk drivetuah 00. Th
ipﬁ'pl ené‘r))ént atgi oﬂ%’p losfllg% trhgtdi si dri veQS(%SyiStgmi 1n theepower

sysest 3 3oshy nonitot dnd/airegrita gowectedhe werisgddisk degagewm the

again (e.qg., by the i pul 212
oo GrpRgelr SR Ot PRl R aBbirdds oaach o
sibthB ot a3t (§hrat@ilecontbBsyslcaiPdGlapbe b @ir dicsler 841 (eep. a fan)

transporter 550 in this manner can help to reduce

operdhlato c@wgla@mhmr Agertaadior Hgouahrihg &ﬁ%slg&ﬁr%p|lé§9m81e¥f’é1lple& the
.nsertj@n, the.disk [ e : '

PG 1000 Wit o SR EREY o et AURRRI oh s AN eT st

3500 sEhnRiaB@td @passive athpenthgkdiytrols theivibratien ¢fesich sdsoslot 310.

InspOicamemBlhelhe HiFRIARCORiiel AT LS U TP AR TRETE
s;{s}é%?@%&?%SﬁleS% DG EE sl BY: ﬁ? Frousthetd Y Rearb @l @ Wolgors

t
. patent "application filed concurrently herew th,

(can thickineplastid \SiyIDRhVET JRANBRORTIOWEE AVRIUNGhAND: TESTeNGH

wi th attorney. docket nupber: 23-Q067001,. i nvent.or s;
R AR SR R T R L
wfltﬂ'/a%Pgm% %%mggxg Q@ Lonthe 168pskatdohitess IROAb&EBBnPE the rack 300

sensitive to vibrations. Fitting multiple disk drives
g tesh skt 31 hghelatagsterfaee k6(Bis 0n serdmppisaiienywith sady tegt slot 310.

drives 500 . ur i testin a J .
The s Eraiesnao peimsbEmgo pREmUPERteal LBk dAle s regived
b@@,@,tesgg_@,hggptl onal ly carrying a disk drive 500, from

the various test slots 310 in the test rack 300 can, be

[096TiF ces ol thagesiplablustroieBimbIon3, paehgake’ Wagghydesajeast
orleexs%fﬁltle:éetfllg()sr}]/setegqf60br}§ communication with at least one test slot 310. The self-

testing system 600 includes a cluster controller 610, a connection interface circuit 620
in electrical communication with a disk drive 500 received in the test slot 310, and a
block interface circuit 630 in electrical communication with the connection interface
circuit 620. The cluster controller 610 may be configured to run one or more testing
programs, such as multiple self-tests on test slots 310 and/or functionality tests on
disk drives 500. The connection interface circuit 620 and the block interface circuit

630 may be configured to self-test. However, in some examples, the self-testing

14



10

15

20

25

30

di sk drives 500 may be operating under test within one
of the test slots 310, while others are being renoved
waeaoiTeerted i nto adjacent test slots 310 in PCEUSHNS086814
test rack300. d anping the disk drive transporter 550

to the t I 310. af. he. di '
B 0 ol ) SheBt B o SR pngRr i
teSIRDGHHARD PRRVE m &8 BoMBbikntso f1tREIgigk dAve testid system 100. For
vibrations by limting the contact and scrapin

exblemlﬁeé‘rs@ stelfﬁesd icikuitipoQmay basepiuret e psHoraAddisk gﬁt’%’stvpe
ots LiNg iNSer, ' e
ang('qrvtgﬁts Cgr%‘ ot erosfnsgg'é&t ?Egﬁg?r ﬁgggerér i glgrtl%lag}%&%ﬂmc

tedtihgSQstemi 1mp| anertdte: omstrollehel @inak cdininuaidaeswyitinthesyHitesn
100 i ncludes at | east one conputer. 320 in

cigsgriet Vi hemelcrn G gl Beme) oy ek gy comen iy up the
bl%ﬁ(oin?f@% b g'r&quéj()%xg%%t& cREQVICHEN ITIMERE @I Yui€ 87 £ diSH drive
e di Sk-dr

ives and/or an autonmation interface to
50000 teibvetshlasdichkortuk veetves tramsgiggrsUAR TOGrialligewey UART is
system 330, suppl i es powner t he di sk ' testi .
usa Bt Srinabotoad FE BB et Bl b o S Pfeations
0\{6?9 %rﬁfngttep&vféﬁphgrat h&/iéLeahMRft. dTiskb18Ed MeerRol cirduit 689 is

est s 310. A tenperature control system 340
conbigtired its cartto! pewpesralttamperefureafcthe tess slok} 4}, and may Tagtrol

t enper at yre_. control .. tem.340 nmay be an air nover 342
mF]él.gEf.te% Sroéﬁ lcoowcgﬁjllszy‘frbveéis éf'ul ate air over and/or
[obbgough tihent-eat 368, ot sodddlexahiplsoieludsantas ond fuectivral

nover 342 is located exteriorly of the test sl ot

310.
teghing] systami G5 ia epmpBInicaiien wihIb Pastaneeshsloge 10 v@l%ﬁmct?onal
assi ve enin ontr . ' ' .
B Y AL BT heat 58 o Bl paghent
ths Yt 61 BByl the disdeisiva tRassrtees Ha ipfnttigisy stopenl ywhar e

t f th | i
fuggmgquéﬁaaft igplgd% %zttjngs @%tép}%égq ggq%w%?gqncgfyfeg %g%a%iﬁk drive
s@ AR ol%g}gaﬁhg ﬁég%e{?%t?reg BreGibilHy & RaNGn@ Watd QIR ahd thdatiiRo

t
exanp ation control system 350 includes an
read hidrericahita ol difyshieempiitires ©pr fqad whilkkrhee and waige while cold,
that controls the vibrations j

N - ack.
or3s e o he Beeuer Sromnl Bl iy e Pasl g TR bive

sd%)odI‘EHp SAHbRRaNb iR AtR fhedlonSlhtQltes8 iy tdinen dpérating

I ntertace 360 i s configured to communicate wth a_disk
tehperabirs 00the algsdi drivg 399 anth elsp skt dat wegsitnof gaumyRicatipns yath

exampl.e i llustrated in FL.G 1 '
T
ant 2t eadtoregasdtionRBintceBite Sit@lit 6500n elbogicabddntashicatgpn with the
system 600 i ncludes a cluster controller 610, a

clegemmeotrpler G1At dr ¢appectignriaierieceapruitp2Qlig et flpgasal

cans n{frﬂgzlftg)?xtvgl%ga \clﬁas}ﬁ gﬁge gbé KecBLY i A%t §6E8 MPEhd He FiMRtional
interface circuit 660. The functional interface circuit 660 is configured to
communicate a functional test routine to the disk drive 500. The functional testing
system 650 may include a communication switch 670 (e.g. Gigabit Ethernet) to
provide electrical communication between the cluster controller 610 and the one or
more functional interface circuits 660. Preferably, the computer 320, communication
switch 670, cluster controller 610, and functional interface circuit 660 communicate

on an Ethernet network. However, other forms of communication may be used. The
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block interface circuit 630 in electrica

communi cation with the connection interface circuit
WG2®9/07349 cl uster controller 610 may be confi gRECEUS1008/086814

run one or nore testing prograns such as nultlple

sel f - test on. tes slots 310 an functlonal Yee circui
fupgtignal ’6‘FFr CERIGH sm%ﬁ)omﬂqﬂglcgtg ﬁ?] tERESE & F rallcccee cireuit
6% Jlg Phltau@%éér @H&M@m% agk dlmlﬁfefrﬂ@@a@d) kGt aHBIE, MEpA pe

configured to self-test. However, in sone exanples

ATAE], ié[DMA est PAGAY.STER 500 A (SauiabA ttached SCH e st
cuit d :
0580 e PREFHL) G bR SIS0 0ty i

dislt 8Kvedrsowentb @S tanb@r auﬁdsremm@cg aEbj‘r 1(ﬁﬂﬂ1rgphced1sk Hﬁves 500 into
self-test circuit 660 may confi gured t? G1ﬁ
diskiiligye mw@cle&%ﬁﬁ@eﬂ%@ bra dtS&§PV§ (¢ 46%&9(1 94! tgP isk drive

tof eASf 0. mFO toPenre%b%bcgé 4 &e% 'HP W&rﬁfeﬁ’&aﬁ@ﬁ 4@'(9)5 W]]@;dléfﬁod

eStI ste er control
mel@ﬂmmmhg a\dfbtbd’tlctdm 250@|t6 r¢taete xdisk diive 6a1:($pmrt%r 550 from a

Et he { ahi t
BT BavE A £ R OB E IR FELT0 Babggone of
thg'a £ dtnk'/gs SONRESLhORal &t £RAQ00 1k barky @ik v@iSB in the

O via universal asynchronous
dmledma/mtrispom'rsﬁm()t fTae r¢hgtRTYM 8P iimpperabi b, romte fhpoughst

ual | dIVI ual I
oo Bbely Pl R sRR0: Rt het BUES0 888t e
roBbtiPeit PHEsBdktadeMiyCorear foad R shrfackhie). bﬂ@&kethdjﬂ ﬁfcft@lee
circuit 630 is configured to control power

adhertipe tlat wobetiofrm KO toedeliver the dzk drivg ﬁans‘pﬁgercm Gaglying the
dlglglelﬁ\l/(? é@to%%%te‘g’t! S otsj l%lgndgﬂt(#o 1n%I asfﬁngtﬁdd‘l\éiﬁﬁ/ t@QQm tLQ Qéﬁ]

sonk I NC s "at | east one
drd 801 Hadd Byemt re@ivey slts&mr%@ranspmmmmmm oast bt hlGatThe

| east one test slot 310. The fupctional t
S S A ot P A A R e B

tr%}asg(/)r%r S%chglqgltngqhé %&%@ glsk tve gb@?roﬁlltge Iyt §18f—‘3 &) fﬁl‘ﬁ deliver

ve transpor unctlonlng properly.
tht wedd distadinieyS ek tathe |tnan$faﬂﬁathmfs4(]0n dn stme anpl@men@ﬂons

power_rece d by the d h
the E¥Rkel0Rand 'é\y,g ©h eﬂoaw%%ml'@t%5 6@4 %Jé‘g 33&&%&0“? gg%gﬁ‘gt’ﬂogn gisk
r{nna@ 580 nlltbxtn)éll ?rofne@& 18} QIOWBM@ & Qﬁ)‘%ﬁ“&r adst §lbf $18x @ndase the test

enper at ures . read while hot and wite while
slewl3dp ampmvus@nv@fcgai)ffer@té(nﬁd}mft@s@naI ity test may test

[Qﬁéﬁj om sa b S o tag}r?h gf tIhtﬁ :;]rgett}?oléls 1uflés at%m%?Q%gr{e rgf)u)t}/c arm 200

to%gl')ﬁ{ {h@ ghs‘kedm@ rt@h!}ﬂ'o@te@ﬁSG mehé teSksldtl’ 3 l‘@@fﬁﬂ@e@@dmgltls@tested
data integrity of communications with t

diglk drluee SUDin ardiek dl}yTﬂ:qep@h%ﬂle # kel the d@liélﬂé?nt%‘s 65@ r% F‘iHﬁ’é%“g
a clus t
the micthe lz}ye oei@&r{ﬁo%nog%e ISk %I@g 5?6 férg?ﬁﬁlg%?n Eﬁmﬁér'(ﬁﬂadnve

rca mmuni cati on wt
rebiRa@t US4 6f the Ankrdivk édte @30. Insonannaniplaanddliveeng thealisk drlve

tr;s;)gr%értSS%Ztg tlllestesltglo? |3 ?(c): Enrclludels inserting the disk drive transporter 550
carrying the disk drive 500 into the test slot 310 in the rack 300, establishing an
electric connection between the disk drive 500 and the rack 300.

[0061] In some implementations, the method includes performing a
functionality test on the received disk drive 500 that includes regulating the

temperature of the test slot 310 while operating the disk drive 500. Operation of the
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communi cation with a disk drive 500 received in the

test slot 310 and the functional interface circuit
wWGeM/0THeo f unctional interface circuit 660 i S PCT/US2008/086814

configured to conmunicate a functional test routine to

the dj.sk. dri 500., The.functiopal testj.n
resrayech i e SP0BRAe TR ea b D kB paPg P Pk
drRle300NEhY nicehddr Yy feo BlcRRfk cire@hti GOATUMdreati o throgghmbe rest
the cluster controller 610 and the one or nore
sldtuiOtto owrdrol ithet temperatire pf haitess slgbd! 0, ppémenipiiye andier
C uter 320,. cO i i 0 htch 670, cluster
re@@a%#%ﬁqwg?%%&ffﬁéggiﬂ?ﬁ%%@%gﬁg interface circuit 660

[006TTMUNI Cah@oR crRimPleh@haelethodtindudes peifaeviap 2 ‘dtskdrive’ type
forms of communication may be used. Thef

upctional.
anidfpr éteptendd omly dyRaoleeldtemhon dniatsiad At vt tgﬁ éelp—testmg system
Cii i 2 i i T <
OFERDESH D TSl BB el 1, e i
driVEALypATAPest tdRIVRhafu cRATEAYy, o fSAT disk drivenastifSeystcat with a

el YL e Yt R BT PTG Tl ERpTe o LR lF (prive
tra?]%]gor%.cf?ggo.aThé AR onfy@typRr 4@ tdsetedts tRSfuRYtidEMI GGhe test

drives 500 into disk drive receptacles 454
slateX10vadlelynpy.di sk drive tote 450, and | oadi ng the disk

rive tote 450 into a tote.receptacl . ' -
WSﬁg tranQPéPm§f§WP8W&iE%¥@ﬂ$ﬁénﬁ%iﬁéﬁnﬁnclgﬁeggggnpvamm
sy@eiUBiol ighoBed O Heir6bACrAMDOLO afdediidice ofithdirsbotibrarme200
transporter 550 froma test slot 310 houseg in a rack

wiibOtranspertiag thediph itz sibirh paabaraved bya fiskdigge one
of the djsk,driwes : r t Ao 11886 s th
o or) HErisER R S e 1305 Kargl ot e
robb@NEROIGR0 BSdhcial Atk dbbon theanck AW tdsssloprilabhwsieratation
rotate through a predeterm ned arc ggout, and to
409xangfed tota dP@rqopericethby Hepisiat SSIFR2 205 defined by the
otic SRS RAHIR b bRAB IRt Bode dds@ed herein ma
[Ogﬁr ace ?%ﬂk%%%mnet ggaﬁﬁgfhdes actdatiﬁg tﬁe :6b5¥?2. d
beaform®@B0tht 6olthetiny &F S trhend asHicaionsdiled eonspoentlr hagegith, entitled

SO GRS A, 00,08, oot 3 e

QY ef D1€ af &GS iNS dsselinslf sélid] iembeaNsesy,ser 550 and
E@ﬁ%ﬁ?&gt gfofaslo.lfgém%%%hod then includes actuating

[00BE r obot A aumber OO planensttions have besn deskibgd. Yevertheless, it

transporter, 550 carrying the tested disk.
W?“:bﬁﬁ@ﬁ?ﬁc{oéiégats‘iag?u%%ﬁdlgﬁ8“0&3 RRVA ?g%e thlet scgdet ég%iéggg from
thdEpiYie a&@&o?_@@kmte QidchRufier ansh@ingd$, attied mARMentatiosoare within
I mpl ement ati ons, the rack 300 and two or nore

thasepeiodtledotlewingsllaims. 310 are configured to nove di sk
drives 500 internally fromone test slot 310 to
another test slot 310, in case the test slots 310 are
provi sioned for different kinds of tests.
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[0060] In sone exanples, the nethod includes actuating
the robotic arm 200 to deposit the disk drive
wo e@pspass er 550 in the test slot 310 after depOFUS1008/086814
the tested disk drive 500 in a disk drive receptacle
h Isk drive tote 450, or repeating the
“ﬁ§§%gécgﬁﬁwg#}ﬁ%ving anot her di sk drive 500 for
testing from another disk drive receptacle 454 of the
1.di ska digl\Rivi @éseind SGsterh Nl @Qremexnangl es, delivering the
di sk drive transporter 550 to the test_s

310
i nclaj .d@gt cprﬁ‘sr@b?tqu@q @QOH@@Q@H&Q Jest s ﬁ?s()ég gltltg;:anggléy n(.)rmal
tofaﬂf{ed'oif g@gacggg(’))g Hﬁ:lﬁog{tlicvcﬁm%@())' Jbte?abtlg‘% h&&! thidugh 2310 in

esta shing an el ectric connection
pro@itvagied dre ablbu kardrdxte@d56dalin tfomhtherfastiax80@05);0061] | n

sone i npl enent atjons, the nethod .include formng.a
£ UncevbRis e (RUTTBRer o PRLER St i R QPPUR’ SE0CL ReY
' I latd ng the tenperature of the test sl ot

o AR 2

rating the disk drive 500. Cperation of
t hermckipleetdstdick(3dP) beussddy ekl radkes 0fbrerdy ieptridot(@HY bsHE

o8 082 B G B TR 00 TS A

(sbbefot @sting! ot 310 to control the tenperature of the
test slot 310, and nonitoring and/or regul ati ng power
delivered to the disk drive 500. [0062] In sone

exanpl es,. the od .j.nc for.nqi ' di
2. o B G ARBE S IPET BER PR e G g 200
coprisbea hRaipusdi@t(2 8Donfiptret ecaké etk drgycsymporicd 0150)
housed by the rack 300 to verifﬁ he functionalitg og.k
ofiae of dsttegslpts §16). theyebol ¥R GOPYReINg YREaYE[¢ carpdps  dis

drgx%s%%éon}]tln .Ft\he{](lﬁglg §L500@bdsh¥r Qi (53080 Messidldt (81 ) et tefithe.
systemw th a | d

recel ved di sk drive 500, he and/ or
supported in the test slot 310 by the disk drive
transporter 550. The !

| l.y' f . .
5.sel {RGHE V6 SinoSpisba By T Ble nopebieliaigs vhessy
thg\’?&c}kg &gismta% artaA 08B M BRHRraQXATRMAS frdnf EndTB iRQE I cast a

I nc comunicating wth the vision system 270
pattiisl hodestd golytghe abolsdhé Grsaaxis FHP) pothairebejisiamar{éelof t he

robotic arm 200 while transporting the disk drive 500,

which may be carried by a disk drive transporter 550.

4.The prt figddincleuigssye@hi oar e ytofehd wbaiding dsims200thby
aligning the robotic arm 200 to a fiducial mark 314 on
canfpgisigek 300, test slot 310, transfer station 400

and/gr,_tote 450 r I LS 0§
CooeebhE ATl o . BSh e £,
t hosgpsleaaritomd 3ber foi supphsindpowaundhd disk tevd btimgdysigm
U.S. patent applications filed concurrently herewth,

(1eAki t 1 ed

a temperature control system (340) for controlling the temperature of each test
slot (310);

a vibration control system (350) for controlling rack vibrations; and

a data interface (360) in communication with each test slot (310), the data

interface (360) configured to communicate with a disk drive (500) in the disk drive

transporter (550) received by the test slot (310).
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"Dl SK DRI VE TESTING', with attorney docket nunber:

18523- 064001 , inventors: Edward Garcia et al., and
whaoen4assi gned serial nunber 11/958,817. [ 00PGI/U$2008/086814

nunber of inplenmentations have been descri bed.

hbv theless, it.will b t 0od
modt Fieciel e peises A TR i 3o Py
@3 §@' i5 bn AL BOARGI OF ahdIer figslateqiwes to Ae@afed»reﬁghgk, drotei(800)
i mpl ementations are within the scope of the foll ow ng
inghelestslaNNT)S CLAIMED IS 1. A disk drive testing
system (100) conprising: at |east one robotic arm
(200) defining a first axis (205) substantially nornal
6.t 0 artd disk ddwer thang s@él@m,(lf)(b)&)frutdimtéﬁ @ cdaim §, m)ein the

telgg%ragl% gcﬁgrooll ggﬁtt%tl E%,éf £ rlgfq% @ %ﬁgﬁ%&%ﬁ@??@%% 163 to Oftlutate

Emm%g%;ghﬁgkggﬁﬁ 0) arranged around the robotic arm

for servicing by the robotic arm (200); and
mul tiple test slots (310) housed by each rack (300),

each_te . ot 10 d
TP P B P QB B DG b S SEES, Qe
eaglll S L A5 HOs %oﬁr@g%s dt Rastt &ﬁ:tsbﬂgesu?lg sydiem @b@k il comeunication
testing systen1(100) of claim1, wherein the robotic

widh a 12000 tooimioti(3 Y, themalhitgntinasisten 200 cedRTFgET ed t o

eng the djs e transporter (550) of one of the
tesﬁgﬁP%?"xThﬁg?q%(ﬁé robotic arm (200) being operabl e

to Cﬁédnﬁbélﬁ)nantéi‘f’é& drduit€61 B0 klecmichh@nahekcaionweith a disk
transporter (550) to the test slot (3 10) for testing.
drie ( f@ﬁ@%ﬁdﬂﬁV€fﬁé§¥|%HDSWERen1(100) of any of the

pr eceﬁl Qg rgx{f%rf‘acg"ét CLWP(I%;}S} B d ??{a@e&ﬁmglﬁggt)io@%ﬁh%é ahdedion

eqU|d|s y radia away om and In at |least a
1n&ﬁffaté at)duyt (620 e Yradkyigenfaabatmitt(ha0)fdonf gurast it c@rREb power

the robotic_ arm 4. The disk drive testing
m@ﬁ@?@%?%ﬁ%@yh%ﬁméﬁ9té#o%he precedi ng clains, further

COMPEA&EiGhe @Jnnlegcﬁﬁlt1n%9ﬁc&&mﬁ%t(€!20)(a%a%e blBck interface circuit
comruni cation with the test slots (300); a power

(63¢)sdre mr(ﬁ%’iﬁ@)d toaest shepfphstianglifyoviet leags anksomipgRerdof the disk

testin 100); a tenperature control system
‘@4@¥m28V¥ EF@élling the tenperature of each test

slot (3 10);

8. The disk drive testing system (100) of any of the preceding claims, wherein
each rack (300) comprises at least one functional testing system (650) in
communication with at least one test slot (310), the functional testing system (650)
comprising:

a cluster controller (610);

at least one functional interface circuit (660) in electrical communication with
the cluster controller (610); and

a connection interface circuit (620) in electrical communication with a disk
drive (500) received in the test slot (310) and the at least one functional interface
circuit (660), wherein the at least one functional interface circuit (660) is configured

to communicate a functional test routine to the disk drive (500).
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a vibration control system (350) for controlling rack
vi brations; and a data interface (360) in

W@ orvaTi4eat i on with each test slot (310), the PEI/ES2008/086814
interface (360) configured to comunicate with a disk

drive (pQ0).in the disk lve tra rter . -
91 ec eﬁ\?e‘gg‘b%)"‘fehtgs“t“@ﬁy Stgllné? 6@?? 6;".”%.%? %ﬁlg}cg‘? tshl%ﬁ?%l\%al festing
sybeRL (6009 BNBERP{pribeO) c@hmahi@hidrdswitdhg6BO)Npichieatdowed
system(330) is configured to nonitor and/or regulate
Ethowelrswitsht foe praeding é]@Cf@iCé]kCOﬁfFfPWCf(@@é’ﬁt"i'fﬁ’ntth"edtlg@i controller
ot .. 6 . d] jve: ' system (100) of
(6i4))a (ﬁie %‘ﬁg%sf 2 ?u%iélﬁg%ﬁdcg ﬁg&tﬁgﬁéggg ature control
system (340) conprises an air nover (342) operable to

circulate air through the 6est sI?t 310).. 7. .Th
1dr i vEherdig drine tegiueanrsienddfOlot 2an ot Bre st isiesiutsr
| | f . .
oE TP Lo BT RO lnsap gyl dqesiane
Qll @agie rada (B@®tbealgotrrah8dDyithinibe wetking estelapg volunerl0) for

600) . i si ng; ter . | | 610) .,
actmibbit DoRstmPeR s Tl car i rao g Rratarr el
conmuni cation with a disk drive (500) received in the

test slot (310); and a block interface circuit (630)
11i.n eTlectisk drave tesinganitent (109 afianki of He rreedverdlams, wherein

i nterface cilfcujt 2 t [ ad :

o BB SR e B 1% DS PUOREF e e

driRerdn§srted ggm R3aDdric e Rbisldth €3 Wy mneatsan disk difea660)
circuit (620) and the block interface circuit (630)

beaweencoidrisisadion (H40g and thedest sloétildhal ity of at | east
one conponent of the disk drive testing system (100).
8. The disk drive testing system (100) of any of the

1201 ecEfl digk ¢fiai tosingwlystemi (1 0@aghany a¢ khe(j80@)lingorpmissekerain
| east one functional testin yst e 50) i

the ehetisicEa(? @h IWR%ﬁ%\% to retpds %Q% é‘?’f)\é@‘g grsgrme g%%); t he
functional testing system (650) conprising: a cluster
controller (610); at |east one functional interface

13Ci r T difl6G0Ye testing) systemi (3 80) cfomnef theairEesding daimshirther

cluster controller .(610):; onnection_int.er
coBF DS YGRS el R TP e At P PR A 5P
and is operable to move the robotic arm (200) vertically with respect to the floor

surface (10).

e ﬁ“ sk
nygherein

14.  The disk drive testing system (100) of any of the preceding claims, further
comprising a linear actuator (254) for supporting the robotic arm (200) and being

operable to move the robotic arm (200) horizontally along the floor surface (10).

15. The disk drive testing system (100) of any of the preceding claims, further
comprising a rotatable table (260) supporting the robotic arm (200) and being
operable to rotate the robotic arm (200) about a second axis (262) substantially

normal to the floor surface (10).
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drive (500) received in the test slot (310) and the at
| east one functional interface circuit (660), wherein

W b@oarosheast one functional interface circui tP¢B682008/636814
configured to conmuni cate a functional test routine to

the di sk dri 500) . 9. i sk drive.testi :
Do B P IB R YR b T sysiee
co?%%%ﬁl@ GO0 s§sech (ET0) ARPPSdsRIhardboritum C20).ahe sisidnclystem

), preferably and Ethernet switch, for providin
(2éh)ending cgaidan@rnfd% whpiioamhelife Bkl I‘Fénﬁﬂoﬁg%geef aisk arive %00)

ont.rol.l er.£61Q) .. o ; | a fiducial
and splprp %%Of(:ﬁ(lf:(r:(%l)()ttl%gggg?@@%.all%ﬁ@tgé%bgﬁ]%ﬂ esk itong
m&¥gsem (100) of any of the preceding clains, wherein
the robotic arm (200) defines a substantially
cylindrical working envel ope volune (210), the racks
30 bel ; It it | RecRMERNORE, further
Ul o o (b e e (319
coh@risigratraistig stayion HO0) ebaiged far ser(iging py therobytiearg §00),

drive testin yst em 0) . of of, .the preceding
the frapsfer St%}?@r(gf@ SPH@W@%&% %Wé:? méﬁ)te?t}ﬁ%&mendent |y
services each test slot (3 10) by retrieving the disk
drive transporter (550) fromone of the test slots
1§ 310) niashad @it lormmgdii skidriic tosingsOmPrIPELveen a
transfer .station (4 .test slot (310). 12.
The WFERIRE A I8 tdél(sti g%mggrgtte%%eg( 100) of any of the
pr eceliig g6l saigdrobvhendi (Ro0he fealot il @esen(c@avk drsve (500)
oper abl e _fgo rotate 360 about th% first axis 56059 'd']kgd :
arflvarmitkkdid driee (398 forgtestslatddd ) hopesd 192 ragy/8p) Qlfghisicdrive
recedin ai |53 $dehal dr¥determined
tegtbt}glfgftieﬁg(lgﬁ)plﬁﬁéfrpbét%%?’eqzlqgf%%g%@%g?ﬁyh? ro otI% c arm
arl 2680t apd b Exxeapadaby érotoa o exits 1205) dibbngdcb yathar¢lrgig)arm
vertically with respec | oor surface (10). 14.

. tt th? f
(2PRksupptartidlhi emabied FeprsYdiEh 3 100) of any of the

precedi [oBBtic hiit [X08 (iR 58R fheldngt divei(PEBintachidimbtalot
(254 Cq*%l%g?ﬁ%%g?tl? ng gheF robotic arm (20(()) and bei ng
(sopgrable to nove the robotic arm (200) horizontally

along the flogr surface (10). ,15...Th hsk drni.

F ool Sertpioiag ShneBo Ao Es G he AR VB Fadth BiSustbiil fhe test slot
(3flg)”.taggr conprising a rotatable table (260) supporting
t

8 robotic arm (200) and being operable to _rotabte thehl
r obosdteatmgrihg ROOYC apo (R00 tosEEENE tl@pxqegte(é Q@@)drlve (500) from the

B TR 168 gl

precedi ng clains, further conprising a vision system
(270) disposed on the robotic arm (200), the vision
18y st Ehe 12000} cArkimd S glir@8n©OE I R&e robotic arm (200)

whi | £ L1 ansPanE 0% @o8) ffo irh¥ed 2N (400), the disk drive (500)
being presented for testing;
actuating the robotic arm (200) to retrieve a disk drive transporter (550) from

the test slot (310);
actuating the robotic arm (200) to retrieve the presented disk drive (500) from

the transfer station (400) and carry the disk drive (500) in the disk drive transporter
(550);
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and calibration of the robotic arm (200) by aligning

the robotic arm (200) to a fiducial mark (314). 17.
wabh@otieho dri ve testing system ( 100) of any oPCT/I82008/086814

precedi ng clains, further conprising a transfer

tati .(400 t
RN g N S
ca@!’yi %@ﬁsk(cﬁ%)@@@rtotﬂﬁ&%t@g)t (38)); #dmet hod of perform ng
drive testin HBTISIH presenting a dlSkﬁ&%

( 5001)0thabng, thegobatiy; ar@d @xtp ﬁ@tnﬁvesﬁhﬁg*v% roBdEngPosc
00 t ;
ca% ) cste d{ dg'r%lfz 1 ()E{?gxfﬁlt%g&g sl?'teaﬁ Ogﬁﬂd’ @elé/%g@l): ﬁ%@eddSk

dd%@(&xnaﬁ&gﬁﬁﬁ@haﬁﬁkﬁsmﬁaaK4@ﬂive testing systen1(100)
the robotic arm (200) operable to rotate through a
predeterm ned arc about and to extend radially froma

201 T Shheddih (fglgéZn‘rg bP@ginbYo, tfhﬁhér%@ﬁﬁ;h&niﬁlmuﬁ&@é)%e robotic
Substantrally normal to a floor surface (10)

ar@q20@tth dgpdsitehe alptyi Gskadnime(te@GPortas (F398 én thetters sipiss@10).
drive (500) into the test slot (500); performng a
functionality test on the disk drive (500) housed in

o1t he Tkﬁﬁﬁetﬁb@t)f 431)claiRR d g 20! Wﬂ&ﬂeﬁgpdrfaﬁmh%ﬁoﬂmeua’faJMy test on
(200) to retrieve the tested di sk drive from

the estnvsfﬂ disk @yals(&momme@ ersulsingthe te@weaﬁ&w od thatest s for®

PSP EIAEREER: FUP) P BRALEN o o e I

Wl(l afdamt@taeafsaaﬁf«e(smatu on (400) the disk drive
) being presented for testing; actuating the

robotlc arm (200) to retrieve a disk drive transporter

22‘(,”5 0 %%% hf aert}pgt{claﬂng g3l %he@@&rHﬁ%l@cﬁﬁ%tfn%Qﬁt thfough

rieve the presented disk drive
thé Ee@f@lbﬁ(@ 10y tarshies] tht aniperat{ré@dyheanst skaki0)t he di sk
drive (500) in the disk drive transporter (550);
actuating the robotic arm (200) to deliver the disk

i Vﬂletl{lé)tﬂ?(ﬁ) of 51%)' Of(C_ll_)aﬁQl)S 19300 YiirHr Sbrsfridhd MenitSE)) pdveer

the test ; and actuatlng the robotic arm

dedxi’z%)l td merde:tkrdrsme(ﬁ)%ee@hl‘sﬂd idthe/testtstetnsPdr t er (550)

carrying the tested disk drive (500) fromthe test
slot (310) and deliver the tested disk

24.  The method of any of claims 18-, further comprising regulating power
delivered to the disk drive (500) received in the test slot (310).

25. The method of any of claims 18-24, further comprising performing a self-test
on the test slot (310) with a self-testing system (600) housed by the rack (3 00) to
verify the functionality of the test slot (310).

26.  The method of any of claims 18-25, wherein actuating the robotic arm (200)

comprises actuating a support (252) supporting the robotic arm (200) to move the

robotic arm (200) vertically with respect to a floor surface (10).
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drive (500) back to the transfer station (400). 20.

The nmethod of claim 18 or claim 19, further conprising
wa@cewnarimy t he robotic arm (200) to deposit thRCEDP10YS/086814

disk drive transporter (550) in the test slots (310).

per fﬂ} rrg g chqfacg% lﬁyét ggsreln ac, 1ha’tm cerelﬁ)\bgt(ljc arm &200)

coRiriées 4RO GaMmRE £8StEASH)RUpPGihY metrenqneramaeom move
the test slot (310) while operating the_disk drive

th¢ BEOYic aim (PP hoguerelly weh fespesthga ﬂ@%ﬁi%@%ﬂc@ writing

of data to the disk drive (500). 22. The nethod of any
of clains 18-21 , further conprising circulating air

24 hr opighméthed besty & ddims33Q)7, fiotheoodmpdisitheorb@npientatauw gh a
of the test slot (310 23.. The hod ,of

vigipaysem 2747 dlSpeirqdrf@rt %B%?BP%FMEQ?P;H? i“ér%ur@ iyfb%fet?]c robotic

2 rdtihgttherdbe st

arigpYFut b sk O RR KB LR PP O8] Uiyl

arfri200)Ely domprg the ngpotieguh 20N do pbesialispikyue t B the ravk
disk drive (500) received in the test slot (310). 25.

nmet hod of any of clainms 18-24, further conprising

performng a self-test on the test slot (310) with a
self-testing system (600) housed by the rack (300) to
verify the functionality of the test slot (310). 26.
The net hod of any of clains 18-25, wherein actuating
the robotic arm (200) conprises actuating a support
(252) supporting the robotic arm (200) to nove the
robotic arm (200) vertically with respect to a fl oor
surface (10).27. The nethod of any of clains 18-26,
wherei n actuating the robotic arm (200) conprises
actuating a |linear actuator (254) supporting the
robotic arm (200) to nove the robotic arm (200)
horizontally with respect to a floor surface (10). 28.
The nmet hod of any of clains 18-27, further conprising
conmuni cating with a vision system (270) di sposed on
the robotic arm (200) to aid guidance of the robotic
arm (200) while transporting the disk drive (500)
and/or for calibrating the robotic arm (200) by
aligning the robotic arm (200) to a fiducial mark
(314) on the rack (300).
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