Attorney Docket Number: 18523-0062W02 / 2119 STORAGE DEVI CE TESTI NG
TECHNI CAL FI ELD [0001] Thi s di scl osure rel at 8Pkl Qineeg @stl@yiven2iLst i ng.
BACKGROUND 5 [0002] Disk drive manufacturers typically test manufactured
di sk drives for conpliance with a collection of requirenents. Test

equi pment and techni ques exKJIORACIE DESVIME TESD@N@uUnbers of disk drives
serially or in parallel. Manufacturers tend to test |arge nunbers of disk

drives simultaneously in batches.THQT' sk driy esting systens typically

i ncl ude one or nore racks having Iﬁf‘%FtI slots that receive 10 disk
drives for testing. [0003] The testing environnent imedi ately around the
di sk drive i@ogljosel y Thiseliusloaire delathd toistoapeidevipetestingr e f | uct uations in the
testing environnent are critical for accurate test conditions and for
safety of the disk drives. The | atest generations of disk drives, which
have hi gher capacities, faster rotBACHKOROWBHeeds and smal |l er head 15

cl earance: AoBeIT"® SR b e G RAL O B BERRMRA AN gD, af fect the

reliabillty est results an i ctrical connections.
Under test camdilibn@neth 2 dollectibniof eguirdneate I Tegsquiametraog &ghiiguesickistat i ons

t hrough suppgrting .structures.or, fixture t.0 adj;acent Hnits.. This

i brat i on - ePblestiifiet R by B0 At i ot @ oA S SinalaBbolsfs s’ ot on,
contri but es s lgepumberosfilisklieises sihalmnandlyriabatcksgae Didk drive tastingout  ( NRRO) ,

20 which may result .in Lower test yields and increase nuf acturi ng costs.
o004] Cur r et bipicly vENER obs Hndh kT Biksn OGP ARE T PRHERE St r ot ur o
suppor t (syst gissdiiveatoré@thg.i bute to excess vibrations in the system and/ or

require large footprints. Current disk drive testing,. tenms al so use an
operator or ©8fleyer JoFtesting envipmsny ipanedjately agpu g’l?ddﬁ?‘%/dg'éfglst%"s?]ﬁe testing

system for tRghlhied. MAamMRMurE 0088 tioh indReteafReAVirondnent € 3g&catlevi ce
testing systemincludes at |east _one raqbotic armdefining a first axis

subst ant i al | §r Agsura tegt gongditians gpd fog safely of thewliskdapey jThe lateshgsneraligrsydpl e to

rotate throughk &iREaABIERRE H%ﬂeﬁ:‘hﬁacft%s,g’astéﬁgtaﬁorﬁbﬂiééds 228 9mhiRr g¥ddend
radially from the first axis. Miltiple racks are arran%ed around the

robot i c%r m ¢learame, asemoiesEREHSyO VivetionpBrgess Wpmtiora e die mbitblEx mul tipl e
test slots tHake A:BlEMa e ittegrity of electrical connections. Under test conditions, the

drives themselves can propagate vibrations through supporting structures or fixtures

to adjacent units. This vibration "cross-talking," together with external sources of

vibration, contributes to bump errors, head slap and non-repetitive run-out (NRRO),

20 which may result in lower test yields and increased manufacturing 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.

25 SUMMARY
[0005] In one aspect, a storage device 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

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



Attorney Docket Number: 18523-0062W02 / 2119 configured to receive a
storage device transporter configured to carr Moy Sk ke 1:6beMk602 /2fiOr
testing. [0006] Inplenentations of the disclosure may include one or nore
of the following features. In sonme inplenentations, the robotic arm

i ncludes a ngunfipated@tckcei LanhgaienRe trhispengagefiduhel 16 carpgaodgydsfe
transporter of one of the test slots. The robotic armis operable to
carrying a s BFeé‘@%g'devi ce in the storage device transporter to the test

sl ot for tesfoong. TheIl%@i@ﬁlteﬁtﬁti(ﬁfsWﬂl@ﬁis@l@%r@nﬁﬁhﬁﬂ@@bh@&ﬂIh’orﬁ)éfi:h@dri cal
wor ki ng envel ope volune, and the racks and the transfer station are

arranged wi t fllAwingdeatyigs- Kn see implerepéations, thae obdic 4 indludeng MBYIPRIAT 1 obot i ¢
arm | n sSome.&¥aimd ﬁﬁeng&é&%e@o{a@&&%i&%n&phﬁeﬁ&f%ﬂé&ﬁhe glaidomrere arranged
in at least a partially closed polygon about the first axis of the robotic
arm The r actedotifsgympeoparabdigeamens i diosaea devise in sheistarage dewgalfatspgtrt he first
axis of the {9 LiG1RE Endtmdl o8 : 0 ] 9. photic arm
may | ndependgnt y t§e0r vﬂ%én%agﬁ r{)ﬁeogltc%}flggﬁ%%/g?g%?‘we%l n ﬂ‘%rf-ggﬁ\s“%ro? ge device
transporter ¢nvelepovnduné, and thetracks and e Gransferistations fre arrangsd wiithipgghelevi ce 15
between a tr r i : I . 1N s i tions, the
st or age dev‘?grgﬁﬁgg?%]%@ys en{%eg‘gf%ggithgr%}nf#g%l @yrggglgggéa |ng{hgupport t hat
suppor t @ t heraclotod itte traasfon satdnias apegalth et lewt apardaliyhdosed polly gan woun
vertically wth respect to the floor  surface. The storage dewvice testing
aystem oy Aredr SEPShe totpidut R rmek ) Bf Brontl e BB ARG, o ar m
and i s oper abda®y ficon the\fiest takie of thb edhotc amfoh e diffepant diktayceal ong 20 t he fl oor

surface. In i mpl ntat.ions, the storage devic est | stem

“ncl udes a @000l 6 AEBLORRAT SALHOPREIE SFoBR e oot H o abl e 1o
rotate the thebwtige devica teinepbitenfrS8 0O Of th test stitboitanifbed dyrageadert to t he

fl oor surface. [0008] The storggjg devi ce test] ngi; system may i ncl ude a
transfel® st ab§r8een adransfigiaiiongpd te et glpt, HBW?WB’?IB%S‘F‘P’&S for3¢fe transfer
station is Cw‘idewﬁﬂ%’sﬁsﬁnﬁiﬂﬂpﬂe}é a véRicAMdALatiag SpPors At AYBorthad RBstd o
testing. In sone inplenmentations, the transfer station is operable to
rotate about?%H 4§ ﬁ@?&et?&i%a moxg fhe refqtic e VE}X‘/‘CQ“r?(é’V ifhy rgppestdp therflaor on

subst anti al | ,rfaed. "Ble stoPagd dbVieOiestidsh RER may AR incRI¥S fSincatrbatihiBthhinCl udes a
transfer station housing that defines first and second opposite facing
tot e recept atPBYts thgrobgtifarmeang ignegblertp goye fisgohotic sfmborizenialy plgees a

st at i onydaseghe oSS 18 ¥R ARNBAD tné stfagiiBpitaRti@lsyMepor mal fromthe
station base, and nmultiple tote receivers rotatably nounted on the

spi ndl e. Eachchggsa rpiatagleialle thet suppspdhiohetioarmand isgipermblstto tawde Bieher and

robotic arm about a second axis substantially normal to the floor surface.

[0008] The storage device testing system may include a transfer station
arranged for servicing by the robotic arm. The transfer station is configured to supply

25 and/or store storage devices for testing. In some implementations, the transfer station
is operable to rotate about a longitudinal axis defined by the transfer station
substantially 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

30 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.



defines first and second opposite facing tote receptacles. 2 Attorney
Docket Number: 18523-0062W02 12119 [ 0009] TheausRPRk Gty MpR¥%wbhsiependent | y
service each test slot by transferring a storage device between a received
storage device tote of the transfer station and the test slot. In sone

i rrFI _err:ent at i @oe9] Ej he gheragec dﬁm:nﬁ}einﬂqic?ddnﬂﬁlsegdieéeaﬁh téﬁDﬁI@t tyody gefi ni ng

mul tiple stora evice receptacles configured to eac ouse a_5 storage
devi ce. Eac htr@g%l“ﬁ"éé‘ S&E?ﬁec,dév'r%%sgﬂf’%ar &cd 'SFPé%geéle?F%ﬁo@ RFHAET suppor t
confi gured tQatfdRROHe 1kt 86N TH SbmPRIPldrhtBibna tHeQERIgL Aevisd OtcdBEudigYi ce to

al low manipul ation of the storage device al ong non-central portions. In
sone exanpl e§te hopy defining mulEiplgstpraes devieererspgacisa sanfigured e casB 89U§af i ni ng

mul tipl g col éﬂd&l‘&%&&‘(ric@ BchAffage Bl ik mcggt@&éﬁh@svaegt&qgﬁeﬁrcefgﬁpp@ﬁvi ce supports

di sposed in each colum cavity (e. a rear wall of the cavity

col um), di vecafigired teesuppsirimeeniahrortioniofie secrived stpage davisedgallovevi ce
receptacl es §aghydidn o?ﬁfé@td}ﬁ’g‘%fdfe%é nguaé It?onr-c%ﬁﬁé%%rt%nét RIsB8E LEaYIGEhme EACH

storage device support is configured to support a central portion of a
recei ved st ottergee diaice twe inclyded 4 tote bedn defining indtiplefoluhma catitiessagd devi ce al ong
non-centr al 11 ; : ' t Sy S times

i ncl udes a v@g#lgiﬁ%glég?‘[g%%%?%a% :&QB‘?,&S %I&)%glﬁs @ﬁ;‘é&éﬁgggﬁﬁg ogl(r;hr% c%é%tt)g%@@? ér;l)igqagui dance
of the foobota cacwal eofithd eavity esispo); tividgngthe seloma gevittdntd geiltidlestprage i cul ar, the

vi sion system may_ used t ui de a nani pul ator. o he raboti,c.armthat
ol ds t ha. st S Rpiaag e Rpihts & P lROE  Rbdls PRl Tl Bl il
transporter dmicelsypportiocanfigured td duppdrestenshigiosticarof a rakivedigioragdeddvice t ot e. The

vision system .may caljihrate.the robotic.armby alignj.ng the robotic armto
2 Fl Gt ai SR e ulaB bk e RGeS Fpitetel FRHGR one andlor st of age
device tote.[op0f11] | IThe ediagt dPlicrrestihgbystnssontefities indludeen dstun gstetrest i ng
system i ncl udes a east .one copputer.in ¢ ication.with the test

ST oter K povibrisgtancht Spt Fau Siltistivants fiarUoBh gum qayk cenwediedg syst em
and may be cnbiOuwvRe. Ibpiiid Qe AEdA Ofstert AGKLRE & QOIS mbMpilker secei ved
storage device 1n the test slot. A tenperature control system control s

25
t he t enper at fif &obstic argrtatholds thy seragerdeaics HARRPTERT I} WSTHIRE FOr28E J&tiesm nay

include an ajrgnspaeekafél® iflo ohATDhORARIN @ alsPrapedeHtbor. giht vRIGAyadA/ or
through the test slot. A vibration control systemcontrols rack vibrations

(e.g. via pa®ay caibratpthp EdbpHigyrm by aligntpgitharabaticeem taa fiducdd metketei on with

each test slQki afslbSraRfR bl SH/6QGATIOLEREE With a storage device in
t he storage device transporter ) :
[0011] In some implementations, the storage device testing system includes at

least one computer in communication with the test slots. A power system supplies
power to the storage device testing system and may be configured to monitor and/or
regulate power to the received storage device in the test slot. A temperature control
25 system controls the temperature of each test siot. The temperature 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 storage device in the storage device transporter
30 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 storage



30 received by the test slot. [0012] Each rack may include at |east one
self-testing systemin communication Wth atadRasde: QR&: s88ds&b08119 The
self-testing systemincludes a cluster controller, a connection interface
circuit in electrical comunication with a storage 3 Attorney Docket
Nunber: 1852&vi0@ci¥¥Rd in tR && sdﬁ\ahdebroelaﬁitetﬁtde tircuithieelb@titalsl ot , and a bl ock

interface circuit . in electrical ication.wi.th the conpegtion
interface C|‘i°€‘1ﬁ"’cm°aﬁ*%w5bg’(ﬂ?°m}ﬁ’%‘?"f1 gf‘iﬁ‘i‘ré’l!l‘f ?rl?es!:’thC(ldeF‘if%ﬁﬁFgﬂmt‘é cont r ol
power and t eqgpag@tdicofirollpd®et BYteripepiture Hhthe GRNNKC tThe BorinBétRi fideace Ci I CUi t
and the block interface circuit are configured to test .the functlonallty of

at least 5 oileultawhibpblock terfapecitquipggentigyrdio teshthe fongtionaditeshat 62%). t est
the fungti ongleichMp&ent bhe dt&iate RNVRE idhind s%st%ﬁ%)é t%t tlY@B;h&mH&lh'ﬁbﬂﬁea storage

device held by a storage device transporter). In sone

i npl enent at i te¥slot whihempty kr Whidd hrusise at?-tor?éaé@"l%ﬁi@k?ltYr?b%f‘PfégﬁaqulCPest| ng system
i n comrunic dAn th at least one test slot. The functional testing 10
systeminclu [ust er controller, at |east one functional interface
circuit in e[IO@b'i:]rl cal Inssmeimipleaeniations eash rack insludes @reasiomefsictienal and a

connection i a storage
devi ce recelt\g}%at%l ﬁ&ﬁ%ﬁ{{% ciah{;h gﬁg&@%&ls{'&k‘}%@g}aﬂh ﬁ]}ﬂht?dgl?}flwe%@gm rcuit. The
functi omal isystemfiscledes b chsiet cangokayst ile@&troad fingtionabirtenfacecatceit & f unct i onal

test routine lecgrlcaP?on% ! Ol{lgagig gv?t}{t lus er c? Qﬂ‘ﬁF alﬁlrg)co%ﬁe&tlgn fht }'élc 91{%?1} i onal

testing syst T e es an ther et provi e
conmmuni cat i ounehaeﬂmelemnﬁﬁmioahmswﬂtasmnagcf ddvlicerrecaiveld frhibe et sllcﬂasd thene
| rcui. n _.anot her . nmet hod of

functi onal t

per f or i ng 51?’8&5)8@ lﬂtg ey t?{?g&m I&ar] (e acf)?‘é%létﬂf {?Wégféregfoor age device for
testing, actdbaimuigeat SfungloBalrtedp adutific @rtha §t6ra§d)ddvﬁhr [r&ﬁbﬁletehﬁn]ﬁlé.ﬁ fient ed
storage deV| e and carry the, st devi ce, o oused in a
rack of®a st F%%’é‘dlu‘%?\?fl% Sfeé%lnf’]ﬂg saaitﬂéeﬁ’i‘etﬁ*ﬁ’éc f8’bf€ff"(1 mﬁrel?ﬁr@aoperabl eto
rotate throgatimeidietBdtetd (hecludérCoadsllet ardintle hiQeaidRFohctiont! aldrfacé rom a
first axis defipned by the robotic armsubstantially normal to a floor

surface. The®f8fhod i ncludes actuating the robotic armto insert the

storage devi@ei4nt o t Meadoltfel aspe@l a mBB6A OF JErOEmidg 4Brab BS&hideaRAhpty test on
the storage device housed in the test slot, and actuati n% the robotic arm

to retrieve NABIPPsTEHINGRSIONRES daucs B8 teptingpetiiing @ single refpolig ggm to

20 retrieve the presented storage device and carry the storage device to a test slot housed
in a rack of a storage device testing system. The robotic arm is operable to rotate
through a predetermined arc about and to extend radially from a first axis defined by
the robotic arm substantially normal to a floor surface. The method includes actuating
the robotic arm to insert the storage device into the test slot, performing a

25 functionality test on the storage device housed in the test slot, and
actuating the robotic arm to retrieve the tested storage device from the test slot and
deliver the tested storage device to a tested complete location, such as a transfer
station. In some implementations, the method further includes loading the storage
device into a transfer station, such that the storage device is presented for testing,

30 actuating the robotic arm to retrieve a storage device transporter from the test siot,
actuating the robotic arm to retrieve the presented storage device from the transfer
station and carry the storage device in the storage device transporter. The method

includes actuating the robotic arm to deliver the storage device transporter carrying



deliver the tested storage device to a tested conplete |location, such as a
transfer station. In sone inplenmentations, tAge Rt hidawoinol udes

| oadi ng the storage device into a transfer station, such that the storage
device is presented for testing, 30 actuating the robotic armto retrieve a
storage devigi@atd RORPQ thetesf sl anti®r &&ipleslafitr testidgladmbiingghé fbotioboti c arm
to retrieve the presented storage device framthe transfer, .station and
carry the stBPdfETRNGReSIARS UICE ransREiter qavy iR e fosivd S AV isHE et hod

i ncl udes actgafdst ot bAeddRBOhE festell BofaBe B&lidetREk {oltke BindfeRgRidAEVI Ce
transporter carrying _4 Attorney Docket Nunber: 18523-0062W02 [/ 2119
storage devil®813lo t heln wt anathesadpegty g methed ofRestppmig storags deies'eftig, act uati ng
the robgtic jn@ldesUQdMBiAIENE sthidBe 84vied 8o 8 MRS staliG@ROES 18/ kMg b NG t he
tested storage device from the test slot and deliver the tested storage
devi ce back sterageievicesintofstaragstdgyice recetandessipfingd byastospasidguice iplpart | a net hod
of perform e J j i :nhe storage
devi ces int (r)llg %ﬁlil%%glﬁlgggg%‘gﬁtgﬁﬁtgg&téfg%é%ﬁ‘ﬁ%ﬁ%d%E%S@g%%ér]@&e devi ces

i nto st or ageThtenétbe! incdudgsiactuiting adebatisanm by retricye o statpge dexigedranspsrter  and

| oadi ng the I ' . [ [ a
transfer st aﬂ)rg ﬁ)ﬁl&’%}%ﬁl\éhgﬁgtﬁg}%%ﬁf’nﬁg gﬁhgﬁeuétgﬁﬁ:g&%% gebtrget‘%lfa gﬂé;%ﬁ%/o retrieve
a storage devirege devzasfion tlertranffemstationed carg the sthrogsdayidern thesadge and
actuating the robotic armto,retrieve o f 10 .St or i.ces from

t he transf er‘%g & HPERO% Y lﬂ:‘?’ilforb 9‘:1%2%1 K %err%gee‘% 8%?3}33{0?%}1 {?%8&%?%3%%39 ° devi ce

t ransport er . abbhg andob @kfend mdixily ompe fisbids dafincdbrthe rototio mphsubstpntadlet er m ned

arc about, and to tend.radially fro a first .axis defined,by the
robotic arm %W@lttgﬁﬁégﬂ ﬁ“%]facehgﬁlhﬁ&?e}/l}og I%Crﬂ}qef‘)g“rmaéﬂgf}%%8.oufﬁ8“ Fﬁs‘?ﬁ%% i ncl udes
actuating t hfae stohgé g@i@rtfmipbrt&ﬁdah‘yﬁg a stdlﬂefge%ﬁbtg@&hd?sﬂsm ahd perpmirger
carrying a storage device to the test slot, erformng 15 a

functi ofral i t%/f%f"%tgi“a]dfﬁ tgshen ti"‘f’ R }Pésqqﬂggﬁegvvﬁdﬁ@r%@%al%d st orage
devi ce trangRRpdrRf aitie teh&1dt€Fhe HbM@bd thih Brcatd wehatifihe tdbotitisl@soact uat i ng

the robotic armto retrieve the storage device transgottei;{rO ctgrr ing the
tested st or a§EcHe e sorage dRyieTiEansRasier casTyie e St itPiaas devite TiomsPeiFsSt or age

devi ce back {& Zhli@eltveaihs tled Storigh @vicd RGL & thé RaseiBagXaMl es, the met hod
i ncl udes actuating the robotic armto 20 deposit the storage device

transporter [0A18lhe t edn samegpxamplesy theypethed Nelydesiaciuating therabedd @ep 15t or age

devi ce jn a §ép9£iﬂjﬂ@stgl%ﬁé 8&/iderRRIoRE! 1R 0 tedt R BLLEAGAHRMUINE Melth®) . | N sone
exanpl es, delivering the storage device transporter to the test slot

i ncl udes i ns#pRgTdpVIce iiba HoBERGRY icgawieriecle RS perage AcerPipl-ng seme st or age
device into (A6 f8Sfelivd AL thebtdri de@fek transporter to the test slot includes inserting

the storage device transporter carrying the storage device into the test slot in the rack,

establishing an electric connection between the storage device and the rack.

25 [0017] In some implementations, performing a functionality test on the
received storage device includes regulating the temperature of the test slot while
operating the storage device. Also, operating the received storage device may include
performing reading and writing of data to the storage device. In some examples, the
method includes one or more of circulating air over and/or through the test slot to

30 control the temperature of the test slot, monitoring and/or regulating power delivered
to the received storage device, 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.



establishing an electric connection between the storage device and the
rack. 25 [0017] In sone inplenentations, perfQsR@:admbigtloonal bitsy test on
the received storage device includes regulating the tenperature of the
test slot while operating the storage device. Al so, operating the received

storage devimals]ny i NThelfethol afal Mide Gomeaicithgavith AWisibh HGteaf data to the
storage devige. In some exanples, the method includes one or

of

circul ating %HOS%%W&%?WP&WN&H@ qfélgqrogqt&anpd’v trRBRPHiDe t E’he
tenperature Qg dgé&vtcesne%@thod R hsOmcRde SifBihg ﬂﬂ%ﬁo@ﬁ&'aﬁﬁlbjﬂ @Nwiingdel i vered
to the received storage device, and performng a self-test on the test slot
with a sel f-the écéapnw’rrs%tf@:wmba@r&@nw ragke tes ‘T@Sf‘f‘éﬁm@}‘ PR PIRFEE] onal ity
of the tgest @év%tot?re%&érﬁieﬁ% ﬂgqggi&{ Sylg&ggper | 8523-0062 W (212119 [0018]
The met hod may i nclude commiinicating with a vision system disposed on the
robotic armitBl¥i d guildedeailsoif onter merp dinplementations pf e diselagporresetg t he
st orage devi T g?% at i %gﬁl&pbotlc arm by
al i gni ng tH@ﬁPé @%l%gg&n1t a ?#%ﬁ@#@ﬁé%%@ﬁﬁ%h%to rac test sl ot
transfer st attijeots, amhadlvartagss Mlbgaeappsrenle%méietdgicaph@ca;@rﬂrmng%wdtﬂmn vi si on
system [001$%°£&% details of one or nore inplenentations of the disclosure
are set for t he acconpanyi ng drawi ngs and the description bel ow
Q her features, objects, and advantages will be apparent fromthe
descri ptd on and dr awi ngs, anpedTPTIOORIHAWINGS DESCRI PTI ON OF DRAW NGS
[ 0020] FIG lis a ers?ectlve view of a storage device testing system
[0021] FIG 02Y a t oflGildea pérspeciteoview ef ddoiagedavicstsstpg spteem [ 0022] FI G
3 is a persp ve Vi f. t tem [0023] FIGS.
4-5 are top 6)%1 StOggbg%g\t}ﬁscvg&gg%gﬁééiﬁgfcg%%{l%sy?%% different 15 sized
racks and f ol@0ptli nt s. FiGG2a} péibi@Beti®: View af peorepedaviogdesiingsystsf. a st or age
o e Lo Yt Mgk 2L ) ol By u LB B R RB DT |
a perspentlvemﬂua&m@ﬁdﬁmﬁkmmage device testing systemhaving 20 two
robotic. armeohf027] B Qabiofoh Wit St Sbrofe BhLAGEIRHGE oSt NG

[0025] FIG. 7 is a side view of a robotic am supported on vertical and

horizontal actuating supports.

[0026] FIG. 8 is a perspective view of a storage device testing system having
20 two robotic arms.
[0027] FIG. 9 is a top view of a storage device testing system including a

robotic arm supported on a rotating support.

[0028] FIG. 10 is a perspective view of a transfer station.

[0029] FIG. 11 is a perspective view of a tote defining multiple storage device
25 receptacles.

[0030] FIG. 12 is a perspective view of a tote having cantilevered storage

device supports.

[0031] FIG. 13 is a perspective view of a storage device transporter.

[0032] FIG. 14 is a perspective view of a storage device transporter carrying a
30 storage device.

[0033] FIG. 15 is a bottom perspective view of a storage device transporter

carrying a storage device.



robotic arm supported on a rotating support. [0028] FIG 10 is a
perspective view of a transfer station. [ 002Qkonk ke dubed Ss2800R530BCL T Ve
view of a tote defining multiple storage device 25 receptacles. [0030]

FIG 12 is a perspective view of a tote having cantilevered storage device

supports. [QO8MY Fl G FiS3 16 % FpeRPeaive GlchVeT a\stopape@evide BARPEEEL calBNLE
transporter. [0032]. FIG 14 is a rspectl ve view of a storage device

transporter %?Weﬁ’ﬁeéhgnﬁé)f%”t“’c‘ﬂ“é@é"ﬂ%weé’és ° 0033] FIG 15 is a bottom
perspective ooy of apgd o pOEscHANAIRSidW SNSRREdeRIevics BREHiNA sgstela storage
device. 6 Attorney Docket Nunmber: 18523-0062W)2 / 2119 034] FIG 16 is a
perspecti ve 0P of aFk: é?&@écwt@élwmﬁﬁwv’éﬁﬁﬁ%wﬂﬁm "%‘Ehorage devi ce
al i gned 4f or J.s&fihi A ARl LBt ca%'aﬁ‘htlei 0035] FIG 17 is a schematic view
of a storage device testing system [0036] FIG 18 is a schematic view of
a storage de¥f¥R t est Likg refyrsnesaymbels in e yardus desdngigndieete Hieredameghal testing
capabilities. [0037] Like reference synbols in the various draw ngs
indicate |ike elenments. DETAI LED DESCRI PTI ON 50038] Referring to FIGS.
1-3, in sone | mpl ement at i ons, BESBFRHRENERHIIEONt esting system 100 i ncl udes
at |east ongppsdjotic ﬁé%\g{%q o #RES. NG s%m{elIﬁff,ten@maﬁm%oést&@géwﬁeantI ally
normal to a Ioor surface 10. The robotic arm 200 is operable to rotate
t hrough a pr@ﬂ@géﬁﬁ%é@ﬁ inpladesiablenst pperobplicsarm2PP detrgne & Hest ©8s W end radi al |y
fromthg fig Eétgﬁ?éll?n&ﬁél to! amo%s)gﬂ%faeémesmb&da%nﬁqb@rsloge@tsm@f&@até s operable
to rotate 36(}51 out™ the first axis 205 and i ncl udes mani pul at or 212
di sposed at throyglse ptedetereningd aﬂh@outfbbﬁtsi axiaih and o ?ﬁeﬂﬁlaﬁhﬁlb/ mthsr age devi ce
500 and/ or I o) Qkage device
t
500 (see e. afﬁ%?‘@glgf% eexk% t| p JB]?%IS ks %%(glsco?ééyg??rg%% ar oc%%d t he
robotic ar mtzé)ﬁrst oyis wrandmlcﬂlglebgmltamulat@b%ﬂ disposed RO 0istaEarrhofiteeck 300 houses
rrultlpletest lots r of or
testing. The ]rj(it 0 cﬁégom 818 %%f&%géggégﬁﬁdnp ?%tgfaggg%‘ﬁ%\ﬂ ol ca{)%mrkl ng
envel ops vodamngHeOs,tormgeichvtcbéOO@ed«sg F0OShiSk Y. Muitgdgedksdlfaren t he wor ki ng
envel ope VOlarranged around the robotic arm 200 for servicing by the robotic arm 200. Each rack
300 houses multiple test slots 310 configured to receive storage devices 500 for
testing. The robotic arm 200 defines a substantially cylindrical working envelope
volume 210, with the racks 300 being arranged within the working envelope volume
20 210 (see e.g. FIGS. 4 and 5) for accessibility of each test slot 310 for servicing by the
robotic arm 200. The substantially cylindrical working envelope volume 210

provides a compact footprint and is generally only limited in capacity by height

constraints.
[0039] A storage device, as used herein, includes disk drives, solid state
25 drives, memory devices, and any device that requires asynchronous testing for

validation. A disk drive is generally a non-volatile storage device which stores

digitally encoded data on rapidly rotating platters with magnetic surfaces. A solid-

state drive (SSD) is a data storage device that uses solid-state memory to store

persistent data. An SSD using SRAM or DRAM (instead of flash memory) is often
30 called a RAM-drive. The term solid-state generally distinguishes solid-state

electronics from electromechanical devices.

[0040] The robotic arm 200 may be configured to independently service each

test slot 310 to provide a continuous flow of storage devices 500 through the testing

7



20 210 (see e.g. FIGS. 4 and 5) for accessibility of each test slot 310 for

servicing by the robotic arm 200. The subst afidepdoldngdel: isRelfobGad 201 Ki ng
envel ope vol unme 210 provides a conpact footprint and is generally only
limted in capacity by height constraints. [0039] A storage device, as

used herei n,sykidl 100€3a dBhttodd i 51 ind@iduel stdradeRievidds T0itEBgh tieteeting devi ces,
and any device that requires asynchronous test| ng for .vali da}tli on. A disk

g
drive i s gen¥Fam woéllﬁ%?fﬁmn&%tf“%/%“@tt@r%f@@ faesrrl: 8OTRRE deyicergPedherggsgital |y

encoded dat asyQmk afal Ahvird Btk AR PES 00 thbdMERLScE nfdf fIAEES theA SOl i d-
state drive SSDE is a data storage device that uses solid-state nenory to

store per si gmertartaad god tpessdherghiragribraminoupiow starsstdesigeso’0f ash menory)
is often 30 gall i éﬁacﬁi%%gf Be\iBn atthSsdnf RS Al sBvREANIGa BEARIA Y as

di sti ngui shes so -state electronics from el ectronechanical devi ces.
[ 0040] The rmsigdad.c arm 200 may be configured to i ndependently service each

test slot 31 pr ovi . i - f, .St LEES t hr ough
the testing @[ﬂﬁttorngsgl)ﬁﬂg%éfe@&Egﬁﬁ%@:défgg%&aggggw&/ﬂg%h19 g?gftgem 100. A
conti nuous fVibmtigf cantrdi ofitithratks SO rvageh etdy shaess tis0or brtrag hO (shee.gest i ng
system 100 I o] i 0 devi ce 500,
wher eas syzqfl‘lgpﬁs\{\ﬁ)ﬁsgg gﬁgﬁﬁ%ﬁé’%‘gg&&@% g}étg@%%séﬁﬁg@%?g%@?@g‘?o be run at
once nust aldechapiel frdiethesanke 380 adtonbndiaen thetflonesirfadhHY asftioy enly mears
continuous flow, storage devices 500 of. 5 different capacitliges . can be run
2t the same ¥Rt BB piate R e eS LBEE 00 FResl)

| sol ati on of abolie180nesesisik 300l githed bntahesptherazkO3 (0rver ihkize aatiest sBHO ai ds

vi bration contrql of the racks 300, which only shares the floor surface 10
(see e.g. Fi®*Y0) as a common support structure. In other words, the

robotic arm@0f)i s 10 ide exyphek iflisianet MEFIGE; k3, B@QacknBOM4Rt Yrr&igad es t he

floor surface 10 as the only an of connection betwe the two
st ruct utfes. §HHEERRLY raallyfevEy ,g%@atgﬁﬁﬁéﬁ’ﬂs APt skic %?ﬁ? Hgﬂc‘feést slots

310. In ot hehe k3RS FVGRS) beldhBngAGK Bny3HRteMAnY af dhy HistRcaRduiBHE réboid
capacity. [0042] In the exanples illustrated in FIGS, 1-3, the racks 300

are ar r anged@MH0ayjiinthe tarerg ervalaparalymenklly Thessrke AR ¢ pgtnesg iAt205 of the
robotic arm R0, pkHeM@Y&absed pbly8or AokiSihd ARt FBY 2030 fd BBGR G208 NMcIPAL t er n and

at any di stance around the robotic

an open or closed octagon, square, triangle, trapezoid, or other polygon, examples of

20 which are shown in FIGS. 4-5. The racks 300 may be configured in different sizes
and shapes to fit a particular footprint. The arrangement of racks 300 around the

 robotic arm 200 may be symmetric or asymmetric.

[0043] In the example shown in FIGS. 3 and 6, the robotic arm 200 is elevated
by and supported on a pedestal or lift 250 on the floor surface 10. The pedestal or lift

25 250 increases the height of the working envelope volume 210 by allowing the robotic
arm 200 to reach not only upwardly, but also downwardly to service test slots 310.
The height of the working envelope volume 210 can be further increased by adding a
vertical actuator to the pedestal or lift 250, configuring it as a vertically actuating
support 252 that supports the robotic arm 200, as shown in FIG. 7. The vertically

30 actuating support 252 is operable to move the robotic arm 200 vertically with respect
to the floor surface 10. In some examples, the vertically actuating support 252 is
configured as a vertical track supporting the robotic arm 200 and includes an actuator

(e.g. driven ball-screw or belt) to move the robotic arm 200 vertically along the track.



arm 200 wi thin the working envel ope volunme 210. The racks 300 are arranged

inat least a partially closed pol ygon aboutaubdaenedd: kigbe R¥b-Ss20h20f t he
robotic arm 200, such as an open or closed octagon, square, triangle,

trapezoid, or other polygon, exanples of 20 which are shown in FIGS. 4-5.

The racks 308 hamontaﬂy@@taéth@uﬁﬁﬁrﬂm@égfaqmmacﬁm@ﬁalsmﬁwah@pﬁ71;o fit a
particul ar footpri nt The arrangenent_of %cks 0 arourﬁg3 , robotic arm
200 may be sRNesYsEd looRpResttheERbPtiGarmy 1 4me by Aperale to,moNs the ro Wn FIGS. 3

and 6, the rzdaqfohsorﬁenm theSTldr QRICE 0. BMhABGmPIRROWH,8Ee QhtAndiiedest al or
lift 250 on the floor surrace 10. The pedestal or lift 25 250 increases

the hei ght of theyeerijgsiix prebhasizomnlbirotupting sHPPOT2 By 254 supRgrting the gobetihoti ¢ arm
200 to _reach, Oilogfﬂch}]HQf{‘@ﬁlegé’d w&qang%wommmﬂlomamg §§El\6h§£edt est slots

310. The helug e worki'ng envel ope volunme 210 can be further
i ncreased bysuhstatitial]y allipiiead piofitd frame 8 taptvdewt o t he pedestal or lift 250,

conf i 9uri nG johu@s & VE{biGelol. LAY A1 Y BRI B bRBUBRER o [ he

robotic arm as shown 1n 30 actuating support
252 is oper abloenctlmiearmmtbh@: mmb@ﬂ@ftam?EﬁOBobotheqrt@tingaibm}tﬂw fiyt axéssAPéct  to the

{1 oor surlacs,dRpoddl ABUEY o fienAF SRR 1 Ky AR WAl GSidnor | 258 19

configured a vertica ero Ic arm and i ncl udes
an act uat or ar(nezogB 1sjsusp®ﬂed)ﬁd:ﬂ1a$e1ﬂlegvstumtlbell2)Sitmiaﬂn\imthbhaammbdtm arm 200

vertically rak 8 Att cket : 062WO2 / 2119
A hori zont al llny?gt 3§‘E“ ?5038%%?952%"%%%@%&}0“ AeAr %‘(’: fl Qmqal?lgso shown
in FIG 7, spyorbe52used to support the robotic arm 200 and be operable to
nove the robgtic arm 20hor|z t al flo rface 10. In the
ool o showitdine. Combinstione ttaing it e it HORF iR,
actuating Sumﬁélﬁdegél’otataﬁét&mﬁlﬁdt BgppbRethe ediotit GrnS2G. 'The 1Qa@blevi des an
enl arged wor ki ng envel ope vol u 0 .havi n el on ted ubstantially
s 94

el 1ipti&al pRrBEeipRIiSaperaPls 1 B EW it B Offfigse r?ﬁs@@l lustrated in

FIG 8, the shanandy qgﬂ(ﬂa@%th@ﬁédr@Grf&désmeﬂﬁbreﬂﬁﬁroblﬁﬁﬂgl&d&@eﬂw&kﬁlgbOtl cC arms
200A and 200B, both rotating about the first axis . .One robotic arm

200A i s suppBlElene Biwpsal G thams rabati arpe2 0Pgotatjpg galy i"?ﬁ’é‘t e fest 25580 i ¢ 10 arm

200B is susp%migd frori@e?er&.e% ekl &b ﬁbrsuwsuah%oaaamﬁbﬂedtardny,thd fothfre exanpl e
shown in FI addi tional robotic arns be operatlonal on the

vertical |y aevisatesieg systeppdiotinchsies a D’G(MF}}/SW‘H 2?‘?\6'51%%341%‘1 Berohotisfht ed i n
FIG 9, ,4 he 0r@ageistha\l sém e Lic-BERAYSI83d guidance of the robotic arm 200

while transporting a storage device 500. In particular, the vision system 270 aids
alignment of the storage device transporter 550, held by the manipulator 212, for
insertion in the test siot 310 and/or tote 450. The vision system 270 calibrates the
robotic arm 200 by aligning the robotic arm 200 to a fiducial mark 314 on the rack

25 300, preferably the test slot 310. In some examples, the fiducial mark 314 is an “L”
shaped mark located near a corner of an opening 312 of the test slot 310 on the rack
300. The robotic arm 200 aligns itself with the fiducial mark 314 before accessing the
test slot 310 (e.g. to either pick-up or place a storage device transporter 550, which
may be carrying a storage device 500). The continual robotic arm alignments

30 enhances the accuracy and reputability of the robotic arm 200, while minimizing
misplacement of a storage device transporter 550 carrying a storage device 500
(which may result in damage to the storage device 500 and/or the storage device

testing system 100).



100 includes a rotatable table 260 that supports the robotic arm 200. The
rotatable 15 table 260 is operabl e to rotat ewbackobatd: Goaoawalfvabout a
second axis 262 substantially normal to the floor surface 10, thereby
providing a |larger working envel ope volune 210 than a robotic arm 200
rotating onlposout t Iresoierisiplediehtatiaidnthe sfodd A¢viddateing systenbd®k to FI GS.
7-8, in sone_inpl enentations, the stora evice testin stem 100

i ncl udes a \;pgl}cheﬁagvgifgrrﬁta?%ﬂé,gb&og@ %%?@%g'¥% "r?‘&l‘*ﬁ?ﬁ@%&oo. The vi si on
system 270 iignplpithiaQoisethe sRrak dedtd Wahgeysm 1 0®ntRBOMmay inalude 200 whi | e

transporting a storage device 500. In particular, the vision system 270
ai ds al i gnriORYeYSF bqlﬁ@%*ﬁe%)gg ag nsraier &Pfaﬁtqg‘%m@ﬁ deviges R ke febprie

mani pul at or k200§ & exainpRe idelu@ihg dtrdni¥er dtatfoh 48b.Ghe RbBARA 200 tote 450. The
vi sion system 270 calibrates the robotic arm 200 by aligning the robotic

arm 200 to anflepgidently sarpipss eaqiuteysslof R0 bysansringmtorpgedderics pPQ batyeent est s| ot

310. I n somepexanRl 8o A dhb MR kio B0k TR frahsFerafiioh 400 RO@R]d mark | ocat ed
near a corner of an opening 312 of the test slot 310 on the rack 300. The

roboti ¢ ar mBedplaltoty resentacies| 450 wpfiguraddo pachinedele atele #3B 1theiele dp@ accessi ng
the test sl ol i r evi ce
%?B?QS\?%IQ%h&wﬁg gec t&éi'@s 45K 'tl{:alfhélge %ragg g&gce.@S@G 4 f’e%?ngd

transporter e carrying a stor evice 500).” The
conti nu® r odwdior stomgen kil dagnsiemgesdes e covapinde 454, the hovsadrstaragedavics &ut abi lity

of the robotj [ j 1.0i.m zZi 1 c§5§e%¢ . age device
transporter lggﬁa%glg%r iaﬂgé‘%ﬁi{eﬁ@g%@ﬂgé&?g.e E%%%t% IC brlrs%mrﬁ%%%ﬁo i n damage
:[A\ o the st ([))(r) agmomstmgéﬁféﬁzm%ggﬁvﬁ)ﬁm;mmg\gT;elotst3é9tw'ilhghesyst em 100). 9
tt orney Docket. L - . )

ol enent ot Bitip HeAie; apEae y 8 SOUEE aep 0 ABP G BodTvicaes o ¢ anster
station 400, reeptasleowsy atnheRrdnSfer datdbnatid with. thaNorage davice thiarsporten il emdnt at i ons,

(not shbun) B v PEsiere dpviae Feener SEriGE Rt Blegth faefrl Topoti o 5
arm 200. I n @gasplas1d fehesdhnorf the stbapsi@ices0at AGer tddlg, thébotibatd ¢ arm 200
i ndependent |y services each test, slo 0 by tranps ing a.storage device
500 bet ween %[OHE“‘FY%ﬁléﬁftﬁsrt“@sl‘%{?geoq'?vﬁﬁéoiﬁ@ntt%%tefté Eﬁiﬁ” qy_mg-fﬁee transfer
station 400 dihrasdddofe trakbpbitd 580 batEngd M6 @pted Slotfe d8dccOf i @uIhe test foteach
receive a tote 450. The tote, 450 efines storige devyi ¢e cetgt acl es 454

£ defir r
that house st@rbgeVifolhr ewairgltpr£4?). tasainghe efehriargs d%vt‘??rsggé‘? fn each
st or agexdeVvi G afLLfRE d6hPodads0 td e RanFa dtaSbPLED BndRN iFEathdhe

storage device transporter 550 to return the tested storage device 500 to one of the
storage device receptacles 454 at the transfer station 400. In implementations that
include a vision system 270 on the robotic arm 200, the fiducial mark 314 may be
located adjacent one or more storage device receptacles 454 to aid guidance of the

25 robotic arm in retrieving or depositing storage devices 500 at the transfer station 400.
[0048] The transfer station 400, in some examples, includes a station housing
410 that defines a longitudinal axis 415. One or more tote receivers 420 are rotatably
mounted in the station housing 410, for example on a spindle 412 extending along the
longitudinal axis 415. Each tote receiver 420 may rotate on an individual respective

30 spindle 412 or on a common spindle 412. Each tote receiver 420 defines first and
second opposite facing tote receptacles 430A and 430B. In the example shown, the
transfer station 400 includes three tote receivers 420 stacked on the spindie 412, Each

tote receiver 420 is independently rotatable from the other and may rotate a received
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is supported by a storage device support 456. The robotic arm 200 is
configured to renove a storage device transp@inkahxobet kaoane,/afs t he test
slots 310 with the manipulator 212, then pick up a storage device 500 from
one the storage device receptacles 454 at the transfer station 400 with

t he storage stigadeaiRvice RES4F0HeBrech 2 Qervining pbbitibhely. aekssitile bsher speatarpe devi ce
transporter 550, with a, stora evi ce 500 t in to he test ,slot 310
For & st i ng B sisgpesisgaciayiie By fsasookeaan 20k dntif3pml FRUbHE arm 200
rﬁt rieves thstgtr@;%tvemmwf@aﬂalaww@ et Jokiibh (eﬁ@s&r&i‘&mg?bﬁfimﬁbﬂda 3y renovi ng
the storage device transporter 550 carrying the tested storage device 500
fromthe tesEcafppsitian despng positioy.t While@ tﬁaﬁﬁsbmsapafan?fsl)aforwgwqﬁlg t he

tested stor 3ggess@Mhé ArsPRE fedeplabR 430A SinAIRABbEIRVIE 20D Is3ERMdBEsHSP t0 the
transfer station 400, and mani pul ating the storage device transporter 550

to return t Hbe erpositschiderte tegecand ate eeoeminrle 4308 Vivle n e seaand pagioyi ce
receptacl es Bhdticalm 206 is!i@RdGkoesd Mt I idRoepkddls S0k RN IpLARR 1o hal

include a vision system on the robotic arm 200, the fiducial mark 314

may be | ocareddeidicersenn the eppasite side & the sncensiogaideptacleetiOPt dslagssultb4 to ai d
gui dance of i I L1 QM : -t e devi ces
200 at the. (T anepny iy Shfe feiishiter iioh St F1cRling BRI B BOREE" 10 come
exanpl ew, i rolemetestacles43Qtaneme bide of the trausfed station 4te vhilethe zotlotingim 20 nal axi s
415. One or re [ . I I ; Fp . the station

housi ng 410,hr£?3cr°e§és>%éﬁ)ﬁ§sgﬁ§lr}f¥'gsre§ bnﬁﬁglrg&ﬁTﬁﬁe%@%ﬁﬁ n05@#§%§g€ t@e | ongi t udi nal
axi s 415. Eacdasfeostgionde fordoadiZnimmying etoedge deviceard00.ndi vi dual respective 30

spindle 412 nac n indl e 412 .Fach tote receiver .420 defi nes
FPret and S3a oppolk PRrsRE BRI o i BaEEE RIRRHERIE | 1T e
exanpl e showsirieting stotagadsfies 560 mtandfrodfie stobe dadcetttntiee ststirel (0eGdever s 420
st acked on the indle 412. Each. tote receiver. 420 is inde ently

ot at abfe. f 101 FHLA Gp T OPRHT REQP At e PaleD &5 ol IS R SDoc ket
Nunber : 1?52aid@@)ﬁl2maﬂsf&&thaomm dg eredRymple skairein#56. loetask &ite §505@iEtVi Ci Ng
position (e.g. accessible by an operator) . and a test.i.n osition
accessible b ?‘f“ﬁ%gﬁﬁ‘bgﬂ‘?ir"ép L A A B 183%1‘&?‘5“‘%8&?1‘?‘“8%@% tote

recei ver 42Qiekigndt€d atsakc@10RRUSL &t sdpplyins btofR8S ddvideR sS4l testifpfotiaCi NY
position) and a second 6)OS| tion (testing posjti i in the first

posi tion, arfesinstian ifesits '

itign). Wile
_ P aeig wiedtadw eyicpndlr egination i dept acl e
430A, and t hgay RMskifie@hdPpaE8d ieburR iA%> AL chaiGemitn ©Biks” fohRcOPP@si te side to
the second tote receptacle 430B. Wiile in the second mp!OSItI on the robotic

arm 200 is progridEdioantsdsyces ido it Bavershe rasedpr fatidea lingianalinigsan oper at or
I'S respectively.
[0050] A housing door 416 is pivotally or slidably attached to the transfer
station housing 410 and configured to provide operator access to one or more tote
25 receptacles 430. An operator opens the housing door 416 associated with a particular
tote receiver 420 to load/unload a tote 450 into the respective tote receptacle 430. The
transfer station 400 may be configured to hold the respective tote receiver 420
stationary while the associated housing door 416 is open.
[0051] In some examples, the transfer station 400 includes a station indicator
30 418 which provides visual, audible, or other recognizable indications of one or more
states of the transfer station 400. In one example, the station indicator 418 includes
lights (e.g. LED’s) that indicate when one or more tote receivers 420 need servicing

(e.g. to load/unload totes 450 from particular tote receives 420). In another example,
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provi ded access on the opposite side to the second tote receptacl es 430B.
As a result, an operator may service the transkahastabsd 352:.40000y19

| oadi ng/ unl oading totes 450 into 10 tote receptacles 430 on one side of the
transfer station 400, while the robotic arm 200 has access to totes 450
housed in tomestmecmpdhaz&bxes841311&1@9ommmesddicedewhaéetocﬁro\tm@netdr ansf er station

400 for | oadi unI I ng,stor de |ces 0 The transfer station
400 provi des? eesrl@]a@geﬁo‘?hﬁ?s Tcggl?%lg %?Wg%?ﬂf ag?rg? %‘i%‘\?‘r’ fhs §?§?rage devi ces
500 to and fgtamntbe Thotana ndﬁaatcﬁmsﬁﬁpbaglsﬁqssd £16aglBe longh&iinal Bxik ot es 450

al l ow an operat or to deliver and refrieve a batch, of orage devices 500 to
and from t het}r 8578 %R & 8 sopsotherportion of fis skaig ‘P‘E‘“gﬁéam in FIG 10, each

tote 45Q thafposi}s accesakkfindlé MMERSPEFIG VA, & RkE4FACRENGES tétéBodyn t he
second position 'may be designated as source totes 450 for supplying

storage devi¥@éd @ﬁ@eﬁ@ﬂs npudidple pgrage deyice rerspieclpedYion Hoph #eragseevisr  r ecei vi ng
tested stor agg iRk 698 iE0RfeResld AL Pobel 51450020 FRIABIELASS T od as

passed return tOt es' return totes' recelvin respectl ve
st orage devi geregsdyice mpthﬁdv@ﬂé& npledesgeptoregs dGV10¢ alpp@a‘i%ﬁﬁf gRshid ity test,

respectivel y E(gpégént{ﬁl Oﬂbplﬁ(ﬁl'u@? o@ﬁ% E)c%?v@% Et(a:ra !f' H&Ul&l ¥ t&4110W th 1%icat t ached

tothetrans statl 0 ure tO provi eoperator
access too onefthy stmgeedm@péw@lon&mmeamle@rtws@ Tol\wn@pea howed gp@gs t he

housi ng door r r i to
oncl i oad VIS R0 REE R fhall Vi, g‘ét%‘éﬂ%gg"?%tthe ol hE T
transfer st ajimmp@bﬁiﬁmnthyelm tlmm‘ra@lﬂleende 5@ (ol oy ﬂhhmbloéspaclﬂwm thot e recei ver

420 station ) i at r. 4 p 0051] In
some exanpl esgm%%eh erCF 5e°e?et3&e §€£§1At i é?‘ﬁeq%gg Mlgthg gfs‘)m?e ]d? b 500% Oﬁo |d(1: ator 30
418 which pr slmglﬁﬁavwb suygport 45641 Thestorage ddvivetranspongriisa abthen tengdiveiat i ons of

one or fore es of he tra sfe 400., | n _one, exa

station'S ndlli,“?;f’c1 esﬂﬁge’ E‘PE.EF&EP 94 %&@kcﬁﬂyfﬁﬁeﬁmi‘g‘fﬁwﬁcﬁwtﬁe when one
or nore t ot eddliveqity d&tidaddnnage, ek s Lieftglot 680.9. to | oad/ unl oad totes 450
fromparticu tote receives 420). | t her ex 11 Attorney Docket
Nunber : 1852@6l e2wee I ﬂ@nﬁlﬁég‘é@é‘?‘ﬂﬁﬁ?ﬁ?n@i’ e 1‘§°1F‘?'F(§Iaﬁ?fgg ':[yne or nore
audi o devi cess2BahRldelhdRoRAA @ititdI BB ddHEdTh® stk AL ticd RedptacBb415, cl acks,
etc.) to sighal an operator to service the tran fer statlgn 400. The

station i ndi SamBiplesrasderse HPEYEAE Il oh ot Re ?V&?gvlen?&? ANBERI s 415, as
shown, & ONcaRARRered BB E rfd® Wail AB7EES thDEolShA LG 48IBISTRstSAES device

supports 456B are configured to support a central portion 502 of the received storage
device 500 to allow manipulation of the storage device 500 along non-central
portions. The cantilevered storage device supports 456B allow retrieval of storage
devices 500 from the tote 450B by inserting a storage device transporter 550 (e.g. as

25 shown in FIG. 13) into an empty storage device receptacle 454B just below and lifting
the storage device 500 off the storage device support 456B for removal from the
storage device receptacle 454B. The same steps are repeated in reverse for depositing
the storage device 500 in the tote 450B. As shown, the bottom storage device
receptacle 454B in each column cavity 453B is left empty to facilitate removal of a

30 storage device 500 housed in the storage device receptacle 454B above it.
Consequently, the storage devices 500 must be loaded /unloaded in a sequential order
in a particular column; however a greater storage density is achieved than the tote

solution shown in FIG. 11.
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5 [0052] In the exanple illustrated in FIG 11, a tote 450A includes a tote
body 452A that defines multiple storage devige meephaclsaswdbdinsEach
storage device receptacle 454A is configured to house a storage device
500. In this exanple, each storage device receptacle 454A includes a

st orage devi[@esguppor Refehind t6 ONGS.J0r16(lintsome sxapydest tha tesesidtr3al ispor ti on 502 of

the received s ora e device 500 to all ow mani n 10 of t he storage
devi ce 500 a‘POBFL‘Ié"‘rﬁ Wrﬁ%f’h‘fertgq St?f%et‘%ﬁﬂ?ﬁ traﬁ%"‘?@r’?%b;e?é\ ‘ﬁ V&forage device

500 from t heyfkgirRessue vorfiRufcd ¢eREECE Be 4DMbe déie 0 Qﬁ@@@hdiiﬁléﬂ ¢ tier anspor t er
550 is positioned bel ow the storage device 500 the r I%)otl c arm

200) in the roBtsARLGln tse %e@tﬁfa*@rage devige %9@%@%&35 éscre%qu] Mt he

st orage sdevi & P& 1k §108516 B&th tRlrebR280 g&gg/l@egr@m@%ﬁmme%@@e erldaging! Or age
devi ce tranzgorter 550 i s then renoved Tromthe storage device

receptacl e 4Bandapiptica 358 of fie HgnipREcrsOB magdheragnipiaton) 2o Fhe reRqt Pg@r y to a
destination A@f]ﬂ?ﬂ'&tedsiﬂ‘fzﬂ} 3153 ﬁ‘le%t%ﬁage 34:\956 ﬁ?&]ngbort[ep%ﬁclﬁd&sﬁlﬁ%nﬁ

illustrated in FIG I ncludes a tote ZBthat defi nes

Lol i oo defiingBaBbMiRleG-shaed OB ot sklotell 621 69 864D by
mul tiple st Oﬂa@@ﬁl& %\55 fifat é&Q&Wef)ﬁailég'gﬁeo?J?ﬁS@ttgrﬁ@%uﬁjdaﬂﬁk Cbrapk! BRRLL S 456B are

20 cantil evered farear wal e colum cavity 453B. The storage
devi ce 105upp91pp@14®63t1m1@t66691mtywtb@lstowg%dmp@rﬂtamwﬁ@rﬂw&ﬁﬂlm)mv‘iedn 502 of

the received st aatﬂc?robgtef"érﬁfzo'ég%tc% é’%c% oﬁl?{ﬁﬁ'&ﬂf ddlo F{h.e Ubrd %ﬁ: d{a\tl&es $her age

devi ce 500 aq d’rﬁ non-cen e cantilevere orage device
supports 4561Ebua¢dm\meeﬁthe stmage ddvicstranepigeles 4bdwif tesott @00.f Flemstarkhge t ot e 450B by

inserting a t v orte as 2 G 13)
into an enpt tlja1 rtaégﬁi@%gjﬁ’éﬁj ?tlcbaqnodvﬁgﬁ%ﬂog tliOJrllg t he
storage devi @gaﬁﬁ@ﬂﬁfsfordgh eleﬁt:eoﬁ’i(lﬂger @evideffufirctdagtheBeé ampporedddial fromt he

st orage device regﬁot acl e 454B. The sane steps are repeated in reverse for
deposi tihg PAFETVr age device 500 in the tote 450B. As shown, the bottom

storage devi pessyr ecepmﬂitﬁeéﬂéﬁh@eﬂmmb 1@ﬂhwm1tm@ﬂktmam5wofmel eft enpty to
facilitate renoval st qrage devi e 500 house thhe st orage devi ce
%FS“’F{‘SP"“?E&%

recept acl e AHABSHHY &d ‘?Jg?ﬁag?/ eviqgLranspgrey, 06%‘%/? g8YT460 nust be

| oaded /unl ogded s00 toreMEARBE h@be Jdiﬁé roblofic a-npmotfbpplac%ﬁleﬁmlmmOn&m\/ever a
greater storage dens eve han t he tote sol uti own in FIG

It 1S ac n
11. 12 Att orﬁéﬁestﬂgﬁé’((}/%%&‘ in F1Cgd 63 Theygompylespr 712 4le f‘lb’%@ﬂ‘? fferring to
FIGS. 1% 16, inithucSRABLSX I SSping MEcHaiSh 550 QlspRd@in (Be storage device

transporter 550. This allows actuation of the clamping mechanism 570 before the
transporter 550 is moved from the tote 450 to the test slot 310 to inhibit movement of
the storage device 500 relative to the storage device transporter 550 during the move.
Prior to insertion in the test slot 310, the manipuiator 212 can again actuate the

25 clamping mechanism 570 to release the storage device 500 within the frame 560.
This aliows for insertion of the storage device transporter 550 into one of the test slots
310, until the storage device 500 is in a test position with a storage device connector
510 engaged with a test slot connector (not shown). The clamping mechanism 570
may also be configured to engage the test slot 310, once received therein, to inhibit

30 movement of the storage device transporter 550 relative to the test slot 310. In such
implementations, once the storage device 500 is in the test position, the clamping
mechanism 570 is engaged again (e.g., by the manipulator 212) to inhibit movement

of the storage device transporter 550 relative to the test slot 310. The clamping of the
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configured to receive the storage device transporter 550. The storage
device transporter 550 is configured to receingy bhenstnizagedevtioe 500 and
be handl ed by the robotic arm200. In use, one of the storage device
transporters 550 is renmoved from5 one of the test slots 310 with the robot
200 (e.g., bstoxgge’:\dﬂi)icﬂganspbrtﬁtSBEErWihi‘sensﬁﬁgagh h¢lp to iebeceivitd@ivhativing 552 of the
transporter 550 th the %l pgl at or, of th r.obot 201) é‘ﬁé illustrated
in FIG 13, EMResibonsexampes ‘3?‘?%’& g Frores dpvich IIIORE! J04M 560

defining a syhsiadvicalby cddisdBaem BPsth Agmp&ilorfsedup@idn Bymbihsiewak | s 562, 564
and a base plate 566 that collectively allow the frame 560 to fit around

the storage @diyidually witlipSisdest slatl0 A detailed dessriptiny of thedlpmpinge st or age

devi ce ty anspedHafikm30 arfithd RNy & fee(temgeomwa%lém theRRQfelFibad Rer&iR0) into a
posi tion beneath one of the storage devices 500 housed in one of the

st orage devi®ay bafspt adl- 8&1’3‘@3&3@1&%‘1@@ Nool H955133, fiigd Dseeyrhen 8, 2885 ce
transporter 550 £aHid NEPARTECHAMPINGIAND TRRPING BTRoRLA I nto a
position engagling the storage evi ce renoval off of the storage
devi ce suppoefiwii@targ heretiysingdrporated by nfgence GOBSNLY-h t he st orage device 500
in place wt the frq t 50, the
st orage devi @gg?]r ansportergggg&flc égﬁ%ﬁsﬁgo%g’ﬁgg?%ggﬁggeﬁ% gﬁg%ﬁﬁﬁ R can be
moved byo t hestorab&)dlavs:eaiﬁﬁ lﬁﬁ(smgkwrteqbtaﬁbéh%md I‘umtmg ihe em@ggﬁemelaéOQ @g slots
310, as showp i Th ni i i o 20
initiate act‘tijua{{n# teslméﬁ) cfill aS(?h‘ﬂ“nrrlﬁ e agl%ll?gsmrﬁ% ég%flﬂ?ﬁ Sg(l’p%gee%g%hgﬁé&g?r%r age
devi ce transjoedchioptally Eﬁhr)sn@d dtmge dewica 400, dronothe vireus teaingbotn gl thiec hani sm

570 before t orter 550 i ved, fromth tote t he test slot
310 to (i b ortbah AR B st o wBESsni R n i eas ROt Bt S5 e
device tr answdfa{e s'&ﬁﬁgediavlicfsgﬁonhmayrm\operau@ﬂrﬂa te9 withBeomk iobtheitest gibie t est

sl ot 310 at or n actuate.the 2 i.n rrechani sm
270 1o Tl onld PRIPENE! A hEsar-2an Moot i bRyl BT e ol T ove
for inserti ogan@ftestt Faek30@r@lgmpﬁlgvnecs@orageaﬁsiaefrmpoﬁeﬁesm t’tbttﬁe raslonB10 he test
slots 310,%@ thestoraedewcg %(l)lsmat |h on with a
storage devi & di5inErge SeVicaTRnsags gedis 311‘“%?”{3%3’50 n?’ or (not

shown) . The gdsavigRidRBovEESARI g&mm@e or TRt ﬁbﬁﬁo;ﬁ%qufmgme e@hté@aﬁﬁgage t he
test slot 310, once received therein, to inhib ment, of the storage

devi ce t r anssiing betersn the sigrpgsaleyige rpnsperiest 53 96‘? ﬂ!?ltﬁf"t SlPﬁ 3%918?‘1““8

i npl emepy at | RRGioPRGeh! 8 BE §8R QSé%&Qraﬁ%nb@SB@ the test position, the
cl anpi ng nechani sm 570 is en g again (e.g., by the mani pulator 212) to
i

i nhi bit novel®atl of ReEmrpedde Heln @@etlmaﬁglﬁ@tﬁfﬂ@’rs thegforags d8vidfe to t he
test slot 31QginENGstehatPidBdey at idA& one computer 320 in communication with the test

slots 310. The computer 320 may be configured to provide inventory control of the

storage devices 500 and/or an automation interface to control the storage device

25 testing system 100. A power system 330 supplies power to the storage device testing
system 100. The power system 330 may monitor and/or regulate power to the
received storage device 500 in the test slot 310. A temperature control system 340
controls the temperature of each test slot 310, The temperature control system 340
may be an air mover 342 (e.g. a fan) operable to circulate air over and/or through the

30 test slot 310. In some examples, the air mover 342 is located exteriorly of the test slot
310. A vibration control system 350, such as active or passive dampening, controls
the vibration of each test slot 310. In some examples, the vibration control system

350 includes a passive dampening system where components of the test slot 310 are
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13 Attorney Docket Nunber: 18523-0062W02 / 2119 storage device transporter
550 in this manner can hel p to reduce vi br at i Gpgsy S inRg: ih288&wagzisl N sonme
exanpl es, after insertion, the storage device transporter 550 and storage
device 500 carried therein are both clanped or secured in conbination or

i ndi vi dual | yconhédaddrvid @enﬁmsisolsiofst(efglﬁﬂenﬂbpdﬁﬂicai'lhﬁ}damﬂ&&eraisipmieﬁﬂmoﬁntt he

cl anping 5 n%chanl sm 570 and ot her det?F ﬁ a.r%d features co nabl e wth

t hose descr i & REPRS Fastomsy)- I8 seig ramplpsyhevt f?&f"éﬁ‘?mﬁgﬁs}e %on No.

11/ 959, 133, htlués abacrehird 8yste?®@fth as?ﬂiﬁg, Elzir@fd:r a@ﬂﬂﬁn@ﬂ&!ﬁtﬁﬁm
CLAMPI NG AND TESTING', the contents eb I ncor porat ed by
ref erence i nthf ¥ibragigng W&VacﬁM%WOTﬁgs&téF%g%dﬁéﬂtﬁr éb‘sd%m be sensitive

to vibrati ongmmmiridatiBgwith bichRésEslofldl 03 tres a&slr@&ﬁb@@@ i506hfighred t$i Nl € test
rack 310 and running the stora 3& devi ces 500 é 83 , during testing), as
g S

wel | as the sosyepqagwihaistpragpdeyice 3P0 reseived bt URi34® transporters 550,
each opti O”aﬂobys jearr yﬁﬁ&e%xﬁﬁ;ﬂf)ﬁﬂﬁxa@@dvh% S(@0each tRADHRicMBES Rkastt €St sl ots
310 in the test rack 300 can be sources of undesirable vibration. In sonme
cases, for exgrsplidestingyystenfo00 ipcosprovtepsion ajth @blsass oge tasiylobal pldeatlifng under
test within I i enoved
and insert edt(el&ﬁllg %%Hg?:%ﬁ? ﬁl?e;ssatoéhgs %t% %n%%rm éﬁonﬂé%gfg]t?‘gage p?%lgtgklszg 00.

Cl anpi ntp themgﬂeom@svodmuntﬂetim‘aiﬂsmtmtaw d&%@ 500 rechived mdhe weitolot 31  after the
st orage devi S8 L ans I i sl ot 310, as
descri bed abogle bl&rﬂ( %ﬁ‘g{*‘% c%rgé&ejgsin eféLtng 109&?‘5}&%}%{% ih twgonkﬁsﬁmntl ng the
contact and mtau:ﬁaemamglt 521(1 v@r&mlustmeccsttmﬂagﬁwaiwlbeeomﬁwr@pormmns oﬁﬁﬂreand t he
test slots 310. durl n nser nmoval . of, .t h 4,0%8 vi ce
transpor t er s BB POZBEy ckéfglruﬁnpeseﬁqeﬁ c&teﬁ?iom%rluos é?r%r e fh s ations, the
st orage dEVI@Estofaﬁddvhtgs ﬂy)stlélﬂbd:ﬁﬁcﬁdhdhmdm cltuit mgﬁlddwe:lmﬁmutfm 320 in
connunlcatlon he conput er configured
o providie | HLHERR AL B EREuRE B R R: SRR GRUPEE SR n N FTF an

aut omati on lﬂaﬁtﬁfgfsﬁﬁﬁn 600 BONE selfh@t sititTGe caﬁigu&e_t&&ebﬁstanm@nwm em 100. A
power system 330 sug(g)l ] eg we;r 0tro t he gttoéﬁﬁe 1:d%w e. cte(?sthl n% syst em 100.
The power sy¥liERfBEEHES ‘i‘rgli‘ﬁ‘ic’}? QAR R GG flaepb ' T A cei ved
storage devi pm, %peﬂaﬂxple:hﬂlets@lﬂesﬁdl&hlt 840maybd @Mpgheld W RroanhrMbragy/ st em 340
controls the_ tenperature of each test slot 310. The tenperature_ control

system 340 HRYjeehyPa a4, teptslnt plytypg of s5if-test ?%ﬂqe%a&r%mwwwtw? @late air

over anglf or §t&ragémlcte BetidDsysRat 108! The a&&er doBirSIRFB1 EXA BRI nRSuniédAewrh I nover
342 is located exteri orlgl of the test sl ot
the self-test circuit 640 via Ethernet (e.g. Gigabit Ethernet), which may communicate

with the block interface circuit 630 and onto the connection interface circuit 620 and
storage device 500 via universal asynchronous receiver/transmitter (UART) serial
links. A UART is usually an individual (or part of an) integrated circuit used for
25 serial communications over a computer or peripheral device serial port. The block
interface circuit 630 is configured to control power and temperature of the test slot
310, and may control multiple test slots 310 and/or storage devices 500.
[0059] Each rack 300, in some examples, includes at least one functional
testing system 650 in communication with at least one test slot 310. The functional
30 testing system 650 tests whether a received storage device 500, held and/or supported
in the test slot 310 by the storage device transporter 550, is functioning properly. A
functionality test may include testing the amount of power received by the storage

device 500, the operating temperature, the ability to read and write data, and the

15



310. A vibration control system 350, such as active or passive danpeni ng,
controls the vibration of each test slot 310t Do&@KmRbEL HBRPEES:,/21Eshe
vibration control system 350 includes a passive danmpeni ng system where
components of the test slot 310 are 14 Attorney Docket Nunber:

| 8523- 006 2W\W0hility 2olcked a@inindte dad avdiffergfitaempdratiu®e [ead. odad while ot dnllevritopl asti c

vinyl) and/or, el astoneric unt s e.g. urethane elastoner). In.sonme
exanpl es, t h@h‘\?ﬁ OS?iaPT Bfe ‘é‘iﬁ%’g‘r ﬁ‘e @9@1{0@%}%%1{ gy, Rt fYEY “&Woé%%qc(?é OE%ﬁt rol
system wi t h Qoggs dedite 50@60RIy radddin SMilingd. THeGndtibRdlineRRmay test alt he

vibrations in the rack 300 gﬁgd/or tgst, slo}%{?lo. A dat a intefrface 360 is in
5 conmuni cat PREFAIAE tpnseine plibe sterage deyies S04 aRd 2fsp te dde 8988001360 | s

confi gurged t Qmn@HiRRMBAGAlEhY bR ISR BOE THENIn6Rn20Este eiienedsPy the test
slot 310. [0058] In the exanple illustrated in FIG 18, each rack 300

i ncl udes at inelsides a clyster sentpliend Piandjatdgast enn fomtiond) interfaee Airedt 468 wi th at
| east one t eé&cﬁéa%on%ﬁ&icaﬁ@ﬁﬁﬁhﬁe‘c#ﬁs?e?%rﬁ%ll@ﬁ@lto?W &ffedtidf ifddege @ Cluster

control ler 610, a connection interface circuit 620 10 in electrical

comuni cat i otirowit 6RO i i eleetriepd corpmbieatnn Ovithactarogedievige fPfbrepedvad infthst 310, and
a bl ock int ' ' ] tElG TRV CRaa it e
connection etlre%]t? g)(r?f?’ gdcéen%g%l%fgﬁﬁ%?)n%l%ﬁ*%gﬁjg@ﬁﬁétogr cont r (B;IHI er r61%arnéﬁl§ be

confi gureed t @0risipondigered to ermmeunicagsss fungfiopaldeat apvtine toubdisteraghddvide 50

self-tests t . r_f. I.0 i . . rage devices
500. The cogi;}éecﬁﬁ%lr(\)gllﬂg%%ﬁ %?gteeﬁ{gﬁogﬁ?{lg‘g‘g%é aa%?#%%cagﬁ%%ﬁmihﬁ?gﬁéce 15
circuit 630 GigbibEthemmad) tgproeide tlectgedl tormsnicatidovetwer:n the gluseneongrberpl es, t he
sel f- testing s em 600 includes a self-test circuit 660 confiqured to
execute and @@n%‘?@fe Qe OEQPF-CIJP%CSIPP?‘%ént?r 1} Flr’icemtar?ge())‘n%c%?ab?%&ee cggl Utgllrjlent s of

t he storage 3yeammindsition gwiysi70nelusdd@ontiaier €Manaml fanctional istetficet est circuit

660 may be canfi ed to .perfor “storage ..device'. type apd/or "test slot
only' t¥be o?’rcé‘gl%gé ?%T“%?Ft%%a‘{)%t ?m?t@eé@ﬁlf]oﬁ%‘ﬁ?vg’@fhef ﬁdgmﬁﬁpst orage device
telslgi ng syst @mmiicatidmag belGied! ThORInEWnhEiRteEA&: difeyit 66MRYCcRhenicdtd h  t he
self-test circuit 640 via Ethernet (e, q. G i.t Et hernet whi ch may
conmmuni cat e g gpnpgrtiop mglace Fl‘f%‘itféaééla%}aﬁﬁﬁ%gﬁ %655??&* @ﬁ?%{ ‘P\F,ig connection
interface cimeddate A20RRE as VO AR ARAPICEDRAD ad PATIA, BAITRAbr S8YNChr onous
receiver/transmtter (UART} serial links. A UART is usually an individual

(or part of e¥XyeiAHaslgded-circuit used for 25 serial communications over a

conmput esg or pekdPher ala gembe st fbhmihg PoFake dhi& thiias kncluded Bediace circuit 630
is configured to control power and ténperature of the test slot 310, and

may control multiplogstasagedisyicey W0 4nta ¢ rapsier/ststion ¢ ft Ggeadin/pedies hpplorage

devices 500 into storage device receptacles 454 defined by a storage device tote 450,
and loading the storage device tote 450 into a tote receptacle 430 defined by the
transfer station 400). The method includes actuating a robotic arm 200 to retrieve a
25 storage device transporter 550 from a test slot 310 housed in a rack 300, and actuating
the robotic arm 200 to retrieve one of the storage devices 500 from the transfer station
400 and carry the storage device 500 in the storage device transporter 550. The
robotic arm 200 is operable to rotate through a predetermined arc about, and to extend
radially from, a first axis 205 defined by the robotic arm 200 substantially normal to a
30 floor surface 10. The method includes actuating the robotic arm 200 to deliver the
storage device transporter 550 carrying the storage device 500 to the test slot 310, and
performing a functionality test on the storage device 500 housed by the received

storage device transporter 550 and the test slot 310. The method then includes
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[ 0059] Each rack 300, in sone exanples, includes at |east one functional
testing system 650 in communication with at |fas{p0aemtestizs@botz/310. The
functional 30 testing system 650 tests whether a received storage device
500, held and/or supported in the test slot 310 by the storage device
transporter &bting ﬂlefmhout aran200go petagerthe/stordge deyive transpaitért530 tarstingray i ncl ude

testing the un el b deV| 500, the
operati ng tetﬁggeFtﬁ'% ggﬁ?“l’éc a‘{g)s%i F&tﬁ? gsgéoég?%ﬁ‘bféﬁ?g?réh%tﬁft SR the 15

At t or ney Dock®ice So0bek to ihSErBﬁszQEﬁMOG Iﬂkolix&rﬁqhelhmtanohg diecrack 200d Write
data at dlfferent t enper at ur { ead hot and wite |l e cold,
or vice ver sy WeREMPEASOCIE It?s § tgéé(ﬁarﬁﬁﬂ}n ROV SRR A€ 2% r of the

st or age sdevi gRrmall) fiom B kdét P10 SRt telGfot 3T6)6n t4p eeitepaAbisBY0 best nay
test an operating ter@er ature of the storage devi ce 500 and al so the data
integrity ofPravisighgshfar dfferenfldndsiof ist8he st orage device 500. The functi onal
testing syst@py50 | REindesadpled, lﬂ&tlﬁéthmﬂaﬁ@slasﬂhatﬁﬂgqh@ﬁ@o@éarinemt one

functional interface circuit % el ectrical communication with the
cluster cont®depesit terstorags d@@ﬁﬁ@@%sp@ﬁtﬁr PAe Brtheteat slat P} @ after depgiting then

el ectrical ﬁﬁ}'ﬁ A& deQRe %(5 B Bach Y RIRe ARVIEGe PADMRCRINED VR tdie. T est

slot 310 and t ctional interface circuit 660. The functional interface
circuit1010 669, WSTGI@R&WTIQ e msthod by exdriering aather gomgméavice 8P fardesting Homi ne to

the storage feyro I’Egeodfalc%?&eﬁtga%%@%ﬁb hsiakd GBSk 5, Gndofiey i nclude a

conmmuni cat i provi eI ectrical
comuni cat i owxainplesnalehivering thel strgtgerdeviontrarsporéar SS@mtha’mt Sldiiélfbmelud% nor e

functi onal i gL ek AREELEEHI 1O8FonE SOSLARhY e HiE EABRLE B0 in e
i stibhe Pbe e 5tdFags do

comuni cati on” SW ust er contro unctional interface
15 circuit o668 smoﬁrmjniﬂaatﬂcm esmbhsHigg amedleatrit conndctiokbetervar the stbfage f or ns  of

communi cat i O(?vceié Qg (Hﬁed. ?" functional interface circuit 660 may
communi Cat e ‘98 PI o ?‘l%a(?]f' interface circuit 620 via Parallel AT

Attachment (@obagrd di $rksorﬂd1h@rehaﬁﬁtla{ssthe Imdwﬂ n&ﬁudleDE&;rfoNﬁﬁn,g aATAPI , UDMA and
PATA), SATA, or.. éﬁéﬁ ﬁi(§Sert'hal tt (% )5 é‘ﬂ 0 A net hod of
perforning sPBYIPGAlLY &Gt ihe Eegpy ‘?rﬁ%q i 5P% W?gtuil P81 or age
I g

devi ces 500 ﬂeﬁb&aﬁrd d’f&liftstfaﬁ klo§ 8 X WiiTe opOftifiEthd stobge AyviteoFdI Wpetation st or age
devi ces 500 jnto st %ew gﬁ ec gwagtlges 454 defiped b st or age devi ce
tote 450, aABTEY %eh %y “ rpige gead g apdyvgting el P fifept acl e
430 def joned @Magér&mb 56 smrmahcﬂim@nalgmiaéludem@umﬁ@gdom ghdigkakroagi uating a
robotic arm 200 to retriev

the test slot 310 to control the temperature of the test slot 310, and monitoring and/or

regulating power delivered to the storage device 500.

[0063] In some examples, the method includes performing a ‘storage device’

type and/or ‘test slot only’ type of self-test on the test slot 320 with the self-testing

25 system 600 housed by the rack 300 to verify the functionality of the test slot 310. The

‘storage device’ type self-test tests the functionality of the storage device testing

system with a received storage device 500, held and/or supported in the test slot 310

by the storage device transporter 550. The “test slot only” type of self-test tests the

functionality of the test slot 310 while empty.

30 [0064] In some examples, the method includes communicating with the vision
system 270 disposed on the robotic arm 200 to aid guidance of the robotic arm 200
while transporting the storage device 500, which may be carried by a storage device

transporter 550. The method includes calibrating the robotic arm 200 by aligning the
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25 storage device transporter 550 froma test slot 310 housed in a rack
300, and actuating the robotic arm 200 t o r el QA& B doh®oshor age
devices 500 fromthe transfer station 400 and carry the storage device 500
in the storage device transporter 550. The robotic arm 200 is operable to
rotate thr ougbbt& aphedetees fidudtimarkes Iabﬁwme, rack 300t Rstaldt 8 1) transfelisaltiby from a

first axis 20% flned y the rqbotic _.arm 200 substantially normal to a 30
f1 oor surfac®Vppc Oﬁﬁﬁ fHEENFHAY IR YSIRR 85 7" t he robotic arm 200 to

deliver the [ogésq)r age @ﬁwa@aﬂsraaamarr&ﬁon%ﬁbl@amytmg d&s&ﬁbé‘dlﬁ&@ﬂmaﬁew ce 500
to the test slot 310, and perfaormn on the storage

unctional it t
devi ce 500 Hsfewd BYS- tﬁ’étePTé’é’B]“iPélﬂn lggﬁﬁ%eﬁlﬂéﬁeﬁeé’ﬂ{efi% @ £8{tY50 and the
test slqt 3Gy Emt’ﬂ‘mmhenhe Sk AT whichAld RIORYinddpsdi@ba Binber
18523- 0062VE2 2119 actuatlng the robotic arm 200 to retrieve the storage
devi ce trangﬁﬁﬁ¥@¢ﬂﬁ§@ﬂ@§Wrylng the tested storage device 500 fromthe
test slot 3 d del Wﬁ'ﬁﬁlb&tﬁ' 1&1?{%fnggta§&8'h§&eoeeggﬁs’cﬁﬁedS%VQ%kesé @ the
transfer sta |o 400. In sone | nment at | ons e rack 300 and two or
mor e assom avidldbetupdarsigddothat vatiousamediGestiphspuaycls m@eﬁ'ﬂt}@msdemrag@ﬁ%w ces 500 5

internally f Lo e the
test slots 3 68ggzi]‘r?tga‘ﬁdts %logﬁlgtﬁiggl%gj ‘3&1{6? nl;%%th% sélg%nt%ég%aéﬂe%[ngg% I n
sone ex@npleh¢amheoﬁh¢ﬁ@dwnmn%EMEs actuating the robotic arm 200 to
deposit the storage device transporter 550 in the test slot 310 after
depositing the tested storage device 500 in a storage device receptacle
454 of the storage device tote 10 450, or repeating the nethod by
retrieving another storage device 500 for testing from another storage
devi ce receptacle 454 of the storage device tote 450. In sone exanples,
delivering the storage device transporter 550 to the test slot 310 includes
inserting the storage device transporter 550 carrying the storage device
500 into the test slot 310 in the rack 300, establishing an electric
connecti on between the storage 15 device 500 and the rack 300. [0062] In
sone inplenentations, the nethod includes performng a functionality test
on the received storage device 500 that includes regulating the
tenperature of the test slot 310 while operating the storage device 500.
Qperation of the received storage device 500 includes performng reading
and witing of data to the 20 storage device 500. The nethod may al so
include circulating air over and/or through the test slot 310 to control
the tenperature of the test slot 310, and nonitoring and/or
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regul ati ng power delivered to the storage device 500. [0063] In sone
exanpl es, the method includes perform ng a = Sdua0®. e 883 -wsdyPaisand/ or
“test slot only' type of self-test on the test slot 320 with the
self-testing 25 system 600 housed by the rack 300 to verify the
functional i twHRfT Islte.ATRED B ot 310. The “storage device' type self-test
tests the functionality of the storage device testing systemwth a

recei ved storage ,device,500 eld an supparted in the test slot 310 by
e st orage dev: ctpiiagurrapaeaRi 0 PEBRSEET oniy type of sel - test

tests the funct iableast bhe/robbticdim (R@Ydefning a BilsOaxih{206) wbRinfiallBBordaD64] | n
sone exanpl es, .t he th i,ncl.udes c nicating with the vision system
370 d Sposeds BOPTUTRIAD) BeaPis 8t CIOLPEF I BIFEE WWPUPTe  r obot i c- ar m 200
whi | et sans pRédeteinkd Bre3bOIL2GE elRNd faaiaﬂga@mm\gv_tneqmtaﬁu(m?;parrl ed by a
storage device transporter 550. The nethod jncl udes Cﬁﬁlbralln t he

g
robotic arm 200 PR tRkS{§0Qmeranged apqung theapbatisara (20Q) Fs esrvicngh¥3- 006202 /
2119 robot i GhafdMbEOAmi(Q0®; ddgduci al mark 314 on the rack 300, test slot 310,
transfer station 400 and/or tote 450 recogni zed by the vision system 270.

[0065] O her det &ultipletest shabaBdPlewusedityicastiaek @00k cachdrsesltdSEDbBBA her ei n

may be fou i ) Ui j | er 18,
2007, entitP%gﬁ%H%B?§%E%E%§Engég$kﬁﬁﬁ%gPﬁ%gggﬁﬁgﬁﬁéwgfhu%ﬁgﬁ%gﬁgﬁhereby

i ncor potat edlewige (308 Brtasine-in its entirety. [0066] A nunber of

i npl ement ati ons have been descri bed. Nevertheless, it w/ll be understood

that various nodifications my be made w thout departing from the spirit

and scope of2.t he T stofags dewice tegting syhitang (}00) oftdeam 1 whéremdin rabdtermsmar e wi t hi n

10 the scop 0ol ow =¥ er: |
8523- 0062 W )/&’%ﬁﬁg AP @&?ﬁ%ﬂgﬁﬁ&ﬁg{gﬂ%ﬁ?@% 8%%& testing
syst em ( 100)tranepopter S50)gnf oat of thatst state(31 0} tieirebagic mrng 200) baded operable ta fi r st
axis (2Q05) substantjally nor . 1.0 flopr. surfac heg robotic arm
(200) " ofer anes g & pliee SRt RO YR Rastic? B B0 pal Bt et end
radi al Iy frq@ei0tfheedtingst axis (205); multiple racks (300) arranged around
the robotic arm (200) for servicing by

3. The storage device testing system (100) of any of the preceding claims,

wherein the racks (300) are arranged equidistantly radially away from and/or in at

20 least a partially closed polygon about the first axis (205) of the robotic arm (200).

4, The storage device testing system (100) of any of the preceding claims, further
comprising:
at feast one computer (320) in communication with the test slots (300);
25 a power system (330) for supplying power to the storage device testing system
(100);
a temperature control system (340) for controlling the temperature of each test
slot (310);
a vibration control system (350) for controlling rack vibrations; and
30 a data interface (360) in communication with each test slot (310), the data
interface (360) configured to communicate with a storage device (500) in the storage

device transporter (550) received by the test slot (310).
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the robotic arm (200); and multiple test slots (310) housed by each rack
(300), each test slot (310) being configureduty Hheseime :a:.66a6a0e devi ce
transporter (550) configured to carry a storage 10 device (500) for
testing. 2. The storage device testing system (100) of claiml, wherein the

robotic grmS.(ZOQ)he@tbFagEidSﬁSetéstﬁi@@??ﬂh@lmy?i(&aﬁﬁ){Whél%inlghﬂﬁﬂveﬁ‘@ys&mgage t he
st orage devi transporter (550). of one of the test.slots 10), the

robot i c armég%a C%&gﬁ@d&b@P r@l)%r rf@q@ap?v?rﬁ@ﬂﬁf%ﬁewﬁﬁgeraa@%% (500) in
the storage @eyyifeettéstRISP@IGEr (550) to the test slot (310) for testing.

3. The storage device testing system (100) of any of the preceding clains,
wherein the racks (300) are arranged equidistantly radially away from

and/or ign atg 20 Treagkacd d@ﬁeﬁeﬁingxyﬁé@%ﬁré) PRNBUWor 2R, Wh@eihitest axi s
(205) of the robotic arm (200). 4. The storage device testing system (100)
of any of t hemperaweiongolsysem340) gpmpréses acaingpYes (Hg) oprabletesircdpe comput er

(320) in congm}c&lgﬁmqes '151}'[35 e test slots (300); 25 a power system (330)

for supplying power to the storage device testing system (100); a

tenperature control system (340) for controlling the tenperature of each

test slot (310) gglég%g%gg&h@&eg@gtgg&@g@s ggngg%ﬁoe ﬁie%diﬁ%&h‘hﬁ' ling rack

vi brations; and I'nte nmuni cation wth each test
sl ot (3%0), whereidasch rack{fed)fcampriged @0ast omef selftiestidg systewo@librincate with a

The test o oorpapistion §iafiaB 85T sl BYRE st PRBRLAShmU0E | 311075 tne

storage deviaengrgmpi ng system (100) of claim4, wherein the power system
(330) is configure 0 m%nito6 nd/ or regul ate power to the received
storage device erie ’E‘W&f{é@t slot (310). 5 6. The storage device
testing system ( QQhnefio€insrficelcifpnit ¢629) h dectridabéopirmididadion tvithpetoadgdr e

2T thr Bugh Satiee (400 rGPRe ot St ST or nge flev ce- Lesti ng. system (100)
of any of the precgeiknstefhcRicifbuit (630) in electrical communication with the connection
interface circuit (620), the block interface circuit (630) configured to control power
and temperature of the test slot (310);
wherein the connection interface circuit (620) and the block interface circuit
20 (630) are configured to test the functionality of at least one component of the storage

device testing system (100}.

8. The storage device testing system (100) of any of the preceding claims,
wherein each rack (300) comprises at least one functional testing system (650) in
25 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
30 a connection interface circuit (620) in electrical communication with a storage
device (500) received in the test siot (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 storage device (500).
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10 wherein each rack (300) conprises at |east one self-testing system (600)
in conmmunication with at |east one test S| otaufdkeNiheisgehfwbesatsd ng
system (600) conprising: a cluster controller (610); a connection
interface circuit (620) in electrical comunication with a storage 15
device (500) received in the test slot (310); and a block interface circuit
(630) in electrical co ni.cation with t erface circuit
(620), the bi-ock | ﬁ@r%s“&qtﬁwgéw%%b‘)ﬂﬁhﬁﬁlﬁ - ¥hoy bbb Hhaloower  and
tenperat ur e éinkRestdre 84005 udhed BABlises WitemBiuichid sHAOR E570), PreférBlehidCe
circuit (620) and the block interface circuit, 20 (630) g{se conflgured to

test the funeherBeiamitels feﬁpra\tldlpéslg?m%eore@ﬁﬁlaﬁmbemee%Hlé‘ olifevi ce

testing sSyst@myahdMe at foast bAE fidbAALBIARN GRufk B¥01.NJ system(lOO) of any of
the preceding clainms, wherein each rack (300) conprises at |east one

functional testing system (650) in 25 comunication with at | east one test

slot (310), e f a cluster
controller (deIO) mg{or%ggkv%eﬁ%&%ng%}ﬁﬁﬁgm §1§&?ﬁg¥>¥t§1§gf9§§dr1§éu§lﬁlrks660) in

el ectrical cohereinitheaobasio anh(200) défimesd substentiadly ey linshricelrwqrbing prvelapd 30 a
connection i I th a

st or age dev‘ln%gﬁ% %ﬁ{re é%dg% \E/3eogﬁ|;e(r23% #hng%aag‘?ﬁﬁsl %Wog%% %ﬁ% h@ﬂ%l%’:“ | east one
functiomal i@terboaeessibility of ¢acl BEG)ot (3Ue forservicing batthe reb@tc apné2GOxnct i onal
interface circuit (660) is configured to communicate a functional test
routine to the storage device (500). 20 Attorney Docket Nunber:

18523- 0062Wt./ ZilhiaQtoeagcﬁhﬁcesttﬂmggpstmmwboﬁaayto't‘t}ng pegedigrelgii0) of cl ai m 8,

Sommuni cat 1 onMegi Eorerof R BT e een Heb KL TTRLR S48 ovi di ng
el ectri cal cmmmgeaémmdnqidme(rﬁ@)rfﬁmcbwdfemetesnnlotsc(BmaltotrﬁlsfeB&O) and the at
| east one functio face circuit The 's ge device

t est i ng%yst%?ﬁa%el%ﬂf ce&%’ ?FWS?naltﬁaélS%F gﬁti,\oé'l %é)ﬂ)@]lg}lﬁgeﬁ IWh(g in the robotic
arm (200) defines a substantially cylindrical working envel ope volune
(210), the TREks {00k TeniSe 253 3t Hob'bfhud SRk iy SeE) oPe vo! ume

wherein the robotic arm (200) is operable to rotate 360° about the first axis (205).

20 13.  The storage device testing system (100) of any of the preceding claims, further
comprising a vertically actuating support (252) that supports the robotic arm (200)
and is operable to move the robotic arm (200) vertically with respect to the floor

surface (10).

25 14,  The storage device 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 storage device testing system (100) of any of the preceding claims, further
30 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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10 (210) for accessibility of each test slot (310) for servicing by the
robotic arm (200). 11. The storage device t eSiniNGxsymb-LfdOa:/afs any of
the preceding clainms, wherein the robotic arm (200) independently services
each test slot (310) by retrieving the storage device transporter (550)
fromone of 1ée tERistotdgeidsvi¢Sikingtspstén Q109§ 6ffang ol the ptesedigeciaiens] fuethdr500)
between a transfer station (4 nd the test sl ot 0),. .12. The storage
devi ce testi W%VE‘B@%‘%W&"&B??@&S gseq ﬂ%ﬁﬂﬁf@w&ﬁ%@f’h?‘%‘vswwawi n the
robotic arm (200 idihs gaaacabt e idofi®irat @0B6HhiRRAMpokRE afstobge davibs (205) . 20
13. The stor age device testing sy,stemggq%OO) of . anrﬂ%/ of the pr egedi ng cl ai ns,
further conPPkindgalibrationof therpRetig ety ZOOKRY & e rebefip)armkZQ0) dhnort s t he
roboti c ar m AR m 14)s operable to nove the robotic arm (200) vertically
with respect to the floor surface (10). 25 14. The storage device testing
system (100) of any of the preceding clains, further conprising a |inear
actuator (25 f Mitd s i bi rable to
Tove the Tobori ¢ e T a0 Rar g st Sy By of BeprRBting A, ARRS T,
The storage eheyirismgadrnsienstatipn (49 g1agyd o sapying by thegobntiseeai(3§).cl ai s,
further 30 oS I : 14ing the robotic arm
(200) and be@%gaﬁ%%gﬁggﬁgoﬁjﬁkﬁpglgt e%?‘géegg%%ﬁgur}%&? )0) about a second
axis (262) substantially normal to the floor surface (10). 21 Attorney
Docket Nunbey, 18523 . . .device testing system
(100) of any{%f t‘%em%glgggg%a{@%é?o%sg%%ﬁg{%g?&%é% Sr"?%i ng a vision system
(270) di sposed orprésentimzaintdrage davice (SDOPIor testires; vi si on system (270) ai di ng

gui dance of the ropotic ar 00 i trapsporting .a.storage.device
(500) and cal i br aatcf%(%ﬁn%? 51?41]%1(0%8%%#1\{;&@1@% ("“%b*d)@ %}?fr%sg?ta%i%ﬂ@g? g lcg'oboti c arm
(200) to a 5(hoxkndicadry therkiordgd #djice (570) td h essdiar(Ad howed tea tas@GOOpfay St em

(100) of any of the.preceding clains, further onprisin ransf er
Stat] on'y 400yEs RisBrsrEs SSBru BDnGe expofn ot GRNTRLR il ne
transfer st apie@ierindia)arcSabp b Rge-SéndradallydRonh 6 Gsst £EOA0S5T @finkdsy thag. 10 18.
A et hod of rform ng storage device testing conprising: presenting a
storage devi %20'6‘5?56‘)(2‘?@rsulfséaé‘?lf‘IWg‘for'aE]ttﬂég]ioﬂrgsugfa%q (E&e robotic arm (200) to
retrieve the presprbfgh Bt AIBEEaHEP0GR0 insert the storage device (500) into the test

slot (500);

20 performing a functionality test on the storage device (500) housed in the test
slot (310); and
actuating the robotic arm (200) to retrieve the tested storage device (500) from

the test slot (310) and deliver the tested storage device (500) to a tested complete
location.
25
19.  The method of claim 18, further comprising:
loading the storage device (500} into a transfer station (400), the storage
device (500) being presented for testing;
actuating the robotic arm (200) to retrieve a storage device transporter (550)
30 from the test slot (310);
actuating the robotic arm (200) to retrieve the presented storage device (500)
from the transfer station (400) and carry the storage device (500) in the storage device
transporter (550);
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(500) and carry the storage device (500) to a test slot (310) housed in a
rack (300) of a 15 storage device testing Syssdn@ModeQ@es; 18dd@s20v@batoi ¢ arm
(200) operable to rotate through a predeterm ned arc about and to extend

radially froma first axis (205) defined by the robotic arm (200)

subst anti al | y noraomitirgaharobbtixoarmy200) ac éelivdOhe staapeiddvidegrahdpertergBl)i ¢ arm

(200) to insert.the stqrage Vi ce 0) .into the test slot (500); 20
per f or mi ng acaﬂ’ilr‘i‘gﬁofﬁgﬁﬁﬂl%@gﬁtoﬁﬁtésﬁgoé@h@aﬂ@ devi ce (500) housed in the
test slot (310) jaciihgakd tedblidmt(PE0)rORM{dvVE thRIsPrdgd @eYicd Ransgdrict £966) t he
tested storage device e test slot nd deliver, the

tested stor @g\;l?ectgst?(dgsgg%tgeic{?gge @’Bi @Bméllﬁfﬁqté]l%&?&)(%ﬁg%‘f?? ﬁ‘lﬁﬁesieg. The

met hod gf cls@éragel&vicémnmckWMfagtaﬁb@mgﬁg_the storage device (500)
into a transfer station (400), the storage evi ce (500) being presented

for testing; actuating the robotic arm (200) to retrieve a storage device

transporter £550)The Aol QP 1§ & Haidl 19! fubBdEbmpAGh ARl IRFoBEOL I C arm
(200) to retrieve the presented storage device (500 fromthe transfer

station (400mgARD)éxudappsit the camplyrstpgegedlevice BanspaBy (358) ke sstslotfd1Wevi ce
transporter (550); 22 Attorney Docket Nunmber: 18523-0062W02 / 2119
actuating the robotic arm (200) to deliver the storage device transporter
(550) ®Warry3lng dhemgeddényed cl2bo9)8-2¢ whaeein pestorming & fg@lig)alitysngt oact uat i ng

carrying. t nek RetiEa dorhéh ogiol (P odrifsh) RpABme IR phANTIRY bt 00 )
del i ver the @&®tvdle operstingthestoriey device((5UN),) in ipartikularn perfremingaeastrerandt at i on

(400). 20. The.net of .claim.18 o | aim 19, further conprising actuating
the robotic At o(fggtg)toﬁhg%t&rea Sg%‘flcet{ﬁg@'errpty storage devi ce transporter
(550) inthe test slots (310). 10 21. The nethod of any of clains 18-20,

(500) ctrpr i Zes. agaib R B o L2 aFihet PRt Flafs i WBudy v o
operating t hite &btaia ¢ 08l Vool (tRD@mperaturgdathd testlske (31per f or m ng readi ng and

23,  The method of any of claims 18-22, further comprising monitoring power
delivered to the storage device (500) received in the test slot (310).

20
24.  The method of any of claims 18-23, further comprising regulating power
delivered to the storage device (500) received in the test slot (310).

25.  The method of any of claims 18-24, further comprising performing a self-test
25 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 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

30 robotic arm (200) vertically with respect to a floor surface (10).
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witing of data to the storage device (500). 15 22. The nethod of any of
clains 18-2 1, further conprising circul ati NnoaasHe olkditi@btgiass-dob@od/ast sl ot
(310) to control the tenperature of the test slot (310). 23. The nethod of
any of clains 18-22, further conprising nonitoring power delivered to the
storage deviZgk ( 308 mettedeil wedoficinit £3-L6Sthesdinictiabitdhe rétdtid 4rm P06) net hod of
any of clains 18-23, further cogpri Zﬁ&g regul ati ng power 2O$e%i vered to the
storage devi CEPSHRFIARER Wisar 3o atR Sprdiiigg thesqkefic agy COPRO ML oq of any
of cl ai ms 18héfobofitlird\@00)IRMARGtA]yNGtHIREON b Motsusabd 10pst 25 on the test
slot (310) wth a self-testing system (600) housed by the rack (300) to
verify the functionality of the test slot (310). 26. The nethod of any of
clai ms 18- 258 wherginiartotaty SE1diRe 18-0P Ahititer 862t bmnfiRiBafingSQS$h ACt Uat i ng
a support (252) squortln t'he robotlc.arn1£200 to nove the 30 robotic
arm (200) veYisipeaystopm @7 @xispessdentthe rgbeticraryd200] i #id geidgne pf the Bobati¢ or ney
Docket NUMDefn B3l HagpbRing ué-kh& TevitD B00PIHARA r caiiiiRfng! ai s 18- 26,

e roboti 65

L85t

wherein actuating’t carm conprises actuating a linear
actuat or ( 25#potinaspmd290) by aligning b tic 22000y fiducighanesk (31RkorBbot i ¢ arm
(200) hori zoa&%b%)with respect to a floor surface (10). 5 28. The net hod
of any of clal 8-27, further conprising comunicating with a vision
system (@270) di sposed on the robotic arm (200) to aid gui dance of the
robotic arm (200) while transporting the storage device (500) and/or for
calibrating the robotic arm (200) by aligning the robotic arm (200) to a
fiducial mark (314) on the rack (300). 10 24
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