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This disclosure relates to storage device testing. BACKGROUND 5 [0002]

D sk drive manufacturers typically test manufactured di sk-drives for - -

conpliance with a coll ecti onSPORAGRIDEVRIE SESENG equi pment hxques
exist for testing |large nunbers of disk drives serially orulu ‘ ‘h‘@m\ m“
Manufacturers tend to test large nunbers of disk drives si y in

bat ches. Disk drive testing systEHEINKHLEAELY i ncl ude one or nBF%s%t acks —
having multiple test slots that receive 10 disk drives for testing. [0003]

The testing epyoronnenthis gREGAL lais AR dbN& @ik drive is closely
regul ated. Mnimumtenperature fluctuations in the testing environment are

critical for accurate test conditions and for safety of the disk drives.
The | atest generations of disk drEX@ﬁGR i have hi gher capacities,
faster rotational speeds and snaller hea cl earance, are nore sensitive
to vi brati on.[0803ess vDiskdtiveaomannéactuadrs typitallyrest memifadnired disk droks foest results
and the integrity of electrical connections. Under test conditions, the
drives thense‘fo\qggla@gﬁv lthlaggﬁljieéﬁ?%o_f\cf?%frgfl?n&ngseitﬁ?‘BPf@‘FPt§ tﬁ?;‘r“tqi“Ftsg'”‘éq‘fructure.s or
fixtures to ﬁﬂleﬁﬁ?flﬁrgmrﬂb%fs of Bis® di¥eb §cdfail P6Y in BArAIRS - MBhlthATers (dn@ULt her with
external sources of vibration, contributes to bunp errors, head slap and
non-r epet i t i viestlange wynbers NRReY driveg mubdneoustyey batdesl Disk drivegosting t est  yi el ds
and i ncrease A C 00 Current dis iive testing
systens enpl gsy&gﬂy&ﬁ%{ﬂ%lhagﬁc?%g%)f?rlj}%lt%ﬁarcgﬂavén@gbu tr‘pfle t§§}§ Og%atl“f‘fg]tvecont ri bute
to excesso vi bdigk drivesfor festinge system and/or require large footprints.

Current disk drive testing systens al so use an operator or conveyer belt to
i ndi vi dual |y P84 di skThertpssias enviropment iramedigigly arpyndethe flisk driveds ¢losgly 25 SUMVARY

[ 0005] In on o LCe: i : i ncl t | east one
robotic arm grgglﬁ%&ﬁgmelalﬂ?llﬁlit%@%%%%&%ﬁ@ﬁ%ﬂ%ﬁ%gé"?rljéwn% a}aédc ] 1%a{(i)lr surface.
The robotic far smcurstedgecobitiensand fotsafets of the disbrives pTedietrgehdi@idnasic (e. g.

are Arranged SHGIIES BT POISNEEr GPiAtics: oot U UHOPSS Byl THECTIBLL | ¢ arm
Vo ava) S ors el e Bl OV B igho o5 BB R0 ey D 40805

of test results and the integrity 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
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storage device transporter configure carry a storage device

testing. [0006] Inplenentations of the di sclmmm@kemernmﬁlomi@mne or nor e
of the following features. In sonme inplenentations, the robotic arm

i ncludes a mani pulator 5 configured to engage the storage device
ranspor ter ghrgne @heckiea @iz Atk Sranshbier LOMIEG @tamyisstonpedaliéee to
carrying a storage device in the storage device transporter to the test
sl ot for tesfortegingThe robotic arm defines a substantially cylindrical
wor ki ng env e vol N on are
arranged wt bﬁtﬂt he W?H‘ ta%ﬁs{]/oglﬂ%gdgslé@% Qﬂrl%}t7 PI gluﬁésgxg\ﬁrgoaeséfg@é the robotic
arm In Sonefoﬂéi\@ﬂ?k"&ﬁnest nesokd? implekentaivels, tﬂ’rteolﬁdtiaramﬂ aclud¢sat maprpudata ar r anged
in at least a partially closed pal ygon about fr rst. ax B of the robotic
arm Thes r ackesfigurgd logngace s gtomee deNich psperenet P eltﬁs‘ Slﬁ%a;l; fromthe first

axis of the rﬁ?t?({}i'rrgl és? Rgprp fe t@&arrﬁ/'ir{gf o?%% dg’ %etlﬂﬂﬁ%ﬁ)r EQQ@Je]tra]iﬂﬁnépbot Ic arm

may i ndepend® S eac retri vr ng the storage device

transporter {yiRdealRt ibftetdng tras fobsticcdrm defines aalrbsfaemalla cslurtdrlaﬁgewd@nﬁ ce 15
bet ween a transfer statr on_ and t t he

storage devPRElopeYRvHy a%‘i/@? BGKS ar?glﬂl?d@‘ESf%f &5—:‘?? fr& 8??’&%6% d%?’fyﬁgt gjlpggft t hat

supports theyk te'n\(;elo muﬂ{é%r‘s?rvﬁi}\%rb?%eeroﬁ&rc'ﬁﬁf{elntsbl‘iie BaRMlds Qhar m
vertically Wt espet to | oor “surface Testoraedevrcetestrng

syst em may akasks dnddieuresfer statine are anangahingt leas apartiallysesed BOlYS98 2PShot i ¢ arm

and is opera e.raobo ri the fl oor

sur f ace. 5'5 t?ﬁﬁf’%ﬁ%ﬁ’?@fﬁ aéﬂstrh? 'ﬁgksé?agr 659@%@%}61@ 9 ?ar?gd%gyst em

i ncl udes a r%%lﬁmlﬁletﬁ?@laﬁs bias robbRPRN B atldierénd Bisfaha@s.ar m and is operable to
rotate the tic armabout a second axis substantially normal to the

f1 oor surfac@o0fp008] mheabgnwmgeayd@dpp@@entb@ﬁrvwgs %%teétrﬁ%ﬁxﬂqtrrf&“ﬁde a
transfer statio ar,r an e transfer
station is cdid oézt%e deyiged ragﬁpb) Fr érl Q’%t&}/sl%tp?o {2801 d GorddPeyild

or store storage devices for

testing.isl n. $eRei d@in@ﬂéﬁﬂit@hlaﬁmﬁle tebfitott Inaomt @nplahatitions, thestoogger abl e t o
rotate about a |ongitudinal axis defined by the transfer

subst ant i al | yleviertesing systean inlaess ay Er‘T“Faé]décmal"H‘é S?Rpélﬁé}faé?“pg?‘?ttf'%rﬁl’?t}r‘}cI udes a
transfer station 1?&%?%’?&0%% thg%ﬂoﬂg Je‘rtﬁ:ta ﬁih REG%eNd RAResi te facing

tote recept adl"ag" exanpl es, e tra fer station includes a

station base,suﬁacs prlrutﬂt(ﬁagembﬂaduemgg@mmmhyalﬁﬁncsludwtlalmrraaﬂuhtyr ther mal fromthe
stati on base, and rrultrPIetoterec vers r t he

ta
spi ndl e. Eac lupnsftethe sbetic,am and i gpga ﬁd’@ﬂ‘feltge h‘%& |h8r1%)1n ﬁ%elggq her and
defines firsty afd: 86009 SRRORHidnchAGMRTE QbBgd RIRP 3G R sterd

includes a rotatable table that supports the robotic arm and is operable to rotate the
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. Insome
exémples, 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.

.
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Nunmber: 1 3 52 3-0062W2 ; 21 e robotic armmay I ndependently
service each test slot by transferring a stemagekdewigerbevpeen a recei ved
storage device tote of the transfer station and the test slot. In sone

i npl ement ati ons, the storage device tote includes a tote body defining

mul tiple stqp@ee devipg rbiesieRimhemIGRAIN SR @ceraklobuse a 5 storage
devi ce. Each storage device receptacle defines a storage devi ce support

configured ttansfomippe storgedaviac RRIWSEY & fogtived piogage BedieVeia OSPe A& devi ce to
Sone- exanpl atih Bl ncley sl o BF B FRYLT PR e ORROcEE DG By DTy "

sone exarrpleS Vi C errn s”a tote body defining

mul tipl e colyimModAdfihing SRk stotuctdepiterecapttict enfipedd steactgasdevi ce supports
di sposed in each colum cavity (e. 0 a rear \gglil of the cavity

. off 1
col um) ,5 di \Atafegegleyipe Ragh Efﬁﬂg‘t%f‘\()’icﬁ %CFR&%C&F 4?8PiSiap§i°éag§ Y %f‘g*éppod‘eyi ce
receptacles [nal, af§ sﬁﬁﬁn a%«?rﬂlfa} ;%}é‘{ijér?lgoéta?ecfefv&?ét(\/r?%eadeﬁké)foaag@wdeV' ce. Each

storage device”support 1I's con to support a central portion of a
recei ved st onsggilden ofthe sthogaddviveaivagngudeatral portiofs. T eonst exprmples. dvi ce al ong

non-central portions. [0010] The storage devj.ce testing.sysiem sonetines
i ncl udes a \WEPEHeEGETO thi‘!?sHf%%@é&%&%&“@%ﬁ%??%caé’ﬁ%%IE) ai di ng gui dance

of the robot jgy I L2d b ARS B ck kB oAs disfoidan GacHeume cavit) (p@rotti cul ar, the
Vi si on syste@nﬁlgglg%ﬂggg to gugﬁe a rbrﬁe}%i pulgftoor on the robotic armthat

hol ds the storeagealhfhexevity@hsprdiading the colemn cavith énte MRRlESHREGi ce

transporter safely into one of .the.test slots a i.,ce tote. The
vi si on syst eﬁ?ﬁvwﬁﬁ%’e‘ﬁ%ﬁﬁqsﬁl? & e?cl#é:opfb%%et%it%re Fh %33&3% %&?%gﬁat%ﬂgt%}rlggoti c armto
a fiducial madleeQihpbA® cdRfigiAcdto sippsitt a éndtal poftioarns b edceisédtorage. dedinel/ or st or age
device tote. [0011]p In sone inplenentations, the storage device testing

syst em i ncl utbedowmanipulaen e stasrasdedpe AONSAOMRENIRLRATTHS Wit h the test
slots. A powgr . syste u | es. . : I € i ng system
V\@m(ﬁgu N em%ﬁ%éﬁ v1c?%¥n\§1r Sﬁlsf?erﬁ gbgneﬁ}n% RORdAeigs y&shi ng sy

and may be c or a regul ate power to the received

st or age 1glevi gigpdsét dnNtie foBtic 29t @ aidifg feitanet oftths wbaterim olhil2 barsyatiegna cont rol s
the tenperature of each test slot. The tenperature . control system may

i ncl ude an abteragdesice.( B pgrticplan heypiangpitan may pief & uges ra?nﬂpu&}%ronand/ or
through the ufestshef marholds %ﬁe?‘%aﬁ,@ dé‘\@d}tnrag%p]plstéﬁ& RGrLAOLbAbSddvReK Vi brations
(e.g. via passive danmpening). ata interface Is in conmmunication wth
each test sl ehnsporebr bafely monbriegtithe dest Hote amastmigeateecanioteh The gision aeemdevi ce in

t he st or age device transporter , 30 received. by the.test sl ot : E'[0012] _Each
rack may i ncmgyealikiag By POt prmby HeRg Wgo%%%rf‘é?ﬁ‘ ﬁi“miBﬁmt ation with at
l'east ong t ey Shdliot, e Ghiont £RIdr HOrady &bvRBYdtAICI udes a cl uster
[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 slot. 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



-¢0nPYHHery a connection inter i ids 4 i ; i W th
a storage 3 Date of receipt: 2@3%%@%88#(5574%5%293%94g’@?} 6%%89%%%%&
Attorney Docket Nunmber: 18523-0062W2 / 21 1@re@wkeCambrrassiogdid?ing t he t est
slot, and a block interface circuit in electrical comunication with the
connection interface circuit. The block interface circuit is configured to

control powedevide fbctiedipie thattest dotpdndtattdock @adrfasd aicuit Thedecrivahect i on i nterface
circuit and the block interface circuit are configured to test the
functi onal i tspMERUNEAtIqnayHy thecagpection ippppfaesrircwt Thsdlosk sitefiec dEVitée testing

system (€. g..chfy eedtdlg%orftfépﬁ%v%egQﬁdyﬂ-egﬁfesr%grreté)ggle ée%@s?&t FhlonihtibPin®Rley Or while

housing a stora evi ce evice transporter). [0013] In
sone i npl enedicait amcinke bleckahterfae kir¢uitcrambeBgatd tb ¢asthe tmetidnalng of giekt t esti ng
systemin communi cati O{t] wi th at I|.east. one te(-st sl %lé The L.ungti onal testing
10 syst ém i R0 GUBROMEM O (RsIOFasE ot ing SYSam (F &.48Y NS AWCHAREVI %A% i nterface
circuit in ebgelbf Wﬁ&len@WﬂEﬁédsﬁ? aWMotdge URGcetlela Ty QrstoeRldeatd er, and a

connection interface cirvcui in ellectrical conmunication with a storage
devi ce receitvansporter)t he test slot and the functional interface circuit. The

functional i rface circuit i s nfigured, to .cO [ uncti onal
test routin {) _]the S 3?@85“%@9 ngagl.onﬁ’ %d_cé(r)aklnéwg%pﬁ%%gioﬁﬁéu%%@"%luncti onal
testing systgding BatendiaSommuEtdRh Reth asleist 6t Es08loPTRVuAdRBal@dsed ri cal
conmmuni cation between the cluster controller and the at | east one

functioffal i systemiingudes aelustaricentroflenatdqest ane Sietiovakintggprscircuitinmet hod of

per for m ng Sél&Er?cgﬁco%%nﬁgﬁién%ﬁ}{)tﬂ?cluété}%ﬁ{ﬂ)‘ﬁ& RIAEREMCAh ihefhddlcRA device for
testing, actuating a single robotrc armto 20 retrieve the present ed

st orage devi@aeleatfidal cahimynitdi@dn $ith b 3@eagel @i @ccemedinttstest Sloodndhibised  in a

rack of a storage device testing system The robotic_armis operable to
rotate throtgHios! speréase elFroutn &he @P@loaﬂé‘ﬂ?r;[aéﬁﬁlmt“ﬁ Ix5enEgiedQdi al |y from a

first axis d&)frﬂxélﬁga@ﬁ furfcﬂgna'i ROQbitfhe B M §t§(ﬁ'ﬁ%é(?eg b 3t ¥mB ex d¥Rles! B @ T1 001

surface. The ne inc es actuating otic armto I nsert the
st or age 1xlevi funectiondldestitpes ystestincdides an Fxberfiad switchgfoigpr@dihg elettiicmhal i ty test on

the storage device housed in t pe t est lfl ot, anq act ug't i n&ghhedr obotic arm
to retrieve fOTEIERHUPEEYSSP g@é ugtsysopiolfer an thiat leasime fyngiionaligtertaee i yer ¢ he
tested storagguflevice to a tested conplete |ocation, such as a transfer
station. In sone inplenentations, the nethod further includes |oading the
storage devi08&]i nt o I anpthersisgsct, s method af pesfauhing kanage device testizgge device i s
presented for .t &est |r ng.,. 30 tarcat U@ltvilcn? tte@ﬁn r ol Oz;[tf.nca%‘irnr?etrc%o{icegr%{ gve a st orage
devi ce transBEPIR PR f HRrapedqvics foy tosting, gasing
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 slot,
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



-actuariyg-bhe robotic armto I gfd c?f‘égcefé&]ezﬂﬁ%ﬁ &9 oﬁk%sj)‘%rﬂ% b&fodossyM t he

transfer station and carry the storage device In the storage device
transporter. The nethod i ncludes actuating Atvey eddttec sa¥opR@/ el i ver the
storage device transporter carrying 4 ...1/VJV7// 1%0O ) Date of receipt:
27 4-n 2009 (27.04.2009) PCT/US2009/040895 Attorney Docket Nunber: 1 8 52

3-0062W02 / R devioe rgke @& \dlog and, dortehempl@ifterstesting, aamakingfthy robatznpl es af t er
testing, actuati n%],the robotic_ armto retrieve the storage device
transporter Haytpyatigyethestorigsdeviceltarnoger Guying e tgsishstorage d¢Wstog) ot and

deliver 1he feakafishPidos HAUERIBARICLIE: f.0PBARRLET skl | on. [0015] In

yet anot her aspect, a metg od of performng storage device testing 5

i ncl udes | oaong] nul t inpjeeamither agectdandtiodof perfomagtstosags fleviceststing on (e. g. as

by loading the  storage deyices ipto storage devi.ce receptacles, defined by

a storag® deWF]_&f@estl‘B’fiEl,% “&ﬁ@\fe {1yagh ‘E&‘C‘fsﬂﬁtoétt P%ﬁémﬂ%‘\/ﬁe(,geas_t feedinglhe 5 t ot e

receptacl e dgblaegviys iftoSIRS elicsib@bhR defindly JRIdRdeliBcbiidam act uating a
e

robotic armto rieve a storage device transporter. froma test slot
housed in a lhadikg thastdrage daviceitoig intdretoteatooptacle defimed oy # wansfepstetionhe of the 10

storage devices fromthe transfer statiqn and carr he device in
t he storage %ﬁee‘wt&%{_?fl?hé‘ﬁg BEr{Le @ mlbﬁéc ?rgﬁgﬁ% evg?l%t]o[aée @%Vzcrezx‘%‘ﬁ%’%?% rotate
through a prgoRkesiindurE ¢ a RBIOYA] acRRfing B R¥bRMMN@LrdvE ynd ot a first
axis defined by the robotic armsubstantially normal to a floor surface.

The net hod i stelegeideyicechrera thetignsferstatiohandicamathptogeeidaviop é the stA@LS t or age
device transporter c yi t L C nd
performng 1 Ve r&%sgg ‘lrté(’)r‘n‘gﬁ‘%toémﬁ easri1 ‘?sgoﬁe@ﬁl\é'tosrﬁ 8&%&%%@%@%@%@%% by the

recei ved st ogge afitbtéiettend fadiaMs o tafirstard défiied be e rédodt armMubstareiathpd t hen
i ncludes actuating the robotic armto retrieve the storage device
transporter samalPadloprmriagesTigmsthed wgludgacnamethegpbatisarm Bdelives| ot and

del i ver the [h%%foﬁdge ?r%\?{?g%ﬁspgﬁ?r'&gg}éipgg 5015?&: delRee }]or R t%fo_t,%ﬁ@?érf?)?minkooj-e] In

sone exanples, t I'nc ctuating the robotic armto 20 deposit
the stonage dénchmalityass@otht sorapadevive htwed bysthotecdieedgtoragktlevicadeposi ti ng t he
tested storage device in a orang%@%evi ce.receptacle of the storage device

t
tote). In soﬁ%‘lSP%ﬁ‘iﬂtg"‘sfes"é@I?i%r (D RGeS, aH%ﬂ/'i%EéObP?‘éﬁg‘ﬁBrter to the

test slot inglideshelsRPRE UEVIE trah rt;&lc@frﬂggthg?e‘ﬁeg@to?a?@ﬂbililférffoﬁfth@t%ﬁtryi ng the
storage device into the test slot in the rack, establishing an electric

connect i on belbtvmddeliveeths tested steragedivive baakdo tha¢ranséerlstati®s [ 0017] I n sone
i npl enent at i i a functional.it received storage

devi ce inclu §6]r QSLT 315 ?rPW% AraplEs fsaresiod P@Y%%se%h88$%é$%39tban? le
gg;r ?;L lrkgdghﬁep%ﬁipih@%rag@%\% traf¥pSfer 1PME fdtsldIg. & RRer'depRItiMe theséstydage devi ce
storage device in a storage device receptacle of the storage device tote). In some
examples, delivering the storage device 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.
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exanpl es, the nethod includes one or re of circu air over an%? or
through the test slot to 30 control the tenpsesinkendt theotestsl ot ,
nonitoring and/ or regul ating power delivered to the received storage
device, and performng a self test on the test slot with a self- testing

syst em house{0b§] t he Tackethod mey intiydd dvenntunivatiigomel d dilodfystelmne test slot. 5
L 1/L) IVI £ U07d Da%e@gf.recei pt: 27 4B 2009 (27.04.2009) .
PCT/ US2009/ 0diisses ondhs opeticanmde wid guikpnes af the rpBefearm ydmigwrensporting §ie[ 0018]° The

met hod may | MREY, 1 AE 1504 1 on the
robotic arm 'E{ glla i(gevgcg'i dancgﬁ%%ﬂ%hﬁgorl%é@te?ég%g@ﬁg\?\%?{)@tﬁ% F@#}@B@%’? ﬁﬁg t he

st orage devi the robbheametb hdduciaynagk sothe rack, uctesiotatranbfeastativg, 4nder stolagd i ¢ ar m by
aligning. the robotic armgbo a fiducial mark on the rack, test slot,

transfer®sta ?Vbcﬁ,‘)tglf?ﬂ‘?%‘!‘ze % JIS1OnSY RN ce tote recognized by the vision
system [001%)1?%9 detral itaillof %r Hord RpRmeAREGIBNhE HisQBSrLire (e di scl osure

are set for 'n the acconpanyi ng draw ngs and the description bel ow.
O her f eat ur &sth in b pesompanyingdiravdugsandthe desaription thelowp Palree flatufasom t he

description and. draw.n and .from e clajns. .10 SCRI PTI OF DRAW NGS
[0020] FI G 18?1%“513 eﬁﬂg%iﬂ@ﬁ ‘<‘/‘g1 t{?iaBW%# Egmgf{eo#%lc&B“%‘e‘iﬂ%éa‘%”&t%“%"%&zst em
[0021] FIG #teickings. top view of a storage device testing system [0022] FIG

3 is a perspective view of a storage device testing system [0023] FIGS.
4-5 are top views storage device testing systens having different 15 sized

racks angl footprints. [0024] DERGRIMTION GF IPRAWPEGS i ve view of a storage
devi ce testi rh% system 0025] FIG 7 is a side view of a robotic am

suppor t ed on[0¥&]t i cal FKnd is spsrspeesive icwat & slarendevicaisting step0026] FIG 8 is a
per spective we?g of aFgé?(ri)aag@})glewOgggttors%g%?eggg%é%ﬁesyghav| ng 20 two robotic

arns. [0027] 9is 0 Westi ng system

i ncluding a [ooedjot i c axcsnssw;wpecaﬂeomwa)fﬁgbﬁ%é OFice R dysteld0028] FIG 10 is
a perspective view of a transfer station. [0029] FIG 11 is a perspective

view of a tof082Hef i ni REFhdt3arpion visws slargee drviee destingaystermg ayingcliffgent

15 sized racks and footprints.

[0024] FIG 6 is a perspective view of a storage device testing system.

[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.



{003V BB 12 is a perspecti vepyh 8Weekip@ 2f QEzd%@Yim.@?Qtﬂ&ﬁt‘f@io%g/oi 3 age

devi ce supports. [00311 FIG 13 is a perspective view a storage dev
transporter. [0032] FICz 14 is a perspecti ve Avinepckohuger: Sh00age/devi ce
transporter carrying a 30 storage device. [0033] FIG 15 is a bottom
perspective view of a storage device transporter carrying a storage
device. 6 .. [M34])). IVFIGRYG/pcdpeaivelicwed ebtptage @Ficd BradpOder C2ryifda 2009)

PCT/ US2009/ 040895, Attorn ¥ Docket . Nunber; 18523-0062W)2 / 21 19 [ 0034]
FIG 16 is a BEPEpE %"e(\ai‘%I\APSB?IOQ'@Q%W%@t'deVi ce transporter carrying a
storage devi ¢@3g] i gned1an id d"s%ﬁérﬁdti@ﬂiebvrﬂfﬁs@ra%@&évi&'t&iino%@@1%.5] FIG 17 is a
schematic view of a storage device testing system [.O‘i‘) 6] FIG18 is a _
schematic vi @36F a stlrdges alehsmasic viswrdf agomge devinewisting syStemetifh- t est i ng and
functional t i Lb 1L 371 Like reference synbols in the )
vari ous gr awﬁﬂﬁgisf’ﬁ?’ﬁgﬁ‘gg]?&etb}“@éﬁ%% Lea%gbrﬂ“ls‘?s' DETAI LED DESCRI PTI ON [0038]
Referring to[0BES. 1- 3jkeirofenrssymbpls BiReNaabisdSwing ifdiofi@lie diewnge testing
system 100 i ncludes at | east one robotic arm 200 defining a first axis 205
10 substantially normal to a floor surface 10. The robotic arm 200 is
operable to rotate through a PERUEERDESTRIPHION about the first axis 205
and to extend radiall romthe first axis 205. In sone exanples, the
robotic arm i s op 18 1o 51GSH 2 W sgwe mplguantatiorea piprage dexices 205 and

i ncludes a i 1 (v i el botic arm 200
to handl e a%&%@%é%@é@%%@%ﬁ c??t)%&lgtq }on?%(giedeg‘g@g gfgrsﬁ ftsgsnés(%orter 550 15
carryi ngot he sesentzajje ndeal te HO0suteel e The rdBbiESirmDBO idjperabldltd iophe racks 300
are arranged around .t he .roboti.c 200, f SEervici b he robotic arm
200. Each ?aﬁﬁouggﬁ@mlqgﬁ@@ge%rﬂﬂ atqobtla[éen%ré?t’“sgﬁé?@%gf@e'@g’gﬁa‘?]éhé%thleo recei ve

storage devi gasa@0R5f O sonfe@AhpIe, thERéboli@RAT 106 i88pRBR% ekl RS aBbut
substantially %ﬁl i ndrical working envel ope volune 210, wth the racks 300

bei ng ar r angég fifit exip A0 a9d ingbrdry higenipuasorddd dispisedhas a2t e ¢fsle e. g. FIGS. 4
and 5) for a i.Rin t t 310 for servicing b he
robotic arm goégﬁcsdfﬁlejog E%%aﬁglﬁ t% ?@P"Igig’lﬁ V;llqeissh@ ?‘idz%a S(&Sargﬁ Iﬁﬁvd?eetml}gﬁgg)éﬁ ol ume 210
provi dessa coapapithd aarbger denice S000sdese. I ETGY. a3-14). onlIplé fabRst300 aken capacity by
hei ght constraints. . _ - ,

arranged 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



[ 00397 "A"STor age device, as usefala@f RicBipt:i 2285 (8.5K2405) ﬂ@ﬁHs%?)'s}o%s%%at e

25 drives, nenory devices, and any device that requires asynchronous
testing for validation. A disk drive is genetaypPyk@unomssyobavi/be st orage
device which stores digitally encoded data on rapidly rotating platters

wi th magnetic surfaces. A solid- state drive (SSD) is a data storage device
that uses solsyteni®k A pastinyops flow sf indizidugstosigs tierides 6@ througinthS&BYingsi ng SRAM

or DRAM (i nst fd ash nor js often 30 .called a drive. The term
oo 1.5t at o oo B 4rofF BolE B ind Fordini iR e e dharsagrm

el ect r omechanjsihs thit YdqarsbatdheOdQlorddd @e Vi@l 900 © bR =2 8fcH¥: AfS0mti gured to
i ndependently service each test slot 310 to provide a continuous fl ow of

storage devi dame dygbandicpé tiges. {Therefase with gontipuous flowl §taregy deRiges70DAL E of .
e A S EA O AP

1 8 5 2 3-0062WR2 . A continuou i vi dual
st orage devi eesle600 t hrough the testing system 100 all ows random start and
vi.ce 500, whereas systens that require

stop tinmes f ch storage I
bat ches of sﬁ@r@ge deb?oé"é ngg@e free ynding pobefic ga004ea tharacky i aidshe  sane

start and endibﬁdti@'ﬁ@ontr-l;h@ﬂtﬁ‘é1%]@:30W\x}hribh%91}tshﬂk’sotﬂ§ﬂédr%‘%fac@tl@fs@@@ devi ces 500

of 5 different cag)aciti es can be run at "'the sanme tinme and ser%’i ced

(1 oaded/ unl o&Hedy) &< comeed eeppoft GOULhire. | Is othat Wonds, dife robugicame200sis andi ng r obot i ¢

arm 200 from racks 300 ai vibratiao ontr ol t he racks 300, which
only sha@es tdgcgg?lf(g%?mgl‘frr?cﬁég&i@d(og&éﬁaé?sdge ﬁ‘?—elr @rg‘%f& %?élt‘]"aon%‘ﬁ‘ﬁac‘i‘ﬁ support
structure. | pf@nhetionbstelcen tidt&ok@RBlrksC IREIMeARancs, dddh HRR 0P REsf rom t he
racks 300 and only shares the floor surface 10 as the onl(?/ means  of
connecti on bé?%@%tﬁsﬁélols%o-s@roﬂbﬁf wptarges, the reckprB00 vast ianze and testslot r ack 300
houses aboutcap%ﬁg,_test slots 310. In other instances, the racks 300 vary in
size and test 'slot capacity. [0042] In the exanples illustrated in FIGS.
1-3, the racki4300 ar dn the exangpded ilhibtatediiFiG S t18) tHeyracka Bhpdré Yrran fromthe
first axis 205.qof the .q&otic arm 200. However, the racks 300 may be
arranged®i n ﬁﬁ&"ﬁﬁaa"tﬂ@’é? ally sy ay fromRe fiptaris RS oidheighetictare 2Pdbidewaver, ar m 200

W thin the wiekicr : _ ged in at

| east a partiall g%ﬂ%@d&%ﬁ%ﬂ%@% %@%11 ?r&y&%ﬁ?@o%}l%{o[@ﬁe robotic
arm 200, suchmu00 wihinpewodingehvdent volna§oh, Tieqarks 800 4re amangédin at r apezoi d,

Oho ke o YR 5 e PO AR B 2 S 1 2K

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.



Jla\.)oﬁjl'"fUO:'f f - . | . )
and shapes”to fit a particul ar peRidptdcaipt: 27 %Jsﬁ?ﬂ@&t?drb?aé P&T/gsg@/oﬁg&tshe

around the robotic arm 200 nay be symmetric or asyme

exanpl e shown in FIGS. 3 and 6, the robotic ammy208 Nugretseyatwed0py 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 envel ope vol une 210 by
al | owi ng t he 4 bisspntellyacmath@support 254 (hg. rdincawnttyatoradso dhown B FG.a, SO

downwardl y t Vi | ot,s..310... . The hei of th rki ng envel ope
vol ume 210 cg]ﬁ@g)ee\{l%e@ﬁ? %“Z’ﬁsﬁt ﬁl’gF%bgg%mogﬂ‘g?%ﬁ’eggfe%?@“‘ct f roggkqAitlor to the
pedestal or 1200 hor2bfhallcalodd theiflodiGurdce 85 18 thekhhPIablownaht BeHhiiRgion SUPpOr t 252
t hat supports _the rohotic arm 200, as shown in FIG 7. The vertically 30

actuating suppBetenisdlyiagd borzentpileactustingpapar 52, @bbsupportingiheetotier t i cal | y

ith t : : | h ticall
et uat i ng. sugnael0 88438 enBithd A6k buvc e 38R EXFIRIERN bl ng tne

roboti c ar m 20taandlyiellipticad psofitefrach todtview. (€. 9. driven ball-screw or belt)

to nove the r (ﬁﬁl c arm. 200 vﬁgrt]i@cal |y along the track. s ..1/ V.7V/~ FVO7J

Dat e of recei[@ 4l 57 490 f§Gernalel ﬁfaﬁge@fl(b@ﬁ}‘m@we@wewwgWtfl‘@r ney Docket

nunber: 1852900 (46Rlesdeo 1ebbdarfhs BOTA &RDDAL! BouACLHAL At BHARCKSS 654 (e 0. a
may be use

| i near actuator), also shown in to support the robotic

arm 200 and (¥ abetasmM2004 intpported en thetflovi surfarerh0, @I thootharastiosit | y al ong t he

floor surfac n the | e .shown, t onpi nation of the vertically
and horiu1§ont aT"i}gOOgc‘? 6‘%3??‘18%&(’?%68?‘?% S?%‘%WQ?AEEWHEHB’HP MeG*amRie $oMdti ¢ 5 arm
210 provi des imFIGe N addigiesh! Yadokd 46s @mﬁhm%pmli@lﬁpor&wvé}ﬁ&iu?Qctﬁming| ongat ed
substantially elliptical profile froma top view [0044] 1n the exanple

i | lustrated F¥PPEIL&2.-8, the storage device testing system 100 includes two

robotic arns and t ut the first.axis 205. One
robotic arm %%%ﬁ i's Sl}%%gr%t(aenﬁ)q%{rl}u{t%%%ﬂ @g}r a’gﬁeﬁt%{?ﬁ%e depjce &H?”Igeqystt% ot her
robotic 10 arfd BOO&siasotstalslp ebRed0 thaonppors did rotgic aink 2O UThe rdkablSi Ml arly, in

t he exanpl e sh .in FIG 7, additional robotic arns 200 may be

oper at i oRal iﬁff%\t%??gls\})@?&ablgéqqogﬁtealg'f{9&9@%1112%&95}%69@@_%1@@@&5] In the exanpl e
illustrated kibsfahially Rorntal® BE O i L, : i ncl udes a
rot at abl e tablg 260yt ﬁrata Sl}ppo(?(?gﬁ{aﬁimr’gﬁ{)ewglto;{ra?}l]g%%%& oerl%? tatable 15
tabl e 260 i scwispapoleme 3l0 tharg whaotlrarm d@biviatingonty 200t hbitst axds Hscond axi s 262

vorki g enviBEE Vol KRR R G T BT AP SO Bh A Bl y about ¢ he
first axis 2Q@&vice testing system 100 includes a vision system 270 disposed on the robotic arm
20 200. The vision system 270 is configured to aid 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 slot 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).



[0048Y P& ri ng back to FIGS. Buf ofirbeeht @%gg@g@g&%@ggyﬁﬁg@/@{qg&e

device testing system 100 includes a vision sys _

robotic arm 20 200. The vision system 270 i s “anfluguyued: itsg-omvd2 gur dance of
the robotic arm 200 while transporting a storage device 500. In
particular, the vision system 270 aids alignnent of the storage device
transporter 58M7hel d sompémplemintatibes; the s@fa@e ddvine testing@steind00i N t he t est

sl ot 310 and/. e Wi sipn s 70 | {brates the robotic arm
200 by ali gnilﬁéglu%egé%?%geg tiatéona“ro}% af(ﬁgo“f'b‘%zhggd'carngﬁﬁ eMfhdn the rack 25
300, pref er ahipleimstatics,ithedterhgedfelice lehting QPRRene XGUTREIER mdyNfciideduci al mark 314
is an "L" shaped rk | ocated near a corner of an opéning 312 of the test

sl ot 310 on tRBVEYaicHelt (mpsshowmer angiperaios that feds Storage iiayirss S0stelife robatib t he
fiduci al gar kyrd bo DafR4fp1AG %ﬁﬂéﬁ(}ﬂr%@@r st&tl%ﬁtéi?(f 1},‘%?@0\4,(%?%%2&%; o either

pi ck-up or place a storage devi transpor y be carrying a
storage devi dedes@@ipntlySaryiceoerch festzslot 8 bbint transfariny alstio\%géTEMC% 580bawbances the
accuracy andt@e?tpm bilit e ropotic_arm 200, ile mnimzing

Yol f . .
m spl acenment As 'E%?t’z%él()(g@@it Glegt sighdlfo The ranstspstationi4P9 ingludesst or age devi ce
500 (which maitifle®w toebfclemBGens VisBe /or the
st orage device ll?t]esti nceb$§st em 1r(1)c%i)retdg@ea'éﬁ %c@g%?)?eﬁ%oﬁ@ tetaqggof receipt:
27 4N 2009 ( Zrfitps stopgoleviRETEcem2069Y50 408laMmse sioragerdeeipesDO0 Kerttestigrber : 1 8 52

3-0062 2/ 0 SO i mpl enent ati ons, the storage device
testi ngV@yst élrgnajgrésgorg‘%% hg{%}a{é%Ogg?&egwg?e‘gppt%cgea%ﬁoﬁe E‘@’G‘?‘P%%ra%\‘i\hﬁe P FIcs. 1-3
and 10. Wi | és suppartetiéy a storipd GevisRis@fpoR S, THRGotHkiO BAIRIE¥InGEuEER! | Ng System
100 include may include a6 conveyor belt (not shown) or an operator that

feeds st or agdCiRXFiSosags deyigedranspeTtera¥s8 fiiom ome af the EetGlots HOavithitid es i ncl udi ng a
transfer stathapuhdPo1d [ | ndent | ervices each test
sl ot 310 by tra[ri:nslferri ﬁgﬁgbfgggé ggtgﬁgg{i/%gcgSg%@grﬁgﬁv@%%oragﬁ M¥ansfer station
400 and the tressptaciésciss atlide trafisfer Statwnslt)ewitht}ﬁtsioﬁige4&@06“&6%@@6{@(5550,%5'[i ple tote
r ecept ac1l es 430 %%fti %%II‘ ed ta each receive a tote 450. The tote 450

defi nes ®tor i&f@r ithestqrage dpYiec ranspontsn> Prwith weserage devise sQfbthereini tees 500 f or
testing 10 arih/g4 sist 0 FHestihdoBRERorSse e W & 4, the
housed st orage device SOOBS 1i gs1osupp%r%ece2{(j g§5@?§fgft§£gt§l%dt§§/?0§éﬁcs%%port 456.
The robotic aP¥ierdyesithe eged sterageatdvico500r femthe teat sidt 3t G ¢e rahewingehd r ansport er
550 from onesfa; h the 2, then pick up

a storage devi caéé geg’bct e? @%%%%OEQQ ﬁ%%&%ﬁg&%ed&éq%gfeagéﬁﬁogé%égesm at the
transfer stagi®f.c4@dh ietniniphRios 2 ON)a@ayiHE WetRtel SRASPALE508 ROLe 2Nnd
20 storage device transporter 550 to the transfer station 400, and manipulating the
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 spindle 412. Each

tote receiver 420 is independently rotatable from the other and may rotate a received

10
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then retlurn the storage devi qmd sEesdod bEE= 0 {zﬂomoes)fﬁc%@z@oé?%gg%

500 therein, to the test slot 310 for testing of the storage Ice

After testing, the robotic arm 200 retrievesAtrireloteliegisgtorugeidevi ce 500
fromthe test slot 310, by renoving the storage device transporter 550 '
carrying the tested storage device 500 fromthe test slot 310 (i.e., with
t he mani pul at Berageideyice toig $5Pibatyvecheserasingpbssion (g ecdsibicly &Qeiatort he 20

storage devicg itr er 550.to the transf S ion 400, and
mani pul ati ng ?ﬁea t@s@ﬁ %Easggneonacecﬁsébée lfyrtgﬁg%?fr“iaé?’%égofntat%e PaPpe AR crchst ed
storage devi cete5Rivend2irieronfiabldt2twezh @ iR@osHRY (L€ sEroRRRhAGHGS 2AP4 at the
transfer station 400. I{\ i.npl enentations that 1nclude a vision system 270
on the robot i ¥CYMReTHeN (testing gosigary AYhiledr the istpesiipnisa opkrovatebvatiiacent one
or nore s§ora. Vi 5 id- gui of . tthe 25 robotic
armin retri e%i@er?g%c;?&grgggfsé?%e gélg?%ora\ég%&tg%@*%é%?@gg@gst r(fvrlldéfdta?cﬁﬁsq‘"er station
400. [0048] thheppositersidedo ths sabhdiotedBldptatln 40BrEWEikanHeescond peditibdes. a station
al axis 415, One or nore tote

housi n 410 that defjines a.)] ongitudi
recei vgrs 420"’5‘%@P af%%g@’éﬂf%yldearﬁ%ﬁﬁ&f’ tli}?ft‘?‘ﬁé“%f’c“’éﬁ‘ﬁﬂ”‘h‘ﬁﬂ@ﬁ@”ﬂ@? f or
exanpl e on a jspvidedl cedslah BXbpsiteNeedd gegecglﬂgtotelr%gbélé’s%mﬁl 8@2%%]%15' Each

tote receiver 420 may rotate on an indivi | respective 3 pi ndl e 412 or
on a conmon s$i RERIEr Mapseraegcthe trasir stationi40e by Wadinglefloadew totey 4% imnd  second

T Bnst er 'St at PRASHETEPRhAE S L taBle st ing, Sl bR B0 the |

spindl e 412. IEsedeessttotoes ASEIRIVETin 420rebddtac REIEWENARBHKItE Qidsrall e from the
ot her and nmay rofate, aééqe@ei ved 10 .,.1/1J.3V7/9iJO7) Date of receipt: 27
43 2009 (27.%“@30*96"0@ sadog/ olermlom storaze deviesy S@bcket Nunber: 18523- 0062

W2 / 21 19 sp@yorge dey e n.a servicing.position (e.g.
accessi bl e bi[ a_r19€ii operZ?%ﬁﬁngfglﬁgméég%ogﬁjﬁggSggriwtcfB ma#(Q,rc%gg‘?rﬁllgém y the
robotic arm 20@evingistorage dexmei08 tsmdvirom tasbragd duvize ket syqEm480 Tie rotatable

between g firgst sition (e.g. rvicing . position) and a A second position
(testi ng%posit?tle%%b.aI”Wiap Bfgqrﬁgrttﬂz‘gfvie’r@fj raee eibaish obsioregsalesicesS00 & provi ded 5
access to thenflifbmtthd ©dnsfef @ARRYUEE! 18 1234 mp1A B wh td I's

provi ded access on_ the Spposi te side to Igﬁe seglgﬁ{g??g’telg&r@%ewfﬁg% e 430B.

Wi | e in the isecesaitledensi rebpsptivetiete raceibars 429 inthms@00d psitpnawiyded access t he

first tote re l.e 430A,. a an operator is . provided access on the
opposi te si dea%ggﬁ aj?eﬁgg%%lgcgﬁ?fes[Lgtgéorrsgggﬁf%ﬁ%%e ‘%?,’6%5% OTASHIBERA %,  an
operat or may degtinvtichetofedM50tibBRcHBg B@t stihe4eWcdd00. oBdkinglH liQadpng totes
450 into 10 tote receptacles 430 on one side of the transfer station 400,

while th® r oBBRYibE Cpyiedae “paswd reiea suies” ou frilsd egurms@esi dusentiving t ot e
receptacl es 43@.Qf ABra@PBOREL £05hd? ﬁav%feitﬁerr]%assed or failed a functionality test,

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 pz;lrticular
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

(¢.g. to load/unload totes 450 from particular tote receives 420). In another gxample,
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t7anster "station 400 for |oadi nabauboaekipe 264 9r A6 (M %69 P'iﬁ%%iog%?das;he
2P 48l R

transfer station 400 provides a service point for deliveri'ng an

retrieving storage devices 500 to and from t h&est Brayebdsri-oewvbesbi ng
system 100. The 15 totes 450 allow an operator to deliver and retrieve a
batch of storage devices 500 to and fromthe transfer station 400. In the
exanpl e shownthestafprandiegior 48 insludet ene o5 Morehadio devicea tqessdddre of mora r espect i ve

tote receiver st on osit{jon be esi ghated as source

totes 450 for %ﬁ%%%@%ggt%?gsg81985\/?%%);8 S%g%%lwemtt%rg? PHECD eéfgnS?edesti nati on

totes 450 for stanei0fi Tig statish adicalons BIRaydRIisEERd Eleﬂ%th%% inlatal i totes 450

20 may be clazésifi d as "passed return totes" or "tfailed return totes" for
e

receiving reSpets Q%H’SOFB?&@@(&]@\PP@@QH sfgl: statian howsing 460t her passed or fail ed
a functiogalifopsgjest, @ gﬁt 'leviﬁ#s)érateﬁ D9R01 1 s RRUAAG R ﬁ(%z %ﬁoé'eq%o:gs pi votal |y

or slidably attached to t ansfer ~station housing Pﬁfigured to
provi de oper atBA thtdefiws mmultipiestayagerdovies fecdpacRb434ac datleabege #3Re An oper at or

opens the housin 0Qr, 416 associ ated with particular tote receiver 420
to | oad/ unl oaﬁcg’g‘icgt‘lg‘lﬁéﬁof]ﬁg%edﬁﬂEO‘I‘S%ﬁ‘@@g? 3%““?@9% ndspagpicecssB0. The
transfer st atiteagAROicER¥eR1CBAA igdR {tGabictict cldl e receiver
420 stationary while the&‘gssoci ét ed h%)usiaér@edlgo%?lﬁr?% %Bg%réf%%l] I n

some exanpl esSUPPHE2 ¢antiglPpgion $Ohef thareard®@d istocige device08 toetliowmanipdiacied or 30
418 whi chy, pr oy, 3 t her rec e jndications of

| Stlal ihle or ogni zabl
one or nore States efdéﬁlﬁees®%g°r9§fng¢'ce§frﬁf9°5twn§to .reﬁ’ﬁv‘b% ug 1€ the
station indi cédvize 580LBorh MRistotes devidedbdeptalle 4HA, kifsBiordge libate drdndliop@t € when one
or nore tote é@cel ve.rs%ééi) need servi ci n&bﬁe(e.g. to | oad/ unload totes 450
from parti cul 2 't RASBIOpRIReloyethe storage devige aibieisehy ths ebpticearm 206) in the/
Vav7/ "t VOord ] WAl - 9) RCT/ LJS2009/ 040895
At t or ney Docg(%r egfﬁ%lgtief:%gélpg%lze?i% %6%2%5\%% ggolﬂ%ée?égégg%tﬁeéﬁa?ﬁc??@&or 418
i ncl udes one tragegiceicanppat A dhs stoagpdayice tenspoger 650 Rticd reradidil bl e si gnal s

(e.g. chirps,.clack etc.) to sign n, operator to service the transfer
station 400. mﬁgﬁiﬁggﬂe\p#&pc&g@g&%w apEng the sforagel deyics 70 faie

| ongi tudi nal @iy whldstidBorbRReNsuchhs PRaSRIFIPL her portion of the station
housi ng 410. 5 [0052] In the exanple illustrated in FIG 11, a tote 450A

includes a t d0®3ody sbyexemple ilistratedis Fitl 12i ploe 450B imteeciemsiedody ecept acl es
dovi ce 500, 1 8 Pr OELE Gt PEIRLERR ol S P Bee pitiriaeraiR ol udes
a storage devbyasultiplpptomage dedv@o s@poftd 4¥6BEThé Qorage device supports 456B are
20 cantilevered off a rear wall 457B of the column cavity 453B. The storage 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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Sippertti®“central portion 502 q_{éé%/ {)}?ggi%‘gw?g ngg(ﬁg,g_zg@‘ipiéql@gpglﬁho@bér gw

mani pul ati on 10 of the storage al ong non-central portions.
renove a housed storage device 500 from t hesgteppag@ngeyizcesryacept acl e
454A, the storage device transporter 550 is positioned bel ow the storage
device 500 (e.g. by the robotic arm 200) in the storage device receptacle
454A and el ejd@54d t o RefetringheFKiSoi Zi® idewicegabi), e tesoflotBh@is st or age devi ce

support 456A. The gtorag,e devi ce tr.ansqporter 50.1s thep renoved 15 from
5r5§i aﬁeﬁt k

the storage BWred [OdEERE A1 SOras ARV IGHAnEPoRiE Haes1*8¥age devi ce 500

for deliver yadsgorfer S5k EQlgiuel to BéedRthe s8R devices00@8E bShalledbPthe[ 0053] In
the exanple illustrated in FIG 12, a tote 450B includes a tote body 452B

t hat def i nesrabetiaar 208 Intuse 9na 63l dorgegiswics HnspatesrSaf s reaoyeddropecept acl es

454B by_nmnul ti pl t or eyl ge su r 56R.. . Th [, i ce supports
1208 ar2s20 MR THRANS I B BOPARTG.E PG fr S ﬁgrrgngggé‘f’ty 453B.
The storage @evVideatichlsBROf ths trdifzpEited s K wienthe gEfipelathio? ISWPpRFsboa2a®rNt r al
portion 502 of the received storage, device 500 to allow mani pul ati on of

d .
the storage AeViustEateion Fiy.daghnyeragcdsica ranspsier pXacludesd firmp P9 ever ed
st orage devi k.S ' Lees 500 from
9 VI E&gﬁé&%ﬁﬁsﬁﬁmé‘lgﬁgsg&kg@%eﬁﬁg 56 % Rhed¥y sﬁfe@ﬁlﬁ%zgfgg‘él(ug?g.

the tote 450 yinsertin rage device transporter : as 25
shown i n FI Gbasg Blatei 506 thateollectively aliow thadiemd 660 ©dit prurpthastbrgadyiBej ust bel ow
and lifting the starage deyice 500 off the storage device support 456B for
r enoval 1P_romq"tpﬁ%“i laﬁd%teggdlioé_gatq@é@ﬁﬂgﬁé?véceﬁ‘&@ogfﬁg%% ‘B?‘ggs are
repeated in (&y8hS@e FBbHARRIOT ihfdQ pobilieh chediRER oiiis@ecediden sothe tote
450B. As shown, the bottom storage device receptacle 454B i n each col umm

cavity 453B hensedihtonenfshestorage dgwice receptasles dftoafahe tofe 480.3bhestasregge devi ce 500

housed in the_staqrage devjce recept.acle 4 Ve |t :Cons tly, the
st orage devi @%Vécegﬁﬁ%ﬁﬂ%{sgggaq B4 eedalfe@rﬁ"%'g%etge ?Olrﬁ)gtéc asrrélq)’l}g)nlﬁg %p%%ﬁger in a
particul ar cehgiping theQiweige deviced08 &irésmelufhgfahaitiradetdevicssuppdit €36da t han the

tote solutigon shown in FIG 11. 12 ...1/1JJVYl'-FVO7J Date of receipt: 27
4M 2009 1627. tu tetod®) PCT/ US2009/ 040895 Attorney Docket Nunber:

18523- 00620202319 [ 045 1 Ref &5 e 560 oD o B gk 8OTPXarl es. ¢ he

test slot 31 gur receive storage device transporter 550.
The storage dempedevice tramppaart5eo, ttes@rige dedod trapspoedr 156 anétheswmget he st or age

St or age. dov| O8/6 S GG EERS beBeac Ly BBEa iFT o 5 TSR HHE E68Y s ots 310
with the robgf (000t 817 as shB¥n & BIBDI ) IFhe ManPhlRK M 51§ 2BHERGNYd to
20 initiate actuation of a clamping mechanism 570 disposed in the 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 manipulator 212 can again actuate the
25 clamping mechanism 570 to release the storage device 500 within the frame 560.
This allows 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 siot 310. The clamping of the
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tHeYGE &t i on 552 of the trangp gg,t@éméﬁgéx\gtﬂog gﬁdg'gz\gl ngca,ylggzogg@mggsthe

robot 200). As illustrated in FIG st orage e transporter 550
includes a frane 560 defining a substanti al hymeposhapedisopenverg:861 f or ned
by sidewalls 562, 564 and a base plate 566 that collectively allow the
frame 560 to fit around the storage device 10 support 456 in the tote 450
so that the stbagadwicdéanspertdr Sahmphis etineb& helpo hdudeontesationf arrgrg via the

robotic arm 200 nto a ition.beneath one of the stora vi ces 500
housed in on a%g t[%%mé"teég'ﬁ@ ,Hggmpréélgp%{Og}geéigwgpStzpnmortprh%%taa e 450. The

storage devigRgd dHte BOU EficdIRIeif 82 bbMRMnRBd brak&R ih %orgbmatmf of he robotic
arm 310) into a position engaging the storage device 600 for renoval off

of the storaidiv H)C‘éltlymﬁpdﬂst Sl¢!§60|Adetlﬁedtdﬂwlpmneoﬂﬂ'&@aHEMS] Wth the

storage devi 0 0 e device
transpor%j %’gﬂ]%g?’ﬁ 590 %“?glgeé ngketaﬁgﬁg%%?lfl%’? @bthgsﬁdiqcﬁlé @fegﬁ”ége devi ce
500 toget her ma@be f@endm\msl ﬂ@ténttdpﬁlrdaﬁ&ﬂ%QI/@SMQOEIeHWeCde@EﬁIYEM7 wi thin one
of the test slots shown in FIG 16. The manipul ator 212 is al so

confi gur ed téﬂtlﬂQ@)“DﬁKtD%ItV@ BRANSEORh CGAMPINGAWP A§S atfiesen®mo di sposed
in the stor agpwlqgmrgﬁere%,r ore t‘%]aegyréégnc ThisS.idioWs actuation of the

cl anpi ng nmechani sm 570 transporter O is noved fromthe tote
450 to the t #966]sl ot IFThOstoragd delwicks SOOmmvl&mensutmafto vibrfae'onst dittgemuléple ce 500

relative to the s device tran rter 550 ing the npve. Prior to
i nsertidh i nSPRE ‘ﬁe&c{esgéod‘ﬂa%‘ﬁ eteﬁtﬁéﬁ%ﬁ UBRIpg t Eitﬁr afeviggno9) @&t uat e the

25 cl anpi ng amfga@nﬁgr B HR] 1ta@th@%s@%@aﬂdﬁ@m&a%ﬁg@bta@g@deercé%smﬁem n the
frame 560. This allo for insertion of the storage device transporter 550

into one of 5%6@@9?“@?1@@Hym@ﬂtomgedd:vuterﬁQO§tmr@tgearwswtesteslcﬁoﬁ0nm in a test

Connector (bt Ttk Tt LR AR B PR S T8 GeBePRont i qur ea

to engage thenetcff$ﬁes&irf£g% d3Vi€ks S0mmeay bﬁg@taﬁﬁgjuridbﬂé‘&mhmtdﬂe bt Ritslod0 novenent
of the storage device transporter relative to the test slot 310. In

such i Pl emeHk &hiloeriers Eﬁ@@“g Frgnoxedoang disergrdvite adismnt ths slots 3d @i thest positi on,
the ¢l ambi NOsnIRENARK 310, Tikinbife F048AELIANR B 50 Bind B iDL at of 212)
) FANSpOrt er 550 e

to inhibit novenent rage devi ce atl ve to the
t est sl ot 3l6fterTeatocdgadpiicegranfpotthres 503 fully ihdertdd Vifdl@e 30 slot Dad, @s of recei pt: 27
4B 2009 (27.04. 2@%9 PCT/ @2009/ 040895 Att or ey, Dockﬁt Nunber :

18523- 00620 536! Qe<2p Pelp & QENFE ORI %iREaons by lingtrg thecqnifckandanner can

o ENPYS (0 R iR i o

20 insertion and%emoval of the storage dre)vwe transporters 550.
[0057] Referring to FIG. 17, in some implementations, the storage device
testing system 100 includes at least 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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st'oragerdeid ce 500 carried therﬁi@oﬁreﬁelppbmgl ?d'gge% zoigz)g_l,gt'-,zg?édgg,omsgs

combi nation or individually within t t est

description of the clanping 5 mechani sm 570 andybtdhsmedetanhgoand feat ures
conbi nable with those described herein maybe found in U S. patent
application No. 11/959, 133, filed Decenber 18, 2007, entitled "Dl SK DRI VE

TRANSPORT,  CeéivettedsidAMOmhieSiBbIMGs, (.5 hberrnopima myl)@ﬁd/mmi@nenembaﬂe by
i ncorporated b reference inits entirety. [0056] The st orage devi ces 500
can be sensi {§&&EnGFlRopsTh 8 soms gpmpls, rﬂlij’l"t‘t?rﬁloé contepl gys devi ces 500 in

a singl e testpci@cKanddQyc2Bhkrdl YNNGtk E'garﬁgqaﬁgé‘r HR\LHES 100 gq’ha( onthols.  during
testing), as well as the insertion and renoval of the storage device

transport er s theS8gatiogaithaoipck ¥ldahd/gr tcaslrosd llﬁg Aaiagltlmﬂed@e 36@3w1me 500, fromthe

various test slots 310 | he te of undesi rabl e
vi brati 0%1 ﬁgsrcr)“rlr%ca? Islgé tes‘e&%ﬁgi’ edgr?ém?)r acf: ﬂg&l‘é éoew ces 500 may

be operati ngcbtﬁﬂ@rﬂlcdt@@ﬁh M&tbﬂﬁgéﬂe@ﬁ%wreéd’kﬁ:db?ﬂ{etésl‘.ﬂbt9.>105 310 whi I e ot hers
are being renoved and inserted into adjacent test slots 310 in the sane

test rack 3060058 anpi d@th@ﬁéanmleﬂla@@ted@wl@el% ceahgpb308inckyes atiagthe test sl ot
310 after tgﬁe s%mésgﬂg Lﬂéﬁn 63)6 ri)éo?rﬂﬁfﬁ%ﬁ w1?rr’59 1dat oily!eLtXlolt@RFr'[th%gelf nto the
as e e

test slot 310, ove, can reduce mt vibrations
by limting tdtinguystera®00 molddesachafer crgtrbl&rmn cbmleetmhmrtme dieonit @20
transporters 550 anE the test slots 310 durgqréer 20 |nsrﬁrt|on nd renoval of

the stor'§ge dEgsctirat oqmupiaton withsagoragesisrioq SQQTpcervet ghe stelos’ 1017, i n sone

i mpl ement at i @Ra bibkEinREHRELRFEIABY if Qecti@PeonMint¥SdBMnlA0 cdmiedigdes at | east
one conputer 320 in comunication with the test slots 310. The conputer

320 may be camérfagaciedit 630. pFheeludter ¢ontrelier 61/mayobetaonfigusdd o en ongbomage devi ces

500 and/or an _automation int er contro v 25 testing
oyst em 100, - RGRERHEYS Pt T Bfr5p sl SR o DR RLBL BRI NG o testi ng
system 100. Bhetoﬁga\@eruceymoe%sa&meawn i atOdircan g2 (Odnd iebldcktiepRver to the
recei ved storage device 500 in the test slot 310. A tenperature control

system 340  €tiehit e3P say hecandigpred torsalfdesbf Howewsr, insomeskamplesithe sefhe t enperature

control sySt e 30N RENAR LAk PR Aol finfld B of AN sPERARIE 1O

circulate air roug n sone exanples
the air rmverSeIBt@amgSOdtmeamaﬂbcenioeardoﬁrpbgencsfoftﬁaetote%stle\sdeoéstm§§;@temA vi bration

control system 350, su h as active ,or passive danpen controls the
vi bration of ! g@cﬁ?rf’é@i l’tﬁtsegfé"C"F'r‘it@r?éayé’ﬁﬁ eesd tQH’féPOVPBr%Qr?g?n control

D1 5D e e TR LS TR o
PCT/ US2009/ 040885 devitettestimesy stmcket T]Nwints@r contr8B& 31 Q 02 v 2mnhi@ale \ich
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 siot
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 reeeived 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
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llUQUff"f 07,

connéct'éd®Vra grommet isol ator SDQé-o@rech%rﬂQ% 36ds! (57.44.5009) Pé‘f@é%ot%oétoass

el astoneric nounts (e.g. urethane elastoner). In sone exanp

vibration control system 350 includes an actatome Dggnuimelisssystvenmw t h a
spring, danper, and control loop that controls the vibrations in the rack
300 and/or test slot 310. A data interface 360 is in 5 conmmunication with
each test sl @il reafiad writealatanat diffemutdeBiatirss (€ gnichdyahitechot end vadtemuni cat e

with a storagg.: i,ce 500 received by the test slot 310. [0058] In the
exanple illus rﬂgt% Eeﬁg’ O?rchglvasa 12,}’6 @3‘3?‘?%?15%1?5% TSheyehgaemey S‘Fcé%i@%theone
sel f -t esti ng saysk dmiGOD0ioNom P PARtGH Sapliags. Wk thnaﬁonhm?%st RAReeliggt slot 310.
The self- testing system 600 includes a cluster controller 610, a
connect i on | rPPERINEIEMRS 3 of the storagodqvipe SP@endralso dlic dstarmtegritgaf i on with a

st orage devi i [ - ot. 310 nd a bl interface
Ci rcu?t gSO ?ﬁméﬁ@g{@ﬁ%ﬁi{ﬁ@g'ﬁﬁﬂa ?g%‘écl%ﬁlo'vﬁ }{erf“‘%ﬁﬁ@‘aé%g‘%{@éﬁ/ ?tgﬂgg¢<nt erface
circuit 620. ifhelecd cdetterconmiitr610lapd atGdst i@ Yunbonainfeifiércachit &sonMNn one or
nore testi n%gﬁéiggrans, such multiple self-tests on test slots 310

a I Le
and/ or funct i*6h: FWF‘&%‘P@OHWrﬁtﬁélie(fll‘&;@écﬁéfﬂl%ééo-S@GQHHWQHéféﬁf?é@ti on
i nterface ci loblif62040n it CothaiaioR Ak b 36fed Fouftelshif idhei6GHn fRY De
configured to self-test. However, in sone exaﬁ‘p es, the self- testing
syst em 600 i riest UefSd0 andsth¢ funetippe! interface circult®60.cBlref funptioead itterfacxeieuite and

control S 1 ing.routine on one or nore. conponents of the storage
devi ce t@sti ?\356 g’fgrfﬂ re%i%ff).mwca%ﬁa‘oﬁlﬂﬂ%@alfeﬁté"%tlé‘FFQ e 8iprags devifet'9660 may be
configured t @hpémtiuna testing byalea 0650 e VAchRle a LYPRRAUAERHOR Switdh&3D (S4 0t only' type
of self-test gn one or nore conponents of the 20 storage device testing

system 100. FHeab Ethemsp teprayideslectricabammumycatiohetvien e lugiet ¢ontrollee sel f - t est
circuit 640 yi t . 3 it Et.he: ) i.ch may communi cate
with the bl o\gll&@?rﬁtterénggémélﬁrfgﬁnﬁ agub R lr(glrlllgso%%b'hgreﬁ%ﬂ?&?’eg}ei%ﬂpﬁ'tf’ﬁ erface
circuit 620 &2@ commoniegien deithaiT0, 0Bty t@ntroldr6ed, 38d fuasionsinhtertads

recei ver/transm’.tﬁhﬁr UART) serial links. A UART is usually an individual
(or partof SK§UGORY SYPREHErTTEtithernpt pdwerby Howewsather femmplini cati ons over a
conput er or pehnPREkBh dE¥L 6Rd S BhctiBR i | FGeeClreuit 630
is configured to conlt_rol_?power and tcelrrper%%%?cgm%*"Rtgﬁ)em%ﬂé%%%@gct%e 310, and
may control iathe fqanective interteoticud 62 anPdraltel ATdvtagenadeiraeisli&00. [ 0059] Each

rack 300, in.so xanpl es, - 1.ncl yd ast one functional testing
system 650 i hﬁ%ge%ﬁma]g‘g’("f‘B%I#mg%ﬁgi\gﬁ%‘aémf%?A% BOTAZAUPASThe functi onal
30 testing S YSHHieIA ok dtSEST S whet her a received storage device 500, held
and/or supported in the test slot 310 by the storage device transporter

550, is 2Punci08%i ng propethedof parformingctdrepealbvicy/tetting inchmgs Ibadidgude testing t he
amount of power. 1 ved . e storage  devj 50Q, .the operating
t enper at ure, \Qﬁlﬁgfegsgoﬂ%e? g‘ IE% 5@@:5‘6‘) aatﬁadlg@} ﬁt%"émég(fé;g' ?isﬂﬁ' Ipagneqhe storage

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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ZHYPYG™NO71 FV 07J Date of recghpte r@c@.p‘t”\b?%g%&s?(ér g%@?gﬁ/gsz%os 040895

PCT/ US2009/ 040895 Attorney Docket Nunmb |ty to
read and wite data at different tenperaturestudre.Dgk: Nuggdsswnisiwe2hot and
wite while cold, or vice versa). The functionality test may test every
menory sector of the storage device 500 or only random sanplings. The
functi onal i t yactuaking thm@b@te:samaﬂo tooptecmﬂlmxjora@rmacatrmm)mf550hﬁrr§31h@r age device

500 and al so the .data 5 co ons with the storage device
500. The functy SHY St?r%% (fe?‘nlg g@%ffoé’?ﬁhé%t rlel:{E(} ﬂgéilﬁhﬁrgletﬁ%sfeélsto@@ﬁtrol ler 610
and at | east deniee 500tatk N trankfeeytdivg 800 1 1h Gothd inpRPnehBtioR] BE takk 5@

communi cati on vm th the cluster controller 610. A connection iInterface

circuit 620 i%diwp mese ?ﬁs‘é,caartedd@}%ﬁ*mﬁl3é%¥rﬁé¢ﬂﬁgm€ﬁtQaIn@te@toa@ deféees 560 500
received g n t @rnal‘ifﬁ#m%ﬁ 'ést?l%pﬂ%qgﬁri Z}%b{eﬂnﬁ)ﬂﬂ)n%lca§qu eg%@gﬁmr cew t 660.

The functional nterface G Feutt 7'S cont | fcate a
functi onal tqsazwsncmﬂdfmdlffemnthedmfmersage devi ce 500 The functional testing

syst em 650 include a communjcation sw tch e. G gabit Ethernet)
to provide gﬁé%dl i cal éﬂ%?ﬁa@aleﬁcSIFP%@h@ﬂééﬂuc{eﬁ@twlﬂgthérm@@jﬁ@mbmoer 610 and

the one or nudseepwﬂm&bt@ﬂgédévwe%ﬁs@&%er%!sd ﬁl{hett‘%t@@%lgfg&f%h%mnénh fhe computer

320, communication switch 670, cluster contro nctl onal
interface 15 t@ﬁiqdéwrﬂgeéwecﬁﬂmmﬁt@ageaiemeEnepmchelﬁmefthemrbmgekewdeimever, ot her

forns of i i,.on be .used. .The functional. interface circuit 660
nay cormunl ca e’% f %Eat“ﬁ%ﬂ?&xeﬁl?ao?tby SA" Ve ﬁrémé?greBEYI?e@Q ONPSHNPHPIE| | el AT
Attachnent (anbthérdtogtigs evidett@pladle 850013 skarpaicdse hidaso AhAom&TAPI , UDMA and
PATA), SATA, or SAS (Serial Attached SCSI). 20 [0060] A nethod of

per f or m ng st%?’”éﬁj@ dréww tb@%@rmgiewmmet DAdo teShﬂMBﬂ@il@LLdtﬂor age

devi ces 500 i I t oadi st orage
devi ces 500 |H%%ngm %htgrsg’&gg ggév\}%ctg‘hérpggeerpg % ngeﬁ%fgg 4%186 E@g'atoéf orage devi ce
tote 450, anait SloIéSdO nghd& faek M@é%ﬁslﬁh@ﬂn&&cﬁ@k&n&&ﬂ)nlbmelﬁthé obRgE ecept acl e

430 defi ned @0 é nsfgr &tatl on 400). The nethod incl udes act uating a
robotic Brm chet PR 3%0.25 storage device transporter 550 froma test

sl ot 310 houswg@;p_ln a NAGK Q%ienﬁﬂgt@rté Dtg@]%ﬂ:tggd mﬂn@eq rpgllr?;és}wl Arm 200 to

retrieve one of the storage devices rom-t Station 400 and
carry the st dinstienatiowisten e Gecrimed steragetdoviagi0dien icidesranspoptier 550. The

robotic arm 200 i t. te t hrough a edet erm ned arc about,
and to exten mpeég'lr%&eb @f‘t(ﬂﬁ ?lé)r‘?’ @eré%géﬁjez%agfp YifeePOh\WPeRER ot i ¢ arm
200 subst ant ife! rbgsiva@EtoRbe deic8 56@1n51h@@rpe§é}ﬁ1ﬁr%q€ad%% and Uit H%Sihﬁgl th fifg! udes

actuating the robotic arm 200 to deliver the stor age I ce transporter
550 car r%%. ng SOFREe devire e B@m%@daw also inchude cizeatis air 0Bt @nd/a@ntbirough

the test slot 310 to control the temperature of the test slot 310, and monitoring and/or
regulating power delivered to the storage device S00.
[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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per torm g a functional ity test Mg sfHeceihtOsAPE ﬁgy{ﬁgéﬁ%ﬁg%%dﬂ%ﬁw

recei ved storage device transporter 550 and the test s

then includes 16 Date of receipt: 27 4 2009 (2%e0%hk2009) 3PCHRWIS2009/ 040895

Attorney Docket Number: 18523-0062WO2 21 19 actuating the robotic arm 200

to retrieve the storage device transporter 550 carrying the tested storage

devi ce 500 frﬁﬁvmﬁ@mﬁggﬁJ%ﬂ@wﬁBmﬂkéhﬁmdéehbimlhmskméubdammﬁsagﬁl devi ce

500 back to t nStati.on 400. .1n sone.inpl enentations, the rack 300
1 A0S o Phief Byeovd b

and two or nore assocl ate figured to nove storage

devi ces 500 5[006tiler nal Dyhef detdils @ifeht@fl cothabBMathttRos8 QLARK HbRRE mal ot 310,
in case the te%% sl.ots 310 are, provisioned for different kinds of tests.

[0061] I n son® faydip st pate@pplicatiesd 119888 Lid Elsd Reeamber by 200ecmtidlodt i ¢ ar m 200
to deposid th hGE 550 in,the test slot 310 after
depositiﬁ% th§H§§g§?§§T??EP?%@“%@@ﬁgﬁgé@@ﬂ?ﬁg%ﬁﬁﬁﬁggggwggvﬁge receptacle
454 of the stwofeagec déwienteetyot e 10 450, or repeating the nethod by
retrieving anﬁé&ﬁr storage deghéﬁ 500 for testing from another storage
devi ce recept 454 BAURRRE of ielementatiensihave hegh desanisd. Nevestheless, iexanpl es,
del i vering t heilive on@&gRosdaNdt G&idut ARSRSIHR! m rﬁé?iew_ﬁﬁo&tﬁﬁﬁan Gons 10 1 ncl udes
inserting the storage device transporter 550 carrying the séorage devi ce
500 into the th @it aad spopgaiGhe disaldsarer Actordingly, odst iniplenehiatignsare weittéet r i ¢
connecti b [ . 15 device 500 and the rack 300. [0062] In
sone inpﬁgneﬁ%§§§@%§ﬁﬁ%§g8ﬁ@§§81Sincludes 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 regulating
power delivered to the storage device 500. [0063] In sonme exanples, the

met hod i ncludes performng 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 systemwth 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
stot 310 while enpty.

18



30" [ 00647 some exanpl es, the pwt Bmcéaaﬁhﬂﬂgszzoggfﬂmi-z%@)ﬁ?” aﬁ%’gg/h;b%?ﬂe

vision system 270 di sposed on the robotic arm to ai

robotic arm 200 while transporting the storagemsgewigexb0;:-oshmichivsnmay be
carried by a storage device transporter 550. The nethod incl udes
calibrating the robotic arm 200 by aligning the 17 ... 1/1JJVJf'-1U07J
Dat e of recei p{HADIS GLAIMEIDES: (27. 04. 2009) PCT/ US2009/ 040895 At t or ney
Docket Nunber: 18523-0062W)2 : 21 19 robotic arm 200 to a fiducial mark 314 .

on the rack 390, t@%tagég)etvicg}egﬁngtzgryggr%{(g@éstatjon. 400 and/or tote 450

recogni zed by the Vision system SIS REr details and features
conbi nabl e with t hokestdesobbtizesn 200 Hdﬁnl{%)é firi@xif @@Bﬁsubﬂarlda@ nRALENt

application 11/958,817, filed Decenber 2007, entitled "Dl SK DRI VE
TESTING', the%’c?otﬁioéﬂ{réc%lblnﬁ‘ieé‘woﬁ? PR perrte wrpetcdhrensiisy  reference in
its entirety. pkQRGHI lefi\ar@%&f%,ran%xtbr{gg&tﬁ t o%%ktfé’}ﬁstﬁ%i\égzlo;%ﬁe” descri bed.

Nevertheless, it w be understo vari ous no cations may be nade

wi t hout departi ng nuligne racksd 3¢ margedrdusiahreb@fc atth €200) He b@sLtine by

Accordi ngly, r..1 npl ntations are within 10 the scope of the
fol | owi ng cl a@%"%o‘i%%.@@a\?%wwwon Date of receipt: 27 49 2009

(27.04.2009) PCT/ Us2doQ4089510)Abksed R Rt 2W02 21 19
VWHAT IS CLAIMED_ I S: 1. /i stogagg desvi !(S:Bg%flggglikﬁgoéystgrsrgsé%gg)%\)gg%q rising: at

| east one r obWNfigured Wreeoiyey sigeee daving transpomes (S X e fig@ebio canrps tante al | y

normal {9 a §d,RO¥s (10), the robotic arm (200) operable to rotate
through a 5 pre%gpgrﬁﬁoﬁggﬁlgrc about, and extend radially from the first

axis (205); nultiple racks (300) arranged around the robotic arm (200) for
servi cing by the_[Ji]oboti c.arm (200); and nultiple test slots (310) housed

by each rack {300)he ¥aiRge device testing sygtem O)00bef clagm 1 cwherein theacbotioamecei ve a

st orage devi ceod)caMsRest i fhni ' a storage 10 device
(500) for Lest, 35 Dt f %’?@%g')g(ez?%g%@ye?g%%“%%%ea‘é{%?%gﬁ Y68) of claim 1,

wher ei n t he rteenorter (45Ghof gR0GYhedenpots €46), shermsbutip utnet200) Hedt 2pereilafol gur ed to

engage the storage device . :
gag hs c%rrylggastorage Sewce (500) in the storage device transporter (550) to the test slot

(310) for testing.

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 leastapartially 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 least 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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tTansporter (550) of one of the rahatd

bei ngpoperabl(e tZ) 15 carrying a %f%%fa%lé&gl?a\z/f g%%g%m%ﬂpﬁeﬂcgr{@é%’]&éﬁgo%fce
transporter (550) to the test slot (310) f or At@gbokagumbediss2Thewst onage
device testing system (100) of any of the preceding clains, wherein the
racks (300) are arranged equidistantly radially away fromand/or in at 20
| east a partial | y Blestoeage dolisegestingbyotetn (1008 of ¢laigt4, &ohbﬁin(tﬁ@;ﬁ)),veei}}s{ehﬁ robotic
arm (200). 4. r devi.ce testing system (100) of any of the

pr ec(edi n)g cl al(:;-rgmsb),els ? clijn(rﬁgﬁ]\g&to YW ?’@ﬁ’ﬁé@gugie PPRerdp thsseccvediioreed dey®0) i n
comuni cat i on(580)ih thehest ¢leB1! ot s (300); 25 a power system (330) for

suppl ying power to the storage device testing system (100); a tenperature
control system (340) for controlling the tenperature of each test slot

nd 20 2 Hataci nt ot Sncer ergy TR R b G PRl dvRad Ve o (310).

and 30 a data interface (
the data i ntemperewre(cBGR) systnf (3gbircehptis GOAPMOVCE 8342) WetdBledo StQIA0€ devi ce

(500) in the storage, device transporter (550) recelved by the test slot
(310). 19 ...%Wﬁ%’%*ﬂ‘ef%%?ﬁ&g-e of receipt: 27 4S 2009 (27.04.2009)

PCT/ US2009/ 040895 Attorney Docket Nunmber: 18527-0062W2 21 19 5. The
storage device testing system (100) of claim4, wherein the power system
(330) is confl-gurdde ploragdavice tesamgyystem  Guofang opthwprecddingtohms, ecei ved

st orage Vi C . i test slot (310). 5 6. The storage device
testing gosst e‘rgnhe( érgga)%?l 640[2 g 0@??3”?“8‘?5 a&fg%ﬁt [(-}gl@prmgpgeqyﬁtemﬁ@O) flenper at ur e
control syst esomnBARMIGHONTN dt @& oaditeislot m&ﬁfheéﬁﬂt%ﬁtin%@%&pgé%of O circulate

air through the test slot (310). 7. The storage device testing system (100)

of any of theéOBiPB¥R3i ng clains, 10 wherein each rack (300) conprises at
| east one sel f-tegtj,0g 0) in comunication with at |east one
test slot (310), th(la1 sre %41_?(%]%5{(’1(169 system (600) conprising: a cluster
control | er (610); agomoctivedttertie Ciruit{§20F @ elictiiorichmmARQtion il 8 frddec !
comuni c%ti on, Wi t& 65 storgge 15 device (500) received in the test slot-
(310); alid evice (500) recerve n the test slot (310); and

a block interface circuit (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 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 storage device (500).

20



CbIoekK Tt erface circuit (630) pge 8*:‘%%“-5??%%(:' 0 '&%B@’Lﬂ@%o@%ﬂﬁs

connection interface circuit (620) rface circu

configured to control power and tenperature ebmdphe:t@st sstobw§:310);
wherein the connection interface circuit (620) and the bl ock interface
circuit 20 (630) are configured to test the functionality of at |east one
conponent of the storage device testing system (100). 8. The storage

d t est | wh h
ack (300)  coupr | e Uehab? 8 B nlsm (NET Bt Mgy eioado) I n 26
communi cat i ontewirighysadm (6@apfurtRReomBes SEmnRA0n st11‘8§(é7U{,‘B{e'fe‘?£B%l arg®Sti ng

system (650) é rrgrl Si n? a cluster controller east” one
functional i nFEFPES¥itEh, ferprqvidinpactrical C@H@Bmtcatmlbewmnhmcmal’en@ereth t he

cl ust er cpntr@m)eaqld(mpoemmgfug&o FROBEELGR R, Shhace oLy cutt, (620) 1o

el ectrical comminication wt ora e 500) received in the test
slot (310) and the at I east one functl onal interface circuit (660),
wherein the aLO | e one functignal interface circuit (660) is configured

to comuni cat ﬁ&tpfagﬁgqvmf”éeéflngr%ﬁ?mﬁ@o@6“{*1}7&@ @@Dﬁeaﬂjélgct@rm&:e (500). 20
1/ \VIVT] T - Rvkdfeln Batré&o8 i/

PCT/ US2009/ 040895n At tor i%m?%g@mgfgneﬁéﬁ%@amgﬁgﬁmfig%%%ﬁ‘%% The

storage devi c® ‘%"‘éf‘s@i(ﬁgth%% dA9) beioy anringed withrin Be wakténgdnmeltfeevofuict i onal

testin st er C conmuni atl on switch (670),

pref er gbf% aﬁ(gw)gg%)écrersl% Off%cﬁfg) %‘?ﬁ%‘lﬂgfﬂré‘?"ﬂ@m% BHE rehots 2 ni c?atti on

between the cluster controller 5 (610) and the at |east one functi onal
interface ci r(‘lwt &660 3. The storage device testing system (100) of any
of the pr eced dhestorage deyice fesling sysiem Fl9Bpafiany aff the pr2@dingadkimnes a

susstan ol i AL I RN 0 TR (210 e ks (200

being arranged within t nve
accessi bili tthorwai‘tvmesanspdrmt (568)]ﬁb)m bierof SRt A6t 100t QPOt i ¢ arm

(200). 1. The a Vi ce test system (100) of any of the preceding
cl ai ns, 1]5\/\,her T4 dﬁ‘gcerg@%(gﬁre‘é"eea‘}W?@%O?atloﬁm&@éh@‘Ie§1 Sbé@\}%)/)ces each test
sl ot (310) by retrieving the storage device transporter (550) from one of

the test slots (310) to transfer a 15 storage device (500) between a
transfer statlon Taowyragerigvichiestingsystah 000X B 1) of the]{ﬂeceiflhgcls.tn%r age device

testing syst %vrﬂel(ei]notgé ro%tlc rr%(%O) gsho%e tgleegoerg':atre]:%68 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 2 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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wherein the robotic arm (200) i sDa@pgf@péigt:594%0,‘;0%%gzﬁgﬁggo%&wg%o%g%tﬁé

axis (205). 20 13. The storage device testing sys

preceding clains, further conprising a verti eahdgckasintatsingssoppert (252)
t hat supports the robotic arm (200) and is operable to nove the robotic
arm (200) vertically with respect to the floor surface (10). 25 14. The

st orage devi céot esthieftpragy devien t¢stiogyystem (260 oﬁinytdﬂ&el@i&@cﬁﬁ%é]ﬂm@ylﬁitm, further
conprising a L(@rﬁlﬁ,@{o 1 At for supporting the robotic arm (200) and
bei ng oper abée tonﬁgsg%?l ﬁgsrter"(g)ﬁzgﬁ %szQ?%o(’%Gybor%lai“i@QtheylSwncsmgem he fl oor
surface (10) . (216) aidigegsdancagehatonite ard EDY] WSlleShs § @Ry of the
precedi ng cl a{'sﬁ@’ furltbhe.r Bé‘o conpri si %));a rSt at“g’gﬁ?é"’t%g@?aégt’"zvé‘t?) supporting
the robotic ari(@HEPEIGN pethepbotsram4l] by dignmgdliegotichie arm 0D © aar m (200)
about a seconfih@l lﬁa&%g@). substantially normal to the floor surface (10).
21 ...1/UIVvr7/' - FVO7J te of receipt: 27 4M 2009 (27.04.2009)

PCT/ US2009/ 040895 Attorney Docket Nunber: 18523-0062W2 / 21 19 16. The
storage devicg, test] system (100) of any of the preceding clains, further
conprising a l\e/l si %‘!’ g&%@%&ﬁvt‘cﬁ?&)‘“&%’%‘ﬁ%%}/@ﬁnf hithe pleerding ckaimy, (206) , t he

i si on syst emompAFH) a Rirdien [ - arm. (200) while
;“ralnspor%/i ng Omgt og%%e deev??:tgw(??ggfanggddfoggeﬁlﬂﬁéﬂ @%mg&{‘ﬂ@ &Q)(Bo!ti c arm

(200) by alidﬁ‘?’ﬁadls 41108 K#10) supRlying(ROQY devicea(BOS focleingl mark (314). 17. The
storage gevice testing system (100) of any of the preceding clainms, further
conprising a transfer station (400) arranged for servicing by the robotic
arm (200), tle tAanmlicelrofpérﬁdrinmgso@@heﬁé&ﬁ&'{iﬂé%f&@gage devi ces (500) for
testing. 10 18. A nethod of perform ng storage devicé testing conprising:
presenting a stor BG¥NHREA Yeragesispire (599) foetsttingg; actuating a single robotic

arm (200) to retrij, g age. devi ce 00) and carry the
storgge Z:Ievi ce (50&6%&%{1% ggg% gogtgﬁgs?%té%Eod.%mﬁ‘éetfg%ﬁre?eﬁt(egStPé‘éRdT"SEO) gf a 15

st orage devi ¢¥00) axkdany the poramd¢IRA500) theted: BOBIH 6 ALY ¢ rable to
rotate tjhrou a%out eandp(i O@)ext%}i,ﬁ{??%é'f gp@yﬁgr om a

2det i ned
first axis (g@ga%e geréli?cleﬁ?ﬁggsyygtgﬁ‘é?603’(5%%“&1%{%09))@)6@Ltbstcam ihadugly anor mal to

a floor surfaedetérfed arcdbb@tahd &Pgd LQRAL KA, (20 | nsert the storage
device (500) into the test slot (500%; b BEm R i @Os)t&ﬁnedsby the
robotic arm (200) substantially normal to a floor surface (10);

actuating the robotic arm (200) to 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); '



20 perYiti-ng a functionality tgst op'lg Qfoﬁagrﬁgg Wﬁgg)@%sﬁg%mggn

the test slot (310); and actuatrngt |cam( to retrieve the
tested storage device (500) from the test shoheypFdQ@meeaned:-dekpver- the
tested storage device (500) to a tested conplete |ocation. 25 19. The
met hod of claim 18, further conprising: |oading the storage device (500)
into a transfer sicaitigthé ttfb@t)carmr(a)()stcnteﬁgzethedmvdgede\(iﬁd}&)tsﬂwierr(gsq:)r esent ed
for testing; actuating the {ﬁgotlc arrinﬁ o retrieve a storage device
transporter (HE0Y2 SO5REdeyRT AR tp dstestyyy @ é actuating the robotic arm

(200) to retrieve,hifndhErBBEEHmIbR) ﬁ%m@@evth@eo&g@&xlce hi@phridigsshy ansf er

station (400) and carry the storage device (500) in the storage device
transporter €58MgtheRsted staragevdeyice (JOOUfapathe test Slcrtél‘,l@ﬁ pid: deliver 48 009

27.04. 2009) PCT/ US20 5 At t t Nunmber: 18523-0062W2 ' 21
(19 act ua in)gq'toﬁlgehJ ??@9%’%?@5&’“ e(SSta%ang@'et heustgrage devi ce

transporter (550) <carrying storage device (500) to the test slot (310);
and actuating the robotic armg38 to retrieve the storage device
transporter 2950)T hegmathag o glath &8 ¢re red%v@b%qmmémg@@m@eeg)emlr%lmthe t est

sl ot (310) a%%@{)f%%’&g e Bl Rhraed aSHQ A S ﬁﬁlmg’?z)eulaﬁkc(‘gré)o the

transfer statio od of claim 80r iml further
conprising actuating the robotic arm (200) to dep03|t the enpty storage
devi ce trans rter (55 i.n the tes (31 21. The net hod of any
of clain® 18 ‘?405@?31‘%‘4‘?11% hg@lgl ‘%"F‘E'}g 8 fuaqtiopyIty 1§ OPecei ved

storage devi %ré&éﬂz@& stsegme!\fc@%sor)?&mp%ésnggutam {he PRt 6f (B redthRt t est sl ot
(310) while operating e storage device % in particular, performng

readi ng and (3/\1«09whirtﬂgomfatmwthastmagtttﬁavlost(iﬂohgepadwiae@e(f@mr)grea@nmd The net hod

of any of clains 1 rth c ising circulating air through the
test sl ot (3%1)"1“%8?@12)&&? th’IS ?Fﬂg@t ure of the test slot (310). 23. The
nmet hod of any of clains 18-22, further conpri sing nonitoring power

delivered to the storage devi ce (500) received in the test slot (310). 20
15 2. The method of any of claims 18-21, further comprising circulating air through

the test slot (310) to control the temperature of the test slot (310).

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 powet

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).

23
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